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IN SITU APPLICATION OF CLINOPTILOLITE TO
IMPROVE COMPOST QUALITY PRODUCED FROM
PISTACHIO BIO-WASTES
Maria K Doula1, Kyriakos Elaiopoulos2, Panagiotis Kouloumbis2, Antonis A Zorpas3,*
2
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ABSTRACT

shells and water) are sometimes left to be naturally
composted and further used as supplement to fertilizers or are disposed untreated on soil or in
streams. The composition of pistachio wastes is
characterized of high variability and depends on
many factors, such as quantity and quality of water
used for irrigation and pistachio processing, type
and amounts of fertilizers used, other additives used
during cultivation period, climatic conditions and
soil parameters. The use of irrigation water with
high electrical conductivity (EC) and the excess
fertilization result in wastes with high concentration
of Na, Cl-, NO3- and NH4+. Moreover, pistachio
wastes are also rich in polyphenols that may cause
environmental problems due to their proven toxicity
for human health and the environment.
Composting is one of the most promising
technologies for solid waste treatment. The organic
substrates in solid waste can be biodegraded and
stabilized by composting and the final compost
products could be applied to land as the fertilizer or
soil conditioner [2, 3, 4]. Moreover, it is well
known that the application of natural Zeolite in
compost processes has the ability improve compost
physic-chemical properties [5, 6, 7, 8]. Additionally, the natural zeolites may be considered as one of
the best amendment materials for co-composting
with sewage sludge taking into account their high
efficiency and low cost, [4].

Pistachio wastes are very rich in organic matter (70-80%) and have C/N ratio suitable for composting. However, due to the extremely high electrical conductivity (EC) of the bio-solids wastes
(mainly from the salty water used for pistachio trees
irrigation), the final compost presented with high
EC, making the final product unable for agricultural
proposed. The paper focus on the development of
methodology for the treatment of pistachio waste
with clinoptilolite. 5% w/w of natural zeolite (clinoptilolite) in the feed-stock mixture improved the
quality of the compost. Comparison of the compost
properties with the European standards for the safe
use and application of composts and other organic
materials as soil amendments indicates that the zeolite-compost can be used without any limitation on
soil for plant growth or land rehabilitation.

KEYWORDS:
Pistachio wastes, composting, clinoptilolite, bio-solids
management, rehabilitation.

INTRODUCTION
In the entire Europe the main pistachio producer countries are Greece (with 9580 t in 2011 and
10000 t in 2012) and Italy (10801 t in 2011 and
2850 t in 2012) while Cyprus and Spain are following [1]. The primary processing of these nuts results
in by-product streams (hulls and shells) that are
more than 75% of the harvested crop. It is estimated
that almost 7000 t of pistachio wastes are produced
annually in Greece without any specific treatment
methods taken into account.
Until now, there is a gap regarding the treatment RI SLVWDFKLR¶V ZDVWH LQ *UHHFH DQG LQ RWKHU
Mediterranean countries. Additionally, international
scientific literature is rather poor, especially in issues regarding the management of pistachio wastes.
Studies performed during the LIFE AgroStrat project revealed that solid pistachio wastes (i.e. hulls,

Cultivation, harvesting and waste generation. Pistachio trees typically bloom in mid of
April. There are both male and female trees, planted
in a ratio of about 1 male per 24 females, although
this ratio may vary up to 1 male per 50 female trees.
The pollen is airborne and the female flowers do
not require insects for pollination. Flowers and nuts
are borne in clusters. A mature nut consists of a
fleshy hull surrounding the nutshell, which in turn
encloses the nutmeat. Following pollination the hull
maximum size of about 1 cm in diameter by 1.5 cm
in length by early June. Worldwide, harvest normally begins in late August and may continue through
late October. In Greece, pistachios are harvested
between late August and early September and the
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icities or harms are expected for pistachio trees
when electrical conductivity of soil is lower than 4
dS/m and that of irrigation water lower than 2.7
dS/m.
TABLE 1
Non-toxic upper values for Na, Cl and B in soil,
water and leaves for pistachio trees.

pistachios are harvested mainly by hand. Then the
nuts are transported to the processing facility where
they are dehulled, and dried. Apart from the mechanical processing, water is used. From this process, the main waste stream is produced, which
apart from hulls contains also pistachios, shells and
water. It is estimated that 2 m3/h of water are required for 1 t fresh nuts during dehulling, while
almost 1 t of nuts can be processed within an hour.
Therefore, if we consider 40 t of fresh nuts as mean
farm production, the anticipated water consumption
is almost 80 m3. For the entire Aegina island it is
estimated that for an average production of 1500 t
of fresh nuts, almost 3200 t of water are used during
dehulling. Considering that an average of 35-50%
of the fresh nuts¶ZHLJKWZLOOEHUHFKDUJHGDVZDVWH
the production of hulls is about 600 t and the water
used is 3200 t producing more or less 3800 t of
sludge. It should be mentioned that these values are
subjectively, as the dehulling process and the generated waste amounts are depended on the type of
dehulling machine, nuts characteristics, water availDELOLW\ DQG DOVR WKH IDUPHUV¶ KDELWV DQG SUDFWLFHV
The typical practice followed from the farmers is to
separate the liquid part of the sludge into tanks. The
liquid waste is characteristic as dark solution with
very bad smell and has high electrical conductivity
although it is rich in polyphenols and in inorganics.
The sludge remains for some days in these tanks,
where the solid part precipitates. Then the liquid
part is transport in water bodies or on soil whiles
the solid part, is proceed for composting, but mainly disposed of on soil [9].

Soil
Water
Leaves (d.m.)*
* d.m.: dry matter

Na+
< 7 SAR
< 5 SAR

Cl< 5 meq/l
< 5 meq/l
< 0.1%

B
< 10 mg/l
< 5 mg/l
<120 ppm

The aim of this study is to develop a composting methodology for pistachio wastes that will result in a final product appropriate to be used on soil
for agricultural and other purposes (e.g. soil improvement or reclamation). For this, the natural
zeolite clinoptilolite was studied for its potential to
improve physicochemical properties of composts
prepared from pistachio bio-solids wastes collected
from Aegina Island, Greece.

MATERIALS AND METHODS
Compost Preparation. Two composts were
prepared according to the following principle:
¾ Compost A by mixing 57%, 29% and 14%
of pistachio wastes, sheep manure and straw, respectively; and
¾ Compost B by mixing 57%, 29%, 9% and
5% of pistachio wastes, goat manure, straw and
clinoptilolite, respectively.
The Composting process took place in windrows system of 1.5 m height and 4 m long. The
composting process lasted 5 months for compost A
(from November 2013 until March 2014) and 2
months for compost B (from November 2013 until
January 2014), due to its smaller volume. Temperature, moisture and O2 content were monitored
periodically. Temperatures were within the range of
55 - 70o C. After the end of the composting process,
the two composts were left for 2 months until their
maturity to be confirmed with a Solvita Compost
Maturity kit [12].

Pistachio trees irrigation. Pistachio trees are
tolerant to the arid, and semi-arid climatic conditions of the Mediterranean zone, and can survive
with limited water, due to their capability to adsorb
water even from dry or not well-moistured soils
[10]. However, a well-designed irrigation program
is recommended for optimizing yield and trees robustness and strengthens. Due to the limited precipitation in Mediterranean region, almost all pistachios are irrigated. In Aegina Island the farmers irrigate their trees on average twice annually using
500-700 m3/1000 m2 water. How-ever, the common
practice is to irrigate 5-7 times annually, practice
that is mainly applied in the most cultivated areas.
One of the main problems caused by inappropriate
quality of irrigation water, mainly due to the very
high electrical conductivity, is the accumulation of
Na+ in the root zone and of Cl- in tree leaves. Apart
from damages caused to trees, the increase of soil
electrical conductivity, mainly at depths between
30-90 cm causes a gradually but stable soil degradation. Table 1 presents the concentration of Cl-, Na+
and B in soil, water and leaves, which, according to
Fulton [11], are considered as non-toxic limits for
the normal growth of pistachio trees.
According to Chitzanidou et al. [10], no tox-

Clinoptilolite. Clinoptilolite used for the experiments comes from a layer situated in Pentalofos, Thrace, Northern Greece. This specific specimen has been used for adsorption and ionexchange experiments before and, consequently, its
properties are well known [13].
Chemical analyses. Feedstock materials and
composts were analyzed for pH, EC, organic matter
(OM), total N, polyphenols content, total K, Ca,
Mg, Na, Cu, Mn, Fe, Zn, Pb, Cd, Ni, Crtot, As, B
and water extractable Cl-, NO3-, SO42-, PO43-, and
NH4+. The pH and the EC were measured by using

1313
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liquid samples were analyzed for pH, EC, polyphenols, K, P, Ca, Mg, Na, K, Cu, Fe, Mn, Zn, B, Cl-,
NO3, SO42-, PO43-, and NH4+ (Table 3). As indicated
from Table 2 and 3 the composition of pistachio
wastes is characterized of high variability. This is
because the composition depends up on many factors, such as quantity and quality of water used for
irrigation and pistachio processing, type and
amounts of fertilizers used, other additives used
during cultivation period, climatic conditions and
soil parameters.

fresh samples extracted with distilled water at an
extraction ratio of 1/5-(v/v). Organic matter content
was calculated by loss of mass on ignition at 450oC,
total N by using a modified Kjeldhal method [14]
and polyphenols after extraction with methanol and
quantification by means of the Folin±Ciocalteu colorimetric method [15]. For the determination of K,
Na, Ca, Mg, Cu, Fe, Mn, Zn, Pb, Cd, Ni, Crtot, As
and B the samples were digested with HNO3 in a
microwave oven [16]. The determination of Cl-,
NO3-, SO42-, PO43-, and NH4+ was performed in 1:10
water extracts.

Pistachio compost. For both composts, the
temperature diagrams are shown in Figure 1. The
differences in the higher temperature values between the two composts are owed to the fact that
the volume of compost A was almost triple the volume of compost B. After the composting completion, the two composts appeared dark brown in colour with an earthy smell, deemed necessary for mature compost [17] while their maturity level according to Solvita test was equal to 7, indicating well
matured composts. Table 4 shows all para-meters
measured for the two composts as well as the parameters for the raw/untreated pistachio wastes as
well as, the threshold values for easy comparison.

TABLE 2
Composition of solid pistachio wastes collected
from different producers during the 2013
harvesting period.
Parameter
Organic matter, %

Average
value
79

Total N, %
Moisture, %

2.5
60

pH

7.44

EC, mS/cm
Total Polyphenols, g kg-

3.8
4.5

Parameter

Average
value
106

Total Cu, mg
kg-1
Total Fe, %
Total Zn, mg
kg-1
Total Mn, mg
kg-1
Total B, %
Cl-, mg kg-1

0.13
4900

NO3-, mg kg-1
PO43-, mg kg-1
SO42-, mg kg-1
NH4+, mg kg-1

1200
50
354
308

0.58
99
85

1

Total K, % (as K2O)
Total P, % (as P2O5)
Total Ca, % (as CaO)
Total Mg, % (as MgO)
Total Na, %

2.9
1.0
5.5
0.68
0.69

Fresenius Environmental Bulletin

TABLE 3
Chemical parameters of pistachio wastewater
collected during 2013 harvesting period.
Parameter
pH
EC, mS/cm
Polyphenols, mg L-1
K, mg L-1
P, mg L-1
Ca,
%
(w/v)
Mg,
%
(w/v)
Na, mg L-1
Cu, mg L-1

Average
value
5.68
6.1
1.500

Parameter
Total Fe, mg L-1
Total Zn, mg L-1
Total Mn, mg L-1

Average
value
0.49
1.25
0.68

1.050
38
0.04

Total B, mg L-1
NH4+, mg kg-1
Cl-, mg L-1

0.062
60
710

0.02

NO3-, mg L-1

5.0

347
0.13

PO43-, mg L-1
SO42-, mg L-1

52
135

FIGURE 1
Temperature changes in composts A and B (solid
circles: compost temperature; open circles: ambient temperature).

RESULTS AND DISCUSSION
Pistachios wastes properties. Sludge originated by dehulling machines was collected from
different orchards in Aegina during 2013 harvesting
period and separated into two parts, i.e. the liquid
and the solid ones. Solid wastes were analyzed for
pH, electrical conductivity (EC), organic matter
(OM), total N, polyphenols content, total K, Ca,
Mg, Na, Cu, Mn, Fe, Zn, B and water extractable
Cl-, NO3-, SO42-, PO43-, and NH4+ (Table 2). The

Moisture, pH and EC. Average moisture for
compost A falls within the threshold range, as suggested by Evanylo [18], while the higher moisture
for the zeolite-compost (compost B) can be attributed to the well-known high water holding capacity
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TABLE 4
Parameters of pistachio waste and raw materials used for the preparation of the two composts at large
scale as well as, threshold values (in case they existed).
Parameter

Goat
manure
91.0

Sheep
manure
41.0

Straw

Organic matter, %

Pistachio
wastes
88.7

Total N, %
C/N
Moisture, %
pH
EC, mS/cm
Polyphenols, g/kg
Total K (as K2O), %
Total P (as P2O5), %
Total Ca (as CaO),%
Total Mg (as MgO),%
Total Na, %
Total Fe, %
Total Mn, mg/kg
Total B, %
Cl-, mg/l
NO3-, mg/l
PO43-, mg/kg
SO42-, mg/kg
NH4+, mg/l

1.6
32
78
7.4
6.0
2.2
3.4
0.94
4.3
0.63
0.52
0.10
104
0.26
240
220
360
630
12

2.1
24
17
8.2
2.9
14
0.48
0.71
2.5
0.38
0.09
0.01
32
0.03
176
< 0.5
1240
425
140

0.7
32
49
8.9
1.2
5.0
0.87
0.53
3.5
0.46
0.14
1.48
560
0.02
22
170
690
450
12

0.8
70
2.0
8.1

97.0

Compost
A
34.4

Compost
B
27.8

3.2
11
48
8.1
6.3
0.24
1.1
0.53
12
1.3
0.28
0.13
119
0.04
385
1050
660
1800
4.0

4.3
6.5
58
7.9
2.6
0.34
1.6
0.81
12
1.2
0.35
0.35
199
0.04
235
580
795
245
6.0

Thresholds
16-38 (field application)
>9.4 (nursery application)
>2
< 15
40-50
7.2-8.5
< 4.0
In soil < 40 mg/kg
0.5-1.8
0.5-2.8
> 2.0
0.3-3.0
< 2.0 [25]

< 500 mg/l
< 1000 mg/l

< 50 mg/l

field application (16 to 38) as per the range suggested by USCC [21], but also the standard suggested
value of > 19.4% for nursery application [22].

of clinoptilolite, property that usually is exploited in
agriculture to increase soil water content and reduce
irrigation water consumption [1@&RPSRVWV¶S+LV
an important parameter for consideration and it
should mainly range between 7.2 and 8.5, according
to Watson [20]. Both com-posts are well within the
stipulated range. Electrical conductivity seems to be
the significant restricted factor for the safe use of
Compost A, as being above the stipulated range (i.e
4.0 mS/cm) for saline toxicity as per USCC [21].
This is an anticipated result considering that the
irrigation water used in the pilot area comes from
wells and drillholes and is characterized by very
high EC (i.e. normally ranged between 3.0 and 15.0
mS/cm). Consequently, the use for many years of
this water for pistachio trees irrigation enriches soil
mainly with Na and Cl- and increases soil EC,
which normally ranges (in Aegina island) between
2 and 4 mS/cm for surface soil, but between 5 and
12 mS/cm for deeper soil layers.
However, the addition of clinoptilolite in the
compostable mixture resulted in a compost (compost B) with low EC, which is below the limit of 4
mS/cm. This achievement is mainly owed to the
well-known capability of clinoptilolite to retain
FDWLRQVDWLWVLQQHUDQGRXWHUIUDPHZRUN¶VLWHV[13].
The cations are retained on these sites and are slowly released when their concentration in soil solution
are decreased due to the consumption by
plants/trees. This process does not overload soil
with cations, on the contrary, it controls cations
presence in soil solution on dependence of plants
needs.

Nitrogen and Phosphorous. The total nitrogen content for both products is well above the reference range (> 2.0%) [20]. The highest N content
(4.3%) as obtained in case of compost B with zeolite might indicate higher fixation of atmos-pheric
N within compost heap during the compos-ting process [23]. Furthermore, it is anticipated that compost B as having the lowest C/N ratio may supply
significant quantities of nitrogen as it de-composes.
Phosphorous for both composts is within the optimum concentration range for composts defi-ned
between 0.5 and 2.8% as P2O5 [24]. However, although within the acceptable range, both com-posts
have low P content, with compost B to be richer
than compost A.
Ammonium. As regards NH4+ content, in
general, NH4+ should be as low as possible and below the NO3- level where this is 50 mg/l or more.
High levels of NH4+ are undesirable as they indicate
immaturity.
Polyphenols. Despite the fact that the polyphenols content of the raw materials was very high,
i.e. 2.2 g/kg for pistachio wastes, 14 for goat manure and 5.5 of sheep manure; the final polyphenols
concentrations in both composts are very low. After
composting process, the polyphenols content was
reduced by 89% for compost A and by 84% for
compost B. Polyphenols are more resistant to biodegradation because of their aromaticity in comparison to other simpler organic molecules [27].

Organic Matter. Organic matter content for
both composts qualifies not only the criteria for
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TABLE 5
Concentration range of heavy metals within EU and European pistachio producing countries and metals
concentrations in the final products
Metal
Zn
Cu
Ni
Cd
Crtot
Pb
As

Range within EU
Greece
mg/kg
210-4000
2000
70-600
500
20-200
200
0.7-10
10
70-200
510
70-1000
500
10-25
15

Italy

Spain(Class AA)

EU ECO Label

Compost A

Compost B

1000
300
100
3
280
-

400
300
100
2
250
150
-

300
100
50
1.0
100
100
10

122
100
1.4
0.23
14
11
1.3

139
20.0
1.7
0.25
9.5
18
2.7

This is because the cations and the anions are held
by clinoptilolite at its active charged sites and are
not vulnerable to leaching or removal except in
cases driven by the charge equilibrium in soil solution.

Composts stability and degree of maturity are
closely related to polyphenols and lipids concentrations. Furthermore, a high concentration of these
phenolic compounds has a phytotoxic effect, which
reduces seed germination, root development, plant
growth and harvest yield [28]. Hachicha et al., [27]
reported that there is a strong correlation between
the Germination Index and polyphenols content,
confirming the inhibitory effect of these compounds
on seed germination.

Chlorides. Pistachio wastes and goat manure
used as raw materials for composting were rich in
Cl-. For pistachio wastes, this is expectable considering the quality of the irrigation water and the very
high concentrations of Cl- measured in soils where
pistachio trees are cultivated. Chloride anions are
conservative soluble anions, not affected by biological processes, and losses by crop uptake are considerably less than leaching. Therefore, the risk for
soil overloading and excess leaching with Cl- could
be high if soil additives are not well managed and
used. As Table 4 shows, both composts satisfy the
target Cl- concentration.

Potassium. Potassium is a macro-element, essential for plants nutrition and growth, as it plays an
important role in the synthesis of amino acids and
proteins from plants and in the process of photosynthesis, it controls the water content of cells, can
help crops retain moisture for longer periods and
supports increased crop growth. Both composts are
within the optimum range of 0.5 - 1.8%, however
only compost B is well above the desirable lower
limit of 1.2 % [26]. The higher content of compost
B in K is due to the capability of clinoptilolite to
retain large amounts of cations within its framework.

Heavy metals. Depending on the feedstock,
composts may contain high concentrations of trace
elements that may be detrimental to plants and the
environment. To protect the environment, many
countries and individual states or provinces have
introduced compost guidelines regulating compost
quality, including the maximum trace element concentration (Table 5).
Both composts have very low concentrations
of Cd, Crtot, Pb, Ni, As, Zn and Cu and satisfy not
only the established thresholds of the three main
European pistachio producing countries (i.e.
Greece, Italy and Spain) but also the EU Eco Label
thresholds (Table 5). This indicates safe products in
terms of potential soil contamination due to heavy
metals accumulation. However, in case of soil
spreading, the concentration of heavy metals in soil
should always be considered prior to each decision
for land spreading.

Sodium, Calcium and Magnesium. High Na
concentration in soil additives may cause serious
damages to soil structure that due to lack of oxygen,
cannot sustain either plant growth or animal life.
This is known as soil sodification. Alkaline soils are
easily eroded by water and wind [29]. Sodium in
composts should be < 2 % while Na target value in
the water extracts of composts is < 100 mg/l [26]. If
Na in the extracts is < 200 mg/l the compost is
characterized as Class I (premium), while if Na <
300 mg/l as class II standards [26]. The final products are rich in Ca (12% for both of them) and in
Mg (1.3% for compost A and 1.2% for compost B),
considering that Ca should be higher than 2% as
CaO [30] while Mg should range between 0.3 and
3.0% (as MgO).

CONCLUSIONS
Iron. All raw materials used had high Fe concentration and this is reflected in the final Fe concentration of the two composts. Clinoptilolite in
compost B retained more Fe and for this reason this
product is richer in the metal. However, the high Fe
content and the amounts of other cations or anions
did not increase the EC of compost B accordingly.

Solid pistachio wastes are very rich in organic
matter and could be exploited by recycling in the
agricultural sector; however, the high content in
polyphenols and salts may cause soil degradation
and inhibition of normal trees development. The use
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of clinoptilolite at a percentage of 5% during composting of pistachio wastes with manure and straw
reduces the EC at low and acceptable values and
favoured the production of compost with high nutritional status and low in polyphenols and heavy
metals content.
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soil including atmospheric deposition from metal
smelters, vehicle exhaust and degradation, mining
and smelter wastes, and agricultural amendments
and sewage sludge [2-6]. Leaf tissues may reflect the
input of elements near emission sources because
plants interact with their local environment. The use
of plant leaves as biomonitors is well known and is
widely reported in the literature (Table 1).
In recent years, the plants called hyperaccumulators are of great interest to detect environmental
pollution (biomonitoring), bio-cleaning of contaminated soils (phytoremediation) and benefit from bioore production in such plants [6, 29-32]. Metal hyperaccumulation is an unusual property involving
the uptake and storage of high concentrations of metals in the aerial tissues of plants.
At the present time, biomonitoring of air quality using tissues (such as leaves, shoots, and barks)
of hyperaccumulator plants has been widely applied
to detect and to monitor the effects of pollution [14,
30-35]. The source of metal emissions can also be
established by using these types of samples, which
can be verified overland transportation of the individual elements [34-36].
In addition to industrial factories, the most important sources of heavy metals including Ni, Pb and
Cu in environment, the inorganic and organic fertilizers, fungicides, liming, sewage sludge, irrigation
waters, and pesticides can be counted. Nowadays,
nickel is known to be an essential trace mineral nutrient of all higher plants. Nickel deficiency results
in decreased growth and formation of blood cells in
several animal species. On the other hand, nickel is
considered to be extremely toxic for human health;
therefore, too little or too much uptake can cause either deficiency or toxicity symptoms, respectively.
Further, Ni can cause allergic reactions and certain
Ni compounds have carcinogenic effects [37, 38].
Consequently, the provisional tolerable weekly intake (PTWI) of Ni was established by World Health
Organization (WHO) as 12 mg Ni kg-1 of body
weight [39].
Thus, determinations of Pb, Ni, Cu and Cd in
different environmental, food, and biological samples can be have much high importance due to the
knowledge on their toxicities or carcinogenicities.

ABSTRACT
The purpose of this article is to biomonitor the
effects of pollution in Pinarhisar, Kirklareli, Turkey
using plants. For this purpose, nickel (Ni), lead (Pb)
and copper (Cu) concentrations in three plant species
were determined by flame atomic absorption spectrometry. These heavy metals are emitted into the environment in various ways such as transportation, industry, fossil fuels, agriculture, and other human activities. The leaves of the Pinus nigra L., Cedrus libani L. and Cupressus arizonica L. together with soil
samples were collected from different points depending on "the distance from the cement and lime
factory and proximity to the city center. These monitoring studies have been carried out to determine the
degree of inorganic contamination using these
plants. The samples were digested by microwave digestion method. The results of study were compared
with the results for the same plant species collected
from Elazig city in Turkey. The ranges of heavy
metal in the soil of Pinarhisar and Elazig was found
as; Ni, 2.7-8.2 mg kg-1 and 10-35 mg kg-1; Pb, 2.03.5 mg kg-1 and 6-12 mg kg-1; Cu, 18-44 mg kg-1 and
21-38 mg kg-1, respectively.

KEYWORDS:
Plant, soil, Cedrus libani L., Cupressus arizonica L., Pinus
nigra L., trace metals.

INTRODUCTION
Increases in the levels of several trace metals in
plant tissues and soils have been shown to increase
as a result of various antrophogenic factors. This increase in concentrations has become more pronounced and widespread as the overall environmental concentration of trace elements has risen in response to urbanization and industrialization. The
proximity of higher levels of trace metals, and the
populations that promote them, results in greater human health risks [1-5]. Exposure pathways include
inhalation of dust, consumption of contaminated
drinking water, direct ingestion of soil and consumption of plants grown in heavy metal-contaminated
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The extensive analytical techniques used for determination of these metals at low concentrations in
plant samples are electrothermal atomic absorption
spectrometry (ETAAS), inductively coupled
plasma-atomic emission spectrometry (ICP-AES),
and inductively coupled plasma-mass spectrometry

Fresenius Environmental Bulletin

(ICP-MS) having high sensitivity. The ETAAS is a
more sensitive technique than the flame atomic absorption spectrometry (FAAS). However, FAAS can
be considered the preferred method because FAAS
is faster, less expensive, and does not require expert
operators if its sensitivity is sufficient [40-48].

TABLE 1
Trace metal contents in plant samples reported in literature.
Plant

Ni, mg/kg

Pb, mg/kg

Cu, mg/kg

Mulberry
Grape
Tomato
Green pepper
Egg plant
Nerium oleander
L.
R. pseudoacacia
L.
Cedar trees (C. libani)
Populus nigra

20-110 ng/g
15 ng/g
40-50 ng/g
40-80 ng/g
50 ng/g
-

20-100 ng/g
50 ng/g
60-135 ng/g
71-160 ng/g
110 ng/g
1-2820

5-14

-

1-1865

4.3 -10

-

0.8-3.99

1.7-6.6

-

<0.2-91

1.9-71

Vegetables

Nd-1.3

Nd-3.89

-

Populus nigra

0.5-4.9

0.8-21.3

0.9-15

Different plants

0.099-0.843

0.225-0.534

-

Pinus nigra L.
Cedrus libani
Cupressus arizonica
Black poplar (Populus nigra)
Nerium oleander
L.

<LOD-1.03
0.41-2.06
<LOD-1.47

-

-

2.1

-

7.2

Nd-0.17

0.27-0.71

2.60-7.04

Quercus ilex
Pinus halepensis

0.69-4.75
0.26-2.59

0.87-4.94
0.47-3.18

6.41-17.5
3.36-14.5

Salix pentandra
Betula pubescens

0.7
1.6

0.4
0.3

6.0
5.1

Pyracantha
cinea

4.05-14.34

-

5.20-5.89

Different plants

1.35-2.87

7.60-17.06

-

Heracleum
dolleanum

3-210

-

6-40

Cu-Ni mineralized areas in
Northeastern Botswana

Different plants

0.7-141

0.13-4.46

2.7-92

Neighborhood of the
nickel smelter and refinery
in Monchegorsk on the
Kola Peninsula, Russia

Pinus species

-

0.43-11.05

2.98-10.79

1.9-81.7

0.1-55

2.1-59

Birch leaves

0.8-10.3

0.25-7.2

Cupressus
sempervirens L.
White
poplar
(Populus alba)

0.27-4.59

Different
types

coc-

can-

plant

Grass samples

Location of collected plant
samples
The region of oil refinery
in Batman.Turkey

Digestion method

Method

Ref.

WD., 15 ml of
HNO3-H2O2 (2-1)

STATFAAS

[7]

Around Lead Battery region in Gaziantep, Turkey

MW, 2 ml of
HNO3/H2O2 (1/1)

ICP-MS

[8]

Pollution
regions
in
Konya, Turkey
Unpolluted and polluted in
Bulgaria
13 different vegetables in
three different areas from
southern Nigeria
Unpolluted and heavy polluted in Bulgaria
30 different plant species
growing in mountainsDenizli, Turkey
City center in Elazig, Turkey

MW, conc.HNO3

ICP-AES

[9]

WD.HNO3-HClO4

ICP-AES

[10]

D.A.,
HClO4/HNO3

FAAS

[11]

W.D.HNO3HClO4
W.D.

GF-AAS
and FAAS
FAAS

[12]
[13]

D.A., HNO3/H2O2
(v/v, 1/1)

FAAS

[14]

Urban-landscape Kiev Ukrain
Seville, Spain

Accordingly for
NAA
MW,
HNO3/HClO4 (v/v,
3/1)
MW,
HNO3/HClO4 (v/v,
2/1)
W.D.
HNO3
(65%,10ml)

NAA

[15]

ICP-AES

16]

ICP-MS

[17]

ICP-AES

[18]

W.D.,
HNO3/HClO4 (v/v,
1:4)
W.D., HNO3

ICP-AES

[19]

Flame
AAS

[20]

Ultrasonic slurry
method,
HNO3Triton X-100
MW, HNO3

ETAAS

[21]

ICP-MS

[22]

extensive industrialization
region Huelva province
(Southwestern Spain)

MW, HNO3/H2O2

ICP-AES

[23]

[24]

ICP-MS

[25]

22.3-445

1.5-82.7

Amman, Jordan

ET-AAS

[26]

1.05-1.33

3.93-5.00

7.44-7.63

ICP-AES

[27]

5.26-16.42

0.57-3.39

3.37-10.69

the Riparian Forest of the
Guardiamar River (Southern Spain)
City center in Konya, Turkey

MW,
HClO4:HNO3:HCl
(1:3:5)
W.D.,
HCl:HNO3:H2O
Ultrasonic slurry
method, HNO3
MW, HNO3

Flame
AAS

4.5-9.9

Tuncbilek Thermal Power
Plant (TPP) vicinity in
Turkey
Oslo city, Norway

MW, Conc. HNO3

ICP-AES

[28]

W.D: Wet digestion; MW: Microwave digestion; D.A: Dry ashing.
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Metropollitan Area, semiurban zones rural areas in
the Barcelona
Abondoned mine tailings
in Adak, Vasterbotten district (Northern Sweden)
34 different localities in
four different areas of
Mugla Province, Turkey
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of Istanbul, Turkey
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FIGURE 1
Study area showing the sampling sites and locations of Kirklareli ± Pinarhisar (KP): (1) 5 kilometers away
from the city center (the inside about 50 m from road), (2) Cement Factory (3) Kirklareli ± Pinarhisar
(KP) city center (4) Lime Factory
for this study, are shown in Fig. 1. There are the cement and the lime factories in entrance and exit of
Pinarhisar city. Because of the cement factory located in also Elazig, it was found useful to compare
the results obtained from this city [14, 36, and 37]
and Kirklareli-Pinarhisar. Three plant species, Pinus
nigra L., Cedrus libani L., and Cupressus arizonica
L. which are evergreen needle conifer tress, were selected because they were considered as biomonitor
species for those metals [11, 24-26].
About 150 g of fresh, healthy, and new leaves
samples of Pinus nigra L., Cedrus libani L. and Cupressus arizonica L. were collected from the top
points (about 1±2.5 m above the ground) of the separate trees of the same species, at each location. The
leaf samples were homogenously mixed and put into
dry plastic bags. Then, they were washed with tap
water, scrubbing by hand to completely remove the
dust, and then rinsed with distilled water. Azcue and
Mudroch (1994) suggested that the best cleaning
method in studies of multi-element concentrations in
vegetation was washing thoroughly with distilled
water [49]. After drying at 80 ºC, the samples were
transferred into a flask (Pyrex) and digested by using
WKHPLFURZDYHDVKLQJPHWKRGPHQWLRQHGLQ³sample
SUHSDUDWLRQ´VHFWLRQ
The soil samples were taken from around the
sampling trees at a depth of 10.0 cm and at a distance
RIʊP7KHQDERXW0 g of soil was put into a
polyethylene container and transferred to the laboratory. The samples were dried in an oven at 80 0C for
24 h and subsequently ground in a porcelain mortar.

This study is directed to compare the environmental pollution in the provinces of Kirklareli
(Pinarhisar) and Elazig cities in Turkey. The selected
study area in Pinarhisar (Kirklareli) is located near
the lime factory as well as cement factory. In this
study, we use FAAS to determine the levels of Ni,
Pb and Cu metals in leaves of Pinus nigra L., Cedrus
libani L., and Cupressus arizonica L. samples. In the
studied area, cement and lime factories are 5 km
away from city center. The cement factory and lime
factory have been operating for 55 and 30 years, respectively. Similarly, there is the cement factory in
center of Elazig city for 50 years. In addition to collecting plant and soil samples from different sites of
city center, we also collected the samples from control sites. Three plant species, which are evergreen
needle conifer tress, were selected to determine the
environmental pollution.

MATERIALS AND METHODS
Apparatus. The Ni, Pb and Cu concentrations
were determined by an Agilent 240 Duo F-AAS.
Samples were digested using microwave oven by
CEM-Mars 6. The optimum conditions for FAAS
were applied as follows: wavelength, 232.0, 217.0
and 324.8, nm; HCL current, 4.0, 10 and 4.0 mA;
acetylene flow rate, 2, 2 and 2 L/min; air flow rate,
13.5, 13.5 and 13.5 L/min; slit width, 0.2, 0.5 and 0.5
nm; for Ni, Pb and Cu, respectively.
Study area and sampling. The four sampling
sites in the center of Pinarhisar in Kirklareli, selected
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Standard Reference Materials (SRMs)NCSDC73348 Bush Branches and Leaves (obtained
from China National Analysis Center) was analyzed
to check the accuracy. The recoveries were found to
be at least 95 % for all metals. The accuracy of the
method was also studied by examining the recovery
of the elements from plant and soil samples fortified
with these elements. The following metal amounts
were added: 0.3 mg Ni kg-1, 0.5 mg Pb kg-1 and 2.0
mg Cu kg-1 for plants, 5 mg Ni kg-1, 2.0 mg Pb kg-1
and 10 mg Cu kg-1 for the soil samples. After digesWLRQDV PHQWLRQHGLQ ³WKH VDPSOHSUHSDUDWLRQ´ VHF
tion, the recoveries were found to be at least 95 %
for three elements. Concentrations of Ni, Pb and Cu
in the reagent blanks in total analytical steps were
found to be 25, 20 and 10 μg L-1 with standard deviations of 4.0, 2.0, and 1.5, respectively. Therefore,
limits of detection for these elements, defined as
three times the s values of blanks were calculated as
12.0, 6.0 and 4.5 μg L-1. As related with precision,
the standard deviations for 10 replications of the
same plant samples were found to be less than 10 %
for all studied elements.

Reagents. The Ni, Pb and Cu solutions (1000
mg L-1) were prepared from Merck stocks (Merck,
Darmstadt, Germany). Afterwards, calibration
standards of each metal were prepared by appropriate dilution (with 2.5% HNO3) of the stock solution.
For digestion of the samples, nitric acid (65%,
Merck) and hydrogen peroxide (35%, Merck) were
used. All chemicals used were of analytical reagent
grade. Double-distilled water obtained with a water
purification system (ELGA) was used for all preparations. When not in use, all Pyrex glassware and
vessels were kept permanently full of 2.5% HNO3.
All the results are expressed as means, with
their corresponding standard deviations that indicate
the statistical differences between the means.
Sample Preparation. 1.0 g of each sample
were digested by adding a mixture of 6 ml nitric acid
(HNO3) and 3 ml hydrogen peroxide (H2O2) and microwaved in 75 ml express vessel in Mars 6 microwave using a program in five stages: step 1 (time:15
min, T1: 160 °C, power: 600 W); step 2 (time:15
min, T1: 160 °C, power: 800 W); step 3 (time:15
min, T1: 160 °C, power: 900 W); step 4 (time:15
min, T1: 160 °C, power: 800 W); step 5 (time:15
min, T1: 160 °C, power: 600 W). The vessel was
cooled and transferred to Pyrex vessel. The clear solution was evaporated near to remain 1-2 mL. After
addition 3 mL distilled water and filtration, all solutions were diluted to 5.0 mL.
The soils samples were homogenously mixed.
The samples homogenized were dried for 24 hour at
80 °C in an oven and stored carefully in dry clean
plastic bags. A 0.5 g of each sample were digested
by adding a mixture of 6 ml nitric acid (HNO3), 2 ml
hydrochloric acid (HCl) and 4 ml hydrogen peroxide
(H2O2) and microwaved in 75 ml express vessel in
Mars 6 microwave using a program in five stages:
step 1 (time:15 min, T1: 160 °C, power: 800 W); step
2 (time:15 min, T1: 180 °C, power: 1200 W); step 3
(time:15 min, T1: 200 °C, power: 1600 W); step 4
(time:15 min, T1: 180 °C, power: 1200 W); step 5
(time:15 min, T1: 160 °C, power: 800 W). The vessel
was cooled and transferred to Pyrex vessel. The clear
solution was evaporated near to remain 1-2 mL. After addition 5 mL distilled water and filtration, all solutions were diluted to 8.0 mL.

Trace metals concentrations in plant leaves.
Uptake of trace metals depends on their amount and
input sources, reaction with soil components, soil
properties, and uptake rate by plants, as well as their
solubility equilibrium. The levels of trace metals in
different ecosystems are affected by the following;
the season, the vegetation type, the distance of plants
from the source, the amount of rain, and the wind direction. It can be seen in Table 1 that there are large
variations in levels of Ni, Pb and Cu in plants grown
in background and industrial or surrounding points
of both various countries and Turkey. The large variations in these element concentrations might be attributed to variations in polluting rates, the physicochemical properties of soils, distance of sampling
point from polluting source, traffic density and the
other anthropogenic, natural factors as well as chemical properties of metal. Moreover, it is likely to determine the concentration variations among the same
plant species collected from different points of the
same site. Kaya et al., (2010) noted that trace metal
concentrations decreased considerably within a distance of 200 m from the source due to the vertical
diffusion and dispersion of aerosols in the atmosphere [8, 34, 47]. For example, the extremely high
Pb concentrations up to 3056 mg kg-1 in the Pinus
nigra L. (taken at 50 m from the battery manufacturing plant) decreased sharply to about 250 mg kg-1 at
a 200-m distance [34]. If the sampling point is affected differently by one or more of these factors,
differences between trace metal concentrations in
plants grown in the same site would be inevitable.
The use of plant leaves as biomonitors is well known
and is widely reported in the literature [50]. Concentrations of Ni, Pb and Cu in Pinus, Cedrus and Cupressus species grown in background and industrial

RESULTS AND DISCUSSION
Analytical Performance. Sample contaminations and adsorption losses can be excluded as the
procedure was followed in exactly the same way, using the same glassware and the same reagents
throughout the work. Trace metals were determined
by flame atomic absorption spectroscopy (AAS), after the plant leaves and soil samples were digested as
PHQWLRQHGLQWKH³VDPSOHSUHSDUDWLRQ´VHFWLRQ
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sites or surrounding sites of various territories as
well as Turkey are summarized in Table 1.
In the current study, concentrations of Ni, Pb
and Cu in the leaves of Pinus nigra L., Cedrus libani
L. and Cupressus arizonica L and the soil samples
collected from four sites in Kirklareli ± Pinarhisar
(Fig.1) and city center of Elazig (EL) was summarized in Table 2 and Fig. 2. Each of the samples was
analyzed in triplicate, and the average of three values
was given as a mean value plus standard deviation.
Trace metal levels in the plants and in the soils between Kirklareli and Elazig which are located at the
West and the East of Turkey were compared (Table
2, Fig.2). Therefore, the regional atmospheric pollution in Kirklareli and Elazig was compared in terms

of the trace metal levels in the plants. Unless stated
otherwise, all concentrations are presented on a dry
weight (DW) basis, in throughout the paper.
Concentrations of Ni, Pb and Cu in the all plant
samples collected from the four locations in Kirklareli ± Pinarhisar (KP) were in the ranges of (with
mean values in parenthesis) 0.04-2.3 (0.4), 0.3-4.8
(1.7) and 2.0-5.8 (3.3) mg kg-1. The same element
concentrations taken from city center of Elazig were
0.6-1.0 (0.7), 0.6-0.8 (0.7) and 2.0-3.5 (2.7) mg kg-1,
respectively. Mean levels of Pb in plant leaves collected from KP were ordered as follows; Pinus nigra
L. > Cupressus arizonica L. > Cedrus libani L.

TABLE 2
Concentration (mg kg-1, DW) of three trace metals in plant and soil samples collected from Elazig city
center (EL) and four sampling sites including center and control (Cont.) areas from the Pinarhisar in
Kirklareli (KP). Mean values were given in parenthesis.
Plant, soil, thresholds1,2 and TFs

Sample
location
KP1
KP 2
KP 3
KP 4
Cont.
KP 1
KP 2
KP 3
KP 4
Cont
KP 1
KP 2
KP 3
Cont
KP 1
KP 3
KP 4
Cont
KP 1
KP 2
KP 3
Cont
KP 1
Cont
EL

Ni

Pb

Cu

0.06 ± 0.01
0.06 ± 0.01
0.12 ± 0.01
0.17 ± 0.01
0.05± 0.01
0.11 ± 0.02
0.10 ± 0.01
0.13 ± 0.01
0.14 ± 0.01
0.09± 0.01
0.04 ± 0.01
2.3 ± 0.2
1.10 ± 0.1
<LOQ
6.0 ± 0.7
3.7 ± 0.3
3.0 ± 0.2
2.8± 0.2
4.5 ± 0.3
4.5 ± 0.3
2.9 ± 0.2
2.9± 0.3
8.2 ± 0.6
2.7± 0.3
0.60 ± 0.04

1.2 ± 0.2
0.9 ± 0.1
0.4 ± 0.1
0.3 ± 0.1
0.2± 0.1
1.6 ± 0.2
1.6 ± 0.2
1.7 ± 0.2
1.4 ± 0.2
1.1± 0.2
1.8 ± 0.3
4.8 ±0.7
3.1 ± 0.4
1.0 ± 0.4
2.5 ± 0.2
3.3 ± 0.2
3.3 ±0.2
2.1± 0.2
3.5 ± 0.3
3.4 ± 0.2
3.4 ± 0.2
2.0± 0.2
3.3 ± 0.3
2.1± 0.2
0.8 ± 0.1

2.4 ± 0.2
3.5 ± 0.3
2.5± 0.2
2.8 ± 0.3
2.0± 0.3
3.3 ± 0.2
3.5 ± 0.3
2.0 ± 0.1
4.5 ± 0.3
1.8± 0.2
2.8 ± 0.2
3.2 ± 0.2
5.8 ± 0.5
2.4 ± 0.3
33 ± 2
32 ± 3
38 ± 4
18± 2
38 ± 4
44 ± 4
26 ± 2
24± 2
35 ± 3
22± 2
3.0 ± 0.2

Cupressus arizonica L. in Elazig

EL

0.60 ± 0.04

0.8 ± 0.1

3.0 ± 0.2

Pinus nigra L. in Elazig
Soil for three plants in Elazig

EL
EL

0.60 ± 0.05
20 ± 3 (10-35)

0.7 ± 0.1
10.0±2.1 (6-12)

2.0 ± 0.1
28 ± 5(21-38)

0.1 - 5
10 - 100
1 - 10
50

5 - 10
30 - 300
0.5 - 10
35

0.1 - 5
10 - 100
1 - 10
30

100

100-400

60-125

0.01±0.06
0.02-0.04
0.005
0.05±0.1 (0.03)
0.02-0.06 (0.03)
0.02-0.06 (0.03)

0.1±0.5
0.46-0.50
0.5
0.05-0.1 (0.6)
0.07-0.1 (0.08)
0.06-0.1 (0.07)

0.07±0.08
0.08-0.09
0.08
0.1-0.2 (0.13)
0.08-0.14 (0.10)
0.05-0.09 (0.07)

&HGUXVOLEDQL/LQ.ÕUNODUHOL

Cupressus arizonica /LQ.ÕUNODUHOL

Pinus nigra /LQ.ÕUNODUHOL

Soil for Cedrus libani L. in Kirklareli

Soil for Cupressus arizonica L. in Kirklareli

Soil for Pinus nigra L. in Kirklareli
Cedrus libani L. in Elazig

Sufficient or normal concentrations in leaf tissues31
Excessive or toxic concentrations in leaf tissues31
Tolerable concentrations leaf tissues31
Normal soils median concentration 31
Ranges of maximum allowable concentrations for trace
elements in agricultural soils31
TFs for Cedrus libani /LQ.ÕUNODUHOL
TFs for Cupressus arizonica /LQ.ÕUNODUHOL
TFs for Pinus nigra /LQ.ÕUNODUHOL
TFs for Cedrus libani L. in Elazig
TFs for Cupressus arizonica L. in Elazig
TFs for Pinus nigra L. in Elazig

LOQ: Limit of Quantitation
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FIGURE 2
The graph of trace metal levels in the plants and locations between Kirklareli and Elazig.
were in the ranges of 0.6-1.0 mg kg-1 (Table 2). Substantial variability was found in the concentrations of
Ni among the studied species. For example, while Ni
concentration in Pinus nigra L. at location KP1 was
0.04 mg kg-1, its concentration in the same plant at
location KP2 was 2.3 mg kg-1. Also, there were similar variations in Pb concentrations in the plant
Cedrus libani L., and Pinus nigra L. species (Table
2, Fig.2). The large variation in Ni concentrations in
the same plant species for our study and the summarized studies in Table 1 might be attributed to natural
and anthropogenic factors as well as chemical properties of Ni in soil.
Elevated Pb concentrations were recorded in
various plants grown in vicinities of metal smelters,
roadsides soils, natural ore deposits, and Pb recycling factories [56]. Kaya et al. (2010) reported Pb,
Cu and Cd concentrations up to 3056, 6.2 and 57 mg
kg±1 in Pinus nigra L., and 195, 6.4 and 283 mg kg±
1
Eriobotrya japonica leaves collected from 50 m
distance around a battery manufacturing plant in Gaziantep (Turkey) industrial region [8]. However, Pb
concentration decreased sharply to 23-257 mg kg-1 at
300 m distance different directions of the battery
plant. If the sampling point is affected differently by
one or more of these factors, differences between
trace metal levels in a plant grown in the same site
would be inevitable.
Mean concentrations of Pb were 0.70, 1.60 and
3.20 mg kg-1 in the leaves of Cedrus libani L., Cupressus arizonica L. and Pinus nigra L. collected
from Kirklareli (KP). Mean Pb concentration in the
same plant species collected from city center of
Elazig was 0.8 mg kg-1 (Table 2). The observed Pb
concentrations in those plant species are lower than

Soil characteristics and specific differences including climate, industrial background etc. may play
an important role in metal uptaking by plants [51,
52]. For example, organo lead compounds emitted
from traffic density or an industrial source leads to
the Pb pollution in air and in leaves of plants [53-55].
Mean concentration of Pb and Cu in Pinus nigra L.
collected from locations in KP is clearly higher than
those collected from city center of Elazig (Table 2).
These results can be attributed to the physicochemical properties of the soil, climate, and amount of rain,
wind direction as well as antrophogenic factors such
as cement (KP2) and lime (KP4) factories in Kirklareli (Fig.1). Generally, the mean concentrations of
trace metals in the leaves of the plant species analyzed for this study were found to be similar or lower
than those reported concentrations in the same species grown in various countries and Turkey (Table
1). Further, the mean concentrations of trace metals
were also similar or lower than the concentrations
defined as sufficient or normal (required) by KabataPendias and Mukherjee (2007) [56].
Many plant species naturally accumulate relatively higher levels of Ni to their tissues [30, 57]. For
example, Yaman (2014) reported Ni levels 15,000
mg kg-1 in Teucrium polium [30] while Avci et al
found Ni concentrations in pinus species lower than
10 mg kg-1[58]. On the other hand, Yaman (2000)
reported that Ni concentrations in fruits are dependent to the different extractants-soil Ni concentrations
as related to fruit types [59].
Mean concentrations of Ni were 0.10, 0.12 and
1.15 mg kg-1 in the leaf samples of Cedrus libani L.,
Cupressus arizonica L. and Pinus nigra L. collected
from Kirklareli, respectively. Ni concentrations in all
plant species collected from city center of Elazig
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Cedrus libani L. Of the trace metals study, Cu
showed the highest concentration in all the plant
samples, except for Pinus nigra L. at KP2 location.
However, Ni showed the lowest concentration in all
the plant samples. Mean levels of the trace metals in
the plants collected from Kirklareli is higher than
mean levels of the trace metals in the same plant species from Elazig, except for Ni levels in a few samples. However, mean concentrations of Ni and Cu in
soils collected from Kirklareli is 3-5 times lower
than those collected from Elazig, but concentrations
of Pb in soils are nearly close to each other (Table
2). These results may be attributed to soil background, regional geochemistry, meteorological
factors as well as anthropogenic factors of Kirklareli. On the other hand, comparison of regional air
pollution between Kirklareli and Elazig may provide
information about Turkey's east and west (Fig.1).
The mean concentrations of trace metals in the
plant species were found to be similar or lower than
the reported concentrations in the same species
grown in various countries and Turkey (Table 1),
and the concentrations defined in the literature as
sufficient or normal for various plants (Table 2).
These data suggest that the factors may be affecting
studied trace metals uptake included soil characteristics and species-specific differences such as the
emission from traffic leading to the Pb pollution in
air of Kirklareli in the past. Also, mean concentrations of trace metals in soils of the study locations
were lower than normal soils median concentration
(average global levels), except for Cu in Kirklareli
(Table 2). There were large variations in concentrations of Ni and Pb in the plants grown in Kirklareli,
as the same species grown in background and industrial regions of various countries and Turkey. Such
large variations in trace metals concentrations might
be attributed to variations in polluting rates, the
physicochemical properties of soils, distance of sampling point from polluting source, traffic density and
the other anthropogenic, natural factors. Pb in three
plant species in Kirklareli was found to be significantly higher than those in Elazig. From these data,
trace metal concentrations in air samples should be
investigated especially Pb levels in air of Kirklareli.
On the other hand, Mean TFs for Pb which is higher
than those for Ni and Cu can be attributed to mainly
exhaust emission from traffic density and other anthropogenic factors, especially in Kirklareli (Table
2). The large variations in Ni and Pb concentrations
in the same plant species for our study and the summarized studies in Table 1 might be attributed to natural and anthropogenic factors as well as chemical
properties of the metal.

in many studies summarized in Table 1. Adriano
(2001) noted that three primary factors can affect Pb
retention by plants; (1) aerosol properties (chemical
composition, particle size), (2) leaf surface characteristics, and (3) meteorological factors [60]. It is a
general consensus that atmospheric Pb increases Pb
concentration in plants by particulate deposition.
There are two main sources environmental Pb particulates; emissions from mining and smelting operations.
Normal and tolerable Cu concentrations in leaf
tissues of various plant species are considered to be
5-10 mg kg-1 and 10-20 mg kg-1, respectively [56].
Of the trace metals in this study, Cu showed the highest concentration in all the plant samples, except for
Pinus nigra L. at KP2 location for Pb. Mean concentrations of Cu were 2.8, 3.3 and 3.9 mg kg-1 in the
leaves samples of Cedrus libani L., Cupressus arizonica L. and Pinus nigra L. collected from Kirklareli (KP), respectively. Mean Cu concentration in
the same plant species collected from city center of
Elazig was 2.7 mg kg-1 (Table 2).
Uptakes trace metal concentrations from the
soil and other growth media is evaluated by the ratio
of TE concentration in plants to element concentration in soils and is generally referred to as Transfer
Factor (TF). The plant transfer factor was calculated
as follows:
TF = Cplant/Csoil
(1)
where Cplant and Csoil represent the TE concentrations in plants and soil, on a dry weight (DW) basis, respectively [27].
Generally, the trends of TFs in all plant species
for Kirklareli and Elazig were in the order of Pb >
Cu > Ni.
The TFs of Ni and Pb for all plant species both
for Kirklareli and Elazig are similar. High TFs of elements can be attributed to the presence both free
and complexed ion forms such as Pb2+, Cu2+, Ni2+,
CuOH+, Cu(OH)42-- , Ni(OH)+, PbCl+, PbOH+ and
PbCl3- e.g. Likewise, the precipitated species trace
metals as hydroxides, carbonates and other forms
have low bioavailability, which accounts for low TFs
[56, 60].

CONCLUSIONS
The dissolution and determination Ni, Pb and
Cu in the leaves of the Pinus nigra L., Cedrus libani
L. and Cupressus arizonica L. together with soil
samples collected from different points of Kirklareli
and Elazig were performed to assess their potential
use as mineral indicators in biogeochemical prospecting. The procedure was consisted of microwave
(MW) ashing digestion procedure and FAAS analysis.
Mean levels of trace metals in the plant leaves
collected in Kirklareli and Elazig were ordered as
follows; Pinus nigra L. > Cupressus arizonica L. >
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     is a medicinal plant indigenous to South Africa, particularly KwaZulu-Natal.
The plant bears berry-like fruits that are consumed
by the local people in South Africa. In this study, the
distribution of essential and toxic elements in the
fruits of    and associated soil from eight
different sites in KwaZulu-Natal was investigated.
The concentrations of elements in the fruits were
found to be in decreasing order of Mg > Ca > Mn >
Zn ≈ Fe > Cu > Co > Ni > Cr > Pb > As ≈ Cd. It was
also found that 100 g of the fruits contained about
90.1% moisture, 3.2% ash, 4.1% protein, 0.9% oil
and 1.7% carbohydrates. This study shows that the
fruits of    are a good source of essential
elements and has low levels of toxic elements. The
high concentration of Ca in the fruits supports the
medicinal use of    which is used to treat
toothache.

nutritional and anti-nutritional properties of most
wild fruits is not known even though they form a significant proportion of the global food basket. Studies
on these food sources need to be undertaken to determine their nutritional quality and to promote and
manage sustainable use of these wild foods towards
poverty elimination.
Heavy metals that accumulate in agricultural
soils influence the ecosystem as soils are the reservoirs through which these heavy metals are introduced into the food chain. Heavy metals, whether essential or non-essential, can have adverse effects on
human health if at elevated levels. Toxic metals can
enter the food chain through uptake by edible plants
or may be leached into groundwater that contaminates drinking water. Toxicity has become a problem
to human health, mainly because of exposure to
heavy metals released into drinking water, edible
fruits and vegetables, soils as well as house dusts [3].
The Soils Generic Assessment Criteria (SGAC) has
been developed as a screening tool to assess the risks
to human health from exposure to contaminated soils
[4].
     is a fast growing shade tree
found in the Eastern Cape, KwaZulu-Natal and Limpopo Province of South Africa. It has edible berrylike fruits that ripen in summer and are enjoyed by
the local people in KwaZulu-Natal. Extracts of different morphological parts of     are used
by traditional practitioners to treat a variety of ailments [5]. The main objective of this study was to
determine the elemental composition of the edible
wild fruits of     and to assess for nutritional value. The impact of soil quality on elemental
uptake by the plant was also evaluated by investigating soils and plant material from eight different sites.
The thirteen elements selectively investigated included As, Cd, Co, Cr, Cu, Ca, Fe, Mg, Mn, Ni, Pb,
Se and Zn.

,+#&'
Medicinal plant, elemental analysis, indigenous species.
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Food security is related to the ongoing availability of food and it is an extremely important social
determinant of health. Researchers, government and
organizations working with food are concerned with
the nutritional status of people in developing countries, especially children, pregnant woman, lactating
mothers and the sick. Maternal malnutrition during
pregnancy can lead to growth retardation and reduced birth weight of the offspring especially if malnutrition is prevalent in the last trimester of pregnancy [1]. Low birth weight in children increases
their susceptibility to infectious diseases which reduces their chances of normal growth or survival [2].
In South Africa, a large number of communities living in rural areas rely on crops such as wheat
and rice, wild fruits and vegetables for their nutritional needs because of inaccessibility to mainstream
formal markets and affordability. Information on the

!(& '"!(#'

'0;>:42=::42A8=<   fruits and soil
samples were collected from eight different sites in
the KwaZulu-Natal east coast region between the

1329

#"

  $   





  !




month of March and April 2014. The sampling sites
were B1 – Scottsville (29° 37’ 43” S, 30° 24’ 7” E),
B2 - Pigeon Valley (29° 51’ 52’’ S, 30° 59’ 12’’ E),
B3 – Westville (29° 49’ 0” S, 30° 56’ 43” E), B4 –
Greytown (29° 0.3’ 03’’ S, 30° 36’ 10’’ E), B5 - Reservoir Hills (29° 47’ 36’’ S, 30° 56’ 08’’ E), B6 Tugela Ferry (28° 47’ 45” S, 30° 29’ 26” E), B7 –
Sherwood (29° 50’ 10” S, 30° 58’ 17” E) and B8 –
Musgrave (29° 50’ 54” S, 31° 0’ 22” E) (Figure 1).
The topography of sampling sites was flat and
the soils were sandy (Sites B1, B2, B6, B7) or sandy
loam (Sites B3, B4, B5, B8) in texture. The average
temperature on the days of sampling was 27 °C. A
thin-walled stainless steel coring tube, 20 cm long
and 3.8 cm wide, was driven into the soil along the
drip line of the trees to a depth of approximately 15
cm to collect cores (six per tree). Extruded cores
were placed into a plastic mixing bowl and were
manually homogenized, reduced by method of coning and quartering then placed in separate polyethylene bags and refrigerated at 4 C. Samples of treeripened fruits were collected and stored in separate
polyethylene bags and refrigerated.

(HF 50). To ensure improved precision, five subsamples (both fruits and soil) were digested. Fruits
(0.5 g) or soil samples (0.25 g) were weighed into
ceramic Easyprep™ vessels, to which, 10 mL of
70% HNO3 was added and allowed to pre-digest for
1 h before sealing. For fruit samples, the microwave
power was ramped to 500 W for the first 15 min,
where it remained for the next 15 min, then ramped
to 650 W for 15 min during which complete digestion occurred. The microwave power was reduced
and the bombs cooled by forced ventilation for 15
min. The digestion method for soil samples was
harsher; the power was ramped from 100 W to 600
W for 10 min then ramped from 600 W to 900 W for
the next 12 min. The microwave power was reduced
and the bombs cooled by forced ventilation for 15
min. Fruit and soil digests were filtered through 0.45
µm filters into 50 mL volumetric flasks, made up to
the mark with double distilled water then transferred
into polyethylene bottles for elemental analysis. All
samples were analyzed for As, Ca, Cd, Cr, Cu, Fe,
Mg, Mn, Ni, Pb, Se, and Zn by Inductively Coupled
Plasma-Optical Emission Spectrometry (ICP-OES).
The analytical wavelengths were selected based on
minimum spectral interferences and maximum analytical performance. Initially the three most sensitive
lines were selected and from these, the lines with no
interfering elements were chosen.

EA?02A8=<=518=0C08:01:4;4A0:@Bioavailable or exchangeable metals were determined by extracting 1.0 g of soil sample with 10 mL of extractant
solution which was prepared by mixing ammonium
acetate (1.0 M), ethylenediaminetetraacetic acid
(EDTA, 0.05 M) and acetic acid (0.43 M). The soil
was then shaken on an orbital shaker for 1 h. The
mixture was filtered through a 0.45 µm filter paper
by gravity into a 50 mL volumetric flask, made up to
the mark with double distilled water then transferred
into plastic bottles and stored at 4 °C until analyzed
[7]. 

!8<4?0: 2=;>=@8A8=< =5   5?B8A
The mineral composition of the fruit of   
was determined according to the procedure proposed
by Kalenga Saka and Msonthi [6].

&4064<A@0<3@A0<30?3@All the analytical reagents that were used were supplied by Merck
(Darmstadt, Germany) and Sigma (St. Louis, USA)
chemical companies and were of analytical-reagent
grade. Double distilled water was used throughout
the experiments. To minimize the risk of contamination, 6.0 M HNO3 was used to clean plastic bottles
and glassware and rinsed with double distilled water
prior to use. The standard solutions used were prepared from a 1000 ppm stock solutions.

'0;>:4>?4>0?0A8=<Fruits were oven dried at
50 °C for 24 h to ensure complete removal of moisture. These were then ground into a fine powder using a food processor (Kenwood True Compac
Blender). The powdered samples were stored in labelled polyethylene bottles in the refrigerator at 4 °C
until analyzed. Soil samples were allowed to pass
through a 2 mm mesh sieve to remove gravel and
stones. Soil was air dried and crushed using a mortar
and pestle to reduce the particle size then stored in
polyethylene bottles and kept in a refrigerator at 4 °C
until analyzed.

'=8:>0?0;4A4?@>'#!The pH of
the soil was measured using a 1:1 ratio of soil: 0.01
M CaCl2 and the pH meter was calibrated using pH
5 and pH 7 buffers. Soil organic matter (SOM) was
estimated using the wet chemistry extraction technique known as the Walkley-Black Method [8]. The
cation exchange capacity (CEC) was determined by
the Chapman Method using ammonium acetate
(NH4OAc) at pH 7.0 [9, 10, 11]. 
8=022B;B:0A8=<502A=?BAF was obtained by calculating the ratio of metal concentration
in the fruits to total or exchangeable concentration in
the soil according to the following equation. 
   
  
(1)

:4;4<A0: 0<0:F@8@ The microwave-assisted
closed vessel digestion technique was used for digestion of fruits and soil samples due to its superior digestion capability and sample throughput. Digestions were performed using the Mars 6 Microwave
Sample Preparation System (1000 W) with eighthigh-pressure Teflon (TFM) lined Xpress vessels
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'0;>:8<6@8A4@8<D0-B:B"0A0:'=BA75?820
:4;4<A0:<0:F@8@For the purpose of quality
assurance, the analyses were carried out in quadruplicate and the accuracy of the method for elemental
analysis was validated by comparison of measured
values obtained for the Certified Reference Materials (CRMs) to certified values and accepted limits
(Table 1). The CRMs used were White Clover BCR402 (Community Bureau of Reference of the Commission of the European Communities), to validate
results for plant material and Metals in Soil D081540 (ERA, A Waters Company), to validate results
for soil samples. Suggestive values are those with no
uncertainties. Measured values compared well with
certified values or accepted limits.
The concentrations (exchangeable and total) of
13 selected metals present in the soil and the fruits
samples of    from eight different sites in
KwaZulu-Natal were analyzed and are represented
in Table 2. The exchangeable percent (Ex%) was
also calculated to measure the percent of elements
from the soil that are available for plant uptake. Arsenic and Cd in soil and fruits were below the instruments detection limits therefore they were excluded
from the discussion.
On analysis of Table 2, it was observed that the
total concentration of Fe in soil was higher than all
other elements at all eight sites. Total soil Fe at Site
B1 (Scottsville) was highest (20858 µg g-1) but was
low in the fruits (28 µg g-1) and total soil Fe at Site
B4 (Greytown) was low (6497 µg g-1) but was high
in the fruits (855 µg g-1). This indicated that the plant
controlled uptake of Fe. On average, about 2.3% of
total soil Fe was in exchangeable form.

A BAF value greater than 1 indicated that the
plant accumulated that particular element while a
BAF value less than 1 indicated that the plant excluded that element. A plot of BAF against the total
or exchangeable concentration indicates essentiality
and non-essentiality of the element based on the
shape of the graph. Essential elements are indicated
by a rectangular hyperbola while non-essential elements are indicated by a parallel line opposite the xaxis [12].
'A0A8@A820:0<0:F@8@In order to quantitatively
analyze and confirm the relationship among soil
properties (pH, SOM, and CEC) and elemental content (in both soil and plant), a Pearson’s correlation
analysis was applied to the data set. Statistical analyses were done using the Statistical Package for the
Social Sciences (PASW Statistics 18, IBM Corporation, Cornell, New York). 
&') ('"')''#"
74;820: 2=;>=@8A8=< =5  
5?B8A@     fruits were found to contain
about 90.1% moisture, 3.2% ash, 4.1% protein, 0.9%
oil and 1.72% carbohydrate (obtained by difference).
Water contributes up to 67.8% of the human body;
we need to consume enough water daily for the normal functioning of the body [13]. The moisture content in the fruits was 90.1%, therefore the fruits can
also be hydrating and refreshing to eat.
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=;>0?8@=<=5;40@B?430<324?A85843C0:B4@;40<G'<8<A74&!@!4A0:@8<'=8:   
0<3+78A4:=C4?>=D34?& 
!4A0:@8<'=8:   
Elements
Certified (µg g-1)
Accepted limits
Measured** (µg g-1)
As
101 ± 5.92
61.0-116
83.2 ± 3.36
Ca
6200 ± 7.27
5620-9440
6240 ± 542
Cd
143 ± 5.60
104-182
78.9 ± 3.78
Co
232 ± 4.10
148-250
133 ± 4.27
Cr
320 ± 6.06
60.0-114
54.5 ± 2.50
Cu
268 ± 4.72
204-332
237 ± 23.7
Mg
2850 ± 5.51
1860-3840
2362 ± 52.4
Mn
425 ± 9.69
324-525
349 ± 17.7
Ni
236 ± 4.17
175-302
212 ± 21.7
Pb
97.9 ± 11.3
69.3-126
95.8 ± 4.52
Zn
130 ± 11.5
87-173
90.9 ± 5.29
Se
127 ± 4.47
84.6-170
88.9 ± 2.95
+78A4:=C4?>=D34?& 
As
0.093 ± 0.010
0.0677 ±0.00058
Co
0.178 ± 0.08
0.167 ± 0.055
Fe
244
240 ±37.70
Ni
8.25
8.23 ± 0.46
Zn
25.2
25.43 ± 0.64
Se
6.70 ± 0.25
6.60 ± 0.265
*
Based on dry mass, **Mean ± S.D, at 95% confidence interval.
Chromium exists in two oxidation states, trivalent and hexavalent form. Both soil and fruit concentrations of Cr were low with concentrations ranging
from 0.59 to 8.31 μg g-1 in soil and from 0.87 to 3.5
μg g-1 in the fruits. The average exchangeable percent of Cr was found to be 28% with site B6 (Tugela
Ferry) having the highest exchangeable percent of
78%.
Copper is one of the essential elements in both
humans and plants, but poses toxic effects if at
higher concentrations than recommended. Total soil
Cu ranged from 10.5 to 34.2 μg g-1 and on average
about 51% was in available form. The concentration
of Cu in the fruits ranged from 5.9 to 10.5 μg g-1.
Total soil Mn was high with concentrations
ranging between 106 and 56570 μg g-1 with the highest concentration being observed at site B8 (Musgrave). Manganese in fruits ranged from 283 to
43900 μg g-1. High concentrations of Mn in the fruits
were observed at sites B3 (Westville), B4 (Greytown), B5 (Reservoir Hills) and B6 (Tugela Ferry);
these concentrations were higher than total soil concentrations thereby producing BAFs >1. The study
showed the plants tendency to accumulate Mn.
When Mn in soil was too high, then the plant concentration increased accordingly.
The exchangeable concentrations of Ni were
below the instruments detection limit at most sites.
Nickel concentrations in the fruits ranged between
1.5 and 6.6 μg g-1, with site B4 (Greytown) having
the highest concentration and site B7 (Sherwood)
having the lowest.

Calcium, which contributes about 2% towards
a person’s body weight, was found to be high in both
soil and fruits. Calcium in fruits is believed to delay
ripening and reduces biological aging or degradation
of the fruit [14]. Total soil Ca ranged from 1473 to
11717 μg g-1 with highest concentrations in the fruits
(1056 μg g-1) being observed at site B7 (Sherwood).
Most of the Ca at sites B1 (Scottsville), B2 (Pigeon
Valley) and B3 (Westville) were in exchangeable
form. Although the available concentration of Ca
was high (17 to 10590 μg g-1), the plant controlled
uptake to meet its physiological requirement levels.
Magnesium concentrations in both soil and
fruits were high, but the exchangeable concentrations were low. This showed that the plant accumulated Mg with BAFs ranging from 0.29 to 3.53 and
8.23 to 61.6 for total and exchangeable soil concentrations, respectively. High concentrations of Fe, Mg
and Ca in soil are likely due to calcite (CaCO3), magnesite (MgCO3), dolomite (CaCO3·MgCO3) and siderite (FeCO3) which are major weathering reaction
products found in soil from parental rock material
[15].
Cobalt concentrations in both soil and fruits
were relatively low with concentrations ranging
from 0.25 to 5.23 μg g-1 in soil and 0.2 to 40.8 μg g-1
in fruits. Site B8 (Musgrave) was found to accumulate Co with the concentration in the fruits being
higher than the other sites with BAFs of 18.55 and
155.13 for total and exchangeable soil concentrations, respectively.
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Ca

Co

Cr

Cu

Fe

Mg

Mn

Ni

Pb

Zn

'8A4@
B1
B2
B3
B4
B5
B6
B7
B8
B1
B2
B3
B4
B5
B6
B7
B8
B1
B2
B3
B4
B5
B6
B7
B8
B1
B2
B3
B4
B5
B6
B7
B8
B1
B2
B3
B4
B5
B6
B7
B8
B1
B2
B3
B4
B5
B6
B7
B8
B1
B2
B3
B4
B5
B6
B7
B8
B1
B2
B3
B4
B5
B6
B7
B8
B1
B2
B3
B4
B5
B6
B7
B8
B1
B2
B3
B4
B5
B6
B7
B8

.'=8:/(
11717 (502)
2841 (169)
3000 (316)
4367 (450)
1774 (281)
2459 (201)
3148 (213)
1473 (198)
3.05 (0.3)
1.02 (0.1)
0.37 (0.04)
2.88 (0.6)
0.29 (0.07)
0.25 (0.07)
5.23 (0.07)
2.20 (0.4)
4.06 (0.8)
2.23 (0.1)
0.59 (0.03)
5.24 (0.6)
2.14 (0.5)
1.29 (0.2)
5.30 (0.5)
8.31 (0.7)
32.7 (2)
11.4 (2)
10.5 (2)
31.8 (3)
21.2 (2)
11.4 (0.3)
34.2 (4)
30.8 (8)
20858 (230)
6058 (67)
14985 (77)
6497 (83)
6507 (60)
4422 (100)
15458 (82)
4835 (69)
1789 (115)
359 (6)
757 (24)
2368 (417)
609 (35)
346 (41)
2222 (128)
641 (115)
941 (190)
389 (18)
122 (23)
402 (16)
106 (6)
213 (15)
3517(40
56570 (376)
56.1 (4)
17.7 (2)
6.6 (2)
37.7 (4)
8.8 (1)
10.7 (1)
32.1 (3)
13.9 (1)
56.0 (4.01)
17.6 (2.44)
1.9 (1.93)
31.6 (2.12)
25.0 (1.86)
15.2 (11.72)
29.3 (2.43)
8.6 (1.14)
39.0 (9.1)
32.3 (1.5)
17.1 (5.8)
18.1 (2.5)
48.7 (5.6)
17.9 (5.7)
14.7 (1.4)
8.12 (3.0)

.'=8:/E
10590 (485)
2070 (93)
1519 (168)
124 (23)
53.4 (7)
17 (8)
83 (66)
157 (41)
1.81 (0.2)
ND
ND
2.46 (0.6)
ND
ND
3.65 (0.5)
0.26 (0.01)
0.18 (0.05)
0.02 (0.01)
0.04 (0.02)
0.12 (0.04)
1.02 (0.07)
1.01 (0.4)
0.53 (0.09)
0.15 (0.1)
8.7 (1.4)
6.6 (3.6
6.5 (0.8)
9.9 (1.8)
15.2 (1.3)
7.6 (0.4)
12.8 (1.3)
15.7 (0.9)
391 (59)
183 (96)
166 (16)
150 (14)
404 (17)
64 (1)
65 (5)
90 (5)
68 (18)
46 (7)
26 (4)
16 (1)
71 (7)
28 (1)
16 (1)
45 (2)
484 (6)
315 (12)
85 (4)
383 (10)
57.8 (2)
45.8 (6)
483 (9)
2150 (70)
ND
ND
ND
ND
ND
1.5 (0.1)
7.8 (0.6)
5.6 (0.2)
3.1 (0.55)
5.2 (0.85)
0.9 (0.17)
ND
3.8 (0.26)
6.5 (0.45)
1.6 (0.21)
0.2 (0.02)
8.70 (3.7)
9.56 (8.1)
6.77 (3.6)
5.87 (0.2)
7.22 (9.5)
7.65 (7.2)
11.9 (1.8)
5.83 (1.2)

./
417 (43)
562 (28)
299 (3)
616 (98)
418 (11)
352 (17)
1056 (58)
624 (3)
0.20 (0.05)
0.35 (0.06)
0.73 (0.08)
1.46 (0.1)
0.30 (0.02)
ND
3.98 (0.8)
40.80 (4)
1.50 (0.4)
1.58 (0.3)
0.87 (0.5)
7.27 (0.3)
1.86 (0.7)
3.50 (0.9)
3.50 (0.7)
2.59 (0.2)
9.8 (1.9)
9.5 (1.9)
8.5 (2.2)
7.9 (1.2)
10.5 (0.3)
10.5 (0.8)
5.9 (1)
9.2 (0.9)
28 (1.5)
28 (1.5)
8 (0.7)
855 (25)
39 (1.7)
9 (0.3)
345 (11)
17 (3)
834 (13)
838 (14)
1018 (8)
956 (54)
984 (55)
1221 (86)
648 (67)
369 (69)
287 (8)
283 (7)
321 (7)
712 (5)
555 (9)
450 (8)
286 (10)
43900 (460)
1.9 (0.2)
2.2 (0.1)
1.9 (0.3)
6.6 (1.1)
3.9 (0.3)
1.8 (0.1)
1.5 (0.7)
2.4 (1.2)
1.0 (0.71)
2.0 (0.14)
1.9 (0.40)
2.7 (0.43)
1.5 (0.32)
ND
ND
0.3 (0.1)
247 (20.1)
250 (20.4)
358 (48.4)
365.5 (24.6)
341.8 (28.2)
18.2 (1.41)
16.20 (3.1)
213 (20.2)

./ .'=8:/(
0.04
0.20
0.10
0.14
0.24
0.14
0.34
0.42
0.07
0.34
1.97
0.51
1.02
ND
0.76
18.55
0.37
0.71
1.48
1.39
0.87
2.71
0.66
0.31
0.30
0.83
0.81
0.25
0.50
0.92
0.17
0.30
0.001
0.005
0.001
0.132
0.006
0.002
0.022
0.004
0.47
2.33
1.34
0.40
1.61
3.53
0.29
0.55
0.30
0.89
2.63
1.77
5.23
2.11
0.08
0.78
0.03
0.11
0.18
0.17
0.49
0.17
0.04
0.15
0.02
0.11
1.42
0.09
0.06
ND
ND
0.04
6.34
7.75
20.90
20.20
7.10
1.01
1.10
26.20

./ .'=8:/E
0.04
0.27
0.20
4.97
7.83
20.95
12.72
3.97
0.11
ND
ND
0.59
ND
ND
1.09
155.13
8.33
79.00
21.75
60.58
1.82
3.47
6.60
17.27
1.13
1.43
1.30
0.79
0.69
1.38
0.47
0.59
0.07
0.15
0.05
5.70
0.10
0.14
5.31
0.19
12.20
18.30
39.44
61.60
13.80
44.10
40.70
8.23
0.59
0.74
3.77
1.86
9.62
9.83
0.59
20.42
ND
ND
ND
ND
ND
1.32
0.16
0.38
0.33
0.40
0.83
ND
0.41
ND
ND
1.50
28.42
26.24
52.89
62.30
47.30
2.39
1.42
36.50

E
90
73
51
3
3
1
3
11
59
ND
ND
85
ND
ND
70
12
4
1
7
2
48
78
10
2
27
58
62
31
72
67
37
51
2
3
1
2
6
1
0
2
4
13
3
1
12
8
1
7
51
81
70
95
54
21
14
4
ND
ND
ND
ND
ND
13
24
40
5
28
48
ND
15
40
4
2
22
30
40
32
15
43
77
72

B1 = Scottsville, B2 = Pigeon Valley, B3 = Westville, B4= Greytown, B5 = Reservoir Hills, B6 = Tugela Ferry,
B7 = Sherwood, B8= Musgrave;
[F] = Fruit; T = Total; Ex = Exchangeable; ND = not determinable; Ex% = [Soil]Ex/ [Soil]T × 100
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Element
Ca
Cr
Cu
Fe
Mg
Mn
Ni
Pb
Zn

Average Concentration
(µg g-1)
543
3
9
166
859
414
3
1
226

Average Concentration
(mg 10 g-1)
5.4
0.03
0.09
1.7
8.6
4.1
0.03
0.01
2.3

DRI (mg day-1)
RDA
UL
1000-1300
2500
0.024-0.035
ND
0.9
8.00
8-15
45.00
310-320
350
1.6- 3
9.00
ND
1.00
ND
ND
8 -11
34.0

Estimated contribution
to RDA (%)
0.4-0.5
81-118
10
11-21
2.7-2.8
180-258
ND
ND
21-28

ND: Not Determined
Lead contamination occurs due to anthropogenic sources such as combustion and smelting of
leaded gasoline. Lead is also toxic in plants as it impairs plant growth by damaging seed germination
and root elongation [16]. Lead concentrations were
low in the fruits and, if detected, ranged between 0.3
and 2.7 μg g-1 with site B4 (Greytown) having the
highest concentration and site B8 (Musgrave) having
the lowest. According to the Department of Health,
South Africa, the maximum level of Pb in fruits and
berries should be 0.20 mg kg-1 to pose no risk of
toxic effects [17]. Five of the sites had concentrations of Pb above this limit.
Zinc concentrations in fruits were higher than
total soil concentrations with concentrations ranging
between 16.2 and 365.5 μg g-1 in fruits. The highest
concentration of Zn was observed at site B4 (Greytown). BAFs ranging from 1.01 to 26.6 and 1.42 to
62.3 for total and exchangeable soil concentrations,
respectively; this indicated the plants tendency to accumulate Zn.
On analysis of the data, in particular the concentrations of the elements in the fruits of   
 , it was observed that concentrations of Ca, Fe,
Mg, Mn, and Zn were higher than other metals in the
fruits. Of these major elements, the concentration of
Mg was highest at most sites and that of Fe and Zn
were lowest. Of the minor elements (Co, Cr, Cu, Ni
and Pb) in the fruits, Cu exhibited the highest concentrations at most sites. In general, the concentrations of the elements in the fruits of    
were found to be in decreasing order of Mg > Ca >
Mn > Zn ≈ Fe > Cu > Co > Ni > Cr > Pb > As ≈ Cd.
Plants are not specific when taking up heavy
metals from the soil, either essential such as Cr, Mn,
Fe, Co, Cu, Zn and Se or non-essential elements such
as As, Cd and Pb. These metals have a tendency of
accumulating in plants and vegetables. Some plants
are able to eliminate or accumulate heavy metals to
meet their metabolic demands. When the concentration (total and exchangeable) of an essential element
in the soil is below the concentration required by the
plant, the plant tends to accumulate that particular

element to meet its physiological demand, as a result
we observe higher concentrations in the plant. Likewise, when soil concentrations of an element exceed
the plants physiological demand, the plant tends to
exclude the excess amount. The study showed that
     accumulated Mg, Mn and Zn as the
concentrations in the fruits were higher than that of
soil (exchangeable and total) and tended to exclude
the other elements to meet its physiological requirement levels.

@A8;0A43 2=<A?81BA8=< =5  
5?B8A@A=A74384AA balanced diet is one of the important parameters in support of normal growth and
development of the human body. A balanced diet
means eating the right types and amounts of food to
supply nutrition and energy for maintenance of body
cells, tissues and organs. An imbalance in the diet
can lead to malnutrition; eating low amounts of certain nutrients can lead to deficiencies while eating
too much can lead to toxicities.
The elemental distribution in the fruits of 
  was compared to Dietary Reference Intakes
(DRIs) (Table 3).If an average serving size of 10 g
(dry mass) of    fruits, which is equivalent to one handful, is consumed, it would contribute
significantly towards the daily intake for most essential nutrients. Table 3 shows that most of the nutrients do not exceed their Tolerable Upper Intake Levels (ULs). Manganese is one of the essential nutrients for nerve impulses and muscle contraction [18].
About 10 g of    fruits would contribute
about 180-258% towards the RDA for Mn. Although
this percentage contribution is high, the UL for Mn
(9 mg per day) is not exceeded.
Approximately 10 g of      fruits
would contribute greater than 81% and 21% towards
the RDA for Cr and Fe, respectively. For the toxic
elements, As, Pb and Cd, concentrations in the fruits
were at safe levels for human consumption. In South
Africa, especially in rural communities, many
households rely on natural resources for food and 
   fruits along with other indigenous fruits
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CaF
CoE
CoF
CrE
CrF
CuE
CuF
FeE
FeF
MgE
MgF
MnE
MnF
NiF
PbE
PbF
ZnE
ZnF
pH
SOM
CEC

CaE
-0.3
0.4
-0.2
-0.3
-0.3
-0.4
0.4
0.6
-0.3
0.5
0.0
-0.1
-0.2
-0.3
0.1
0.1
0.2
0.2
-0.1

-0.6

( 
=??4:0A8=<;0A?8E5=?2=<24<A?0A8=<@=54:4;4<A@8<@=8:
E270<6401:40<35?B8A@=5
CaF
CoE
CoF
CrE
CrF
CuE
CuF
FeE

FeF

MgE

0.3
0.2
-0.4
-0.3
-0.3
-0.2
0.5
-0.1
0.1
-0.3
0.4
0.2
0.6
-0.2
0.2
 
-0.4
0.1
0.4
-0.5
-0.4
-0.4
0.6
-0.3
-0.3
-0.2
0.1
0.1
0.0
0.4
0.2
-0.1
-0.1

-0.3
0.5
-0.4
0.5
0.0
-0.2
-0.5
0.3
0.4

0.6
 
-0.4
-0.4
0.6
-0.2
-0.5
0.6
0.2
-0.1
0.1
0.3
-0.3
1.0
-0.3
0.1
0.6
0.1
-0.3
0.1
0.1
0.1
-0.4
1.0
-0.2
0.0
0.6
0.2
-0.3
0.2
0.1
0.0
-0.1
-0.1
-0.2

0.2
-0.2
0.2
0.2
0.0
-0.4
0.2
-0.5

-0.6
-0.4
0.5
0.2
0.0
0.3
-0.3
-0.1
-0.4
-0.5
0.4
-0.3
-0.1
0.4
-0.1
0.0
0.6

-0.4
0.0
-0.2
-0.2
-0.3
0.0
-0.1
0.0
-0.5
-0.1
-0.1
-0.6
0.2
0.0
0.0
0.6
0.2
0.3

0.0
0.5
-0.5

0.4
-0.5
-0.3
-0.1
-0.4
-0.1
0.4
0.2
-0.3
0.2
0.3
0.1
0.6
0.1
0.5
0.2
-0.4
0.0
0.6
0.6
0.1
-0.1
-0.5
-0.1
-0.6
MgF
MnE
MnF
NiF
PbE
PbF
ZnE
ZnF
pH
SOM
MnE
-0.5
MnF
-0.3
1.0
NiF
0.3
-0.1
-0.1
PbE
0.5
-0.5
-0.4
-0.3
PbF
0.3
-0.3
-0.3
0.7
-0.2
ZnE
-0.5
-0.3
-0.4
-0.5
0.4
-0.4
ZnF
0.3
-0.1
0.0
0.5
-0.4

-0.6
pH
 
0.6
0.4
0.2
 
-0.1
0.0
-0.1
SOM
-0.1
0.3
0.2
0.3
-0.3
0.0
-0.2
0.3
0.4
CEC
0.3
-0.1
0.0
0.5
0.0
0.0
-0.3
-0.3
0.2
-0.2
XE where X = various elements and E is soil (exchangeable); XF where X = various elements and F is fruits;
SOM = Soil organic matter; CEC = Cation exchange capacity
degrees, correlated with total and exchangeable concentrations in the soil (Table 4). Correlation coefficients range between +1 (strong positive, linear correlation) and -1 (strong negative, linear correlation).
The metals in the soil interact with each other
thereby influencing their exchangeability hence uptake by plants of the metals with which they interact.
Metals in the soil can interact synergistically with
each other where, an increase in the concentration of
one element increases the concentration of the other
or antagonistically where, an increase in the concentration of one element decreases the concentration of
the other. The correlation matrix provides the correlation coefficient (r) which indicates the extent to
which interactions are related either synergistically
(positive correlations) or antagonistically (negative
correlations).
Synergistic relationships in soil were observed
between Zn and Co (r = 0.7) as well as Mg and Fe (r
= 0.8). This could be due to the similarity in charge
and size of Zn and Co and the similarity in charge

are frequently consumed by the people in these communities [19, 20]. This study provides information
on the nutritive value of     fruits which
indicates that it is good for health and does not have
a tendency to accumulate toxic elements.
'=8:>?=>4?A84@An analysis of soil parameters
for soils from eight sampling sites showed soil pH to
range from 5 to 7.7, indicating that the plant grows
in slightly acidic soil. The ideal soil pH for normal
plant growth of    is between 6-8 where
cations such as Ca, Mg and Fe become more available. The CEC ranged between 4 to 15.5 meq 100g-1
and SOM (%) ranged between 6 to 16.7% with site
B2 (Pigeon Valley) having the lowest CEC and SOM
values and site B4 (Greytown) having the highest
values.

'A0A8@A820: 0<0:F@8@ Concentrations of elements in the fruits of    were, to varying
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between Mg and Fe. SOM positively correlated with
exchangeable Ca (r = 0.7) whilst pH negatively correlated with exchangeable Pb (r = -0.8).
This indicates that as the organic matter of the
soil increases, so too does the available form of Ca
and also that the availability of Pb is pH dependent.
Synergistic correlations in the plant were observed between Co and Mn (r = 1.0), Cr and Ni (r =
0.8), Pb and Zn (r = 0.8) and Pb and Ni (r = 0.7).
This indicates that an increase in uptake of Ni and
Zn increases uptake of the toxic metal Pb. For Co
and Mn or Cr and Ni, the synergies observed could
be due to the plant needing proportionate amounts of
these metals where, if the concentration of one metal
increases then requirement for the other metal increases thereby promoting its uptake. A synergistic
relationship was also observed between Fe in the
fruits and exchangeable Cu indicating that Cu promoted uptake of Fe by the plant.
Generally, an antagonistic relationship in the
plant will occur when the plant takes up two elements by the same mechanism and the increase in
uptake of one element decreases the uptake of the
other [21]. Antagonistic correlations in the plant
were observed between Ca and Cu (r = -0.7) as well
as Ca and Mg (r = -1.0). The mechanism of uptake
for these similarly charged metals could be similar
thereby promoting the observed competition.
Strong positive correlations were observed by
pH with Ca (r = 0.7) and Cr (r = 0.7) in the plant.
Strong antagonistic correlations were observed between pH and Mg in the plant (r = -0.7). This indicates that at high pH the concentrations of Ca and Cr
increases and that of Mg decreases.

The authors are thankful to the University of
KwaZulu-Natal for financial support.
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eight different geographic locations in KwaZulu-Natal was determined. This was done for 13 elements.
The elemental concentrations in the fruits were also
assessed for their nutritional value. The concentration of the elements in the fruits were found to be in
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> Co > Ni > Cr > Pb > As ≈ Cd. Elemental analysis
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ABSTRACT

Some authors [2] pointed out that yield increase
is obtained by controlled drainage systems, while
others as [5] have reported that control drainage applications reduced plant nutrients losses. Determination of the effect of soil drainage applications on
drainage water quantity and quality, and soil salinity
under field conditions is time consuming and costly.
7KDW¶V why lysimeter studies and computer models
are often preferred. On the other side, computer
models are accepted as excellent tools used in data
validation and reduce investment costs [6]; [7]; [8].
DRAINMOD is one of the computer models
used for this purpose [4]. There are several different
versions of the model and use it from any version attribute for a particular purpose [9]; [10]; used one
variant for semi-arid monsoon climatic conditions in
India. The variant DRAINMOD-S for predicting soil
salinity has been used in Egypt. Also, [11]; used
DRAINMOD-S to demonstrated the effect of doubling the drain spacing by blocking every other drain
and modifying the drain depth by installing control
structures. The results indicated that implementation
of these measures would result in reduced drainage
flow and lower irrigation requirements without a
yield reduction. This variant has not been applied for
the monsoon climatic conditions prevalent in India.
Another model SaltMod was developed by
[12], have been used by many researcher in irrigated
areas in the world to estimate soil salinity change and
behavior of water table. The model was used in
Konya plain [13], and Harran plain [14], [15], [16]
of Turkey to estimate the change of soil salinity, to
evaluate water table fluctuations and to predict the
amount of drainage water and natural drainage.
Water simulation (WaSim) model, a recent addition to the family of drainage models, has the capability to predict ground water table fluctuations,
drain discharge, soil salinity and drainage effluent
quality. Since these four parameters reflect on the
performance of a drainage system, it was decided to
test this model for performance evaluation of a drainage system and to test its applicability for drainage
design.

Water simulation (WaSim), was assessed for its
capability to predict ground water table behavior for
free and controlled drained conditions under semiarid climate conditions of Harran plain of SoutheastTurkey. WaSim is an one-dimensional soil water
balance model capable of predicting ground water
table properties as drainage discharge, soil salinity
and drainage effluent quality. Under drained conditions, similar results were obtained in terms of the
measured and simulated values of water table depth,
soil salinity and drainage effluent quality. Deviations
between simulated and observed values for amounts
of drain discharge and discharge water quality was
statistically significant. Though no significant differences were observed in terms of the water table
depths, topsoil and root zone salinity. Evaluating the
experimental data it was concluded that the model
simulations can be used successfully.

KEYWORDS:
Controlled drainage, free drainage, Harran plain, WaSim,
water-salt balance

INTRODUCTION
Drainage systems, for irrigated areas in arid and
semi-arid regions, are an indispensable element of
sustainable agricultural production. But, there are no
structures that control the drainage flow. Therefore,
following the irrigation application, depending on
the drainage design criteria, as drain spacing and
depth, water table is lowered until the drain level. On
the other hand, in irrigated areas, rapid drop of the
water table could lead to water stress in different extend. Practices as shallow drainage and controlled
drainage could be applied in order to avoid eventual
crop losses due to appearing water stress conditions.
The effect of these practices on soil salinity,
water sawing, the amount and quality of drainage
water, as well as on plant nutrient losses is evaluated
in studies carried out in different regions of the
World [1]; [2]; [3]; [4]; [5].
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The purpose of this study is to report the performance of WaSim model for free drainage and
controlled drainage conditions, in predicting water
properties as soil water content, water table depths,
drainage discharge and soil salinity, for subsurface
drainage system application design in semi-arid Harran plain in South-eastern Anatolia Region.

Farmers use traditional Turkish farming methods including surface irrigation in furrows and basins, and
subsurface drainage is a common application. Farming operations including weeding and surface soil
cultivation are carried out mostly by hand. The area
receives irrigation water from Harran canal, with
moderate level of water salinity in the ranges of 0.51.0 dS m-1.

MATERIALS AND METHOD

&OLPDWRORJLFDOSURSHUWLHVThe climate of the
study area is, semi-arid continental and Mediterranean. The average annual rainfall is 365.2 mm.
About 80% of the rainfall is received during the winter and spring season from December to June. The
summers are hot and dry and the winters are cold
with average maximum temperature in July reaching
310 C, while minimum average temperatures in winter are about 13°C. The study area has a high relative
humidity varying from 33% in June to 72% in the
month of January. The average annual pan evaporation is assessed at 1848 mm. (Table 1).

Experimental site. Test area is located in the
GAP region, which diverts water from the Atatürk
dam and provides irrigation water for the southeast
Anatolia project. The study site is a part of a great
Mesopotamia plain and is located at an elevation of
about 520 m above mean sea level. Geographically,
the study site lies at 43°N latitude and 38o E longitude )LJXUH 
To calibrate and validate the model, data from
predrainage investigations of the test site Harran
plain were obtained from published literature [14]
[15], and personal communications with the staff of
organizations responsible for planning and management of the irrigation project. The data for the Harran
site were used to test the WaSim ET model, while
the data from the Sanliurfa site were used to test the
complete model.
The fieldwork was carried out on the lands of
the Harran Plain experimental station, located close
to Sanliurfa-Akçakale Road, about 45 km south of
Sanliurfa. The test site is situated within a traditional
farming area, composed of small family-run farms.

Methods. Two different conditions of free
drainage (FD) and controlled drainage (CD) were
evaluated in the study
7ULDOWUHDWPHQWV
)')UHHGUDLQDJHin which the drainage system is designed to work
&' &RQWUROOHG GUDLQDJH 60% reduction of
the effective drain depth
Brief description of the model. HR Wallingford and Cranfield University, UK jointly developed
the Water Simulation Model, WaSim [17].
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TABLE 1
Long years climatologic parameters of the area of investigation (SMS, 2012)
Met. Data
Rainfall
(mm)
Temp.
(°C)
Rel. Hum
(%)
Evaprt.
(mm)

Months
X
19.6

XI
42.0

XII
61.4

I
65.8

II
63.3

III
59.5

IV
26.9

V
22.6

VI
3.5

VII
0.1

VIII
-

IX
0.5

Yearly
365.2

18.2

10.1

6.0

4.9

6.0

10.0

15.2

21.7

27.9

31.3

29.8

25.3

17.2

45

60

72

69

64

58

58

42

33

34

40

38

51

151.9

50.6

.

.

.

52.0

116.8

199.3

314.5

376

337.9

249.8

1848.8

),*85(
,QSXWVDQGRXWSXWVRI:D6LPVLPXODWLRQPRGHO

of soil and drainage water.

WaSim is a one-dimensional, daily soil water
balance model that requires daily reference evapotranspiration and rainfall data [18]. An accompanying utility, WaSim ET calculates reference evapotranspiration from daily climate data using the Penman-Monteith, FAO Modified-Penman, or Penman
methods. Reference ET calculated with WaSim ET
is used in WaSim to estimate the changes in the soil
water content taking into account inputs of rainfall
and irrigation including canal seepage wherever relevant[19].
Soil water moves downward from one depth interval to the next, only when the soil water content
of the upper depth interval exceeds field capacity. In
this case, the rate of drainage is a function of the
amount of excess water. If the volume water fraction
is between the field capacity and saturation then the
drainage released from the compartment is calculated from an equation proposed by [20] (Figure 2).
The deep percolation forms the input into a subroutine, which predicts the depth to the water table
that includes the impact of a field drainage system.
WaSim uses the mass balance of salt in a one-dimensional profile with the same depth increments used
for the water balance model. Respective salt concentrations of the various inputs and outputs are multiplied with water contents to arrive at the salt contents

RESULTS
Irrigation and drainage water. Irrigation
management tool applied on the fields of Harran
Plain project rotation method. But the method is not
applicable attentive enough. Actually, this seems to
be reason for poor water management. Irrigation water is supplied to the field on the siphon from the tertiary canals and irrigation continues in uncontrolled
overnight.
In controlled drainage area, first irrigation was
made on June 11 and a total of 7 irrigation applications has been completed during the entire period between June, 11 and September, 5. Water level rose
behind the control structure and drainage flow was
75 mm and drainage rate was 8%.
In free drainage option, first irrigation was applied on June 21 and a total of 5 irrigation were applied in the period between June, 21 and September
5, has been completed. Drainage flow and drainage
rate was determined to be higher than CD and reach
to 52 mm and 10.6% respectively (Table 2).
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TABLE 2
Irrigation water measured in control (CD) and free drainage (FD) management
&RQWUROOHG'UDLQDJH &' DUHD
,UULJDWLRQGDWH
,UU,QWHUYDOGD\













,UULJDWLRQZDWHUPP

,UUZDWHUGHSWKPP









)UHH'UDLQDJH )' DUHD
,UULJDWLRQGDWH ,UU,QWHUYDOGD\










,UUZDWHUGHSWKPP






,UULJDWLRQZDWHUPP



TABLE 3
Drainage water amounts and ratios in the trial areas
CD area
Measured
946
75
8

Irrigation water, mm
Drainage water, mm
Drainage rate, %

FD area
Measured
490
52
10.6

WaSim
96
10

WaSim
9.6
2

TABLE 
6HDVRQDOZDWHUWDEOHGHSWKVIRUWKH&'DQG)'WULDODUHDVFP
June
Measured
WaSim

CD Area
161
102

July
FD Area
154
167

CD Area
144
57

August
FD Area
162
168

D

CD Area
153
100

September
FD Area
166
175

CD Area
155
84

FD Area
168
184

E

),*85(
0HDVXUHGDQGSUHGLFWHGZDWHUWDEOHGHSWKRI&' D DQG)' E GUDLQDJHWHVWDUHD

In area with applied CD trial area, the evaluated
model estimated drain flow of 14.6, 38.2, 20.2 and
23.1 mm (total of 96.1 mm) for June, July, August
and September, respectively (Table 3). While less
drain flows of 2.8, 2.9, 2.6 and 1.3 mm ( total 9.6
mm) were estimated for May, June, July and August,
respectively, (Table3).
In addition, total drainage water amounts estimated using WaSim and measured values were 96.6
mm and 75.0 mm; and 52 mm and 9.6 mm, respectively for CD and FD applications.
According to these results significant differences were determined between in situ measurements and model estimations of drainage water

amounts. Model estimated approximately 20 mm
more drainage water for area CD while estimated 42
mm less for area FD. These contradictions and differences probably appeared due to high natural
drainage capacity of trial area soils and lack of irrigation on FD.
Fluctuation and level of the water table. Approximate water table depths according to WaSim
Simulation program and measurements are given at
Table 4., Figure 3a and 3b.
Significant differences of water table depths are
observed between WaSim simulations and in situ
measurements of the CD area. As a whole, WaSim
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there was no drainage water flow in September.
While monthly measured values were approximately
3.51, 2.97, 4.76 and 4.11 dS m-1. Measurements and
model results are compared with T test
(p=0.017<0.05*) and significant differences are determined (Figure 4a).
According to result obtained with WaSim program for the CD area, predicted drainage water salinities are 1.57, 1.64, 1.73 and 1.76 dS m-1 for June,
July, August and September, respectively. Though
the average measured salinity values were much
higher and reached to 1.66, 3.32, 3.38 and 3.89 dS
m-1 for the mentioned months, respectively (Figure
4b). The differences between estimated and measured values were proven with Ttest results giving significant differences of p=0.029*<0.05.

predicted higher water table levels than measured
levels. Moreover statistical significance exists between measured and predicted values (Figure 3).
In controlled drainage conditions water table
level fall faster than expected probably due to high
natural drainage capacity of the soil. The raised water table appeared as a result of the irrigation applications dropped to drain level in a short time owing
to high natural drainage capacity of the soil. In earlier studies, the natural drainage in Harran Plain was
determined as 0.155 m y-1 by [3]. As a result of Ttest (p=0.0025**<0.05), significant differences were
determined between land measurement and model
results for the CD area.
Water table depths fluctuated in the ranges of
140 and 180 cm in the FD area during the entire irrigation season. Similar results between model estimations and in situ measurements were obtained (Figure 3b).
When the monthly approximate water table
depths compared, differences between model and
field measured results are found negligible with 95%
(p=0.085ns>0.05) probability. Therefore, it could be
concluded that WaSim model is capable to predict
water table depths under free drainage (FD) conditions.
While WaSim model provides acceptable results in terms of water table depths estimation under
free drainage conditions, the results obtained for
controlled drainage (CD) application are out of acceptable range.

Soil salinity. Changes in soil salinity was
measured and calculated by the program for the two
soil depth for both CD and the FD area conditions
(Table 5).
$VDUHVXOWRILQYHVWLJDWLRQVERWKPHDVXUHGDQG
SUHGLFWHGE\:D6LPPRGHOVRLOVDOLQLW\YDOXHVZHUH
GHWHUPLQHGWRGHFUHDVHLQVLPLODUUDWLRVIRUWKH&'
DUHDWRSVRLO FP WKRXJKWKHVHYDOXHVLQFUHDVH
LQVLPLODUUDWLRQVIRUWKHDUHDRI)' 7DEOH)LJXUH

Salinity changes at both field measurements
and WaSim simulations presented in Table 5 and
Figure 6 show that salinity of 0-100 cm soil depth
increases under conditions of CD and FD application. On the other hand, data also show that model
underestimates the soil salinity level in the case of
controlled drainage. Although both measurements
and model results showed the increasing trend of the
salinity in FD area.

Predicted and measured drainage water salinity values. Drainage water salinity values obtained with WaSim at the FD area for the months
June, July and August were 2.25, 2.25 and 2.25 dS
m-1 respectively. According to WaSim simulations,

D

E
FIGURE 4
Measured and predicted salinity of drainage water FD D DQG&' E DUHD
TABLE 5
Measured and predicted salinity values at different time and soil depths, dS m-1
Soil depth, cm
0-20
0-100

Date
Sowing
Harvest
Sowing
Harvest

CD area
WaSim





Measured
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FD area
WaSim





Measured





© by PSP

Volume 27 ± No. 3/2018 pages 1338-1344

Fresenius Environmental Bulletin

FIGURE 5
Changes in soil salinity of top soil (0-20 cm) in CD and FD applied areas

FIGURE 6
Soil salinity values in the root zone (0-100 cm) of CD and FD treatments
WKLV VWXG\ WKH IROORZLQJ UHFRPPHQGDWLRQV PD\ EH
PDGH:D6LPPRGHOVLPXODWLRQVFDQEHVXFFHVVIXOO\
XVHGWRHVWLPDWHZDWHUWDEOHGHSWKDQGLWFKDQJHVLQ
+DUUDQSODLQXQGHUFRQGLWLRQVRIIUHHGUDLQDJHDS
SOLFDWLRQ,WLVUHFRPPHQGHGXVH:D6LPVLPXODWLRQV
FDUHIXOO\LQRUGHUWRHVWLPDWHGGUDLQDJHZDWHUTXDQ
WLWLHV LI QDWXUDO GUDLQDJH UDWLRV DUH NQRZQ :D6LP
VLPXODWLRQPRGHODSSHDUVWREHDUHOLDEOHWRROIRUHV
WLPDWLRQRIVDOLQLW\FKDQJHVLQWRSVRLO FP DQG
URRW]RQH FP DQGLQWKH IXWXUH FDQEH DS
SOLHGIRUHVWLPDWLRQRIVDOLQLW\FKDQJHVXVLQJDVLQSXW
VRLODQGZDWHUSURSHUWLHVGDWDRIWKHUHJLRQ)RUFRQ
GLWLRQV RI NQRZQ QDWXUDO GUDLQDJH DPRXQW :D6LP
PRGHOFDQEHXVHGIRUFDOFXODWLRQRIGUDLQDJHZDWHU
DPRXQWV

CONCLUSIONS
'UDLQDJH ZDWHU TXDQWLWLHV PHDVXUHG SHULRGL
FDOO\IRUWKHILHOGVZLWK&'DQG)'DSSOLFDWLRQVZHUH
DQGPPUHVSHFWLYHO\7KRXJK:D6LP PRGHO
HVWLPDWHGWKHVHYDOXHVDVPPDQGPPUH
VSHFWLYHO\ IRU FRQWUROOHG DQG IHH GUDLQDJH FRQGL
WLRQV7KHUHIRUH LW FRXOG EH FRQFOXGHG WKDW VLJQLIL
FDQWGLIIHUHQFHVRFFXUEHWZHHQPHDVXUHGYDOXHVDQG
:D6LPVLPXODWLRQV
)RU )' DUHD WKH GLIIHUHQFHV EHWZHHQ DYHUDJH
ZDWHUWDEOHGHSWKVPHDVXUHGDQG:D6LPHVWLPDWLRQV
DUH QHJOLJLEOH S QV!  EXW LQ &' DUHD LW
ZDV REWDLQHG LQ VLJQLILFDQW OHYHOV S  
 
:KHQ :D6LP HVWLPDWLRQV FRPSDUHG ZLWK
PHDVXUHGGDWDIRUWKHGUDLQDJHZDWHUVDOLQLWLHVVLJ
QLILFDQW GLIIHUHQFHV UHVSHFWLYHO\ S  
S   ZHUHIRXQGIRUWKHILHOGVRIDSSOLHG
&'DQG)'WUHDWPHQWVDQGLWFRXOGEHFRQFOXGHGWKDW
:D6LPVLPXODWLRQJLYHVXVSLFLRXVUHVXOWLQHVWLPD
WLRQRIGUDLQDJHZDWHUVDOLQLW\
%RWKPHDVXUHPHQWYDOXHVDQG:D6LPVLPXOD
WLRQVIRU&'DQG)'WULDODUHDVLQHVWLPDWLRQWRSVRLO
FP VKRZLQFUHDVLQJWUHQGVLQWHUPVRIVRLOVD
OLQLW\,QDGGLWLRQ:D6LPVLPXODWLRQVLQHVWLPDWLRQ
RIWRSVRLODQGURRW]RQHVDOLQLW\LVGHWHUPLQHGWREH
DSSOLFDEOH
,Q DFFRUGDQFH ZLWK WKH UHVXOWV REWDLQHG IURP

$&.12:/('*(0(176
7KLV SDSHU ZDV SUHSDUHG XVLQJ WKH 1R
278%,7$.SURMHFWGDWD DQG PDVWHUWKHVLV
GDWD:HDUHJUDWHIXOIRUWKHVXSSRUWRI78%,7$.
$5'(%
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seeds [5]. The information on the presence and Ni
localization in seeds is important for better understanding of plant reproductive strategies and seed
germination. Nickel localization patterns have been
determined for ten " Ni-hyperaccumulator
species/ecotypes [6] but data for the localization of
Ni in seeds are scarce. Munzuroglu and Geckil [7]
considered the effects of metal on germination of
seeds depend on differences in seed structure and
particularly seed coats. Nickel distribution in seeds
and seedlings during germination studied in Ni hyperaccumulator "   was demonstrated
by Groeber et al. [8].
High Ni levels exert toxic effects on seed germination and information on the seed germination
contributes to better understanding of plant adaptation to habitats but literature investigating the same
on hyperaccumulators is rather scarce. The few published works are restricted to the germinability assessment [9, 10, 11]. Seed germination is one of the
most important stages in crop development that predetermines establishment of healthy crop, better
growth and yield [12, 13, 14]. The seed germination
and the root elongation tests are the most appropriate
and commonly used to prove the phytotoxicity in
vascular plants [15, 16, 17].
The work presented in this paper aims to compare the effect of Ni phytotoxicity with different concentrations on seed germination, root and hypocotyl
elongation in two Ni hyperaccumulator species (
   O.E. Schultz and    Waldst. &
Kit.), both of economic importance in Albania.


"(&!'#"($'

'AB2E ;/A3?7/: /<2 @7A3@  The plant material
was collected from Ni-hyperaccumulator species 
  and     distributed on serpentine
terrains in Albania. Seed material from   
was collected from two localities: Prrenjas-Domosdova (P) 41°00′08″N, 20°33′11″E (400 m a.s.l.)
and Pojske-Pogradec (Po) 40°59′55,″ N 20°38′09″E
(700 m a.s.l.) in 2014 and 2015, respectively. Seeds
from the serpentine endemic species    
were collected from Gjegjan (G), 41°55′47″N

The aim of this work was to compare the effect
of Ni on seeds of "   and  
an obligate and a facultative Ni hyperaccumularors
respectively, distributed on the Balkans. Seeds collected from natural populations of the species in Albania were germinated with standard solutions of
0.5, 1, 2, 4, 6, 8 mM Ni as NiCl2 6 H2O in distilled
water and compared with germinated seeds in distilled water. The results showed that Ni influenced
the germination process and differences were found
not only between the species but also between the
populations. The germinability decreased with elevation of Ni concentrations. The relative frequency
of germination in    was more spread out
through time. The seeds of    displayed
greater homogeneity and higher synchrony of germination. The seeds of   were less sensitive (or
tolerant to) when treated with higher metal concentrations and germination was less influenced compared to .   . Lower concentrations of Ni
stimulated hypocotyl elongation but inhibited root
elongation in both species. The roots were more sensitive to Ni compared to the hypocotyl. The abnormalities at early stage of seed germination found in
both species disturbed the normal growth of the
seedlings. 


-+$&'
", nickel, hyperaccumulators, phytotoxicity, seed
germination



#(&$)($#
The Balkan Peninsula is a region with numerous obligate and facultative " hyperaccumulator species of potential utility for extracting Ni
from soil [1, 2, 3]. Suitable species must be relatively
easy to collect as bulk seed accessions and have high
success rates of germination, establishment and
growth [4].
Nickel is a highly mobile trace metal that tends
to accumulate in newly formed plant organs and
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20°00′09″E (700 m a.s.l.) and from Kukës (K),
42°00'35"N, 20°17'44"E (1300 m a.s.l.) in 2014. The
soil chemical composition of these sites was previously analyzed [1, 18] and reflected their ultramafic
origin, i.e. between 1100-2150 mg kg-1 of Cr, 10803100 mg kg-1 of Ni and 104 -280 mg kg-1 of Co. Seed
material was collected from 50 individuals per population. The seeds were extracted manually from
fruits and those of bad quality (damaged, empty and
immature) were rejected. The received seeds from 
   were low in comparison to   
probably due to lower seed production. The material
was collected and stored according to international
guidelines [19]. Vouchers were deposited in the Agricultural University of Tirana.

[20] and Ranal et al. [21]. All treatements were performed with three replications.

/A/ /</:E@7@  The data were analysed with
one-way analysis of variance (ANOVA) to determine which treatments differed from each other
when germinability, root and hypocotyl elongation
were used as variables. The data for both species and
their population were analysed separately. In cases
when the ANOVA showed significance of differences ( <0.05), pairwise mean comparisons of variables, a least significant difference (LSD) test was
performed. The statistical analysis was performed
using Microsoft Excel 2010.

'332@53?;7</A7=<?==A/<26E>=1=AE:3:=<
5/A7=< Seed germination abilities were evaluated in
laboratory conditions following the method of Munzuroglu and Geckil [7]. According to the authors this
method reduces the effect of counteranions associated with other metals or other metal cations normally present in the soil. Standard solutions of 0.5,
1, 2, 4, 6, 8 mM Ni as NiCl2 6H20 were prepared with
250 ml distilled water. The range of concentrations
is based on metal concentrations commonly encountered in non-serpentine soil to their several-fold
higher concentrations measured in the serpentine
soils. Distilled water was used as a control. The
seeds were surface-sterilized in 2% (w/v) calcium
hypochlorite solution for 10 min, then washed and
soaked for 24 h in distilled water before treatment
following Ghaderian et al. [11]. Harvested seeds of
  and    were tested for their germinability without exposing them to any dormancyrelieving treatments. For each treatment 50 seeds
from   were used while from   
theywere30 seeds because of lack of enough material received. The seeds were germinated in sterile 9
cm Petri dishes on filter paper moistened with Ni solutions following Munzuroglu and Geckil [7]. Seed
incubation was in a temperature-controlled growth
cabinet set at 21/21o C (day/night cycle). Petri dishes
were exposed to a 12 h light/12 h dark cycle. The
illumination was provided by white fluorescent
tubes with mean photon flux density of 220 mmol-2
m-1 s-1 at seed level. Roots were considered germinated when 1 mm radicle has appeared. The number
of seeds germinated was counted daily till the end of
the experiment (three consequent days with constant
germinated seeds). Seed root and hypocotyl length
were measured using stereomicroscope STEMI
2000-C, Zeiss. The germinability (G%), mean germination time (MT), coefficient of variation of the
germination time (CVt) and mean germination rate
(MR), uncertainty of germination (U), and synchronization index of germination (Z) were used to describe germination process for both species and their
studied populations following Ranal and Santana

&')!('

'332@53?;7</A7=< The germinability of both
"species was significantly different (Table 1)
and the results demonstrated that Ni concentrations
influenced the germination process. In general, the
germinability decreased with elevation of the Ni
concentrations used for seed treatments for all studied populations. "   demonstrated
higher germinability compared to   . The
percentage of germinated seeds in the controls for 
  populations (87.33% and 68%, respectively)
and for    populations (51.55% and 50%,
respectively) was higher than in Ni treatments. The
effective concentration causing ~50% inhibition of
germination was not reached during the experiment
with seeds in both populations of    This
concentration for    was 6 mM Ni for the
seeds from Kukës. There was a significant effect of
treatments on seed germination in both   
populations (LSD = 7.62, P < 0.05 and LSD = 16.77,
P < 0.05, respectively). Significant differences were
found between the germinability of seeds from the
control and in some cases between seeds treated with
lower concentrations Ni (0.5 and 1 mM) (Table 1).
The concentration of 8 mM Ni decreased the germinability in   with 9% and 11%, respectively
for both populations. No significant differences in
germinability were shown between the seeds of 
  treated with 2, 4, 6 and 8 mM Ni. The results
of germinability of seeds in populations of 
   demonstrated also significant effect of Ni
(LSD = 15.5, P < 0.05 and LSD = 16.11, P < 0.05
respectively). The highest Ni concentration decreased the germinability with 13% and 29%, respectively for   .
The mean germination time (MT) was clearly
different between the species and populations (Table
1). It was higher for     where MT was
~11-12 days while for    it was ~3 and ~5
days, respectively for both populations. The seeds of
   started their germination ~2 days after
treatment while for     it was after 4-5
days. The relative frequency of germination in 
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&==A/<26E>=1=AE:3:=<5/A7=< The root and
hypocotyl elongation of seeds treated with Ni was
also affected by elevated concentrations in both species (Fig. 1). In general, the length of root treated
with different Ni concentrations decreased compared
to the control. The length of the root after Ni application was significantly different from the controls
in   (LSD = 2.88, P < 0.05 and LSD = 2.10,
P < 0.05, respectively) and     (LSD =
4.39, P < 0.05 and LSD = 7.72, P < 0.05, respectively) populations (Figs. 1A and C). The effect of
inhibition on the root growth was higher after treatments with ≥ 2 mM Ni in both species. The concentration of 1 mM Ni reduced root length about 50%
for   and    from Gjegjan. For
the seeds of    (Kukës) this concentration
was 0.5 mM Ni. The root length was more or less
equal when the seeds were treated with 6 and 8 mM
Ni and no significant differences were found.

   was more spread out through time, with a
peak of germination at ~12th and 14th days respectively for both populations. The germination was
less spread out in time in   and a strong germination peak occurred at the 4th day for seeds from
the first population and at the 6th day after beginning
of the experiment for the second population (Table
1).
The mean germination rate (MR) calculated as
the reciprocal of the mean germination time (MT)
was the highest for   (Prrenjas) and lowest
for     (Kukës). The seeds of   
presented greater homogeneity (lower value of CVt)
and higher synchrony of germination (lower value of
U and higher value of Z) compared to   .
The differences of the germination process were
found not only between the species but also between
their populations, higher between   populations.
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0
87.33±1.15a
3.00±1.06a
33.95±15.47a 0.35±0.10a 1.04±0.13ab 0.63±0.05a
0,5
80.67±5.03ab
2.78±0.85ab
24.53±3.23a 0.37±0.09a 1.13±0.33a 0.52±0.15b
1
86±4a
2.97±0.92bc
24.47±1.18a 0.34±0.09a 1.36±0.50bc 0.45±0.18b
 
2
82±2ab
3.28±0.82c
28.05±4.51a 0.31±0.07a 1.67±0.17cd 0.31±0.04bc
(P)
4
84±7.21ab
3.26±1.00c
31.74±11.28a 0.32±0.08a 1.64±0.23c 0.35±0.07bc
6
83±5.03ab
3.57±0.80c
31.55±4.67a 0.28±0.05a 1.95±0.18d 0.26±0.04c
8
78±4b
3.58±0.99c
30.27±6.12a 0.29±0.07a 1.85±0.25d 0.30±0.07bc
0
68±4a
4.15±0.14a
22.13±1.35a 0.23±0.05a 1.77±0.13ab 0.31±0.06a
0,5
64±11.13ab
4.52±0.29a
24.19±0.43a 0.21±0.01b
2±0.08ab
0.24±0.01bc
1
55±17.00abc
4.94±0.27a
20.96±4.14a 0.19±0.01bc 1.87±0.24ab 0.29±0.03ab
 
2
51±10.06bc
5.15±0.42a
20.14±2.37a 0.18±0.01c 1.96±0.14ab 0.25±0.02bc
(Po)
4
55±1.15abc
5.07±0.25a
22.81±3.85a 0.19±0.01bc 2.00±0.13a 0.24±0.05bc
6
43±7.02c
5.27±0.48a
22.26±0.75a 0.18±0.02c 1.99±0.08b 0.23±0.02bc
8
57±9.86abc
5.3±0.1a
22.20±1.48a 0.18±0.05c 2.13±0.03b 0.21±0.01c
0
51±5.13a
10.52±0.75abc 27.65±1.05a 0.09±0.01ab 2.63±0.19ab
0.08±0a
0,5
48±5.03ab
9.59±0.82ab 41.69± 0.87ab 0.10±0.01a 2.86±0.51ab 0.09±0.06a
1
49±5.54ac
9.77±0.77a
44.67±9.42b 0.09±0.01ab 2.75±0.27ab 0.08±0.02a

30±3d
11.61±0.40bc 38.43±4.93ab 0.08±0.00ab 2.61±0.20ab 0.04±0.02a
   2
4
26.33±11.54d 10.75±2.18abc 29.19±4.54aa 0.09±0.02ab 2.19±0.61a 0.09±0.06a
(G)
6
34±4.04bcd
12.41±0.92c 32.32±5.41ab 0.07±0.01b 2.68±0.35b 0.08±0.04a
8
38.00±15.58bad 12.63±2.65c 31.24±18.29ab 0.07±0.02ab 2.63±0.48b 0.07±0.02a
0
50±5.77a
8.87±1.13a
38.87±9.76a 0.11±0.01a 2.62±0.50abc 0.12±0.07a
0,5
38.67±5.13ab
10±1a
32.05±6.29a 0.10±0.01ab 2.71±0.13abc 0.08±0.01ab
1
45.67±14.01ab
9.90±1.26a
38.47±6.23a 0.09±0.01ab 2.99±0.31a 0.06±0.02ab

33±10b
11.27±0.45a
29.60±5.29a 0.08±0.01b 2.62±0.25abc 0.06±0.04ab
   2
4
31±7.21b
11.64±2.12a 31.89±13.89a 0.08±0.01b 2.49±0.39b 0.01±0.04ab
(K)
6
21±13.32b
11±1.80a
32±8.07a
0.09±0.01b 2.15±1.01c 0.03±0.02b
8
21.00±8.54b
11.76±0.48a 34.11±13.26a 0.08±0.00b 2.00±0.10c 0.12±0.07ab
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In general, the hypocotyl length in the control
was lower compared to the length of hypocotyl for
seeds treated with lower concentrations of Ni (0.5
and 1 mM) (Figs. 1B and D). After treatment with
such concentrations the length of the hypocotyl decreased and reached 50% inhibition for seeds treated
with 8 mM Ni compared to the control in both populations of   . For   50% inhibition was not reached in both populations. The statistical analysis and pairwise mean comparisons of variables demonstrated significantly differences between the control and seeds treated with lower Ni
concentrations only in  from Prrenjas (LSD
= 1.94, P < 0.05). In the population of   from
Kukës the hypocotyl length in the control was significantly different from seeds treated with higher
concentrations (LSD = 0.85, P < 0.05). For both populations of    the hypocotyl length in the
control was significantly different from seeds treated
with higher concentrations (LSD = 2.08, P < 0.05
and LSD = 2.14, P < 0.05, respectively).
The effect of Ni on root and hypocotyl length
was different in both species and their populations.
Lower concentrations of Ni stimulated hypocotyl
growth but inhibited root elongation. Root seedlings

in both species and populations were more sensitive
to Ni compared to hypocotyl. Although the length of
the roots in the controls was higher compared to the
length of the hypocotyl, it decreased quickly and
reached lower values in samples treated with 6 and 8
mM Ni.

#7193:7;>/1A=<@332:7<5@ Seeds of both species and populations treated with different Ni concentrations showed abnormalities in their germination, including chlorosis, necrosis, coiling of the root
and the hypocotyl, lack of hairs in the zone of root
hairs, a short zone of root elongation and the appearance of root deviation very near to the root tip, brown
cotyledons and hypocotyl of the seedlings or three
cotyledons instead of a pair (Fig. 2). These abnormalities varied considerably for each Ni treatment.
Soon after germination in 0.5 mM Ni, the root and
hypocotyl started coiling (Figs. 2D and E) and brown
color of the hypocotyl and the cotyledons appeared
(Figs. 2G and H). The root coiling was more than
70% of the seedlings of   treated with 0.5
mM Ni while for     it was more than
50%. The percentage of the root coiling increased
and varied between 90% and 100% when the seeds
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Most often roots without hairs appeared in both species when treated with Ni concentrations above 1
mM. The seed germination stopped soon after the
appearance of radical in higher Ni concentrations
(Fig. 2I). Also, a short zone of root elongation (Fig.
2J) and the appearance of root deviation very near to
the root tip (Fig. 2K) were found in seeds treated
with 6 and 8 mM Ni. Rarely, three cotyledons instead of a pair were observed (Fig. 2L).

were treated with 8 mM Ni in both species and populations. The percentage of the hypocotyl coiling (in
the area near to the cotyledons) was lower compared
to the root coiling in both species and all Ni treatments. Frequently, cotyledons with curved margins
were found (Fig. 2F). The cotyledons demonstrated
also chlorosis and necrosis when Ni concentrations
were higher (Figs. 2B and C). The percentage of the
cotyledons with chlorosis was higher in  .
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compared to the controls when a concentration of 1
mM Ni was applied. Similar effects were reported
for  seeds [27]. The results confirm the data of
Vinterhalter and Vilterhalter [28] that tolerance to Ni
is a specific feature to the cells and tissues of certain
species and not only a result of metal translocation.
Even in concentrations below 1 mM a stimulation
effect in root elongation was not found at the opposite of the data for  [26]. The stimulation effect
of Ni was demonstrated in hypocotyl elongation for
all studied populations when the seeds were treated
with Ni concentrations below 1 mM. In all species
and populations the roots were more sensitive to Ni
compared to hypocotyl and their length was lower.
The applied concentrations of 8 mM Ni in our
study reduced significantly both root and hypocotyl
elongation which was evident effect of metal toxicity
in plants. The pattern of growth in root and hypocotyl were different in both species. Seed hypocotyl
growth was less pronounced compared to the root.
Seed root exhibited slowed elongation highly expressed with the increase of Ni concentrations when
elongation almost stopped. Cell division at the root
tip and cell elongation in the extension zone are considered two different mechanisms in root growth
both affected by the presence of Ni [7]. The lack of
root hairs, found as most frequent abnormality, could
be considered as one of the reasons for lower nutrient
absorption already mentioned for plants treated with
Ni and smaller size of seedlings of " species
treated with Ni higher than 1 mM [12]. The physiological regulation of nutrient uptake in serpentine
plants is in relation to Ca and Mg. In serpentine
plants cessation of cell wall extension, disintegration
of cell walls and tissue collapse (necrosis) due to
pectin breakdown, which is most apparent in actively
growing tissues like root meristem, are also considered typical symptoms of Ca-deficiency [29]. Excess
Ni also affects plant metabolism, inhibits photosynthesis and transpiration, and causes ultrastructural
modifications [12, 30].


$#!)'$#'

Both " species and populations showed
differences in the germination process, probably related to the species physiology. The germinability
was higher for the seeds of  . The difference
in germinability between the two studied populations of   was possibly in relation to the seed
age. In previous studies on dormancy and germination percentage of " and  
 it was demonstrated that the highest germination percentage occurred when seeds were 8-10
months old [9, 10, 22]. The same authors consider
that the seeds have lost their viability rather early (after 20 months). The germinability of the seeds of
both studied species was similar to that observed in
 and  [9].
The decrease in germinability could be due to
loss of viability because of decreased energy generation by the embryo [23]. The values of the parameters used for evaluation of the germination process
(MT, CV, MR, U and Z) also confirmed low germinability and differences in germination process between the populations of the two Ni-hyperaccumulators. The clearest difference between species and
studied populations was found in the mean germination time and the related with this parameter mean
germination rates. They were probably related to the
specifics in physiology of the seeds in both species.
These specifics possibly include two groups of factors - environmental (temperature, water, light, inhibitors, etc.) and factors within the seed itself, i.e.
its dormancy which needs future detailed analyses.
The asynchronous germination process spread
through time in    was at the opposite of
quick and synchronous germination in   
populations. The gradual germination process for 
   appeared as one of the main differences
between the species and could be considered a type
of relative dormancy as mentioned for some species
from Malvaceae distributed in dry regions of Brazil
[24]. Also, altitudinal differences in the distribution
of both species and the ecological conditions provided by the environment could be the reason for
these results as mentioned for other plant groups [25,
26]. Similarly to the data for   [9], a concentration of 1 mM Ni slightly stimulated the germinability in both species while the higher concentrations (2-8 mM Ni) induced a marked inhibition of the
germination process. The inhibition was different
not only between the species but also between their
populations. The seed germination in Ni-hyperaccumulator .   was less influenced compared to
Ni-hyperaccumulator .   .
A comparison between the root lengths in 
  populations showed that the population from
Prrenjas was more tolerant as the mean root length
in all treatments was higher while for   
it was the population from Gjegjan. Seeds root elongation in both species decreased approximately 50%

In this study for the first time are demonstrated
differences in the effects of nickel on seed germination, root and hypocotyl elongation of the facultative
nickel hyperacumulator    and the obligate
nickel hyperaccumulator     both with
potential in green technologies such as phytoremediation and phytomining. The laboratory tests for seed
germination showed that in spite of their hyperaccumulation abilities toxic Ni levels inhibited the seed
germination process. The process of elongation was
almost completely inhibited when 8 mM Ni was applied. Even when treated with low concentrations of
Ni some abnormalities appeared at an early stage of
seed germination. They disturb the normal growth of
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the seedlings and finally can reduce yields from
these plants.
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COMPETITIVE SORPTION CHARACTERISTICS OF LEAD-,
COPPER- AND CADMIUM-IONS ON FOREST SOIL
HORIZONS DEVELOPED ON
MUDSTONE, SOSE DAM, GERMANY
Ali Gurel*
Department of Geological Engineering, Nigde Omer Halisdemir University, 51240 Nigde, Turkey

trace amounts are very harmful to the aquatic life [2,
3, 4]. On the other hand, it is known that the metal
sorption property of the soil on its surface prevents
the migration and penetration of these metal ions
through soils. Therefore, animals and humans benefit from these sources will be protected from the
harm of these toxic materials. Two most known toxic
metals, like cadmium and lead, have also been studied to show their interactions with the soil colloids
particularly focusing on the complete characterization of metal sorption onto natural sorbents such as
soils and sediments [5].
In recent years, heavy metal contamination of
groundwater, due to improper dispose, has become a
very important ecological problem. Heavy metals in
the surface water cause major groundwater pollution.
Soil sorption mechanism plays an important role in
continuous contamination of groundwater [6, 7, 8].
Metal transport is not only dependent on the physiochemical properties of the metals but mostly on the
physical and chemical properties of the soil, like for
example: organic matter, clay minerals, mineralogical composition, pH, Al, Fe and Mn oxides (sesquioxide), carbonate content, and more, all of which
collectively determine the binding ability of soil
[e.g., 9, 10, 11, 12].
The sorption of heavy metals by many organic
matters, minerals, and soils has been studied from
many different points of views, including single
metal addition [e.g. 13, 14, 15], competitive sorption
[16, 17]. Numerous studies have also been done to
understand the competitive sorption of heavy metals
in pure minerals [17], humus [18], acid soils [19, 5],
basic soils [20, 21], tropical soils [14, 22) and in agricultural soils (23, 24, 25]. But the number of the
studies carried out on the sorption of Cd and Pb is
much less compared to the other heavy metals. One
of these studies showing the soil transport and bioavailability of Cd and Pb taking place among the most
common toxic metals in soils in the world strongly
depending on soil parameters (organic matter, clay
minerals, mineralogical composition, pH, Al, Fe and
Mn oxides (sesquioxide), carbonate content) has
been done by [5, 26, 27, 28].
In this study, we established batch metal sorption experiments for the competitive-metal systems
and investigated the sorption parameters of Cd2+,

ABSTRACT
The sorption of the heavy metal ions was studied using their solutions with different concentrations and pH values. Scatchard plot analysis was
used to investigate the sorption behavior of the metal
Pb2+, Cu2+, and Cd2+ ions. The sorption behavior of
these ions on sesquioxide and clay minerals with Bw,
BC and Bw soil horizons of mudstone obtained from
Harz forest drainage basin of Söse Dam (Germany)
was studied. Batch equilibrium experiments were
performed at 25oC in competitive component sorption systems. A deviation from linearity in the
Scatchard plot revealing the presence of multi-model
interaction and non-Langmuirean behavior were observed. The sorption behavior of these metal ions
was stated by using Freundlich isotherms. Sorption
constants and correlation coefficients were calculated from Freundlich plots. In general, the Freundlich model has been adapted very well for the use
of the sorption data of metals on the soils obtained
from investigated horizons. The results showed that
Pb is adsorbed strongly by these forest soil horizons
compared to Cu and Cd in triple metal system. It was
found that BC-soil horizon at high pH, sesquioxide,
and clay content showed the greatest sorption capacity. The coexistence of Pb as a third metal with Cd
and Cu has reduced their sorption. In addition, the
sorption of Cd and Cu in soil decreases when the pH
falls to 3.5 and increases when pH rises up to 6.
KEYWORDS:
Heavy metal ions, sorption, soil horizons, mudstone, Langmuir isotherm, Freundlich isotherm

INTRODUCTION
Heavy metals from various sources accumulate
in soil and plant ecosystems in time. Water ecosystems contaminated with the metals such as cadmium,
lead, and copper could cause many serious problems
for the environment [1]. The wastes with heavy metals originated from industry also contaminate the environment. In some studies, it has been shown that
wastewaters containing heavy metal ions even in
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Pb2+, and Cu2+ ions on soil horizons of mudstone
which are relatively widely distributed in the environment. We, first, examined the sorption of these
metals according to the pH value of the soil zones
and identified the sorption mechanism of these metals by using Scatchard analyses [29] and sorption
isotherm models. In addition, as a specific part of this
work, we also measured the sorption parameters of
Cd, Pb, and Cu on soil horizons as a function of pH
and compared them with each other.

Fresenius Environmental Bulletin

they can be compared to brown and light brown colored Bw and Cw horizons having thickness of 140
cm. They contain fine components of grains sizing
up to 2 mm, but the mudstone gravels present sporadically. Cw horizon is formed of strongly weathered mudstone blocks with fine grain parts of emerging of brown color. On the other hand, mudstone
takes place under the Cw horizon and has prevalently
red color.
Preparation of soil for sorption studies. The
complex soil profile composed of multiple soil horizons formed on mudstone in the Harz forest drainage
basin of Söse Dam was investigated and described
according to the Soil Survey Staff (1998) [31]. The
Munsell soil color chart was used to describe the soil
colors, mineralogical, chemical and sorption characteristics. Selected four samples representing partly
altered mudstone and various soil zones (Bw, BC,
Cw horizons) developed on mudstone, were analyzed the with respect to their mineralogical, chemical and sorption characteristics.

MATERIALS AND METHODS
Description of soil profile. In this study, soil
profiles formed on mudstone rocks in Harz forest
drainage basin of Söse Dam (Germany) have been
selected for sampling (35°¶¶¶ : °¶ ¶¶
N). Simplified geological map of the Kehrzug and
Schwarzenberg area of Harz forests, Germany,
showing the geographical and geological distribution
of mudstone is given in Figure 1. As seen from Fig.1,
Harz Mountain is the most diverse geological point
of the German Central-Upland although it is overwhelmingly dominated by base-poor rocks, such as
conglomarete, quartzite, chert and wackes.

FIGURE 1
Simplified geological map of the Kehrzug and
Schwarzenberg area of Harz forests, Germany.

FIGURE 2
Mudstone section, soil horizons, and physical
and chemical characteristics.

Soil type in this region is identified as brown
podzols showing the feature of light gray color, noncarbonaceous, mud with few sub vertical, weakly red
vermicular mottles, undulatory lower contact (conifer forest). The soil horizons of the mudstone have
developed under climatic regime of 1000 mm annual
rainfall of which is 600 mm annual evaporation and
700 mm filtration and overflow [9, 30]. These soil
horizons containing O, EB, and Bw have been
formed on the well altered mudstone, but BC and Cw
have been weakly altered showing very strong illuviation of clay. In study area, organic (O) and EB soil
horizons having grayish color have been well formed
with a thickness of 40 cm. Bw horizons have been
also well developed with structure having a blocky
angular due to the clay texture. BC and Cw horizons
which have larger WKLFNQHVVHV §FP are not well
formed compared to the Bw soil horizon. However,

The samples taken from these soil horizons
were air-dried and sieved in 2 mm mash size. For
their mineralogical, chemical and sorption characterizations, subsamples from each horizon were further
grounded to pass through a 0.15 mm sieve. The pH
measurements were performed in deionized water
with soil/water ratio 1:2.5 using pH-meter.
The particle size distribution of the samples
was determined by the wet sieving and pipette
method. The residues with grain size less than 0.004
and lying in intervals 0.004-0.063 and 0.063-2 mm
were collected and the residues with larger grain
sizes were excluded. The cation exchange capacity
(CEC) of the samples was determined by exchangeable calcium, magnesium and sodium as described
by [32].
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widely used to describe soil sorption phenomena. In
addition, they covered the full range of the metal
concentrations investigated and allowed a straight
forward comparison of the sorption capacity between the different soil zones.
Typical sorption isotherms of soils belonging to
the studied zones are shown in Figures 4-6. The
amounts of metal ions adsorbed in the solid phase
were calculated using of the following equation:

The mineralogical characteristics of the samples were studied by X-ray powder diffractometer
(XRD) (Rigaku Geigerflex). Fine siliciclastic samples were prepared for clay mineral analysis (size
fraction <2 μm) by separation of the clay fraction by
sedimentation followed by centrifugation of the suspension after dispersion overnight in distilled water.
The clay particles were dispersed by ultrasonic vibration for about 15 minutes. Semi-quantitative estimates of the rock-forming minerals were obtained by
using the external standard method of [33], whereas
the relative abundances of clay-mineral fractions
were determined using their basal reflections and the
mineral intensity factors of [34].
Chemical analyzes of many altered soil horizon
samples were done at Acme Analytical Laboratories
Ltd. (Canada) using ICP-AES for major and trace elements and ICP-MS for rare-earth elements (REE).
The detection limits for the analyses were between
0.01 and 0.1 wt% for major elements, 0.1 and 5.0
ppm for trace elements, and 0.01 to 0.5 ppm for REE.

q = (C0-C) V/W (1)

(1)

where C0 and C denoted the initial and equilibrium concentrations of the heavy metals in the aqueous phase, respectively, V is the volume of the aqueous phase and W is the dry weight of the soil zones.
Statistical analysis. All data were presented as
mean values of triplicate experiments. Data were analyzed statistically using different statistical analysis
such as the regression and other statistical analyses
performed by using the software programs of Package excel 10.

Sorption experiments. Soil-rock samples
taken from each zone (Bw, BC, Cw) have been dried
in a furnace at 105 oC and sieve analysis have been
applied to these samples for the shaking test experiments. Granules of these soils and rocks with sizes
less than 2 mm have been selected. Batch experiments were carried out to determine the adsorption
isotherms of metal ions onto the adsorbents in
2ௗP/JODVVIODVNThe initial metal concentrations
ranged from 150, 300, 1.500, 20.000, and 200.000
μg/L. All these prepared soil suspensions were
shaken on an end-over-end shaker at 35 rpm for 4 h
at 25oC and then equilibrated in a dark incubator for
an additional 20 h that time previously found to be
sufficient for equilibration. Then they were centrifuged and filtered. The supernatants obtained from
suspensions were stored at 6oC until analysis. The
pH of the supernatants was determined, and the
metal concentration in the filtrates was analyzed by
atomic absorption spectrometer (AAS; Hitachi
model 3210). All analyzes were performed in triplicate. The amount of adsorbed metal was calculated
from the difference between the initial and final concentrations of the metal in the solution. After preparing soil sample solutions, mentioned above (naturel
pH values), two more sample solution sets consisting
of each soil samples with pH values of 3.5 and 6.0
(artificial pH measurements) were prepared respectively. At the beginning of batch experiments, the required pH value of the elute was obtained by adding
HCl for pH 3.5 and by adding CaCO3 for pH 6.0.

RESULTS AND DISCUSSION
Soil horizons and host rock characteristics.
The physical, mineralogical and geochemical characteristics of the soil horizons and parent rock are
summarized in Figure 2 and Tables 1 and 2. The soil
horizon pH content varies between 3.2 (O horizon)
and 6.0 (mudstone). pH values at the lower horizons
(Cw, BC, and Bw) of the soil profile were relatively
high, and has decreased towards the top (EB and O),
where the horizons has been affected by acid rain.
Conversely, the cation exchange capacity (CEC) varied between 65 mmol/g (mudstone) and 157 mmol/g
(O). These high CEC values in O and EB horizons
were dominated by the properties of the humus (organic matter) [9]. The grain size distribution of soil
horizons shows a significant variation in clay, silt,
and sand contents ranging from 3.2 - 32.9, 23.1 64.5, and 30.2 - 54.2 % for clay, silt, and sand (percentages are all in weight), respectively. Clay content is relatively more abundant in EB, Bw, and BC
horizons of the profile resulting from strong chemical weathering and heavy leaching. The minerology
of studied soil horizons exhibited significant differences depending on the types of minerals existed in
the soil horizons. The parent rock mudstone is composed of mainly feldspar, quartz, chlorite, and illite
associated with moderate amount of smectite and accessory sesquioxides (Table 1). In contrast, feldspar
and chlorite were decreased significantly in the upper soil horizons (Bw and BC). Parent rock minerals
except for quartz and smectite have increased in
abundance in the soil horizons due to natural and

Sorption models. The Langmuir and Freundlich models are the most widely used for modeling
solid (soil and sediments) sorption affinities. The use
of both Langmuir and Freundlich equations was warranted because of most experiments were performed
at a constant pH and ionic strength. But they were
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TABLE 1
Mineral species and their abundances in mudstone and soil profile developed on mudstone.
Minerals

Cation exchange capacity

Quartz
Feldspar
Illite*
Vermiculite*
Montmorillonite *
Chlorite*
Kaolinite
Calcite
Others (sesquioxides)*

Soil zones

(mval/100 g)**
10-30 (in solution)
10-40
10-40
80-120
25-50
3-15
-10-25

Bw
++
acc
+
-+
acc
--+

BC
++
+
+
-+
+
acc
-acc

Cw
+
+
+
-+
+
--acc

Mudstone
+
++
+
acc
acc
++
--acc

Location: Mudstone, Harz forests±Germany; XRD measurements, *: minerals with high adsorption,
1975), +: relative abundance of mineral, acc: accessory

**

: [35], (Patchineelam,

from Table 1, smectite, chlorite, and illite have the
highest CEC and they occurred moderately in Bw
and BC horizons, while kaolinite occurred poorly in
the soil zones. The decrease of feldspar and chlorite
and the increase of illite and smectite in the host rock
upward of the soil zone partly indicate that illite and
smectite have been pedogenically formed from feldspar and chlorite. On the other hand, the presence of
aluminum hydroxide in highly acidic soil zones indicates that it has been resulted from the dissolution
and degradation of primary chlorite or feldspar to
smectite [36, 9]. The distribution of elements in mudstone and soil horizons can give some information
about weathering processes and sesquioxide content
resulted from climatic conditions (Table 2). These
results can be described by the values of SiO2 (58.966.9%), Al2O3 (13.9-16.9%), Fe2O3 (6.0-7.5%),
MgO (1.4-1.9%), CaO (0.1-0.0.3%), Na2O (0.91.2%), K2O (2.8-3.2%), and LOI (5.4-10.6%). SiO2,
Na2O, MgO, CaO, and K2O contents have decreased
in soil comparing to mudstone. In addition, Fe2O3 remained constant, whereas, Al2O3 and LOI contents
have relatively increased due to the increase of alteration products such as smectite, illite, and chlorite
compared to partly altered mudstone. The trace elements in the profile, such as Ba (326-586 ppm), Cu
(54-65 ppm), Zn (97-110 ppm), Y (11-96 ppm) and
Nb (7-18 ppm), are depleted compared to the mudstone, or NASC (Table 2). Conversely, Ni (60-67
ppm), Co (18-42 ppm), Sr (54-75 ppm) and Zr (218370 ppm) were enriched relative to the mudstone,
and NASC.
Sorption isotherms. In this study, the competitive sorption isotherms for Cd, Cu, and Pb belonging to soil horizons have been employed including
the Freundlich and Langmuir isotherms. Isotherm
plots, indicating metal ion concentrations depending
on the adsorptive capacity for each soil zones, are
presented in Fig. 4-6. Scatchard plot analysis (q/C vs.
q) was used to investigate the sorption behavior of
the metal ions. Figure 3 presents the sorption characteristics obtained from the Scatchard plot. Scatchard
equation, which is linearized form of the Langmuir
equation, was used here only for a preliminary investigation of the active sites on soil zones for heavy

FIGURE 3
Scatchard plot of cadmium (a), lead (b), and
copper (c) on soil horizon (Bw) of mudstone.
anthropogenic acid generation. Table 1 represents
the cation exchange capacity (mval/100 g), [35] of
some of clay minerals and sesquioxides. As seen
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acid soil horizons may be attributed to the low pH,
cation exchange capacity (CEC) and clay type of low
CEC value as indicated in the Table 1. The mudstone
and its soil horizons had the largest value of k for
Pb2+at pH 6.0. This result has agreed with the previous work by [15] who has found that acid soils of
Spain revealed greater sorption capacity for Pb than
Cu and Cd. It has been seen that the soil had higher
affinity for Pb compared to Cu and Cd, which was
also reported in many previous studies [e.g., 40, 41].

metal ions. The presence of more than one inflection
point on a plot based on Scatchard analysis usually
indicates the presence of more than one type of binding site [37, 9]. In the sorption of metal ions, deviation from linearity in the plot of q/C versus q was
observed, indicating the presence of multi-model interaction and non-Langmuirean behavior. In the literature, similar results were also reported by [37],
who modified the Langmuirean model that it can be
expressed as the so-called competitive Langmuir
equation.
Scatchard analysis of the experimental results
indicated the possibility of more than one type of
binding site for all the heavy metal sorption. This significant deviation from linearity in the Scatchard
plots indicated the heterogeneity of the soil horizons.
When the Scatchard plot showed a deviation from
linearity, greater emphasis was placed on the analysis of the sorption data in terms of the Freundlich
model [38, 39]. The Freundlich sorption model, proposed for heterogeneous sorption, is based on the existence of active sites with different energy.
Mathematical models, such as Freundlich and
Langmuir, provide excellent information on the
sorption mechanisms and surface behavior of the soil
sorbent (Figs. 4, 5 and 6). However, in order to understand and explain the pattern of metal sorption of
the soils, the mathematical models (Langmuir and
Freundlich) have been used. Freundlich isotherm ensures heterogeneous energetic distribution of active
sites on the surface of the soil sorbent that is a reversible binding interaction type. The following linear form of Freundlich equation can explain this isotherm:
log Qeq = log Kf + 1/n log Ceq

Fresenius Environmental Bulletin

(2)

where Q is the amount of metal adsorbed per
gram of soil sorbent (g/kg), C is the equilibrium concentration of the adsorbate (mg/L), Kf and n are the
Freundlich constants related to sorption capacity and
sorption intensity, respectively.
Freundlich parameters can be obtained by plotting log Q versus log C, with 1/n being the slope and
log K being the intercept of the line. Kf is the Freundlich coefficient, related to the total sorption capacity of the soil and n is a constant with a value of less
than 1. Sorption constants and correlation coefficients for the heavy metal ions for the soil zones of
mudstone and its soil horizons were calculated from
Freundlich plots and the obtained results are given in
Table 3. The Freundlich exponents (n) were found in
the range varying from 0 to 1.38 for significant correlation coefficients. These exponents varying in the
range 0.35-1.38 indicate that favorable sorption occurs for 0 < n < 1. The Freundlich constants (k) are
appreciable for all the soil zones in general agreement with strong sorption. The mudstone and its soil
horizons had the lowest-value for Cd2+ and Cu2+ at
pH 3.5. The observed lower sorption of metals in

FIGURE 4
Sorption isotherms of cadmium (a), lead (b), and
copper (c) on soil horizon (Bw) of mudstone as
function of pH.
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TABLE 2
Major and trace element contents of mudstone and soils developed on mudstone.
Element %
Bw
BC
Cw
Mudst.
NASC*
SiO2
59,7
58,9
62,8
66,9
58,3
TiO2
0,8
0,8
0,8
0,9
0,5
Al2O3
16,4
16,9
16,3
13,6
15,2
)H2O3
6,6
6,5
7,5
6,0
5,5
MnO
0,2
0,2
0,3
0,3
0,06
MgO
1,7
1,8
1,4
1,9
2,6
CaO
0, 1
0,1
0,1
0,3
3,2
Na2O
0,9
1,0
0, 9
1,2
1
K2O
2,8
2,9
3,0
3,2
3,6
P2O5
0,1
0,1
0,1
0,1
0,1
LOI
10,6
10,6
6,7
5,4
10
Total
99,9
99,8
99,9
99,9
100,1
TOT/C
0,12
0,09
0,09
0,02
-TOT/S
0,01
0,02
0,01
0,02
-ppm
Ba
391
326
577
586
636
Cu
63
58
54
65
-Zn
108
102
97
110
-Ni
65
60
64
67
58
Co
20
19
18
42
26
Sr
54
49
59
75
142
Zr
218
242
224
370
200
Ce
67
62
65
61
68
Y
20
17
21
18
-Nb
8
6
9
11
-Sc
10
5
15
10
15
Ta
12
25
10
16
1
Location: Mudstone, Harz forests, Germany; XRF measurements; NASC: North American shale composite [43] (Gromet et al., 1984)

TABLE 3
Freundlich isotherm parameters of metals on soil zones developed on mudstone.
Soil zone

Heavy metal

pH

Bw

Cadmium

BC

Cw

1)
2)

4.2
3.5
6.0

Freundlich constants
n
k (mg g-1)
1.35
1.11
1.16
0.73
1.05
1.66

R2
0.942
0.935
0.878

Lead

4.2
3.5
6.0

1.11
1.28
0.62

1.66
1.78
1.90

0.856
0.873
0.772

Copper

4.2
3.5
6.0
4.0
3.5
6.0

1.18
1.01
0.35
1.29
1.11
0.97

1.42
0.83
1.84
1.48
0.79
1.66

0.850
0.792
0.778
0.879
0.926
0.868

Lead

4.0
3.5
6.0

1.22
1.38
0.99

1.63
1.83
1.96

0.902
0.906
0.730

Copper

4.0
3.5
6.0
5.2
3.5
6.0

1.17
0.97
1.03
1.18
1.15
0.84

1.49
0.46
1.02
1.49
1.13
1.64

0.817
0.872
0.893
0.878
0.967
0.870

Lead

5.2
3.5
6.0

0.99
1.33
0.83

1.60
1.84
1.96

0.874
0.893
0.729

Copper

5.2
3.5
6.0

0.98
1.03
0.45

1.41
1.02
1.41

0.835
0.893
0.907

Cadmium

Cadmium

Range of affinities of metal ions to soil sorbents, and different pH: Pb>Cu>Cd
Soil horizon ranking: BC>Bw>Cw
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and Mn-oxide) and clay minerals. In addition, the
difference of grain size also indicates the heterogeneity of the soil horizons.
Effect of initial pH value. All sorption experiments were carried out at the initial pH value <7 in
order to avoid the precipitation of metal-hydroxide
at higher pH values. The effect of pH on heavy metal
uptake by soil zones of mudstone and its soil horizons is shown in Figure 4, 5, 6. It was observed from
Figure 4 shows that the amount of Cd, Cu, and Pb
removal by sorption increased with an increase of pH
up to 6.0.

FIGURE 5
Sorption isotherms of cadmium (a), lead (b), and
copper (c) on soil horizon (BC) of mudstone as
function of pH.
As seen in Figures 4-6, the sorption isotherms
of uptake metals could be expressed as Freundlich
isotherms. During tri-heavy metal batch test treatments, these horizon soils kept overload heavy metal
concentration (200 000 μg/L). It was considered that
new the specific surface of soils occurred to bind
heavy metals, because of the decomposition of sesquioxids and clay minerals from soils during in vitro
experiments.
The investigated soil and its soil horizons show
that the inorganic and humus parts of soil exist together in different soil horizons as mentioned above.
Organic substances (humus) can bind to the inorganic particles of soils like sesquioxides (Al-, Fe-

FIGURE 6
Sorption isotherms of cadmium (a), lead (b), and
copper (c) on soil horizon (Cw) of mudstone as
function of pH.
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metal despite of Cu and Cd is mobile heavy metals.
The high affinity type of interactions between the
heavy metal (Pb, Cu, Cd) and a sorbate hydrous sesquioxide, organic matter, edges of clay minerals is
attributed to the qualified electrostatic interface.
5) The coexistence of third metals reduced
their sorption, whereas Cd and Cu VRUSWLRQ¶V were
very affected by the presence of Pb. The sorption of
Cd and Cu decreased downwards to the pH value 3.5
in soil horizons. The sorption of Cd and Cu has increased while the pH raises up to 6.
6) The results obtained from this research are
consistent with the Freundlich isotherm, but not consistent with Langmuir isotherm. Furthermore, the results helped to understand the nature of the sorption
processes of heavy metals by the soil horizons of
mudstones.

A significant increase in cadmium and copper
uptake on soil zones of mudstone was noticed pH
varying from 3.5 to 6. However, a small increase in
lead uptake on soil zones was noticed due to an increase in pH. In fact, the sorption increased with increasing pH at higher metal concentrations for all
three metal ions. The pH of the aqueous solution is
an important parameter variable that controls cationic sorption on soil zones. However, in such a complicated system, it is of course, not the sole determinant factor.
The sorption affinity of metals can be used to
evaluate the mobility of Pb, Cu, and Cd. The co-existence of these metals reduces their tendency to be
adsorbed on the solid soil phases, resulting in a much
higher risk of Cd and Cu contamination through
leaching and mobility. Pb represents immobile heavy
metal although of Cu and Cd is mobile heavy metals.
Therefore, Cd and Cu metals behaved in a similar
manner in tri-heavy metal batch tests. When sorption
capacities of heavy metal has increased in natural pH
media, sorption capacities of the soil zones decreased in the media with lower pH. Pb metal was a
less affected variable by the environment pH. Because, competition among heavy metals is very
strong in soil horizons with lower capacity to hold
metal cations, more Cu and Cd were dislocated from
the sorption complex and substituted by Pb [42].
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CONCLUSION
The major outcomes of this study can be summarized as follows:
1) Bw, BC, and Cw soil horizons formed on
mudstone samples were well structured with a brown
podzol and gleyic mottles, blocky angular structure
and illuviation of clay.
2) Mudstone is composed of mainly feldspar,
quartz, chlorite, and illite associated with moderate
amount of smectite and accessory sesquioxides. In
contrast feldspar and chlorite have decreased significantly in the EB and Bw horizons. Parent rock minerals excluding quartz and smectite increased in
abundance in the soil horizons. Smectite, chlorite,
and illite occurred moderately in Bw and BC horizons, while kaolinite exists poorly in the soil zones.
While feldspar and chlorite of in the host rock upward of the soil zone have decreased illite and the
smectite has increase.
3) The increase in the Al, Fe and Mn contents
and the decrease in Na, K, Mg and Ca contents
downwards to the soil horizons also indicate that the
acidity of the soil environment has increased.
4) The heavy metals are strongly adsorbed on
the sorbent particles such as sesquioxide, smectite,
illite, and chlorite, which have the highest CEC. The
sorption of Pb was not affected at different pH values, and can lead effective exclusion from the aqueous environment. Pb represents immobile heavy
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crete [4-8]. Moreover, high-lime fly ashes used for
stabilization and improvement of clayey soils and
shale stabilization for highway constructions [9-12].
There is a low polymerization degree of silicate
anions and high contents of free lime in fly ash with
high calcium oxide, so this practical feature is the
consequence of improved hydraulic activity, good
water reducing, high-early strength and big volume
expansion in hydration [13,14]. It is known that
HCFAs have some disadvantages when employed
as a mineral admixture in cement based mixtures.
Because of their high calcium amount, HCFA could
inversely influence some properties of cement and
concrete i.e. drying shrinkage, resistance to sulfate
attack and freeze-thaw [3]. The HCFAs generally
contain significant amounts of sulfur, calcium, and
aluminum. Therefore, they are prone to potential
sources for ettringite formation that are observed in
the hydrated high calcium fly ashes [15-17]. Primary issues that are associated with the quality view
are focused on changes in chemical and mineralogical composition, necessity for supplementary grinding, high proportion of free–CaO and high content
of SO3 [18]. The presence of free calcium oxide in
fly ash causes deterioration in concrete. The use of
silica and hot water as well as thermal treatment of
the concrete, bind the calcium oxide; thus minimizes the above effect [19].
A literature work on the effects of high calcium fly ash in mortar and concrete has been carried
out. This was given the in succeeding discussions.
Yang and Zhang [20] studied the effects of high
calcium fly ash (HCFA) on compressive strength,
fluidity of paste and parameters of pore structure.
Their results showed that, at the same mw/mc, the
fluidity of paste was improved. Total pore volume
was increased and compressive strength was reduced after adding HCFA. However, the average
pore radius was decreased remarkably with increase
in curing time, and therefore the reduction of compressive strength caused by HCFA becomes insignificant. Papayianni and Valliasis [21] worked on
heat deformations of concrete containing high calcium fly ash. Their results indicated that concretes
containing a high volume of fly ash are more sensitive to elevated temperatures, since they result with
greater deformations. Zhang et al. [6] studied on
mechanical properties of high performance concrete
containing high calcium fly ash with high SO3 con-

A high-calcium fly ash was studied as mineral
addition in mortar mixture. It is replaced with the
Portland cement on mass basis at replacement ratios
of 0%, 10%, 20%, 30% and 40%. The sand-binder
material ratio and water-binder material ratio were
2.75 and 0.485 for all mixtures, respectively. The
influence of high-calcium fly ash (HCFA) on compressive strength, flexural strength, porosity, water
absorption, drying shrinkage, abrasion resistance
and freeze/thaw resistance were investigated. The
laboratory results showed that 10% fly ash replacement improved the properties of mortar mixture, and 20% fly ash replacement developed almost
the same properties compared to reference Portland
cement mortar. It is concluded that replacement of
fly ash with cement up to 20% is seemed to be
possible for current fly ash without significantly
affecting the properties of mortars. Due to its low
shrinkage development, the use of 30% fly ash may
be possible; however, it caused little decrease in
mortar performance. The use of 40% fly ash in
mortar was not recommended, since it caused swelling in mortar that could be harmful to mortar properties.
('!#$
Fly ash, Waste, Mortar, Strength, Durability

 %#!&%! 

Protecting the environment and cost-efficiency
consideration bring about the period for employing
and utilizing the industrial waste materials such as
fly ash, silica fume and slag in mortar and concrete
mixtures [1]. Nowadays, fly ashes are emerged as
industrial waste that are very different from each
other in terms of ingredients and other characteristics than had been previously experienced, owing to
the widespread utilization of low-rank subbituminous and lignitic coals. [2]. In terms of lime amount
and puzzolanic activity, fly ashes are divided into
high-lime and low-lime class [3]. The HCFA are
getting more important as an admixture to be utilized in mortar and concrete and as partial replacement of cement in high strength concrete, high
volume fly ash concrete and roller compacted con-
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tent. They reported that their fly ash and cement
blend pastes developed severe volume instability
and poor pore structure development, mortars and
concretes incorporating high volume HCFA showed
good performance in both fresh and hardened condition similar to those made with low calcium fly
ash. Papadakis [22] examined the effect of cement
or aggregate replacement of fly ash on the strength,
porosity, bound water and calcium hydroxide properties of a high-calcium fly ash with high SO3 content in mortar. When this fly ash was replaced with
aggregate, significantly higher strengths and lower
porosity were observed. In the case of cement replacement, the strength remained constant. Rodway
and Fedirko [7] worked on setting time and compressive strength of superplasticized large volumes
of HCFA concrete. Their study, conducted in an
operational ready mix concrete plant, showed that
replacement ratio of volumes of fly ash from 35 to
45 percent of total cementitious material will produce compressive strength at 56 days in excess of
40 MPa to 45 MPa respectively, with its normal
slumps and setting times which was found to be
suitable for use in structural concrete. Ramyar [23]
studied on compressive strength of PC/FA mortars
and concretes containing a low lime and three high
lime fly ashes. His laboratory results indicated that
an optimum replacement level exists for each fly
ash. It is only on the basis of trial batches and performance records, the optimum amount of fly ash
for a given workability and strengths can be determined. Tuncbilek [24] reported that high lime and
sulfate contents of fly ashes have no problem from
strength view point, however it increased drying
shrinkage and decreased sulfate resistance of concrete mixures. Tuncbilek [24] also reported that
water absorption of concrete containing fly ash at
any percent substitution was higher than that of the
reference concrete after 28-day water curing. This
observation partly reflects the weak pozzolanic

activity and insufficient hydration of the fly ash
particles. Hydration products of the cementitious
materials in the mixture reduce the voids affecting
total water absorption capacity of concretes. Atis et
al. [25] studied on mortar containing 10%, 20%,
30% and 40% high calcium fly ash as cement replacement. Water-cementitious materials ratio was
0.4. They reported that fly ash studied, reduced the
drying shrinkage of mortar. They also reported that
their fly ash could be used as a shrinkage-reducing
agent.
Literature review showed that there were numerous studies carried out on HCFA in concrete
and mortar as mineral additive, generally, HCFA
used was conforming to relevant standard. However, laboratory studies carried out on non-standard
HCFA was found to be scanty in the literature. In
this paper, the usage of a non standard high calcium
fly ash (HCFA) in mortar was investigated in terms
of compressive strength, flexural strength, porosity,
water absorption, drying shrinkage, wear resistance
and freeze/thaw resistance.


%#$ %!$

*;.92*4: .5.6; Portland cement, type
CEM I 42,5R was employed [26]. Its specific gravity was 3.16. Its initial setting time was 138 minutes.
Its final setting time was 203 minutes. Its fineness
was 3250 cm2/g as Blaine specific surface. Sieve
analysis of cement indicated that all cement particles passed from 200 µm sieve, and 0.1% of mass
of cement remained on 90 µm sieve. The chemical
oxide analysis is presented in Table 1.
4@ *:1 Fly ash was supplied from thermal
power station of Afsin-Elbistan in Turkey. Its
chemical oxide analysis with standards requirement, 

% 
1.52,*47?2-.*6*4@:2:7/,.5.6;
Oxide
Cement

SiO2
19.7

Al2O3
5.2

Fe2O3
3.7

CaO
62.9

MgO
2.5

SO3
2.7

K2 O
0.9

Na2O
0.3

LOI
1.0

% 
252;:7/:;*6-*9-:/79,1.52,*47?2-.7/*:1
Oxide (%)
SiO2
Al2O3
Fe2O3
S+A+F
CaO
MgO
SO3
K2 O
Na2O
LOI
ClFree CaO
Reactive SiO2
Reactive CaO

Fly
Ash
18.95
7.53
3.82
30.30
51.29
1.58
12.06
0.32
1.51
2.94
0.007
3.41
15.40
37.32

TS EN 450

TS EN 197-1
V

W

<3.00
<5.00
<0.10
<1.00
>25.00

<5.00

<5.00

>25.00
<10.00

>25.00
>10.00
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TS
639

ASTM C 618
F

C

>70.00

>70.00

>50.00

<5.00
<5.00

<5.00

<5.00

<10.00

<6.00

<6.00
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prismatic samples. The porosity and water
absorption were measured at 3, 7, 28 and 90 days of
curing. Drying shrinkage was determined in accordance with TS ISO 1920-8:2009 [33] standard
using 25×25×285 mm prismatic specimens. After
casting shrinkage specimens, they are kept in 24
hour in laboratory condition at 21±1°C. They were
taken from their cast and left in a humidity cabinet
at 21±1ºC temperature with 65±5% relative humidity. After demoulding, first measurement was read.
The rest of measurements were taken every day up
to 50 days. Abrasion testing was carried out
according to TS 2824 EN 1338 [34]. The weight
loss was measured and weight loss percentage was
determined due to the wear. Freeze/thaw resistance
was determined in accordance with TS 699 [35].
Freeze/thaw test were carried out after 90 days.
Mortars samples were subjected to 25 freeze/thaw
cycles for frost testing. Tests were carried out: 2 h
at -20ºC, 2 h immersed in water, 2 h at -20ºC, and
again another 2 h immersed in water, and for the
rest of the time (16 h), the specimens were kept
immersed in water. After 25 cycles, the mortars
weight, flexural and compressive strength were
measured.


#$&%$ $&$$! $

7589.::2=.$;9.60;1Compressive strength
results are given in Table 5. Reference concrete
developed 56.2 MPa compressive strength at 28
days. Concrete containing 10% fly ash gained 59.5
MPa compressive strength, which is 6% higher than
reference concrete at 28 days. Furthermore, concrete containing 20% fly ash attained 53.5 MPa
strength, which can be considered equivalent to
strength of reference concrete. Strength of concrete
containing 30% fly ash is 36.6 MPa which shows
drastic reduction in comparison to reference concrete. Concrete made with 40% fly ash replacement
gave the lowest strength which is 22.3 MPa. The
reductions of strength at 28 days for latter two concretes were 35% and 60%.
If a comparison was carried out among compressive strength of fly ash concrete and reference
concrete at 90 days, it can be stated that 10% fly ash
concrete developed 15% higher compressive
strength than reference concrete did. Strength of
20% fly ash concrete is found to be almost equal to
strength of reference concrete. Reduction in compressive strength of 30% fly ash concrete is 13%
compared to reference concrete. In similar manner,
reduction in compressive strength of 40% fly ash
concrete is 29% compared to reference concrete.
The reduction in compressive strength of fly ash
decreased with increasing curing time from 28 days
to 90 days which shows the influence of pozzolanic
property of fly ash.

in comply with TS EN 450-1 [27], TS EN 197-1
[26], TS 639 [28] and ASTM C618 [29] are provided in Table 2. According to chemical analysis and
ASTM C618, ash used drops in high lime or high
calcium (CaO≥10) fly ash class. Specific gravity of
current ash was 2.7 g/cm3. Blaine specific surface
area of fly ash was 2900 cm2/g. The remaining of
fly ash on the 45µm sieve was 14%. When Table 2
is closely observed, it can be seen that current fly
ash does not conform to standard specification, thus
it can be called as non-standard ash.

$*6- Natural sand was utilized in the mortar
mixtures. Its maximum nominal size was 4 mm.
Sand water absorption value was 2%. Relative
density was measured at saturated surface dry condition which was 2.61. The sieve analysis is provided in Table 3.
% 
$2.=.*6*4@:2:7/:*6-
Sieve
no.
Percent
passing

4
mm

2
mm

1
mm

500
µm

250
µm

pan

100

67.60

49.73

36.80

8.67

0


.;17-: 2? 897879;276: In the current
study, a reference mortar mixture was made
according to Turkish Standard TS EN 197-1 [26].
Then, fly ash mortar mixtures were obtained by
modification of reference mortar mixture by
replacement of fly ash with cement at 10%, 20%,
30% and 40% replacement ratios in mass. The
sand-binder ratio was 2.75, water-binder ratio were
0.485 for all mixtures. Mixture compositions or
mortar are given in Table 4.

% 
79;*952?;<9.,7587:2;276:305 
Mixture
Fly ash
(%)
Cement
Fly ash
Water
Sand

FA-00

FA-10

FA-20

FA30

FA40

0

10

20

30

40

540
0
262
1485

486
54
262
1485

432
108
262
1485

378
162
262
1485

324
216
262
1485

%.:; -.;*24: Flexural and compressive
strength of mortars were prepared in comply with
TS EN 1015-11 [30]. Series of three 40×40×160
mm prismatic specimens from each mortar and for
each testing time were prepared. Test specimens
were left in the laboratory for twenty four hours at a
temperature of about 21±1°C. After 24 h, they were
demoulded and cured at 21±1°C in water tank until
testing time. The compressive and flexural strengths
were determined at 3, 7, 28 and 90 days; according
to TS EN 196-1 [31]. Absorption and porosity of
mortar in hardened state were determined according
to TS 3624 [32] on 40×40×160 mm sized the three
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%
7589.::2=.:;9.60;19.:<4;:
MixtureFA

Compressive strength (MPa)

No

(%)

3 days

7 days

28 days

FA-00
FA-10
FA-20
FA-30
FA-40

0
10
20
30
40

30.2
28.3
16.2
9.5
8.7

44.0
36.8
29.0
17.9
16.4

56.2
59.5
53.5
36.6
22.3

there was a continuous strength development from
3 days to 90 days of curing. The mortar containing
10% and 20% fly ash attained comparable flexural
strength to the reference concrete at 28 and 90 days.

"797:2;@ *6- '*;.9 +:798;276 Porosity
and water absorption of the mortars are shown in
Table 7. Porosity and water absorption of the mortars containing fly ash at any percent substitution
was higher than that of the reference mortars for all
water curing time. However, porosity and water
absorption values of mortars containing 10% fly ash
was found to be comparable the values of the reference mortar value.

90
days
61.3
70.5
60.6
54.3
43.5

The increases in strength from 28 to 90 days
were changes from 9% and 95%. The increase in
strength is attributed to the pozzolanic reaction of
fly ash and continued cement hydration. Nevertheless, the compressive strength of the mortar mixture
produced with 10% fly ash was higher than that of
reference cement mortar, and compressive strength
of mortar mixture with 20% fly ash was found to be
comparable with the strength of reference cement
mortar at 28 and 90 days. Although, higher replacement ratio than 30% or more fly ash with
cement reduced the compressive strength of mortar
in comparison to reference mortar, fly ash concrete
compressive strength was found to be in the order
of 44-55 MPa at 90 days. Therefore, based on compressive strength results it can be concluded that fly
ash mortar produced in this study can be utilized in
construction purposes.

4.?<9*4 $;9.60;1 The flexural strength
properties of reference and fly ash mortars are presented in Table 6. It shows that the flexural
strengths of mortar containing fly ash were lower
than the strengths of reference mortar at all age.
Similar to compressive strength result, flexural
strength of mortar mixtures improved with curing
time.

%
4.?<9*4:;9.60;19.:<4;:
Mixture

FA

Flexural strength (MPa)

No
FA-00
FA-10
FA-20
FA-30
FA-40

(%)
0
10
20
30
40

3 days
5.2
4.6
3.1
2.0
1.9

Mixture

FA

Porosity and Absorption (%)

No

(%)

3 days

FA-00
FA-10

0
10

FA-20

20

FA-30

30

FA-40

40

18.1 (8.6) 16.8 (7.8) 15.2 (7.2) 12.5 (5.7)
18.7 (9.0) 17.3 (8.1) 15.8 (7.3) 13.7 (6.3)
20.9
18.8 (9.0) 16.4 (7.7) 14.9 (6.9)
(10.1)
20.8
19.8 (9.5) 17.4 (8.2) 16.2 (7.6)
(10.0)
20.9
19.4 (9.4) 16.7 (8.0) 17.0 (8.1)
(10.2)

7 days

28 days

90 days

This observation partly reflects the weak
pozzolanic activity and insufficient hydration of
present fly ash particles. Hydration products of the
cementitious materials in the mixture reduce the
voids affecting the total water absorption capacity
of mortars. Porosity and water absorption values
increased with the increase of fly ash content and
decreased with the increase in curing time for all
mortar mixtures. Porosity versus water absorption
relation is given in Fig. 1. The porosity value
reduces with the aging similar to the water
absorption value development. It is seen that there
was a close relation among the porosity and water
absorption value.

28 days 90 days
7.8
9.8
7.1
8.7
6.8
8.5
5.6
7.2
3.2
6.9


 

 


   

7 days
6.7
6.2
4.4
2.6
2.2
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Reference mixture (with no ash) exhibited
flexural strength of 5.2 MPa at 3 days and 9.8 MPa
at 90 days. Mortar containing 10% fly ash achieved
flexural strength of 4.6 MPa at 3 days and 8.7 MPa
at 90 days. Mortar containing 20% fly ash developed flexural strength of 3.1 MPa at 3 days and 8.5
MPa at 90 days. Mortar containing 30% fly ash
attained flexural strength of 2.0 MPa at 3 days and
7.2 MPa at 90 days. Mortar containing 40% fly ash
gained flexural strength of 1.9 MPa at 3 days and
6.9 MPa at 90 days. These results have shown that
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9@260 $19263*0. Drying shrinkage behavior of reference and fly ash mortar mixtures in a 50-
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day period is provided in Fig. 2. The figure shows
that drying shrinkage of fly ash mortar mixtures
showed significant reduction compared to shrinkage
of mortar made without fly ash. It was found that as
the replacement ratio of fly ash with cement increased, the more reduction in drying shrinkage was

observed. When shrinkage values at 50 days was
considered, replacement of 10%, 20% and 30% fly
ash with cement reduced the drying shrinkage of
mortar in the order of 6%, 21% and 43% compared
to reference mixture respectively.
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found in agreement with the report made by Atis
and Celik [36] and Atis, et al. [37]. Another attempt
was made to relate abrasion and porosity of mortar
mixture. Fig. 5 shows the relation between porosity
and weight loss percentage value for all mortars.
Although, it is not as strong as in the case of
strength and abrasion relationship, there is a relationship exist between porosity and wear value, the
higher porosity is associated with higher abrasion
value or vice-versa (see Fig.5).

The effects of fly ash amount used in mortar
on the shrinkage can be explained by the effect of
mixture parameter. Shrinkage is mainly associated
with the amount of cement paste in mortar mixtures
and with the water-cementitious material ratio. In
general, shrinkage increases as the cement content
increases in mortar. Therefore, it can be concluded
that using fly ash as replacement of cement in the
mixture causes reduction in cement amount which
causes reduction in shrinkage of mortar. But the
mortar containing 40% fly ash however swelled.
This could be due to high content of free lime and
sulfate of fly ash utilized in this work. Therefore, it
can be stated that reduction in shrinkage values up
to 30% fly ash replacement can be attributed to both
expansion characteristics of fly ash as well as
amount of cement reduction due to fly ash replacement.

+9*:276#.:2:;*6,.The effects of replacing
fly ash with cement for four percentages of fly ash
on the abrasion resistance of mortar at the end of
the total of 352 abrasion cycles as weight loss percentage are shown in Table 8. From Table 8, it can
be observed that abrasion resistances of fly ash
mortar mixtures were significantly lower than the
reference mortar at 3 and 7 days. Abrasion resistance was increased with the curing time for all
mortar mixtures. All fly ash mortar mixtures, except
the mixture made with 40% FA replacement, were
developed comparable wear resistance compared to
reference Portland cement mortar at 28 and 90 days.
Attempts were made to relate mortar mixtures
weight loss to its compressive and flexural
strengths. The weight loss and compressive strength
data are presented in Fig.3, and weight loss and
flexural strength data are presented in Fig.4 with the
regression function fitted.









FA

No

(%)

3 days

7 days

28 days

90 days

FA-00
FA-10
FA-20
FA-30
FA-40

0
10
20
30
40

16
18
32
54
74

12
13
20
34
47

11
11
10
12
23

8
9
8
9
10
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9..A.%1*> #.:2:;*6,. Flexural and compressive strengths of mortars measured after
freeze/thaw experiment are given in Table 9. Compressive strength of mortars containing 0%, 10%,
20%, 30% and 40% fly ash have shown decreases
of 3%, 2%, 2%, 11% and %22 respectively, in
comparison with the strength of mortar before subjected to freeze/thaw cycles. Similarly, flexural
strength of mortars containing 0%, 10%, 20%, 30%
and 40% fly ash has shown decreases of 5%, 6%,
8%, 13% and %21 respectively, in comparison with
the strength of mortar before subjected to
freeze/thaw cycles. Up to 20% replacement of current fly ash showed insignificant strength loss after
25 cycles as the reference mortar. However, the use
of 30% and 40% fly ash in mortars, after
freeze/thaw cycles, caused more reduction in
strength when compared to reference and other two
fly ash mortar mixtures.

%
9..A.;1*>,@,4.:5.,1*62,*49.:<4;:

%
+9*:2769.:2:;*6,.9.:<4;:
Mixture



Weight loss (%)

Without cycles
25 cycles
MixComFA
Comture
(%) Weight Flexural pressive Weight Flexural presNo
(g)
(MPa)
(g)
(MPa) sive
(MPa)
(MPa)
FA-00 0
548.30 9.8
61.3
549.85 9.5
58.5
FA-10 10 536.00 8.7
70.5
537.55 8.5
66.0
FA-20 20 546.50 8.5
60.6
546.35 8.3
55.7
FA-30 30 543.50 7.2
54.3
541.85 6.4
47.3
FA-40 40 549.10 6.9
43.5
547.95 5.4
34.2

Fig.3. and Fig.4. showed that the compressive
and flexural strength, were an important parameter
that influence the wear characteristic of mortar. It is
clear that wear resistance of mortars are mainly
dependant on strengths of mortar since both increase in compressive and flexural tensile strengths
results with lower abrasion value, thus, higher resistance to abrasion. Close examination of Fig.3.
and Fig.4. shows that relation between flexural
tensile strength and abrasion value was stronger
than the relation between compressive strength to
abrasion value in terms of R2 value. This result was

Based on above discussion, it is concluded that
freeze/thaw resistance was decreased with the in-
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all mortar mixtures. All fly ash mortars were developed comparable wear resistance to reference mortar at 90 days. Wear resistance of mortar was significantly affected by its strength development, regardless of fly ash amount.
5. Use of up to 20% of the current fly ash
showed no significant strength loss after 25
freeze/thaw cycles similar to reference mortar.
However, the use of 30% and 40% fly ash in mortars after the freeze/thaw cycles showed a significant decrease in flexural and compressive strengths.
Moreover, the reference and fly ash mortars showed
no significant weight loss after 25 cycles.
6. Utilization of present non-standard waste
HCFA as cement replacement would help to reduce
environmental pollution in terms of carbon-dioxide
emission into atmosphere.


crease of fly ash content. In comparison to reference mortar mixture, the strength of mortar containing 30% and 40% fly ash reduced 12% and 22%
after freeze/thaw cycles. The most negative effect in
the freeze/thaw cycles is observed on mortars containing 40% fly ash. The reference and fly ash mortars showed no significant weight loss after 25
cycles.

! &$! $
Regarding the fact that most of the fly ashes
produced in Turkey are high-lime fly ashes, in this
investigation high-lime fly ash obtained from AfşinElbistan has been used. Despite the fact that the fly
ash used was a non-standard high-calcium and high
sulfate, laboratory test results showed that it could
be utilized in mortar production at up to 20% replacement level by weight basis, because fly ash
mortar developed comparable or higher strength
and equivalent durability related properties than that
of corresponding reference mortar. Replacing 10%
fly ash improved the properties of mortars, and 20%
fly ash gave almost the same properties. Therefore,
it is concluded that replacement of current fly ash
up to 20% with cement can be made without affecting technological properties of mortars. On the
other hand, use of 30% fly ash may be possible, but
it caused a decrease in mortar performances. Replacement of 40% fly ash with cement is not recommended since it caused swelling behavior that
could be harmful to hardened mortar properties.
The following specific results are drawn from the
investigation:
1. Compressive strength of mortar with 10%
fly ash was higher than that of reference mixture,
and strength of mortar containing 20% fly ash was
comparable to the strength of Portland cement mortar at 28 and 90 days. At all substitution ratio of fly
ash with cement reduces the flexural strength at all
ages. However, the flexural strengths of the mixtures containing 10% fly ash was comparable the
strength of reference mortar mixture.
2. When the amount of fly ash content is
incresed in mortar mixture, porosity and water
absorption values of mortars are increased. These
values are decreased with the increase in curing
time for all mortar mixtures. The relation between
porosity and water absoption value was found to be
in linear form.
3. Compared with reference mortar, fly ash
replacement reduced drying shrinkage for instance
6%, 21% and 43% for mortar containing 10%, 20%
and 30%, respectively, at the end of 50 days. The
mortar containing 40% fly ash however expanded.
This property can be utilized to obtain low shrinkage mortar.
4. Wear resistance was increased due to hydration of binder which continues in curing time for
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toxic components of industrial enterprises is an urgent task. The traditional method of water treatment
is based on precipitation of heavy metal ions and suspended particles by iron hydroxide formed at the
time of neutralization (liming) water. However, this
method doesn't achieve always the standards of maximum permissible concentration of harmful impurities content [2].
Among the wide range of sorbents, particular
attention is drawn to the sorbents of natural origin
that have a sufficiently high sorption capacity to several components, resistance to work in aqueous environments, and lower cost compared to synthetic
materials [3-5]. One of the problems of use of natural
sorbents for water treatment is the disposal of waste,
demanding that affect the cost of treatment [6].
Among the natural sorbents, zeolites exhibit a
distinct selectivity for heavy metal or other contaminants present in water or wastewaters due to the ionexchange capacity and ability to capture a large number of ions that constitute pollution [7, 8]. Quality of
zeolites from Tayzhuzgen deposit allows them to be
used as water purification filters in crop production,
livestock, poultry, for deep drying of gases and extracting of sulfur dioxide, nitrogen in the cement industry. Inferred resources of zeolite from Tayzhuzgen deposit are estimated in 20 million tons. The deposit is favorable for development, characterized by
productive formations with a working capacity of
more than 3 meters and convenient for open mining
- technical conditions [9, 10].
Zeolites from Tayzhuzgen deposit are clinoptilolite (55-60%), sodium and potassium type with a
high ratio of Si/Al (3.9%). Features of composition
and structure of zeolites determine their physical and
chemical properties. Zeolite materials with high ratio
of Si/Al are characterized by substantial thermal stability and acid resistance.
In this study the adsorption process of copper,
lead, zinc from model solution and wastewater on
mechanoactivated zeolite from Tayzhuzgen deposit
has been investigated.

ABSTRACT
In this study the adsorption process of copper,
lead, zinc from model solutions and wastewater on
mechanoactivated zeolite from Tayzhuzgen deposit
has been investigated. The percentage adsorption
was determined for sorption systems as a function of
metal concentration and dispersion degree of zeolite.
The coefficients in the Langmuir equation were calculated. The obtained results show that mechanoactivated zeolite hold great potential to remove heavy
metal ions from industrial wastewater. It is established that the adsorption activity of zeolite depends
upon the degree of dispersion of the zeolite particles.
It was determined that the selectivity sequence of the
studied metals on mechanoactivated zeolite presented as Pb2+>Zn2+>Cu2+.

KEYWORDS:
Zeolite, sorption, heavy metals, Tayzhuzgen deposit

INTRODUCTION
East-Kazakhstan region of the Kazakhstan, in
particular, the city of Ust-Kamenogorsk is one of the
major industrial centers. It is a unique urbanistic system with industrial enterprises of the most various
technogenic orientation. The basic large objects of
nonferrous metallurgy, nuclear industry and rare
metal complexes, thermal power engineering,
transport, food processing industry are placed on a
relatively small area. As a result of complex influence of anthropogenic factors on the environment,
state of the city Ust-Kamenogorsk is significantly
changed [1].
Pollution of water resources in the region is a
cause of the discharge into rivers the toxic heavy
metals. Development and improvement of methods
for highly efficient water treatment contaminated by
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TABLE 1
The average chemical composition of zeolite from Tayzhuzgen deposit, %
SiO2
65,5

TiO2
0,20

Al2O3
14,27

Fe2O3
0,87

FeO
0,53

CaO
3,20

MgO
0,80

K2O
2,04

Na2O
2,83

SO3
0,07

ɇ2Ɉ
10,02

MnO
0,04

a)

MATERIALS AND METHODS
A set of exchangeable cations in zeolite has an
effect on cation-exchange capacity. Zeolites containing primarily sodium ions, less potassium and calcium ions have the maximum exchange capacity
[11]. Data about average chemical composition of
zeolite from Tayzhuzgen deposit are presented in
Table 1 [12].
Cation-exchange capacity of the zeolite is determined by a set of exchange centers, consisting of
hydrated positive ions of alkali metals that compensates the charge of the skeleton and water molecules.
Adsorption vesicles are formed at isolation, so the
zeolites absorb only molecules of substances the critical size that is smaller than the effective size of the
input space. It is determined by the peculiarity of the
structure of zeolites [13].
Mechanoactivation is activation of solids by
mechanical treatment and generation in a certain
space of a stress with their subsequent relaxation
[14]. By using of mechanical activation it is possible
to reduce the powder particles from 60 to 0,250 micrometers with the presence of a significant proportion of particle sizes down to 50 nanometers [15].
A review of the conversion of substances as a
result of mechanical activation with consideration of
the composition of the natural silicates shows that a
mechanical activation of bentonites and zeolites of
Eastern Kazakhstan deposits will improve the efficiency of sorption purification of waste water from
various pollutants, including ions of metals [16].
Experiment was carried out on model solutions
containing three metals ions (copper, zinc and lead)
and waste water Ust-Kamenogorsk limited partnership «Kazzinc». The sorption of copper, zinc and
lead ions onto mechanoactivated zeolite as a function of their concentration was studied at 0,1; 1; 2; 5;
10; 15; 20 mg/dm3 (contact time ± 3 hours), adsorbent dosage was 0,5 - 2 g; the particle size of the zeolite ranged from 50 to 100 micrometers.
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Effect of adsorbent dosage. The results of
change in heavy metal ions removal with contact
time at the different adsorbent dosage are shown in
Figure 1. Percentage of adsorption can be calculated
by the equation:
 ି
Ψܽ݀ ݊݅ݐݎݏൌ   ͳͲͲ,
(1)

FIGURE 1
Change in heavy metal ions removal with contact time at the different adsorbent dosage:
a) 0.5 g b) 1 g and c) 2 g



where Ci and Cf are the concentrations of the
metal ion in initial and final solutions.
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Isotherm models. To construct the isotherms
of adsorption, the adsorption amount of the metals
was calculated according to following equation:

The effect of adsorbent dosage was studied using amounts of zeolite as 0.5 g, 1 g and 2 g. As shown
in Figure 1, when 0.5 g of adsorbent was used adsorption of Cu, Zn and Pb ions was between 35-50%
(Figure 1a), while 1 g of the adsorbent showed
higher adsorption of these metals around 75-95%
(Figure 1b). 2 g of the adsorbent used in the experiments showed maximum sorption of the Cu, Zn, Pb
heavy metals ions (Figure 1c).

ܩൌ

ሺ ି ሻ


(2)

where Ci and Cf are the concentrations of the
metal ion in initial and final solutions, mmol/l; V ±
volume of solution, ml; m ± mass of sorbent, g. The
initial concentration of metal ion in the test solution
in mmol/l calculated based on the initial concentration of solution in mg/L.
Langmuir model allows describing the processes of adsorption in a single homogeneous layer
of sorbent with a definite number of active sites. This
model is defined Gmax that reflect the number of
sorption centers in the molecule of the sorbent, and
the coefficient K indicating the degree of affinity between the sorbent and sorbate.
To determine the parameters of Gmax and K
the Langmuir equation can be represented as:

a)

ଵ
ீ

ൌ

ଵ
ீೌೣ



ଵ
ீೌೣ ʠ

(3)

In the coordinates 1/G ± f(1/C) Langmuir isotherm must be straight. The tangent of an angle of
line equal to 1 / Gmax K and the intercept on the ordinate equal to 1/ Gmax.
The results of the measurements used to construct the linearized Langmuir isotherm of adsorption of metal ions onto mechanoactivated zeolite
(Figure 2a,b,c).
Using the graphical method the coefficients in
the Langmuir equation were calculated. The results
are shown in Table 2.

b)

TABLE 2
Results of calculation the coefficients in the
Langmuir equation
Ion
Cu2+
Zn2+
Pb2+

c)

tg a
1,5357
0,7280
0,5002

K
19,55
7,73
54,28

1/Gmax
30,02
5,63
27,15

Gmax
0,0333
0,1777
0,0368

To study the dependence of percentage adsorption from the contact time of the solution at the different dispersion degrees model solutions containing
ions of copper, lead and zinc were prepared. Samples
of zeolite with the different dispersion degrees were
mixed with 100 ml of model solutions (concentration
of metal ions is 5 mg/dm3). The heavy metal sorption
experiments were carried out using zeolite mass 1g
with three diameters: less than 50 micrometers, 50100 micrometers, more than 100 micrometers, and
contact time from one hour to one day. The effect of
dispersion degree on the heavy metals removal was
studied at various contact time and results obtained
are presented in Figure 3 (a,b,c).

FIGURE 2
Linearized Langmuir isotherms of adsorption of
heavy metal ions on mechanoactivated zeolite:
a) Cu, b) Zn and c) Pb
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other experiments. In addition, the experiments with
model solutions containing ions of copper, lead, and
zinc and wastewater from UK MC limited partnership «Kazzinc» have been carried out. The obtained
results are presented in Figure 5 and Figure 6.

a)

a)

b)

b)

c)

c)

FIGURE 3
Effect of dispersion degree on the heavy metals
removal: a) Cu, b) Zn and c) Pb
As can be seen from Figure 3 (a, b, c), the adsorption on the zeolite takes place in the first three
hours. Thus, it is established that the maximum time
setting sorption equilibrium is 3 hours. For further
research, the contact time of the solution and the
sorbent was selected to three hours, and the experiments were carried out in the period of 30, 60, 90 and
180 minutes.
As presented in Figure 4 (a, b, c), the obtained
results allowed assuming a direct influence of mechanical activation on the sorption activity of zeolite.
The powder sorbent with the lowest a grinding degree (less than 50 micrometers) has the highest index
of metal ions extraction from solution. However, using this sample there are difficulties in the separation
of liquid phase from solid (colloidal) phase, that subsequently increase the production cost. Taking into
consideration the fact that the adsorption degrees of
metals on the zeolite with d<50 and d=50-100 micrometers are not significantly different; the optimal
for further analyses a sample of the zeolite with grain
size of 50-100 micrometers is considered. It is noticed that the degree of metal ions sorption from
model solution by the zeolite with particle size of
100-500 microns was significantly lower than in

FIGURE 4
Efficiency of mechanoactivated zeolites for
heavy metals removal from model solution with
concentration of metal ions 5 mg/dm3 and mass
1,0 g: a) Cu, b) Zn and c) Pb

FIGURE 5
Percentage of adsorption of heavy metal ions on
mechanoactivated zeolites (mass 1-2 g) from
model solutions
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m3 of the purified water is 100-200 kg, while for
mechanoactivated zeolite would be required up to 10
kg. Therefore, mechanical activation of the zeolite
leads to a reduction in the consumption of sorbent in
comparison with nonactivated to 10-20 times. All results have been subjected to a metrological process.
The metrics precision (repeatability of measurements) and correctness of measurements have been
evaluated (Table 4).
It is known that an efficient sorbent for extraction of heavy metals ions are synthetic ion exchange
resins (ionites) having a high exchange capacity and
selectivity of sorption. However, industrial production of ion exchange resins in the Kazakhstan has not
been established, and their purchase from abroad is
economically disadvantageous because of high cost.
An alternative to ion exchangers is proposed to be
natural sorbents, because, although they have less
ion exchange capacity compared to the ion exchangers, they have a high selectivity and cheaper than
ion-exchange resins.

FIGURE 6
Percentage adsorption of heavy metal ions on
mechanoactivated zeolites (mass 1-2 g) from
wastewater
As can be seen from Table 3, the percentage of
adsorption of metals ions is high for lead (contact
time 180 minutes, mass of zeolite - 2 g, diameter of
zeolite is 50-100 micrometers).
The consumption of non-activated zeolite per 1

ɌȺ%/(3
Experimental results of heavy metals removal on mechanoactivated zeolites (mass 1-2 g) from wastewater
Volume
of solution,
cm3

Metal ion
concentration
(initial),
mg/dm3

Diameter of
zeolite, micrometers

Mass of
zeolite, g

Contact
time,
minutes

Metal ion concentration (final),
mg/dm3

Adsorption
percentage

Cu2+
100

100

0,013
0,013
0,013
0,013
0,013
0,013
0,013
0,013

50-100

50-100

1
1
1
1
2
2
2
2

30
60
90
180
30
60
90
180

0,009
0,009
0,008
0,006
0,004
0,002
0,001
0,001

30,77
30,77
38,46
53,85
69,23
84,62
92,31
92,31

30
60
90
180
30
60
90
180

0,102
0,056
0,034
0,021
0,041
0,024
0,021
0,013

44,26
69,40
81,42
88,52
77,60
86,89
88,52
92,90

30
60
90
180
30
60
90
180

0,008
0,007
0,004
0,003
0,004
0,003
0,001
0,001

78,95
81,58
89,47
92,11
89,47
92,11
97,37
97,37

Zn2+
100

100

0,183
0,183
0,183
0,183
0,183
0,183
0,183
0,183

50-100

50-100

1
1
1
1
2
2
2
2
Pb2+

100

100

0,038
0,038
0,038
0,038
0,038
0,038
0,038
0,038

50-100

50-100

1
1
1
1
2
2
2
2
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TABLE 4
The results of metrological processing of measurements
Cu2+
ʋ
1
2
3
4
5
6
7

ɏ1
0,011
0,142
0,316
1,027
1,963
2,918
3,521

ɏ2
0,013
0,136
0,312
1,020
1,927
2,941
3,548
Xm=1,419
Gm(max)=0,72
Srm=0,021
SRm=0,000

ɏ3
0,012
0,137
0,316
1,102
1,960
2,931
3,550

ʋ
1
2
3
4
5
6
7

ɏ1
0,006
0,070
0,219
0,308
0,623
1,023
1,658

ɏ2
0,010
0,054
0,196
0,310
0,649
1,068
1,645
Xm=0,569
Gm(max)=0,67
Srm=0,031
SRm=0,000

ɏ3
0,010
0,079
0,187
0,319
0,691
1,058
1,768

ɏml
0,012
0,138
0,315
1,050
1,950
2,930
3,540

S2ml
0,000001
0,000010
0,000005
0,002066
0,000399
0,000133
0,000262

ɏml¨;ml
0,012±0,000
0,138±0,000
0,315±0,000
1,050±0,005
1,950±0,001
2,930±0,001
3,540±0,001

ɏml
0,009
0,068
0,201
0,312
0,654
1,050
1,690

S2ml
0,000005
0,000160
0,000272
0,000034
0,001177
0,000558
0,004566

ɏml¨;ml
0,009±0,000
0,068±0,001
0,201±0,003
0,312±0,003
0,654±0,003
2,930±0,002
3,54±0,011

ɏml
0,004
0,048
0,136
0,215
0,403
0,635
1,120

S2ml
0,000001
0,000104
0,000104
0,000013
0,000082
0,000142
0,000189

ɏml¨;ml
0,004±0,000
0,048±0,000
0,136±0,001
0,215±0,005
0,403±0,002
0,635±0,001
1,120±0,001

Zn2+

Pb2+
ʋ
1
2
3
4
5
6
7

ɏ1
0,004
0,055
0,124
0,218
0,402
0,631
1,132

ɏ2
0,005
0,036
0,143
0,211
0,395
0,648
1,105
Xm=0,366
Gm(max)=0,30
Srm=0,010
SRm=0,000

ɏ3
0,003
0,052
0,140
0,216
0,413
0,625
1,123

CONCLUSION
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opinion. Editors of scientific journals trust their Fe0
experts in deciding on the suitability of submitted
manuscripts. Grant and award’s administrators trust
their referees in deciding on the suitability of proposals. However, most Fe0 experts have gained
their status on the false premise, that Fe0 is an environmental reducing agent [1-8].
The ‘radical’ view that Fe0 is not an environmental reducing agent was introduced in 2006 in
proceeding papers entitled ‘the end of a myth’ [912]. Later on, peer-reviewed articles extending this
view were published [13-15]. The fact the ‘reduction transformation paradigm’ is still prevailing
should not be seen as a lack of alternative [16-21].
On the contrary, Fe0 experts provide additional legitimacy to a wrong model. They also delay or limit
the extent of radical innovation (paradigm shift)
[22-25]. In other words, the ‘reduction transformation paradigm’ should be regarded as a brake for
the further development of the promising Fe0 remediation technology [6, 7]. The notion of paradigm is
borrowed from Thomas Kuhn [22]. Kuhn defined a
paradigm as “an organizing principle which can
govern perception itself” inside which experts
“puzzle” [22]. Evidently, puzzling with the ‘reducing Fe0’ is performed differently than puzzling with
‘Fe0 as generator of adsorbing, coagulating or enmeshing (and reducing) agents’. In the first case,
reduced species must be removed from the aqueous
solution. In the second case, species may be reduced in adsorbed or enmeshed state [13-15].
In this article, four things are demonstrated: (i)
Fe0 experts and journal editors have mostly shared
the reduction transformation paradigm since the
1990s, (ii) this paradigm has been based on a careless interpretation of good experimental observations (e.g. contaminant reduction in the presence of
Fe0), (iii) the questioned paradigm introduces biases, overemphasizing certain aspects and hiding others, and (iv) these biases are the major barriers for
the acceptance of the Fe0 technology.


 !!
The starting argument of using metallic iron
(Fe0) as an environmental remediation agent considered Fe0 oxidative dissolution as the anodic halfreaction of contaminant reduction. However, it has
been repeatedly observed that both reactions are not
simultaneous. The present article challenges the
adequacy of the peer-review system when the starting position is biased. First, it argues that the presumption of contaminant reductive transformation
(e.g. the status quo) is preferred by most Fe0 experts, including journal editors. Second, it recalls
that the status quo strongly distorts the facts. Third,
most Fe0 researchers have backed the status quo
without question. Fourth, the legitimacy that experts and researchers lend to the status quo limits
innovation opportunities. Abandoning the comfortable status quo is suggested as the way to restore
room for constructive innovation in Fe0 research.


&$ 
Contaminant removal, Environmental Remediation, Iron
corrosion, Peer-review system, Zero-valent iron.


!"!
The word “expert” comes from the Latin %7
/%1)%-3)!, it means “knowledge gained by repeated
trials”. A dictionary definition of expert is a “person wise through experience”. In general, an expert
is someone who has gone beyond the universally
accessible theory and accumulates practical experience. Wikipedia defines an expert as “a person with
extensive knowledge or ability based on research,
experience, or occupation and in a particular area of
study”. All these definitions suggest that an expert
on the area of ‘remediation by metallic iron (Fe0)’
is someone who went beyond the theory of aqueous
metal corrosion and gained experience in laboratory
and/or field research over the years.
Conventionally, such ‘experience carriers’,
‘experienced researchers’ or experts have special
knowledge of Fe0 remediation beyond that of the
average person (e.g. a PhD student), sufficient that
others may officially rely upon the individual's

!" !
"!#! !

A recent review article by Sun et al. [26] is introduced by the paragraph (two sentences):
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“- 3(% /!23 36. $%#!$%2 9%1.5!+%-3 )1.-
(!2!331!#3%$2)'-)&)#!-3!33%-3).-!2!/1.,
)2)-'1%!#3!-3&.11%,.5!+.&5!1).42%-5)1.-,%-3!+
#.-3!,)-!-32 &1., 6!23%6!3%1 !-$ '1.4-$6!3%1
$4%3.)32()'(1%$4#3)5%#!/!#)383(%%-5)1.-,%-
3!+&1)%-$+)-%22.&)1.-!-$3(%/1.$4#3).-.&-.-
3.7)# )1.- .7)$%2 !&3%1 3(% 1%,.5!+ .& 3(% #.-3!,)
-!-32  )2 5%18 5%12!3)+% !-$ )3 #!- !#3 !2 ! 1%
$4#3!-3)%5)!%!-$241&!#%".4-$%&.1
%-5)1.-,%-3!+#.-3!,)-!-32!2.1"%-3)%5)!3(%
)1.-(8$1.7)$%+!8%1&.1.3(%1,%3!+2!-$!#.
!'4+!-3)%5)!$)22.+43).-.&%&1.,3(%
241&!#% &.1 5!1).42 !-).-2 )- 6!23%6!3%1 !-$
'1.4-$6!3%1.”
In sentence 1, Sun et al. [26] have repeated the
fatal mistake of early researchers on the Fe0/H2O
system regarding Fe0 as a reducing agent for contaminants (Ox) according reactions similar to Eq. 1
[27-29]. ‘Red’ is the reduced form of ‘Ox’ which is
hopefully less mobile/toxic. However, Fe0 oxidation by water, the solvent (Eq. 2) is also favourable
and is even quantitative due to the abundance of the
solvent [5,30,31].
Fe0 + Ox ⇒ Fe2+ + Red
(1)
Fe0 + 2 H+ ⇒ Fe2+ + H2
(2)
3 Fe2+ + 4 H2O ⇒ Fe3O4 + 6 H+ + H2 (3)
Moreover, because (i) the surface of Fe0 is
permanently covered with precipitated corrosion
products (Eq. 3) and (ii) FeII and H2 (primary corrosion products from Eq. 2) are reducing agents, Ox
chemical reduction may occur in adsorbed state
within the oxide scale on Fe0. On the other hand,
adsorbed FeII and H are known to be powerful reducing agents [32, 33]. In a Fe0/H2O system, in situ
generated nascent hydroxides are powerful adsorbents for FeII and H. Therefore, chemical reduction
(electrons from FeII and H/H2) is more likely to be
responsible for Ox chemical reduction than electrochemical reduction (electrons from Fe0) [3, 20, 21,
34]. On the other hand, the occurrence of electrochemical reduction requires that the oxide film on
Fe0 is electronic conductive (e.g. FeO, Fe3O4). Such
conductive films have not been reported in the scientific literature [3,14]. On the contrary, Stratmann
and Müller [35] have traceably demonstrated that
under atmospheric conditions, Fe0 is oxidized by
water and oxygen reduced by FeII. The first reason
being that the multi-layered oxide scale (e.g.
Fe3O4/Fe2O3/FeOOH) is not permeable to (dissolved) O2. Clearly, although aqueous iron corrosion (Fe0 oxidative dissolution) under environmental conditions is mostly an electrochemical reaction,
O2 reduction is a chemical reaction (electrons from
FeII species). Similarly, aqueous contaminant reduction in the presence of Fe0 is a chemical reaction
although iron corrosion is an electrochemical process [3-5, 20].
In sentence 2, Sun et al. [26] considered that
Fe0 selectively acts as (i) a reductant for some environmental contaminants, (ii) an adsorbent for heavy

metals, and (iii) a coagulant for various aqueous
anions. The discussion related to sentence 1 disproves this segregation.
One of the first peer-reviewed articles on Fe0
for environmental remediation [36] properly documented a time lag between iron immersion (e.g.
start of iron corrosion) and the start of contaminant
reduction. This time lag was reported later by several authors [17, 37]. In particular, Ghauch et al.
[17] prolong the time lag by addition of MnO2 to
demonstrate that diclofenac is removed by corrosion products, whether it is reduced or not. Despite
this clear evidence, the major part of the research
community on ‘Fe0 for environmental remediation’
is still regarding the reductive transformation concept as untouchable or even sacrosanct [26, 40-44].

!!"!
 #!!"!
The previous section has already demonstrated
that the well documented (chemical) contaminant
reduction was misinterpreted as cathodic reaction
of iron dissolution (Eq. 2). The origin of using Fe0
in the context of environmental remediation should
be recalled. Reynolds et al. [45] performed laboratory experiments to evaluate materials used in the
construction of groundwater monitors for their potential to cause sampling bias. Ten materials were
exposed to low concentrations aqueous halogenated
hydrocarbons for up to 5 weeks. Of the ten materials, metals (including stainless steel), reductively
transformed the compounds. This observation coincides with the active search of a reactive material
for subsurface permeable reactive barriers (PRBs).
More reactive Fe0-based materials (e.g. carbon
steel, cast iron) were then positively tested and Fe0
was found the most suitable material for PRBs [26,
44].
Between 1990 and 1995 several proceeding
papers discussed the mechanism of contaminant
removal in Fe0/H2O systems. In 1994, Matheson
and Tratnyek [27] published a peer-reviewed article
favouring direct reduction (electrons from Fe0) as
main path of contaminant reductive transformation.
Two years later, their suggestions were 'confirmed'
by Weber [28]. Since then the reductive transformation paradigm was born, although no convincing
argument was given. As reported by O’Hannessin
and Gillham [46] this was a ‘broad consensus’. It is
surprising that a consensus was/is met on an issue,
that can be investigated/verified in the laboratory.
A consensus, that even challenged available
knowledge of several branches of science involving
aqueous iron corrosion [3-5, 47].
To confirm the electrochemical nature of the
interactions between Fe0 and contaminants, Weber
[28] used 4-aminoazobenzene (4-AAB) as probe
molecule. 4-AAB is an aromatic azo compound that
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is certainly susceptible to reduction by Fe0 to form
aniline. This reaction is known as Béchamp reduction since 1854 in the synthetic organic chemistry.
However, the Béchamp-like reduction (quantitatively) occurs either (i) at low pH values (< 4.5),
(ii) in the presence of HCl or organic acids, (iii) at
elevated temperature or (iv) with a more reductive
metal like Zn0 [48-51]. It is rather surprising, that
Weber’s report has not mentioned the well-known
Béchamp reduction while explicitly challenging it.
Unfortunately, the example of “Weber and 4aminoazobenzene” is not an isolated case but an
illustration on how data were ‘forced’ to rationalize
the reductive transformation model [29,52-54].

that the argumentation that iron oxides are not good
removing agents for organic compounds co-exist in
the literature with articles entitled: “$2.1/3).-!-$
$%2.1/3).-.&-!341!+.1'!-)#,!33%1.-)1.-.7)$%
,%#(!-)2,2!-$,.$%+2” [59], “.1/3).-.&.783%3
1!#8#+)-% 3. )1.- .7)$%2 !-$ )1.- .7)$%1)#( 2.)+2”
[63] or “.1/3).- .& !-3),)#1.")!+ #)/1.&+.7!#)- 3.
!+4,)-4,!-$)1.-(8$1.42.7)$%2” [60].
Mantha et al. [54] tried to rationalize contaminant adsorption in Fe0/H2O systems by the presence
of trace amounts of carbon in steel. While ignoring
adsorption and co-precipitation by iron hydroxides
and oxides, these authors favoured the presence of
< 3 % C in steel as compared to highly porous activated carbon for water treatment [70]. Certain authors purposefully used Fe0 as agents to generate
adsorbing agents (iron hydroxides/oxides) for organic contaminant removal [71-74]. It is strange
that so many good arguments belittling the validity
of the reductive transformation model are overseen
by authors presenting their results on reducing Fe0.

! #  !   
 !&
The complexity of the process of aqueous iron
corrosion which has traditionally been controversially discussed among chemists, electrochemists
and physicists [55, 56]. This controversy could be
regarded as a plausible explanation for the mistakes
discussed above. This tentative explanation is due
to the fact that researches on Fe0 remediation may
have an engineering (e.g. geotechnical) background, which could be regarded as far from electrochemistry. However, geochemical aspects that
should be more familiar to geoscientists have not
been properly considered as well. For example,
while considering iron oxides as powerful adsorptive species for metals and inorganics [57,58], it has
been overseen that iron oxides are equally good
adsorbents for (many) organic species [59-64]. This
pseudo-argument has largely contributed to the
rejection of the view that Fe0 is a universal contaminant removing agent [40-42, 65].
For example Chen et al. [42] maintained that:
“+3(.4'( 3(%1% !1% .3(%1 ,%#(!-)2,2 3(!3 +)*%+8
#.-31)"43% 3. .1'!-)# #.-3!,)-!-3 1%,.5!+ "8 
   3(%1%)224"23!-3)!+%5)$%-#%&1.,,4+
3)/+% )-5%23)'!3.12 3(!3 3(% !").3)# 1%,.5!+ .& 
"8  +!1'%+8 &.++.62 3(% β%+),)-!3).- /!3(6!8
6()#(8)%+$2-.#(+.1)-!3%$.1'!-)#)-3%1,%$)!3%2;
[29, 67-69]. However, all three papers by Noubactep [13, 24, 66] have been published long after the
four papers advocating for ‘abiotic removal’ by Fe0
according to ‘β-elimination’. Moreover, the presentation above has shown that quantitative ‘βelimination’ cannot be mediated by the Fe0 surface.
Additionally, the three papers from Noubactep have
explicitly stated that reduction is not a (stand alone)
removal mechanism for micropollutants under environmental conditions. Accordingly, the confusive
argumentation of Chen et al. [42] is difficult to follow. Unfortunately, this is a typical argumentation
against the adsorption/co-precipitation concept (see
section “Expert’s argumentation against the adsorption/co-precipitation model”). It is rather surprising


!
!!!&
Research over the past two decades has
demonstrated the efficiency of Fe0 for the removal
of biological and chemical contamination from water [26,44,75-77]. The prevailing concept regards
Fe0 as a reducing agent. This concept was revisited
to account for non reducible contaminants that are
quantitatively removed in Fe0/H2O systems. Although the alternative concept has simplified system
design [78-83], it has not been yet really considered
within the Fe0 research community [3, 20, 26, 44,
84-90].
The treatment efficiency of Fe0 reactive walls
for up to 15 years operation has been assessed [8487,90]. However, none of the related articles has
properly considered the affinity of the contaminants
of concern to iron corrosion products. Moreover,
the whole discussion is based on ‘reducing iron’
and the volumetric expansion of iron corrosion is
not really considered [3-5, 30, 31]. As an example,
Wilkin et al. [90] argued that ‘the sustained performance’ of the Elizabeth City PRB for chromium
removal can be linked to several important factors
including the low level influent dissolved oxygen
([O2] < 1 mg/L) and nitrate ([NO3-] < 2 mg/L).
They argued that such low O2 and NO3- levels imply that “)1.-#.11.2).-1%!#3).-2(!5%-.32)'-)&)
#!-3+8),/!#3%$1%!#3)5)38.1(8$1!4+)##.-$4#3)5)38
5)! /.2)3)5% ,.+!1 5.+4,% #(!-'%2 )- 3(% 1%!#3)5%
,%$)4,”. This argumentation implies that ‘side’
reactions by O2 and NO3- have not negatively impacted barrier efficiency at Elizabeth City (for Cr
removal). This result was predictable as elevated
levels of O2 have been shown the major reason for
the short service life of household Fe0 filters [79,
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worldwide [4, 5, 30, 31]. The way forward is to
bring the Fe0 research back to the highway of mainstream corrosion science [3, 115-118].

91, 92]. The four articles have collectively felt to
present a complete ‘is/should juxtaposition’ about
all aspects of Fe0 wall operation (e.g. removal efficiency, extent of Fe0 depletion, reactivity loss, permeability loss). Such a juxtaposition would have
enabled a better appreciation of the performance
assessment. Wilkin et al. [90] have not satisfactorily explained why the Elizabeth City barrier was less
efficient for trichloroethylene (TCE) reduction and
removal. It is correctly postulated that “),/1.5%$
 31%!3,%-3 #.4+$ (!5% "%%- !#()%5%$ 6)3( !
6)$%11%!#3)5%6!++”. However, (reducing) Fe0 was
not exhausted as Cr removal was still occurring.
The alternative concept regarding Fe0 as generator
of (reducing) and removing agents better rationalizes these observations [3, 13-15, 20, 34, 66]. The
permanent mixture of excellent experimental and/or
field observations and false, unfounded interpretations is characteristic of the Fe0 literature. The four
presented articles are just few examples selected
because of their suitability as technology proof.
The reported success of Fe0 (including nano0
Fe ) remediation in the USA and in Europe recalls
that a pragmatic technology can be successful for
several decades. A classical example is the use of
electro-coagulation in water and wastewater treatment. Electro-coagulation has been patented in
1906 and has been working satisfactorily for one
century. However, the science of electrocoagulation is only currently about to be established
[93]. Water treatment using electro-coagulation is a
process that occurs in water treatment plants. Several operational parameters can be simultaneously
varied to optimise the efficiency. For subsurface
Fe0 remediation systems (e.g. PRBs), no such flexibility is given [3, 90, 94]. In order to be economical, the system has to be long-term efficient. Therefore, it is suitable to achieve a science-based design
immediately [3, 5, 20, 30, 31, 95-98]. Existing controversy among scientists on the operating mode of
Fe0/H2O systems will not ease societal acceptance.
A logical consequence will be regulatory barriers.
In other words, ‘enemies’ of the Fe0 technology are
not necessarily ‘enthusiast scientists’ refuting the
prevailing paradigm but more likely (i) ‘leading
scientists’ combating alternative thinking [40-42,
99, 100] and (ii) any ‘laborious scientist’ uncritically propagating the questioned paradigm [8, 101,
102].
There are constant reports on operational uncertainties hindering a further spreading of the Fe0
remediation technology in Europe [103, 104]. These uncertainties co-exist with the chance of extending the Fe0 technology to a key design element for
decentralized safe drinking water production [30,
31, 71-73, 76, 77, 105-114]. The high potential of
the still innovative Fe0 remediation technology
should be transformed to a reality. This operation
will make Fe0 materials an appropriate option for
environmental remediation and water treatment


%!7 "!!
 !! !
!!
The presentation until now has revealed some
key aspects of the argumentation of authors favouring the reductive transformation model. It should be
explicitly acknowledged that the adsorption/coprecipitation model is supported by several experts
‘behind curtains’. This expert group includes some
reviewers and editors otherwise the alternative
model would have never been published. The
presentation in this section addresses the other side
of the coin: referees who have been rejecting the
adsorption/co-precipitation model.
Summarized their attitude could be described
by the following quote by the German thinker and
philosopher Johann Wolfgang von Goethe (1749 1832): “- 3(% 2#)%-#%2 /%./+% 04)#*+8 #.,% 3.
1%'!1$ !2 3(%)1 .6- /%12.-!+ /1./%138 3(!3 6()#(
3(%8(!5%+%!1-%$!-$(!$/!22%$.-3.3(%,!33(%
4-)5%12)3)%2 !-$ !#!$%,)%2 & 2.,%.-% %+2% #.,%2
!+.-'6)3(-%6)$%!23(!3#.-31!$)#33(%1%$.!-$
)- &!#3 %5%- 3(1%!3%- 3. .5%1341- )3 3(%- !++ /!2
2).-2!1%1!)2%$!'!)-233()23(1%!3!-$-.,%3(.$
)2+%&34-31)%$3.24//1%22)3%./+%1%2)23)3)-%5%18
6!8 /.22)"+% /1%3%-$)-' -.3 3. (!5% (%!1$ !".43
)3 2/%!*)-' $)2/!1!')-'+8 .& )3 !2 )& )3 6%1% -.3
%5%- 6.13( 3(% %&&.13 .& +..*)-' )-3. 3(% ,!33%1”.
Two commented examples will be given to demonstrate that preferred reviewers have spoken “$)2
/!1!')-'+8” of good manuscripts, “!2)&)36%1%-.3
%5%-6.13(3(%%&&.13.&+..*)-')-3.3(%,!33%1-$
2. ! -%6 3143(#!- (!5% ! +.-' 6!)3 "%&.1% &)-!++8
"%)-'!##%/3%$" (www.aphorismen.de)

6'02/+ : A manuscript demonstrating the
crucial importance to mix Fe0 with non-expansive
aggregates (e.g. gravel, MnO2, pumice, sand) was
evaluated by a reviewer in the following terms:
“()2 /!/%1 (!2 -.3()-' 3. $. 6)3( &)+3%12 3
(!2 -.3 /1.5)$%$ ! 2)-'+% ,%!241%,%-3 .& !12%-)#
.1!-82/%#)%2&1.,3(%&)+3%1.12),)+!12823%,2)-
3(%+!".1%+2%6(%1%(%!43(.12!1%2),/+8#!+#4
+!3)-' (.6 3(% 1423)-' .& 3(% )1.- #!- "% 2+.6%$
$.6- (%1% !1% -. %7/%1),%-3!+ $!3! ()2 /!/%1
)2#.,/+%3%+82/%#4+!3)5%!-$!1")31!18"!2%$.-!
#.,/+%3%+8 4-1%+!3%$ %04!3).- . /4"+)2( 3()2 /!
/%1 3(% !43(.12 ,423 /1.5)$% 2.,% %7/%1),%-3!+
$!3!6)3(&)+3%12%5%-)&)3)2!2,!++&)+3%13%23%$)-
3(% +!" - )32 /1%2%-3 &.1, 3()2 /!/%1 )2 -.3 !#
#%/3!"+%&.1/4"+)#!3).-.”
A large part of the scientific community is
celebrating the science of data. Without a sound
concept (the theory of the system), there is no com-
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+)2(%$ .3(%1 /)%#%2 2),)+!1 3. 3()2 .-% )- .3(%1 &.
14,2-&!#33()26.1*42%2,!-8.&3(%2!,%!1
'4,%-32 !-$ !22.#)!3%$ 1%&%1%-#%2 /1%2%-3%$ )-
/1%5).42,)-)1%5)%62!-$#.,,%-3!1)%2/4"+)2(%$
"8 3(% !43(.1 [13, 24, 66] (…) (%1% )2 !- !$$)
3).-!+2),)+!1,!-42#1)/3)-3(%.1%!-.41-!+.&
(%,)#!+-')-%%1)-'3(!3!//%!1%$3()28%!1[47].
(42  $. -.3 2%% (.6 /4"+)2()-' 24"23!-3)!++8
2),)+!1 ,!3%1)!+ )- 8%3 ! &.413( .1 &)&3( &.14, !$
5!-#%23(%&)%+$)-!-86!8%2/%#)!++8"%#!42%36.
.& 3(%2% !13)#+%2 !1% 5%18 1%#%-3      !-$
-. -%6 !1'4,%-32 .1 "%33%1 24//.13 .& .+$ !1'4
,%-32!1%,!$%)-3()2/!/%1.”
This comment definitively contains no single
scientific argument. The content of the incriminated
papers is not addressed. This impressive pseudoscientific, but profitless argumentation has been
repeated for years in reviewing many of the referenced articles.
The author has co-published more than 30 papers (and some 17 single-authored commentaries)
on ‘remediation with Fe0’. References [24] and [66]
are both single-authored review articles published
during 2010 and 2011 at Water SA. This reviewer
seems to claim that Water SA has published twice
the same thing within 12 months. The “Korean”
manuscript is grounded on refs. [24] and [66] and is
focussed on ways to better investigate processes in
Fe0/H2O systems.
The merit of these comments (Example 2) is
to show that colleagues are aware on the existence
of the new concept but are not ready (i) to test it, or
(ii) at least to consider it in their discussion. This
aspect has been properly discussed in ref. [24] with
examples including Flury et al. [85] who referenced
[9] but systematically ignored it and other articles
from his research group in subsequent publications.
It seems that colleagues (including reviewers)
speaking disparately about the new concept have
not looked closer into the published material. In
fact, some researchers have positively tested the
concept [16, 17, 19, 21, 102, 129] and the incriminated comments have given a better interpretation
of the mechanism of contaminant removal in some
17 peer-reviewed articles.
These two examples confirm the negative impact of a biased starting point in the discussion of
the operating mode of the Fe0 technology [130,
131]. It is over to the ‘dissidents’ to demonstrate
that the starting point was wrong. In this effort, the
‘dissidents’ have to convince people who have introduced the mistake and are being advocating for
the mistaken view for two decades [3, 8, 101, 115118]. This is a typical case for “experts and bias”
[131]. It is hoped, that despite possible non declared conflict of interest, in future, Fe0 experts will
uniquely settle a question by argument rather than
trust. This option seems to deserve more attention
by journal editors.

pass to evaluate the goodness of produced data
[119]. The manuscript in question was published in
another journal [120] and five subsequent additional manuscripts (without any experimental data)
were published [91, 113, 121-123] to establish the
concept of Fe0 filters which can be used as compass
by any research group [92]. Moreover, the author of
the present article has been involved in first experimental works in this direction. These works unambiguously demonstrated that the most sustainable
dual Fe0/material system must content a volumetric
Fe0 ratio of 25 % [78, 80-83, 124-127]. It is not
superfluous to recall that this theoretical discussion
has determined a 20-years-old discussion on the
suitability of admixing Fe0 to other aggregates [83].

6'02/+  The following evaluation was
given on a manuscript [96] demonstrating that the
reductive transformation paradigm has disregarded
several fundamental aspects of aqueous iron corrosion:
“()2 !13)#+% /1%2%-32 ! 5)%6/.)-3 1%'!1$)-'
3(% !-!+82)2)-3%1/1%3!3).- .& 3(% ,%#(!-)2,2 .&
#.-3!,)-!-3 1%,.5!+ )- 9%1.5!+%-3 )1.- 2823%,2
(%!43(.1+!82.43!#!2%3(!3)1%$4#3).-)2-.3
!+6!82 1%2/.-2)"+% &.1 #.-3!,)-!-3 1%,.5!+ !-$
)) 3(!3 /1%5).42 6.1*2 (!5% -.3 /1./%1+8 #.-2)$
%1%$3(%1.+%.&3(%.7)$%+!8%1%)3(%1!2!2.1"%-3
.1 !2 ! 241&!#% 6(%1% 1%$.7 1%!#3).-2 #!- .##41
)2 !1'4,%-32 2%%, 3. #+!), 3(!3 5)134!++8 !++ /!
/%12 #+!), 5)! #.++42).- 3(!3 ) 1%$4#3).- )2 3(%
.-+8/1.#%223(!3./%1!3%2)-3(%:9%1.5!+%-3;)1.-
2823%,2 )) 2.1/3).- 3.  #./1%#)/)3!3).- 6)3( 3(%
.7)$% )2 )'-.1%$ .1 %+),)-!3%$ !2 ! /.22)")+)38 )-
&!5.1 .& 1%$4#3).- ))) 3(% 1.+% .& 3(% .7)$% )-
3%1,2 ".3( !+3%1!3).- )- 1%!#3)5)38 !-$ #(!-'%2 )-
&+.6 /!3(/.1.2)38 (!2 "%%- .5%1+..*%$ 8 ! 2),
/+%1%5)%6.&3(%+)3%1!341%)3)2%!283.2%%3(!33(%
!43(.1,!*%23(%2%#+!),25)!2%+%#3)5%#)3!3).-.”
These statements are in contradiction with the
state-of-the-art knowledge on the operating mode
of Fe0/H2O systems and are a clear falsification of
the presented viewpoint. It is definitively true that
(i) reduction is never an efficient removal mechanism for micro-pollutants, (ii) it is not likely that
electrons from Fe0 will play any significant role in
the process of contaminant reduction, and (iii) the
role of oxide layer in the process of contaminant
removal is confusingly discussed in the literature.
For example, Furukawa et al. [128] have clearly
suggested that because of the abundance of ubiquitous ferrihydrite “%2 ,!8 "% %73%-$%$ 3.
!//+)#!3).-2 3(!3 1%04)1% #.-3!,)-!-3 !$2.1/3).-
1!3(%13(!-.1)-!$$)3).-3.1%$.7/1.,.3%$#.-
3!,)-!-3$%'1!$!3).-”. As discussed above several
research groups have been attributing contaminant
adsorption in Fe0/H2O systems to “exotic” species
like trace carbon in steel [54].
Continuing his evaluation of ref. [96], the
same reviewer argued that: “(% !43(.1 (!2 /4"
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The presentation above is based on articles
published until December 2016. This section
addresses paper published thereafter with an
attempt to denunciate an absurdity: How is an
opportunity to leave the “Valley of Confusion”
[142] failing to attract the attention of the active
international Fe0 research community?
The path out of this valley is simple and
consists in considering following achievements: (i)
adsorption and co-precipitation are the fundamental
contaminant removal mechanisms in Fe0/H2O
systems [3, 8, 13, 14, 66]. This evidence solves all
discrepancies of the reductive transformation
concept [13, 14]; (ii) methods are available to
reliably characterize and compare the intrinsic
reactivity of different Fe0 materials [143-146]. This
enables or facilitates the evaluation of independent
results; (iii) it is important to develop unified
experimental procedures for the investigation of
processes in Fe0/H2O systems [47, 147-149] and
(iv) experiments aiming at understanding the
subsurface Fe0/H2O systems should be performed
under conditions which closely mimic those found
in nature [47, 147]. This implies non-disturbed or
very slowly shaken batch experiments [147].
After December 2016, the author has copublished 10 Fe0-related peer-reviewed articles
including the present one [8, 101, 148, 150-155].
From the 10 articles, only three [151-153] (30 %)
were accepted by the first journal to which it was
submitted. Four manuscripts [101, 150, 154, the
present] were prepared already during 2014/2015
and have migrated from journal to journal to find
their accepting editors. It is important to notice that
all the 7 migrating manuscripts were constantly
positively evaluated by the majority of invited
reviewers but the editors have trusted their
preferred experts. The corresponding rejection
packages
are
published
at
Researchgate
(www.researchgate.net). In two cases [154, 155], it
was the sovereign decision of the managing editors
to reject the manuscripts univocally recommended
by their invited reviewers. The example of ref.
[155] is very interesting because the sole reason for
rejection was the too short legends of the figures.
For the reviewers of both journals and the
managing editor of the accepting journal, the
incriminated legends were even not a concern. This
attitude appears to be in tune with the centuries-old
view of Johann Wolfgang von Goethe that “-.
,%3(.$ )2 +%&3 4-31)%$ 3. 24//1%22” new ideas
contradicting a comfortable status quo.
The last aspect addressed herein is the consideration of the view presented herein by the active
Fe0 research community. A search at SCOPUS
(2018/01/08) with the keywords 'zero-valent iron' in
all fields revealed that some relevant 1525 articles
may have been published during 2017 and 2018. A

The presentation until now is based on the
post-1990 Fe0 research for water treatment
(Fe0/H2O system). A profound research in the past
scientific literature revealed that Fe0 was already
used for safe drinking water production both in
households [71-73, 78] and at large scale treatment
plants [73, 132-136]. Water treatment was then
limited to removal of colour and odour [137] and
was performed under oxic conditions.
The water treatment plant at Antwerp first
used the Bischof process [71, 72, 78] in which river
water is filtered through layers of sponge iron (one
step). Sponge iron was a more efficient material
than non porous Fe0 materials (e.g. iron fillings,
scrap iron) but was not able to produce enough water for the growing population of Antwerp by worsened river water quality [73]. To solve the limitations in Fe0 reactivity and account for permeability
loss of the 'Bischof filter', the one-step filtration
was replaced by the two-step treatment after Anderson [73, 132-136]. Herein, river water and scrap
iron (yet better than sponge iron) were allowed to
equilibrate in a revolver for some five minutes. The
water was then filtered through sand [132-136]. In
essence, both the Bischop Process and the Anderson Process primarily used Fe0 as source of iron
oxides. It was considered in both cases that some
degradation of organic compounds could be mediated by Fe0. Clearly, in the Anderson Process the
reaction in the revolver corresponds to a coagulation and is now a conventional step in the water
treatment chain. It is interesting to notice that already in those days (< 1890) Fe0 was a common
coagulant (producer) beside salts of Al and Fe
[135]. It is surprising to realize that, disappointed
by the performance of Fe0 filters (Bischop-like processes), researchers are now moving to two-stages
processes similar to the Anderson Process [138140]. As an example, Casentini et al. [140] presented a two steps system for the production of 400
L/day of drinking the water. The systems combined
in-situ generation of iron oxides/hydroxides by Fe0
corrosion with subsequent sedimentation and filtration through sand.
To sum up, Fe0 is a generator of iron hydroxides and oxides and this was known more than one
century before the advent of the Fe0 wall technology. It is not late to consider this knowledge for the
further development of water treatment. In particular, in remote areas of developing countries,
adapted ‘revolving purifiers’ using solar energy
could be designed to accelerate the achievement of
the UN Sustainable Development Goals [141].
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(ii) 17 high iron content media, (iii) 6 high aluminum content media, (iv) 6 surfactant modified
clay/zeolite, (v) 8 coal combustion residuals and
(vi) 7 spent foundry sands. These materials were
tested for their capability at removing NO3-, PO43-,
and atrazine (a chlorinated triazine herbicide). The
efficiency of the mazterials was reflected by the
percent contaminant removal (here, greater than 50
or 75%) of the model contaminants under the specified experimental conditions. The approach used by
Allred is exactly a duplication of previous nontransferable procedures. For example, in the 1990s,
the research group of Stan J. Morrison [168-172]
has performed similar experiments for other target
contaminants (mainly heavy metals and radionuclides). The particularity of Fe0 is its ability to continuously/progressively produce contaminant collectors (iron oxides/hydroxides) and reducing
agents (FeII, Fe3O4, H/H2) in the long term. For this
reason alone even a well-characterized Fe0 available in different sizes should be carefully investigated for its decontamination efficiency before been
used or been recommended for individual applications [173, 174].
In essence, where a Fe0 material (E0 = -0.44
V) is efficient, all other reactive Fe0 materials
should be also efficient. However, not the same
amount and/or not for the same experimental duration (contact or residence time). It is thus essential
to consider the Fe0 corrosion rate and correlate it
with (i) the extent of contaminantion, (ii) the water
chemistry (including pH value and the nature of cosolutes), (iii) the water flow velocity (residence
time) and (iv) the ambient temperature [5, 175,
176]. Clearly, it is not likely that any significant
progress in designing effecient Fe0 remediation
systems would be achieved before the intrinsic reactivity of used materials is systematically characterized. In other words, there is no all-in-one Fe0
material, but an array of appropriated Fe0 speciemens for individual site-specific applications
[150, 151]. Fe0-based systems are also reported
efficient for water desalination [177-180]. For all
these reasons, characterizing the intrinsic reactivity
of available and newly manuctured Fe0 is a field of
investigation that should be addressed in an open
international collaboration.

parallel search also reveals that 'Noubactep'authored articles published after 2008 were independently referenced 191 times after December
2016. Although the scientific production of the author is not limited to this specific topic, this result
suggests that only about 13 % of published articles
on Fe0 remediation are considering the mainstream
science of iron corrosion. The fact that several colleagues are wrongly citing the new concept would
significantly lower this percentage. Another important factor is that several articles may be from
the same research group. In 2013, Ghauch (habilitation thesis) reported on a total of only five (5) research groups working in tune the new paradigm
[20].
There is clearly an urgent need for scientists
(and other science professionals) to do more for the
next generation Fe0-based affordable, efficient,
sustainable and transferable remediation systems
[153, 156]. One of the really important things that
should be done is to engage more with journal editors who are well placed to champion the paradigm
shift and practices required to establish the science
of the Fe0/H2O system. It is likely that active researchers will do everything to get their manuscripts published ('publish or perish'). The way forward is to reject any manuscript arguing against
Chemical Thermodynamics.

!" 
The past two years have continued observations from previous years, that aspects already investigated during the first two decades of the Fe0
technology are independently rediscovered [13, 14,
18, 21, 150-154]. A typical example is Guo et al.
[157] presenting the use of common oxidizing
agents (e.g. H2O2, KMnO4, NaClO) for the intensification of iron corrosion as their new discovery.
Previous works reporting the same are abundantly
available in the literature [130, 139, 158, 159]. The
acceleration of Fe0 oxidative dissolution is grounded on the evidence that aqueous iron corrosion (Eq.
2) is accelerated by all factors consuming Fe2+
(LeChatelier's Principle). In filtration systems, accelerated iron corrosion is necessarily coupled with
'eraly' clögging (permeability loss) [2, 79, 92, 158].
Another observation is testing several materials and Fe0 under the same experimental conditions,
mostly in short-term shaken batch experiments
[160-162]. As an example, B.J. Allred and colleagues have been testing various materials for the
treatment of agricultural wastewater for some eight
years [163-167]. Allred recently published a paper
screening the suitability of up to 58 materials (including 8 Fe0 specimens) as filter materials for agricultural drainage water treatment [160]. The tested materials were industrial byproducts from 6
main categories: (i) 14 high carbon content media,

" 
The reductive transformation paradigm prevents innovation and progress and is based on a
view that strongly underestimates the potential of
metallic iron (Fe0) by regarding it as a 'simple' reducing agent, leading to ill-conceived systems. In
light of the analysis given in this article, at least
three changes would seem helpful: (i) a reassessment of the literature on aqueous iron corrosion, (ii)
a revision of the publishing policy at several jour-
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(Arusha/Tanzania) has proof-read the accepted
manuscript. Thanks are due to Sabine Caré (Laboratoire Navier, (Ecole des Ponts ParisTech /
IFSTTAR / CNRS), UMR CNRS 8205) for fruitful
collaboration on investigating the evolution of the
porosity of iron filtration systems.
The author declares no conflict of interest.

nals, and (iii) a generalized critical examination of
what is expected from ‘knowledge providers’, including journal reviewers/editors, PhD supervisors
and/or intelligence agencies.
The first change consists of realizing that contaminant reduction is not, and has never been, the
cathodic half-reaction of aqueous iron corrosion. It
is wrong to randomly interchange ‘contaminant
removal’ and ‘contaminant reduction’. Contaminant
removal is a primary goal of water treatment. If
contaminant reduction and its mechanism are not
known, it could be advantageous to focus the attention on contaminant removal. Focusing the attention on the term “removal” might remind scientists
to be more careful in the way they connect observed facts: iron corrosion and contaminant removal.
Second, the publishing policy at several journals should be revisited. A first attempt could consist in completely changing the editorial board after
some 3 to 5 years. This operation alone would give
chance to new ideas and alternative ways of managing. A major problem of current publishing policies
is that there is no profile of any journal, at least as
far as Fe0 technology is concerned. All journals
published good and less good manuscripts. Controversial findings are published in the same issue of a
journal. It seems that the fate of individual manuscripts depends on the managing editor to whom
they are assigned (and the 2 to 4 invited reviewers).
Whatever the reality is, it is a blame for the scientific community and the human intelligence, that a
wrong model has been introduced and has (already)
survived for 2.5 decades. 24 years during which
hundreds of intelligent PhD students have been
puzzling within the wrong box.
The third change that would prove helpful is
to reshape what is expected from the experts. The
next generation experts for the Fe0 technology
should be scientists able to base their judgements
on the understanding of submitted manuscripts and
proposals and not on the history of the technology,
which was shaped by the reductive transformation
paradigm. A second consensual truth has to be
avoided by challenging the state-of-the-art
knowledge on a continuous basis. This last point is
not to deny that experts are still needed for the
peer-review system. The point of this article is to
notice that certainty prevents imagination and creativity in research. However, creativity is exactly
what is needed the most for progress in science.
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ABSTRACT

INTRODUCTION

The phytoremediation potential of the following ten indigenous dominant species growing on a
heavy-metal-polluted rural industrial wasteland in
China was studied: Cirsium setosum (Willd.) MB.,
Bidens maximowicziana Oett, Humulus japonicas
(Lour.) Merr., Setaria viridis (L.) Beauv., Potentilla
supina L., Chenopodium serotinum Linn.,
Taraxacum mongolicum Hand.-Mazz., Kalimeris
indica(L.) Sch.-Bip., Solanum nigrum Linn., and
Amaranthus retroflexus L. Heavy metal concentrations in soil varied as follows: 3.5-152.2 mg/kg for
Cd; 92.8-28,021.8 mg/kg for Pb; 24.6-525.2 mg/kg
for Cu; and 33.7-79.1 mg/kg for Cr. In the plants,
the concentration ranges were as follows: 6.9-266.8
mg/kg, 216.2-7,788.0 mg/kg, 9.3-190.6 mg/kg, and
12.2-220.2 mg/kg for Cd, Pb, Cu and Cr, respectively. The growth behaviour, heavy metal accumulation, biological transfer coefficient (BTC) and
biological accumulation coefficient (BAC) were
determined. By comparing the BAC and BTC values, plant accumulation active tends to take and
translocate heavy metals. Among the 10 plant species, only the BAC and BTC values of Cirsium
setosum were greater than 1 for Cd, Cu, and Cr,
thus, this species can potentially be used for the
phytoextraction of common heavy metal pollutants.
Principal component analysis (PCA) was carried
out for the BAC and BCF values of Cd, Pb, Cu, and
Cr. Amaranthus retroflexus and Solanum nigrum L.
are roughly clustered into the same group, indicating these two plants have a consistent relationship
in accumulating Cd and Pb through PCA. Overall,
this study showed that herbaceous plant species
growing naturally on contaminated sites are potential used for restoring industrial wastelands contaminated by heavy metals.

Heavy metal soil pollution is one of the most
important environmental problems and toxicological concerns throughout the world [1, 2]. Heavy
metals usually exert significant toxic effects on
human and animal health through bioaccumulation
in the food chain [3, 4]. As such, excessive heavy
metals in the soil are a serious environmental-human risk, which should be urgently remediated [5, 6]. During the urbanization and industrialization processes in China, heavy metal contamination of soil has become an increasingly serious issue, especially in the rural industrial zone, where
there are many chemical and smelting plants with
weak management and outdated technologies.
Heavy metals, which are non-degradable pollutants,
take a long time for detoxification after their industrial discharge. Furthermore, chemical and physical
soil treatments irreversibly influence the soil¶V
properties, disturb biodiversity, render the soil unsuitable for plant growth, and can be costly [7].
Phytoremediation is an eco-friendly technology that is used for the decontamination and recovery of various industrial wastelands polluted by
heavy metals [8, 9]. Phytoremediation has been
considered as efficient, environmental-friendly, and
cost-effective alternative to physicochemical treatment technologies, in terms of its restoration of the
land¶V aesthetic value, soil quality, functionality,
and sustainability [10, 11, 12]. Phytoremediation
technologies can be divided into phytoextraction,
rhizofiltration and phytostabilization.
Phytoremediation is widely studied because of
its easy operation and the low costs involved of this
in situ technology [13, 14, 15]. Contaminant removal is usually accomplished via processes such
as adsorption and precipitation [16]. However, implementing phytoremediation successfully depends
on determining a site-specific appropriate species.
The native plant species growing at contaminated
sites can be considered as a natural potential phytoremediation. Extensive species screenings have
been carried out for the remediation of polluted
sediments, sewage sludge, fly ash, and metal tailings. However, studies on the remediation of
smelting waste sites in rural China are scarce. More

KEYWORDS:
Industrial wasteland, Heavy metal pollution, Phytoextraction, Plant accumulation, Principal component analysis (PCA).
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[19] this value is 1,000 mg/kg for Pb and Cu, and
100 mg/kg for Cd.
The overall objectives of this research were (1)
to determine the concentrations of Cd, Pb, Cu, and
Cr in plant biomass growing on a contaminated site;
(2) to compare metal concentrations in native plants
and root soils, BTC and BAC; (3) to assess the feasibility of using these native plants for phytoremediation, and establish their potential application in
wasteland phytoremediation of the rural industry
zone in Northern China.

specifically, knowledge on using native species for
the remediation of industrial wastelands polluted by
extremely high concentrations of industrial metals
and metalloids is lacking. Because the soil is a
long-term sink for heavy metals, such pollution can
have serious implications for the soil quality [17].
This study focuses on the heavy metal concentrations in the soil and plants at a rural abandoned wasteland in a former smelting township
factory in Northern China. Copper (Cu) is a micronutrient and an essential heavy metal in plants,
whereas chromium (Cr) is highly toxic and detrimental for plants. Lead (Pb) is one of the most
abundant toxic elements in the soil [18].
Soil physicochemical characteristics of the
topsoil were collected, such as organic carbon, pH,
cation exchange capacity, total phosphorus, total
nitrogen, and total potassium, they can affect the
bioavailability and mobility of metals to plants. In
addition to using plant metal concentrations to
qualify a hyperaccumulator, as suggested by Baker
and Brooks [19], it is meaningful to screen the remediation potential of metal hyperaccumulators.
Species were identified as promising for remediating contaminated soils, according to their biological
accumulation coefficient (BAC) and biological
transfer coefficient (BTC) values [20]. Among the
heavy metal concentrations of the ten sampled species, only T. mongolicum accumulated Pb concentration above 1,000 mg/kg. The critical content
values of heavy metals accumulated in the stems or
leaves of hyperaccumulators are extensively used as
reference values. According to Baker and Brooks

MATERIALS AND METHODS
Description of study area. The study area
was located in Baoding City in North China (longitude 115°36'17'', latitude 38°45'22'' (Figure 1)) at an
elevation of 12 m above sea level. The site has a
warm temperate continental monsoon climate, with
an average annual temperature of 12 °C.
The site is located at an abandoned rural factory, in the township intensive industrial zone. It
includes two original waste slag dumpsites, which
experience severe Cd, Pb and Cu soil pollution
(Figure 2). Site 1 was not polluted and used as a
reference, even though the cadmium (Cd) background value here was slightly higher. Site 2 and
site 3 are contaminated by slag and waste residue of
metallurgy, and were abandoned for at least 10
years at the time of the study.

FIGURE 1
Project location and sampling points of study sites.
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Sample collection and preparation. For each
site, 8-10 random soil samples were collected at a
depth of 0-20 cm. All soil samples were collected
using a stainless steel spade whilst wearing clean
latex gloves. The soil samples (200 g) were then
air-dried to a constant weight, grounded, well
mixed, and passed through a 2 mm nylon sieve to
remove roots, stones, debris, glass, and other materials [21]. The soil samples (0.1 g) were then placed
in polytetrafluoroethylene (PTFE) jars and digested
with a
mixture of guaranteed reagent
HNO3-HF-HClO4 (3:1:1, V/V/V) in an automatic
digester. The digested solution was cooled, filtered,
and diluted to 25 mL with ultra-pure water (18.2
0ȍāFP [22].
Local plants were chosen based on having the
higher coverage at the sites, as well as their biomass.
Taxonomic determination was done on-site by botanical experts. If determination was not possible
on-site, high-definition digital photos were taken,
and voucher specimens were collected, in order for
later identification in the herbarium. The plant and
root soil samples were collected at the same places.
Three individual plants per selected plant species
were collected using clean disposable gloves, and
were subsequently placed in labelled polyethylene
plastic bags. In the laboratory, the plant samples
were first washed with tap water, after which they
were rinsed with deionized water [23]. Plants were
divided into aboveground parts and roots, put separately into individual paper bags, and subsequently
dried at 60 °C for 48 h to a constant weight. After
drying, the plant samples were ground to a fine
powder with a grinder. These ground plant samples
were transferred to labelled polyethylene bags, after
which 0.2 g from each sample was added to Teflon
digestion tanks. The samples were subsequently
digested by adding 2 mL nitric acid (MOS reagent)
and 1 mL H2O2. After 5 h of rest at ambient temperature, the Teflon digestion tanks were put in
stainless steel reactors, which were placed in an
oven at 165 °C for 6 h. After cooling, all samples
were diluted to 25 mL with ultra-pure water.

Biological accumulation coefficient (BAC)
and biological transfer coefficient (BTC). The
heavy metal concentrations of aboveground plant
parts (leaves, or leaves and shoots), divided by their
corresponding root soil metal content, translates to
a SODQW¶V heavy metal biological accumulation coefficient (BAC) [3]. In addition, the biological transfer coefficient (BTC) represents the heavy metal
concentration of aboveground plant parts divided
by the metal content in the corresponding roots.
Both can be used to assess DSODQWVSHFLHV¶potential
for phytoremediation [23, 27, 28].
Statistical analysis. 3HDUVRQ¶V FRUUHODWLRQ
analyses were undertaken to assess the relationship
between the heavy metal concentrations (Cd, Pb,
Cu, and Cr) of the aboveground parts, roots, and
soils at a significance level of P < 0.05 [29] and/or
P < 0.01 [23]. Principal component analysis (PCA)
was carried out for the BAC and BCF values of Cd,
Pb, Cu, and Cr. All statistical analyses were made
with SPSS 18.0 (Statistic Program for Social Sciences) software.

RESULTS AND DISCUSSION
Heavy metals in soils. Taking the Chinese national soil natural background value as reference,
Site 1 is considered uncontaminated. Site 2 and site
3 were mostly polluted by Cd, Pb and Cu. According to Grade I (Natural Background Value, NBV) of
the Environmental Quality Standard for Soils (National Environmental Protection Agency of China,
1995), the warning threshold for soils to indicate
pollution are as follows: Cd  0.2 mg/kg, Pb  35
mg/kg, Cu 35 mg/kg, and Cr 90 mg/kg (NB: the
NBVs of Hebei Province is &GPJNJ3E
PJNJ&XPJNJand &UPJNJ .
Given these thresholds, the heavy metal levels of
Cd, Pb, and Cu in the top soils at sites 2 and 3 were
extremely polluted. The subsurface samples (the
depths of 20-40 cm, 40-60 cm and 60-80 cm) were
also gathered from the three sites, and the results
revealed that the deep soils (> 20 cm) were not yet
polluted by the metallurgy waste.
Overall, site 2 and site 3 were seriously polluted (as shown in Figure 2), with the dominant
polluted heavy metals including Cd, Pb and Cu.
The content of Pb and Cd was very high in the topsoil. The concentration of Cd far exceeded the natural background value, which was about 18 times
more than NBVs in control site 1. Moreover, in site
2, the Pb and Cd concentrations far exceeded the
natural background values, with Pb being 306 times
as high, and Cd 761 times as high. For site 3, Pb
and Cd far exceeded the natural background value
as well: 801 and 492 times, respectively.

Sample analysis. To assure analytical precision, randomly chosen samples were measured in
triplicate [24]. The total metal concentrations (Cd,
Pb, Cu, and Cr) of the soil and plant digestion solutions were determined by using an inductively coupled plasma atomic emission spectrometer (AX
ICP-AES, SPECTRO Analytical Instruments
GmbH/SPECTRO ARCOS EOP). For quality assurance and control, a procedural blank (no sample)
was included, as well as standard reference materials, whereas all samples were measured in duplicate.
The soil¶V pH was consequently measured with a
pH meter in a soil-water suspension (1:5, V/V) at
room temperature [25, 26].
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FIGURE 2
Heavy metal concentrations in soils from 3 sampling sites. The dotted (*) line represents
the soil natural background value of China.

FIGURE 3
Average concentrations of heavy metal in ABV (aboveground part), root and RS (root soil).
(The horizontal ordinate numbers represent different kind of plants as followed Table 1 No.)
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TABLE 1
Cd, Pb, Cu, and Cr maximum and minimum concentrations of the 10 dominant
species at site 2 and 3 (mg/kg).

8
9
10

3

3
3
3

Life form

7

2

Min

6

Chenopodium
serotinum
L.
Taraxacum mongolicum
Hand.Mazz.
Kalimeris
indica
Solanum
nigrum L.
Amaranthus retroflexus

Cr

3

Max

Potentilla
supina L.

Min

5

Cu

2, 3

Max

Setaria
viridis

ABV*

83.52

17.02

5411.04

540.62

104.54

74.35

104.9

90.54

Roots

42.28

11.74

2376.99

638.47

53.74

37.03

71.55

53.91

ABV

119.88

37.89

2318.69

383.97

115.89

64.22

116.2

64.55

Roots

37.74

8.51

693.24

266.60

31.70

21.73

45.65

31.88

ABV

20.83

3.15

992.79

221.23

99.40

28.28

99.76

28.61

Roots

10.03

3.70

337.45

211.05

20.12

6.02

20.29

4.40

ABV
Roots
ABV

35.51
37.38
49.81

3.58
3.65
31.10

2058.01
1166.53
768.50

268.48
366.81
158.89

104.61
74.94
53.33

43.29
45.59
24.60

121.3
75.10
53.67

51.11
23.82
24.31

Roots

52.74

39.31

2589.48

791.00

130.74

61.85

130.9

62.04

ABV

18.41

6.21

161.43

72.49

26.99

11.74

25.73

22.51

Roots

8.81

1.53

456.36

143.66

110.65

12.13

24.68

9.71

ABV

136.14

44.50

2835.86

1845.28

109.10

93.66

109.4

85.91

Roots

130.68

39.10

4197.97

1417.99

81.46

65.66

110.8

81.65

Perennial
forb

ABV
Roots
ABV
Roots

44.01
24.68
95.46
88.73

31.73
14.12
80.31
52.92

1856.02
746.87
826.22
1854.45

1571.50
560.43
748.20
1034.07

47.65
57.87
30.47
51.72

41.73
37.35
5.71
13.97

48.02
58.04
30.84
51.99

37.42
37.54
29.89
9.58

Perennial
forb
Annual
erect herb

ABV

89.53

27.09

341.96

441.66

19.84

6.75

20.20

5.47

Annual
forb

Roots

99.01

7.00

131.02

256.86

7.43

2.55

7.61

6.74

Min

4

Max

2

Min

3

Humulus
japonicus

Max

2

Pb

Cd

3

Organs

Sites

2

Species

No
1

Cirsium
setosum
(Willd.)
MB.
Bidens
maximowicziana

Perennial
herb

Annual
forb
Annual or
perennial
stems
trailing
herb
Annual
grass
Annual or
biennial
herb
Annual
forb

Samples were measured in triplicate; *ABV = aboveground part (leaf plus shoot).

was 100 mg/kg. Kabata-Pendias and Pendias [32]
reported the highest metal concentrations in plants
growing in contaminated soils were 1,506 mg/kg
for Pb, whereas Pratas et al. [33] reported Pb concentrations ranging from 1.11 to 9,330 mg/kg.
These results are similar to the reported bioaccumulation patterns of heavy metals of various plant
species [34, 23].
Taraxacum mongolicum roots accumulated Cd
and Pb much more than others, Potentilla supina L.
roots for Cu and Cr, indicating their roots are a key
part for accumulation. For the aboveground parts,
Taraxacum mongolicum accumulated Cd much than
others, Cirsium setosum for Pb, Bidens Maximowicziana for Cu, Setaria viridis for Cr, respectively,
indicating these aboveground parts were good
heavy metal translocators.
Overall, the mean metal contents in aboveground parts were 44.73 mg/kg for Cd, 1,082.72
mg/kg for Pb, 55.64 mg/kg for Cu, and 60.91

Heavy metals in plants. Metal concentrations
in plants varied with plant species. In this study,
plant samples of 10 species were collected from site
2 and 3. Their heavy metal concentrations are
shown in Table 1 and Figure 3.
At site 2, Bidens Maximowicziana contained
the highest concentrations of total Cd, which were
157.62 mg/kg. Setaria viridis contained the highest
concentrations of total Pb, Cu and Cr, which were
3,224.54 mg/kg, 179.55 mg/kg and 196.40 mg/kg,
respectively. Saba et al. [30] reported very high
foliar metal concentrations, that is 51.60 mg/kg for
Cd, 3,354.55 mg/kg for Pb, and 931.78 mg/kg for
Cu; the Pb and Cu concentrations were higher than
those noted in the current study. At site 3, the highest concentration of Cd, Cu and Cr were 266.82
mg/kg, 190.56 mg/kg and 220.20 mg/kg, observed
in Taraxacum mongolicum; Cirsium setosum had
Pb concentrations up to 7,788.03 mg/kg. Zhang et
al. [31] reported the maximum Cd concentrations
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mg/kg for Cr. For the whole roots, these mean values were 32.76 mg/kg for Cd, 975.64 mg/kg for Pb,
48.78 mg/kg for Cu, and 40.07 mg/kg for Cr, respectively. In general, aboveground plant parts accumulated more metals (Cd, Pb, Cu and Cr) than
roots. Moreover, 80% of the plant samples contained the higher concentrations of Cd in their
aboveground parts compared with their roots. For
Pb, Cu and Cr, this proportion was 70%, 73% and
73%, respectively. These results indicate an overall
high mobility of Cd, Pb, Cu, and Cr from the roots
to the shoots and leaves. Furthermore, the results
illustrate that the discrepancy between heavy metal
content ratio and absorbency in plants is linked to
the variation in plant species-specific heave metal
concentrations [35].
The root soil Cd concentrations from site 2
and site 3 were variable, ranging from 19.2 to 98.8
mg/kg. Next to Cd, the other three heavy metals
varied widely among the soils as well [36]. Root
soil Pb ranged from 320 to 3,535 mg/kg, 18.4 to
145.3 mg/kg for Cu and 17.63 to 69.34 mg/kg for
Cr in the root soil. Plant uptake of heavy metals
occurs either passively with the mass flow of water
into the roots, or through active transport across the
plasma membrane of root epidermal cells. Under
normal conditions, plants potentially accumulate
certain metal ions at higher concentrations than the
surrounding medium [35].

biological accumulation coefficient (BAC) and the
biological transfer coefficient (BTC) were used
here to evaluate the phytoremediation potential of
the included species (Table 2). More specifically,
species for which both BAC and BTC are greater
than 1.0 have the potential to be used for phytoextraction [3, 37]. By comparing the BAC and BTC
values, the immobilization and translocation ability
of different plants were obtained. Plant accumulation active tends to take and translocate heavy metals from roots to their aboveground biomass.
BAC and BTC values less than 1 represent
candidates unsuitable for phytoextraction [38],
whereas values higher than 1 (bold in Table 2) indicate that the species are able to accumulate or
transfer heavy metals. Among the 10 plant species
plants, only the BAC and BTC values of Cirsium
setosum were greater than 1 for Cd, Cu, and Cr.
Because Cirsium setosum displayed this strong
ability for phytoextraction of different heavy metals,
this species can potentially be used for the phytoextraction of common heavy metal pollutants. Among
the 10 species, Cirsium setosum had the highest
BAC for Cr, and Humulus japonicus had the highest BTC value for Cr (Table 2), indicating they
were much better than other in accumulating Cr in
their shoots. Nonetheless, based on the average
BACs of all 10 species, aboveground parts were
most efficient in taking up Cr [3] from the soil.

Heavy metal BAC and BTC. Because poor
correlations between total metal concentrations in
plants and soils have been reported earlier, the total
metal concentration is an objectionable indicator of
metal availability to plants [3, 33]. Therefore, the

The accumulation characteristics of different plant species. $FFRUGLQJ WR WKH 3HDUVRQ¶V FRU
relations, there were significant positive relationships of BTC values (P < 0.01, Table 3) among Pb,
Cu, and Cr.

TABLE 2
The BACa and BTCb of the 10 dominant plant species.
Cd

Species

BAC
1.52
0.66
0.20
0.50
1.86
0.74
0.80
0.65
1.30
1.67

Cirsium setosum (Willd.) MB.
Bidens maximowicziana
Humulus japonicas
Setaria viridis
Potentilla supina L.
Chenopodium serotinum L.
Taraxacum mongolicum Hand.-Mazz.
Kalimeris indica
Solanum nigrum L.
Amaranthus retroflexus

Pb
BTC
1.77
3.24
1.63
0.93
0.93
2.99
1.02
1.91
1.28
1.15

BAC
0.71
0.51
0.66
0.31
1.26
0.30
1.21
0.81
1.25
1.21

Cu
BTC
1.80
2.28
2.09
1.31
0.28
0.93
0.77
3.94
0.49
1.95

BAC
1.05
0.74
0.56
0.93
0.79
1.00
0.69
1.12
0.32
0.61

Cr
BTC
1.90
3.17
4.40
1.28
0.44
0.23
1.33
1.03
0.50
2.58

aBAC

= metal concentration ratio of aboveground plant parts to soil.
= metal concentration ratio of aboveground plant parts to roots.
Values higher than 1 are marked in bold.

bBTC

TABLE 3
The correlation coefficients of BTC values between heavy metals.
Cd
Pb
Cu
Cr

Cd
0.449
0.135
0.270

Pb
0.449
0.511*
0.644**

*

: p < 0.05; **: p < 0.01.

1399

Cu
0.135
0.511*
0.778**

Cr
0.270
0.644**
0.778**
-

BAC
5.64
3.94
2.41
3.47
1.45
1.04
2.57
1.66
0.43
0.51

BTC
1.65
2.45
4.93
1.57
0.42
1.25
0.94
0.88
0.65
2.15
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FIGURE 4
Principal component analysis (PCA) ordination diagram grouping plant species with respect to their BAC
(a) and BTC (b). Numbers under the axis show percent of explained variance.
with the two axes representing 51.98% and 29.90%
of the variance (Figure 4(b)).
For the BAC values, Axis 1 shows a high positive correlation with Cr and a negative correlation
with Cd, Pb and Cu. Axis 1 furthermore separates
species with low BAC values for Cr (Amaranthus
retroflexus, Solanum nigrum L.) from those with
high BAC values (e.g. Cirsium setosum). Furthermore, Axis 2 of the PCA exhibits a positive correla-

In order to clarify the relationship among the
heavy metals in plants and soils, the BAC and BTC
data were logarithmically transformed and additionally analysed with PCA [39, 40, 41]. The variations among WKH VSHFLHV¶ BAC values and heavy
metal concentrations were adequately explained by
the first two axes, representing 71.12% and 21.64%
of the variance, respectively (Figure 4(a)). The
same analysis was performed for the BTC values,
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strongly Cr in their shoots. We concluded that
aboveground plant parts could accumulate most
metals slightly better than their corresponding roots.
This trend indicated a high mobility of heavy metals from the roots to the aboveground parts. The
removal effect was highly remarkable, especially
for Cu and Pb. The best hyperaccumulators should
possess the advantages of accumulating high levels
of contaminants, combined with a high biomass
production. T. mongolicum was considered very
suitable for the phytoremediation of Pb soil pollution. From this study, the obtained information provides more insight for using native plants for the
remediation potential of metal-contaminated soils.
Native plant species are a good choice for the
phytoremediation potential of Cd, Pb, Cu and
Cr-contaminated soil because these autochthonous
plants are often better than other plants in terms of
survival, growth, and maintain and contributes to
soil conservation and restoration in the same site
environment. The results of this study expand our
knowledge of the Cd, Pb, Cu and Cr tolerance, absorption and translocation capacity of native plants
in metallurgy waste areas, and revealed native plant
species have the ability to adapt the higher heavy
metal concentrations. Nonetheless, further studies
are necessary in order to improve our understanding
of the mechanisms underlying heavy metal transfer
from soils to the plants.

tion with Cd and Pb, and a strong negative correlation with Cu and Cr. Axis 2 consequently separates
species with high BAC for Cd and Pb (Solanum
nigrum L.). For Cd and Pb, two species (Amaranthus retroflexus and Solanum nigrum L.) are roughly clustered into the same group, indicating that for
these two heavy metals, there is a consistent relationship for plant accumulation.
For BTC values, Axis 1 shows a high positive
correlation with Cd and a negative correlation with
Cu, Pb and Cr. It separates species with a high BCT
of Cd (Solanum nigrum L., Potentilla supina L. and
Chenopodium serotinum L.) from those with a low
BTC (e.g. Amaranthus retroflexus, Setaria viridis).
In addition, Axis 2 of the PCA exhibits a high positive correlation with Cu and Cr, and a negative correlation with Pb and Cd. This principal component
Axis separates out the species with good transfer
ability of Cr but poor for Pb (Humulus japonicus).
Again, Cu and Cr were roughly clustered into the
same group (Figure 4(b)). This result underlines the
results obtained from the 3HDUVRQ¶V correlation
analyses. For an effective restoration of wastelands,
identification and characterization of native plant
species is essential to develop phytoremediation
technologies [42].
Especially metals accumulated in the roots are
considered relatively stable, as far as release to the
environment is concerned [3]. A potential plant
species should grow well on poor soils, develop its
vegetation cover in a relatively short time, and accumulate biomass rapidly. Besides the ecological
importance, the screening of plant species with a
high socio-economic value is also very important,
as they can also be useful as fuel, fodder, and construction material for huts or other purposes [43]. In
terms of cost effectiveness, it is preferable that the
metal accumulates in the aboveground parts as opposed to in the roots, because this enables easy cutting and removal of the plant [20]. Native plants
could reduce the operation and maintenance costs
of phytoremediation. They can accumulate a large
amount of metals, and metal toxicity issues generally do not arise in native plants as they often adapt
over time to the local multi-metal contamination
[44, 45]. Among the 10 plant species, we concluded
that the plants of T. mongolicum can effectively
accumulate Cd and Pb from the soil, this result was
consisted with the findings of Zu et al. [23].
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compounds. Such as adsorption, flocculation, coagulation and reverse osmosis, do not effectively destroy pollutant, and merely change it from water to
sludge producing secondary wastes [6,7]. Other
methods are also ineffective because of the wide varieties of degradation-resistant chemicals. However,
advanced oxidation process (AOPs) [8-16] has been
proved effective and been widely applied for dye
wastewater treatment, among which the coupling of
ultraviolet radiation with H2O2 has been survived
successfully in AOPs to the treatment of the various
dye wastewater pollutants. Hydroxyl radicals with
an oxidation potential of 2.08V are produced by
UV/H2O2, which destructed organics to CO2 and
H2O eventually. Hydroxyl radical has a fast reaction
rate in the range of 108-1010 M-1S-1. Additionally,
UV/H2O2 possesses advantages such as easy to handle, environment economically, no sludge production, high efficiency, low toxic intermediates.
Here, the aim of this paper was to study the degradation of RY B-4RFN, using UV/H2O2 method
with different operational conditions by online spectrophotometric.

The decolorization of Reactive Yellow B4RFN (RY B-4RFN) in aqueous was investigated by
complex UV/H2O2 process. The operating parameters such as H2O2 dosage, initial dye concentration,
pH value and different anions were respectively
evaluated in order to assess the effectiveness and feasibility of the UV/H2O2 oxidation. The results show
that the optimum conditions at pH 7 were determined
as [H2O2] = 3.19 mM, [RY B-4RFN] = 16 mg/L with
40 min reaction time. The influence of dye assisting
chemicals such as HPO42-, SO42-, Cl-, CO32- and
PO43- on dye photo-decolorization was also studied.
Addition of these ions inhibited the decolorization
percent as well as the rate of dye degradation for hydroxide radical scavenging. The anions inhibiting effect on dye decolorization follows the order of CO32> SO42- > HPO42- >Cl- > PO43-. The molecule structure of RY B-4RFN is damaged and by UV/H2O2
process after 40 min.


+)"$%
Decolorization, Reactive Yellow B-4RFN, wastewater
treatment, UV/H2O2 process

*#$ !&#$"'$

52860/7= Reactive Yellow B-4RFN (RY B4RFN) was obtained from Shijiazhuang Dyestuffs
Company (China) and used without further purification. The structure of RY B-4RFN is given in Figure
1. Wastewater of RY B-4RFN was prepared by dissolving a requisite quantity of dyestuffs in doubledistilled water. H2O2 (30% in water), NaOH, H2SO4,
Na2HPO4·12H2O, Na2SO4, NaCl, Na2CO3 and
Na3PO4·12H2O were of analytical grade and purchased from Shijiazhuang Xiandai Chemical Reagent Company (China).

!&$"'&"!
The textile industry discharges a great deal of
wastewater containing organic effluent, which is stable and has led to the serious pollution of soil and
water bodies [1-4]. As far as we know, about 1,000
different kinds of dyes and pigments are mainly used
in the textile industries. Over 7×105 tons of dyes productions are generated in the world annually. This
kind of dye wastewater includes considerable
amount of heavy metals, surface active agents, and
textile additives matters [5], with high chroma, variable pH, high chemical oxygen demand (COD), and
low biochemical oxygen demand (BOD). They are
hazardous to environment and human being. Therefore, it is necessary to find an effective treatment
method of dye wastewater in order to remove colority from textile effluents.
A number of physical, chemical and biological
techniques have been reported for the removal of dye

;;/</>?= Figure 2 shows online spectrophotometric system. This system consists of three parts:
reaction unit, optical measuring unit and recording
unit. Reaction unit (degradation device) contains a
magnetic stirrer apparatus (Shanghai Instrument
company, China), thermometer, 250 mL beaker. Optical measuring unit includes UV-Vis spectrometer,
peristaltic pump and current colorimetric container
(UNICO 2802, Shanghai, China). General velocity
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of wastewater in system was 23 mL min−1. Recording unit was a computer and the monitoring frequency was 1 min−1 during the reaction process.

#<:021?<2=  The process was run as follows.
First of all, 200 mL RY B-4RFN wastewater was
added into 250 mL the vessel. Later, the pH was lowered down to the designed pH value with the help of
H2SO4 or NaOH. Meanwhile, the magnetic stirrer
and pump were employed. The UV lamp was kept
on during the experiment. The solution was continuously stirred by a magnetic bar to ensure sufficient
homogeneous. With the help of peristaltic pump the
wastewater was pressed into the current colorimetric
container in UV-Vis spectrophotometer. Absorbance
was determined at maximal absorption peak of dye
by UV-Vis spectrophotometer. The rate was monitored spectrophotometrically at the visible maximum
absorption wavelength. When H2O2 at the calculated
concentrations was added into the wastewater the
computer that was linked with spectrophotometer
began to record experimental absorbance results.

$%'&%!%'%%"!
Online spectrophotometric method was applied
to measure RY B-4RFN concentration in UV/H2O2
process. Figure 3 shows the UV-Vis spectra of reactants. The RY B-4RFN+H2O2 is UV-Vis spectra of
H2O2 in RY B-4RFN wastewater after 40 min. Only
RY B-4RFN in 340-500 nm spectral area has a great
absorption. Figure 3 shows the shift of UV-Vis spectra of RY B-4RFN when H2O2 are added to the solutions, but the spectrum of dye solution in 340-500
nm does not display any variation with addition
H2O2. Therefore, it is concluded that RY B-4RFN
cannot be oxidized by only H2O2 in this range. 416
nm is the characteristic adsorption peak of RY B4RFN and is taken as monitoring wavelength in
online spectrophotometric system. The criterion
equation of RY B-4RFN and absorbance (A) at 416
nm verses R concentration (C) at neutral pH value is
shown in Figure 3 (A=-0.0004+0.01165C,
R=0.99985).
3320> :3 16332<29> 3/0>:<=  The experimental
tests for RY B-4RFN degradation were discussed by
various operating parameters such as initial dosage
of H2O2, pH value, initial concentration of RY B4RFN and different anions. The color removal of dye
in 40 min was compared under different experimental conditions. The color removal rate of dye is
defined as the following equation: η= (C0−C)/C0 ×
100%, where R is the color removal rate of dye, C0
denotes initial concentration of dye; C represents instant concentration of dye in reaction.

9/7C=6= Inorganic ions (Cl-, NO3- and SO42-)
in aqueous solution were measured by Metrohm-881
Ion Chromatography (IC) with conductivity detector, tower type IC column (4×250 mm) and MagIC
Net software. The eluent was a mixture of Na2CO3
(1.8 mmol L−1) and NaHCO3 (1.7 mmol L−1). The
eluent flow rate was 1.0 mL min−1. The change in pH
was monitored using a pH-meter.
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3320>:3696>6/7 " 0:9029></>6:9 Investigation of the initial H2O2 concentration on the degradation of RY B-4RFN was conducted with H2O2
concentration from 0.6 to 11 mM. The results were
listed in Figure 4. From this Figure, as can be seen,
compared with the treatment using UV radiation individually, the combined UV/H2O2 system could
significantly enhance the degradation efficiency due
to the synergetic effect between UV radiation and
hydrogen peroxide oxidation. The color removal increases with the addition of H2O2 dosage from 0.60
to 3.19 mM. Increasing of H2O2 concentration
greater than 3.19 mM, the decolorization rate doesn’t
change much. Therefore, 3.19 mM of initial H2O2
dosage can be selected for as an optimum value for
the photooxidative degradation of RY B-4RFN.
The kinetics can be described as pseudo-first
order with respect to the dye concentration, is that, dc/dt=kapt and lnC0/C=kapt. Where kap is the apparent
rate constant, t is the irradiation time and c and c0 are
the instant and the initial values of the dye solution,
respectively.
According to calculate the lnC0/C with time (t)
is linear correlation at different H2O2 initial concentration. The apparent rate constants (kap) are calculated and shown in Table 1. It can be seen that the
rates increase from 0.03749 to 0.10636 min-1 with
the increasing of H2O2 from 0.06 mM to 3.19 mM.
However, the further increasing H2O2 concentration,
the apparent rate constant decreases.
Generally speaking, thanks to the reaction of
hydroxyl radicals generated by combining hydrogen
peroxide with ultraviolet in the solution (H2O2 + 
→ 2·OH), RY B-4RFN is decolorated (Dyes + ·OH
→ Products). At the beginning, the decolorization of
RY B-4RFN increased with the increasing of H2O2
concentration in aqueous. However, when additional
hydrogen peroxide was used, it can also serve as a
scavenging agent. There are two possible answers:

- " .8 

/;
869 

$

20:7:<6
D/>6:9

0.60

0.03749

0.99842

76.61

2.00

0.07037

0.99608

94.60

3.19

0.10636

0.99621

98.23

4.78
11.86

0.1053
0.10118

0.99506
0.99574

98.21
98.20



a)Additional H2O2 can consume ·OH forming hydroperoxyl
radical
(·OOH)
(H2O2+·OH→·OOH+H2O,
K2=2.7×107 M-1S-1).
b)At the same time, ·OH lost in the action with ·OOH
(·OH+·OOH→H2O+O2 ).
c)What’s more, exceed ·OH can react with itself to produce H2O2 (2·OH→H2O2)
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The initial dye concentrations were shown in Figure
5 by plotting the rate constants versus C.As can be
listed from Figure 5, the removal of RY B-4RFN after 40 min shows a decrease tendency with increasing in the initial RY B-4RFN concentration. It is interesting to find that k declines significantly by raising initial dye concentration.
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26
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0.10697
0.09696
0.0668
0.05227

0.99952
0.99407
0.99563
0.99644

98.76
97.84
92.46
88.58

;
3.8
7
8.8
10.4

Such as, it is observed that the color removal of RY
B-4RFN increases as the dye concentration decreases.

/;
869 
0.12817
0.10295
0.06407
0.0503

$
0.99723
0.99757
0.99762
0.99698

20:7:<6D/>6:9

99.75
98.03
89.19
86.70

In addition, the deactivation of hydroxyl radicals is more important in alkaline substance. The reaction of hydroxyl radical with HO2- is about 100
times faster than its reaction with H2O2 (HO2- + ·OH
→ H2O + ·O2-). Meantime, the H2O2 becomes very
unstable and H2O2 easily takes place self-decompo−
sition ( 2H 2O2 ⎯OH
⎯⎯→ 2H2O + O2 ), which is closely related
with pH value and can’t produce hydroxyl radicals.
The last, degradation process of RY B-4RFN in
UV/H2O2 system can create a lot of CO2 which has a
better dissolvability to produce HCO3- and CO32- in
non-alkaline ambient. ·OH is consumed by HCO3( 3− + ⋅ → 3 ⋅ + −  HCO3 ⋅ → H + + CO3− ⋅
and CO3− ⋅ +H2O2 → H2O ⋅ +HCO3− ) [17]. In acid me-

The rise of RY B-4RFN concentrations in aqueous solution increases the number of dye molecules,
but hydroxyl radical concentration keeps the same.
On the other hand, an inner filter effect is engendered
and the penetration of photons (UV light) entering
into the aqueous solution decreases. The color removal decreases.

3320> :3 ; @/7?2  The pH value of the dye
solution plays an important role on the UV/H2O2
process. The effect of different pH values at acidic,
neutral and alkaline is shown in Figure 6. The degradation of RY B-4RFN decreased with increasing pH
in the range of pH 3.8-10.4 at UV/H2O2 system. The
change of kap decreased from 0.12817 to 0.0503 min1
with the rise of pH value from 3.8 to 10.4 (Table
3).

dium, Dissolvability of CO2 in aqueous is low and
easy to release from water. Therefore, acid medium
is advantage than alkaline condition [18].
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We can observe that the color removal of dye
has pH dependency. The rate of degradation of RY
B-4RFN by UV/H2O2 process is faster in weakly
acidic medium than neutral and alkaline medium.
Under alkaline medium, hydrogen peroxide deprotonates with formation of the H2O2/HO2- equilibrium.
The HO2- can react with non-dissociated H2O2 (HO2+H2O2→H2O+O2+OH-), not producing hydroxyl
radicals. So, the hydroxyl radical’s instantaneous
concentration is lower than expected.



3320>:316332<29>/96:9= Some inorganic anions may be added to facilitate the dyeing process
(for example: Cl−, CO3−) [19]. The presence of these
inorganic anions in textile industrial wastewaters
plays an important role in the degradation of many
dyes. Inorganic anions may induce or decrease the
rate of photo-oxidation. Thus, in this paper, a series
of experiments were performed to study the influence of inorganic anions on the UV/H2O2 system.
The effect of five inorganic anions on RY B-4RFN
decomposition is given in Figure 7 and Table 4. It
can be seen that the presence of all the anions had
negligible effect on the photodegradation of decolorization.
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UV/H2O2 process, UV-Vis and IC were used to investigate intermediates or byproducts. The reaction
conditions were as follows: initial H2O2 dosage was
3.19 mM; initial RY B-4RFN concentration was 16
mg/L; pH value was 7; temperature was 23; reaction time was 40 min under the UV spectrum.

'((6= =;20><?8  As shown in the Figure 8
about UV-Vis spectral changes of dyes during
UV/H2O2 process, RY B-4RFN has a maximum absorbability (max = 416 nm) in visible spectral area.
There is no absorbability in visible region but only
in ultraviolet range by complex UV/H2O2 process
during 40 min. Therefore, degradation of RY B4RFN wastewater can effectively be obtained. This
result showed the structure of RY B-4RFN is totally
destroyed in UV/H2O2 process. However, the absorbance in ultraviolet region displays that RY B4RFN may be not mineralized by UV/H2O2 process
after 40 min.

Hydroxyl radicals are the dominant oxidative
species in UV/H2O2 system. The experimental phenomenon suggests that inorganic anions effect decolorization of RY B-4RFN in the UV/H2O2 process.

&
&52/;/91120:7:<6D/>6:9</>2:3$+$!
1C269>52;<2=2902:3@/<6:?=69:<4/960/96:9=
69>52'(  " ;<:02==
96:9
No
HPO42SO42ClCO32PO43-

/;
 869 
0.10506
0.07908
0.07482
0.0817
0.07167
0.08129

$
0.99307
0.99718
0.99748
0.99722
0.99709
0.997

20:7:<6D/>6:9

98.03
95.32
94.49
95.76
93.59
96.05

This behavior may be attributed to ·OH radical
scavenging by inorganic ion. HPO42- has an inhibitory action, meanwhile, it can also ionize to produce
H+ which can promote dye removal. Therefore,
HPO42- has two impacts on degradation process according to Eqs. 1 to Eq. 3.
(1)
⋅  + 42 − → 4− ⋅ + − 
−
−
(2)
H 2O2 + HPO 4 ⋅ → H2PO 4 + HO2 ⋅
−
−
(3)
H2PO 4 + ⋅OH → HPO 4 ⋅ +H2O
CO32- and PO43- have suppression to impact on
decomposition dye because they can hydrolyze to
form OH- which can decrease the color removal. On
the other hand, as scavengers of hydroxyl radicals,
CO32- and PO43- can react with ·OH and reduce the
dye decomposition [17, 18, 20]. The two reactions
mechanisms are as follow:
⋅  + 32 − → 3− ⋅ + −
(4)

CO 3− ⋅ + H 2O 2 → HCO 3− + HO 2 ⋅

(5)

HCO3− + ⋅OH → CO3− ⋅ + H 2O

(6)

43− + ⋅ → 42 − ⋅ + −

(7)

PO 24 − + H2O2 → HPO 24 − + HO2 ⋅

(8)

HPO 24 − + ⋅OH → PO34− ⋅ +H 2O

(9)
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9/7C=6= :3   Inorganic products were analyzed by IC after UV/H2O2 reaction. There are a lot
of Cl-, and a little NO3-, and SO42- in aqueous solution. It displays that the chemical structure of RY B4RFN is decomposed by UV/H2O2 oxidation. However, a little of NO3- ion exists in this process, and it
shows the reaction is not thorough in 40 min. Hence,
RY B-4RFN may be not effectively mineralized in
40 min by UV/H2O2 process.

Presence of bicarbonate ions in the course of
photo-oxidation may decrease the decolorization
rate due to scavenging of ·OH by HCO3- Production
of CO3·- which is less reactive than hydroxyl radical
lowered the levels of ·OH during the course of the
reaction [19].
The reactions which ·OH can be consumed by
Cl- are: the anion Cl- reacts with ·OH to form Cl·
which can react with Cl- to form Cl2·-. Cl2·- can consume H2O2 to produce Cl-. In addition, Cl- dose also
react with ·OH to form HOCl·- and the HOCl·- radical generated is less reactive than radical resulting in
slower degradation of RY B-4RFN dye.

"!'%"!%
The RY B-4RFN is completely decolorized under optimal H2O2 dosage of 3.19 mM and initial dye
dosage 16 mg/L in 40 min at pH 7. The reaction maximum decolorization rate of the RY B-4RFN is
98.03% at UV/H2O2 process.
The anions inhibiting effect on dye decolorization follows the order of CO32- > SO42- > HPO42- >Cl> PO43-.

9/7C=6=:3;<:1?0>=/3>2<'(  " In order
to estimate molecular structure of RY B-4RFN after
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The molecule structure of RY B-4RFN is thoroughly damaged and is not mineralized by UV/H2O2
process after 40 min according to the UV-Vis and IC
analysis.

[8] Xu, H., Xu, A.R. (2013) Degradation kinetics of
reactive black 5 wastewater by UV/H2O2.Journal of Advanced Oxidation Technologies. 16(2),
214-223.
[9] Zhang, A., Li, Y.M. (2014) Removal of phenolic endocrine disrupting compounds from
waste activated sludge using UV, H2O2, and
UV/H2O2 oxidation processes: Effects of reaction conditions and sludge matrix. Science of
the Total Environment. 493, 307-323.
[10]Rubio, D., Nebot, E., Casanueva, J.F., Pulgarin,
C. (2013) Comparative effect of simulated solar
light, UV, UV/H2O2 and photo-Fenton treatment (UV-Vis/H2O2/Fe2+,3+) in the Escherichia
coli inactivation in artificial seawater. Water
Research.47(16), 6367-6379.
[11]Gao, A., Peng, Z., Wang, W. and Li, F. (2017)
Online monitoring of decolorization kinetics of
Reactive Yellow B-4RFN in Fenton process.
Fresen. Environ. Bull. 26, 3415-3421.
[12]Gao, A., Gao, H., Wang, W. and Gao, Z. (2015)
Degradation studies of Reactive Dark Blue B2GLN by complex ultraviolent and hydrogen
peroxide. Fresen. Environ. Bull. 24, 1063-1068.
[13]Ayas, N., Asci, Y., and Yurdakul, M. (2016) Using of Fe/ZrO2 catalyst to remove direct orange
26 from water by Fenton oxidation at wide pH
values. Fresen. Environ. Bull. 25, 3272-3279.
[14]Buyukada, M. and Evrendilek, F. (2016) Modeling ultrasound-assisted decolorization efficiency of Reactive Blue 19 and Reactive Yellow
145 from aqueous solutions by cottonseed cake.
Fresen. Environ. Bull. 25, 692-705.
[15]Aşçı, Y., Demirtas, E.A., Iscen, C.F. and Anagun, A.S. (2015) A statistical experimental design to determine the azo dye decolorization and
degradation by the heterogeneous Fenton process. Fresen. Environ. Bull. 24, 3717-3726.
[16]Ghahremani, H., Aliabadi, M., Pakdel, R. and
Hassani, S.M. (2015) Photocatalytic removal of
acetochlor from aqueous solutions using TiO2
nanocatalyst. Fresen. Environ. Bull. 24, 10321038.
[17]Rauf, M.A., Marzouki, N., Körbahti, B.K. (2008)
Photolytic decolorization of Rose Bengal by
UV/H(2)O(2) and data optimization using response surface method. Journal of Hazardous
Materials.159(2-3), 602-609.
[18]Xu, H., Xu, W.G., Wang, J.F. (2011) Degradation kinetics of azo dye reactive red SBE
wastewater by complex ultraviolet and hydrogen peroxide process. Environmental Progress
& Sustainable energy. 30(2), 208-215.
[19]Elmorsi, T.M., Riyad, Y.M., Mohamed, Z.H.,
Abd Ei Bary, H.M.H. (2010) Decoloriztion of
mordant red 73 azo dye in water using H2O2/UV
and photo-Fenton treatment. Journal of Hazardous Materials.174(1-3), 352-358.

!") !&%
The work is supported by the Project of water
conservancy scientific research and extension in Hebei Province in 2016 (Grant No. Z2016070), the
Young Talent Plan of Hebei Province 2016, and the
Excellent Youth Foundation of Hebei Province Department of Education of China (Grant No.
Y2011110).
$$!%
[1] Silva, C.E.F., Gonçalves, A.H.S., Abud, A.K.S.
(2016) Treatment of textile industry effluents
using orange waste: a proposal to reduce color
and chemical oxygen demand. Water Science
&Technology. 74(4), 994-1004.
[2] Ooyama, Y., Uenaka, K., Kanda, M., Yamada,
T., Shibayama, N., Ohshita, J. (2015) A new cosensitization method employing D-π-A dye with
pyridyl group and D-π-Cat dye with catechol
unit for dye-sensitized solar cells. Dyes and Pigments. 22, 40-45.
[3] Grčić, I., Papić, S., Koprivanac, N., Kovačić, I.
(2012) Kinetic modeling and synergy quantification in sono and photooxidative treatment of
simulated dyehouse effluent. Water Research.
46(17), 5683-5695.
[4] Salazar, R., Brillas, E., Sirés, I. (2012) Finding
the best Fe2+/Cu2+ combination for the solar
photoelectro-Fenton treatment of simulated
wastewater containing the industrial textile dye
Disperse Blue 3. Applied Catalysis B: Environmental. 115-116, 107-116.
[5] Zhang, Y.n.Y., Liu, Y.W., Jing, Y.W., Zhao,
Z.Q., Quan, X. (2012) Steady performance of a
zero valent iron packed anaerobic reactor for
azo dye wastewater treatment under variable influent quality. Journal of Environmental Sciences.24(4), 720-727.
[6] Tunç, S., Gürkan, T., Duman, O. (2012) On-line
spectrophotometric method for the determination of optimum operation parameters on the decolorization of Acid Red 66 and Direct Blue 71
from aqueous solution by Fenton process.
Chemical Engineering Journal. 181-182, 431442.
[7] Siddique, M., Farooq, R., Price, G.J. (2014)
Synergistic effects of combining ultrasound
with the Fenton process in the degradation of
Reactive Blue 19. Ultrasonics Sonochemistry.
21(3), 1206-1212.

1409

#"

  $    





  !




[20]AlHamedi, F.H., Rauf, M.A. and Ashraf, S.S.
(2009) Degradation studies of Rhodamine B in
the presence of UV/H2O2. Desalination. 239(13), 159-166.


$2026@21
 

002;>21




"$$%#"!!'&"$

63/94/:
School of Water Resources and Environment,
Hebei GEO University, Shijiazhuang,
Hebei Province, 050031 – China
e-mail: llhx2006@126.com

1410

#"

  $    





  !






%"&"!!$&$+&"!"&&*
%&'$%$" "%&$!" $"
    
!,300/53=0;  >3,77,/C007 %3,2>1=,,7,6%,47,$037,8<7,=4-4
%3,C4,!9>;089>C4,><<,48 ,;4,$,<996
1

Deparment of Medical Sciences, Government College University, Faisalabad 38000, Pakistan.
2
Department of Botany, Government College University, Faisalabad 38000, Pakistan
3
Department of Applied Chemistry & Biochemistry, Government College University, Faisalabad 38000, Pakistan.
4
Department of Chemistry, Islamia University, Bhawalpur 63100, Pakistan
5
Department of Chemistry, Govt. College University, Sialkot, Pakistan.



%&$&

biological membranes are in the cis-configuration
[4]. The particular living organisms whose internal
temperature varies considerably, take action towards
decrease in temperatures by the desaturations of particular fatty acids of the lipids present inside the
membrane [5]. This adaptive response is a sign of the
power for sustaining the fluidity of membrane of
cells by changes in temperature. This process is
named as “homeoviscous acclimation” [6]. Fatty
acid desaturase have ability to introduce an unsaturated bond at a specific position for example at the
Δ6, Δ9 or Δ12 position in a fatty acyl chain [7].
Polyunsaturated fatty acids are advantageous
for all of organisms. They promote vision, brain development, relieve inflammation and decrease the
incidences of cardiovascular disease. Preventive and
therapeutic effects can be achieved with poly unsaturated fatty acids. Supplementation of PUFAs have
tendency to modify breast and colon cancer [4]. Regulation of fat distribution by stimulating the fat oxidation is prime function of fatty acid desaturase.
Higher organisms fulfil their own needs PUFAs by
transforming exogenous linoleic acid, α-linolenic
acid, arachidonic acid into a series of PUFA by fatty
acid desaturase in the body and have very limited access to synthesize saturated and monounsaturated
fatty acid [8].
Synthesis of long chain polyunsaturated n-3
fatty acids (LC-PUFAs) are of increasing interest
due to their positive effects for human health and
their use as feed for fish farming.
As fishes don’t have ability to synthesize n-3
fatty acids (LC-PUFAs) instead totally rely on microalgae as microalgae are the main producer of n-3
fatty acids (LC-PUFAs) [9]. From more than 50000
species of microalgae, a restricted number (approximately 30000) of them have been considered for scientific study by the researchers [10]. They are being
used as source materials for several products like
protein rich nutritional supplements and pharmaceutical chemicals [11]. They are able to be cultivated
in the places far away from the agricultural lands and

In this study, desaturase from novel strain of
micro algae was isolated and purified. Three step purification procedure i.e., ammonium sulphate precipitation, dialysis and gel filtration chromatography
yielded 11 % activity with a purification factor of
2.39. The final enzyme preparation was homogeneous as judged by SDS-polyacrylamide gel electrophoresis having a single polypeptide of 15kDa with
18.033% oil contents. The catalysis of stearoyl-CoA
by desaturase was expressed by the Michaelis-Menten equation, exhibiting maximum activity at 37˚C,
7.0 pH and retained its activity for 24h within 5-8 pH
range. It was observed that maximum velocity (Vmax)
was 13.91 U/mL and Michaelis constant was 0.6 µM
revealing a binding site with higher substrate affinity. Furthermore, the present findings will reveal
new vistas in the exploitation of     
for marvellous desaturase because to our knowledge
it is first report for the isolation and characterization
of desaturase from micro-algae     .
*)"$%
Micro-algae, desaturase, optimum pH, SDS-PAGE, purification fold.
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Polar glycerolipids having only saturated fatty
acids are unable to form the bilayer, a characteristic
of fundamental structure of all biological membranes [1]. Incorporation of an appropriate number
of unsaturation in the fatty acids of membrane glycerolipids increases the membrane fluidity [2]. The
fluidity of membranes is, on the other hand, essential
for the activation of certain membrane- bound enzymes [3]. The physical and biochemical characteristics of membrane lipids can be effectively altered
in cis-configuration rather than trans-configuration
as most of the unsaturated bonds in glycerolipids of
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jungles e.g. fishponds, containers used for the purpose of fermentation and in effluents [12]. In this
way, they play part in reducing the harms to the community of living organisms and the food web [13].
Microalgae especially       is
considered as a potential candidate for commercial
production of n-3 fatty acids (LC-PUFAs) and desaturase.     is a powerful food substance containing proteins, carbohydrates, lipids, vitamins and minerals.      consists of a
number of antioxidants from the diet, for example,
alpha carotene, beta carotene, lutein, α-tocopherol
and ascorbic acid. They have the power for eliminating free radicals [14]. Presence of large number of
fatty acids ensures the production of biofuel by microalgae.
Keeping in view the nutritional importance of
micro-algae and medical importance of desaturase,
the aim of present study was to isolate the desaturase
enzyme from     , characterization of
desaturase enzyme, determination of lipid contents
leading to sampling and analyses.

order to extract algal lipids by organic solvents. Dry
extraction method was performed using the organic
solvents. The most compatible organic solvents used
for the extraction method were N- hexane, ethyl acetate and chloroform [16]. The collection of the oil
was performed by evaporating the solvent off, which
left the algae oil behind [3].

8CB70<<,B<  <<,B@4=3%=;0,;4..4/
  3g of nutrient agar, 2 % (2.0 gm) galactose
and 0.1422 g of stearic acid (C-18) were added into
100 ml of Bolds Basal Medium. After sterilization
and solidification into petri plates, the algal culture
was streaked into the plates and kept at 37 °C. Algal
growth was observed after 5 days.Two new plates
were prepared after this. One of them contained stearic acid. The other one was deficient of it. The grown
culture was added into both of the plates and kept at
37 °C. After 2 days, algal growth was observed in
the plate containing stearic acid but the other plate
lacked the growth. This assay was aimed to assess
the particular function of the desaturase enzyme activity.

  <<,B @4=3 %=0,;9B6 9 ,8/ !
Modified method of John et al., [17] assay was used
for the determination of desaturase enzyme. The reaction mixture prepared for desaturase assay consisted of 50 μM stearoyl- CoA, 2mM NADH and 100
mM Tris-HCl (pH 7.4).

&$%! &"%

%,7:6482,8/A,748,=498
Samples of fresh water were collected from different ponds from Faisalabad. This fresh water was
used as a source of the strain      .
Fresh water samples were analysed with the help of
fluorescent microscope (BX 51, Olympus Japan) in
order to verify the presence of unicellular algae in
the samples.

4.;9,62,6>6=4?,=498 The Bolds Basal Medium (BBM) consisting of 0.25 g/ L NaNO3, 0.025
g/ L CaCl2. 2H2O, 0.075 g/ L, MgSO4.7H2O, 0.075
g/ L, K2HPO4, 0.175 g/ L KH2PO4, 0.025 g/ L NaCl,
1.0g/L peptone (Difco) was inoculated with fresh
water sample. The flasks were placed in the algal
growth chamber at 37 °C temperature i.e. optimum
for micro-algal growth as well as appropriate light
present in the micro-algal growth room. To avoid
any contamination, flasks were regularly shaken in
an orbital shaker set at 150 rpm at room temperature
on daily basis till optimum growth of microalgae [6,
15]. Sub culturing of micro-algal samples was performed by adding 0.2 g of glucose into 100 ml Bolds
Basal Medium.

4:4/A=;,.=498 The refrigerated filter paper
containing the unicellular algal culture was washed
three times using the phosphate buffer so that all the
culture present on the filter paper dissolves into the
phosphate buffer. After weighing, the filter paper
containing micro-algal culture was dried by placing
it in incubator at 40 °C overnight. This dried culture
of the strain      was further used for
solvent extraction method by the Soxhlet extractor in

  


#;9=048 0<=47,=498 ,8/ %=,8/,;/ >;?0 91
%=0,;9B6 9  The total protein contents of fatty
acid desaturase were determined by Bradford
method [18] using Stearoyl CoA as standard (Fig.1).
The absorbance was read at 640 nm. 




Standered curve of Stearoyl CoA
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#>;414.,=498 91 0<,=>;,<0 8CB70  For the
better recovery of activity acetone precipitation was
preferred over ammonium sulphate precipitation.
For acetone precipitation, cold acetone was mixed
with crude desaturase at 4C then kept at 0C for 12
hrs. The opaque aqueous phase was filtered through
two layers of filter paper and centrifuged at 100,000
x g for 30 minutes. This extract was applied to a 1 x
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5 cm acyl-ACP affinity column and washed thoroughly with 40 mM Tris HCl (pH 8.0). The material
was eluted with 1.2 M NaCl in the same buffer. The
pooled fractions with desaturase activity were
loaded on Sephadex G-100 (2× 40 cm) column with
10mM tris HCl buffer at the flow rate of 0.3 mL/min.
Fractions with desaturase activity were collected and
subjected to enzyme assay and electrophoresis.

growth levels of micro algae at initial four days and
then, began to decrease gradually. Mayo [20] recorded that growth experiments with    
 at 10 °C to 40 °C. He observed that optimum
temperature for algal growth was 32.4 °C due to different experimental and environmental conditions.
Serial dilution method indicated that 10-10 dilution contained extremely less contamination in the
microalgal       culture. After filtration process, the wet algal culture weight as well as
dried weight was measured to be 23.1250 g and
8.9233 g respectively (Fig. 3). Bligh & Dyer [21]
supported our findings that filtration was a very useful method for algal biomass recovery.

960.>6,; )0423= 0=0;748,=498 -B %%
#  Algal proteins were separated by one-dimensional PAGE on 12% SDS slab gel followed by
Laemmli [19]. Equal volume of sample buffer
(0.05% bromophenol blue, 5% β-mercaptoethanol,
10% glycerol, and 2% SDS in 0.25M Tris–HCl
buffer; pH 6.8) to the purified desaturase was added
and then boiled for 2 minutes at 100°C. The resulted
samples were then subjected to SDS-PAGE (resolving gel: 12.5%; stacking gel: 4%) by using a Vertical
Minigel electrophoresis apparatus (V-GES, Wealtec
Corporation, U.S.A) for molecular mass determination. The approximate molecular mass of the desaturase was determined after staining gel with Coomassie Brilliant Blue G followed by the calibration
against broad-range molecular weight markers
(Sigma, USA), having proteins whose molecular
weights are ranging from 21–116 kDa.

3,;,.=0;4C,=498 91 ,62,6 /0<,=>;,<0  Purified desaturase was dissolved in distilled water and
incubated at temperatures ranging from 25 to 50 °C
under standard conditions. The tenacity of the pH
optima, algal desaturase was assayed with tris-HCl
buffer (pH 3.5 – 9.5). Thermal stability was investigated by incubating the enzyme at 05, 10, 15, 20, 25,
30, 35, 40, 45 and 50 °C for different times. Promptly
later, desaturase was mesmerized in an ice bath, and
then the residual activity of desaturase was tested at
37 °C.


$%'&%!%'%%"!

A,748,=498 ,8/ 4.;9,62,6 ;9@=3  Examination of fresh water samples under fluorescent
microscope (Advanced Technocracy Inc.) indicated
the presence of unicellular algae in the samples (Fig.
2) at 37 °C and pH was observed to increase with the
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4.;9<.9:4.0A,748,=4989174.;9,62,0
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4.;9,62,6.>6=>;0;0<4/>098=306,B0;<91
146=0;:,:0;

4:4/ A=;,.=498  16gm of wet culture and
12gm of dried culture was used for lipid extraction
using N- hexane, ethyl acetate and chloroform. According to Li et al. [22] N- hexane is a suitable organic solvent for oil extraction from a strain of  
 . Suryanarayana et al. [1] supported that N- hexane was the most suitable organic solvent for the lipid extraction from microalgae.
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100
28
11

#>;414.,=498
96/<
1
1.97
2.39
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#;9=048?4<>,64C,=498-B%%##;9=048 ,;50;>::0;-,8/=969@0;-,8/

Results depicted in Table 1 indicated that hexane was the best organic solvent whereas chloroform
showed lowest power of lipid extraction. In line with
our findings, Suryanarayana et al. [1]; Li et al. [22]
suggested the use of N- hexane for lipid extraction
for different strain of micro algae i.e.   
  . Chen, [23] reported the use of solvent
extraction through Soxhlet extractor using organic
solvents. Table 2 indicated net weight and oil percentage of micro-algae     . 

of desaturase. Our findings were also supported by
Gurr & Robinson [25]. McKeon & Stumpf [26] reported the purification of fatty acid desaturase enzyme to have total activity 205 mU whereas the specific activity 0.55 mU/mg. The enzyme purity was
confirmed by SDS-PAGE (Fig. 4) which demonstrated a single band, indicated homogenous preparation.
The molecular weight was found 15KDa. In
line with our findings, Thiede & Strittmatter [27] reported that desaturase was a monomeric protein
showing a single band on the gel. Little or no work
is available for desaturase form      in
the literature. This locally isolated species of microalgae      from fresh water has ability
to produce versatile desaturase which is a suitable
candidate of industrial exploitation.

#>;414.,=498910<,=>;,<08CB70 The purification of desaturase is important from the perspective of developing a better understanding of the
enzyme functioning [24]. Crude desaturase was purified to homogeneity after subjecting to acetone precipitation, dialysis and sephadex G -100 gel filtration. Three step purification protocol for desaturase
resulted in 2.39 fold purification (Table 3).
The recovery of purified desaturase was 11%.
The single band confirmed the purification protocol
employed in this study. One band on SDS-PAGE
indicated that our strain could produce only one form

0=0;748,=49891480=4. #,;,70=0;<91,6
2,6/0<,=>;,<0  110.=91=07:0;,=>;098,62,6
/0<,=>;,<0 .=4?4=B  The desaturase activity was
gradually increased to optimum temperature (Fig. 5)
and thereafter this temperature desaturase loses its
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activity. The highest enzyme activity (15.32 IU/mL)
was achieved at 37 °C (Fig. 4) and steady decline in
activity was observed above optimum temperature.
Liu et al. [5] supported that 37 °C was optimum temperature of unicellular microalgae desaturase. Converti et al. [28] reported that optimum temperature of
desaturase was in the range of 25 °C to 30 °C range.
This variation of optimum temperature might be a
result of differences in environmental conditions.
Results depicted in Fig.6 indicated that desaturase
activity increased with increasing incubation (15.08
IU//mL) till ten minutes and remained active for 25
minutes clearly indicating that desaturase has positive temperature coefficient. McKeon & Stumpf [26]
incubated the protein sample for ten minutes during
the assay procedures. They supported our results that
it was the particular time limit of ten minutes at
which the enzyme showed highest activity. With the
increasing time, enzyme activity began to decrease
gradually (Fig. 6). The reason in the decrease of activity with the increase of time was due to the removal of 3D structure of enzyme.

  110.= 91 : 98 8CB70 .=4?4=B  The
highest enzyme activity (13.91 IU//mL) was
achieved at pH 7 with phosphte buffer (Fig. 7). Bartels et al. [29] used pH 7.4 for the optimum activity
of microalgae       desaturase. Gurr
and Robinson [25] reported    cells were
grown, harvested and pre-incubated using phosphate
buffer and the pH was adjusted to 7.4 with KOH.
Aksu [30] reported that the optimum pH of the medium for growth of      was found to
be 7.2 adjusted with concentrated H2SO4.

%>-<=;,=0 %:0.414.4=B  Results in Fig 8 indicated that activity of stearoyl CoA increased by increasing the concentration of NADH reaching maximum at 46μM. Further increase the concentration of
NADH resulted in the loss of activity exhibiting typical hyperbolic curve suggesting that the enzymes
followed the Michaelis Menton equation. Therefore,
a double reciprocal plot by taking 1/S on X-axis and
1/V on Y-axis result a straight line. The intercept of
double reciprocal plot on X-axis apparently showed
the mvalue of 0.667μM for algal desaturase (Table
4).

Effect of different temperatures on Algal
desaturase activity (IU/mL)












Temperature ºC
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Effect of different time intervals on Algal
desaturase activity (IU/mL)
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Effect of pH on Algal desaturase
activity (IU/mL)

Substrate specificity
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0.667

.,=< 
0.013

(7,AE 96 72
13.33

.,= 7<  96 
0.019

[3] Vicente, G., Martinez, M. and Aracil, J. (2004)
Integrated Biodiesel Production: A Comparison
of Different Homogeneous Catalysts Systems.
Biores. Technol. 92, 297.
[4] Xue, M., Ge, Y., Zhang, J., Wang, Q. and Liu,
Y. (2012) Effect of Gene Transfer of Chlorella
vulgaris n3 Fatty Acid Desaturase on Mouse
Breast Cancer Cells. Afr. J. Biotechnology. 11,
7294.
[5] Liu, C.H., Chang, C.Y., Liao, Q., Zhu, X. and
Chang, J.S. (2013) Photoheterotrophic Growth
of Chlorella vulgaris ESP6 on Organic Acids
from Dark Hydrogen Fermentation Effluents.
Biores. Technology. 145, 331.
[6] Pena-Castro, J.M., Martinez-Jeronimo, F., Esparza-Garcia, F. and Cañizares-Villanueva,
R.O. (2004) Heavy Metals Removal by the Microalga    in Continuous Cultures. Biores. Technology. 94, 219.
[7] Murata, N. and Wada, H. (1995) Acyl-Lipid Desaturases and Their Importance in the Tolerance
and Acclimatization to Cold of cyanobacteria.
BiochemicalJ. 308, 1-8.
[8] Kang, X., Bai, Y., Sun, G., Huang, Y., Chen, Q.,
Han, R., Li, G. and Li, F. (2010) Molecular
Cloning, Characterization, and Expression
Analysis of Chicken Δ6 Desaturase. Asian Aust.
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The Km value represents the dissociation constant (affinity for substrate) of the enzyme-substrate
(ES) complex. Low value of Km in this case of algal
desaturase indicated that the enzyme has strong catalytic activity to hydrolyse the substrate. John et al.
[17] used different substrate concentrations and the
enzyme showed highest activity while using 50 μM
NADH. They supported our findings that the optimized concentration of substrate was 50μM at which
the enzyme showed the highest activity.
"!'%"!
In conclusion, insufficient reports have been
published on the use of       for desaturase bioprocess. In the present study, local strain
of      was isolated from fresh water
ponds for desaturase production. Bearing in mind its
cost and accessibility,      is an ideal
source for enzyme bioprocess on an industrial point
of view. This paper will lay down the foundation towards the hyper production of desaturase from local
strain of micro algae for industrial exploitation.
$$!%
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Different techniques have been described for
recovering cobalt from water solutions, including
adsorption [5, 6], biosorption [7, 8], solvent extraction [9, 10], ion exchange [11], electrowinning [12],
micellar enhanced ultrafiltration [13], nanofiltration
[14], forward osmosis [15], liquid membranes [1618] and combined methods [19].
Liquid membranes have shown great potential
as a separation method, since they combine the process of extraction and stripping into a single unit operation [20].In order to increase the selectivity and
the mass transfer rates of the removal/recovery process, the transport of the diffusing species through
the liquid membrane system is facilitated by carrier
mediated transport [21, 22]. In such transport, a carrier reagent is incorporated in the membrane phase
to carry the diffusing species from the feed to the
product phase.
The removal/recovery of aqueous Co(II) by
bulk liquid membranes containing bis-2-ethylhexyl
phosphoric acid (DP8R) as mobile carrier, in the
membrane phase, and sulphuric acid as stripping
agent, in the product phase, is studied in this paper.
The effect of different operational variables (carrier
concentration in membrane phase, stripping agent
concentration in product phase, stirring rate and organic phase volume) on Co(II) fluxes and permeabilities through the feed/membrane and membrane/product interfaces, and on the percentages of
Co(II) removed from the feed phase, recovered in the
product phase and accumulated in the membrane
phase, are determined to optimize the efficiency of
the removal/recovery process.

Cobalt is used in a great variety of products and
processes, making it an important metal in many industries. Its recovery from raw materials and secondary sources, therefore, is important from both economic and environmental point of view. Liquid
membranes have shown great potential for use in
separation methods, as they combine the processes
of extraction and stripping (removal and recovery)
into a single unit operation. This paper presents an
optimization study of cobalt(II) recovery from aqueous solutions by bulk liquid membranes through a
facilitated counter transport mechanism, using DP8R
as carrier and H2SO4 as stripping agent (protons as
counter-ions). The values of different transport parameters (flux and permeability through feed/membrane and membrane/product interfaces) and the percentages of cobalt (II) removed from feed phase, recovered in the product phase and accumulated in the
membrane phase are analyzed in different experimental conditions (carrier and stripping agent concentration, stirring rate and membrane phase volume) to optimize the removal/recovery process.


,+#&'
cobalt, removal/recovery, bulk liquid membranes, DP8R,
facilitated counter-transport

"(&#)(#"
Cobalt has strategic and industrial importance
derived from its application in many technological
fields [1]. This has lead to a steadily growth in cobalt
production in the last two decades, from 23207
tonnes in 1995 to 56635 tonnes 2005 [2] and to
98113 tonnes in 2015 [3] and, consequently, to both
a gradual decrease in primary cobalt resources and
an increase in cobalt-wastes. Moreover, the presence
of cobalt in industrial wastewaters can produce a variety of undesirable effects on humans [4]. Therefore, the removal and recovery of cobalt from industrial wastewaters must be considered an interesting
research field from environmental and economic
view points.

!(& '"!(#'
Experimental studies were carried out applying
the bulk liquid membrane technique, using a stirred
transfer Lewis type cell with bulk liquid membrane
layered over feed and product phases (Fig. 1.a).
3,8732 kg/m3 cobalt (II) sulphate solutions in 2.3
kg/m3 formic acid, adjusted to pH 4.0 with sodium
hydroxide, were used as feed phase (formic acid/sodium formate buffer is used to prevent the pH in the
feed solution from varying by more than 0.1 pH
units). The membrane phase comprised solutions of
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different concentrations of DP8R (10 to 100 kg/m3)
in kerosene, while sulphuric acid solutions of different concentrations (4.9 to 196 kg/m3) were used as
product phase. The effect of stirring speed (50 to 250
rpm) and membrane phase volume (12.5 to 50 cm3)
were also analyzed. Typical experimental conditions
were: 60 kg/m3 DP8R, 98 kg/m3HCl, 200 rpm stirring speed, 25 mL membrane phase volume, time 12
hours.



separation cycle. The cobalt (II) transport mechanism is therefore a coupled counter-transport mechanism, with Co(II) and H+ travelling in the opposite
direction.
Samples of feed and product phases were taken
at intervals and cobalt (II) ion concentration was determined by UV spectrophotometry using an Unicam
UV2 instrument, measuring the absorbance of the
colour developed by the product of the reaction between cobalt (II) and xylenol orange [24]. All experiments were carried out in duplicate and the relative
standard deviation between replicate samples was
less than 4%.
Fluxes through feed/membrane and membrane/product interfaces were determined by monitoring cobalt (II) concentrations in the feed and product phases as a function of time,based on the following equations [25,26]














 




 

(1)



(2)

Where Cft and Cpt are the concentrations of cobalt (II) in the feed and product phases, respectively,
at a time t, V is the volume of feed and product
phases and A is the area of the feed/membrane and
membrane/product interfaces.
In the same way, permeabilities through the
feed/membrane and membrane/product interfaces
were obtained, respectively, from the expressions
[27]:
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(4)

Where Cfo is the initial concentration of Co(II)
in the feed phase.
The percentages of Co(II) removed from the
feed phase (RF) and recovered in the product phase
(RP) were determined by the equations:
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(5)

A carrier facilitated counter transport mechanism is involved (Fig. 1.b). DP8R (HR) diffuses
from the bulk membrane phase to the feed/membrane interface where, due to its high interfacial reactivity [23], a dimerized molecule undergoes acid
dissociation and reaction with cobalt (II) according
to the chemical equation:

Co(II) percentage accumulated in the organic
membrane phase (AM) was calculated through a material balance.

Co2+ (aq) + 2(HR)2 (org) ↔ CoR2(HR)2 (org) + 2H+ (aq)

&') ('"')''#"

The cobalt (II)-DP8R complex formed
(CoR2(HR)2) diffuses through the membrane phase
to the membrane/product interface where, by reversing the above reaction, protons are exchanged for cobalt (II) ions, which are released into the product
phase. DP8R is regenerated, thus initiating a new



(6)

Fig. 2 shows the influence of carrier concentration on Co(II) removal/recovery. The increase in
DP8R concentration in the membrane phase up to 60
kg/m3 leads to an increase in both the fluxes and per-

1419

#"

  $    





  !




meabilities through the feed/membrane and membrane/product interfaces (slightly higher at the
feed/membrane interface) (Fig 2.a), due to the presence of a higher number of carrier molecules, which
improves Co(II) transport from the feed to the product phase. Further increase in carrier concentration
has no so significant influence in flux and permeability due to both, the saturation of the feed membrane interface by the carrier and the increase in
membrane phase viscosity. These results explain the
observed increase in the percentages of Co(II) removed from the feed phase, recovered in the product
phase and accumulated in the membrane phase (Fig
2.b).
The influence of the striping agent concentration on Co(II) removal/recovery is shown in Fig. 3.
The increase in sulphuric acid concentration in the
product phase (increase in counter-ion concentration) from 4.9 to 98 kg/m3 leads to a slight increase
in flux and permeability through the feed/membrane
interface but to a substantial increase in flux and permeability through the membrane/product interface
(Fig. 3.a), due to the improve of the stripping process. This leads to a great decrease in Co(II) accumulation in the membrane phase and a pronounced
increase in Co(II) recovery in the product phase (Fig.
3.b). A further increase in sulphuric acid concentration to 196 kg/m3 has no significant effect on Co(II)
removal/recovery due to the saturation of the membrane/product interface by the stripping agent and
the increase of product phase viscosity.
Fig. 4 shows the influence of stirring rate in the
three phases on Co(II) removal/recovery. The increase in the stirring rate leads to an increase in flux
and permeability through both feed/membrane and
membrane/product interfaces (Fig 4.a) due to the
diminution of the boundary layers thickness with the
increased stirring rate. This leads to an increase in
both, Co(II) removal from the feed phase and its recovery in the product phase, and to a decrease in the
Co(II) accumulation in the membrane phase (Fig
4.b). These variations are important between 50 and
150 rpm but they are much less significant between
150 and 250 rpm.
The influence of the membrane phase volume
on Co(II) removal/recovery is shown in Fig. 5. The
increase in membrane volume, without modifying
cobalt concentration in feed phase and carrier concentration in membrane phase, leads to increased
flux and permeability through the feed/membrane interface, due to the higher mass of carrier present in
that membrane phase, but to a decrease in the same
through the membrane/product interface (Fig. 5.a),
due to the diminution of cobalt(II)-carrier complex
concentration in the membrane phase which leads to
a diminution of the driving force of the Co(II)
transport. The result is a decrease in Co(II) recovery
in the product phase, because the increase in Co(II)
removal from the feed phase is accompanied by its
increased accumulation in the membrane phase, due

to the presence of a higher volume of membrane
(Fig. 5.b).
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According to the described results, optimal experimental/economical conditions for Co(II) removal/recovery by bulk liquid membranes using
DP8R as carrier are as follows: 60 kg/m3 DP8R concentration in membrane phase, 98 kg/m3 sulphuric
acid concentration in product phase, 150 rpm stirring
speed and 12.5 mL volume of membrane phase.
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An optimizing approach to cobalt (II) removal/recovery from aqueous solutions by bulk liquid membranes through a facilitated counter
transport mechanism, using DP8R as carrier and
H2SO4 as stripping agent (protons as counter-ions)
has been carried out in this paper. The increase in
DP8R concentration in the membrane phase, in sulphuric acid concentration in the product phase and in
stirring rate in the three phases led to an increase in
cobalt (II) recovery in the product phase due to an
increase in both the fluxes and permeabilities
through the feed/membrane and membrane/product
interfaces. In contrast, an increase in the volume of
the membrane phase led to a decrease in cobalt (II)
recovery in the product phase due to the decrease in
both the fluxes and permeabilities through the
feed/membrane and membrane/product interfaces.
Optimal experimental/economical conditions for
Co(II) removal/recovery by bulk liquid membranes
using DP8R as carrier are as follows: 60 kg/m3 DP8R
concentration in membrane phase, 98 kg/m3 sulphuric acid concentration in product phase, 150 rpm
stirring speed and 12.5 mL volume of membrane
phase.
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%DWL$NGHQL]$JULFXOWXUDO5HVHDUFK,QVWLWXWH$QWDO\D7XUNH\
)DUP6WUXFWXUHVDQG,UULJDWLRQ'HSDUWPHQW$JULFXOWXUH)DFXOW\$NGHQL]8QLYHUVLW\$QWDO\D7XUNH\

PDQGLQPXQLFLSDODQGLQGXVWULDOVHFWRUV>@,Q
GHHGXVHRIPDUJLQDOTXDOLW\ZDWHULV HVVHQWLDOEXW
PD\FDXVHDQLQFUHDVHRIVDOLQLW\ ZKLFKPD\KDYH
KDUPIXOHIIHFWVRQJURZWKDQG\LHOGRI DJULFXOWXUDO
FURSV$VWKHVXSSO\RIIUHVKZDWHUGHFUHDVHVRYHU
WLPH JURZHUV DUH EHLQJ HQIRUFHG WR LUULJDWH WKHLU
FURSVZLWKSRRUTXDOLW\ZDWHURUVDOLQHZDWHU>@7KH
XVDJH RI VDOLQH ZDWHU E\ JURZHUV FDXVHV D JUDGXDO
EXLOGXSRI1DDQG&OLQWKHFURSURRWV>@
6DOLQHZDWHULVFRQVLGHUHGRQHRIWKHPDMRUIDF
WRUVOLPLWLQJFURSSURGXFWLRQEHFDXVHRILWVQHJDWLYH
HIIHFWVRQSODQWJURZWKDQGQXWULWLRQ>@$VLWLV
ZHOONQRZQDVDOLQHURRW]RQHHQYLURQPHQWLQGXFHV
RVPRWLFFKDQJHVLQSODQWVDIIHFWVZDWHUDQGQXWULHQW
DEVRUSWLRQ DQG FDXVHV WR[LFLW\ >  @ ,UULJDWLRQ
ZDWHU TXDOLW\ LV D FULWLFDO IDFWRU IRU JUHHQKRXVH
IORZHUSURGXFWLRQ3RRUTXDOLW\LUULJDWLRQZDWHUFDQ
EHUHVSRQVLEOHIRUVORZJURZWKSRRUDHVWKHWLFTXDO
LW\RIWKHIORZHUDQGLQVRPHFDVHVFDQUHVXOWLQWKH
JUDGXDOGHDWKRIWKHSODQWV'HFUHDVLQJDQGSROOXWLRQ
RI QDWXUDO ZDWHU UHVRXUFHV JUDGXDOO\ DV D UHVXOW RI
JOREDOZDUPLQJIRUFHVJURZHUVWRXVHPDUJLQDOTXDO
LW\ ZDWHUVLQLUULJDWHGDJULFXOWXUH:URQJLUULJDWLRQ
DSSOLFDWLRQV HVSHFLDOO\ LQ DUHDV ZKHUH GUDLQDJH
SUREOHPVH[LVWLQFUHDVHVDOLQLW\OHYHOVZKLFKFDXVH
GHFUHDVHLQFURSSURGXFWLRQDQGORRVHRIVRLOSURGXF
WLYLW\>@*HQHUDOO\DQQXDORUQDPHQWDODQGYHJHWD
EOHSODQWVDUHPRUHVHQVLWLYHWRVDOWOHYHOWKDQWKDWRI
WKH SHUHQQLDO SODQWV 6DOLQLW\ FUHDWHV LUUHYHUVLEOH
KDUPV LQ WKH JURZWK DQG GHYHORSPHQW RI DQQXDO
SODQWV DQG UHVWULFWV DJULFXOWXUDO SURGXFWLRQ > 
@6DOLQHLUULJDWLRQZDWHUFDXVHVGHFUHDVHLQFURS
\LHOG URRW OHQJWK VWHP OHQJWK VKRRW OHQJWK OHDI
DUHDOHDIQXPEHUIUHVKDQGGU\ZHLJKWFKORURSK\OO
DPRXQWDQGFKDQJHLQFRORUDQGSK\VLFDODSSHDUDQFH
>@
7KHUHDUHIHZVWXGLHVLQYHVWLJDWLQJWKHHIIHFWV
RIVDOLQHLUULJDWLRQRQRUQDPHQWDOSODQWV>
@,QRUGHUWRPLWLJDWHWKH
HIIHFWVRIVDOLQH HQYLURQPHQWVRQSODQWFXOWLYDWLRQ
VHYHUDOVWXGLHVKDYHDWWHPSWHGWRGHYHORSVWUDWHJLHV
DEOH WR LPSURYH ZDWHU DQG QXWULHQW XVH HIILFLHQF\
SURGXFW TXDOLW\ DQG \LHOG XQGHU VDOLQLW\ VWUHVV IRU
URVHSODQWV >@ZKLOH RWKHUVKDYH IRFXVHG

ABSTRACT
,UULJDWLRQZDWHUVDOLQLW\DQGVRLOVDOLQLW\DUHWKH
PRVW LPSRUWDQW IDFWRUV DIIHFWLQJ \LHOG TXDOLW\ DQG
FURSJURZWKWKURXJKRXWWKHZRUOG7KHSUHVHQWVWXG\
ZDVFRQGXFWHGLQDQXQKHDWHGJUHHQKRXVHWRGHWHU
PLQH WKH HIIHFWV RI GLIIHUHQW VXEVWUDWH DQG VDOLQLW\
OHYHOV RQ \LHOG DQG IORZHU TXDOLW\ SDUDPHWHUV RI
VWDQGDUG FXW URVH 5RVD RGRUDWR FY )LUVW 5HG  ,Q
WKLVUHVHDUFKLQRUGHUWRLQYHVWLJDWHWKHHIIHFWVRIGLI
IHUHQWVXEVWUDWHVDQGVDOLQLW\VWUHVVRQSK\VLRORJLFDO
FKDUDFWHULVWLFVDQG\LHOGRIURVHDQH[SHULPHQWZDV
FRQGXFWHGDVIDFWRULDOLQZKLFKWKHPDLQIDFWRUZDV
VXEVWUDWH SHDWSHUOLWHFRFRSHDW
SHUOLWHDQG]HROLWHSHDW DQGWKHVXE
IDFWRUZDVVDOLQLW\VWUHVV 6 G6P FRQWURO 
6 G6P6 G6PDQG6 G6P 
ZLWKUHSOLFDWLRQV6DOLQHZDWHUZDVSUHSDUHGXVLQJ
1D&ODQG&D&O ,WZDVREVHUYHGWKDWVXEVWUDWHDQG
VDOLQLW\OHYHOVLQWHUDFWLRQKDGVLJQLILFDQWHIIHFWVRQ
\LHOG VWHP OHQJWK VWHP WKLFNQHVV DQG EXG OHQJWK
H[FHSWIRUEXGGLDPHWHU0D[LPXP\LHOGZHUHREWDLQ
LQWKH6VDOLQLW\OHYHODQGPL[LQJRISHDW
SHUOLWHVXEVWUDWH+LJKOHYHOVRIVDOLQLW\FDXVHGDUH
GXFWLRQLQ13.&DDQG)HDQGLQFUHDVHG%1D
DQG&OFRQFHQWUDWLRQLQOHDYHV,WLVFRQFOXGHGWKDW
5RVD RGRUDWR FY )LUVW 5HG FDQ QRW WROHUDWH KLJKHU
LUULJDWLRQZDWHUVDOLQLW\DQGVKRXOGEHLUULJDWHGZLWK
ZDWHUKDYLQJHOHFWULFDOFRQGXFWLYLW\OHVVWKDQG6
P
.(<:25'6
&XWIORZHU)LUVWUHG5RVH6DOLQLW\6XEVWUDWH

INTRODUCTION
6DOLQLW\LVRQHRIWKHPRVWLPSRUWDQWSUREOHPV
ERWKLQDULGDQGVHPLDULGUHJLRQVRIWKH ZRUOGIRU
DJULFXOWXUDOSURGXFWLRQ/DUJHTXDQWLWLHVRIIUHVKZD
WHUVXSSOLHVLQWKHZRUOGDQG7XUNH\DUHH[SHFWHGWR
EHGLYHUWHGIURPDJULFXOWXUHWRWKHJURZLQJZDWHUGH
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RQWKHHIIHFWVSURGXFHGE\VDOWLRQVRQSODQWJURZWK
SURGXFWTXDOLW\DQGQXWULHQWDEVRUSWLRQ>@
2QWKHRWKHUKDQGVRLOVDOLQLW\SRRUVRLOVRLO
ERUQHGLVHDVHVDQGSHVWVZDWHUVKRUWDJHDUHUHDVRQV
IRUPDNLQJWKHVRLOOHVVFXOWXUH6RLOOHVVFXOWXUHVKDYH
EHHQVXFFHVVIXOO\XVHGIRUVHYHUDOGHFDGHVZLWKWKH
DLP WR LQWHQVLI\ SURGXFWLRQ DQG UHGXFH FRVW >@
&XOWLYDWLRQRIURVHVLQYDULRXVVRLOOHVVPHGLDLVEH
LQJDFKLHYHGZLWKSURPLVLQJFRPPHUFLDOSRWHQWLDOV
5RVHLVRQHRIWKHPRVWZLGHO\FXOWLYDWHGIORZHUVSH
FLHVZLWKWKHVRLOOHVVWHFKQLTXHDQGVHYHUDOLQYHVWL
JDWLRQVZHUHFRQGXFWHGLQWKHZRUOGXVLQJLQHUWRU
JDQLFDQG PL[WXUHVRIERWK>@
7KH FRVW ORFDO DYDLODELOLW\ DQG H[SHULHQFH LQ VXE
VWUDWH XVH DUH XVXDOO\ WKH GHWHUPLQLQJ IDFWRUV IRU
FKRRVLQJDSDUWLFXODUVXEVWUDWHW\SH$PRQJWKHYDU
LRXVVRLOOHVVFXOWXUHSUDFWLFHVWKHXVHRIVXEVWUDWHLV
WKHHDVLHVWWREHDGRSWHGE\JURZHUV
5RVH 5RVDVSS LVRQHRIWKHPRVWHFRQRPL
FDOO\LPSRUWDQWRUQDPHQWDOFURSVLQWKHZRUOG5RVHV
ZHUHFODVVLILHGDVKLJKO\VDOWVHQVLWLYHZLWK(&OHY
HOVOHVVWKDQG6P>@RUDVVDOWVHQVLWLYH
RUVDOWWROHUDQWXSWRG6POHYHORIVDOLQLW\
>@&KLPRQLGRXHWDO>@DQG.RWXE\$PDFKHUHW
DO>@UHSRUWHGWKDWURVHVFDQUHVLVWXSWR(&OHYHO
RIG6PZLWKRXWDIIHFWLQJ\LHOGDQGTXDOLW\,Q
FRQWUDVW8UEDQ>@DUJXHGWKDWURVHKDVEHHQWUDGL
WLRQDOO\FDWHJRUL]HGDVD VDOWVHQVLWLYH VSHFLHV ZLWK
VDOWLQMXU\UHSRUWHGZLWKLQDUDQJHRIWRG6Pí
HOHFWULFDO FRQGXFWLYLW\ (&  GHSHQGLQJ RQ VSHFLHV
FXOWXUDOPHGLXPOHDFKLQJIUDFWLRQDQGHQYLURQPHQ
WDOFRQGLWLRQV
%DDV DQG YDQ GHQ %HUJ >@ VWDWHG WKDW GH
FUHDVHVLQ\LHOGRIRQO\SHUG6PRILQFUHDVHLQ
HOHFWULFDO FRQGXFWLYLW\ RI WKH UHF\FOHG VROXWLRQ
UDQJHLQ(&RIG6P ZLWKDQDFFXPXODWLRQ
RI1DRIRUPPRO/LQWKHUHFLUFXODWLRQWDQN
/RUHQ]R HW DO >@ GHWHUPLQHG D JUDGXDO UHGXFWLRQ
ERWKLQVKRRWOHQJWKDQGHORQJDWLRQUDWHDWRU
PPRO/ 1D &DEUHUD DQG 3HUGRPR >@ HYDOXDWHG
WKHHIIHFWVRIDQGPPRO/RI1D&O
DQGIRXQGHGYLVXDOV\PSWRPVRIVDOWLQMXU\PRVWVH
YHUHO\RQWKHROGHVWIROLDJHRISODQWVUHFHLYLQJFRQ
FHQWUDWLRQ RI  PPRO/ EXW QRW RQ WKH IROLDJH RI
KDUYHVWHGVKRRWV
$VVHHQIURPWKHUHVHDUFKHVFLWHGDERYHWKHUH
LVDGLOHPPDDERXWWKHHIIHFWVRQVDOLQHZDWHUVXE
VWUDWH DQG WKHLU LQWHUDFWLRQ LQ JUHHQKRXVH URVH SUR
GXFWLRQV6RPHRIWKHVWXGLHVFODVVLILHGURVHDVVDOW
VHQVLWLYHZKLOHRWKHUVVDOWWROHUDQW$OVRDOORIWKH
FXWIORZHUVLQ7XUNH\LQFOXGLQJURVHVDUHLUULJDWHG
ZLWKIUHVKZDWHUDQGQRLQIRUPDWLRQLVDYDLODEOHFRQ
FHUQLQJWKHHIIHFWRILUULJDWLRQZLWKVDOLQHZDWHUDQG
GLIIHUHQW VXEVWUDWHV RQ \LHOG DQG IORZHU TXDOLW\ RI
URVHV7KHUHIRUHWKHSUHVHQWVWXG\ZDVFRQGXFWHGWR
UHYHDOWKHHIIHFWRIVDOLQLW\DQGVXEVWUDWHRQ\LHOGDQG
IORZHUTXDOLW\SDUDPHWHUVRIURVH
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MATERIALS AND METHODS
7KHVWXG\ZDVFRQGXFWHGLQDQXQKHDWHGJODVV
JUHHQKRXVHORFDWHGDWWKH%DWL$NGHQL]$JULFXOWXUDO
5HVHDUFK ,QVWLWXWH $QWDO\D 7XUNH\ EHWZHHQ 1R
YHPEHU  DQG 2FWREHU  7KH JUHHQKRXVH
KDYLQJ VL]H RI  P [  P ZDV GLYLGHG LQWR WZR
URRPVDQGRULHQWHGLQWKH1RUWK6RXWKGLUHFWLRQ7KH
UHVHDUFK DUHD ZDV ORFDWHG DW D ODWLWXGH RI    1
DQGDORQJLWXGHRI (DQGDQDOWLWXGHRIP
7KHFOLPDWHRIWKHUHJLRQLVW\SLFDOO\0HGLWHUUDQHDQ
WKDWLV PLOGDQGUDLQ\LQ ZLQWHUDQGGU\DQGKRWLQ
VXPPHU 7KH DYHUDJH WHPSHUDWXUH DQG UHODWLYH KX
PLGLW\LQVLGHWKHJUHHQKRXVHIRUWKHVWXG\SHULRGDUH
SUHVHQWHGLQ)LJXUH
,QWKLVVWXG\IRXUGLIIHUHQWVDOLQLW\OHYHOVRILU
ULJDWLRQZDWHU µFRQWURO¶DQGG6P 
DQG WKUHH VXEVWUDWHV ZHUH XVHG ,UULJDWLRQ VDOLQLW\
OHYHOVIRUPHGE\PDLQSORWVZHUHGHVLJQHGDFFRUG
LQJWRUDQGRPL]HGEORFNGHVLJQ ZKHUHDVVXEVWUDWHV
ZHUH GHVLJQHG DV VXESORWV 7KXV [ VSOLW SORWV
ZHUHDSSOLHGDQGHDFKWUHDWPHQWZDVUHSOLFDWHGWKUHH
WLPHV LQ WKH H[SHULPHQW >@ 7KUHH GLIIHUHQW VXE
VWUDWHVFRQVLVWHGRIYROXPHWULFPL[WXUHVRIFRFRSHDW
& DQGSHUOLWH 3  &3 SHDW 3H DQG
SHUOLWH 3H3 DQG]HROLWH = DQGSHDW
=3H ZHUHXVHGDVJURZLQJPHGLXP
5RRWHG FXWWLQJV RI URVH 5RVD VSS FY µ)LUVW
5HG¶ JUDIWHGRQ µ5RGRUDWR¶URRWVWRFN ZKLFKLVD
VWDQGDUGW\SH ZHUHSODQWHGLQWRSRO\SURS\OHQHEDJV
POHQJWKPZLGWKDQGPGHSWK ZLWK
WZRURZV [PVSDFLQJSODQWVP RQ
1RYHPEHU  DQG HDFK SORW FRQWDLQHG RI 
SODQWV
)RU PDFUR HOHPHQW VWRFN VROXWLRQ 6WRFN $ 
XVHGLQWKHH[SHULPHQWNJ3RWDVLXP1LWUDWH
NJ0RQRDPRQLXP3KRVSKDWHNJ$PRQLXP1L
WUDWHDQGNJ6HTXHVWULQZHUHDGGHGLQDWDQNRI
 / LQ YROXPH 0LFUR HOHPHQW VWRFN VROXWLRQV
6WRFN% ZHUHSUHSDUHGE\DGGLQJJ%RUD[
J0DQJDQHVH6XOSKDWHJ=LQF6XOSKDWHJ&RS
SHU 6XOSKDWH DQG  J 6RGLXP 0RO\EGDW LQ DQRWKHU
WDQNRI/LQYROXPH$VWDQGDUGQXWULHQWVROXWLRQ
IRUURVDZLWKDQHOHFWULFDOFRQGXFWLYLW\YDOXHRI
G6PXVHGDVDFRQWUROZDVFRPSDUHGZLWKWKUHH
VDOLQLW\ OHYHOV >@ 7KH SUHSDUHG VWRFN VROXWLRQV
ZHUHXVHGLQLUULJDWLRQSUDFWLFHVIRUDEDODQFHGQX
WULWLRQDOOHYHOLQHDFKWUHDWPHQW7ZROLWHUVRIPDFUR
DQGRQHOLWHURIPLFURVWRFNVROXWLRQVZHUHDGGHGLQ
LUULJDWLRQ ZDWHU KDYLQJ (& YDOXH RI  G6 P WR
IRUPFRQWUROLUULJDWLRQDSSOLFDWLRQZKRVH(&YDOXH
LVG6P 6 
,QRUGHUWRREWDLQLUULJDWLRQZDWHUKDYLQJKLJKHU
(&YDOXHV 6 6 DQG6 G6P 1D&O
DQG&D&OZHUHDGGHGLQZDWHUKDYLQJ(&RIG6
P 6FRQWURODSSOLFDWLRQ (&YDOXHVZHUHPHDV
XUHGDQGDGMXVWHGWR&XVLQJDFRQGXFWLYLW\PHWHU
+DQQD,QVW+, 
7KHLUULJDWLRQVROXWLRQVZHUHSUHSDUHGIRUHDFK
VDOLQLW\ WUHDWPHQW LQ D VHSDUDWH  OLWHUV WDQN
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GULSLUULJDWLRQV\VWHPKDYLQJGULSSHUGLVFKDUJLQJRI
 / K DW D SUHVVXUH RI  03D ,UULJDWLRQ IUH
TXHQF\ ZDV EDVHG RQ VRODU UDGLDWLRQ DFKLHYHG LQ
JUHHQKRXVH7KHDPRXQWRIZDWHUDSSOLHGZDVFDOFX
ODWHG WR PHHW WKH VRODU UDGLDWLRQ DQG DQ DGGLWLRQDO
OHDFKLQJIUDFWLRQRIWRSUHYHQWH[FHVVLYHDFFX
PXODWLRQRIVDOWVLQWKHJURZLQJPHGLXP>@7KH
LUULJDWLRQ VFKHGXOLQJ ZDV DXWRPDWLFDOO\ LPSOH
PHQWHGE\DGLJLWDOWLPHU

6WRFN$DQGVWRFN%ZDVDGGHGLQWRWKHHDFKWDQNDW
UDWLRXQWLOWKHUHTXLUHG(&ZDVDFKLHYHG G6
P (DFKVDOLQLW\OHYHOVZHUHSURYLGHGZLWKDWDQN
RIQXWULHQWVROXWLRQ OLWHUV DQGDSXPSVRWKDW
VROXWLRQV FRXOG EH PRQLWRUHG DQG WKH VDOLQLWLHV DG
MXVWHGLQGLYLGXDOO\7KHS+ZDVPDLQWDLQHGEHWZHHQ
DQGXVLQJ1LWULFDFLGVROXWLRQ$OOWUHDWPHQWV
ZHUHLUULJDWHGDWWKHVDPHWLPHDQGDWWKHVDPHYRO
XPH7KHSODQWVZHUHLUULJDWHGWLPHVDGD\E\D

),*85(
$YHUDJHWHPSHUDWXUHDQGUHODWLYHKXPLGLW\PHDVXUHGLQVLGHJUHHQKRXVH
7$%/(
9DULDQFHDQDO\]HVUHVXOWVZLWKUHVSHFWWR\LHOGDQGIORZHUTXDOLW\RIURVH
9DULDWLRQVRXUFHV

GI

5HSOLFDWLRQ
6DOLQLW\ 6
(UURU 6
Substrate (Su)
6[6X
(UURU 66X
Total









Yield
(number plant-1)

6WHPOHQJWK
FP

3URSHUWLHV
Stem thickness
(mm)

Bud diameter
(mm)

16

161RW6LJQLILFDQW 6LJQLILFDQWDW3 6LJQLILFDQWDW3

),*85(
7KHHIIHFWVRIGLIIHUHQWVDOLQLW\OHYHOVDQGVXEVWUDWHVRQ\LHOG



16
16

%XGOHQJWK
PP
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),*85(
7KHHIIHFWVRIGLIIHUHQWVDOLQLW\OHYHOVDQGVXEVWUDWHVRQVWHPOHQJWK

),*85(
7KHHIIHFWVRIGLIIHUHQWVDOLQLW\OHYHOVDQGVXEVWUDWHVRQVWHPWKLFNQHVV
'XULQJWKHH[SHULPHQW\LHOG QXPEHUSODQW 
VWHPOHQJWK FP VWHPWKLFNQHVV PP EXGOHQJWK
DQGEXGGLDPHWHU PP PDFURDQGPLFURHOHPHQWLQ
WKHOHDYHVZHUHGHWHUPLQHG9DULDQFHDQDO\VHVZHUH
DSSOLHG WR GDWD REWDLQHG DQG 'XQFDQ¶V PXOWLSOH
UDQJHWHVWVZDVXVHGWRFRPSDUHWKHDYHUDJHV>@

ZKLOHWKHORZHVWIORZHU\LHOGZDVREWDLQHGLQ&3
QXPEHUSODQW LQ6VDOLQLW\OHYHO )LJXUH 
)ORZHUQXPEHUVSHUSODQWZDVGHFUHDVLQJZLWK
LQFUHDVLQJVDOLQLW\OHYHOV&RPSDULQJWKHVXEVWUDWHV
LW LV VHHQ WKDW &3 LV WKH PRVW VHQVLWLYH WR VDOLQLW\
IDOORZHGE\=3HDQG3H3:LWKWKHLQFUHDVHLQVD
OLQLW\OHYHO WRG6P UHGXFWLRQLQ\LHOGZDV
GHWHUPLQHGE\DQGIRU3H3&3DQG
=3HUHVSHFWLYHO\ )LJXUH 7KHUHDUHVRPHOLWHU
DWXUHVLQRUQDPHQWDOSODQWV UHODWHGWRWKH LUULJDWLRQ
ZDWHU VDOLQLW\DQG\LHOG6RRQHYHOGDQG9RRJW>@
UHSRUWHGWKDWFXWIORZHU\LHOGRIFDUQDWLRQDQGFKU\
VDQWKHPXP ZDV UHGXFHG E\ RQO\  ZKHQ H[
SRVHGWRP01D&O,QWKHVDPHVWXG\ JHUEHUD
KLSSHDVWUXPDQGDQWKXULXPZHUHIRXQGWREHPRGHU
DWHO\VHQVLWLYHWRVDOWH[KLELWLQJD\LHOGUHGXFWLRQRI
DQGDVVDOLQLW\LQFUHDVHGIURPWR
P0UHVSHFWLYHO\)DOFRQHWDO>@VWDWHGDFRQ
WLQXDO\LHOGUHGXFWLRQRIURVHDV(&LQFUHDVHV:KLOH

RESULTS AND DISCUSSION
<LHOGDQGTXDOLW\7KHUHVXOWVZLWKUHVSHFWWR
\LHOGDQGIORZHUTXDOLW\RIURVHWRJHWKHUZLWKVWDWLV
WLFDODQDO\VLVDUHSUHVHQWHGLQ7DEOH,WZDVIRXQG
WKDW LQWHUDFWLRQV ZHUH VWDWLVWLFDOO\ GLIIHUHQW 3 
 IRU\LHOGVWHPOHQJWKVWHPWKLFNQHVVDQGEXG
OHQJWK+RZHYHUQRGLIIHUHQFHZDVIRXQGIRUEXGGL
DPHWHU 7DEOH 7KH\LHOGZLWKUHVSHFWWRVXEVWUDWH
DQGVDOLQLW\OHYHOVLVGHSLFWHGLQ)LJXUH&RQVLGHU
LQJWKHLQWHUDFWLRQVWKH KLJKHVW\LHOGZDVREWDLQHG
LQ 3H3  QXPEHU SODQW  LQ 6 VDOLQLW\ OHYHO
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WKLFNQHVV :KLOH WKH VXEVWUDWH DIIHFWHG VWHP WKLFN
QHVV LW GLG QRW DIIHFW VWHP OHQJWK$V WKH VDOLQLW\
OHYHOLQFUHDVHGIURPWRG6PDUHGXFWLRQLQ
VWHPOHQJWKDQGVWHPWKLFNQHVVDVPXFKDVDQG
LQ3H3UHVSHFWLYHO\DQGLQ&3DQG
 DQG  LQ =3H JURZLQJ PHGLXP ZHUH RE
VHUYHG7KHRFFXUUHQFHRIVDOWLQZDWHUFDXVHVSODQWV
WRH[HUWPRUHHQHUJ\H[WUDFWLQJZDWHUIURPWKHURRW
]RQH7KHUHGXFWLRQLQVWHPOHQJWKDQGVWHPWKLFN
QHVVLQWKLVUHVHDUFKDVDUHVXOWRILQFUHDVHGVDOLQLW\
OHYHOVLQWKHLUULJDWLRQZDWHUFRXOGDOVREHDWWULEXWHG
WR UHGXFWLRQ LQ ZDWHU DEVRUSWLRQ DQG XVLQJ HQHUJ\
ZKLFK FRXOG KDYH EHHQ XVHG WR VXSSRUW YHJHWDWLYH
JURZWKLQZDWHUH[WUDFWLRQIURPVXEVWUDWH$EG(O
:DKDE>@VWDWHGWKDWUHGXFWLRQLQOHQJWKZLWKLQ
FUHDVHGVDOLQLW\FRXOGEHDWWULEXWHGWRGHFUHDVHGFHOO
GLYLVLRQ DQG LQKLELWLRQ RI GLIIHUHQWLDWLRQ RI FHOOV
*ULHYHHWDO>@DUJXHGWKDWVWHPOHQJWKRI0DWWKL
ROD LQFDQD GHFUHDVHG IURP  WR  FP DV VDOLQLW\
LQFUHDVHGIURPWRG6P6KRQJZHDQG:D
KRPH>@UHSRUWHGWKDWFKU\VDQWKHPXPVJURZQXQ
GHUDQGP01D&O
VKRZHGVLJQLILFDQWUHGXFWLRQLQVWHPOHQJWKZLWKLQ
FUHDVLQJVDOLQLW\)DOFRQHWDO>@VWDWHGWKDWVDOLQLW\
OHYHOVDIIHFWHGERWKWKHWRWDOQXPEHUDQGWKHTXDOLW\
RIWKHURVHIORZHUVSURGXFHGGH.UHLMDQGYDQGHQ
%HUJ>@DUJXHGWKDWVWHPOHQJWKGHFOLQHGE\FP
SHUG6P:DKRPHHWDO>@GHWHUPLQHGWKDWZKHQ
FRQVWDQWO\H[SRVHGWRP01D&OURVHYDULHW\RI
.DUGLQDO SURGXFHG VKRUWHU VWHPV 6LPLODUO\ WKH UH
GXFWLRQLQVWHPOHQJWKLQURVHZLWKLQFUHDVHGVDOLQLW\
OHYHOVLQLUULJDWLRQZDWHULQWKLVVWXG\FRXOGDOVREH
DWWULEXWHGWRUHGXFHGJURZWKFDXVHGE\UHGXFWLRQLQ
FHOOGLYLVLRQ

GH.UHLMDQGYDQGHQ%HUJ>@ZHUHIRXQGQRGLIIHU
HQFHLQ\LHOGEHWZHHQ(&YDOXHVRIDQGG6P

LQ WKH URRW HQYLURQPHQW %DDV DQG YDQ GHQ %HUJ
>@UHSRUWHGDGHFUHDVHLQ\LHOGDVPXFKDVSHU
P6FP8UEDQHWDO>@GHWHUPLQHGWKDW\LHOGZDV
DIIHFWHGE\(&LQ5RVDK\EULGDFY6RQLDJURZQLQ
VRLOOHVVFRQGLWLRQVZLWKQXWULHQWVROXWLRQVRIRU
P6FP7KH \LHOGUHVXOWVUHSRUWHGKHUH DUH LQ
JRRG DJUHHPHQW ZLWK WKRVH UHSRUWHG E\ GH +RRJ
>@&DEUHUDDQG3HUGRPR>@DQG%HUQVWHLQHWDO
>@
6DOLQHLUULJDWLRQZDWHUUHGXFHVWKHDELOLW\RIWKH
SODQW¶VURRWKDLUVWRWDNH XSZDWHU%HWZHHQLUULJD
WLRQV DV WKH PRLVWXUH GHFUHDVHV WKH VDOWV LQ WKH
JURZLQJ VROXWLRQ FRQFHQWUDWH WR EHWZHHQ WZR DQG
ILYH WLPHV WKHLU LQLWLDO YDOXH LQ WKH JURZLQJ PHGLD
ZDWHU7KLVFDXVHVDQLQFUHDVH LQWKH RVPRWLFSUHV
VXUHRIWKHVRLOVROXWLRQZKLFKPDNHVLWPRUHGLIIL
FXOWIRUWKHSODQWURRWVWRH[WUDFWZDWHUDQGSODQWQX
WULHQWV IURP WKH URRW ]RQH 'HFUHDVLQJ QXPEHU RI
\LHOGGXHWRLUULJDWLRQZLWKVDOLQHZDWHULVXVXDOO\DV
DUHVXOWRIWKHRVPRWLFVWUHVVFDXVHGE\WKHWRWDOFRQ
FHQWUDWLRQ RI VDOWV UDWKHU WKDQ GXH WR VSHFLILF LRQV
>@
7KHVWHPOHQJWKVWHPWKLFNQHVVEXGGLDPHWHU
DQGEXGOHQJWKDUHSUHVHQWHGLQ)LJXUHDQG
UHVSHFWLYHO\6WHPOHQJWKLVDQLPSRUWDQWFULWHULDWR
SURGXFHUVRIURVHFXWIORZHUVVLQFHLWLVDTXDOLW\IDF
WRU WKDW LQIOXHQFHV WKH HFRQRPLF YDOXH RI WKH FURS
>@:KLOHWKHORQJHVWVWHPOHQJWKDQGVWHPWKLFN
QHVVZHUHREWDLQHGLQ6VDOLQLW\OHYHO FP
PP LQ&3VXEVWUDWHWKHVKRUWHVWVWHPOHQJWKDQG
VWHPWKLFNQHVVZHUHREWDLQHG6VDOLQLW\OHYHO 
FPPP ERWKLQ3H3VXEVWUDWH )LJXUHDQG 
,QWKLVVWXG\LWZDVGHWHUPLQHGWKDWLQFUHDVLQJVDOLQ
LW\OHYHOVFDXVHGDGHFUHDVHLQVWHPOHQJWKDQGVWHP

),*85(
7KHHIIHFWVRIGLIIHUHQWVDOLQLW\OHYHOVDQGVXEVWUDWHVRQEXGGLDPHWHU
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),*85(
7KHHIIHFWVRIGLIIHUHQWVDOLQLW\OHYHOVDQGVXEVWUDWHVRQEXGOHQJWK

),*85(
7KHUHODWLYH\LHOGRIURVHDVDIXQFWLRQRIVDOLQLW\OHYHODQGVXEVWUDWHV
SODQWVPRUHVHQVLWLYH WRVDOLQLW\VWUHVV3UHVHQFHRI
KLJKFRQFHQWUDWLRQVRIVROXEOHVDOWVLQLUULJDWLRQZD
WHUEORFNVYDVFXODUV\VWHPDQGXOWLPDWHO\UHVWULFWZD
WHUXSWDNH,WUHVXOWVLQZDWHUVWUHVVZKLFKZLOOFDXVH
ORVV RI FHOO WXUJRU DQG UHGXFWLRQ LQ OHDI H[SDQVLRQ
UDWHV7KLVLQUHWXUQOHDGVWRDUHGXFWLRQLQOHDIDUHD
DYDLODEOHIRUSKRWRV\QWKHVLVZKLFKZLOOFDXVHDORVV
RITXDOLW\>@$VH[SODLQHGLQWKHPDWHULDOVDQG
PHWKRGVHFWLRQWKHUHTXLUHGVDOLQLW\OHYHOVZHUHSUH
SDUHGE\DGGLQJ1D&ODQG&D&OLQWRVWRFNVROXWLRQV
RIG6PUHVXOWLQJKLJKHUFRQFHQWUDWLRQVRI1D
DQG &O LRQV LQ URRW ]RQH +LJKHU FRQFHQWUDWLRQV RI
1DDQG&OLRQVDUHKLQGHULQJHVSHFLDOO\XSWDNHRI.
DQG&DLRQVDQGEUHDNGRZQLRQEDODQFH6DOLQLW\UH
GXFHV URRW GHYHORSPHQW ZDWHU XSWDNH DV ZHOO DV
WUDQVSLUDWLRQ DQG UHVSLUDWLRQ ZKLFK UHVXOWV LQ SHU
LVKHGKRUPRQDOEDODQFHDOWHUHGSKRWRV\QWKHVLVUDWH
GHFUHDVHG QLWUDWH XSWDNH DQG FHOO JURZWK 2YHUDOO
SODQWUHVSRQVHWRWKHDERYHPHQWLRQHGUHGXFHGSK\V
LRORJLFDO FRQGLWLRQV RFFXUV LQ ORZHU VWHP OHQJWK

7KHKLJKHVWEXGGLDPHWHUDQGEXGOHQJWKZHUH
REWDLQHGLQ6VDOLQLW\OHYHO DQGPP LQ
=3HVXEVWUDWHZKHUHDVWKHORZHVWEXGGLDPHWHUDQG
EXG OHQJWK ZHUH REWDLQHG LQ 6 VDOLQLW\ OHYHO ZLWK
 DQG  PP LQ &3 DQG =3H VXEVWUDWH UH
VSHFWLYHO\ )LJXUHDQG ,QFUHDVLQJVDOLQLW\OHYHOV
FDXVHGD GHFUHDVHLQEXGGLDPHWHUDQGEXGOHQJWK
7KHGHFUHDVHRIPHDVXUHGYHJHWDWLYHSDUDPHWHUVFDQ
EH H[SODLQHG E\ WKH IDFW WKDW KLJK VDOLQLW\ DIIHFWV
SODQWVLQWZRPDLQZD\VKLJKFRQFHQWUDWLRQVRIVDOWV
LQWKHVRLOGLVWXUEWKHFDSDFLW\RIURRWVWRH[WUDFWZD
WHUDQGKLJKFRQFHQWUDWLRQVRIVDOWVZLWKLQWKHSODQW
LWVHOIFDQEHWR[LFUHVXOWLQJLQDQLQKLELWLRQRIPDQ\
SK\VLRORJLFDODQGELRFKHPLFDOSURFHVVHVVXFKDVQX
WULHQWXSWDNHDQGDVVLPLODWLRQ>@7RJHWKHU
WKHVHHIIHFWVUHGXFHSODQWJURZWKGHYHORSPHQWDQG
VXUYLYDO 5DYLY DQG %ORP >@ VWDWHG WKDW URVHV
JURZQ DV FXW IORZHUV LQ JUHHQKRXVHV DUH KDUYHVWHG
\HDU URXQG ZKLFK SURPRWH WKH FRQWLQXRXV SURGXF
WLRQRIQHZ\RXQJVKRRWVDQGIROLDJHDQGPDNHWKHVH
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VDOLQLW\RIWKHLUULJDWLRQZDWHUDQGVXEVWUDWHRQOHDI
1DFRQFHQWUDWLRQVLQGLFDWLQJWKDWVDOLQLW\HIIHFWRQ
1DXSWDNH YDULHGZLWKVXEVWUDWH,Q3H3DQG&3
1D FRQFHQWUDWLRQVLQOHDYHV ZHUH LQFUHDVHGUDSLGO\
LQ WKH VDOLQLW\ WUHDWPHQWV +RZHYHU 1D FRQFHQWUD
WLRQVLQFUHDVHGVORZO\ZLWKVDOLQLW\RIWKHLUULJDWLRQ
ZDWHU LQ =3H 1D FRQFHQWUDWLRQV LQFUHDVHG 
 DQG  IROG DV LUULJDWLRQ ZDWHU VDOLQLW\ LQ
FUHDVHG IURP  WR  G6P LQ 3H3 &3 DQG
=3H VXEVWUDWHV UHVSHFWLYHO\1D FRQFHQWUDWLRQVLQ
=3HZHUHDERXWWZRWLPHVORZHUWKDQWKRVHLQ3H3
DQG&3
7KH &OFRQFHQWUDWLRQVLQFUHDVHGDVVDOLQLW\RI
WKHLUULJDWLRQZDWHULQFUHDVHG7KHFRQFHQWUDWLRQVRI
&OLQOHDYHVZHUHPXFKKLJKHUWKDQWKRVHRI1DFRQ
FHQWUDWLRQV 7DEOH 7KHKLJKHVWDQGORZHVWOHDI&O
FRQFHQWUDWLRQZDVREVHUYHGLQ3H3ZLWKDQG
 PJ J UHVSHFWLYHO\ &KORULGH FRQFHQWUDWLRQV
ZHUHKLJKHULQ3H3WKDQLQWKHRWKHUWZRVXEVWUDWH
LQ6DQG6VDOLQLW\WUHDWPHQWV,QFUHDVLQJWKHVDOLQ
LW\OHYHOIURPWRG6PíLQFUHDVHGWKH&OFRQ
FHQWUDWLRQVLQWKHOHDIDVPXFKDVDQG
IROGIRU3H3&3DQG=3HUHVSHFWLYHO\&DEUHUD
DQG3HUGRPR>@UHSRUWHGWKDW1DFRQFHQWUDWLRQVRI
%ULGDO3LQN URVH OHDYHV ZHUH QRW DIIHFWHG E\ 1D&O
DSSOLFDWLRQV EXW OHDI &O FRQFHQWUDWLRQV LQFUHDVHG
VLJQLILFDQWO\ DQG FXPXODWLYHO\ RYHU WLPH ZLWK VDOW
DGGLWLRQVDQGUDQJHGIURPWRJNJ WR
 1LXHWDO>@VWDWHGWKDWOHDI1DDQG&OFRQ
FHQWUDWLRQVLQ5RVDRGRUDWDLQFUHDVHGOLQHDUO\ZKHQ
WKH VDOLQLW\ OHYHOV LQFUHDVHG 7KH\ GHWHUPLQHG WKDW
1DFRQFHQWUDWLRQVDWDQGG6PíLQFUHDVHGE\
DQGUHVSHFWLYHO\FRPSDUHGZLWKWKDWDW
G6Pí6LPLODUWUHQGRIDFFXPXODWLRQRI1DDQG
&OLQOHDIRIURVHVKDYHEHHQUHSRUWHGE\%DDVDQG
YDQ GHQ %HUJ >@ &DEUHUD >@ %HUQVWHLQ HW DO
>@6LQJDQG&KLWNDUD>@DQG-DVNDQLHWDO>@

VWHPWKLFNQHVVEXGGLDPHWHUDQGEXGOHQJWK>
@
<LHOGDQG\LHOGTXDOLW\ H[FHSWIRUVWHPOHQJWK
DQGEXGGLDPHWHU  LVDIIHFWHGE\VXEVWUDWH PHGLXP
ZLWK JRRG SHUIRUPDQFH LQ =3H DQG IROORZHG E\
3H3 7DEOH)LJXUH 7KHVRLOOHVVFXO
WXUHPDWHULDOVXVHGYDU\EDVHGRQWKHLUORFDODYDLOD
ELOLW\WKURXJKRXWWKHZRUOG6RLOOHVVFXOWXUHPDWHUL
DOVFDQEHLQRUJDQLFRURUJDQLFEXWJURZLQJPHGLD
DUHRIWHQIRUPXODWHGIURPDEOHQGRIGLIIHUHQWVXE
VWUDWHVLQRUGHUWRDFKLHYHWKHFRUUHFWEDODQFHRIDLU
DQGZDWHUKROGLQJFDSDFLW\IRUWKHSODQWVWREHJURZQ
DVZHOODVIRUWKHORQJWHUPVWDELOLW\RIWKHPHGLXP
>@6HYHUDOIDFWRUVDIIHFW WRGHWHUPLQHWKH DSSUR
SULDWHW\SHRI VXEVWUDWHIRUVSHFLILFJURZLQJFRQGL
WLRQV$OWKRXJK\LHOGDQGTXDOLW\LVXVXDOO\WKHSUL
PDU\ IDFWRU LQ GHYHORSLQJ D VXEVWUDWH RWKHU WUDLWV
VXFKDVFRVWUHXVHRUUHF\FOLQJSRWHQWLDOVDUHFULWL
FDOIRUD VXVWDLQDEOHSURGXFWLRQV\VWHP>@7KXV
SHDWSHUOLWHDQG]HROLWHDUHORFDOO\DYDLODEOHPDWHULDO
FRPSDULQJ ZLWK WKH FRFRSHDW )RU WKDW UHDVRQ WKH
3H3DQG=3HPHGLXPFDQEHXVHGDVVXEVWUDWHIRU
FXWIORZHUURVHSURGXFWLRQLQ7XUNH\
7KUHVKROGYDOXH5HODWLYH\LHOGDVDIXQFWLRQ
RILUULJDWLRQZDWHUVDOLQLW\LVVKRZQLQ)LJXUHXVLQJ
WKH HTXDWLRQ<U  E (&Z  D  >@7KH HVWL
PDWHGVORSH E IRU3H3&3DQG=3HLV
DQG  UHVSHFWLYHO\ 7KH WKUHVKROG YDOXH D  IRU
3H3&3DQG=3HZDVGHWHUPLQHGDVDQG
 G6 P UHVSHFWLYHO\ 7RWDO \LHOG JHQHUDOO\ UH
PDLQHGFRQVWDQWXQWLODQDYHUDJH(&WKUHVKROGYDOXH
RIG6PíDQGWKHQGHFUHDVHGOLQHDUO\ZLWKIXU
WKHULQFUHDVHVLQVDOLQLW\$VVXPLQJDERYHPHQWLRQHG
EDQGDYDOXHVWKHUHODWLYH\LHOGFDQEHHVWLPDWHGDV
]HURZKHQWKH(&RILUULJDWLRQZDWHUIRU3H3&3
DQG=3HLVDQGG6PUHVSHFWLYHO\
)HLJLQHWDO>@ZKRLQYHVWLJDWHGWKHHIIHFWRI&OLQ
URVH SURSRVHG D WKUHVKROG YDOXH DERXW  G6 P
2QWKHRWKHUKDQGGH.UHLMDQGYDQGHQ%HUJ>@
IRXQGDWKUHVKROGYDOXHRIG6PIRUURVHFURS
JURZQLQURFNZRRO7KHWKUHVKROGYDOXHRIFXOWLYDWHG
URVHFURSEHWZHHQDQGG6PLQVRLODQGGLI
IHUHQWVRLOOHVVFXOWXUHVZDVUHSRUWHGE\6RQQHYHOGHW
DO >@ +XJKHV DQG +DQDQ >@ DQG =HURQL DQG
*DOH >@$KPDG HW DO >@ DUJXHG WKDW FXW URVHV
FDQQRW WROHUDWH WR KLJKHU VXEVWUDWH VDOLQLW\ DQG
VKRXOGEHJURZQLQWKHVXEVWUDWHKDYLQJ(&OHVVWKDQ
G6P$QDYHUDJHWKUHVKROGYDOXHRIG6P

REWDLQHG LQ WKLV VWXG\ LV LQ DFFRUG ZLWK WKH SXE
OLVKHGYDOXHV

0LQHUDO FRQWHQWV 0DFUR HOHPHQWV FRQWHQWV
ZHUHDIIHFWHGE\WKHWUHDWPHQWVH[FHSWIRU3DQG.
7DEOH   &RQWHQWV RI 1 &D DQG 0J LQ OHDYHV RI
SODQWVJURZQLQDOOVXEVWUDWHVZHUHVLPLODU7KHVXE
VWUDWHVDQGVDOLQLW\OHYHOVKDGQRHIIHFWRQFRQWHQWV
RI3DQG.FRQFHQWUDWLRQV/HDIFRQWHQWVRIDOOWKH
DQDO\]HG PDFURQXWULHQWV ZHUH IRXQG WR EH LQ WKH
UDQJHDFFHSWHGDVDSSURSULDWHIRUSURSHUSODQWIXQF
WLRQ>@
6DOLQLW\OHYHOV KDGHIIHFWRQ 1FRQFHQWUDWLRQV
LQWKH OHDYHV:KHQWKH VDOLQLW\OHYHOVLQFUHDVHG1
FRQFHQWUDWLRQVGHFUHDVHG7KHKLJKHVW1FRQFHQWUD
WLRQZDVREVHUYHGLQ&3ZLWKLQ6VDOLQLW\
OHYHOV ZKLOH WKH ORZHVW 1 FRQFHQWUDWLRQ ZDV RE
VHUYHGLQ=3HZLWKLQ6VDOLQLW\OHYHO*UDW
WDQDQG*ULHYH>@UHSRUWHGWKDW1DFFXPXODWLRQLQ
SODQWVFRXOGUHGXFHGHSHQGLQJRQLQFUHDVLQJVDOLQLW\
,QWHUDFWLRQEHWZHHQ1DDQG1+DQGEHWZHHQ&ODQG
12 GHFUHDVHG SODQW 1 XSWDNH XQGHU VDOLQH FRQGL
WLRQV 7KLV UHGXFWLRQ LQ 12 XSWDNH LV DVVRFLDWHG
ZLWK&ODQWDJRQLVPRUUHGXFHGZDWHUXSWDNH XQGHU
VDOLQHFRQGLWLRQV>@

6RGLXPDQGFKORULGHXSWDNH7KH1DDQG&O
FRQFHQWUDWLRQVPHDVXUHGLQOHDYHVDWWKHHQGRIWKH
H[SHULPHQWDO SHULRG DUH SUHVHQWHG LQ 7DEOH  7KH
FRQFHQWUDWLRQVRIERWK1DDQG&OLQFUHDVHGZLWKVD
OLQLW\ LQ OHDYHV7KH KLJKHVW DQG ORZHVW 1D DQG &O
FRQFHQWUDWLRQV ZHUH GHWHUPLQHG LQ 3H3 JURZLQJ
PHGLD  DQG  PJ J  LQ 6 DQG 6 VDOLQLW\
OHYHOVUHVSHFWLYHO\7KHUHZHUHLQWHUDFWLYHHIIHFWVRI
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7$%/(
(IIHFWRIVDOLQHLUULJDWLRQZDWHUDQGVXEVWUDWHVRQFRQWHQWVRIPDFURPLFURHOHPHQWV1DDQG&OLQOHDYHV
RIURVH
Parameters
S1
N
P
K
Ca
Mg

**
NS
NS
**
**

2.58 ab
0.34
2.48
2.66 d
0.32 c

Fe
Mn
Zn
Cu
B

**
**
**
**
**

237.70 a
67.90 c
10.18 e
Õ
39.83 g

Na
**
Cl
**
Parameters

0.29 j
1.40 k

S1
N
P
K
Ca
Mg

**
NS
NS
**
**

2.68 a
0.29
2.44
2.69 c
0.30 d

Fe
Mn
Zn
Cu
B

**
**
**
**
**

178.50 bc
61.32 f
8.48 j
4.29 e
38.04 j

Na
**
Cl
**
Parameters

0.37 i
2.42 j

S1
N
P
K
Ca
Mg

**
NS
NS
**
**

2.42 bd
0.28
2.29
3.75 a
0.34 a

Fe
Mn
Zn
Cu
B

**
**
**
**
**

216.70 ab
142.50 a
8.50 i
3.87 i
Õ

Na
Cl

**
**

0.37 i
2.86 i

161RW6LJQLILFDQW

Pe+P
Salinity levels (dS m-1)
S2
S3
Macro elements (%)
2.45 bd
2.40 ce
0.29
0.26
2.47
2.43
2.58 e
Õ
0.33 b
0.30 d
Micro elements (ppm)
198.60 ac
170.20 bc
65.06 d
57.87 g
10.65 d
11.36 c
3.59 j
4.04 h
38.84 h
40.84 e
Salt sources (mg g-1)
Õ
3.38 c
Õ
25.85 c
C+P
Salinity levels (dS m-1)
S2
S3
Macro elements (%)
2.57 ab
2.54 ac
0.29
0.28
2.33
2.31
2.35 g
2.31 h
0.29 e
0.29 e
Micro elements (ppm)
178.10 bc
156.60 cd
57.00 h
56.59 h
8.42 k
9.16 h
4.18 f
4.81 c
36.38 k
38.38 i
Salt sources (mg g-1)
0.60 g
2.81 d
13.71 g
24.56 e
Z+Pe
Salinity levels (dS m-1)
S2
S3
Macro elements (%)
2.36 de
2.09 f
0.26
0.26
2.26
2.20
3.27 b
2.55 f
0.33 b
0.32 c
Micro elements (ppm)
192.70 ac
163.00 bc
133.30 b
62.36 e
9.23 g
Õ
3.36 k
4.07 g
40.72 f
48.42 b
Salt sources (mg g-1)
0.52 h
1.38 f
13.27 h
18.02 f

6LJQLILFDQWDW3



S4
2.25 ef
0.23
2.18
1.28 k
0.30 d
153.10 cd
Õ
12.11 b
4.92 b
43.49 c
4.52 a
28.21 a

S4
2.12 f
0.25
2.05
2.15 i
0.28 f
152.20 cd
53.90 i
10.01 f
5.06 a
42.96 d
4.33 b
26.23 b

S4
2.11 f
0.25
2.16
1.35 j
0.29 e
150.80 d
51.92 j
13.17 a
4.42 d
50.42 a
2.00 e
25.29 d
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OLQLW\OHYHOLQFUHDVHGIURPWRG6P)HFRQ
WHQWVGHFUHDVHGDQGDQG0QFRQWHQWV
GHFUHDVHGDQGXQGHUFXOWLYDWLRQZLWK
3H3 &3 DQG =3H UHVSHFWLYHO\ &RQWHQWV RI DOO
WKH H[DPLQHG PLFURHOHPHQWV XQGHU VDOLQLW\ FRQGL
WLRQVDUHZLWKLQWKHUDQJHDFFHSWHGIRUSURSHUIXQF
WLRQRIURVHSODQW>@
7KH )H FRQWHQW RI WKH URVH OHDYHV GHFUHDVHG
ZLWKWKHLQFUHDVHLQVDOLQLW\FRQFHQWUDWLRQLQWKHDOO
VXEVWUDWHV:DOODFHDQG$ERX=DP]DP >@DUJXHG
WKDWWKHLQKLELWLRQRI)HDEVRUSWLRQZDVGXHWRRFFX
SDWLRQRILQWHUIHULQJLRQVLQWKH)HDEVRUELQJVLWHV
7KHLU HIILFLHQW WUDQVORFDWLRQ DSSHDUV WR GHSHQG RQ
FKHODWLRQ RU FRPSOH[LRQ E\ RUJDQLF DFLGV LQ WKH
SODQW7KH0QFRQWHQWRIWKHOHDYHVRIWKHURVHSODQWV
XQGHUVDOLQLW\WUHDWPHQWGHFUHDVHGJUDGXDOO\ZLWKWKH
LQFUHDVH LQ WKH VDOLQLW\ OHYHO LQ WKH DOO VXEVWUDWHV
6DPH UHVXOWVRILQKLELWLRQRI)HDQG0QDUHLQDF
FRUGDQFHZLWKWKHILQGLQJVRI&DEUHURDQG3HUGRPR
>@DQG6ROLV3HUH]>@URVHVJURZQZLWKGLIIHUHQW
VDOLQLW\OHYHOV
2XUUHVXOWVVKRZWKDW%FRQFHQWUDWLRQLQOHDYHV
ZDVDIIHFWHGE\LQFUHDVLQJVDOLQLW\LQDOOVXEVWUDWHV
7DEOH %RURQLVLPSRUWDQWIRUFHOOZDOOVWUXFWXUH
DQG SOD\V D YLWDO UROH LQ PHPEUDQH SURFHVVHV DQG
PHWDEROLFSDWKZD\V>@+LJK%FRQFHQWUDWLRQOLNH
VDOLQLW\LVDQLPSRUWDQWDELRWLFVWUHVVWKDWDGYHUVHO\
DIIHFWVVHQVLWLYHFURSVLQSODQWSURGXFWLRQ>@7KHVH
UHVXOWVFRQVLVWHQWZLWK6ROLV3HUH]>@DQG&DEUHUD
>@GHWHUPLQHGWKDWKLJKHU %DFFXPXODWLRQLQ GLI
IHUHQWURVHYDULHWLHVXQGHUVDOLQHFRQGLWLRQV

6DOLQLW\OHYHOVDQGVXEVWUDWHGLGQRWHIIHFWRQ3
DQG.FRQFHQWUDWLRQLQOHDYHVVWDWLVWLFDOO\6DOLQLW\
OHYHOV ZHUHLQFUHDVHG3DQG. OHYHOVLQWKH OHDYHV
GHFUHDVHG([FHVV1DDQG&OFRQFHQWUDWLRQHQKDQFHV
WKH RVPRWLF SRWHQWLDO RI SODQW URRW ]RQH ZKLFK UH
VWULFWVWKHZDWHUXSWDNHE\SODQWV7KHDYDLODELOLW\RI
3ZDVUHGXFHGLQVDOLQHFRQGLWLRQVEHFDXVHRILRQLF
VWUHQJWK HIIHFWV WKDW UHGXFHG WKH DFWLYLW\ RI 32 RU
ORZ VROXELOLW\ RI &D3 PLQHUDOV +HQFH LW LV LP
SRUWDQW WKDW 3 FRQFHQWUDWLRQ LQ SODQWV GHFUHDVHG DV
VDOLQLW\LQFUHDVHG>@,RQHYD >@UHSRUWHGWKDW LQ
FUHDVHLQ1DFRQWHQWVDQGGHFUHDVHLQ.FRQWHQWVLQ
SODQWOHDYHVFDQEHDWWULEXWHGWRWKHHIIHFWRIFRPSH
WLWLRQEHWZHHQ1DDQG.LRQVRQWKHDEVRUSWLYHVLWHV
RIWKHSODQWURRWV6RGLXPLVWKHPDLQWR[LFLRQEH
FDXVH LW LQWHUIHUHV ZLWK . XSWDNH DQG GLVWXUEV VWR
PDWDO UXOH ZKLFK XOWLPDWHO\ FDXVHV ZDWHU ORVV >@
&RPSRVDQG5HGG>@UHSRUWHGWKDWLQFUHDVLQJVDOW
FRQFHQWUDWLRQ 1D&ODQG&D&O IURPWRG6
PGLGQRWDIIHFW.LQWKHOHDIRIRUFKLG2QWKHRWKHU
KDQG-DVNDQLHWDO>@DQG.KDQHWDO>@VWDWHG
WKDW 3 DQG . FRQFHQWUDWLRQ LQ WKH OHDYHV GHFUHDVHG
ZKHQWKH1DDQG&OFRQFHQWUDWLRQOHYHOVLQFUHDVHG
&DUWHUHWDO>@UHSRUWHGWKDW.FRQFHQWUDWLRQLQ/L
PRQLXPSHUH]LLZDVGHFUHDVHGE\ZKHQ(&RI
LUULJDWLRQZDWHUZDVLQFUHDVHGIURPWRG6P±$
GHFUHDVHLQ3DQG.FRQWHQWRIOHDYHVGXHWRVDOLQLW\
WUHDWPHQWVPD\EHGXHWRWKHWR[LFHIIHFWRI1DDQG
&O RQ SODQW JURZWK RU FRPSHWLWLRQ E\ RWKHU LRQV
ZKLFKLQWXUQH[HUFLVHGDUHJXODWRU\FRQWURORQ3DQG
.XSWDNH>@/RUHQ]RHWDO>@GLGQRWILQGVLJ
QLILFDQW HIIHFWV RI 1D62 EDVHG VDOLQLW\ RQ . RI
URVHV6LPLODUO\RXUUHVXOWVVKRZWKDW3DQG.FRQ
FHQWUDWLRQLQOHDYHVZDVQRWDIIHFWHGVWDWLVWLFDOO\E\
LQFUHDVLQJVDOLQLW\EXWLWWHQGHGWRGHFUHDVHZLWKLQ
FUHDVLQJVDOLQLW\
&D DQG 0J FRQFHQWUDWLRQ LQ OHDYHV ZHUH GH
FUHDVHGZKHQVDOLQLW\OHYHOVLQFUHDVHG7KHKLJKHVW
&DDQG0JFRQFHQWUDWLRQZDVREWDLQHG=3H 
DQG LQ6VDOLQLW\OHYHOV&DFRQWHQWVLQOHDI
GHFUHDVHGZLWKLQFUHDVLQJVDOLQLW\OHYHOV WR
G6P E\DQGIRU3H3&3DQG=3H
UHVSHFWLYHO\ 7DEOH &DGHILFLHQF\PD\EHSDUWO\
UHODWHGWRWKHHIIHFWRI1DRQ&DGLVWULEXWLRQZLWKLQ
WKH SODQW >@'LIIHUHQWVWXGLHVLQGLFDWHGWKDWKLJK
OHYHORIH[WHUQDO1DFRQFHQWUDWLRQVLQLUULJDWLRQZD
WHUFDXVHGDGHFUHDVHLQ&DFRQFHQWUDWLRQVLQSODQWV
>@.KDQHWDO >@ IRXQG WKDWLQFUHDVLQJ1D
DQG&OOHYHOVLQWKHLUULJDWLRQZDWHUGHFUHDVHLQ&D
DQG0JOHYHOVLQ6DOYLDIUXWLFRVD'HFUHDVHVRI&D
DQG 0J FRQWHQW RI OHDYHV KDYH DOVR EHHQ UHSRUWHG
XSRQVDOWDFFXPXODWLRQLQ%UXJXLHUDSDUYLIORUD>@
&RQWHQWV RI =Q &X DQG % FRQFHQWUDWLRQV LQ
FUHDVHGDVVDOLQLW\OHYHOVLQFUHDVHG2QWKHFRQWUDU\
)HDQG0QFRQFHQWUDWLRQVGHFUHDVHGDVVDOLQLW\OHY
HOVLQFUHDVHG=QFRQWHQWVLQFUHDVHGDQG
&XFRQWHQWVLQFUHDVHGDQGDQG
%FRQWHQWVLQFUHDVHGDQGXQGHUFXOWL
YDWLRQZLWK3H3&3DQG=3HUHVSHFWLYHO\DVVD

CONCLUSIONS
7KHXVDJHRIVDOLQHZDWHULQFXWIORZHUSURGXF
WLRQ PD\ EH LQHYLWDEOH LQ WKH ORQJ WHUP VLQFH WKH
IUHVKZDWHUVXSSO\LVGHFUHDVLQJRYHUWLPH0DQ\IOR
ULFXOWXUHVSHFLHVDUHVHQVLWLYHWRVDOWDFFXPXODWLRQLQ
WKHURRW]RQH7KHDLPRIWKHVWXG\ZDVWRGHWHUPLQH
WKHHIIHFWRIGLIIHUHQWVDOLQHLUULJDWLRQZDWHUDQGVXE
VWUDWH RQ \LHOGTXDOLW\DQG PLQHUDOFRQWHQWRIURVH
XQGHUXQKHDWHGJUHHQKRXVHFRQGLWLRQV$OOSDUDPH
WHUVUHODWHG\LHOGDQGTXDOLW\ZHUHDIIHFWHGDGYHUVHO\
E\LQFUHDVLQJVDOLQLW\LQLUULJDWLRQZDWHU5RVDRGR
UDWR FY )LUVW 5HG URVH FXOWLYDU XVHG LQ WKLV VWXG\
KDYHSURYHGTXLWHVDOWVHQVLWLYHDQGLWVJURZWK\LHOG
DQGTXDOLW\LVDGYHUVHO\DIIHFWHGZLWKLQFUHDVLQJVD
OLQLW\OHYHO7KHUHIRUHLWFDQEHFRQFOXGHGWKDWURVH
VKRXOGEHJURZQRQVXFKVXEVWUDWHVZKLFKKDYHOHVV
WKDQG6P(&OHYHO$PRQJVXEVWUDWHV3H3
ZDVTXLWHWROHUDQWWRFRPSDUDWLYHO\KLJKHUVDOWFRQ
FHQWUDWLRQV WKDQ =3 DQG &3 ZKLFK DGYRFDWHV LWV
VXLWDELOLW\WREHJURZQRQVXFKVXEVWUDWHVZKLFKDUH
PRGHUDWHO\VDOLQH



© by PSP

Volume 27 ± No. 3/2018 pages 1424-1436

Fresenius Environmental Bulletin

[13] 0XQQV5DQG7HUPDDW$  :KROHSODQW
UHVSRQVHVWRVDOLQLW\$XVWUDOLDQ-RXUQDORI3ODQW
3K\VLRORJ\
[14] 5KRDGHV-'.DQGLDK$DQG0DVKDOL$0
 7KH8VHRI6DOLQH:DWHUVIRU&URS3UR
GXFWLRQ)$2,UULJDWLRQDQG'UDLQDJH3DSHU
5RPH
[15] )UDQFRLV/(DQG&ODUN5$  6DOWWROHU
DQFH RI RUQDPHQWDO VKUXEV WUHHV DQG LFHSODQW
-RXUQDO RI WKH$PHULFDQ 6RFLHW\ IRU +RUWLFXO
WXUDO6FLHQFH
[16] ,EUDKLP .0 &ROOLQV -& DQG &ROOLQ +$
  (IIHFW RI VDOLQLW\ RQ JURZWK DQG LRQLF
FRPSRVLWLRQRI&ROHXVEOXPHLDQG6DOYLDVSOHQ
GHQV-RXUQDORI+RUWLFXOWXUDO6FLHQFH

[17] =XUD\N 5 7DEEDUDK ' DQG %DQEXNLDQ /
 3UHOLPLQDU\VWXGLHVRQWKHVDOWWROHUDQFH
DQG VRGLXP UHODWLRQV RI FRPPRQ RUQDPHQWDO
SODQWV -RXUQDO RI 3ODQW 1XWULWLRQ  

[18] .XHKQ\-6 DQG%ODQFD0  (IIHFWVRI
VDOLQLW\DQGDONDOLQLW\RQSDQV\DQGLPSDWLHQVLQ
WKUHHGLIIHUHQWJURZLQJPHGLD-RXUQDORI3ODQW
1XWULWLRQ
[19] :DQJ<7  ,PSDFWRIVDOLQLW\DQGPHGLD
$Q JURZWK DQG IORZHULQJ RI DQ K\EULG
3KDODHQRSVLVRUFKLG+RUW6FLHQFH
[20] 6KLOOR5'LQJ03DVWHUQDN'DQG=DFFDL
0   &XOWLYDWLRQ RI FXW IORZHU DQG EXOE
VSHFLHV ZLWK VDOLQH ZDWHU 6FLHQWLD +RUWLFXO
WXUDH
[21] $NDW 2 7X]HO ,+ DQG 2]]DPEDN 0(
  7KH HIIHFWV RI GLIIHUHQW VDOLQLW\ OHYHOV
DQGOHDFKLQJIUDFWLRQVRQ\LHOGDQGZDWHUFRQ
VXPSWLRQRIJHUEHUDSODQWV$FWD+RUWLFXOWXUDH

[22] 9DOGH]$JXLODU/$*ULHYH&0DQG3RVV-
 6DOLQLW\DQGDONDOLQHS+LQLUULJDWLRQZD
WHUDIIHFWPDULJROGSODQWV,*URZWKDQGVKRRW
GU\ ZHLJKW SDUWLWLRQLQJ +RUWVFLHQFH   
±
[23] $\GLQVDNLU . %\NWDú ' DQG 7HSH $
 (IIHFWVRIVDOLQHLUULJDWLRQZDWHUDSSOLFD
WLRQVRQTXDOLW\FKDUDFWHULVWLFVRIIUHHVLDJURZQ
LQ JUHHQKRXVH $NGHQL] 8QLYHUVLW\ -RXUQDO RI
WKH)DFXOW\RI$JULFXOWXUH
[24] 5DYLY0.UDVQRYVN\$0HGLQD6DQG5HX
YHQL 5  $VVHVVPHQW RI YDULRXV FRQWURO
VWUDWHJLHVIRUUHFLUFXODWLRQRIJUHHQKRXVHHIIOX
HQWVXQGHUVHPLDULGFRQGLWLRQV-RXUQDORI+RU
WLFXOWXUDO 6FLHQFH DQG %LRWHFKQRORJ\  

[25] %DDV5DQGYDQGHQ%HUJ'  6RGLXP
DFFXPXODWLRQDQGQXWULHQWGLVFKDUJHLQUHFLUFX
ODWLRQ V\VWHPV D FDVH VWXG\ ZLWK URVHV $FWD
+RUWLFXOWXUDH
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[4, 5] and poor drainage [6] Like all the are on
roads pavement, pavement of the forest roads is
deteriorating with time. Therefore, maintenance is
required on forest road in order for forestry activities to be carried out properly and consistently.
Accordingly, the should be inspected on forest road
pavement at certain intervals and the situation
should be revealed.
In general, manual method and automatic
method are used to measure the degradation of
pavement [7, 8] Measurements and detection of
pavement degredation on forest roads are generally
performed by manual method which is the traditional method [9, 10, 11, 12]. However, the manual
methods which are used in pavement evaluation are
subjective [13] and time consuming [8, 14]. In
addition, the measurement results may vary because
the experience of the personnel is important in
manual methods [15,24]. In the automatic method,
which is another method, the pavement degredation
evaluations are realized by different types of automatic systems [16]. Laser scanning systems, one of
these automated systems, are used to study pavement deterioration [17, 18, 19].
Terrestrial laser scanners, which are a type of
laser scanning systems have attracted attention
because of their ability to provide high point density
and the ability to acquire 3D data [20,23]. It using
more and more deformation evalulation [20,21,22].
The aim of the studyis to determinetemporal
change of degradations occuring on forest road
pavement due to meteorologic factors and determine relations between meteorologic factors and
pavement degredations in three month periods for
one year.


#)'"($#)%(

(?@1C=2.The study area was located in Istanbul University Education Research and Practice
Forest close to Sariyer, Istanbul. It is located between 28° 59’ 17’’ - 29° 32’ 25’’ E latitudes and
41° 09’ 15’’ - 41° 11’ 01’’ N latitudes. The length
of the selected Normal Type-B forest road (road
width is 4 meters) in the study area is 100 m and the
average longitudinal slope is 6%. Pavement material on the road is composed of gravel with average
thickness is 15 cm. Road has two horizontal curves

The aim of the studyis to determinetemporal
change of degradations occurring on forest road
pavement due to meteorologic factors and determine relations between meteorologic factors and
pavement degradations in three month periods for
one year. A terrestrial laser scanner (TLS) was used
to determine the amount of degradation on forest
road pavement. According to the results, mean
monthly areal wearing was calculated as 49.6 m2,
mean monthly areal sediment accumulation was
calculated as 58.6 m2, while mean monthly volumetric wearing was calculated as -0.75 m3 and
mean monthly volumetric sediment accumulation
was calculated as 0.51 m3. Also, it was found that,
total areal wearing values and total areal sediment
accumulation values significantly different in three
month periods for one year. In additon to this, volumetric pavement degradation (wearing and sediment accumulation) and areal wearing is positively
related to periodic precipitation and precipitation
intensity while total areal sediment accumulation is
negatively related to periodic precipitation and
precipitation intensity in three month periods for
one year. Consequently, TLS system can be used
effectively in monitoring and evaluating road
pavement condition. Also, TLS system is useful and
necessary system to obtain high accuracy data for
periodic monitoring operation in all kind of engineering structures like forest roads.


!-,%'(
Pavement degradation, Sediment accumulation, road
maintenance, road wear
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Forest roads are being constructed in order to
realize administrative purposes related to forestry,
to transport raw material wood, to protect forests,
especially to control forest fires and insect disasters
[1]. For this reason, pavement is an important element in terms of realizing these activities on forest
road. However, in the general road pavement has
been degraded over time due to factors such as
traffic [2] construction quality [3] climate factors
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)205:60.8><206360.?6;:;38.>2=>0.::2=
Laser class
Beam divergence
Beam diameter
Range
Minimum Distance
Resolution Distance
Data acquisition rate
Linearity error
Range noise
Distance range 10 m
Distance range 25 m
Distance range 50 m
Distance range 100 m

1
<0.3 mrad
Approximately 3.5 mm @ 0.1 m
187.3 m (unambiguity interval)
0,3 m
0,1 mm
Maksimum 1.016 milion pixel/second
≤ 1 mm
Black % 14
Grey % 37
0.4 mm rms
0.3 mm rms
0.6 mm rms
0.4 mm rms
2.2 mm rms
0.8 mm rms
10 mm rms
3.3 mm rms

with a radius of 15 m and a radius of 30 m. There is
no traffic on the selected road during the study
(Figure.1).

White % 80
0.2 mm rms
0.3 mm rms
0.5 mm rms
1.6 mm rms

In the road surface scanning stage, the scan
stations were established with an average distance
of 20-25 m depending on the topography of the land
on the 100 m road. Each scan was done in the "superhigh" mode. The mode can create a 4 mm pixel
point cloud at 25 m. Portable targets are used between the two stations in order to register each
point cloud data which obtained from the scan stations. For the calculation of the actual coordinates
of the portable targets, reference fixed targets have
been established on tree trunks.
All raw scan was registered using Z+F Laser
Control V8.6.0 commercial software. In the registering stage range filter and mixed filters algoritm
were used. Each registered point cloud data was
processed in Global Mapper 16.0 geographic information system (GIS) software to obtain a high
resolution raster digital road surface model with
resolution of 0.01 x 0.01 m. This entire processing
and analysis works were conducted on workstation

)205:60.8><206360.?6;:>;3?52?2==2>?=6.88.
>2= >0.::2= >C>?29 Z+F Imager 5010C branded
terrestrial laser scanner system was used to obtain
3D model of the road surface model in order to
determine temporal change of pavement degredation. It can reach an accuracy of 0.4 mm at distance
of 25 meters and it is able to acquire to 1.016 million pixels/sec.

.?. ;8820?6;: .:1 :.8C>6> Within the
scope of the study, the road surface was scanned
between October 2015 and October 2016 in three
month periods for one year by terrestial laser scanner. Scans were done in the middle of every month
in October 2015, January 2016, April 2016, July
2016 and October 2016, respectively.
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computer which has 2.6 GHz processor and 64 GB
Ram running with Windows 8 Enterprise and 64-bit
operating system.
In the scope of this study, degradation maps
were generated to evaluate the pavement degredation map both volumetric and areal. Pavement degradations were investigated in two classes: wearing
and sediment accumulation. Areal and volumetric
degradation maps were generated with ArcGIS 10.0
geographic information systems software.
Firstly, to obtain the areal degradations maps,
the digital road surface model generated in each
data acquisition period and the digital road surface
model obtained in the previous data acquisition
were extracted with “      
” and
0.01 x 0.01 resolution raster based difference data
was obtained. Negative values indicate of wearing
areas and positive values indicate of sediment accumulation areas.
After the generation stage of areal degradation
maps, "     " was used to generate
raster-based volumetric degradation maps. The
obtained data were examined in two classes as
wearing and sediment accumulation as volumetric.
Meteorological data was continuously recorded at the adjacent weather station at the Green Roof
Research Site located in Istanbul University Faculty
of Forestry. Weather data was measured by an automated weather station (DeltaOhm HD2003). All
meteorological data was collected on hourly basis.

(?.?6>?60.8:.8C>6>All statistic analysis was
performed with SPSS 21.0 software. A nonparametric Friedman test was performed to determine there is a temporal difference between the

amounts of pavement degradation (total areal wearing and total areal sediment accumulation) occurring in three month periods. In addition to pearson
correlation coefficient was used to determine the
relationship between precipitation intensity, periodic precipitation and pavement degradation (wearing
and sediment accumulation).


'(*")($(*((%$

#2?2;=;8;460.8.?.The meteorological data (periodic precipitation, precipitation intensity)
was listed in Table 2.

'2>@8?> ;3 .=2.8 <.A292:? 124=.1.?6;:
Within the scope of the study, pavement degradation values were examined in two classes as wearing and sediment accumulation. The wearing values
were classed as <-0.02 m depth; (-0.02) - (-0.01) m
depth; (-0.01) - 0.00 m depth while sediment accumulation values were classed as (0.00 - 0.01 m
elevation; 0.01- 0.02 m elevation; >0.02 m elevation (Table.3).
According to results of areal degradation, the
total wearing amounts were calculated as 132.29
m2(October 2015-January 2016), 185.31 m2 (January 2016-April 2016),130.71 m2 (April 2016-July
2016), 146.49 m2 (July 2016-October 2016), while
total sediment accumulation amounts were calculated as 192.21 m2 (October 2015-January 2016),
139.18 m2 (January 2016-April 2016), 193.79 m2
(April 2016 July 2016),178.02 m2 (July 2016October 2016) (Table.3) (Figure 2, 3, 4, and 5).
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#2?2;=;8;460.81.?.
)5=229;:?5<2=6;1>
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<=68
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#2.:
(?.:1.=?12A6.?6;:

&2=6;160<=206<6?.?6;:99
218.8
229.1
136.5
99.7
171.03
63.07

&=206<6?.?6;:6:?2:>6?C99 >.
0.099
0.109
0.074
0.056
0.08
0.02
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20.53

33.26

78.50

132.29

95.84

47.74

48.63

192.21

17.71

23.50

144.10

185.31

111.26

17.52

10.40

139.18

14.62

23.09

93.00

130.71

125.12

39.34

29.33

193.79

14.29

24.46

107.74

146.49

104.89

40.97

32.15

178.02

16.79

26.08

10.84

148.70

109.28

36.39

30.13

175.80

2.93

4.82

28.16

25.42

12.31

13.10

15.67

25.42
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tion value was calculated as 58.6 m2 per month
while the mean total areal sediment accumulation
value was calculated as 1.95 m2 per day for one
year.

The mean total areal wearing value was calculated as 49.60 m2 per month while the mean total
areal wearing value was calculated as 1.65 m2 per
day for one year.
Also, the mean total areal sediment accumula
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ing stated in three month periods (p=0.015;
p<0.05). In addition, there is a significantly difference between the values of the total areal sediment
accumulation stated in three month periods
(p=0.039; p<0.05).

Non-parametric Friedman test was performed
to investigate the temporal variation of the amount
of areal degradation on road pavement. According
to the results obtained, there is a significantly difference between the values of the total areal wear-
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There is a positive correlation between the
amount of total areal wearing and the periodic precipitation in three month periods. In the same way,

there is a positive correlation between the amounts
of total areal wearing and precipitation intensity in
three month periods. (Table 4) (Figure 6).
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According to statiscal analysis results, it is
found that, there is a negative correlation between
the amount of areal sediment accumulation and the
periodic precipitation in three month periods. In the
same way, there is a negative correlation found
between the amounts of areal sediment accumulation and precipitation intensity in three month periods. (Table 5) (Figure 7).

'2>@8?>;3A;8@92?=60124=.1.?6;:Volumetric degradation amount values were also reported as
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wearing and sediment accumulation. According to
evaluation of the volumetric degradation results, the
sediment accumulation amounts were calculated as
1.49 m3 (October 2015-January 2016), 1.68 m3
(January 2016-April 2016), 1.55 m3 (April 2016July 2016), 1.43 m3 (July 2016-October 2016),
respectively; while the wearing amounts were calculated as -2.99 m3 (October 2015-January 2016), 1.29 m3 (January 2016-April 2016), -2.26 m3 (April
2016-July 2016), -2.45 m3 (July 2016-October
2016) (Table 6) (Figure 8, 9, 10 and 11).
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According to statiscal analysis results, it is
found that, there is a positive correlation between
the amount of volumetric wearing and the amount
of periodic precipitation in three month periods. In
the same way, there is a positive correlation found
between the amounts of volumetric wearing and
precipitation intensity in three month periods (Table
7) (Figure 12).

The mean volumetric wearing calculted as 0.75 m3 per month and the mean volumetric wearing value was calculated as -0.025 m3 per day for
one year while the mean volumetric sediment accumulation value calculated as 0.51 m3 per month
and the mean volumetric sediment accumulation
value was calculated as 0.017 m3 per day for one
year.
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humidity condition leading to pavement degradation.
When volumetric sediment accumulation results are evaluated, volumetric sediment accumulation is positively related to periodic precipitation
and precipitation intensity in three month periods
for one year. Regarding this Rahbari Sisakht et al.
[26] and MacDonald et al. [27] stated that precipitation intensity affects sediment yield on forest road.
Also, Wald [28] and MacDonald et al. [29] reported
that the annual increase in cumulative precipitation
affects sediment production positively.
When the overall this study is evaluated, as it
is seen that Akgul et al. [25] Huseyin et al. [30] and
Akgul et al. [31], the Terrestrial Laser Scanner
(TLS) system effectively can be used to determine
the amount of periodic degradation on forest road
pavement. This study conducted on forest road to
investigate periodic and temporary changes of
pavement degredation with (TLS).


%$"*(%$

There is a positive correlation between the
amount of volumetric sediment accumulation and
the amount of periodic precipitation in three month
periods. In the same way, there is a positive correlation between the amounts of volumetric sediment
accumulation and precipitation intensity in three
month periods (Table 8) (Figure.13).
Ciobanu et al. [9] in 2012 stated that mean daily areal wearing value was found as 2.302 m2 on the
road surface the depending on secondary transport
operation on forest road pavement with 2 km
length. However, these areal wearing value is higher than the areal wearing value have found in our
study. Possible reason of this higher values because
of there is no traffic on the road of our study area
and the length of the selected road is shorter. These
differences are supported by Adlinge and Gupta [3].
They stated that the performance of the pavement is
influenced by factors such as load size and load
recovery caused by heavy vehicles.
However, Săceanu [11] stated that the mean
monthly wearing value was found as 28.02 m2 on
the road surface depending on secondary transport
operation on the forest road pavement which is the
length of 2.5 km. But, it is considered that the wearing value determined by Săceanu [11] is lower than
the areal wearing value obtained in this study. Possible reason of this is that the values of pavement
degredation obtained by manual methods are subjective and vary. In this regard, Attoh-Okine and
Adarkwa [8], and Bogus et al. [15] stated that the
measurement results vary with manual method on
pavement degradation measurements.
Akgul et al. [25] evaluated forest road pavement degredation with terrestrial laser scanner degredations monthly basis for six months. They
stated that the volumetric wearing values and volumetric sediment accumulation values are positively
related to total precipitation for monthly periods for
six months.
In this study it was determined that the total
areal wearing values and total volumetric wearing
values are positively related to the periodic precipitation and precipitation intensity in three month
periods for one year. Hovewer, there is a negative
correlation between the areal sediment accumulation values with the periodic precipitation and precipitation intensity in three month periods for one
year. On the other hand, according to the results of
non-parametric Friedman test, total area wearing
values and total area sediment accumulation values
show significant temporal differences in three
month periods for one year. Wee et al. [5] emphasized that precipitation significantly changes the

In the study, the pavement degradations were
measured on forest road with terrestrial laser scanner depending on meteorological factors in 3 month
periods for one year. It was observed that total areal
wearing values and total areal sedimet accumulation
values are temporal significantly different in three
month periods for one year. In addition, volumetric
pavement degradation values (wearing and sediment accumulation) and areal wearing values are
positively related to preciptation intensity and periodic precipitation, while areal sediment accumulation negatively relate to periodic precipitation and
precipitation intensity. As it seen in the study TLS
system can be used effectively in monitoring and
evaluating road pavement condition. Also, TLS
system is useful and necessary system to obtain
high accuracy data for periodic monitoring operation in all kind of engineering structures like forest
roads.
!$%,"#$)(
This work partly contains some results presented in the M.Sc. thesis of Anıl Orhan Akay in
Advisory of Prof.Dr. Murat Demir and Dr. Mustafa
Akgul completed in 2016 at Istanbul University,
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ABSTRACT

INTRODUCTION

There are some reports about nutrition disorders in AlfaAlfa in cropping soils due to mineral deficiency all around the world. In order to evaluating
the effect of boron and manganese as well as phosphorous releasing bacteria on agronomic traits of
three years alfa alfa, Ranger variety, an experiment
was conducted as split factorial based on completely
randomized block design with three replications on
2013 at Marvdasht, Fars province, Iran. Studied factors include application of P- releasing bacteria at
two levels, 100 g/ha Barvar-II biofertilizer and without biofertilizer in main plots and application of
three Boron levels as 1 L/ha foliar application as acid
boric, soil application at 10 kg/ha as borax and control (without B application) and also Mn application
as foliar application from manganese chelate source,
10 kg/ha as manganese sulphate and control (without
Mn application) in secondary plots. Results showed
that B and Mn foliar application along with P-releasing bacteria as soil application caused significant increase in dry forage, lateral branches, plant height,
stem and leaf protein content and forage digestibility. highest dry forage yield (35.2 ton/ha) (a total of
five harvests) obtained in simultaneous application
of Mn and B as foliar application and P-releasing
bacteria as soil application and control treatment
(without application of Mn, B and Barvar-II) had
lowest dry forage yield by 12.01 ton/ha (a total of
five harvests) indicating 192.91 percent increase in
dry forage yield of three years alfa alfa. According
to results of present study foliar application of Mn
and B and soil application of P- releasing bacteria is
recommended for achieving better alfa alfa utility.

In Iran, micronutrients solubility is very low
due to having calcareous and alkaline soils. Also,
there is low organic matters in the soils and owing to
presence of carbonate and bicarbonate ions in irrigation waters, nutrients deficiency, especially boron,
manganese and zinc in most areas in common [1].
Due to these deficiencies, mean yield of agricultural crops mainly is low and resulted to ecoQRPLF ORVVHV 0DLQWDLQLQJ DQG FUHDWLQJ QXWULHQW¶V
balance for qualitative and quantitative increasing in
agricultural products must be provided via agriculture experts. Therefore, one of important crops in
agronomy and ranching gained especial attention
and investigated in the present study. Alfa alfa accounted as most important forage crops in the world,
so that alfa alfa due to good quality and palatability
as well as having minerals such as 32 mg Ca, 70 mg
P, 0.188 mg Mn, 4 gr protein and 32 kcal energy
readily absorbed in digestion tract and could be used
solely in daily ration of animals. The plant has ability
to growth in the range of area, and could produce
high quality forage even under severe climatic conditions [2]. In Canada, application of Boron increased alfa alfa yield from 8.6 ton/ha to 13.6 ton/ha.
It has been suggested that boron has close relation
with cell division, pollen tube growth and yield in
alfa alfa [3]. Boron plays considerable role in plant
nutrition [4], so that Kotur [5] showed that excessive
concentration of B caused 91 percent increase in cauliflower yield compared to control. Of course, it
must be noted that there is narrow range between boron deficiency and toxicity in soil, water and plant
[4]. Alfa alfa, red clover, some cabbage species, turnip and radish are plants with high B requirement [3,
4].
On the other hand, minerals like boron and
manganese have great contribution in plant growth
and yield enhancement. Manganese plays important
roles in photosynthesis and nitrogen metabolism
(Inal and Gunes [6] and in fact Mn is of the most
important micronutrients for increasing plant growth
and yield [7]. Phosphorous is considered as key

KEYWORDS:
Stem Protein, lateral branch, forage digestibility, palatability, alfa alfa
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TABLE 1
Chemical and physical properties of soil sample from study area
Depth (cm)

Soil texture

N (%)

0-30

Loamy clay

0.27

P
14

K

Mn
mg.kg
225.9
6.7

B
0.67

pH

EC dS.m

Year

8.1

0.86

2013

average annual precipitation ranged from 115-141
mm and the annual average temperature is 25-32°C
[9].
The treatments were Phosphate solubilizing
bacteria (PSB), boron (Borax and Boric acid) and
manganese (manganese chelate and manganese sulfate). Experiment was laid in a split plot factorial in
the form of randomized complete block design that
phosphorus bio-fertilizer rates (0 and 100 g.ha-1) in
main plots and boron (0, Borax foliar application of
1.0 lit.ha-1 and Boric acid soil application 10 kg. ha1
) and manganese fertilizer (0, manganese chelate foliar application 1.0 lit.ha-1 and manganese sulfate
soil application 10 kg. ha-1) were in sub plots.
Phosphorus bio-fertilizer treatments was a
combination of phosphorus solubilizing bacteria
Pantoea agglomerans strains P5 and Pseudomonas
putida strain P13 included 1*109 CFU bacteria per
100 grams bio-fertilizer that registered as Barvar II®
For PSB treatments, 100 g.ha-1PSB was mixed in
400 liters of irrigation water and applied manually in
soil as fertigation. Boric acid and manganese chelate
were foliar application at 2 weeks after each cut
stage and Borax and manganese sulfate were applied
in soil after the first cut of alfalfa manually in spring.
The Alfalfa cultivar used in this study was
Medicago sativa L. cv. Ranger. Total Eighteen plots
were imposed in each blocks and a net plot area was
15 m2 (3.0 m in 5.0m). The irrigation method was
conducted by using classic sprinkler irrigation.
Plants were harvested when 10% of fields crop have
flowering. To avoid the marginal effect, the middle
rows of each plot were randomly harvested. Samples
were cut 4.5 cm above the soil surface. After harvesting, the samples were dried in electrical oven (72
hours at 40°C) and then weighted for forage yield.
Samples were sent to the laboratory for determination of nitrogen and protein content by method described by Nelson & Sommers (1973). Lateral
branches of plants were counted manually for each
plot. The obtained data in experiment subjected to
the analysis of variance method using SAS (version
9.1.3, 2004) software the means were compared
based on Duncan multiple test at 5% level.

nutrients in plant which has important roles in plant.
P is involved in cell division, development of secondary roots and hairs, translocation of sugars and
starch [8]. Fertilizer and phosphorous releasing bacteria- based P could be less expensive and safer
sources than chemical phosphorous fertilizers [9].
While P is useful for crops, due to low accessibility
of plant to this nutrient via decreasing solubility and
fixation in soil, could be considered as growth limiting factor [10].
Phosphorous existed in soil as insoluble and
low soluble mineral phosphates and/or organic phosphorous which are not readily available for plants.
Phosphorous releasing microorganisms could overcome the problem largely via dissolution of insoluble phosphorous through production of organic and
inorganic acids, decreasing pH and producing available phosphorous [7, 11]. Fertilizers containing
phosphorous releasing bacteria, called as biological
fertilizers, is combination of microorganisms. Studies had been shown that several soil inhabiting bacteria from bacillus, pseudomonades as well as penicillium and aspergillus fungi exhibited their ability
for converting insoluble phosphates into soluble
forms via production of organic acids [12]. Pseudomonas is one of the most plant growth promoting
bacteria [13, 14] which converts 70 percent of soil
insoluble phosphorous into readily available form
[15]. These bacteria are able to increasing available
phosphorous via changing acidity around itself as
well as via enzymatic processes [16]. Plant available
phosphorous in soil rapidly converts into unavailable
form, while application of P-releasing bacteria increases plant available P and causes increase in plant
yield [17]. The aim of present study is to evaluating
the role of micronutrients and P- solubilizing bacteria for increasing forage yield of alfa alfa.

MATERIALS AND METHODS
This experiment was conducted in 2013 at the
research farm of Marv-Dasht in central areas of Fars
province, Iran (29° 52' S, 52° 48' N). This study area
located at 1605 meters above sea level with average
annual rainfall of 320 mm in 2012. The maximum
and minimum temperatures are 41 and 9 °C, respectively. Initially, field under cultivation of Alfalfa
(third year of growing of perennial Alfalfa) were selected for study. Soil samples were collected from
the 30 cm depth and analyzed for estimation of soil
physicochemical properties according to the methods described by Ryan et al. (2001). The Soil chemical properties are presented in Table 1. The 10 year

RESULTS AND DISCUSSION
Dry Forage Yield. According to Table 2, interaction effect of P-releasing bacteria and Mn and B
was significant at 5 percent probability level. Results
showed that highest dry forage yield (35.2 ton/ha) (a
total of five harvests) obtained in simultaneous application of Mn and B as foliar application and
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TABLE 2
Analysis of variance of studied traits of three years alfa alfa
SOV

Year (Y)
Error
Bacteria (A)
Y*A
Error
Boron (B)
B*Y
B*A
B*A*Y
Manganese (M)
M*Y
M*A
M*A*Y
M*B
M*B*Y
M*B*A
M*B*A*Y
Error
C.V

Mean Squares
Forage
Df
yield
1
0.042 ns
4
0.057
1
57.169 **
1
0.384 *
1
0.025
4
70.157 **
2
0.590 **
2
3.179**
2
0.088 *
2
7.350 **
2
0.058 ns
2
0.055 ns
2
0.029 ns
4
0.166 **
4
0.036 ns
4
0.067 *
4
0.066 *
64
0.024
3.29

Lateral
branches
146346.98 ns
23955.17
13795926 **
1028.81 ns
13717.43
16700419 **
1429223.2 **
627832.62 **
5034.24 ns
2078042.4 **
74202.02 **
53827.13 *
13552.79 ns
55313.22 **
2789.2 ns
60466.39 **
30690.02 *
12066.75
5.63

Height

Stem Protein

Leaf protein

NDF

113.61 ns
2.41
2324.723 **
16.646 *
1.458
2876.702 **
17.648 **
104.302 **
3.293 ns
316.468 **
1.748ns
3.172 ns
0.769 ns
6.441 **
0.23 ns
21.394 *
23.628 *
1.394
1.81

5.411 ns
0.882
597.812 **
17.748 **
0.658
740.947 **
4.485 **
24.24 **
4.906 **
75.716 **
0.867 ns
1.366 ns
0.227 ns
2.332 **
1.331 ns
2.19 *
1.553 *
0.614
3.56

1.901 ns
0.256
225.454 **
8.436 *
0.418
541.042 **
11.384 **
0.867 ns
2.994 **
33.113 **
0.434 ns
0.709 ns
0.201 ns
0.797 ns
1.128 *
1.009 *
1.072 *
0.396
1.99

0.186 ns
0.028
0.456 ns
0.02 ns
0.075
0.224 **
0.025 ns
0.405 **
0.005 ns
0.312 **
0.015 ns
0.706 **
0.009 ns
0.2149 **
0.003 ns
0.257 **
0.091 *
0.036
0.62

ns: not significant, * and ** significant at 5 and 1 percent probability level, respectively.
percent increase in three years alfa alfa height (Table
3).

P-releasing bacteria as soil application and control
treatment (without application of Mn, B and BarvarII) had lowest dry forage yield by 12.01 ton/ha (a total of five harvests) indicating 192.91 percent increase in dry forage yield of three years alfa alfa. Application of P-releasing bacteria caused increase in
dry forage yield of three years alfa alfa because this
treatment increased plant available P. Also, Mn and
B foliar application method had more impact of forage yield than soil application. Additionally, B application as foliar and/or soil application increased
dry forage yield more than non-application of boron
(Table 3).

Stem Protein. According to results of analysis
of variance (Table 2), the interaction effect of P-releasing bacteria, B and Mn on stem protein content
was significant at 5 percent probability level in
which highest stem protein content was 29.73 percent which obtained in simultaneous application of
B and Mn and foliar application and Barvar-II fertilizer as soil application and lowest amount obtained
in control treatment by 14.24 percent, indicating
108.78 percent increase in stem protein content in
three years alfa alfa. Simultaneous foliar application
method of B and Mn resulted to higher increase in
stem protein content than minerals soil application
due to faster uptake via stomata. Also, application of
Barvar-II fertilizer resulted to increase in stem protein by 23.99 percent compared to non-application of
biofertilizer (Table 3).

Number of Lateral Branches. Results of analysis of variance (Table 2) showed that simultaneous
application of Barvar-II as soil application and Mn
and B as foliar application resulted to highest lateral
branches by 3248.15 branches per hectare and lowest lateral branches obtained in control treatment
(without bacteria and Mn and B application) by
737.04 branch per hectare which resulted in 340.7
percent increase in lateral branches number in three
years alfa alfa. Also, B application, both foliar and/or
soil application, increased alfa alfa lateral branches
number compared to Mn application in both foliar
and soil application (Table 3).

Leaf Protein. Results of analysis of variance
(Table 2) showed that interaction effects of P-releasing bacteria, B and Mn were significant (P<0.05).
According to results, highest leaf protein content
was 36.5 percent which obtained in simultaneous application of B and Mn as foliar application and Preleasing bacteria in soil. Lowest leaf protein content
observed in control treatment (without P-releasing
bacteria and B and Mn) by 25.3 percent which
caused 44.23 percent increase in leaf protein content
in three years alfa alfa. However it should be noted
that simultaneous application of B and Mn as foliar
application increased leaf protein content due to
more rapid uptake via stomata. Also, application of
P-releasing bacteria increased leaf protein content by
9.55 percent than non-application (Table 3).

Plant Height. One of important parameters in
forage crops is plant height which has direct association with yield. Based results of analysis of variance
(Table 2), there was significant difference in interaction effects of P-releasing bacteria, Mn and B
(P<0.05). Results showed that highest plant height
(80.33 cm) obtained in foliar application of Mn and
B and Barvar-II in soil application and control treatment (without Mn, B and Barvar-II application) had
lowest plant height by 49.93 cm representing 60.88
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TABLE 3
Mean comparison results of studied traits
NDF
Leaf Protein
Stem Protein
Plant Height
Lateral Branches per ha
Forage yield (t/ha)
(g/DM)
(%)
(%)
(cm)
P0
60.26 b
30.25 b
19.638 b
60.662 b
1593.004 b
20.207 b
P1
61.45 a
33.14 a
24.343 a
69.942 a
2307.81 a
27.483 a
B0
59.44 c
27.22 c
16.795 c
55.0481 c
1172.839 c
15.852 c
B1
61.66 a
34.15 a
25.166 a
71.451 a
2441.358 a
28.734 a
B2
61.46 b
33.705 b
24.012 b
69.407 b
2237.037 b
26.950 b
Mn0
60.48 c
30.66 c
20.409 c
62.068 c
1690.74 c
21.364 c
Mn1
61.15 a
32.55 a
23.259 a
67.892 a
2164.81 a
25.784 a
Mn2
60.92 b
31.864 b
22.304 b
65.946 b
1995.679 b
24.389 b
P0B0
59.02 f
25.959 e
15.388 f
52.374 f
965.43 f
13.919 f
P0B1
61.01 c
32.601 c
22.288 c
65.836 c
1985.19 c
24.407 c
P0B2
60.74 d
32.19 c
21.239 d
63.777 d
1828.4 d
22.296 d
P1B0
59.85 e
28.493 d
18.2023 e
57.722 e
1380.25 e
17.784 e
P1B1
62.32 a
35.708 a
28.044 a
77.066 a
2897.53 a
33.061 a
P1B2
62.18 b
35.219 b
26.785 b
75.037 b
2645.68 b
31.604 b
P0Mn0
59.80 e
29.379 f
18.226 f
57.666 f
1377.78 f
17.672 f
63.348 d
1781.48 d
22.364 d
P0Mn1
60.66 c
31.052 d
20.95 d
P0Mn2
60.32 d
30.32 e
19.738 e
60.974 e
1619.75 e
20.586 e
P1Mn0
61.17 b
31.947 c
22.593 c
66.47 c
2003.7 c
25.0553 c
P1Mn1
61.65 a
34.065 a
25.567 a
72.437 a
2548.15 a
29.203 a
P1Mn2
61.53 a
33.407 b
24.87 b
70.918 b
2371.61 b
28.191 b
B0Mn0
59.08 h
26.036 f
15.509 h
52.588 h
968.52 h
13.972 i
17.517 g
B0Mn1
59.79 f
28.403 d
17.95 f
57.333 f
1364.81 f
B0Mn2
59.44 g
27.24 e
16.925 g
55.222 g
1185.19 g
16.065 h
B1Mn0
61.28 d
33.08 c
23.0007 e
67.322 d
2092.59 e
25.517 e
B1Mn1
61.95 a
34.906 a
26.746 a
74.433 a
2703.7 a
31.009 a
B1Mn2
61.76 b
34.478 a
25.751 b
72.6 b
2527.78 b
29.675 b
B2Mn0
61.09 e
32.874 c
22.719 e
66.294 e
2011.11 e
24.601 f
B2Mn1
61.72 bc
34.367 ab
25.08 c
71.911 b
2425.93 c
28.8237 c
B2Mn2
61.56 c
33.873 b
24.236 d
70.0168 c
2274.07 d
27.425 d
25.308 j
14.243 m
49.933 l
737.04 n
12.0183 n
P0B0Mn0
62.52 a
P0B0Mn1
62.27 a
26.905 i
16.697 k
55.1557 j
1211.11 l
15.943 l
25.665 j
15.222 l
52.033 k
948.15 m
13.796 m
P0B0Mn2
62.39 a
1748.15 ij
20.999 i
P0B1Mn0
61.13 d
31.534 f
20.333 gh
62.111 h
60.28 g
33.311 d
23.754 e
68.533 e
2159.26 f
26.815 e
P0B1Mn1
2048.15 fg
25.406 f
P0B1Mn2
60.51 f
32.96 de
22.776 f
66.866 f
20.0008 j
P0B2Mn0
61.39 c
31.29 f
20.1 hi
60.955 h
1648.15 j
24.33 g
P0B2Mn1
60.85 e
32.94 de
22.4 f
66.355 f
1974.07 gh
64.022 g
1862.96 hi
22.55 h
P0B2Mn2
61.08 de
32.33 e
21.216 g
55.244 j
1200 l
15.926 l
P1B0Mn0
62.35 a
26.764 i
16.775 k
P1B0Mn1
61.90b
29.901 g
19.203 ij
59.511 i
1518.52 k
19.0925 k
18.627 j
58.4112 i
1422.22 k
18.333 k
P1B0Mn2
62.04 b
28.816 h
P1B1Mn0
59.91 h
34.62 c
25.667 d
72.533 d
2437.04 e
30.036 d
P1B1Mn1
58.59 k
36.502 a
29.738 a
80.333 a
3248.15 a
35.203 a
58.97 j
35.99ab
28.726 b
78.333 b
3007.41 b
33.945 b
P1B1Mn2
60.07 gh
34.453 c
25.337 d
71.633 d
2374.07 e
29.202 d
P1B2Mn0
P1B2Mn1
59.51 i
35.793 ab
27.761 c
77.466 b
2877.78 c
33.314 b
P1B2Mn2
59.58 i
35.41 b
27.256 c
76.011 c
2685.19 d
32.295 c
Means in same columns followed by the same letter were not significantly different at the 5% level; PSBO (Treatment without P
biofertilizer); B0 (Treatment without Borax); Mn0 (Treatment without Mn); B1 (Foliar application of 1 lit/ha borax); B2 (Soilapplication of 10 kg/ha boric acid); Mn1 (Foliar application of Mn @ 1 lit/ha); Mn2 (Soil application of manganese sulfate at 10 kg. ha).
Treatments

DISCUSSION AND CONCLUSION

Neutral detergent fiber. One of the indexes
determining forage digestibility is neutral detergent
fiber (NDF) which consisted of determination of lignin, hemicellulose and cellulose content in dry forage. Results showed that simultaneous application of
B and Mn as foliar application along with P- releasing bacteria in soil decreased NDF amount by 6.69
percent compared to non-application of B and Mn
and P biofertilizer. Indeed it should be noted that foliar application of B and Mn resulted to more decrease in NDF content than soil application. Also,
application of P-releasing bacteria caused 1.97 percent decrease in NDF compared to non-application
of these bacteria (Table 3).

There is no doubt about the impact of appropriate nutrients on human, animal and plant health. As
physicians and veterinarian say that increasing nutrients concentrations in agricultural products causes
dangerous and un-compensable diseases in human
and animals which threatens public health. Managing soil fertility allows production of healthier agricultural products and increasing cultivated area,
evaluating soil nutrients balance as well as preventing soil and water contamination risk.
In the global scale, Boron deficiency follows
Zinc deficiency and recognized at second important
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solely and without chemical fertilizers, not only
causes no decrease in mean various traits, but also in
some cases caused their increase and could be introduced as an appropriate alternative for chemical fertilizers because of lower costs and environmental
contamination than chemical fertilizers [27].
It is evident that Mn has key role in environmental pollution [28, 29]. The most important role of
Mn in plant in involving in releasing photosynthetic
oxygen during breaking water molecule and therefor
Mn deficiency causes decrease in photosynthesis.
Sweeney et al. [30] stated that increase in Mn application resulted to decrease in dry matter yield and
root growth of alfa alfa and white clovers. Alfa alfa
is less tolerant to excessive Mn than white clover.
Appropriate Mn concentration causes higher root to
foliage ratio. Studies on annual alfa alfa showed that
Mn application rate in the present study was suitable,
because increased growth and other parameters.
Due to nutrient cycling in human body, appropriate amount of suitable nutrients is essential in plan
production and human and animal health. Preventing
and/or modification of nutrients deficiency in agricultural products and poor field soils has great influence on yield and quality of products. Worldwide,
considerable increase in plant yield observed by application of required nutrients, especially boron. Nutrients source, amount, application method and time
and maintaining balance in soil nutrients have great
contribution on plant yield. Results of present study
showed that potential of Ranger variety, utilized in
the study, could be improved via such a fertilizer
management and even future studies required to determination of real potential of this variety and other
native varieties in the country, since form and function of multicellular organisms is not possible without any efficient inter-cellular, -tissues and -organs
connections. Within plants, metabolism adjusting
and cooperation, growth and organogenesis via intermediate molecules and chemical massages depend on nutrients amounts [31]. Therefore, according to results of present study foliar application of
Mn and B and soil application of P- releasing bacteria is recommended for achieving better alfa alfa utility.

micronutrients for agricultural products [17]. In Turkey, Turan et al. [18] studied impact of boron on alfa
alfa at two years experiments, found that boron increased plant dry matter at each plant harvest and
eventually resulted to increasing forage yield in a
growth season (12 ton/ha) which is in consistent with
results of present study. Also, 4-year experiments in
two fields in Australia showed that boron supplying
source, Borate and/or Borax, must be replicated in
order to addressing boron deficiency symptoms due
to easily leaching of boron from soil profile [19]. It
must be considered that boron has very little mobility
within plant and therefore its deficiency symptoms
appear on young leaves and must be repeatedly absorbed during growth season [3].
When two or more minerals have positive interaction, there would be synergistic effect. In the
present study B, Mn and P had synergetic status in
one-year alfa alfa experiments. Each mineral has
specific efficiencies within plant and thus resulted to
increase in measured parameters which consequently caused prominent increase in alfa alfa yield.
Measuring protein content is one of the ways of
identifying alfa alfa forage quality which is directly
related to dry matter accumulation [20]. So that one
of important factors for determining protein content
is plant nitrogen content. Boron increased nitrogen
content in plant and therefore increased protein content. Some of alfa alfa varieties like Ranger variety,
which has high leaf to stem ratio, have great protein
content; since leaves have more stable protein than
stem. Cherney et al. [21] reported that appropriate
nutrients like nitrogen, phosphorous, manganese and
potassium result in increase in crude protein content
and decrease in crude fiber in alfa alfa plant and increasing crude protein causes nitrogen concentration
being minimum in animal tripe and there is no harmful effect of nitrogen accumulation in animal body
and It also leads to faster energy release in the animal
body. One of the toxic effects of boron is increasing
lignin and suberin content at plant cell levels [22]
representing that applied boron level in the present
study is accurate because caused increasing plant digestibility.
Regarding to phosphorous as a macronutrient,
alfa alfa plant shows high sensitivity to phosphorous
fertilizers worldwide as far as a reason for low yield
of alfa alfa is low soil available P [23]. While P- releasing bacteria could be used in order to preventing
excessive utilization of phosphorous chemical fertilizers. Usually, phosphorous application results in
increase in plant shoot growth without drought stress
conditions [24, 25]. Some investigations showed that
phosphorous application in alfa alfa after harvesting
caused mobility of starch storage in roots and promotes regrowth of shoots shortly after harvesting
[24, 26]. It should be noted that phosphorous releasing bacteria (Barvar-II) has prominent role in plant P
utilization. A study in Shiraz University, Iran,
showed that application of biofertilizer (Barvar-II)
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simplicity in design and operations [6]. Therefore,
adsorbents with high capacity are important in the
removal of dyes. Many usually used adsorbents that
provide significant removal of dyes have been
discussed [6, 7]. Generally, the commercial activated
carbon is indeed effective for color removal but the
high cost of activated carbon has restricted its
widespread use. Therefore, searching a low-cost and
effective adsorbents should be of considerable significance for practical application of adsorption [8].
Researcher have shown the use of of materials like
walnut husk [9], composites [10], biochars from crop
residues [11], natural clinoptilolite [12], sesame hull
[13], biomass of penicillium YWO1 [14], natural
zealite [15], cross-linked succinyl chitosan [16],
modified bentonite [17], Eucalyptus Barks [18]
modified attapulgite [19], clay material [20-22],
activated carbon [23], dehydrated beet pulp carbon
[24], polyurethane foam [25], etc. as adsorbent for
removal of dyes from wastewater. In this contex,
agriculture by-products have shown its potential as a
low-cost adsorbent and they are usually being
modified chemically in order to enhance their
adsorption capacity toward dyes [26]. However,
there are some adsorbents which do not have good
adsorption capacities for anionic dyes because most
have anionic or hydrophobic surfaces. Hence, there
is a need to search for more effective adsorbents
[27].
In our previous work, we have used the leaves
powder of morus albal and anion exchange membrane (EPTAC) for removal of CR from aqueous solution in the batch mode. In the present study, leaves
powder of bougainvillea glabra (BG) was used as an
adsorbent for successful removal of anionic dye
Congo Red (CR) dye from aqueous solution. The influence of several parameters such as contact time,
initial dye concentration, temperature and ionic
strength on removal of dye from aqueous solution
was also investigated. The adsorption kinetics, isotherms and thermodynamics were analyzed for indepth understanding of dye adsorption properties on
leaves powder of BG.

In this manuscript, the removal of Congo Red
(CR) from aqueous solution was investigated in
batch mode using leaves powder of Bougainvillea
glabra (BG) as a bioadsorbent. The influence of contact time, initial dye concentration, temperature and
ionic strength on the removal of dye from aqueous
solution was studied. The pseudo-first-order,
pseudo-second Elovich and liquid film diffusion
models were used to describe the kinetics of adsorption process. The experimental data fitted well to
pseudo-second-order. The experimental data were
analyzed by Langmuir, Freundlich, Dubinin-Radushkevich (D-R) and Temkin isotherms models.
The adsorption data fitted well to the Freundlich
isotherm. Thermodynamics study showed that the
adsorption of CR onto leaves powder of BG was endothermic and spontaneous in nature.


-+$&'
Adsorption, Congo Red, Bougainvilia Glabra, Langmuir
isotherm. Pseudo-second-order model, Endothermic
process
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The significant increase in the use of dyes by
various industries is causing severe damages to the
environment because these compounds are highly
toxic and not biodegradable [1]. Discharging of dye
waste waters into Stream diminishes the biological
activity [2] as it is difficult to degrade dye materials
because they are very stable against light and
oxidation reactions [3]. In the process of removing
dye materials from contaminated water, many
methods namely physical, chemical, and biological
approaches have been investigated [4, 5]. Among
them, the removal of dyes by physical adsorption
technologies is regarded as a compitive method
because of high efficiency, economic feasibility and
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2@<?03;AThe Bougainvillea Glabra is commonly known as bougainvillea. It has shiny green,
slightly hairy leaves. It is famous ornamental plants
in many areas with hot climate including Malaysia,
India, Taiwan, Vietnam, Australia, the Mediterranean region, the Caribbean, Mexico, South Africa
and United states. It has been used in hypoglycemic
treatment [28].

2@<?0/A3 Congo Red (Sodium salt of
benzdinediazobis-1-nephthylamine-4-sulphonic
acid) is a benzidine-based azo dye. The molecular
formula of CR is C32H22N6Na2O6S2 and its molecular
structure is shown in Fig. 1. Congo Red (CR) mainly
occurs in the effluents discharged from textile, paper, printing, leather industries, etc. [29] and during
dyeing operation; about 15% of it ends up in
wastewaters [30]. All of the reagents were of
analytical grade and deionized water was used
throughout the experiments. 

2@<?=A7<; Batch adsorption of Congo Red
(CR) dye from aqueous solution was carried out by
leaves powder of bougainvillea glabra (BG) as a adsorbents at room temperature. For these experiments, calculated quantities of adsorbents were
added into measured volume of 25 ppm dye solution.
The bottles were stirred at constant speed of 120
rpm. Once the equilibrium was reached, the concentration of CR was determined by SP-50 spectrophotometer (Gallen Camp UK) at its maximum wavelength of 490 nm. The CR adsorption on BG at time
t, was calculated by equation 1.

 =
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4431A<4<=3?/A7<;/94/1A<?@Herein, the effect of operational parameters such as contact time,
initial dye concentration, temperature and ionic
strength on the removal of CR dye from aqueous solution has been investigated. Their details are given
below.

)& 
4431A<41<;A/1AA7:3<;A63?3:<C/9<4&
0EB@7;593/C3@=<D23?
4431A<4<;A/1A(7:3The effect of contact
time on the removal of dye (CR) from aqueous solution was studied keeping the shaking speed (120
rmp), concentration of adsorbate (25 mg/L), amount
of adsorbent (0.1 g) at room temperature and attained
results are shown in Fig. 2. The removal of CR dye
is found to be increased with contact time and attains
saturation in 40 minutes. It indicates that adsorption
of CR onto BG leaves powder gain equilibrium
within 40 minutes and this optimum contact time
was used for further experiments. It indicates that
dye removal was fast in the initial stage due to presence of large number of available vacant sites on the
surface of adsorbent. Similar results have been previously reported in the literature for dye removal
[31].

4431A<47;7A7/92E31<;13;A?/A7<;The influence of initial dye concentration on the percentage
removal of CR was investigated keeping the contact
time, adsorbent dosage, shaking speed and temperature constant and obtained results are shown in Fig.

  − 
×


(1)
Where Co and Ct are the concentration of CR at
initial state and at time t respectively. Similarly V
and W are volume of CR aqueous solution and
weight of adsorbent respectively.
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3. It has been observed that the percentage removal
of CR is found to be decreased with concentration as
shown in Fig. 3. The initial dye concentration gives
the useful driving force to overcome the resistance
of mass transfer from the aqueous phase to the solid
phase [32]. It enhances the interaction between CR
dye and leaves powder of BG. Therefore, the adsorption capability of BG leaves powder for CR dye was
increased with increasing initial dye concentration. 
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<;5<&320EB@7;5 93/C3@=<D23?
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4431A <4 7<;71 @A?3;5A6 The effect of ionic
strength on the removal CR from aqueous solution
was investigated keeping the contact time, adsorbent
dosage, shaking speed and temperature constant and
obtained results are shown in Fig. 5. It can be seen
that removal of CR is found to be increased with increasing the concentration of salt from 0.1 M to 0.5
M. Because the salt addition increased the aggregation of dye molecules and decreased the solubility.
An increase in aggregation promotes the adsorption
of dye molecules [34]. Another pluasibility is that
increase in ionic strength increases the positive
charge of the adsorbent surface thus increases the
electrostatic attraction between dye and adsorbent.
Therefore, the increase in ionic strength resulted to
an increase in adsorption of CR.

2@<?=A7<; 7;3A71@The adsorption kinetics
was studied to determine the rate of dye uptake from
aqueous solution which controls the system of dye
adsorption. The kinetic models such as pseudo-firstorder, pseudo-second-order Elovich models and liquid film were fitted to experimental data better to
find out the potential rate-controlling steps of the CR
adsorption kinetics.


)& 
4431A<4A3:=3?/AB?3<;A63?3:<C/9<4
<;5<&320EB@7;5 93/C3@=<D23?
4431A<4(3:=3?/AB?3The influence of temperature on the removal of CR dye from wastewater
was investigated by employing leaves powder of BG
and results are depicted in Fig. 4. The removal of CR
dye is found to be enhanced with temperature representing that the adsorption of CR dye on the leaves
powder of BG is endothermic in nature. It was because of higher mobility of the molecules at higher
temperatures and higher availability of molecules
with sufficient energy to connect with active site on
the surface of adsorbent. Moreover, the rise in temperature resulting in the swelling of the internal
structure of BG leaves powder which help to facilitate the movement of large dye molecules [33].
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%@3B2<7?@A$?23? :<239 The linearized
form of the Lagergren Pseudo-first-order rate
equation is given by [35]

( −  ) = log  − 1
2.303 (2)
Where qe and qt is the amount of adsorbate adsorbed at equilibrium and time t respectively and k1
(/min) is the rate constant of pseudo-first-order
model. The graphical representation of pseudo-firstorder model is shown in Fig. 6. The values of parameters qe and k1 can be measured from slope and intercept of the plot log(qe-qt) verses t and are given in
Table 1. It can be seen that the value of correlation
coefficient (R2) for pseudo-first-order model was
low. Further, the calculated value of adsorption capacity (qe, cal) does not agree with experimental
value (qe, exp). It indicates that adsorption of CR
onto leaves powder of BG did not obey the pseudofirst order kinetic model.

 =

1

ln(α .β ) +

1

ln 

β
β
(4)
where α is the initial adsorption rate and β is the
desorption constant. The graphical representation of
Elovich model is shown in Fig. 8. The parameters α
and β were calculated from intercept and slope of
Fig. 8 and are given in Table 2. The correlation coefficient (R2) attained was 0.9558 which are lower
than that of pseudo-second-order.

%@3B2<'31<;2$?23? 7;3A71 "<239 The
linearized form of pseudo-second kinetic model is
expressed as [36]
1

 /  =
+
 2 2 
(3)
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where k2 (g/mg.min) is the rate constant of
pseudo-second-order model. The graphical representation of pseudo-second-order model is indicated in
Fig. 7. The values of qe and k2 were measured from
slope and intercept of Fig. 7 and are given in Table
1. The value of correlation coefficient (R2>0.99) is
close to unity for pseudo-second-order model. Moreover, the calculated value of adsorption capacity (qe,
cal) is fairly agree with experimental one (qe, exp). This
indicates that the rates of adsorption followed
pseudo-second-order kinetic model.
9<C716"<239The Elovich model is usually
employed to interpret the kinetics of adsorption and
successfully describe second-order-kinetics assuming that the actual solid surface are energetically heterogeneous, which is given in the following equation
[37].
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qe(exp)
6.00



Pseudo-first-order
qe (cal)
k1×10-3
1.71
13.0

R2
0.9213

qe
6.21

Pseudo-second-order
k2 ×10-4
540

R2
0.998

(! 
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Α
165.7

Elovich model
Β
1.72

R2
0.956

kfd
0.032
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Cfd
-1.26

R2
0.921
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shown in Table 3. The correlation coefficient (R2) of
the Langmuir isotherm was 0.8784 for CR adsorption on leaves powder of BG. Further, the value of
calculated qm (5.68 mg/g) is close to the experimental value (6.001 mg/g). Thus, the experimental
data fitted to the Langmuir isotherm model.
The essential characteristics of Langmuir isotherm can be expressed in term of dimensionless
constant separation factor RL that is given by [41].

 =

(7)
The value of RL shows the shape of the isotherm to be either unfavorable (RL>1), linear (RL=1),
favorable (0<RL>0), or irreversible (RL=0) [42]. The
values of RL for adsorption of CR onto leaves powder of BG lies in the range (0.42-0.88) which lies between 0 and 1, therefore indicating the favorable adsorption process. Moreover, the low RL values implied that the interaction of dyes molecules with
leaves powder of BG might be relatively strong [43,
44].
The Freundlich model is an empirical relation
employed to explain the heterogeneous system. The
Freundlich isotherm model is expressed as [45].

)&
!7>B72479:2744B@7<;:<2394<?/2@<?=A7<;<4
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!7>B72 479: 2744B@7<; :<239 The liquid film
model is expressed as [38]

 (1 −

1
1 +  


) = −   


(5)
where Kfd is liquid film diffusion rate constant.
The plots of ln(1-qt/qe) verses t for liquid film diffusion model is shown in Fig. 9. The value of correlation coefficient (R2) is 0.921 as shown in Table 2.
The lines show deviation from the origin in the plot
for liquid film diffusion model representing that not
only the liquid film mechanism but some other
mechanisms were also operative in the adsorption of
dyes on BG leaves powder.

1
log  = log   + log 


(8)
where Kf and nF are Freundlich constant. is
roughly an indicator of the adsorption capacity and
nFis an experimental parameter which could be calculated from the slope and intercept of linear plot of
 versus [46]shown inFig. 11 and given
in Table 3. The correlation coefficient value
(R2=0.993) represents that experimental data fitted
well to the Freundlich model. For favorable adsorption process, the value nF should be greater than 1
and less than 10. The value of Freundlich constant nF
decides the favorability of adsorption process. The
value of nF for CR adsorption onto BG leaves powder
was greater than 1 and less than 10 representing the
favorable adsorption process.

2@<?=A7<;@<A63?:@Adsorption isotherms
are significant for the optimization of adsorption
process. The analysis of isotherm data by fitting the
data to different isotherm models is an important step
in finding the most suitable model that can be used
to describe the adsorption process [39]. The adsorption isotherm indicates the distribution of molecules
between solid and liquid phases at equilibrium state.
There are many isotherm models to explain the isotherm data. In the present research, Langmuir,
Freundlich, Temkin and Dubinin-Radushkevich (DR) isotherm models are used to reveal the experimental data. The Langmuir model is based on the
maximum adsorption corresponds to the saturated
monolayer of liquid molecules on the solid surface.
The linear form of Langmuir model is given as follows [40].



1
=
+ 
   

(6)
where b is Langmuir constant (L/mg) and qm is
Langmuir monolayers adsorption capacity (mg/g),
Ce is supernatant concentration at equilibrium state
of the system (mg/L), and qe is the amount of dye
adsorbed at equilibrium state of system (mg/g). The
graphical representation for Langmuir model is
given in Fig. 10. The parameters qm and b can be determined from slope and intercept of Fig. 10 and are
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qm
5.68

Langmuir isotherm
b
0.055

R2
0.878

nF
1.39

Freundlich isotherm
Kf
0.37

R2
0.993
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equilibrium binding constant coinciding to the maximum binding energy. The graphical representation
of Temkin model is represented in Fig. 12. The values of parameters BT and AT were calculated from
slope and intercept of qe verses lnCe and are given in
Table 4. The value of correlation coefficient (R2)
was 0.9129.
The Dubinin-Radushkevich (D-R) model is
represented as

The Tempkin isotherm assumes that the heat of
adsorption of all the molecules decrease linearly
with the coverage of the molecules due to the adsorbate-adsorbate repulsion and the adsorption of adsorbate is uniformly distributed and that the fall in
the heat of adsorption is linear rather than logarithmic [47]. It is expressed as

 =  ln  +  ln 

(9)
where BT=RT/bT, R is gas constant (8.31
J/mol.K) and T is absolute temperature (K). The constant bT is related to the heat of adsorption and AT is

ln  = ln  − βε 2
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where β (mol2/KJ) is constant related to the adsorption energy and ε is the polanyi potential can be
determined using following equation

ε =  ln(1 +

plot of lnKc verses 1/T is shown in Fig. 14. The adsorption enthalpy (ΔHo) and entropy (ΔSo) can be determined from the slope and intercept of Fig. 14 and
given in Table 5. The values of Gibb’s free energy
(ΔGo) were -70.14 KJ/mol, -72.66 KJ/mol and 75.98 KJ/mol at 278K, 288K and 298K respectively.
The negative values of Gibb’s free energy (ΔGo)
show the feasibility and spontaneity of adsorption
process. The positive value of enthalpy (ΔHo) indicates that the adsorption of CR on leaves power of
BG is an endothermic process. Similarly the positive
value of entropy (ΔSo) indicates increased randomness at the liquid-solid interface during the adsorption process.

1
)


(11)
where R is gas constant (8.31 KJ/mol) and T is
absolute temperature (K). The mean free energy E
(KJ/mol) can be measure by given equation

=

1
2β

(12)
The plot of lnqe verses ε2 for Dubinin-Radushkevich (D-R) model is shown in Fig. 13. The parameters β and qm can be measured from slope and intercept of Fig. 13 and are shown in Table 4. The mean
adsorption energy (E) in the D-R isotherm can used
as a ruler to differentiate chemical and physical adsorption [48]. The mean free energy (E) for CR adsorption onto BG leaves powder is 8.4*10-4 KJ/mol.
It indicates that adsorption of CR on BG leave powder is physical adsorption.

$#!)'$#'
This research showed that the leaves powder of
BG is useful for removal Congo Red dye from aqueous solution. The removal of CR from aqueous solution is influenced by several parameters such as contact time, initial dye concentration, temperature and
ionic strength. The removal of CR dye was enhanced
with contact time, temperature, and ionic strength.
Kinetics study revealed that the adsorption of CR
onto leaves powder of BG followed pseudo-secondorder model. The experimental data was studied by
many isothermal models namely Langmuir, Freundlich, Temkin and Dubinin-Radushkevich (D-R)
model but the experimental data fitted well to the
Freundlich isotherm model. Thermodynamic study
showed that the adsorption of CR on the leaves powder of BG is an endothermic and spontaneous process. The present study indicates that the leaves powder of BG could be employed as a good adsorbent
for removal of CR dye from aqueous solution.

2@<?=A7<; (63?:<2E;/:71@ Thermodynamic variables represent the feasibility and spontaneous nature of adsorption process. The constants including change in Gibb’s free energy (ΔGo), enthalpy (ΔHo) and entropy (ΔSo) were determined by
the given equations

Δ  Δ 
ln  =
−



 =


Δ = Δ − Δ




(13)
(14)



(15)
where Kc, Ca, Ce, R, T are the equilibrium constant, amount of dye (mol/L) adsorbed on the adsorbent per litre (L) of the solution at equilibrium, equilibrium concentration (mol/L) of dye in solution, gas
constant (8.31 J/mol.K) and absolute temperature
(K) respectively. Similarly ΔGo, ΔHo and ΔSo are the
change in Gibb’s free energy (KJ/mol), enthalpy
(KJ/mol) and entropy (J/mol.K) respectively. The

BT
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Tempkin isotherm
D-R isotherm
AT
R2
qm
β
E
0.71
0.913
2.91
0.716
0.00084
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288K
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68.23
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-7014
-72.66
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[1]. Among heavy metals, Pb is well-known toxic
heavy metal and is a major contaminant in the
environment [2]. Because of multifarious industrial
uses, Cr and its compounds are extensively
distributed in water, soil and air as well. Thus, Cr
contamination in the environment has become a
major area of concern [3]. Copper is an essential
micro-nutrient for plants. It has a high
bioaccumulation index and can be accumulated in
plants to high concentrations which may pose
environmental health problems. For many decades,
Ni was regarded as a potentially toxic heavy metal.
It is now considered a possible essential metal for
plants. However, it can be toxic at elevated levels [4].
Because of forming a substantial component of
the primary production in many aquatic ecosystems,
aquatic plants are known to have a great importance
[5]. The use of fresh water macrophytes to assess
heavy metal contamination levels in the lotic and
lentic water bodies has been reported [6, 7]. In
literature, there are many studies about heavy metal
accumulation capabilities of aquatic macrophyte
both collected from natural environment [8-10] and
grown under laboratory conditions [11-13]. In laboratory studies, either heavy metal accumulation(s) of
individual macrophyte or combined macrophytes
have been determined.
Potamogetonaceae, has herbs, perennial or
annual, in fresh or brackish water, totally submerged
or with floating leaves, is a subcosmopolitan and
aquatic plant family. Potamogeton is the largest
genus of Potamogetonaceae, with about 100 species
[14]. According to TUBIVES [15], 16 taxa has been
listed in Turkey. Among these, 15 species belongs to
Potamogeton and one species belongs to
Groenlandia.
The aim of the present study was to evaluate (i)
heavy metal accumulation levels of aquatic
macrophytes P. pectinatus, P. perfoliatus and
G.densa treated individually and as triple (ii) the
existence of bioaccumulator macrophyte(s) among
three macrophyte species belong to same family and
that of allelopathic relations and/or competition
among macrophytes treated as triple.

ABSTRACT
In the present study, Pb, Cu, Cr and Ni
accumulation capabilities of aquatic macrophytes
Potamogeton pectinatus, Potamogeton perfoliatus
and Groenlandia densa (Potamogetonaceae) were
determined separately after treated with both single
and triple. The macrophytes were treated with Pb,
Cu, Cr and Ni at 0, 5, 25 and 50 mg/L concentrations
in a controlled chamber during 4-days. The tested
heavy metals were differently accumulated by
macrophytes. The maximum Pb, Cu, Cr and Ni
accumulations were determined in G. densa tissues
followed by P. perfoliatus and P. pectinatus in both
macrophyte treatments. In both macrophyte
applications, mean accumulation values of the heavy
metals in the macrophyte tissues decreased
according to this sequence: Pb>Cu>Ni>Cr.
Bioconcentration factor (BCF), which indicates the
efficiency of macrophyte to accumulate the metal,
were decreased with increasing external metal
concentrations.
According
to
this,
Potamogetonaceae
species
had
a
high
bioaccumulation
potantial
at
low
metal
concentrations. On the other hand, metal accumulations in individual macrophytes were generally
found to be higher than combined macrophytes. As a
result, it can be said that macrophytes treated
individually can accumulate more metal than
combined ones.

KEYWORDS:
Accumulation, capability, heavy metal, Groenlandia
densa, Potamogeton pectinatus, Potamogeton perfoliatus

INTRODUCTION
In receiving water bodies, heavy metals can
originate both from natural and anthropogenic
sources. In small trace quantities, many metals are
needed as nutrients for aquatic life and human health.
Only a few metals may be found in aquatic systems
in quantities that will exceed the toxicity threshold
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TABLE 1
Lead accumulations in P. pectinatus, P. perfoliatus and G. densa and their BCFs
Macrophyte
applications
Single

Triple

Pb conc.
(mg/L)
0
5
25
50
0
5
25
50

P. pectinatus
56.5±10.8 a,x
BCF
2004.5±256.9bc,x,* 400.9±51.4a,x,*
2365.0±130.5c,x
94.6±5.2 bc,x
4531.0±134.8 d,x
90.6±2.7 c,x
67.7±8.0 a,x
436.4±41.3 a,x
87.3±8.3 a,x
2255.9±135.9 b,x
90.2±5.4 a,x
4366.4±178.9 c,x
87.3±3.6 a,x

Pb contents (mg/kg dry weight) and BCFs
P. perfoliatus
35.6±9.8 a,x
BCF
1996.2±135.9c,x,* 399.2±27.2a,x,*
2570.5±98.1 b,y,*
102.8±3.9 bc,x
6328.8±174.3d,x,*
126.6±3.5 c,y
32.6±7.7 a,x
791.7±39.9 b,x
158.3±8.0 a,y
2598.0±180.1 c,x
103.9±5.4 bc,x
5522.8±295.3 d,y
110.5±5.9 c,x

G. densa
81.1±16.8 a,x
BCF
3440.5±126.7 b,z,* 688.1±25.3a,y,*
7370.9±221.4 c,y,* 294.8±8.9bc,y,*
13548.7±978.8d,y,* 271.0±19.6c,z,*
76.4±18.7 a,x
1458.8±115.0 b,y
291.8±23.0 a,z
5798.4±617.2 c,y
231.9±24.7 b,y
8250.0±250.4 d,z
165.0±5.0 c,y

Values expressed as mean ± standard deviation. (n=3)
Vertically, a, b, c and d show the differences among exposure concentrations. (p<0.05)
Horizontally, x, y and z show the differences among macropyhtes at same concentrations. (p<0.05)
The asterisk (*) shows differences among macrophyte applications at same concentrations. (p<0.05)

324.75, 357.87 and 232.0 nm, respectively. Values
of uptake were obtained by deducting metal contents
of control macrophytes.
Bioconcentration factor (BCF) was estimated
from ratio of heavy metal in macrophyte tissue
(mg/kg dry weight) to heavy metal in the test
medium (mg/L).

MATERIALS AND METHODS
Plant materials and treatment. The test
macrophytes, P. pectinatus, P. perfoliatus and G.
densa, are commonly available in Gaziantep,
Turkey. The macrophytes were collected from the
local water bodies and transferred to large
hydroponic tubs under natural condition. During 2
weeks, the macrophytes were acclimatized in 10%
Arnon and Hoagland nutrient solution [16], under
23±&KOLJKW ȝ(P-2.s-2) and 8 h dark
periods using in a climate chamber (Snijders
Scientific, Netherlands). After acclimatization,
uniform sized and having nearly same weight
macrophytes were cultured in glass vessel containing
1000 ml test solutions. Two different applications
were carried out. In the first application,
macrophytes were individually treated with different
heavy metal concentrations. In the second
application, macrophytes were treated with different
heavy metal concentrations as combined. Three
replicates of macrophytes were exposed to Pb as
Pb(NO3)2, Cu as CuCl2, Cr as K2Cr2O7 and Ni as
NiCl2 at 5, 25 and 50 mg/L concentrations which
were added to 10% nutrient solution. Macrophytes
cultured without heavy metals served as controls,
exception of normal Cu contents in nutrient solution.
The pH of solutions were adjusted to 6.5-6.7.

Data analysis. All analyses were carried out
with three replicates. The least significant difference
(LSD) test was used to compare the parameters by
using SPSS 11.0. Values of p<0.05 were considered
as significant.

RESULTS
Lead contents. Treatment of P. pectinatus, P.
perfoliatus and G.densa with Pb, Cu, Cr and Ni
concentrations ranging from 5 to 50 mg/L during 4days caused improving heavy metal accumulations.
The rates of Pb increases in individual macrophyte
treatments at 5, 25 and 50 mg/L Pb concentrations
calculated as 35.5, 41.9 and 80.2-fold for P.
pectinatus, 56.1, 72.2 and 177.8-fold for P.
perfoliatus and 42.4, 90.9 and 167.1-fold for G.
densa with respect to their controls, respectively
(Table 1). Morever, Pb accumulations in combined
macrophyte treatments at 5, 25 and 50 mg/L Pb
concentrations were significantly increased as 6.4,
33.3 and 64.5-fold for P. pectinatus, 24.3, 79.7 and
169.4-fold for P. perfoliatus and 19.1, 75.9 and
108.0-fold for G. densa when compared to their
controls, respectively. When treatments were compared, Pb accumulations in individual macrophytes
were higher up to 4.59-fold for P. pectinatus, 2.52fold for P. perfoliatus and 2.36-fold for G. densa
than with respect to their combined treatments.

Determination of heavy metal contents. The
macrophytes were harvested after 4-days exposure
as a whole. They washed three times with doubledistilled water. After dried to a constant weight at
80°C in an electric furnace, the macrophytes
pulverized using mortar and pestle. The samples
were digested with 14 M HNO3 on a hot plate. Then,
the residues were dissolved in 1 M HCl. Control
samples were also treated by the same way. Heavy
metal contents were determined by an atomic
absorption spectrometer (Perkin Elmer AAnalyst
400) using air-acetylene flame. The instrument was
optimized for each heavy metal. Metal standards
were freshly prepared. Measurements of Pb, Cu, Cr
and Ni were carried out at wavelengths 283.31,

Copper contents. Copper accumulations of
macrophytes are given in Table 2. Accumulation of
Cu in individual macrophyte treatments at 5, 25 and
50 mg/L Cu concentrations were significantly
increased up to 78.16-fold for P. pectinatus, 175.00-
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fold for P. perfoliatus and 81.02-fold for G. densa
when compared to their controls. Similarly,
increases in Cu accumulations in combined
macrophyte applications were determined up to
58.96-fold for P. pectinatus, 104.24-fold for P.
perfoliatus and 73.07-fold for G. densa with respect
to their controls. Among treatments, higher Cu
accumulations were found in individual macrophytes
than combined macrophytes.

Fresenius Environmental Bulletin

the same Cr concentrations. Chromium contents of
individual macrophyte treatments at 5, 25 and 50
mg/L Cr concentrations increased significantly as
9.66, 25.60 and 26.05-fold for P. pectinatus, 16.79,
36.05 and 74.47-fold for P. perfoliatus, and 11.33,
26.27 and 27.87-fold for G. densa, respectively, with
respect to their controls. The maximum increases in
Cr accumulations in combined macrophyte
treatments were determined up to 17.43-fold at 50
mg/L for P. pectinatus, 44.62-fold at 50 mg/L for P.
perfoliatus and 25.06-fold at 25 mg/L for G. densa
with respect to their controls.

Chromium contents. As shown in Table 3,
macrophytes had different accumulation capacites at

TABLE 2
Copper accumulations in P. pectinatus, P. perfoliatus and G. densa and their BCFs
Macrophyte
applications
Single

Triple

Cu conc.
(mg/L)
0
5
25
50
0
5
25
50

P. pectinatus
22.7±7.1 a,x
BCF
686.4±99.9 bc,x
137.3±20.0 a,x
884.9±89.1 c,x
35.4±3.6 bc,x
1774.3±70.6 d,x,*
35.5±1.4 c,x
25.1±5.3 a,x
660.1±36.1 b,x
132.0±7.2 a,x
887.5±87.2 c, x
35.1±3.5 bc,x
1479.8±113.9 d,x
29.6±2.3 c,x

Cu contents (mg/kg dry weight) and BCFs
P. perfoliatus
G. densa
16.2±3.2 a,x
BCF
35.8±6.2 a,x
BCF
1953.6±87.0 b,y,* 390.7±17.4 a,y,* 2760.3±141.2 bc,z,* 552.1±28.2 a,z,*
2463.7±172.7 c,y,* 97.3±6.9 b,yz,*
2900.5±296.1 c,z,*
116.0±11.8 b,z
2835.0±133.2 d,y,*
56.7±2.7 c,x
2145.7±130.1 d,z
42.9±2.6 c,x
17.2±3.4 a,x
33.4±5.9 a,x
1458.3±100.6 b,y
291.7±20.1 a,y
2190.1±156.2 bd,z
438.2±31.2 a,z
1690.1±87.5 cd,y
67.6±3.5 b,y
2440.4±176.4 c,z
97.6±7.1 b,z
1792.9±92.5 d,x
35.9±1.9 c,x
2134.7±128.1 d,y
42.7±2.6 c,x

Values expressed as mean ± standard deviation. (n=3)
Vertically, a, b, c and d show the differences among exposure concentrations. (p<0.05)
Horizontally, x, y and z show the differences among macropyhtes at same concentrations. (p<0.05)
The asterisk (*) shows differences among macrophyte applications at same concentrations. (p<0.05)

TABLE 3
Chromium accumulations in P. pectinatus, P. perfoliatus and G. densa and their BCFs
Cr contents (mg/kg dry weight ) and BCFs
Cr conc.
(mg/L)
P. pectinatus
P. perfoliatus
G. densa
0
14.0±2.8 a,x
BCF
9.1±2.6 a,x
BCF
36.7±7.5 a,x
BCF
5
135.2±7.1 b,x
27.0±1.4 a,x
152.8±15.9 b,x
30.6±3.2 a,x
415.7±78.5 b,y
83.1±15.7 a,y
Single
25
358.4±33.3 cd,x 14.3±1.3 bc,x 328.1±27.2 c,x,* 13.1±1.1 bc,x
964.2±86.7 cd,y,*
38.6±3.5 b,y,*
50
364.7±26.8 d,x
7.3±0.5 c,x
677.7±100.0 d,y 13.6±2.0 c,xy 1022.5±210.2 d,z,*
20.5±4.2 c,y
0
17.4±4.3 a,x
8.2±1.9 a,x
30.5±7.4 a,x
5
130.8±18.4 b,x
26.2±3.7 a,x
116.0±16.6 b,x
23.2±3.3 a,x
408.6±33.9 b,y
81.7±6.8 a,y
Triple
25
268.3±20.5 cd,x 10.7±0.8 bc,x
293.0±24.9 d,x
11.7±1.0 bc,x
764.4±77.4 cd,y
30.6±3.1 b,y
50
303.2±25.1 d,x
6.1±0.5 c,x
365.9±33.8 d,x
7.3±0.7 c,xy
691.8±66.5 d,y
13.8±1.3 c,y
Values expressed as mean ± standard deviation. (n=3)
Vertically, a, b, c and d show the differences among exposure concentrations. (p<0.05)
Horizontally, x, y and z show the differences among macropyhtes at same concentrations. (p<0.05)
The asterisk (*) shows differences among macrophyte applications at same concentrations. (p<0.05)
Macrophyte
applications

TABLE 4
Nickel accumulations in P. pectinatus, P. perfoliatus and G. densa and their BCFs
Macrophyte
applications
Single

Triple

Ni conc.
(mg/L)
0
5
25
50
0
5
25
50

P. pectinatus
15.8±2.2 a,x
BCF
471.2±44.1 b,x,*
94.2±8.8 a,x,*
762.7±50.9 c,x,* 30.5±2.0 bc,x,*
988.3±108.4 d,x
19.8±2.2 c,x
13.2±3.1 a,x
576.3±55.7 b,x
115.3±11.1 a,x
1169.3±137.4 c,x
46.8±5.5 b,x
892.5±86.6 d,x
17.9±1.7 c,x

Ni contents (mg/kg dry weight) and BCFs
P. perfoliatus
G. densa
11.9±2.3 a,x
BCF
25.6±6.7 a,x
BCF
795.7±71.9 b,y
159.1±14.4 a,y,*
969.6±51.2 b,z,*
193.9±10.2 a,z,*
1231.3±99.5 c,y,*
49.3±4.0 b,y,*
2078.7±146.1 c,z,*
83.1±5.8 b,z
1472.8±102.2 d,y
29.5±2.0 c,x
2422.2±182.9 d,z,*
48.4±3.7 c,y
13.5±2.9 a,x
21.2±7.2 a,x
729.4±48.6 b,y
145.9±9.7 a,y
1562.3±74.3 b,z
312.5±14.9 a,z
1693.6±95.8 cd,y
67.7±3.8 b,y
1794.0±99.7 c,y
71.8±4.0 b,y
1566.1±97.6 d,y
31.3±2.0 c,y
2045.3±81.5 d,z
40.9±1.6 c,y

Values expressed as mean ± standard deviation. (n=3)
Vertically, a, b, c and d show the differences among exposure concentrations. (p<0.05)
Horizontally, x, y and z show the differences among macropyhtes at same concentrations. (p<0.05)
The asterisk (*) shows differences among macrophyte applications at same concentrations. (p<0.05)
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biological characters of each species such as living
form and morphology. As described by Denny [23],
another reason of this may be differences in cellular
mechanisms of heavy metal ions uptake in the
macrophytes.
When
considering
both
macrophyte
applications, mean accumulation values of the heavy
metals in the macrophyte tissues were decreased
according to this sequence: Pb>Cu>Ni>Cr. Namely,
the macrophytes differed in their accumulation
capacities with respect to each particular ion. This
agrees with the earlier reports [24, 25]. In addition,
when considering both macrophyte applications,
metal accumulations in individual macrophytes were
generally found to be higher than combined ones,
with the exception of Ni applications in P. pectinatus
and P. perfoliatus. Although not conclusive, it could
be said that macrophytes exposed individually may
accumulate more metal than that of treated in
combination. This may be the result of allelopathic
relationships
and/or
competition
among
macrophytes. Further studies are required to better
understand this situation.
Unlike metal accumulations, there was a
gradual decrease in bioconcentration factor (BCF)
levels in response to increased external heavy metal
concentrations applied as shown in all tables. The
BCF is used to measure the effectiveness of the
macrophyte to concentrate metal in its biomass.
According to this, for selected heavy metals
Potamogetonaceae
species
possess
greater
accumulation ability at low concentrations. This
probably due to low external heavy metal
concentration per absorption area [26]. When
considering heavy metals applied, the maximum
BCFs were calculated at Pb which indicates that the
macrophytes performed better in affinity to this
metal. Among Potamogetonaceae species, the
highest BCF was genarally calculated at G. densa.
This indicates that G. densa have high heavy metal
accumulation capability than other macrophytes.

Nickel contents. As other heavy metals tested,
Ni content of the macrophytes were generally
increased with increased external Ni concentrations
(Table 4). Nickel contents of P. pectinatus, P.
perfoliatus and G. densa in individual macrophyte
treatments were significantly increased up to 62.55,
123.76 and 94.64-fold, respectively, with respect to
their controls. The maximum increases in Ni
accumulations in the combined macrophyte
treatments were determined up to 88.58-fold at 25
mg/L for P. pectinatus, 123.76-fold at 25 mg/L for
P. perfoliatus and 96.48-fold at 50 mg/L for G. densa
when compared to their respective controls.
Among applications, however, higher Ni
accumulations were found at P. pectinatus and P.
perfoliatus in combined macrophytes than individual
macrophytes.

DISCUSSION
Aquatic macrophytes are capable of
accumulating
heavy
metals
in
different
concentrations. In literature, there are some articles
related to metal accumulation ability of
Potamogetonaceae species. For example, Greger and
Kautsky [17] reported that P. pectinatus
accumulated more Cu than P. perfoliatus. On the
another hand, the Pb accumulation was higher in P.
perfoliatus than in P. pectinatus. The variation
among Potamogetonaceae species to accumulate
heavy metals was also observed by other researchers
[18, 19]. According to our findings, the tested heavy
metals were differently accumulated by macrophytes
belonging to Potamogetonaceae as well. The
maximum Pb, Cu, Cr and Ni accumulations were
determined in G. densa tissues followed by P.
perfoliatus and P. pectinatus in both macrophyte
treatments. Heavy metal contents of controls were
similar as the treated macrophytes. Namely, this may
show that G. densa has highest tendency to
accumulate Pb, Cu, Cr and Ni compared to P.
perfoliatus and P. pectinatus, except for G. densa at
50 mg/L Cu. In one of our earlier studies, we
determined Cd accumulation capabilities of three
macrophytes (Ceratophyllum demersum, Bacopa
monnieri and Rotala rotundifolia) after treating both
single and triple. Cadmium accumulation
capabilities were found in the order of R. rotundifolia
> C. demersum > B. monnieri in both applications
[20]. According to Sawidis et al. [21] great
differences in heavy metal accumulation can also be
observed within different species of the same genus
under same environmental conditions. Similarly
Purakayastha et al. [22] determined the accumulation
capacity of five Brassica (Brassicaceae) species for
four heavy metals. They emphasized that B. carinata
performed better in affinity to Pb, Ni and Zn. The
species-specific accumulation of the heavy metals in
the aquatic macrophytes may be a consequence of

CONCLUSIONS
(1) Heavy metal concentrations of macrophyte
tissues generally increased with increasing external
metal concentrations. On the contary, BCFs were the
highest at low metal concentrations. (2) When
applications were compared, heavy metal accumulation in individual treatments were generally found to
be higher than combined ones. (3) Of all heavy
metals, the highest accumulation was recorded for
Pb, while the lowest accumulation was observed for
Cr. This may indicate that Potamogetonaceae species
have different affinity to heavy metal uptake. (4) In
general, heavy metal accumulation capabilities of
Potamogetonaceae species were ranked from highest
to lowest as follows: G. densa> P. perfoliatus> P.
pectinatus in both applications. This shows that
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[13] Karatas, M., Aasim, M. and Dogan, M. (2016)
Efficacy of in vitro propagated coontail
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25, 5113-5119.
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Monograph. Volume 85, New York Botanical
Garden, New York, 1-52.
[15] TUBIVES (2017) Turkish Plants Data Service
of The Scientific and Technological Research
Council of Turkey (TUBITAK). Website
http://www.tubives.com (Accessed on 03
January 2017).
[16] Arnon, D.I. and Hoagland, D.R. (1940) Crop
production in artificial culture solutions and in
soils with special reference to factors influencing yields and absorption of inorganic
nutrients. Soil Science. 50, 463-483.
[17] Greger, M. and Kautsky, L. (1991) Effects of
Cd, Cu and Zn on two species of Potamogeton
grown in field conditions. Vegetatio. 97(2), 173184.
[18] Aulio, K. and Salin, M. (1982) Enrichment of
copper, zinc, manganese, and iron in five
species of pondweeds (Potamogeton spp.).
Bulletin of Environmental Contamination and
Toxicology. 29, 320-325.
[19] Upadhyay, A.K., Singh, N.K. and Rai, U.N.
(2014) Comparative metal accumulation
potential of Potamogeton pectinatus L. and
Potamogeton crispus L.: Role of enzymatic and
non-enzymatic antioxidants in tolerance and
detoxification of metals. Aquatic Botany. 117,
27-32.
[20] Dogan, M., Akgul, H. Inan, O.G. and Zeren, H.
(2015) Determination of cadmium accumulation
capabilities of aquatic macrophytes Ceratophyllum demersum, Bacopa monnieri and
Rotala rotundifolia. Iranian Journal of Fisheries
Sciences. 14(4), 1010-1017.
[21] Sawidis, T., Chettri, M.K., Zachariadis, G.A.
and Stratis, J.A. (1995) Heavy metals in aquatic
plants and sediments from water systems in
Macedonia, Greece. Ecotoxicology and
Environmental Safety. 32(1), 73-80.

Potamogetonaceae species have species-specific
heavy metal accumulation. (5) Pollution of
environment by heavy metals has been the greatest
concern in recent years and it can be concluded that
G. densa is a good accumulator of heavy metals
when compared to other macrophytes. Therefore, the
macrophyte may be useful from a phytoremediation
standpoint.
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FISH CATCHING TRIALS WITH TWO DIFFERENT TYPES
OF FISH POTS IN KEBAN DAM LAKE
(TURKEY-ELAZIG)
Tuncay Atessahin*, Erdal Duman
Fisheries Faculty, Firat University, 23119 Elazig, Turkey

ABSTRACT

INTRODUCTION

Two different fish pot models were used in two
catching areas with no bait (controls) and barley bait
at three different depths ( 5±10, 11±15 and 16±20 m)
during the period July 2013 and March 2014. In the
study, 18 trials were completed; of the 1,474 fishery
products caught, 109 (7.4%) were crayfish, and
1,365 (92.6%) comprised other fish species. The
highest number of fish caught belonged to the
Acanthobrama marmid genus (1,084 [73.7%]), followed by Cyprinus carpio (95 [6.4%]), Alburnus
mossulensis (67 [4.6%]) and Luciobarbus esocinus
(62 [4.6%]). Of the total 139.931 kg fish weight,
87.434 (62.48 %) kg and 52.497 (37.52 %) kg were
caught with A and B model fish pots, respectively.
During the study period, of the total 1,474 individuals caught, 694 (47.1 %) were caught using barley
bait, and 780 (52.9 %) constituted the control group.
Of the total catch of 139.931 kg fish, 66.6% (93.209
kg) were caught in the fish pots with barley bait, and
33.4 % (46.721 kg) were caught in the control fish
pots. The average length of the fish caught with both
fish pot models were found to be similar, although
there were some slight differences. The average sizes
of C. carpio, A. marmid, O. mykiss and A. leptodactylus were similar for both fish pots; however, L. esocinus, L. mysteceus, M. mastecembelus, A. mossulensis, C. umbla and B. grypus favoured the A model,
and others favoured the B model. For the A model
fish pots, the minimum catch per unit effort (CPUE)
value (30.33 g) was observed in January, and the
maximum value (118.65 g) was noted in March
2014. For the B model fish pots, the minimum CPUE
value (14.06 g) was observed in October 2014, and
the maximum value (72.69 g) was noted in November 2014. The average CPUE value per trial was calculated at 67.64 g for the A model fish pots and 39.41
g for the B model fish pots. The average CPUE
monthly values of both fish pot models were found
to be different (p < 0.05).

Passive capture techniques involve the capture
of fish or other fishery products by entanglement, entrapment or angling devices that are not actively
moved by humans or machines while the organisms
are being captured. Rather, the behavior and movements of the fishes themselves result in their capture
[1, 2].
Passive gears are relatively simple in their design, construction and use. They are generally handled without mechanized assistance and their operation requires little specialized training [2]. Pot gears
are portable, rigid traps with small openings through
which the animals enter. They are used to capture
fishes and crustaceans as well as other invertebrates.
These devices vary in design and dimension depending on the species sought [3, 4, 5, 6, 7, 16].
The shapes and sizes of the fish pots and traps,
as well as the design of their entrances, vary widely.
The type of bait used in the fish pots can affect the
catch rates and the proportions of the species caught.
Baited and unbaited pots are generally operated differently, and the design of the pots and entrances
may differ based on the various stimuli which arouse
the interest of the fish being lured to the pot. Unbaited pots are generally soaked for several days; the
soak time for baited pots, however, may vary from a
few hours to a few days [8].
Fish usually approach the pot from downstream, where the bait plume has dispersed. However, [9] found that about 90% of all haddock
(Melano-grammus aeglefinus) approached the pot
from upstream. Moreover, fish were seen to approach an unbaited pot from all directions.
There have been many studies in which several
commercial pots have been tested to evaluate the efficiency of pot fishing [10, 11, 12, 13] and fykenet
fishing in inland waters [14, 15].
In the present study, which is the first conducted in Turkish inland waters, two different fish
pot models were used at two catching areas with a
control (unbaited) and barley bait at three different
depths (5±10, 11±15 and 16±20 m) between July
2013 and March 2014. In similar studies, fish pots
have been used to determine the catching efficiency
of fishing in inland waters.

KEYWORDS:
Keban Dam Lake, Model of Fish Pots, Bait, Catch Efficiency
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FIGURE 1
Research area (Keban Dam Lake, Eastern Turkey).

FIGURE 2
Technical characteristics of the two different fish pots.
volumes of Model A and Model B were 2.5 m³ and
3.5 m³, respectively (Figure 2).

MATERIALS AND METHODS
In the present study, which was conducted from
July 2013 through March 2014, two different fish pot
models were used in two catching areas (38° 49. 905
N, 38° 16. 289 E and 38° 50. 799 N, 39° 16. 117 E)
with barley bait and unbaited (control) at three different depths (5±10 m, 11±15 m and 16±20 m) (Figure 1).

DATA COLLECTION AND ANALYSIS
Both pot models were held using an 8 mm Ø PP
rope and a main 10 mm Ø PP rope. Coordinates,
depths (m) and temperatures were determined using
a Garmin GPS 421 S. Barley bait (500 g) was placed
in a bag.
The yield per CPUE for each pot was calculated
as follows = (Ȉ7RWDOQXPEHU 1 )LVKLQJ(IIRUW 7R
tal Number/Soak Time); the yield per unit effort
<38( IRUHDFKSRWZDVFDOFXODWHGDVIROORZV  Ȉ
Total Weight (g)/Fishing Effort (Total Weight/Soak
Time). The soak times of the fish pots were adjusted
every three days. Catches were carried out twice per
month (a total 96 catches).

EXPERIMENTAL FISH POTS
In this study, two different fish pots were constructed in accordance with [6].design. Models A
and B both consisted of dyed, oven-dried iron frames
(100 x50x50 cm and 100 x100x35 cm, respectively).
The fish pot models featured multifilament netting
material (210 d/18 Nr and an 18 mm mesh size). The
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RESULTS

In the study, fish pots were used in fish catches
twice a month, for a total of 96 experiments. In order
to determine the current direction, both fishermen
and scuba divers were employed.

In the study, 18 trials were completed. Of the
1,474 fishery products caught, 109 were crayfish
(7.4 %), and 1,365 comprised other fish species (92.6
%). The highest number of fish caught (1,084 [73.7
%]) belonged to the Acanthobrama marmid genus,
followed by Cyprinus carpio (95 [6.4%]), Alburnus
mossulensis (67 [4.6%]) and Luciobarbus esocinus
(62 [4.6%]).
Fish pots and bait situations did not affect the
number of fish caught (p > 0.05). However, the mean
total weight was affected significantly by both the
fish pots and the bait situations (p < 0.05) (Table 1).

STATISTICAL ANALYSES
Differences in depths (m) were analyzed using
a one-way Anova, and significant differences were
LGHQWLILHGXVLQJ'XQFDQ¶VSRVWKRFWHVWV'LIIHUHQFHs
in pot types, current direction and bait situation were
DQDO\]HGYLDXVHRIWKH6WXGHQW¶VW-test.

TABLE 1
Number (N), Weight (g), Standard Deviation (SD) and Mean Total Weight of fish caught by two types of
bait and two pot types.
Fishing
operation
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Catch (N)
A type

Catch (g)
B type

A type

B type

21
11
5103.3
2527.9
20
22
5697.7
3684.6
17
22
3817.5
2398.2
24
21
3707.7
3517.1
18
15
3349.7
2044.1
13
30
4717
1802.8
37
22
4880.9
1450.5
18
22
7638
630
8
99
3681.1
5232.6
67
150
4094.4
5525
85
100
4742.5
5371.8
47
93
4838.1
2607.2
50
34
2426.2
1781.2
48
71
3394.6
3072.4
23
45
4298.4
1728.2
11
20
3482.5
2333.3
40
47
9026.5
2830.6
49
54
8537.7
3959.3
48.7a
4857.4x
2916.4y
33.0a
Mean
±21.2
±38.7
±1397.5
±1820.6
Total
596
878
87433.8
52496.8
Note: a.x.y.k.m.n The difference between groups are statically significant (p<0.05).

Catch (N)

Catch (g)

Barley

Control

Barley

Control

20
28
29
23
13
28
17
25
50
73
82
56
35
73
21
27
35
59
38.5k
±21.3
694

12
15
10
22
20
15
42
15
57
144
103
84
49
46
47
3
52
44
43.3k
±36.6
780

5982.1
5835
4383.1
5177.1
3755.9
5755.8
4594.1
3799.4
6363.3
5394.4
5707.3
3010.2
2297.9
4433.4
3833
4826.5
8807
9253.7
5178.2m
±1770.7
93209.2

1649.1
3547.3
1832.6
2047.7
1637.9
764
1737.3
4468.6
2550.4
4225
4407
4435.1
1909.5
2033.6
2193.6
989.3
3050.1
3243.3
2595.6n
±1204.8
46721.4

TABLE 2
Number (N). Weight (g). Standard Deviation (SD) and Mean Total Weight of fish caught by three
depths (m).
Fishing
operation
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Mean
Total

5-10 m
13
19
25
12
13
25
41
27
40
129
70
63
61
92
50
19
57
44
44.4a
±30.9
800

Catch (N)
11-15 m
12
18
11
21
16
16
11
12
57
35
46
65
5
3
3
6
14
58
22.7b
± 20.2
409

16-20 m
7
6
3
12
4
2
7
1
10
53
69
12
18
24
15
5
16
1
14.7b
±18.1
265

5-10 m
2411.6
2615.2
2467.5
2151
2281.7
4351.4
2616.8
2626.4
3966.2
4566.2
3751.2
3186.5
2356
3836.6
3132.3
2790.9
4675.3
8158.6
3441.1x
±1439
61941.4

Note: a.b.x.y The difference between groups are statically significant (p<0.05).

1474

Catch (g)
11-15 m
2685.9
4854.9
2813.4
2084.4
2162.3
1612.2
548.3
5587.9
3759.5
2817.1
2637.1
3360
559.9
1346.6
1396.4
1977.4
4354
3510
2670.4x
±1394.5
48067.3

16-20 m
2533.7
1912.3
934.8
2989.4
949.8
556.2
3166.3
53.7
1188
2236.1
3726
898.5
1291.5
1283.8
1497.9
1047.5
2827.8
828.4
1662.3y
±1024
29921.7
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The CPUE and YPUE for the C. carpio, L. esocinus, L. mysteceus, M. mastecembelus and C. umbla
caught in the A model fish pots were higher than
those caught in the B model fish pots. However, the
CPUE and YPUE for the A. marmid and A. mossulensis caught in the B model fish pots were higher
than those caught in the A model fish pots (Table 5).
The CPUE and YPUE values for C. carpio, L.
esocinus, L. mysteceus, M. mastecembelus, O.
mykiss and B. grypus in the barley bait groups were
higher than those of the control groups. However, the
CPUE and YPUE values for just A. marmid in the
barley control groups were higher than those of the
bait groups (Table 6).

There were significant differences in the number (N) and total mean weight (g) of the fish caught
at different depths. The number of fish caught in water at depths of 5±10 m was higher than that caught
at other depths (p < 0.05). The total mean weight of
the fish caught at depths of 15±20 m was higher than
that caught in other depths (p < 0.05) (Table 2).
The average length of fish caught with both fish
pot models was found to be similar. The average size
of C. carpio, A. marmid, O. mykiss and A. leptodactylus were similar for both fish pots; however, L. esocinus, L. mysteceus, M. mastecembelus, A. mossulensis, C. umbla and B. grypus favoured the A model,
and others favoured the B model (Table 4).

TABLE 3
Number (N). Weight (G). Standard Deviation (Sd) And Mean Total Weight Of Fish
Caught By Current Situation.
Catch (N)
Current (+)
Current (-)
19
13
25
18
15
24
25
20
14
19
15
28
22
37
22
18
46
61
50
167
47
138
54
86
28
56
28
91
19
49
12
18
47
40
41
62
29.3a ±14.1
52.2b ±43.0
529
945

Fishing operation
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Mean
Total

Catch (g)
Current (+)
Current (-)
5011.6
2619.6
7448.4
1933.9
4730.8
1484.9
4712.3
2512.5
4073.7
1320.1
2723.1
3796.7
3909.8
2421.6
5182.8
3085.2
5545.7
3368
4374.5
5244.9
4661.8
5452.5
4128.3
3317
2410.7
1796.7
2119.3
4347.7
3643.7
2382.9
4158.5
1657.3
8619
3238.1
8371.8
4125.2
4768.1x ±1815.3
3005.8y ±1228.9
85825.8
54104.8

Note: a.b.x.y The difference between groups are statically significant (p<0.05).
TABLE 4
Number (N). Mean Total Length (TL). Standard Deviation (SD) and Mean total Weight (g). percentage
(%) of fish and crayfish caught by two types of fish pot.
Pot Types
Species
Cyprinus carpio
Luciobarbus esocinus
Luciobarbus mysteceus
Mastecembelus mastecembelus
Acanthobrama marmid
Alburnus mossulensis
Oncorhynchus mykiss
Capoeta trutta
Capoeta umbla
Barbus grypus
Astacus leptodactylus
Total

N

(%)

67
44
10
2
389
15
8
7
4
3
47
596

70.52
70.97
71.43
66.67
35.89
22.39
61.54
50.00
80.00
50.00
43.12

A Type
Min- Max TL
(cm)
20.9-56.4
17.2-58.3
30.4-45.7
41.6-53.4
11.9-20.0
4.4-17.2
27.3-39.0
19.7-33.0
21.4-30.4
31.0-58.7
7.8-12.3

1475

TL
(cm) ±SD
34.26±6.83
33.96±6.81
37.42±5.58
47.5±8.34
15.36±1.49
8.71±1.36
33.35±3.88
29.38±4.40
25.02±4.23
42.23±14.57
9.70±1.12

N

(%)

28
18
4
1
695
54
5
7
1
3
62
878

29.47
29.03
28.57
33.33
64.11
77.61
38.46
50.00
20.00
50.00
56.88

B Type
Min-Max TL
(cm)
24.1-43.2
16.5-48.4
28.4-33.8
40.4
11.6-20.4
4.7-15.8
18.5-46.0
28.2-39.5
20.0
30.5-36.8
7.4-13.9

TL
(cm) ±SD
34.01±5.70
31.62±4.49
28.47±4.49
40.4
15.42±1.54
7.95±1.46
33.3±9.84
31.91±3.58
20.0
35.13±4.06
9.66±1.26
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TABLE 5
Fish Species CPUE and YPUE of fish caught by two bait and pot types.
Pot types
A Type
B Type
CPUE
YPUE
CPUE
YPUE
0.0517
33.37
0.0257
12.61
0.0340
13.95
0.0108
5.13
0.0077
3.83
0.0030
0.66
0.0015
0.40
0.0003
0.12
0.3002
8.40
0.0065
15.26
0.0116
0.15
0.0001
0.51
0.0062
2.65
0.0020
2.04
0.0054
1.38
0.0011
1.73
0.0031
0.40
0.0003
0.04
0.0023
1.77
0.0018
0.82
0.0363
1.17
0.0009
1.58
0.4599
67.46
0.0521
40.51

Species
C. carpio
L. esocinus
L. mysteceus
M. mastecembelus
A. marmid
A. mossulensis
O. mykiss
C. trutta
C. umbla
B. grypus
A. leptodactylus
Total

Bait types
Barley
CPUE
0.0532
0.0378
0.0085
0.0023
0.3441
0.0285
0.0093
0.0054
0.0031
0.0039
0.0394
0.5355

Control
CPUE
YPUE
0.0201
13.42
0.0100
3.66
0.0023
1.47
0.0000
0.00
0.4923
13.66
0.0247
0.32
0.0008
0.21
0.0054
1.52
0.0008
0.07
0.0008
0.32
0.0448
1.38
0.6019
36.05

YPUE
32.55
15.41
3.02
0.53
9.99
0.35
4.49
1.58
0.37
2.27
1.37
71.92

TABLE 6
Fish Species CPUE and YPUE of fish caught by three depths (m) and current situation types.
Species
C. carpio
L. esocinus
L. mysteceus
M. mastecembelus
A. marmid
A. mossulensis
O. mykiss
C. trutta
C. umbla
B. grypus
A. leptodactylus
Total

5-10
CPUE
YPUE
0.0382
21.38
0.0313
15.44
0.0046
2.15
0.0000
0.00
0.7002
19.65
0.0417
0.44
0.0046
3.15
0.0081
2.74
0.0035
0.51
0.0046
3.31
0.0891
2.93
800
71.71

Depths (m)
11-15
CPUE
YPUE
0.0428
28.18
0.0208
6.96
0.0093
3.92
0.0035
0.79
0.3194
9.12
0.0301
0.44
0.0069
3.06
0.0058
1.52
0.0000
0.00
0.0023
0.57
0.0324
1.08
0.4734
55.63

Current Situation
Current (+)
Current (-)
CPUE
YPUE
CPUE
YPUE
0.0517
32.50
0.0216
13.48
0.0394
14.95
0.0085
4.13
0.0069
10.59
0.0039
1.61
0.0015
0.24
0.0008
0.28
0.2191
6.35
0.6173
17.30
0.0201
0.24
0.0332
0.42
0.0062
2.87
0.0039
1.83
0.0069
1.78
0.0039
1.33
0.0039
0.44
0.0000
0.00
0.0039
2.27
0.0008
0.32
0.0486
1.70
0.0355
1.05
0.4082
66.22
0.7292
41.75

16-20
CPUE
YPUE
0.0289
19.40
0.0197
6.22
0.0023
0.69
0.0000
0.00
0.2350
6.72
0.0081
0.11
0.0035
0.83
0.0023
0.40
0.0023
0.15
0.0000
0.00
0.0046
0.11
0.3067
34.63

TABLE 7
Fish pot types and bait situation of CPUE and YPUE during July 2013- March 2014.
Pot Types
Months
July
August
September
October
November
December
January
February
March
Average

A type
CPUE
0.28
0.28
0.22
0.38
0.52
0.92
0.68
0.23
0.62
0.45a±0.24

YPUE
75.01
52.26
56.02
86.94
54.00
66.53
40.42
54.03
121.97
67.46x±24.07

Bait Types
B type

CPUE
0.23
0.30
0.31
0.31
1.73
1.34
0.73
0.45
0.70
0.67a±0.57

Barley

YPUE
43.14
41.08
26.71
14.45
74.71
55.41
33.71
28.20
47.15
40.51y±17.26

CPUE
0.33
0.36
0.28
0.29
0.85
0.96
0.75
0.33
0.65
0.54k±0.26

YPUE
82.06
66.39
66.05
58.29
81.65
60.54
46.75
60.14
125.42
71.92m ±22.9

Control
CPUE
YPUE
0.19
36.09
0.22
26.95
0.24
16.68
0.40
43.10
1.40
47.05
1.30
61.40
0.66
27.38
0.35
22.10
0.67
43.70
0.60k±0.45
36.05n ±14.1

Note: a.b.x.y.k.m.n The difference between groups are statically significant (p<0.05).

bait and control groups were observed during December 2013 (0.96) and November 2013 (1.40), respectively. The maximum YPUE values for the barley bait and control groups were observed during
March 2014 (125.42) and December 2013 (61.40),
respectively (Table 7).
The CPUEs were not affected by pot types or
the bait situation during the catching season (p >
0.05). However, the mean YPUE was affected significantly by the pot types and the bait situation (p <
0.05).

The CPUE and YPUE values for C. carpio, L.
esocinus, L. mysteceus, M. mastecembelus, A. marmid, A. mossulensis, O. mykiss, C. trutta, C. umbla,
B. grypus and A. leptodactylus were higher at depths
of 11±15, 5±10, 11±15, 11±15, 5±10, 5±10, 5±10, 5±
10 and 5±10 m, respectively (Table 6).
The maximum CPUE values for the A model
and B model fish pots were observed during December 2013 (0.92) and November 2013 (1.73), respectively. The maximum YPUE values for the A model
and B model fish pots were observed during March
2014 (121.97) and November 2013 (74.71), respectively. The maximum CPUE values for the barley
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TABLE 8
Three depths (m) and current situation of CPUE and YPUE during July 2013- March 2014.
Months
July
August
September
October
November
December
January
February
March
Average

CPUE
0.33
0.39
0.40
0.71
1.76
1.39
1.59
0.72
1.05
0.93a
±0.54

5-10
YPUE
52.36
48.11
69.09
54.62
88.99
72.27
64.51
61.70
133.69
71.70x
±26.2

Depths (m)
11-15
CPUE
YPUE
0.31
78.55
0.33
51.02
0.33
39.32
0.24
63.92
0.96
68.51
0.11
62.47
0.08
19.86
0.09
35.14
0.75
81.92
0.36b
55.63x
±20.8
±0.30

16-20
CPUE
YPUE
0.14
46.31
0.16
40.88
0.06
15.69
0.08
33.54
0.66
35.67
0.84
48.17
0.44
26.83
0.21
26.51
0.18
38.09
0.31b
34.63y
±0.27
±10.3

Current situation
Current (+)
Current (-)
CPUE
YPUE
CPUE
YPUE
0.31
86.53
0.22
31.62
0.28
65.58
0.31
27.76
0.20
47.20
0.33
35.53
0.31
63.14
0.38
38.24
0.67
68.89
1.58
59.81
0.70
61.04
1.56
60.90
0.39
31.46
1.02
42.67
0.22
54.18
0.47
28.06
0.61
117.99
0.71
51.13
0.41k
66.2m
0.73k
41.7n
±0.19
±24.6
±0.53
±12.8

Note: a.b.x.y.k.m.n The difference between groups are statically significant (p<0.05).

may vary from a few hours to a few days [17, 18, 19,
20].
In this study, fish pot models with bait (barley)
and without bait (controls) were used during the
catching season. As a result of the catching trials,
1,474 fishery products were caught; while a total of
696 fish were captured with pots using barley bait,
780 fish were captured with the control-group pots
(without bait). Of the total 139.931 kg of fish caught,
66.6% (93.209 kg) were captured with barley bait,
and 33.4% (46.721 kg) were captured with controlgroup pots (Table 1). It was found that more fish, depending on the type, could be caught with controlgroup pots without bait. The effect of bait on CPUE
values showed differences depending on the type. C.
carpio gave a yield of 32.55 g in barley bait pots,
while the yield was 13.42 g for pots without bait.
Similarly, L. esocinus and L. mysteceus provided a
higher yield in terms of CPUE in barley bait pots
compared to pots without bait (Table 5).
Barley bait gave a higher yield compared to
pots without bait depending on fish weight and type.
Accordingly, the effect of bait use was found to be
important in the catch efficiency of the fish pots. Fish
usually approach the pot from downstream, where
the bait plume has dispersed. [9] found that about
90% of all haddock (Melano-grammus aeglefinus)
approached the pot upstream, and another study
found that Gadus morhua approached the pot upstream; 96% of the fish were seen to approach an unbaited pot from all directions. In this study, fish pot
models, they were all downstream used for 18 trials.
As a result of the trials, 1,474 fish and crayfish were
caught, while a total 529 (35.8%) fish were captured
with downstream (+) pots, and 945 (64.2%) fish
were captured with downstream (-) pots. Total
139.931 kg of the (61.3%) of fish caught were captured with downstream (+) pots, while (38.7%)
54.104 kg were captured with downstream (-) pots.
It was found that more fish could be caught with
downstream (-) pots (total number) (Table 3). In
terms of the direction of the current in the fish pots,
both the fish weight and the number of fish caught
were statistically significant (p < 0.05). Significant
results, particularly with respect to the impact of

The maximum CPUE values at depths of 5±10,
11±15 and 16±20 m were observed during November
2013 (1.76), November 2013 (0.96) and December
(0.84), respectively. The maximum YPUE values at
depths of 5±10, 11±15 and 16±20 m were observed
during March 2014 (133.69), March 2014 (81.92)
and December 2013 (48.17), respectively. The maximum CPUE values for the current direction (+), (-)
were observed during November 2013 (0.67) and
November 2013 (1.58), respectively. The maximum
YPUE values for the current direction (+), (-) were
observed during March 2014 (117.99) and December
2013 (60.90), respectively (Table 8).

DISCUSSION
The use of traps and fish pots is a relatively simple fishing method that has been used traditionally
by fishermen throughout the world to catch aquatic
products. Traps have several advantages compared
to other types of fishing gear: they do not need to be
hauled for short distances. With increased demands
for responsible fishing, traps may gain importance in
the future due to their selective characteristics and
advantageous mode of operation [6, 11].
[18] observed that larger pots had higher catch rates,
and [17]found that the efficiency of pots was a function of their size. [10] noted that compared three fish
pot designs and found that the largest was the most
effective. [17]also found that larger pots resulted in
higher catch rates. In our study, the B model fish pots
were larger than the A model fish pots (3.5 m³ and
2.5 m ³, respectively). The size of the A and B model
fish pots did not affect the number of fish caught (p
> 0.05). However, the mean total weight was affected significantly by the size of the fish pots (p <
0.05). Of the total 139.931 kg fish weight, 87.434
(62.48 %) kg and 52.497 (37.52 %) kg were caught
with the A model fish pots and the B model fish pots,
respectively (Table 1).
Baited and unbaited pots are generally operated
differently. Unbaited pots are typically soaked for
several days; the soak time for baited pots, however,
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[4] Perry, W.G. and Williams, A. (1987) Comparison of slat traps wire cages and various baits for
commercial harvest of catfish. North American
Journal of Fisheries Management. 7, 283±287.
[5] Hi, X. and Lodge, D.M. (1990) Using minnow
traps to estimate fish population size: the importance of spatial distribution and relative species abundance. Hydrobiologia. 190, 9±14.
[6] Furevik, D.M. (1994) Behavior of fish in relation to pots. In: Fernö, A. and Olsen, S. (eds.)
Marine Fish Behavior in Capture and Abundance Estimation. Chapter 3. Fishing New
Boks. London. Pub. ISBN 0-85238-211-1., 2844.
[7] Königson, S., Lövgren, J., Hjelm, J., Ovegård,
M., Ljunghager, F. and Lunneryd, S.G. (2015)
Seal exclusion devices in cod pots prevent seal
bycatch and affect their catchability of cod.
Fisheries Research. 167, 114-122.
[8] Özyurt, C.E., Akamca, E., Ki\D÷DV.B., 7DúOÕHO,
A.S. (2008) The rates and reasons of pots lost
during a fishing season in Iskenderun Bay. E.U.
Journal of Fisheries and Aquatic Sciences.
25(2), 147-151.
[9] Valdemarsen, J.W. (1975) Fishing trials with
pots I-IV. FTFI-report Institute of Fishery Technology Research. Bergen. Norway.
[10] Collins, M.R. (1990) A comparison of three fish
trap designs. Fisheries research. 9(4), 325-332.
[11] Atar, H.H., Olmez. M., Bekcan. S., Secer, S.
(2002) Comparison of three different traps for
catching blue crab (Callinectes sapidus Rathbun
1896) in Beymelek Lagoon. Turkish Journal of
Veterinary and Animal Sciences. 26(5), 11451150.
[12] Çekiç, M., Dal, T., %DúXVWD N., Gökçe, M.A.
(2005) Comparison of Two Different Types of
Basket Trap on )LVK&DWFKHVLQøVNHQGHUXQ%D\
Turkish Journal of Veterinary and Animal Sciences. 29(3), 743-749.
[13] Ahmadi, R. M., Irhamsyah. and Husin, S. (2014)
Comparison of catching efficiency of two Indonesian traditional traps, Ayunan and
Tamba. Journal of Fisheries, 2(2), 113-118.
[14] Bolat, Y., Mazlum, Y., Günlü, A., Bilgin, ù,
ø]Fi, L. (2011) Effectiveness of Bait and Unbait
in Trapping of Astacid Crayfish. Turkish Journal of Fisheries and Aquatic Sciences. 11(2),
227-232.
[15] Yüksel, F., Duman, E. (2011) The investigation
of the crayfish (Astacus leptodactylus Eschscholtz. 1823) population amplitude in Keban
Dam Lake. Journal of Fisheries Sciences. 5(3),
226-239.
[16] Crossland, J. (1976) Fish trapping experiments
in northern New Zealand waters. New Zealand
Journal of Marine and Freshwater Research.
10(3), 511-516.

fishing on the downstream, depending upon the species, were obtained in this study. The downstream
effect per unit effort values showed differences depending on the fish species. C. carpio gave a yield of
32.50 g in downstream (+) pots, while the yield was
13.48 g. for downstream (-) pots. However, A. marmid gave a yield of 17.30 g in the downstream (-)
pots, while the yield was 6.35 g for the downstream
(+) pots. Accordingly, the downstream effect was
found to be important in the inland waters.
[21, 22] found that in Keban Dam Lake, artificial bait for monofilament gill nets were more efficient than non-baited gill nets. [23] found that caught
four fish species in colored nets and eight fish species in baited nets. In our study, fish pot models using barley bait were more efficient than those without bait (controls) (p < 0.05).
This study revealed that, especially in conjunction with the catch of the targeted fish products, the
size of the fish pot, the bait models used in the pots,
the direction of the current and the depth in which
the pot was placed varied. Future studies may catch
fish in inland waters with traps that have been developed specifically for the targeted species. In conclusion, the efficiency of using fish pots to catch fish in
inland waters will present a significant potential contribution in terms of sustainable fishery. Considering
the bait type used in pots, the duration of stay in water, the throat structure of pots and the position with
respect to the current and regional differences, it is
thought that fish pots can be used as important catching devices in an ecosystem-based fishery.

ACKNOWLEDGEMENTS
1. This study is part of a PhD Thesis. Thanks
are due the Scientific Research Project AdministraWRU )h%$3 RI)ÕUDW8QÕYHUVLW\7XUNH\IRUWKHIL
nancial support of this study (Project No: 12.05).
2. A part of study was presented in the 18th
National Fisheries Symposium ø]PLU 7XUNH\ -4
September 2015.

REFERENCES
[1] Lagler, L.K. (1956) Freshwater Fishery Biology. W.M.C. Brown Company. Iowa. 421.
[2] Hubert, W.A., Pope, K.L. and Dettmers, J.M.
(2012) Passive capture techniques. In: Zale,
A.V., Parrish, D.L. and Sutton, T.M. (eds.) Fisheries techniques. 3rd edition. American Fisheries Society. Bethesda. Maryland, 223-265.
[3] Schwartz, F.J. (1986) A leadless stackable trap
for harvesting common carp. North American
Journal of Fisheries Management. 6, 596±598.

1478

© by PSP

Volume 27 ± No. 3/2018 pages 1472-1479

[17] Wolf, R.S., Chislett, G.R. (1974) Trap fishing
explorations for snapper and related species in
the Caribbean and adjacent waters. Mar. Fish.
Rev. 36(9), 49-61.
[18] Munro, J.L. (1974) The mode of operation of
Antillean fish traps and the relationships between ingress, escapement, catch and soak.
ICES Journal of Marine Science. 35(3), 337350.
[19] Luckhurst, B., Ward, J. (1985) Behavioural dynamics of coral reef fishes in Antillian fish traps
at Bermuda. Proc. Gulf. Caribb. Fish. Inst. 38,
528-546.
[20] Whitelaw, A.W., Sainsbury, K.J., Dews, G.J.,
Campell, R.A. (1991) Catching characteristics
of four fish trap types on the north west shelf of
Australia. Aust. Mar. Freshwater Research. 42,
369-382.
[21] Dartay, M. and Duman, E. (2014) Effect of artificial baits on the catch efficiency of monofilament gill nets. Journal of Applied Ichthyology.
30(5), 841-843.
[22] Dartay, M. and Duman, E. (2016) Effects of different baits on monofilament gillnet effectiveness in a freshwater reservoir fishery (Keban
Dam Lake, Turkey). Journal of Applied Ichthyology. 32, 538-541.
[23] Orsay, B. and Duman, E. (2010) Catch productivity at various color and hanging ratios configured of monofilament gillnets. J. Fish. Sci. 4.
362±375.

Received:
Accepted:

12.05.2017
01.12.2017

CORRESPONDING AUTHOR
Tuncay Atessahin
)ÕUDW8QLYHUVLW\
Fisheries Faculty,
Fisheries Technology Department,
23119, Center Elazig - Turkey
email: tatessahin@firat.edu.tr

1479

Fresenius Environmental Bulletin

$#

! % 









!"  ! 




'$"*,"(!!*!'#$"#!")'!
$&'+(&&,'     
&$" #"! !-()& ,

$E4@=.:<;8.? "@>?.3.@>@70.: #2>=6:.D>.8 

2

1
Firat University, Fisheries Faculty, 23119 Elazig, Turkey
The Agriculture and Rural Development Support Institution, 23200 Elazig, Turkey




'(&(

through the food chain, their bioavailability needs to
be monitored. Metal pollution is a global problem,
which represents a growing threat to the environment.
Crustaceans are accepted as bio-indicators of
environmental pollution and generally observed to
evaluate the aquatic environment quality [1-3].
Freshwater crayfish are the largest and the most valuable invertebrate of all inland waters, feed on detritus, zoobentic animals and aquatic plants. Being omnivorous, freshwater crayfish play an important role
in the trophic chain of benthic communities in all inland waters (lakes, rivers etc.) and contribute in regulation of freshwater ecosystems [4]. Freshwater
crayfish species are considered to be biological indicators of clean water because of their relatively
lower locomotion activity in comparison with fish.
In practice, crayfish are of particular importance for
biomonitoring studies, being the keystone species in
most ecosystems in which they occur [5,6] and its
populations can be abundant and widespread [7].
However, they do not have a large home range,
hence migrations do not influence the level of metals
accumulated in its tissues [8].
   is widely distributed naturally
in the lakes, ponds and rivers throughout Turkey. An
investigation [9] reports 33 important   
 harvesting areas throughout Turkey.

In this study, it was aimed to investigate bioaccumulation of some heavy metals (Fe, Cu, Cd, Zn,
Co, Cr and Pb) in abdominal muscle tissue of  
   from Ağın region of Keban Dam
Lake. The levels of Fe, Cu, Cd, Zn, Cd, Co and Cr
were found within normal ranges, and lower than the
recommended legal limits. The descending order of
heavy metal concentrations in the abdominal muscle
of crayfish was Fe>Zn>Cu>Co>Cr>Cd. Only Pb
was undetected level. The results showed that there
was no serious hazard in the abdominal muscle of
crayfish from Ağın region of Keban Dam Lake
(Elazığ, Turkey) in terms of the Fe, Cu, Cd, Zn, Cd,
Co and Cr values.


,+$&'
Crayfish, abdominal muscle tissue, heavy metals, bioaccumulation
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Environmental pollution by heavy metals is an
escalating problem worldwide. Because of the accumulation effect of some heavy metals, especially
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=.D36>5'.9<86:4.:1:.8D>2>Freshwater
crayfish (    ), is the largest and
most valuable invertebrate of Keban Dam Lake.
During the study, total 90 crayfish were collected
seasonally from Ağın region of Keban Dam Lake
(Figure 1) with the help of fishermen by using fishing nets and special crayfish nets. Sampled crayfish
were transferred to laboratory in the plastic boxes.
Then they were washed with distilled water, dried
and weighed individually. All crayfish were dissected to remove their abdominal muscles for evaluation of trace metal accumulations. One gram abdominal muscle sample from each crayfish were digested with 6 ml of HNO3 (65% Merck) and 2 ml of
H2O2 (30%) in a high-pressure microwave digestion
system (Teflon-closed vessels, pressure and temperature) (Milestone) for 35 min and diluted to 10 ml
with deionized water (Milli-Q). All samples were
stored in polyethylene bottles until analysis. In addition, all plastics and glassware were cleaned by soaking them overnight in a 10% (w/v) nitric acid solution, and then, by rinsing with deionized water [15].

Although there are more studies on the heavy
metal levels of various fish species in Turkey [1014], the studies on heavy metal levels of cray fish are
limited numbers. Therefore, this study was aimed to
determine the concentrations of Fe, Cu, Cd, Zn, Cd,
Co, Cr and Pb in the crayfish abdominal muscle, to
assess the relationships between element concentrations and weight of crayfish and to determine
whether specific elements exceeded maximum permitted concentrations (MPC) for human consumption.
"(&!'#"($'

'6?2 2>0=6<?6;: Keban Dam Lake (Fig. 1)
was built on the Euphrates River in the eastern part
of Turkey and is the second largest artificial lake in
the country. It is 845 m above sea level and has a
surface area of 675 km2 at maximum level. Its maximum depth is 160 m and its catchment area is 64100
km2.
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G1
G2
G3
G4
G5
(;?.8
G1
G2
G3
G4
G5
(;?.8
G1
G2
G3
G4
G5
(;?.8
G1
G2
G3
G4
G5
(;?.8
G1
G2
G3
G4
G5
(;?.8
G1
G2
G3
G4
G5
(;?.8

N
31
15
16
6
20

31
15
16
6
20

31
15
16
6
20

31
15
16
6
20

31
15
16
6
20

31
15
16
6
20


Min-Max
4.092-10.938
3.230-7.160
4.510-7.671
7.870-9.980
7.630-11.240

  
1.090-5.290
2.880-4.700
2.240-3.800
2.400-5.100
3.290-9.240
    
0.207-0.579
0.230-0.770
0.370-0.740
0.350-0.690
0.384-0.910
   
0.011-0.039
0.011-0.039
0.022-0.041
0.019-0.042
0.023-0.052

   
0.011-0.035
0.013-0.027
0.011-0.036
0.016-0.053
0.013-0.047

   
0.006-0.018
0.010-0.015
0.011-0.025
0.011-0.021
0.011-0.030
  

Mean
7.884
5.554
6.148
9.180
9.447
 
2.645
3.921
3.133
3.543
5.238
 
0.427
0.445
0.527
0.552
0.559

0.022
0.024
0.032
0.031
0.042
 
0.017
0.021
0.023
0.028
0.027


0.0114
0.0124
0.0162
0.0152
0.0183
 

SD
1.393
1.070
1.040
0.799
1.045

1.188
0.507
0.502
0.950
1.718
 
0.099
0.174
0.102
0.137
0.140
 
0.007
0.009
0.007
0.010
0.007


0.005
0.004
0.006
0.013
0.010
 
0.0027
0.0015
0.0040
0.0039
0.0057
 

SE
0.250
0.276
0.260
0.326
0.234
 
0.213
0.131
0.125
0.388
0.384
  
0.018
0.045
0.026
0.056
0.031
 
0.001
0.002
0.002
0.004
0.002


0.001
0.001
0.002
0.006
0.002


0.0005
0.0004
0.0010
0.0016
0.0013



95% CI
7.373-8.395
4.962-6.146
5.594-6.702
8.342-10.018
8.958-9.935
  
2.209-3.081
3.640-4.202
2.866-3.401
2.547-4.540
4.434-6.041
    
0.390-0.463
0.349-0.542
0.472-0.581
0.408-0.695
0.493-0.625
  
0.019-0.025
0.019-0.029
0.029-0.036
0.020-0.042
0.038-0.045
  

0.015-0.019
0.018-0.023
0.020-0.027
0.014-0.042
0.023-0.032

  
0.0104-0.0123
0.0116-0.0133
0.0141-0.0184
0.0111-0.0192
0.0156-0.0210

  

Sig.

P<0.05

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

Weight groups: 15.0-25.9 g (G1); 26.0-35.9 g (G2); 36.0-45.9 g (G3); 46.0-55.9 g (G4) and 56.0-65.9 g (G5).
Significance differences amongst weight groups was determined using One-way ANOVA.

1481

$#

! % 









!"  ! 


Levels of iron (Fe), copper (Cu), cadmium
(Cd), chrome (Cr), lead (Pb), cobalt (Co) and zinc
(Zn) in the processed muscle samples were measured
by ICP. The analysis was carried out in an accredited
laboratory.

'?.?6>?60.8 :.8D>2> The data were analyzed
by using One-way ANOVA (SPSS 22.0 for Windows). The level of significance was set at p<0.05.


&')!('

groups (Table 1). The lowest level of all elements
(Fe except) in the abdominal muscle of crayfish was
found in the group G1 (Figure 1). The results showed
that the levels of heavy metals accumulated in the
abdominal muscle of crayfish were in the following
sequence: Fe>Zn>Cu>Co>Cr>Cd (Table 1).
=;:2 Iron showed the highest accumulation with a 7.615 ppm mean value amongst the metals detected in the abdominal muscle of crayfish.
Iron accumulation ranged between 3.23 and 11.24
ppm. The highest level of Fe was found as 9.447 ppm
in the group G5 and the lowest one was found as
5.554 ppm in the group G2. The level of Fe was
found to be significantly different amongst weight
groups (P<0.05).

The levels of Fe, Cu, Cd, Cr, Co and Zn measured in abdominal muscle of crayfish from Ağın region of Keban Dam Lake are given in Table 1. Pb
was found to be undetectable levels in the abdominal
muscle samples. The body weight of crayfish samples ranged between 15.2-64.8 g. The crayfish were
divided into five groups according to body weight.
These groups are G1: 15.0-25.9g; G2: 26.0-35.9g;
G3: 36.0-45.9g; G4: 46.0-55.9g and 56.0-65.9g. The
heavy metal concentrations in the abdominal muscle
of crayfish were compared according to weight
groups and found significant differences amongst

-6:0-: Zinc showed the highest accumulation after iron in the abdominal muscle of crayfish.
Its amount ranged between 1.09 and 9.24 ppm with
3.602 ppm mean value. The highest level of Zn was
found as 5.238 ppm in the group G5 and the lowest
level was found as 2.645 ppm in the group G1. The
level of Zn was found to be significantly different
amongst weight groups (P<0.001).
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The present study
Kuklina et al. [6]
Boskovice
Landstejn
Nova Rise
Darkovske more
Kayhan et al. [12]
Boyalıca
Orhangazi
İznik
FAO [13] (mg kg-1)
TFC [11] (mg kg-1)

2
3.23-11.24

@
0.21-0.91

1
0.006-0.030

-:
1.09-9.24

;
0.011-0.052

=
0.011-0.053

-

32.89±7.94
20.92±4.34
37.60±9.00
55.97±14.07

<0.05
<0.05
<0.05
0.13±0.08

76.8±11.01
71.98±7.98
68.60±6.57
128.23±44.33

-

4.19±6.82
2.03±1.0
3.79±5.94
0.99±0.84

50

0.04-0.25
0.04-0.26
0.04-0.21
10.0
20

0.005-0.029
0.005-0.032
0.005-0.019

2.270-10.250
2.180-9.350
1.170-9.150
150
50

-

-

;<<2=@The level of Cu in the abdominal
muscle of crayfish took third place with 0.487 ppm
mean value amongst all metal detected. It ranged between 0.207-0.910 ppm. The highest level of Cu was
determined as 0.559 ppm in the group G5 and the
lowest level was found as 0.427 ppm in the group
G1. The level of Cu was found to be significantly
different amongst weight groups (P<0.001).

;/.8? ; The level of cobalt in the abdominal muscle of crayfish ranged between 0.0110.052 ppm with 0.029 ppm mean value. The highest
level of Co was detected as 0.042 ppm in the group
G5 and the lowest level was found as 0.022 ppm in
the group G1. The level of Co was determined to be
significantly different amongst weight groups
(P<0.001).

Cu>Al>Zn>Ni>Cr>Cd>Pb [6].
In the present study, the Fe level in the abdominal muscle of crayfish from Keban Dam Lake
ranged 3.23 and 11.24 ppm, which is lower than the
permissible limit in the Turkish Food Codex [16] (50
ppm). Cu level (0.207-0.910 ppm) in the abdominal
muscle of crayfish was also found to be lower than
the permissible limit in the Turkish Food Codex [16]
(20 ppm). The concentrations of Cd in the crayfish
abdominal muscles were found to be lower than that
in other studies [3,6,17]. The maximum value measured in the present study for Cd was 0.030 ppm that
was lower than the recommended limit for Cd in seafood (0.05 ppm) according to the FAO [18] and
Turkish Food Codex (TFC) [16].
Our findings about Cr level (0.011-0.053 ppm)
in the abdominal muscle of crayfish in Keban Dam
Lake was lower compared with the findings of [19]
and [20] who found Cr level in abdominal muscle of
noble crayfish caught in unpolluted Swedish and
Lithuanian lakes to be 0.13 and 0.30 ppm, respectively.
In this study, the Co content for crayfish abdominal muscle was 0.011-0.052 ppm that was
lower than permissible limit in the Turkish Food Codex [16].
The content of zinc in the body of a crayfish is
naturally high [21]. In crustaceans, generally, zinc is
regulated until a threshold of exposure is reached, after which it will accumulate in tissues at higher levels [22, 23]. This regulation is often mediated by the
detoxifying proteins, metallothioneins [24]. In this
study, maximum Zn level measured in the crayfish
was 9.240 ppm, which is lower than permissible
limit in the Turkish Food Codex [11] for Zn (50
ppm).
Table 2 shows the concentration levels of heavy
metals in crayfish abdominal muscle examined by
some researches and in this study. As it can be seen
in Table 1, the rate of heavy metal concentration determined by other researches are higher compared
with the findings of the present study. Reported differences can largely depend on differing geological
characteristics of localities, including environmental
concentrations of metals in reservoirs. Various

5=;92 = The level of chrome in the abdominal muscle of crayfish ranged between 0.0110.053 ppm with 0.022 ppm mean value. The highest
level of Cr was detected as 0.027 ppm in the group
G5 and the lowest level was found as 0.017 ppm in
the group G1. The level of Cr was found to be significantly different amongst weight groups
(P<0.001).
.196@91 The level of cadmium in the
abdominal muscle of crayfish ranged between 0.0060.030 ppm with 0.0143 ppm mean value. The highest
level of Cd was found as 0.0183 ppm in the group
G5 and the lowest level was found as 0.0114 ppm in
the group G1. The level of Cd was found to be significantly different amongst weight groups
(P<0.001).

')''$#
The descending order of heavy metal concentrations in the abdominal muscle of crayfish from
Keban Dam Lake (Elazig, Turkey) was
Fe>Zn>Cu>Co>Cr>Cd. Pb was undetected. The order of same metals in the abdominal muscle of crayfish that live in Czech Reservoirs has been found as
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aquatic organisms should be used in biomonitoring
studies to give a more complete picture of environmental pollution. Due to low migration across water
bodies, crayfish may provide more precise data than
do fish [6].
In conclusion, the results have shown that there
was no serious hazard in terms of the Fe, Cu, Cd, Cr,
Co and Zn levels in the abdominal muscle of crayfish
collected from Ağın region of Keban Dam Lake. Because, the levels of all metals were within the normal
range for human consumption.
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chlorophenols are occurring with increasing frequency in China. Adsorption is considered a suitable
control technology due to the ease of operation and
comparatively low cost of application [3]. Among
the many commonly used adsorbents (e.g. zeolite
[4], activated carbon (AC) [5], bentonite [6], silica
[7], fly ash [8] etc.), AC is the most widely used for
liquid-solid sorption and, consequently, its adsorption properties for organic pollutants, including the
kinetic and thermodynamic aspects, have been extensively analyzed [9].
In the study of adsorption thermodynamics,
Langmuir (KL) [10], Freundlich (KF) [11], or other
specifically defined formulas [12, 13] have often
been used to calculate changes in ¨*0, ¨+0, and ¨60,
whereas these parameters are not always determined
from the best adsorption isotherm, leading to inaccuracies in the calculation. Despite a general understanding of the possible mechanisms, most studies
have been confined to rather superficial descriptions
of the adsorption process, and the mechanisms controlling the adsorption system remain vague [14].
These limitations present obstacles to a full understanding of the process.
In this study, two types of AC (powder activated carbon (PAC) and granular activated carbon
(GAC)) were used to remove 2-CP from aquatic system. The main objectives were as follows: (1) the adsorption of 2-CP on PAC and GAC were compared,
(2) an enhanced method was proposed to calculate
¨*0, ¨+0, and ¨60, and (3) five mechanisms involved in the adsorption system were discussed.

ABSTRACT
In this study, we investigated the adsorption
characteristics of 2-chlorophenol (2-CP) on two
commercial adsorbents, powder activated carbon
(PAC) and granular activated carbon (GAC). The adsorption equilibrium data were best represented by
the Dubinin-Ashtakhov (D-A) isotherm rather than
the Langmuir and Freundlich isotherms. To deal
with the inaccuracies in the calculation of thermodynamic parameters, the parameters of these three isotherms were used to calculate the standard Gibbs free
energy change (¨*0), enthalpy change (¨+0) and entropy change (¨60), and D-A isotherm showed a high
degree of accuracy, which means that the calculation
based on the best fitting isotherm help to improve its
accuracy. The kinetic process was tested for the
pseudo-second-order, pseudo-second-order, and
Elovich models and rate limiting step was determined by intra-particle diffusion model. Five adsorption mechanisms were discussed based on Fourier transform infrared (FTIR) spectroscopy, X-ray
photoelectron spectroscopy (XPS) and pH experiments, suggesting that the hydrogen bonding interactions,SSinteractions, and hydrophobic interactions were dominant in this system.

KEYWORDS:
Adsorption, 2-chlorophenol, activated carbon, thermodynamic parameter, Dubinin-Ashtakhov (D-A) isotherm

INTRODUCTION
MATERIALS AND METHODS
Among the various pollutants of aquatic ecosystems, phenols (especially chlorinated phenols)
are considered to be priority pollutants because they
are highly toxic and difficult to degrade biologically
[1]. Chlorophenols, such as 2-chlorophenol (2-CP),
are widely used in a number of applications, including the chlorination of drinking water, chlorine
bleaching in industrial processes, and as a common
constituent of herbicides and pesticides on agricultural land [2]. Thus, water pollution events involving

Adsorbents and solutes. PAC and 2-CP (GC
grade > 98%) are commercial products that were
purchased from Aladdin Industrial Co. Ltd. (Genoa,
Italy). GAC, together with hydrochloric acid and sodium hydroxide used for pH adjusting, were purchased from Sinopharm Chemical Reagent Co. Ltd.
(Shanghai, China). All reagents were of chemical
grade or higher and were used without further purification.
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pH range of 3-9. Either 0.1M HCl or 0.1M NaOH
was used to adjust the pH of the solution before adsorption.

Characterization. In this study, the N2 adsorption-desorption method at 77K (3Flex Surface Characterization Analyzer, Micromertics, USA) was used
to investigate the specific surface area and pore texture. Surface areas were determined by the
Brunauer-Emmett-Teller (BET) equation, and micropore and mesopore size were calculated by the tplot and Barrett-Joyner-Halenda (BJH) methods respectively [15]. The carbon, hydrogen, and nitrogen
contents of ACs were measured by an elemental analyzer (Vario EL III, Elementar, Germany). The
analysis of ash content was conducted following the
American Society for Testing and Materials
(ASTM) standard method [16]. Particle morphology
was observed using a scanning electron microscope
(SEM) with a Zeiss SIGMA instrument (Zeiss, Germany). To further investigate the mechanisms involved in the adsorption process, the Fourier transform infrared (FTIR) spectra of ACs loaded and unloaded with 2-CP were recorded using an FTIR spectrometer (NICOLET 5700, Thermo Fisher Scientific, USA). X-ray photoelectron spectroscopy
(XPS) analysis was performed on a spectrometer
(ESCALAB 250Xi, Thermo Fisher Scientific, USA)
with an Al KĮ monochromator. Zeta potential
measurement was determined using a ZEN3690
Zetasizer (Malvern, UK) to obtain the surface
charges.

Data analysis. In kinetic studies, both the adjustment correlation coefficient (Adj-R2) and the norPDOL]HGVWDQGDUGGHYLDWLRQǻq (%) were used as error analysis methods to determine the best-fitting
equations, as follows [17] :
'q(%) 100 u

¦ ª¬ q

t ,exp

 qt ,cal

qt ,exp º¼

2

N 1

(1)
Where qt,exp and qt,cal (mg/g) are the experimental and calculated adsorption capacities at any
given time, respectively, and N is the number of data
points.
In adsorption isotherm studies, the mean
weighted square error (MWSE) was used to evaluate
the goodness of isotherm model fitting and the effect
of overparameterization [14]:
MWSE

¦ ª¬ q

e ,exp

 qe,cal

qe,exp º¼

2

N P
(2)
Where qe,exp and qe,cal (mg/g) are the experimental and calculated adsorption capacities at equilibrium, respectively, and P is the number of parameters in each isotherm. Further analysis was conducted later.

Adsorption experiments. Adsorption experiments were conducted using the batch method. To
evaluate kinetic data, 0.050 g of PAC (0.025 g for
GAC) was added to 100 mL 2-CP solution, with 12
initial concentrations ranging from 1.286 to 514.2
mg/L in 250 mL Erlenmeyer flasks. Subsequently,
the mixture was kept in an isothermal water bath
with an agitation speed of 120 rpm at a temperature
of 298 K. At 0-, 0.17-, 0.33-, 0.5-, 1-, 4-, and 8-h
time intervals (0-, 0.5-, 3-, 6-, 24-, and 30-h for
GAC), about 7.00 mL of solution was drawn as a
sample, then centrifuged at 8000 rpm for 10 min and
measured with a UV-Visible Spectrophotometer
(UV-1601PC, Shimadzu, Japan) at 273.8 nm.
For the isotherm experiments, 0.050 g PAC
with 100 mL BPAF containing variable initial concentrations (1.286 - 514.2 mg/L) were shook for 8 h
(30 h for GAC), ensuring that equilibrium was
reached. The experimental temperatures were controlled at 288, 293, 298, 303 and 308 K, respectively.
The supernatant was then collected and analyzed as
described above.
The effect of pH was determined at initial concentrations of 12.86, 64.28, and 192.8 mg/L over a

RESULTS AND DISCUSSION
Characterization of PAC and GAC. The N2
adsorption-desorption isotherms and pore size distribution curves of PAC and GAC were conducted,
with the results listed in Table 1. PAC showed a
slightly higher surface area than GAC, while GAC
had larger micropore volume compared with PAC.
Both samples had a similar C-N-H composition and
low ash content, and the adsorption capacity of activated carbons with a lower ash content was more effective [18].
The SEM images in Figure. 1 compare the morphology of PAC and GAC. It could be seen that the
surface of the PAC was rough, while the GAC had a
smoother surface. It was also found that the pores in
PAC were mainly caused by the crevices between
particles, with no pores apparent on the surface. In
contrast, for GAC, many pores with a diameter ranging from 0.7 to 1.4 Pm could be clearly observed.

TABLE 1
Specific surface areas, porosity, and elemental composition of PAC and GAC.
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FIGURE 1
SEM images of (a-b) PAC and (c-d) GAC.
TABLE 2
Pseudo-first-order, pseudo-second-order, and Elovich model constants for the adsorption of 2-CP on PAC
and GAC at 298 K.
Adsorbents

Kinetic parameters
Pseudofirst-order

PAC

Pseudosecondorder

Elovich

K1
qe
Adj-R2
ο(ݍ%)
K2
qe
h0
Adj-R2
ο(ݍ%)

D
E
Adj-R2
ο(ݍ%)

Kinetic parameters
Pseudofirst-order

GAC

Pseudosecondorder

Elovich

K1
qe
Adj-R2
ο(ݍ%)
K2
qe
h0
Adj-R2
ο(ݍ%)

D
E
Adj-R2
ο(ݍ%)

6.428
0.755
0.9509
0.2740
2.613
7.753
12.54
1219
0.9999
1.268
1.334E+48
9.184
0.9797
0.172
6.428
0.1495
23.34
0.9995
9.508
1.053E-02
26.55
7.423
0.9719
18.08
1.442E+01
0.1860
0.9756
23.84

Initial concentration of 2-CP (mg/L)
12.86
64.28
128.6
192.8
0.493
1.382
1.256
0.533
3.778
14.17
28.41
30.05
0.1939
0.7180
0.7671
0.2017
4.678
2.344
3.780
4.935
1.226
0.536
0.294
0.133
25.24
100.7
146.2
202.4
781.0
5434
6286
5461
0.9998
0.9999
0.9999
0.9995
3.606
1.696
2.436
4.650
8.042E+17
4.844E+17
1.384E+12
5.989E+19
1.742
0.411
0.190
0.229
0.9615
0.7622
0.7215
0.8243
0.629
1.830
3.214
1.380
Initial concentration of 2-CP (mg/L)
12.86
64.28
128.6
192.8
0.1213
0.1333
0.0734
0.1069
43.98
166.4
172.2
158.0
0.9965
0.9960
0.8961
0.7628
5.385
4.622
18.88
24.57
5.820E-03
1.761E-03
1.980E-03
3.569E-03
52.33
199.2
227.3
266.7
15.94
69.88
102.3
253.9
0.9738
0.9805
0.9764
0.9960
17.54
16.96
15.72
11.01
3.100E+01
1.336E+02
2.248E+02
6.462E+02
0.0961
0.0254
0.0241
0.0226
0.9728
0.9811
0.9737
0.9424
21.31
15.82
8.470
8.631

k1 (1/h): the pseudo-first-order model rate constant.
݇ଶ (g/mg h-1): the pseudo-second-order model rate constant.
ho: the initial adsorption rate of the pseudo-second-order model, ݄ ൌ ݇ଶ ݍଶ Ǥ
DEthe Elovich model constant.

1488

514.2
0.508
44.39
0.2085
4.614
0.107
300.3
9622
0.9998
3.490
2.351E+19
0.149
0.9687
0.555
514.2
0.1002
144.9
0.6164
8.945
5.427E-03
316.5
5436
0.9968
11.08
1.640E+04
0.0305
0.9630
3.352

© by PSP

Volume 27 ± No. 3/2018 pages 1486-1497

Adsorption kinetics. The adsorption kinetic
curves (qt versus t) of 2-CP on PAC and GAC (figure
not shown) indicated enhanced of adsorption capacity for both PAC and GAC with an increasing initial
concentration of 2-CP. GAC presented a faster rate
at initial 30 min, then it increased slowly and approached saturation until approximately 30 h. While
for PAC, only 30 min was necessary for it to reach
equilibrium. This is owing to the more mesopore and
larger pore size of PAC than GAC.
The pseudo-first-order [19], pseudo-second-order [19], and Elovich models [20], were used to
study the kinetic process, and their fitting constants
for PAC and GAC are listed in Table 2. From the
table, it could be seen that the pseudo-second-order
model was the most suitable to describe the adsorption of 2-CP on PAC by comparing the Adj-R2 and
ǻq. The initial adsorption rate (h0) increased,
whereas the rate constant (k2) decreased as the initial
concentration of 2-CP increased. This is because that
h0 is proportional to the strong driving force at a high
initial concentration of 2-CP. As the concentration
decreases, more available active surface sites are exposed and thus the system reaches equilibrium
faster, which could also be described by k2 [8]. A
similar trend was also reported by Yao for the adsorption of Cu (II) onto chestnut shells [21].
For GAC, a poor fitting of the pseudo-secondorder model was observed at low initial concentrations, and under comparatively high concentrations,
the small Adj-R2 of the pseudo-first-order model
FRXOGDOVREHIRXQG0HDQZKLOHWKH ǻq calculated
from the Elovich model was ranging from 3.532 to
23.84 %, which was relatively higher. Thus, the kinetic process of 2-CP on GAC did not follow only
one model.
In order to identify the adsorption mechanism
of 2-CP in two ACs, the intra-particle diffusion
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model was applied [22]. Referring to Figure. 2, three
stages were observed over the whole time period.
The first stage is film diffusion, where the adsorbate
migrates through the solution to the external surface
of the adsorbent particles. Followed by movement
from the particle surface into internal sites by particle diffusion. Finally, the adsorbate is adsorbed onto
active sites in the interior of the adsorbent particles
[1]. It can be seen that the linear lines of the second
and third stages did not pass through the origin, indicating that intra-particle diffusion was not the only
rate limiting mechanism in the process of adsorption.
Generally, the third stage is considered very
rapid, thus, either or both film diffusion and particle
diffusion can be the rate controlling step [23]. To distinguish between these two steps, the kinetic data
were further analyzed using the Boyd model [22]. A
linearity test of Bt vs. t plot was used in this study
(figure not shown). The fittings of PAC at different
temperature were not straight and did not pass
through the origin, indicating the film diffusion was
the rate limiting step. For GAC, the plots were found
to be linear and showed the rate controlling step to
be particle diffusion when the concentration was below 128.6 mg/L. While under the high concentration, the process was mainly controlled by film diffusion.
Adsorption equilibrium isotherms. In this
study, three adsorption isotherms, Langmuir [10],
Freundlich [1], and Dubinin-Ashtakhov (D-A) isotherms [24] in their non-linear forms [25] were applied to fit the equilibrium data of 2-CP on ACs. The
results as well as the parameters calculated for three
isotherms at different temperatures are shown in Figure. 3 and Table 3, where both Adj-R2 and MWSE
both are compared [26].

(a)

(b)
FIGURE 2
Intra-particle diffusion model fitting for adsorption of 2-CP on (a) PAC and (b) GAC.
(mPAC: 0.50 g/L; mPAC: 0.25 g/L; T: 298 K)
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FIGURE 3
Langmuir, Freundlich and D-A (the inset figure) isotherms of 2-CP on (a) PAC and (b) GAC.
(mPAC: 0.50 g/L; mPAC: 0.25 g/L; C2-CP:1.286 -514.2 mg/L; T: 298 K)
TABLE 3
Langmuir, Freundlich, and D-A isotherm parameters for the adsorption of 2-CP on
PAC and GAC at different temperatures.
Adsorbents

Isotherm parameters

Langmuir

PAC

Freundlich

Dubinin-Ashtakhov

qm
KL
Adj-R2
MWSE
KF
n
Adj-R2
ܧܹܵܯ
Q0
E
b
Adj-R2
MWSE

288
320.9
0.0195
0.9372
0.2442
30.07
2.501
0.9807
3.021
314.7
8.612
1.249
0.9793
2.154

Isotherm parameters

Temperature (K)
298
303
321.8
328.8
0.0190
0.0181
0.9668
0.9685
0.3219
0.3497
34.99
34.68
2.719
2.691
0.9922
0.9913
5.656
2.793
300.8
293.9
11.55
11.95
1.486
1.527
0.9944
0.9940
2.616
0.896
Temperature (K)
293
298
303
322.7
284.3
252.9
0.0341
0.0808
0.0111
0.9365
0.9747
0.9201
0.2241
0.0421
0.5506
53.69
58.74
56.05
3.275
3.533
3.592
0.9659
0.9347
0.9502
4.005
5.215
4.227
344.8
342.3
335.7
16.33
20.05
18.82
2.087
3.430
2.306
0.9796
0.9898
0.9664
1.095
0.241
1.244

293
324.3
0.0201
0.9685
0.2643
34.47
2.669
0.9876
4.974
304.1
12.88
1.742
0.9931
1.364

308
302.9
0.0231
0.9621
0.2179
33.49
2.674
0.9879
4.634
298.9
13.74
1.758
0.9934
1.425

288
308
289.2
270.0
qm
KL
0.0267
0.0759
Langmuir
Adj-R2
0.8985
0.9555
MWSE
0.3533
0.0914
KF
45.31
55.04
GAC
n
3.213
3.466
Freundlich
Adj-R2
0.9673
0.9592
ܧܹܵܯ
3.125
5.088
339.9
349.3
Q0
E
10.31
19.66
b
1.219
2.701
Dubinin-Ashtakhov
Adj-R2
0.9644
0.9990
MWSE
2.760
0.784
ݍ (mg/g): the maximum adsorption capacity of Langmuir isotherm.
ܭ (mg/L): the Langmuir parameter related to the free energy of the adsorption.
ܭி ((mg/g)/(mg/L)1/n): the Freundlich parameter related to adsorption capacity.
n: the Freundlich adsorption intensity, indicates the type of isotherm to be irreversible (n = 0), unfavourate (0 < n < 1), favourate
(n > 1).
ܳ  (mg/g): the maximum adsorption capacity of D-A isotherm.
ߝ௦௪ ሺ Ȁሻ: the effective adsorption potential of D-A isotherm, ߝ௦௪ =െܴܶሺ ܥ Τܥ௦ ሻ,ܥ௦ (mg/L) is the solute solubility in
water.
E N-PRO WKH³FRUUHODWLQJGLYLVRU´RI'-A isotherm.
b: the fitting parameter of D-A isotherm.
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According to Figure. 3, the D-A isotherm was
appropriate for adsorption on the two ACs, and significant deviations were found for Langmuir and
Freundlich isotherms at relatively low concentrations. The similar phenomenon also reported in other
studies [27-31]. Compared with the lower Adj-R2 of
Langmuir isotherm and the higher MWSE of Freundlich isotherm (see Table 3), the D-A isotherm gave
a suitable fit.
³&KDUDFWHULVWLFFXUYHV´ ILJXUHQRWVKRZQ IRU
the adsorption of 2-CP on ACs presented that almost
all data points fell onto a single curve, indicating that
the adsorption on PAC and GAC was temperatureinvariant and confirming the mechanistic usefulness
of the Polanyi theory in this study [32]. From Table
3, the maximum adsorption capacity (Q0) of the PAC
and GAC were 314.7 and 349.3 mg/g, confirming

Fresenius Environmental Bulletin

the greater adsorptive capacity of GAC than PAC.
The average adsorption energy (E) increased with increasing temperature, suggesting that the driving
force of adsorption became stronger. Meanwhile, E
was reported to be related to the ratio between mesopore and micropore volume [33]. From Table 1,
GAC had larger micropore volume (0.3448 cm3/g),
and higher mesopore volume (0.2031 cm3/g) could
be found in PAC, indicating that the measured micropore volume could approximately describe the
relatively high adsorption energies, while the measured mesopore volume was connected to low adsorption energies. Due to the strong linear relationship
between E and b (R2 = 0.9439 for PAC, R2 = 0.8248
for GAC) [33], many studies have reported that paUDPHWHU³b´LQWKH'-A equation also represents a parameter related to the Rmeso/micro ratio.

TABLE 4
Adsorption of 2-CP on different adsorbents in several literatures.
$GVRUEHQWV

$FWLYDWHG
FDUERQ
ILEHUV

&RQWHQWV
5HVXOWVSURYLGHG
E\DXWKRU

/DQJPXLU
LVRWKHUP

&DOFXODWLRQ
EDVHGRQWKHEHVW
ILWWLQJLVRWKHUP

5HGOLFK
3HWHUVRQ
LVRWKHUP

5HVXOWVSURYLGHG
E\DXWKRU

OQ TH&H YVTH

2OLYHZRRG
&DOFXODWLRQ
EDVHGRQWKHEHVW
ILWWLQJLVRWKHUP

5HVXOWVSURYLGHG
E\DXWKRU

)UHXQGOLFK
LVRWKHUP

5HVXOWVSURYLGHG
E\DXWKRU

OQ TH&H YVTH

)UHXQGOLFK
LVRWKHUP

ܭ ݍ Τܥ

$JHGUHIXVH
&DOFXODWLRQ
EDVHGRQWKHEHVW
ILWWLQJLVRWKHUP

¨* N-PRO
ڹ6 -PRO.
ڹ+ N-PRO
$GM5
¨* N-PRO
ڹ6 -PRO.
ڹ+ N-PRO
$GM5
¨* N-PRO

6%$
&DOFXODWLRQ
EDVHGRQWKHEHVW
ILWWLQJLVRWKHUP

7KHUPRG\QDPLF
SDUDPHWHUV
¨* N-PRO
ڹ6 -PRO.
ڹ+ N-PRO
$GM5
¨* N-PRO
ڹ6 -PRO.
ڹ+ N-PRO
$GM5

)UHXQGOLFK
LVRWKHUP

ڹ6 -PRO.
ڹ+ N-PRO
$GM5
¨* N-PRO
ڹ6 -PRO.
ڹ+ N-PRO
$GM5
¨* N-PRO
ڹ6 -PRO.
ڹ+ N-PRO
$GM5
¨* N-PRO
ڹ6 -PRO.
ڹ+ N-PRO
$GM5
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TABLE 5
Thermodynamic parameters for the adsorption of 2-CP on PAC and GAC at different temperatures.
Adsorbents

Thermodynamic parameters
Langmuir

Ka

PAC

KL

Freundlich

Ka

KF

Dubinin-Ashtakhov
K a qe Ce

¨*0 (kJ/mol)
ڹS0 (J/mol K)
ڹH0 (kJ/mol)
Adj-R2
¨*0 (kJ/mol)
ڹS0 (J/mol K)
ڹH0 (kJ/mol)
Adj-R2
¨*0 (kJ/mol)
ڹS0 (J/mol K)
ڹH0 (kJ/mol)
Adj-R2

Thermodynamic parameters
Langmuir

Ka
GAC

KL

Freundlich

Ka

KF

Dubinin-Ashtakhov
K a qe Ce

¨*0 (kJ/mol)
ڹS0 (J/mol K)
ڹH0 (kJ/mol)
Adj-R2
¨*0 (kJ/mol)
ڹS0 (J/mol K)
ڹH0 (kJ/mol)
Adj-R2
¨*0 (kJ/mol)
ڹS0 (J/mol K)
ڹH0 (kJ/mol)
Adj-R2

288
9.431

-8.150

-7.254

288
8.678

-9.131

-9.105

Adsorption thermodynamics. Thermodynamic parameters such as ¨*0 ¨+0, and ¨60 can
provide information about the inherent energetic
changes during the adsorption process [34]. According to the law of thermodynamics, the ¨*0¨+0, and
¨60 of adsorption are calculated as follows [34]:
'G 0  RT ln K a
(3)

Temperature (K)
298
303
9.814
10.10
-45.99
-3.873
0.6246
-8.624
-8.808
-8.934
24.72
-1.410
0.4063
-7.935
-7.985
-8.946
111.5
24.96
0.9257
Temperature (K)
293
298
303
8.227
6.232
5.544
115.4
41.32
0.5038
-9.703
-10.09
-9.916
54.55
6.447
0.6659
-9.303
-9.902
-10.04
124.5
27.20
0.9328
293
9.518

308
9.646

-8.991

-9.146

308
6.601

-10.26

-11.12

with the spontaneous nature of adsorption for 2-CP,
while those based on the KL had low Adj-R2. Many
studies have reported a limitation on the calculation
of ¨*0 using the parameters of Langmuir (KL) and
Freundlich (KF) isotherms [11].
As discussed in 3.3., D-A isotherm was shown
to be the most suitable isotherm for the adsorption of
2-CP. Hence, its parameter were used to estimate Ka
herein. Dubinin [37] reported that the potential energy of D-A (İ) is closely related with ¨* in gassolid system, namely, İ -¨*. Then it was applied
in solid-liquid system by Sprynskyy [38], İSW =
RTlnKa, and Ka = qe/Ce. Thus, lnKa could be obtained
from the intercept of the plot ln(qe/Ce) vs. qe. The
high Adj-R2 confirmed the accuracy of Ka based on
D-A isotherm, and it could be concluded that the calculation of ¨*0¨+0, and ¨60 based on the best fitting model is more credible than those reported in
previous studies.
As shown in Table 5, the ¨*0 values for both
of PAC and GAC were negative, indicating that the
adsorption of 2-CP was mainly controlled by physisorption [10]. The positive values of ¨60 and ¨+0
suggest increased randomness at the solid/solution
interface and the endothermic nature of adsorption,
respectively [39].

'G 0

'H 0  T 'S 0
(4)
Where Ka is the thermodynamic equilibrium
constant (without units), and it is obvious that the determination of ¨*0 ¨+0 DQG ¨60 is dependent on
the estimate of Ka. Table 4 presents a comparison of
the use of different adsorbents for the removal of 2CP in several previous studies. It is clear that the
value of Ka is not always determined from the best
adsorption isotherm, and an explanation for the selection of Ka in the relevant adsorption process is not
always provided. Therefore, a more precise method
to deal with the inaccuracies in the calculation of
thermodynamic parameters was developed in this
study. The calculation of Ka based on the parameters
of Langmuir [3, 10, 22], Freundlich [34, 35] and DA isotherms is explained in this section, with the results presented in Table 5.
It can be seen from Table 5 that the values of
¨*0 based on the KL were positive and inconsistent
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FIGURE 4
Effects of pH on the adsorption of 2-CP on (a) PAC and (b) GAC.
(mPAC: 0.50 g/L; mPAC: 0.25 g/L; T: 298K)

SCHEME 1
Schematic for the mechanisms involved in the adsorption of 2-CP on PAC and GAC.

phenolic compounds has been reported at lower pH
values. When pH < 5, the high concentration of H+
would compete with the 2-CP for the same active
sites [43]. With an increase in pH, other interaction
forces would become operative in the system, and
the phenolic groups would dissociate at pH > 8.
Thus, a dramatically decrease occurs due to the electrostatic repulsion between the negatively charged
surface of ACs and ionized 2-CP [26].

Effect of pH. It is well-known that optimization of the pH value is a very important factor in adsorption [40]. On the one hand, the pH affects the
charge of the adsorbent surface, with positive
charges formed at pH < pHPZC, while negative
charges are formed at pH > pHPZC. On the other
hand, the adsorbate is mainly in a unionized form at
pH < pKa and is transformed into an ionized form
with an increase in pH [10].
In this work, the pHPZC values of PAC and
GAC was determined by a zeta potential measurement, with 3.2 and 6.2, respectively, which suggested an acidic surface [10]. And the pKa of 2-CP is
8.52 [41].
The effect of pH on the adsorption of 2-CP on
PAC and GAC was shown in Figure. 4, and the similar trend could be observed under the various initial
concentration of 2-CP. For both PAC and GAC, the
favorable adsorption of 2-CP occurred at pH 5. In
many studies [26, 40, 42], a higher adsorption of

Adsorption mechanism. Several important
mechanisms [10, 33, 44, 45] have been proposed to
explain the adsorption behavior of phenols on activated carbon, namely hydrogen bonding interactions,SS interactions, electron-donor-acceptor
(EDA) interactions, hydrophobic interactions, and
steric effects. And a plausible explanation for the
mechanisms involved in this system is shown in
Scheme 1.
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FIGURE 5
FTIR spectra of (a) PAC, (b) PAC with adsorbed 2-CP, (c) GAC and (d) GAC with adsorbed 2-CP.
(mPAC: 0.50 g/L; mPAC: 0.25 g/L; C2-CP: 64.28 mg/L; T: 298 K)

Hydrogen bonding interactions have been discussed extensively in previous study [44], and it has
been proved to be the dominant interaction between
2-CP and PAC in this study (shown in Scheme.1 (a)).
XPS spectra results showed that the PAC had a
higher proportion of C-O- (11.17%) than GAC
(8.51%), which could more readily form hydrogen
bonds. Comparing a and b in Figure. 5, a red shift
from 3417 to 3409 cm-1 for O-H stretching vibrations, and a blue shift from 1070 to 1083 cm-1 for OH bending vibrations was apparent, furtherly confirming the hydrogen bonding interaction between
PAC and 2-CP [46]. Additionally, in the pH effect
experiments, the decrease in PAC adsorption capacity was due to the enhanced degree of dissociation of
the hydroxyl groups when pH > 5, indicating the
weakness of the hydrogen bonding interaction. In
3DQ¶VVWXG\[14], the adsorption of phenols on polymeric adsorbents was also verified to be controlled
by hydrogen bonds.
SSinteractions could be used to interpret the
mechanism involved in 2-CP adsorption on GAC
(shown in Scheme.1 (c)). The peaks in GAC at about
1643 cm-1 in Figure. 5c were related to the stretching
of C=C bonds in aromatic rings, but the adsorption
maximum shifted toward a lower wavenumber in
Figure. 5d, which was mainly attributed to the dispersive interactions between the Ɏ-electrons in the
benzene rings of o-CP and the electron-rich region at
the surface of GAC [47]. According to Liu [10],
chloro as an electron-withdrawing group, could enhance SSinteractions by reducing the electron
density of Selectrons and diminishing the repulsive
electrostatic interactions. From Figure. 4, the chloro
groups dissociated gradually as pH increased, which
accounted for the decrease in 2-CP adsorption when
pH > 5.

The hydrophobic interactions (shown in
Scheme.1 (b)) describe the unusually strong attraction between hydrophobic molecules and hydrophobic carbon surfaces. Several studies [48, 49] have reported correlations between the hydrophobicity
(Kow) of aromatic derivatives and the adsorption capacity. A positive relationship was observed for adsorption on both PAC (R2 = 0.9843) and GAC (R2 =
0.9650). And this indicates that the more hydrophobic the cholophenols, the more readily they were absorbed, and the hydrophobic interactions contributed
to both PAC and GAC in this study.
EDA interactions are another widely recognized influence between basic carbonyl surface
groups and the aromatic ring of phenols. However,
the XPS spectra show that 6.64% of the carbon atoms in GAC wereSelectrons in aromatic rings, but
few carbonyl groups. Thus, the EDA interactions
were not the primary interaction in this system.
In the adsorption studies, steric effects influenced the diffusion rate during the kinetic process.
In this study, the average pore size of PAC (3.595
nm) and GAC (1.992 nm) were about 6.2 and 3.5
times the widest dimension of 2-CP (0.576 nm) [10],
respectively, far exceeding the observations of Pelekani [50] and Kasaoka [51]. The similar adsorption
kinetics of 2-CP indicated that steric effects were ignorable if the molecular dimensions were below a
certain limit [10]. In general, the adsorption mechanism is complex and might also involve factors other
than those mentioned here [10].
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[3] Alkan, M., Demirbas, O., Celikcapa, S. and
Dogan, M. (2004) Sorption of acid red 57 from
aqueous solution onto sepiolite. Journal of
Hazardous Materials. 116, 135.
[4] Bi, Y.Z.E. (2012) Effect of dissolved organic
matter on ammonium sorption kinetics and
equilibrium to Chinese clinoptilolite. Environmental Technology. 33, 2395.
[5] Zhu, X., Daniel, C.W. Tsang, Chen, F., Li, S.Y.,
Yang, X. (2015) Ciprofloxacin adsorption on
graphene and granular activated carbon kinetics
isotherms and effects of solution chemistry.
Environmental Technology. 36, 3094.
[6] Borisover, M., Bukhanovsky, N., Lapides, I.
and Yariv, S. (2010) Mild pre-heating of organic
cation-exchanged clays enhances their interactions with nitrobenzene in aqueous environment.
Adsorption. 16, 223.
[7] Wang, Z., Ye, C. and Wang, H. (2015) Preparation of amino functionalized imidazoliummodified silicas by different coupling agents for
removal of 2,4-dinitrophenol from aqueous
solutions. International Journal of Environmental Science and Technology. 13, 113.
[8] Papandreou, A., Stournaras, C.J. and Panias, D.
(2007) Copper and cadmium adsorption on
pellets made from fired coal fly ash. Journal of
Hazardous Materials. 148, 538.
[9] Leone, V., Iovino, P., Salvestrini, S. and Capasso, S. (2014) Sorption of non-ionic organic
pollutants onto a humic acids-zeolitic tuff adduct: Thermodynamic aspects. Chemosphere.
95, 75.
[10] Liu, Q.S., Zheng, T., Wang, P., Jiang, J.P. and
Li, N. (2010) Adsorption isotherm, kinetic and
mechanism studies of some substituted phenols
on activated carbon fibers. Chemical Engineering Journal. 157, 348.
[11] Liu, Y. (2009) Is the Free Energy Change of
Adsorption Correctly Calculated? Journal of
Chemical and Engineering Data. 54, 1981.
[12] El-Sheikh, A.H., Newman, A.P., Said, A.J.,
Alzawahreh, A.M. and Abu-Helal, M.M. (2013)
Improving the adsorption efficiency of phenolic
compounds into olive wood biosorbents by prewashing with organic solvents: Equilibrium,
kinetic and thermodynamic aspects. Journal of
Environmental Management. 118, 1.
[13] Qin, Q., Liu, K., Fu, D. and Gao, H. (2012)
Effect of chlorine content of chlorophenols on
their adsorption by mesoporous SBA-15.
Journal of Environmental Sciences. 24, 1411.
[14] Pan, B.J. and Zhang, H.C. (2012) A Modified
Polanyi-based Model for Mechanistic Understanding of Adsorption of Phenolic Compounds
onto Polymeric Adsorbents. Environmental
Science & Technology. 46, 6806.

CONCLUSIONS
The adsorptive capacities of PAC and GAC for
2-CP were compared in this study. The pseudo-second-order produced satisfactory fitting for PAC,
while the kinetic data of GAC did not follow the
three models well. Both intra-particle diffusion and
external mass transfer contributed to the overall rate,
but the process was mainly governed by external
mass transfer. The D-A isotherm, which has been
proved to fit the equilibrium data well, shown a high
degree of accuracy when counting the values of ¨*0,
¨+0, and ¨60 compared with Freundlich and Langmuir isotherms. Based on these results, hydrogen
bonding interactions, SS interactions, and the hydrophobic interactions were considered to be the
controlling mechanisms in this study.
Therefore, the findings of this study were useful in providing the fundamental basis for a better
understanding of the adsorption mechanism between
2-CP and ACs.
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over 12 million hectares in Europe substantiates the
above statement [2], while once beech used to constitute a 60% share of the European growing stock
[3]. Until 1838, it was considered that the whole Eurasian continent contained only one beech species,
until Hohenacker identified Fagus sylvatica variety
macrophylla in the Caucasus Mountains [4]. In the
territory of former Yugoslavia, European beech
(Fagus sylvatica L.) is distributed from the Alps to
the Prokletije, while Asian beech (Fagus orientalis
L.) occurs in Macedonia and Balkan beech (Fagus
moesiaca/Domin, Maly/Czeczott) between the areas
of distribution of the above two species [5]. A number of authors have dealt with the issue of distribution of the species belonging to the Fagus genus in
Serbia, and the presence of all three aforementioned
beech species (European, Asian and Balkan beech)
was confirmed [4, 6, 7]. Yet, the most common Balkan beech species is Mesian Balkan beech [7].
A total of 49 tree species were identified in Serbian forests according to the national forest inventory [8], and beech (a common term for the species
of the Fagus genus which occur in Serbia) has the
largest altitudinal amplitude. It occurs in the range
from 40 m above sea level at the Iron Gate gorge on
the Danube, up to 2100 m above sea level in the
Prokletije mountain range [9]. Thanks to its widespread distribution, beech builds a variety of both
pure and mixed forest communities with other tree
species [10, 11, 12, 13, 14]. Based on the research of
soil, climate, phytocoenology and production, about
50 different type of beech forest have so far been
identified in Serbia [15]. The share of beech forests
in the growing stock of Serbia is 29.3% by area,
40.5% by volume and 30.6% by volume increment
[8]. Average volume is 217 m3·ha±1, and volume increment amounts to 4.6 m3·ha±1, while increment
percentage reaches 2.1% [16]. In terms of forest
structure, beech builds forests of different forms,
from typical even-aged forests (78.4%) to unevenaged forests (21.4%), while old-growth forests occupy only 0.2% of the total area of beech forests in
Serbia [16].
Today, most European old-growth forests are
relativity small remnants of former forest complexes, surrounded by buffer zones, within regularly
managed forests [17]. In the past, when rural areas
were more densely populated, forests were exposed
to unregulated forest management, including grazing
the use of wood for the production of fuel, materials,
charcoal, etc. [18, 19, 20, 21, 22, 23]. Over time, due

ABSTRACT
Old-growth forests play an important role in
getting an insight into processes that occur in nature,
and consequently in the implementation of those insights through close-to-nature forest management. A
segment of familiarity with the above processes is
knowledge of the structural and production characteristics of the investigated old-growth forests. The
research described in this paper was conducted in
beech forests, in a total of 13 sample plots distributed
in several mountainous regions of Serbia. Initially,
the shape of diameter and height curves was used for
the structural definition of the investigated forests,
and the results were tested on the basis of the ages of
individual trees. In addition, forest productivity was
estimated on the basis of the achieved volume, current volume increment and increment intensity. All
the investigated stands, except one, were initially defined as even-aged stands. However, due to a high
variability in the individual ages of trees in most of
the stands, their structure was defined as covert uneven-aged. All the stands but one, which is at the
phase of stand development and has a diameter structure similar to selection structure, are in the optimum
phase. It is reflected in accumulated volume, slowed
dynamics and consequently lower current increment
and increment intensity. Although particular site
conditions (high mountainous and sub-alpine vegetation belt) more or less differ from the optimum
state, the achieved volume indicates high productivity of the investigated beech forests. Finally, the
knowledge of structural and production characteristics of old-growth beech forests is an important starting point for defining the goals of forest management
on a regular basis, as well as for the selection of the
best measures for the achievement of these goals.

KEYWORDS:
Old-growth beech forests, Developmental stages, Height
structure, Diameter structure, Productivity

INTRODUCTION
Beech is a very important tree species in Europe, both from the economic and environmental aspects. In addition, this species is vital for preserving
the stability and biodiversity of forest ecosystems
across Europe [1]. The fact that beech forests occupy
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to historical and other factors there have been
changes in the attitudes towards the forest and forest
management objectives (ranging from monofunctional to polyfunctional forest management), which
in turn caused changes in management systems. The
above changes have a very important role in the understanding of the current state of beech forests in
general [24, 25], and the state of old-growth beech
forests [26]. Old-growth beech forests are essential
for the preservation of biodiversity [27], carbon storage [28, 29], and fulfillment of recreational and other
social forest functions [30]. In addition, they have an
important role in the comprehension of processes
that occur in nature and as such have been the subject
of numerous studies [31, 32, 33, 34, 35, 36, 37, 38,
39, 40, 41, 42, 43, 44]. Understanding the previously
mentioned natural processes and natural laws, such
as developmental and production characteristics of
species [45, 46], climate change and extreme [47, 48,
49], bioecological characteristics of species and their
requirements to environmental conditions [50, 51,
52, 53], etc., plays a major role in making important
decisions in forest management. Research in oldgrowth beech forests serves as a source of new ideas
in the field of silviculture, especially nowadays,
when people make efforts to develop models that
mimick natural processes (nature-based silviculture,
close-to-nature silviculture). Accordingly, with an
expanded knowledge of natural forest development,
forestry practice can obtain compelling incentives
and reliable theoretical explanations for the application of methods and forms of management classified
within the wider concept of close-to-nature forest
management [54, 55].
In those terms, the goal of this research is to use
complex and detailed study of the structure and
productivity of old-growth beech forests in different
regions of Serbia. The aim is to gain scientific (theoretical) knowledge for practical application in forests that are regularly managed for the purpose of the
achievement and permanent maintenance of their optimal functional condition.

A total of 5 sample plots were established on
Mt. Stara Planina. Four sample plots were located in
the site Babin Zub, at an altitude ranging from 1,540
to 1,640 m, at coordinates 7631311 and 4804520, in
sub-alpine beech forest (Fagetum moesiacae subalpinum) on acid brown soil on sandstone. One sample
SORWZDVHVWDEOLVKHGLQWKH³*ROHPD5HND´VWULFWQD
ture reserve, at altitudes ranging from 1,350 to 1,460
m, and coordinates 7633915 and 4808437, in sub-alpine beech forest (Fagetum moesiacae subalpinum)
on acid brown soil.
Two sample plots were established on Mt. Suva
Planina, at altitudes ranging from 1,350 to 1,440 m.
The coordinates of the study area were 7601153 and
4780748. The sample plots were established in subalpine beech forests (Fagetum moesiacae subalpinum) on organomineral black soil on limestone
and brownised black soil on limestone.

MATERIALS AND METHODS

Data collection and processing. Data collection on Mt. Deli Jovan and Mt. Stara Planina was
carried out in 2013 and on Mt. Suva Planina in 2016.
The size of each sample plot was 0.5 ha. The plots
were visibly marked in the field, spatially positioned,
and their borders were captured with a GPS device.
Two cross-section diameters at breast height were
measured on each tree in a sample plot. In addition,
heights of 5 trees in each diameter class were measured and increment cores were drilled to determine
the diameter increment and model its correlation
with the diameter at breast height [56]. In addition to
that, the ages of individual trees in the sample plots
were determined on the basis of cores.
The spatial position and area of the sample
plots were analyzed and presented in the carto-

FIGURE 1
Study area in East Serbia

Study area. This study was conducted in pure
old-growth beech stands in 3 mountainous sites in
Serbia: Deli Jovan, Stara Planina and Suva Planina
(Fig. 1).
A total of 6 sample plots were established on
Mt. Deli Jovan. Four sample plots were established
at altitudes ranging from 910 to 970 m, the coordinates were 7597371 and 4900200, in montane beech
forest (Fagetum moesiacae montanum) on humus
silicate soil on gabbro. Two sample plots were established at altitudes ranging from 820 to 875 m and
their coordinates were 7597123 and 4900138, in
montane beech forest (Fagetum moesiacae montanum) on acid brown soil on gabbro.
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forest (Fagetum moesiacae subalpinum) on acid
brown soil. Sample plots 6-7 were established on Mt.
Deli Jovan, in the zone of montane beech forests
(Fagetum moesiacae montanum) on acid brown soil
on gabbro, while sample plots 8-11 were also established on Mt. Deli Jovan, in the zone of montane
beech forest (Fagetum moesiacae montanum) on humus silicate soil on gabbro. Sample plots 12 and 13
were established on Mt. Suva Planina, in the zone of
subalpine beech forests (Fagetum moesiacae subalpinum) on black soil on limestone.

graphic software Arc View 9.3., while numerical elements were obtained by combining the software
Microsoft Office Excel 2010 with Statgraphics Centurion XVI. A number of functions were tested for
the purpose of modeling of the relation types h = f
(dbh) ± height curve and id = f (dbh) - diameter increment curve, and the choice of a definite function
for the prediction of height and diameter increment
was produced for different values of diameter at
breast height on the basis of statistical parameters of
regression and correlation analyses (determination
coefficient, correlation coefficient, standard regression error). Volume per ha was calculated using a
volume table, and the volume increment after the
Meier differential method, or by the method of interpolation [56]. The diameter and height structures of
each sample plot were obtained by grouping trees
into 5 cm diameter classes and 3 m height classes,
and diameter and height structures of each sample
plot were shown in figures.

The Mt. Stara Planina site. The numerical elements of sample plots 1-4 showed a very wide range
of values (Table 1 and 2). The number of stems
ranged from 300.0 to 432.4, with an average of
359.1trees·ha±1. Mean stem diameter ranged from 40
to 45 cm, and mean height from 22.2 to 27.1 m. The
mean diameter of 20% of the thickest stems in the
sample plot ranged from 53 to 65 cm, and their corresponding heights from 23.8 to 29.9 m. The outcome of a relatively large number of trees of significant dimensions is basal area which ranges from 39.4
to 61.9, with an average value of 50.3 m2·ha±1, and a
volume of 541.1-869.2, i.e. on average 656.8 m3·ha±
1
. Low average values of the current volume increment of 4.2 m3·ha±1 and increment percentage of
only 0.64% are the result of accumulated volume and
developmental stage, i.e. the age of the beech trees.

RESULTS
As already mentioned, the research was carried
out in 3 mountain sites in Serbia, including a total of
13 sample plots (Table 1). Sample plots 1-5 were established on Mt. Stara Planina, in subalpine beech

TABLE 1
Basic numerical (production) elements in the sample plots

SP
1
2
3
4
Average
Std.
devitation
5
6
7
Average
Std.
devitation
8
9
10
11
Average
Std.
devitation
12
13
Average
Std.
devitation

Age
year
42-ޒ
55-ޒ
55-ޒ
103-ޒ

160
75-ޒ
72-ޒ

90-ޒ
91-ޒ
76-ޒ
87-ޒ

130
70-130

Number
of trees
trees·ha±1
300.0
311.8
392.3
432.4
359.1

Stand
basal area
m2·ha±1
45.7
39.4
61.9
54.3
50.3

m3·ha±1
609.9
541.1
869.2
606.8
656.8

Current volume
increment
m3·ha±1
3.8
3.5
5.4
4.2
4.2

The percentage of
volume increment
(%)
0.62
0.65
0.62
0.69
0.64

63.8

9.8

145.1

0.8

0.04

264.9
276.7
280.5
278.6

37.8
45.4
50.2
47.8

518.4
537.6
614.8
576.2

5.1
4.3
3.8
4.0

0.99
0.80
0.62
0.71

2.7

3.4

54.6

0.3

0.13

337.9
384.6
320.6
376.3
354.9

45.6
46.4
43.8
46.0
45.5

477.3
453.0
499.1
448.5
469.5

3.5
3.8
3.5
2.9
3.4

0.73
0.84
0.70
0.65
0.72

30.6

1.1

23.5

0.3

0.08

488.5
554.3
521.4

45.1
46.9
46.0

510.1
556.9
533.5

4.5
5.1
4.8

0.88
0,92
0.90

46.5

1.3

33.1

0.4

0.01

Volume
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TABLE 2
Dimensions of mean trees in the sample plots

Stara Planina (BabinZub)

1
2
3
4

Mean
diameter
cm
44
40
45
40

Stara Planina
(Golema Reka)

5

39

26.3

63

28.3

6
7
8
9
10
11
12
13

45
48
42
39
42
40
34
33

23.6
23.9
20.8
18.9
22.0
19.0
21.8
22.5

71
72
57
56
62
57
53
56

24.7
26.1
22.6
21.6
24.4
21.0
24.5
26.1

Site

Deli Jovan

Suva Planina

Sample
plot no.

m
25.9
27.0
27.1
22.2

Mean diameter of 20%
of the thickest trees
cm
60
57
65
53

Mean height of 20%
of the thickest trees
m
28.6
28.4
29.9
23.8

Mean height

FIGURE 2
Mt. Stara Planina, diameter structure

FIGURE 3
Mt. Stara Planina, height structure
mean height reaches 26.3 m. The mean diameter of
20% of the thickest trees in the stand amounts to 63
cm, while their mean height is 28.3 m. As in the previous case, low values of current volume increment
and increment percentage indicate a slow dynamics
of the beech forest stand in this site, as a consequence

Numerical elements in sample plot 5 are as follows. The number of trees is 264.9 trees·ha±1 and basal area amounts to 37.8 m2·ha±1. Volume is 518.5
m3·ha±1, and current volume increment reaches 5.1
m3·ha±1, while increment percentage amounts to
0.99%. In addition, mean diameter is 39 cm, and
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ment reaches 3.4 m3·ha±1, with an increment percentage of 0.72% (Table 1). Mean diameters in the sample plots 6-7 are 45 and 48 cm, and mean heights are
23.6 and 23.9 m (Table 2). The mean diameters of
20% of the thickest stems in the sample plots 6-7 are
71 and 72 cm, while heights reach 24.7 and 26.1 m.
Mean diameter in the sample plots SP 8-11 ranged
from 39 to 42 cm, and mean height from 18.9 to 22.0
m. The mean diameter of 20% of the thickest stems
in the sample plots 8-11 ranged from 56 to 62 cm,
and their corresponding heights from 21.0 to 24.4 m.
In this case, the average value of increment percentage also indicates a slow dynamics of beech forests
in this site.
The diameter (Fig. 4) and height (Fig. 5) structures of these stands are characterized by a great variation of diameter and height of the trees. The shape
of curves and pronounced right asymmetry of height
structure indicate even-aged character of these
stands. However, the extreme variation of the age of
beech trees (Table 1) (e.g. in SP 7 from 72 to over
169 years and in SP 11 from 87 to over 190 years)
undoubtedly confirms the uneven-aged character of
these stands.

of accumulated volume and the age of beech trees,
i.e. the developmental stage of the stand.
The diameter (Fig. 2) and height structures
(Fig. 3) are characterized by a large width of variability of diameters and heights. The height structure
with a single maximum and pronounced right asymmetry indicates an overripe, even-aged beech forest
in this site. However, the ages of individual trees
(Table 1) indicate a covert uneven-aged structure of
the beech forest in sample plots 1-4 [57], while the
forest in SP 5 is even-aged.
The Mt. Deli Jovan site. The variability of numerical elements between the sample plots in this
site is less pronounced, and lower average values
were recorded in comparison to previous sites.
The average number of trees in sample plots 6
and 7 is 278.6 trees·ha±1, and basal area amounts to
47.8 m2·ha±1. Volume is 576.2 m3·ha±1, while current
volume increment reaches 4.0 m3·ha±1, with an increment percentage of 0.71% (Table 1). The average
number of trees in sample plots 8-11 is 354.9
trees·ha±1, and basal area amounts to 45.5 m2·ha±1.
Volume is 469.5 m3·ha±1 and current volume incre-

FIGURE 4
Mt. Deli Jovan, diameter structure

FIGURE 5
Mt. Deli Jovan, height structure
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FIGURE 6
Mt. Suva Planina, diameter structure

FIGURE 7
Mt. Suva Planina, height structure

DISCUSSION

The Mt. Suva Planina site. The average value
of numerical elements in the sample plots of this site
(SP 12-13) are as follows. The number of trees is
521.4 trees·ha±1, and basal area reaches 46.0 m2·ha±
1
. Volume is 533.5 m3·ha±1 and current volume increment amounts to 4.8 m3·ha±1, with the increment percentage of 0.9% (Table 1). Mean diameters are 33
and 34 cm, while heights reach 21.8 and 22.5 m. The
mean diameter of 20% of the thickest trees in the
stand amounts to 53 cm and 56 cm, while their
heights reach 24.5 m and 26.1 m (Table 2). The low
values of increment percentage indicate a slowed dynamics and are the result of the age (developmental
stage) of trees in this site.
On the basis of the curves of diameter structure
(Fig. 6) and height structure (Fig. 7), it can be concluded that the stand in sample plot 12 is an overmature beech stand of even-aged structure, with a
single peak and pronounced right asymmetry of
height structure. Hyperbolic distribution of trees per
diameter classes and height structure with two
clearly differentiated peaks suggest the uneven-aged
character of the beech stand in sample plot 13.

In the course of development, old-growth forests go through several stages, including the initial
phase, the optimum phase, the maturing phase and
the phase of disintegration [37]. In the development
of old-growth forests Korpel [54] distinguished the
stage of stand development, in which the structural
form of old-growth forests becomes very close to selection structure. It is followed by the optimum
phase, which is characterized by an extreme leveling
of the structure, stagnation of timber volume and regeneration and reduced vitality of trees. The disintegration stage, as the last phase, can be divided into
the reconstruction phase and two-storey building
phase. Although the structural form of old-growth
forests is often represented as a form similar selection stands in terms of structure [58, 59, 60], the duration of the cycle in which old-growth forests have
this structural form is equivalent to one third of the
total life cycle of an old-growth forest [54]. The total
duration of the life cycle of old-growth beech forests
in Serbia is estimated at about 350-400 years [37].
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measured volume was 733 m3·ha±1, while in the oldgrowth forest 0HGYMHÿDNRQEURZQVRLOVRQOLPH
stone volume amounted to 485 m3·ha±1 [66].
In these studies, conducted in a subalpine beech
forest (Fagetum moesiacae subalpinum) the established average timber volume was 629.1 m3·ha±1 (on
acid brown soils) and 533.5 m3·ha±1 (on black soils).
In the montane beech forest (Fagetum moesiacae
montanum) average timber volume amounted to
576.2 m3·ha±1 (on acid brown soils) and 469.5 m3·ha±
1
(on humus silicate soils). On the one hand, the established volumes are greater than the volumes of
high pure beech stands in Serbia, while on the other
they are more or less within the limits of the abovementioned volumes of beech stands in Bulgaria, Italy
and Croatia. In addition to that, the established timber volumes are lower than the values of timber volume found in the old-growth beech stands in Serbia,
which is understandable due to different site and
stand conditions.

If we take into account the curves of diameter
and height structure, structural form close to evenaged forests was found in all sample plots in this research, except for sample plot 13. At the same time,
pronounced right asymmetry of the height structure
curve indicates that the investigated forests are overmature stands. This observation is substantiated by
the small increment percentage, in the range from
0.62% to 0.98%. However, the age of trees in all
sample plots, except for sample plots 5 and 12, compromise the correctness of structural determination
of the forests only on the basis of the curves of tree
distribution per diameter and height. The age of trees
varies greatly (e.g. ranging from 48 to over 150 years
in sample plot 1; from 87 to over 190 years in sample
plot 11, etc.), which implies a covert uneven-aged
structure of these forests. In sample plots 5 and 12
all analyzed elements confirmed the even-aged
structure of beech forests, while in sample plot 13
the analyzed elements point to a typical uneven-aged
structure of beech forests.
Reliable information on the potential productivity of forest sites represent a very important factor
for sustainable management of forest ecosystems,
and they are often a key criterion in the selection of
silvicultural and management measures [61, 62]. Together with climate and other site conditions, the soil
and soil type play a key role in potential productivity
of forest sites. A total of 10 soil types, including a
number of varieties and subtypes, have been studied
in beech forests in Serbia. Acid brown soils have a
high productive potential, while black soils are characterized by an average production potential [63]. In
this study, the sample plots were established on acid
brown soils (sample plots 1, 2, 3, 4, 5, 6, 7), humus
silicate soil (sample plots 8, 9, 10, 11) and black soil
(sample plots 12, 13).
The average volume in high pure beech forests
in Serbia ranges from 197 to 333 m3·ha±1, and volume increment is in the interval from 3.9 to 6.4
m3·ha±1 [57]. In Bulgaria, volumes in the range from
316 to 709 m3·ha±1 were found in five sample plots
established in beech forests on acid brown soil [64].
The volume of beech stands in nine sites in Italy
ranged from 364 to 985 m3·ha±1 [65]. However, in
the most homogenous parts of old-growth beech forests in Serbia, at the terminal stage of development,
the values of parameters were the following. Volume
was about 1000 m3·ha±1, mean diameter reached
about 50 cm, mean height amounted to 35 m, while
maximum diameter reached over 100 cm, and maximum height about 50 m [37]. In the site Biogradska
*RUD 0RQWHQHJUR  7RPDQLü IRXQG WKH YROXPH RI
old-growth beech forest of 988 m3·ha±1 [37]. Notwithstanding the foregoing, it can be said that in Serbia stands with more than 800 m3·ha±1 are rare [45].
In Croatia in the old-growth forest "Ramino Korito"
on brown soil on limestone, volume ranged from 513
to 690 m3·ha±1 and in the old-growth forest "0XãNL
Bunar" on ranker and acid brown soil on schists, the

CONCLUSIONS
The analysis of research results in this study enabled reaching of the following conclusions:
 According to the shape of distribution
curves by diameter and height classes, the investigated stands, other than sample plot 13, were initially
defined as even-aged stands. However, the high variability in the age of individual trees, except for sample plots 5 and 12, indicates a covert uneven-aged
structure of these forests. The structure of sample
plots 5 and 12 was according to all criteria defined
as typical even-aged, while the structure of sample
plot 13 was defined as typical uneven-aged.
 Pronounced right asymmetry of the curve of
height structure, the dominant share of old-age trees
and low values of the increment percentage indicate
the overmature character of the stands with a significantly slowed dynamics.
 The investigated stands, with the exception
of sample plot 13, are at the stage of old-growth forest development, which is according to Koprel [54]
defined as the optimum stage, characterized by the
accumulated volume, slowed dynamics and consequently lower current increment and increment intensity. The developmental stage in sample plot 13
can, according to Korpel [54], be characterized as the
stage of stand development, with a diameter structure similar to selection structure.
 If in addition to soil type we consider other
site conditions, such as high altitude sub-alpine belt
and the belt of mountain vegetation, climatic factors
and extremes resulting from the altitude, the slope
and depth of the soil and more, we can conclude that
the productivity of the investigated stands is high.
 The knowledge of structural and production
characteristics of old-growth beech forests is an important starting point for defining the goals in forests
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nauka, Beograd, Srbija, 1-474.
[12] Diekmann, M., Eilertsen, O., Fremstad, E.,
Lawesson, J. and Aude, E. (1998) Beech Forest
Communities in the Nordic Countries: A Multivariate Analysis. Plant Ecology. 140, 203-220.
[13] 7RPLü=-RYLü1%XUOLFDý.QHåHYLü0
and CvjHWLüDQLQ 5   (NRORãNR-vegetacijska klasifikacija bukovih ãXPD MXåQRJ dela
Kukavice. Glasnik âXPDUVNRJ fakulteta. 83,
145-163.
[14] 7RPLü =   âXPDUVND fitocenologija.
âXPDUVNL fakultet Univerziteta u Beogradu, Beograd, Srbija. 1-261.
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Bukva
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Maly/Czeczott.) u Srbiji. 8GUXåHQMH ãXPDUVNLK
LQåHQMHUD i WHKQLþDUD 6UELMH âXPDUVNL fakultet
Univerziteta u Beogradu, Beograd, Srbija. 365370.
[16] 0HGDUHYLü0%DQNRYLü63DQWLü'DQG3H
WURYLü1  6WDQMH bukovih ãXPDX6UELML
,Q 6WRMDQRYLü /M HG.) Bukva (Fagus
moesiaca/Domin, Maly/Czeczott.) u Srbiji. UdUXåHQMH ãXPDUVNLK LQåHQMHUD i WHKQLþDUD Srbije,
âXPDUVNL fakultet Univerziteta u Beogradu, Beograd, Srbija. 49-71.
[17] Keren, S., Motta, R., Govedar, Z., Lucic, R.,
Medarevic, M. and Diaci, J. (2014) Comparative Structural Dynamics of the Janj Mixed OldGrowth Mountain Forest in Bosnia and Herzegovina: Are Conifers in a Long-Term Decline?.
Forests. 5, 1243-1266.
[18] Tregubov, V. (1941) Les Forets Vierges Montagnardes des Alps Dinariques. Massif de
Klekovatcha-Guermetch. Ph.D. Thesis, Montpellier University, Montpellier, France.
[19] *ROXERYLü8  'DOLMH 3HUXþLFD SUDãXPD
âXPDUVNL/LVW. 11-12, 484±486.
[20] 0DWLü6  8WMHFDM HNRORãNLK i strukturnih
þLQLODFD na prirodno pomladjivanje prebornih
ãXPD jele i bukve u Gorskom Kotaru. Glasnik
za âXPVNH Pokuse. 21, 223±400.
[21] Vrska, T., Adam, D., Hort, L., Kolár, T. and
Janík, D. (2009) European Beech (Fagus sylvatica L.) and Silver Fir (Abies alba Mill.) Rotation in the Carpathians-A Developmental Cycle or a Linear Trend Induced by Man?. Forest
Ecolology and Management. 258, 347±356.
[22] Diaci, J., Rozenbergar, D., Anic, I., Mikac, S.,
Saniga, M., Kucbel, S., Visnjic, C. and Ballian,
D. (2011) Structural Dynamics and Synchronous Silver Fir Decline in Mixed Old-Growth
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Europe. Forestry. 5, 479±491.

that are managed on a regular basis, as well as for the
selection of the best measures aimed at their achievement.
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The nitrate leaching of purple soil in the Three
Gorges Reservoir Area in China plays a critical role
in groundwater contamination and crop yields. Soil
tank experiments coupled with Hydrus-2D modelling were conducted to assist in the interpretation of
nitrate nitrogen (NO3-N) transport and leaching load
and flux in response to various precipitation intensities (PIs). The calculation of leaching load was based
on the subregion of cuboid purple soils in tank, and
the leaching flux was defined with corresponding
precipitation duration (tP). Three PIs ((low [1 mm
min-1], moderate [1.5 mm min-1] and high [2 mm
min-1]) were designed in the experimental observations. The prominent increments and trifling decreases of NO3-N concentrations occurred in the upper and lower soil layer respectively during the preliminary stage of observation. Furthermore, NO3-N
concentrations tended to stabilize in the final phase
of observation, and the NO3-N distributions revealed
accumulation towards the slope foot. The PI affected
the growth rate of NO3-N concentrations and tP coincided positively with growth duration. It indicated
that prolonged light precipitation was more likely to
produce nitrate leaching loss with a slow rate in
loose purple soils in particular. The Hydrus-2D modelling results were in good agreement with observed
data. The proportion of leaching loss was 47.23%
under 0.25-mm min-1 PI. Additionally, the model results suggested a negative correlation between leaching load and PI, and peak value of leaching flux appeared at approximately 1-mm min-1 PI. The high intensity precipitation abated the NO3-N leaching load
in slow final infiltration rates within the same period
of time. It was found that the precipitation duration
was a very influential factor for NO3-N leaching.
Therefore, different amounts of precipitation should
be applied to estimate NO3-N leaching dominated by
hydrologic process in the purple soil area.


Nitrogen is increasingly applied to agriculture
production to improve crop yields, and meanwhile
the nitrogen produces pollution in groundwater and
environment [1, 2]. Nitrate nitrogen (NO3-N) is
steadily accumulating in water resources [3], and excessive nitrate nitrogen in water is potentially detrimental to human health by ground water pollution [4,
5]. The salient environment problems of nitrate
leaching increasingly receive attention from researchers, and they mostly studied the patterns and
mechanisms of nitrate leaching in response to a battery of influencing factors including weather, fertilizer input, field drainage and tillage methods [6-8].
The urea is one of main sources of nitrogen used in
farmland as it dissolves in water quickly. The urea
firstly is converted to ammonium-nitrogen, and then
subsequently nitrified to nitrate-nitrogen [9]. The
NO3-N leaching from sloping cropland of purple soil
indicates accumulation during the dry season and
leaching loss in rainy season [5].
The sloping farmland of purple soil accounts
for 70% of total arable land in the Three Gorges Reservoir Area [10]. The purple sloping soil is thin soil
layer [11] and its dualistic structure contributes to
the nitrogen leaching loss [12]. Nevertheless, most
researchers focus on the nitrogen transport via surface runoff [13-15]and researches on subsurface nitrate transfer are less frequent. The nitrate nitrogen
transport in soil is primarily governed by water
movements [16, 17]. Jia et al. [18] reported that the
proportion of subsurface flow in total rainfall was 44%
in the purple sloping farmland and Xu et al. [19]
found that mean runoff coefficient of subsurface
flow reached 11.2% in the purple soil of slope wasteland. As a consequence, the NO3-N leaching via subsurface flow in the purple soil is undoubtedly an important part of nutrient loss inducing groundwater
pollution in the Three Gorges Reservoir Area. It is
widely proved that the NO3-N distributions and
movements possess spatial and temporal patterns
[20-22]. Kahl et al. [23] found that interflow was
seven times higher at the foot than middle section of
slope by micro-trench experiments. However, there
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have been remarkably few studies on the spatio-tem$"#$ # 
poral characteristics of NO3-N transport and distri
bution of sloping farmland in response to different
#825<*74.@9.:26.7<;The testing soil used in
precipitation intensities (PIs).
the experiments was collected from the 040 cm
The precipitation is a sensitive factor determinsoil layer of the sloping farmland at the Wangjiaqiao
ing the NO3-N leaching load of hilly area [24]. The
watershed in Zigui County, Hubei Province, Three
depth and amount of nitrate leaching are both inGorges Reservoir area (30°38’N, 110°18’E). The avcreased by the large applications of water input [22].
erage annual rainfall is about 1100mm and occurs inZhu et al. [5] reported that interflow of purple slope
tensely between May and October. [18] The basic
had significantly positive association with rainfall
physical-chemical properties of the soil were listed
but an insignificant correlation with rainfall intensity
in the Table 1. The soil is a medium-textured (FAO
by field experiments. The precipitation intensity was
taxonomy), purple sandy loam soil (USDA taxonusually designed in plot and soil tank experiments
omy). The serial experiments were conducted in the
with artificial precipitations [25, 26] to simulate the
Laboratory of Soil and Water Conservation, Wuhan
water and solute transport. It indicates that high in(30°52’N, 114°31’E), China, between July and Octensity rainfall may trigger nitrogen leaching coutober, 2016.
pled with coarse-textured soils [27] but the proA soil tank was used to observe the nitrogen
longed light precipitation is much more likely to entransport in the purple slope (Figure 1A and 1B) in
hance the NO3-N loss [18]. The NO3-N leaching is
response to simulated precipitations. The bottom of
inextricably bound up with subsurface water, and the
the soil tank was paved with a 10-cm coarse sand
rainfall is considered in almost all researches in nilayer. The purple soil was air dried and passed
trate nitrogen transport. However, the effect of PI on
through a 10-mm sieve. Then the soils were backnitrate leaching load and flux are not well underfilled into the soil tank in 10-cm increments and each
stood especially in the Three Gorges Reservoir Area.
layer was scratched and compacted with a bulk denThe numerical simulations of water and nitrate
sity of 1.35 g cm-3. During the process of backfilling
transport and distribution can provide a good estithe purple soil, soil moisture sensors and nitrogen
mate of nitrate leaching from sloping farmland of
water samplers were inserted into the soil tank
purple soil. The Hydrus-2D package is widely used
shown in Figure 1. Considering the attenuation of the
in simulation of water and solute transport in soils
solute transport along with the soil depths, the15-cm
and groundwater in a two-, or three-dimensional disoil depth layer and 35-cm soil depth layer were derection [28]. Recent reports document the nitrate
signed for insertions. Totally, eight observation
leaching utilizing Hydrus-2D model in response to
points were installed in the soil tank marked 1 to 8
variably geologic and hydrogeologic conditions and
(Figure 1A). The soil moisture sensors are wired to
agricultural management [29, 30]. For example, Gara computer terminal for automatic data collection at
denas et al. [31] found that coarse-textured soils and
2-minute intervals and exhibit 5% measurement erprimary fertigation raised nitrate leaching through
ror based on FDR (Frequency Domain ReflectomeHydrus-2D modelling of nitrate leaching for differtry) principle. The nitrogen water samplers consist
ent fertigation scenarios subjected to micro-irrigaof ceramic tube, plastic outlet pipe, effluent collecttion. Furthermore, the model has been applied to
ing jar and a vacuum pump to collect soil water sosimulations of nitrate leaching successfully comlution samples. The effluent accumulated in the colpared with measured data [32].
lecting jars and was collected at 30-minute intervals
The purpose of this study is to describe and exvia clean polyethylene bottles. Soil samplings at
amine the nitrate leaching from sloping farmland of
eight observation points were collected after each
purple soil. Here we have conducted soil tank experprecipitation to compare the change in NO3-N coniments coupled with corresponding numerical simucentrations. Afterwards, the slope of soil tank was
lations of the Hydrus-2D model. In this paper, the
adjusted to 10° by hydraulic pressure system. The
effects of precipitations on nitrate leaching load and
soil tank was placed at a rainfall hall equipped with
flux using numerical simulation and prediction were
roughly 9-m high stationary artificial rainfall devices.
primarily studied. Moreover, relative fractions of

precipitation water infiltration and NO3-N distribu
tions were presented to assist in the interpretation of
NO3-N leaching features.

$ 
!1A;2,*5*7-,1.62,*59:89.:<2.;8/<1..@9.:26.7<*5;825
Testing soil
Purple soil

Bulk
density
(g cm-3)
1.32

Nitrogen content (mg kg-1)
NH4-N

NO3-N

TN

35.79

34.86

993
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Particle size distribution (%)
Sand
Silt
Clay
(0.05)
(0.0020.05)
(0.002)
62.54
35.85
1.61
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Three simulated PIs (low [1 mm min-1], moderate [1.5 mm min-1] and high [2 mm min-1]) and three
replicates per intensity were conducted in the soil
tank experiments. The rainfall of all intensities was
set to 120 mm. Before each simulation, the precipitation intensities of the artificial rainfall devices
were calibrated via tests and a pre-precipitation was
conducted to achieve common initial soil water contents. Besides, urea fertilizer was applied to soil surface at a rate of 300 kg N hm-2 on the basis of local
farming practices in the Wangjiaqiao watershed.

.*;=:.6.7<;*7-7*5A;.;The water solution samples were collected in clean polyethylene
bottles and stored at 4°C. The chemical analysis was

completed within 48 hours. The conventional ultraviolet spectrophotometric method was applied to the
analysis of the NO3-N (HJ/T 346-2007, China). 
The partitions of the purple soil were conducted
by using each observation point as central point (Figure 1C). In addition, we hypothesize that all of NO3N content variations stems from leaching neglecting
complex nitrification and denitrification. The NO3N leaching load and flux were calculated via the
equation which is defined as following:
8

Δ3 −  =

∑ ⎡⎣( 
 =1

×  −   ×  )  ×   ⎤
⎦


 =  − Δ3 −  − Δ 3 − 
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the embedded neural network prediction module ( θ  ,




 =

where



θ  , α ,  , and   : residual and saturated water

(3)
is the number of purple soil sub-re-

contents, two shape parameters, and saturated conductivity respectively). The pore connectivity parameter (  ) was automatically assumed an average
value for the purple soil. The solute transport parameters comprised of soil specific parameters ( ρ ,  ,

gion presented in Figure 1C, from 1 to 8,   is the
initial soil moisture [L3 L-3],  is the initial NO3-N
concentrations [M L-3],   is the steady NO3-N con-

 ,and  : bulk density, longitudinal and

centrations [M L-3] after the precipitation,   is the

transverse dispersivities, and dimensionless fraction
of adsorption sites, respectively), solute specific parameters (  ,  : molecular diffusion coefficient

steady soil water contents [L3 L-3] coinstantaneous
with the NO3-N concentrations,   is the volume of
purple soil sub-region [L3],  is the superficial area
of the soil surface [L2], Δ  −  is variation of the

in free water and in soil air) and reaction parameters
(   ,ν , β , and   : two adsorption isotherm coeffi-

3

NO3-N content per square meter [M L-2],  is the
rate of applying nitrate nitrogen fertilizer [M L-2],
Δ  −  is variation of the NO3-N content in the

cient, adsorption isotherm exponent and equilibrium
distribution constant between liquid and gaseous
phases).
The initial water contents of the soil material
were set to mean value (0.3 cm3 cm-3) observed via
the soil moisture sensors. The initial distribution of
NO3-N concentrations was also set to roughly average value (250 mg L-1) by using observation data.
Nevertheless, the initial conditions of eight observation nodes subjected to 1, 1.5, and 2 mm min-1 PIs
were set according to the experimental observation
points and values were interpolated at other nodes.
Each numerical simulation performed with three
repetitions. For the water flow, an atmospheric
boundary condition was assigned to the slope surface. The slope bottom was set to a free drainage
boundary condition. The no flux boundary condition
was applied to vertical sections of the slope. A thirdtype boundary condition (Cauchy boundary condition) was assigned to all boundaries for solute
transport.

8-.5 9.:/8:6*7,. .>*5=*<287 The
measures of good of fit are shown in the Table 2.


"#%$#

 <:*7;98:<*7--2;<:2+=<2878/<1.9=:
95.;589.The water contents values of eight observation points collected via soil moisture sensors under three precipitations were presented in Figure 2.
The water contents of observation points displayed
faster rise rate with presence of more growth in the
upper soil layer (15-cm soil depth) than the lower
soil layer (35-cm soil depth), as well as the foot and
top of slope. The symbol-line diagrams showed
slower recession in response to higher PI. The surface runoff occurred at rate of 5.3 cm3 s-1 and 8.5 cm3
s-1 under moderate and high PIs, respectively, and the
rainfall loss was totally 14.31 mm and 24.48 mm.

3

soil particle per square meter [M L-2],  is the leaching load [M L-2] of NO3-N,   is duration of precipitation [T], and

  is the leaching flux [M L-2T].


*<1.6*<2,*5 68-.55270 The Hydrus-2D
software package [33] has been widely used in numerically simulating two-dimensional water flow
and solute transport now to assist in the interpretation of observed subsurface water and nitrate nitrogen movements. The Hydrus-2D model is a finite element model simulating water and solute movements in two-dimensional variably saturated domains. The governing water and solute transfer
equations are based upon the Richards and Convection–dispersion equations, respectively. The spatial
discretization is a critical factor for obtaining acceptable mass balance errors. The number of finite
elements (FE) was totally 6634 in each simulation.
The FE presented incremental size from the slope
surface to the bottom. Eight observation nodes were
set in accordance with eight observation points in the
soil tank. Eight numerical simulation were designed
in response to different PIs (0.25mm min-1, 0.5 mm
min-1, 0.75 mm min-1, 1 mm min-1, 1.25 mm min-1,
1.5 mm min-1, 1.75 mm min-1, 2 mm min-1), and rainfall of all events were set congruously to 120 mm.
Considering the effect of precipitation duration time
(tP) on the NO3-N transport, the 0.25 mm min-1 (tP=8
hours) was set as the minimum value of PI. The time
discretization was adjusted to normal run subjected
to different precipitation intensities. The final time
was set for 8 hours under 1mm min-1, 1.5 mm min-1
and 2 mm min-1 precipitation intensities to compare
with measured data. But, 16 hours were applied to
the other precipitation intensities to achieve regular
patterns.
The water flow parameters based on the Van
Genuchten hydraulic model [34] were input by using
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module. The simulated saturated water contents ( θ  )

The NO3-N concentrations of observation
points in the upper soil layer exhibited prominent
growth trend during precipitation, then tended to stabilize shown in Figure 3. The other observation
points in the lower soil layer showed decreasing concentrations but also tended towards a steady state after the simulated precipitation. Moreover, PI had a
positive correlation with both increasing and decreasing rates in the upper and lower soil layers respectively, also the tP affected change durations of
NO3-N concentration positively. For the model results (Figure 4), notwithstanding different growing
process subjected to the small PIs (0.25 mm min-1,
0.5 mm min-1, and 0.75 mm min-1), the NO3-N concentrations of eight observation nodes all stabilized
at the end of the numerical simulations. The light
precipitations induced distinct peak values in the upper soil layer (point 1 to 4) (Figure 4A, B and C).
Additionally, the constant NO3-N concentrations
were positively correlated with PI. The distributions
of observed NO3-N concentrations in response to
three artificial precipitations are displayed in Figure
5. Combining Figure 2 and 3, the observation nodes
at the foot of the slope, such as point 1, the increase
was larger than the other points in the same layer
along inclined direction. All the maximum concentration values could reach nearly 500 mg L-1 at point
1. The NO3-N distributions showed almost no difference between the intermediate and final phases (Figure 5). The surface runoff only occurred under observed moderate and high PIs carrying a negligible
amount of nutrient (0.0372 kg hm-2) and sediment,
therefore the NO3-N leaching loss primarily occurred in subsurface soils. 

8-.5 ,*52+:*<287 *7- >*52-*<287 The optimized input parameters of Hydrus-2D model are
summarized in Table 3. The parameters of water
flow were adopted by inputting particle size distribution (Table 1) into the neural network prediction

was 0.4092 cm3 cm-3, roughly identical with observed value (0.403 cm3 cm-3). The bulk density ( ρ )
used for the solute transport parameters was 1.35 g
cm-3, which is in accordance with bulk density of the
soil backfilled into soil tank. The calibrated longitudinal and transverse dispersivities (  and  )
were both 0.1 cm, and molecular diffusion in soil air
was neglected in the numerical simulations. The observed NO3-N concentrations presented approximately identical transport regularities with the numerical predictions of eight observation nodes (Figure 3). Slight numerical simulated differences existed between experimental (PI=1 mm min-1, 1.5 mm
min-1, and 2 mm min-1) and non-experimental
(PI=0.25 mm min-1, 0.5 mm min-1, 0.75 mm min-1,
1.25 mm min-1, and 1.75 mm min-1) precipitation
events because different initial NO3-N concentrations were set.
The measured data of observations substantially were in good agreement with the numerical
simulations as shown in Table 4. It proved that
higher PI indicated better fit between observed and
simulated values. The modelling results are considered to be satisfactory if 0.36 ≤ ENS ≤ 0.75, and good
if ENS ≥ 0.75 [35]. Despite of the least ENS value
(0.44) under low PI, it still revealed a satisfactory
simulation. The modeled soil water contents revealed a good fit with observed data and all the coefficient of determination (R2) reached 1.00, thus it
could be applied to equation (2). From the Figure 6
and 7, the linear regressions of leaching load and
flux in an attempt to evaluate the model were both
highly significant. The slopes of linear regressions
of leaching load and flux were 0.9586 and 0.9903
respectively, both close to 1. The adjust coefficient
of determination (Adj.R2) of leaching flux with all
observed data was 0.8271, while it arrived at 0.9794
in leaching load.
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Input parameters
water flow
3

-3

θ  (cm cm )
3
-3
θ  (cm cm )
-1
α (cm )
 (-)
-1
  (cm h )
 (-)

solute transport

0.0261
0.4092
0.0312
1.4213
3.3471
0.5

ρ (g cm

-3

)

 (cm)
 (cm)
 (-)
2 -1
 (cm h )
2 -1
 (cm h )





reaction for solute
-1
3
 (g cm )

1.35
0.1
0.1
1
30
0

ν

(g-1 cm3)
β (-)
 (-)

0.5
0
1
0

$ 
8-.5088-7.;;8//2<.;<26*<8:;/8: 5.*,127058*-/5=@*7-;825?*<.:,87<.7<;
Statistical Parameter

Mean
Standard
Deviation
RMSE

R2

CRM

ENS

S
M
H
S
M
H
S
M
H
S
M
H
S
M
H
S
M
H

Leaching Load
(kg hm-2)
Observed
Simulated
108.83
104.60
47.17
48.90
19.45
14.57
9.21
5.48
10.87
5.00
16.03
15.89
6.87
5.20
7.43
0.87
0.93
0.92
0.04
-0.04
0.25
0.44
0.64
0.78

Leaching Flux
(mg (m2•s)-1)
Observed
Simulated
1.51
1.45
0.98
1.02
0.54
0.40
0.14
0.13
0.23
0.10
0.45
0.44
0.10
0.11
0.21
0.87
0.93
0.92
0.04
-0.04
0.25
0.44
0.64
0.78

Soil water contents
(cm3 cm-3)
Observed
Simulated
0.30
0.31
0.35
0.30
0.38
0.31
0.05
0.04
0.03
0.04
0.06
0.04
0.02
0.05
0.07
1.00
1.00
1.00
-0.05
0.13
0.18
1.00
0.98
0.96

Note: a S: PI=1mm min-1; M: PI=1.5mm min-1; H: PI=2mm min-1
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$1. 5.*,1270 58;; 27 :.;987;. <8 -2//.:.7<
9:.,292<*<287 27<.7;2<2.; In this study, eight PIs
were applied to numerical predictions and therein
three PIs (1, 1.5 and 2 mm min-1) were also used in
experimental observations. The variable was the precipitation intensity (PI), but the precipitation duration time (tP) was also variable for a total application
of 120 mm rainfall. The tP had a positive association
with the duration before NO3-N concentration stabilized (Figure 3 and 4). As a result, except for NO3-N
leaching load happened during each precipitation,
the leaching flux with tP was a supplement to analyses for NO3-N leaching features. From Table 4, the
observed NO3-N leaching loads calculated by equation (2) present a significant decline from 110.17 kg
hm-2 (PI=1 mm min-1) to 19.45 kg hm-2 (PI=2 mm
min-1). For the rate of applying urea fertilizers (300
kg N hm-2), the NO3-N loss proportion was 36.72%,
15.72% and 6.48%, respectively, subjected to low (1
mm min-1), moderate (1.5 mm min-1) and high (2 mm
min-1) PIs by the experimental data. Hence, the
ephemeral heavy rainfall alleviated NO3-N loss to a
certain degree. The leaching load was 141.7 kg hm-2
(Figure 8) and accounted for 47.23% of applied urea
fertilizers subjected to 0.25-mm min-1 PI. Thus it can
be seen that leaching loss was relatively large under
common PI (0.25 mm min-1) but the leaching flux
was only 0.49 mg (m2s)-1 (Figure 9). In response to
0.5-mm min-1 PI, the leaching load was 139.4 kg hm2
accounting for 46.46% of applied fertilizers. 
There was a highly significant negative correlation between the NO3-N leaching load of the purple slope and PI (Figure 8). By means of quadratic
fitting, the correlativity was shown in the Figure 8
and the adjust coefficient of determination (Adj.R2)
reached 0.9771. Meanwhile, the leaching flux had
firstly positive but then negative correlation with PI
and a polynomial fitting function with high Adj.R2
(0.9603) was shown in Figure 9. The NO3-N leaching load obtained stable reduction from 141.7 kg hm2
to 14.6 kg hm2 with the growing precipitation intensity ranging from 0.25 mm min-1 to 2 mm min-1 (Figure 8), while the leaching flux curve showed a distinctly different pattern demarcated by 1-mm min-1
PI (Figure 9). The leaching flux increased with incremental PI before intensity attained 1 mm min-1.
Then, the incremental PI induced relatively decreasing flux from 1.49 mg (m2s)-1 to 0.28 mg (m2s)-1,
so it indicated that NO3-N leaching loss can be
abated after PI reached a relatively high value (1 mm
min-1).


three parts were taken into account and the NO3-N
transport exhibited spatio-temporal variabilities. The
NO3-N transfers were distinctly different between
the upper (15-cm soil depths) and lower soil layer
(35-cm soil depths) as shown in Figure 3 and 4. Liu
et al. [20] found that the NO3-N concentration had a
significantly negative correlation with depths below
60 m in a study area of 509.5 km2. Our study also
implied that NO3-N concentration was negatively related to soil depths of the purple slope. Both of the
ultimate states of concentrations in two soil depths
tended to be steady. As a result, the nitrate nitrogen
presented prominent downward movements near the
15-cm soil depths but light transfers at 35-cm soil
depths. Moreover, the prominent movements in the
upper soil layers induced accumulation towards the
slope foot. The nitrate nitrogen movements are
mainly decided by water flow because nitrate nitrogen dissolves in the water [39] and NO3-N is extremely mobile [40]. Ma et al. [10] reported that nitrogen loss from farmland is closely depended on
structure and physico-chemical properties of the soil.
The loose purple soil has low water-holding capacity
and interflow can form easily subjected to durative
precipitation [41]. It can be inferred that NO3-N
transport difference at two different soil depths resulted from the infiltration of precipitation water to
a great degree. The precipitation water infiltrated
into deeper soil layers slowly with small amounts of
rainfall (Figure 2). Hence, the trifling decrease of
NO3-N concentrations at initial period may result
from the lack of precipitation water infiltration and
then NO3-N transferred mainly by means of molecular diffusion. Ole Wendroth et al. [42] reported that
solute (Br-) leaching depths coincided positively
with the amount of water applied but negatively with
the precipitation intensity. In this study, the rainfall
was all set to 120 mm with different PIs, and observed NO3-N distribution shown in Figure 5 indicated that prolonged light rainfall caused a deeper
leaching than rapid heavy rainfall. The numerical
simulation displaying increasing concentration
growth as PI diminished in the deeper soil (Figure 4)
supported the same conclusion that leaching depths
correlated negatively with PI. 
Filipovic et al. [9] reported that a great deal of
nitrate reaches bottom of the soil profile and leaches
into groundwater using Hydrus-2D modeling. Zhu et
al. [41] found that maximum values of NO3-N concentrations occurred at upper (0-15 cm) soil layers
of the foot of purple hillslope. In our study, the substantial leaching occurred above the underside of
slope and then transferred down the inclined sloping
direction to accumulate towards the foot of the purple slope. Furthermore, the transport characteristics
in the upper soil layer apparently differed in the
along-slope direction. The observation points near
slope foot exhibited faster concentration rise rates
with the presence of more growth. Considering the
difference of soil water contents in the along-slope


#%## 

$1. ;9*<28<.698:*5 /.*<=:.; 8/  
<:*7;98:<The primary process of solute transport
are advection and dispersion as well as chemical reaction [36-38] . In our modelling research, these
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be considered in the simulation to achieve better understanding between cumulative rainfall and nitrogen leaching.

  5.*,1270 58;; 27 9=:95. ;589. The
rainfall in the Three Gorges Reservoir area is sufficient and occurs intensively in summer, which may
produce significant NO3-N leaching loss [18, 22].
The nitrate leaching loss accounted for a large proportion of urea fertilizer applied in purple soil resulting from subsurface hydrological process and the
properties of purple soil. In comparison, the nitrogen
loss by means of overland runoff was relatively less
and limited. Additionally, the nitrate dissolves well
in subsurface water and transport with water flow in
extremely mobile quality. The nitrate leaching loss
of purple sloping farmland also has correlation with
the initial NO3-N concentrations in the soil profile,
the applications of water input [22] and crop growing conditions [11]. Furthermore, the leaching loss
finally gets into the groundwater along with substantial NO3-N accumulating towards the foot of the
slope. Many management applications to prevent nitrogen loss in the Three Gorges Reservoir area
mainly focus on the control of overland flow, and
these applications may encourage nitrogen loss by
means of subsurface flow to some degree [18]. The
precipitation in local area still has critical impacts on
the nitrate loss because of the effects of precipitations on the subsurface hydrological pathway. 


 %# # 

direction, this phenomenon can be explained by subsurface water flow down the inclined sloping direction (Figure 2) and the mobility of nitrate nitrogen,
as well as the dualistic structure of purple soils [12].

//.,<;8/9:.,292<*<287;875.*,1270/.*<=:.;
The leaching load and flux of nitrate nitrogen
showed distinct relationships with PI shown in Figure 8 and 9 respectively. Our results are in general
agreement with previous nitrate leaching studies.
Baram et al. [43] reported that nitrogen load to
groundwater is in the range of 60 to 100 kg hm-2 under typical management practices, which is consistent with leaching load estimated in this study.
Additionally, the NO3-N leaching load coincided
negatively with PI tested. It is suggested that light
prolonged rainfall caused higher risk of NO3-N loss
than high intensity short precipitation as has been reported by Xie et al. [18]. Considering the precipitation duration, the leaching flux was relatively
smaller and incremental while PI was less than 1 mm
min-1, and the peak value of flux appeared at roughly
1-mm min-1 PI. Fu et al. [12] reported that PI is a
critical factor in water and subsurface flow movement processes of purple soil slopes and increasing
PI contributes to occurrence of subsurface water
flow. However, in this study the soil water contents
had a slower recession curve under higher PI (Figure
2) and dissolved NO3-N concentrations could maintain a balanced lager value. Hence, the NO3-N leaching loss happened in a small amount, and a little
NO3-N loss produced small leaching flux despite a
relatively brief period of time in response to high intensity precipitation. Many researchers have studied
the nitrate loss load and flux without considering the
loss duration [8, 18, 21, 41]. The light precipitation
produced large leaching load in a slow rate owing to
prolonged duration. Whereas, the leaching load and
flux were both small in response to high intensity
precipitation. 
Many researchers have reported that beating
action of the raindrops enhances the chemical dispersion of soil [44-46]. As a result, the prolonged beating action of the drops brought more NO3-N leaching load because of enhanced dispersion in soils subjected to a long-playing precipitation with low PI.
The final infiltration rate shows an exponential decline along with cumulative rainfall [44]. Considering more cumulative rainfall within the same period
of time under high than low PI, the high intensity
precipitation in this study revealed slow final infiltration rates of both soil water and nitrate nitrogen.
It indicated that the advection and dispersion process
abated resulting in the declined leaching load and the
leaching load may coincide positively with final infiltration rate to some extent. Furthermore, Wang et
al. [22] reported that applications of water input coincided positively with depth and amount of NO3-N
leaching, therefore various rainfall amounts should

The NO3-N transport displayed significant spatio-temporal features. The NO3-N movement at 15cm soil depths during precipitation coincided positively with PI but negatively at 35-cm soil depths. It
can be explained by the precipitation water infiltration and mobility of nitrate nitrogen of loose purple
soil. The ultimate NO3-N concentration tended to be
stable of all observation points after rainfall, and the
concentration in the lower soil layer changed little.
The substantial NO3-N leaching occurred above the
underside of slope with accumulation towards the
foot of slope. The prolonged light precipitation was
much more likely to enhance nitrate leaching loss in
a slow speed.
The Hydrus-2D modelling approach, adapted
to the two-dimensional numerical simulation of
NO3-N transport, were in good agreement with observed soil tank experimental data via goodness-offit measures and linear regressions. Consequently,
the Hydrus-2D proved to be a good instrument for
modelling soil water and nitrate movements of sloping farmland and for providing better understanding
of nutrient leaching loss.
The numerical simulation results of NO3-N
leaching load and flux were described by means of
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polynomial fitting shown in Figure 8 and 9 respectively. The leaching load had a significantly negative
correlation with PI but peak value of leaching flux
appeared until the PI reached 1 mm min-1. It was
found that the precipitation duration was a very influential factor for NO3-N leaching. Within the same
period of time, heavy rainfall abated the NO3-N
leaching load in slow final infiltration rates of the
purple soil.
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Turkey, between 0-1000 meters elevation. Adult
trees possessing breast height diameter more than 20
cm are wounded repeatedly to produce valuable balsam [1]. Since almost all trees have been continuously injured to produce balsam, the species is at the
risk of extinction. Therefore, it is determined as priority species and a technical guideline for conservation and use of oriental sweet gum genetic resources
is prepared by European Forest Genetic Resource
Programme (EUFORGEN) [2].
Oriental sweet gum is an economically important species, due to natural balsam producing
ability which is exceptional among forest trees.
Sweet gum oil is used in medicine, the chemical and
cosmetic sectors. It is a raw component for cinnamyl
alcohol and acid and used as stabilizer producing
soap and cosmetic products. Almost all oil produced
is exported [2]. Due to over-exploitation, the annual
oil production has been dramatically declined from
180 Mg in 1950 to 1,113 kg in 2013 [3].
Oriental sweet gum trees favor an elevation of
between 0-400 m, a mean annual rainfall of 1,0001,200 mm and a mean annual temperature of 18 °C.
On the other hand, optimal growth is on rich, deep
and moist soils such as bogs, river banks, and coastal
areas. The growth areas are very convenient for
farming. For this reason, most of the oriental sweet
gum lands have been illegally transformed to agricultural fields. Then it has lost a great deal of habitat
to deforestation and drainage of lowland of Aegean
Region. Consequently, the natural distribution area
of oriental sweet gum has been decreased from 7,000
ha to 3,200 ha since 1947 [2].
Knowledge of genetic variation within and between populations provide a basis for management
and arranging domestication, breeding, and conservation approaches [4-8]. Molecular markers and
common garden tests are two forceful instruments
applied for the characterization of genetic variation
in forest tree populations. While genetic markers are
valuable to disclose genetic drift, gene migration and
mating system, common garden tests for quantitative
traits are more descriptive for defining adaptive variations [9, 10]. In some researches, molecular markers and quantitative traits are also connected and
evaluated together [11-13].
Recently, comprehensive genetic diversity research project has been conducted with oriental

ABSTRACT
Genetic variation of nine oriental sweet gum
populations was estimated at a common garden test
in the optimal distribution area of the species. Open
pollinated seeds were collected from 16-27 families
for each population. The test was established using
randomized complete block design in 25 blocks with
single tree plot in 2009. Each block was included,
223 families. While the initial seedling heights were
recorded at the establishment time, root collar diameter, height, and the number of branches were measured at the end of growing season for two consecutive years. With respect to seedling traits, the highest
elevation population (Bozd) and the northernmost
population (Yata) were found to be differentiated
from the other populations. On the other hand, the
populations from optimal distribution areas appeared
in the same group. Variances among populations
were higher than variances among families within
populations. QST values were ranged from 0.30 to
0.52 and were equal or lower than FST indicating
population differentiation is influenced by both genetic drift and natural selection. Individual heritabilities were between 0.07-0.45 and family heritabilities were between 0.31-0.75. The additive genetic
coefficients of variation were ranged from 5.8 % to
15.8 % in pooled data from all populations. Individual heritability, family mean heritability and additive
genetic coefficient of variation were also estimated
for each population. Gunn and Ceti populations
which are located in the optimal distribution area of
the species have found to possess high genetic diversity within populations. The findings were evaluated
for gene conservation.

KEYWORDS:
Oriental sweet gum, heritability, genetic variation, adaptation, gene conservation.

INTRODUCTION
Oriental sweet gum (Liquidambar orientalis
Mill.) is important both as a relic and endemic species of Turkey. The natural distribution area of the
species is only 3200 hectares in the southwest of
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context, the hypothesis of the study is that the common garden test results do not support molecular
marker results and are not complementary to gene
conservation of oriental sweet gum. So, the objectives of this study are: (a) to assess within and between population genetic variation in the seedling
traits of oriental sweet gum; (b) to estimate genetic
parameters for these traits in oriental sweet gum, and
(c) to assess the implications for conservation of the
species.

sweet gum by using molecular markers. For this purpose, 18 populations are determined to cover the
whole distribution area of Oriental sweet gum [3].
The research results reveal that difference among
populations is high and gene flow among populations is low. Velioglu et al. [3], recommend that 9
out of 18 populations should be conserved as ex situ
genetic resources. Later, a common garden test was
established in 2009 with those 9 populations suggested for ex situ conservation. This site serves both
common garden test and ex-situ conservation area.
Besides the study of Velioglu et al. [3], some
molecular markers were also used to reveal some
population patterns and showed evidence of bottleneck for future adaptation of populations [14, 15].
On the other hand, common garden test for quantitative traits is necessary to be complete the information
on adaptation [16]. Although there have been several studies dealing with the genetic structure of Oriental sweet gum populations by means of molecular
markers, there is an absence of information concerning the adaptive traits of those populations. This is
the first research on common garden test for quantitative traits of oriental sweet gum populations. In this

MATERIALS AND METHODS
Populations and common garden test. Windpollinated seeds were collected from 9 natural oriental sweet gum populations. The nine populations
were sampled from total 18 populations in whole distribution of oriental sweet gum. So, the half of oriental sweet gum populations were included in the common garden test. Bozd was at highest altitude and
Yata was peripheral and the northernmost population (Figure 1).

FIGURE 1
Locations of populations and common garden test site.
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TABLE 1
Geographical locations of the studied populations
Population origin

Code

Number
of families

Number
of seedlings

Population type

Altitude
(m)

$FÕSD\DP-Bozdag

Bozd

16

349

Stand

1100

Koycegiz- Koycegiz

Koyc

26

574

Stand

10

Marmaris-Gunnucek

Gunn

24

499

Stand

5

Fethiye-Gunlukbasi

Gunl

27

601

Stand

5

Marmaris-Degirmenyani

Degi

25

578

Stand

5

Mugla-<ÕODQOÕ

Yila

25

548

Along creek

250

Mugla-.Õ\UD

Kiyr

25

556

Along creek

50

Marmaris-Cetibeli

Ceti

26

582

Along creek

30

Mugla-Yatagan

Yata

26

492

Along creek

250

223

4779

Total

N latitude,
E longtitude
370 18¶ 58¶¶
290 17¶ 31¶¶
360 57¶ 30¶¶
280 42¶ 09¶¶
360 51¶ 30¶¶
280 17¶ 38¶¶
360 40¶ 12¶¶
290 07¶ 37¶¶
360 49¶ 21¶¶
280 08¶ 19¶¶
370 02¶ 27¶¶
280 10¶ 21¶¶
370 03¶ 42¶¶
280 32¶ 47¶¶
360 58¶ 57¶¶
280 17¶ 38¶¶
370 22¶ 29¶¶
280 05¶ 27¶¶

TABLE 2
Characteristics of the common garden test site
Characteristics
N latitude
E longtitude
Province
Number of populations
Number of families
Area (ha)
Experimental design
Altitude (m)

Information
370 00¶ 18¶¶
280 30¶ 14¶¶
0X÷OD
9
223
9.0
Randomized complete block
100

pots (Finland type) having 259 cm3 with 45 seedling
capacities were used. Seedlings were grown in equal
conditions and transplanted in a common garden test
site in March of 2009. The test was established using
a randomized complete block design in 25 blocks
with single tree plot. Each block included 223 families at a spacing of 3 m x 4 m. The test was established in the optimal distribution area of oriental
sweet gum and the test site was located at 100 m altitude covering 9 ha (Figure 1, Table 2).

The family number and the seedling number for
each population were ranged from 16 to 27 and from
349 to 601 respectively. Altitude range of populations was between 5 and 1,100 m (Table 1). When
the seeds were collected, it was considered that minimum distance between trees should be 100 m to preclude inbreeding and maximum elevation between
families should be 300 m for each population to
maintain the population integrity and connectivity.
Distribution patterns of populations were either in
the form of stand or individual trees in mixed with
other species along creeks. In stand form, oriental
sweet gum was recorded as the dominating tree in
stands. Along creek type also named riparian has
scattered distribution. Seed collection in along creek
type populations had to be done without considering
maximum 300 m elevation between families because
of a narrow elevation band.
All seeds were collected in separate plastic
bags for each family of each population and bags
were labeled. Sowing of seeds was held in Gokova
Nursery of Mugla Province in spring of 2008. ENSO

Measurement of seedling characteristics.
Seedlings were observed two consecutive years. Initial height of seedling (cm) at the beginning of first
growing season (IH), root collar diameter (mm) at
the end of first (RCD1) and second (RCD2) growing
seasons, seedling height (cm) at the end of first (H1)
and second (H2) growing seasons and number of the
branch at the end of first (NB1) and second (NB2)
growing seasons were recorded.
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Statistical analyses. Initial heights of seedlings were used as the covariate in the statistical
model to minimize the differences of growth sourcing the nursery soil. Because of non-normal distribution, numbers of branches (NB1 and NB2) were
transformed by using square root transformation. After the transformation, the numbers of branches
showed a normal distribution. Pooled data from populations were subjected to analysis of variance
(ANOVA) following statistical model for all traits;

Yijkl

P  A. X ijkl  bi  p j  f k ( j )  eijkl

= error variance, Cvg = additive genetic coefficient
of variations, X = general mean, n = harmonic
mean of individual per family for equation 1 (21.322.0) and for equation 2 (20.8-22.7).
It was assumed that open pollinated seeds were
half sibs for additive variance [20]. Standard errors
of individual and family mean heritability were derived from Dickerson method suggested by Dieters
et al. [21].
To compare the quantitative data to the molecular data, quantitative traits differentiations among
the populations (QST) were found in this study according to Spitze [11]. The method compares QST to
FST value. After partitioning variance components in
equation 1, QST values were calculated by the equation below.
VG
(6)
Q

(1)

Where: Yijkl = observation on the lth seedling, kth
family, jth population ith block,

P = overall mean, A

= regression coefficient, X ijkl = initial height of
seedlings (ijkl=1,..§5000),

bi = random effect ith

ST

block (i «  p j = random effect of jth popuwithin jth population (k « , eijkl = experimental error.
The traits in each population were analyzed following statistical model;

P  A. X ijk  bi  f j  eijk

RESULTS



(2)

Variance components, individual heritabilities,
family mean heritabilities and the additive genetic
coefficient of variations for all traits of pooled data
from populations are summarized in Table 3. Population variances were about two times of the family
variances for the all traits except for BN1 and RCD2.
The estimated value of additive genetic coefficient
of variation (Cvg) was high for H1 and H2 but low
for RCD1 and RCD2. Individual heritability ( hi2 ) of

Where: Yijk = observation on the kth seedling, jth family, ith block, P is overall mean, A = regression coefficient, X ijk = establishment height of seedling
(ijk «-601),

bi = random effect of ith block

(i «  f j = random effect of jth family
(j «  eijk = experimental error.

H2 (0.45±0.05) was the highest while it was the lowest for RCD1 (0.07±0.04). Similarly, family mean

Differing population groups were determined
by Tukey¶V multiple comparison test after ANOVA
using Eq1 by PROC GLM [17]. For both equations,
variance components were estimated by using
REML (Restricted Maximum Likelihood) option
PROC VARCOMP [17]. Family heritability, individual heritability and additive genetic coefficient of
variation were estimated by the equations below [18,
19].

h 2f
2
i

h

Cv g

V 2f
V 2f  (V e2 / n)

4V 2f

(5)

X

h 2f

and RCD1 (0.31±0.11) was the lowest among all estimates.
The analysis of variance of pooled data from
populations revealed statistically significant differences both among populations and families (Table
3). At the same time, initial height (IH) was statistiFDOO\ VLJQLILFDQW 7XNH\¶V PXOWLSOH FRPSDULVRQ WHVW
was applied to the determination of differentiating
groups. Populations were appeared in different
groups for both in the first year (Table 4) and in the
second year (Table 5). YATA and BOZD populations were slow growing populations compared to
others for the first and the second years.
The quantitative trait differentiation among the
population (QST) was 0.30 for NB1 and RCD1, 0.45
for H1, 0.51 for NB2 and 0.52 for H1. They are equal
or lower than FST.
Individual heritability, family mean heritability
and additive genetic coefficient of variation were
also estimated for each population (Figure 2, 3 and

(4)

V 2f  V e2

Where:

2

heritability ( h f ) of H2 (0.75±0.10) was the highest

(3)

4V 2f

= family mean heritability, hi2 =

individual heritability,

ı 2f

= family variance,

VG  2V A

Where: VG = the between-population variance
component, VA = additive genetic variance within
populations.

lations (j=1,..9), f k ( j ) = random kth family effect

Yijk
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4). Individual heritabilities were ranged from 0.00 to
0.93 and were high for Bozd, Gunn and Ceti but low
for Koyc and Yata populations for all traits (Figure
2). Family mean heritability were between 0.00 ±
0.86 and were high for Bozd, Gunn, and Ceti but low
for Koyc and Yata populations (Figure 3). Additive

genetic coefficients of variations were ranged from
0.00 to 22.5 and high for Bozd, Gunn, and Ceti but
low for Koyc and Yata populations (Figure 4). These
results imply that genetic diversity within populations was higher for Bozd, Gunn and Ceti populations.

TABLE 3
Variance components, expressed as percentage of the total variation, individual heritability, family mean
heritability and additive genetic coefficient of variation

RCD1B
16.81***
3.05***
1.47***
78.67
100.00

H1
6.18***
16.48***
7.61***
69.73
100.00

Traits
NB1
RCD2
24.08*** 17.57***
3.10***
1.51***
3.68***
1.70***
69.14
79.22
100.00
100.00

H2
16.64***
13.05***
7.94***
62.37
100.00

NB2
11.27***
9.54***
4.52***
74.67
100.00

hi2

0.07±0.02

0.39±0.05

0.20±0.03

0.08±0.03

0.45±0.05

0.23±0.04

h 2f

0.31±0.11

0.72±0.10

0.56±0.10

0.34±0.10

0.75±0.10

0.59±0.10

6.43

15.15

9.96

5.77

15.82

8.36

Sources of variationA
Block
Pop
Family(Pop)
Error
Total

Degree of freedom
24
8
207
4533
4472

Cvg (%)
A

IH (Initial height) is used as covariate in equation (1) and statistically significant for all traits (P<0.0001)
B
RCD1 and RCD2: root collar diameter, H1and H2: height, NB1 and NB2: number of branch at the end of first
(1) and second (2) growing seasons
*** = P<0.0001
TABLE 4
Means of all traits for each population at the end of first growing season
Populations
Ceti
Degi
Koyc
Gunl
Gunn
Kiyr
Yila
Yata
Bozd
Mean

RCD1A
12.44a
12.10ab
12.03ab
11.96ab
11.85abc
11.63bcd
11.25cd
11.09de
10.62e
11.72±0.04

H1
43.12a
43.38a
43.70a
43.53a
41.94ab
40.15b
39.11b
35.18c
30.35d
40.58±0.16

NB1
7.21a
6.41b
6.37b
6.17b
6.64ab
6.21b
6.40b
5.33c
5.29c
6.67±0.05

A

RCD1: root collar diameter, H1: height, BN1: number of branch
Same letters are not significantly GLIIHUHQWDWWKHOHYHODFFRUGLQJWR7XNH\¶VPXOWLSOHFRPSDULVRQWHVW
TABLE 5
Means of all traits for each population at the end of second growing season
Populations
Ceti
Degi
Gunn
Gunl
Koyc
Kiyr
Bozd
Yata
Yila
Mean

RCD2A
34.49a
34.49a
33.81a
33.77a
33.61ab
33.45abc
32.25bc
32.14bc
32.03c
33.41±0.11

H2
93.88a
92.99a
92.58a
94.81a
94.75a
88.47a
63.35c
78.48b
95.41a
89.93±0.35

A

NB2
12.86a
11.89ab
11.80ab
11.34b
11.81ab
11.15b
8.38d
9.74c
11.98a
11.75±0.07

RCD2: root collar diameter, H2: height, NB2: number of branch
6DPHOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQWDWWKHOHYHODFFRUGLQJWR7XNH\¶VPXOWLSOHFRPSDULVRQWHVW
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FIGURE 2
Individual heritability of traits for each population (RCD1 and RCD2: root collar diameter, H1and H2:
height, NB1 and NB2: number of branch at the end of first (1) and second (2) growing seasons)




 





 












 



















FIGURE 3
Family mean heritability of traits for each population (RCD1 and RCD2: root collar diameter, H1and
H2: height, NB1 and NB2: number of branch at the end of first (1) and second (2) growing seasons)
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FIGURE 4
Additive genetic coefficient of variation of traits for each population (RCD1 and RCD2: root collar
diameter, H1and H2: height, NB1 and NB2: number of branch at the end of first (1) and second (2)
growing seasons)

breeding design in a common garden test. Therefore,
FST of neutral markers is used as a control for the effects of genetic drift and to compare observed Q ST
values for traits to these neutral FST values [12].
Mckay and Latta [24] indicate that when FST is equal
to QST, only genetic drift affects population differentiation but the difference between FST and QST reflects relative effects of natural selection. Merilaè
and Crnokrak [25] point out that FST only rarely exceeds QST in their review and explained that natural
selection affects same phenotypes in different populations in this case. Nine populations in the common
garden test were selected from 18 populations in molecular (RAPD) studies. So, 9 out of 18 populations
were the same population. In this context, FST estimates of RAPD marker data [3], QST estimation and
findings of common garden test for quantitative
traits suggested that populations were differentiated
by both genetic drift and natural selection implying
bottleneck on future adaptation and resilience of oriental sweet gum populations.
Individual heritabilities (0.07-0.45) of pooled
data from populations were in accordance with Cornelius [19] who reviewed heritabilities of 67 forest
trees and recorded a range (0.1-0.3). Heritabilities of
studied oriental sweet gum populations for height (H1
and H2) were moderate to high and higher than other
traits. Lowest heritability values were estimated for

DISCUSSION
Estimates of genetic parameter for quantitative
traits implied considerable differences both among
families within populations and among populations.
The variance among populations was higher than
that of within populations which might be attributed
to limited gene flow among populations. Baliuckas
et al. [22] studied genetic variations of four hardwood species in a nursery trial. Two species (Acer
platanoides L. and Fraxinus excelsior L.) having
scattered distributions are shown to have similar
rates of population and family variances to that of
oriental sweet gum. Jensen and Hansen [23] also records larger population variation than that of family
variation in Qercus robur L. and Qurecus petrea
(Matt.) Liebl reflecting strong adaptation to local
sites as oriental sweet gum.
Estimates in the study revealed the highest QST
was 0.52 for H1 and the lowest QST was 0.30 for NB1
and RCD1. High FST value (0.54) indicating low
gene flow between populations of oriental sweet
gum are reported in a genetic diversity study involving RAPD markers [3]. QST is compared to FST in
some studies [12, 13, 24]. While FST has been readily
estimated on commonly available genetic markers,
QST has been estimated as well with an appropriate
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of full-sibs. As a corollary of this, heritability estimates
may be overestimated [31].
Bozd, Gunn, and Ceti had a high additive genetic
coefficient of variation or genetic diversity whereas
Koyc and Yata had low genetic diversity. The additive
genetic coefficient of variation for adaptive traits is
important if populations are adapted to changing environments [4, 9, 27, 28]. Koyc which is located in the
optimum distribution area of the species is the closest
population to settlement. Ozdilek et al. [15] claim also
that optimum distribution area of oriental sweet gum
covering Koyc population could be considered genetic
diversity center and a major refugium for the species.
Thus, Koyc might be subjected to dysgenic selection
for balsam production. Yata having the marginal population characteristics had a low additive genetic coefficient of variation. In spite of the highest altitude,
Bozd had high individual heritability and additive genetic coefficient of variation. The heritability might be
overestimated for Bozd due to inbreeding. Similarly,
Baliuckas et al. [22] indicate that exaggerated heritability is the result of genetic drift. Alternatively,
Bozd might possess a higher adaptive capacity for all
traits. The additive genetic coefficient of variation of
Bozd was high for all traits and the highest for H1.
Baliuckas et al. [32] also estimate higher additive genetic coefficient of variations for two northern Fraxinus excelcior populations which are close to the edge
of the northern distribution of the species. As a result,
Bozd and Yata might be different from other populations in terms of both seedling growth and genetic diversity arising from the location.
A fundamental requirement for tree breeding and
gene conservation is an understanding dynamics of genetic variation within and among populations. Genetic
variation of natural populations is not stable but continuously changing through interaction site characteristics (age structure, density, and dispersal distance)
with the impact of evolution (mutation, mating system,
gene flow, genetic drift and natural selection) [33]. Alternatively, it is essential to complement studies of
adaptive traits with genetic marker studies of gene
flow and inbreeding in the same populations, to accomplish a good understanding of the adaptive variation [9, 34]. It is obvious that seedlings in this study
were at first and second growing period, so the prediction for expression of genetic variation in fully grown
trees must be made with caution.

RCD1 and RCD2 signifying that root collar diameter
is the most clearly influenced trait by the environment.
Several studies convey that stem diameter is much
more affected by environmental factors. For this reason, it has lower genetic control than height growth
both at juvenile and mature ages [26]. On the other
hand, all heritability values estimated in this study for
oriental sweet gum could be overestimated or biased
due to the presence of single trial as stated by White et
al. [10].
Family heritabilities were higher than individual heritabilities in the pooled data of all populations.
Family heritabilities for H1 and H2 were almost the
same and stable in two consecutive years. Similarly,
the additive genetic coefficient of variations of H1
and H2 were stable and high in the pooled data. The
additive genetic coefficient of variations of heights
are in accordance with that of stated by Cornelius
[19] but higher than Adansonia digitata L. [4] and
lower than Quercus robur, Prunus avium L., Fraxinus excelcior L. and Castanea sativa Mill. and similar to Ulmus laevis (Pall.) [27]. The genetic coefficient of variation is an especially better guide to the
long-term evaluability of a trait and suggests that the
populations studied have a good potential for adaptation under changing environmental conditions [9,
28, 29].
Comparison of different groups revealed Yata
and Bozd as slow growing populations in terms of all
traits. Bozd population was the slowest growing one in
all populations. The reason for the slow growth in
Bozd might be a substantial altitudinal difference between distribution area and test site. Bozd is located at
1100 m altitude whereas the test is established in 100
m. Similar relationships are reported for other species.
As the difference of altitude in populations is increased, seedling height is decreased in Pinus oocarpa
[30], Abies alba Mill., Acer pseudoplatanus L., Fagus
sylvatica L., Fraxinus excelsior L., Ilex aquifolium L.
and Quercus petraea [16]. Another reason would be
that Bozd is a small isolated population and has the
lowest number of families (16) in the test site. There
could be restricted gene flow between Bozd and other
populations giving rise to inbreeding in the population.
Similarly, seed source of Yata is located in the northernmost edge of oriental sweet gum distribution.
Each population was also evaluated individual
heritability, family mean heritability and additive genetic coefficient of variation using equation (1). In this
context, Bozd, Gunn and Ceti populations had high individual and family mean heritabilities for all traits, but
Degi population had the highest individual heritability
for H2. The highest individual heritability for H2 in
Degi population might be expected result since substructuring exists and this could lead to inflated value
for within population variability as stated by Whiteley
et al. [29]. On the other hand, oriental sweet gum populations have scattered distribution, so there is some
probability that pollination takes place mainly within
small cohorts of trees giving room for a certain degree

CONCLUSION
Results of common garden test for quantitative
traits showed that population variances were more
than family variances for the all traits reflecting oriental sweet gum populations differentiated significantly. Estimates of both the common garden test and
the molecular marker data support a bottleneck on future adaptation and resilience of oriental sweet gum
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[6] Al-Qurainy, F., Khan, S., Nadeem, M., Tarroum,
M., Alansi, S., Al-Ameri, A.A., Gaafar, A. Z. and
Alshameri, A. (2017) Assessing genetic fidelity in
regenerated plantlets of date palm cultivars after
cryopreservation. Fresen. Environ. Bull. 26,
1727-1735.
[7] Hilooglu, M. and Sozen, E. (2017) Population genetic structure of endemic Verbascum alyssifolium in Erzincan region of Turkey. Fresen. Environ. Bull. 26, 1756-1764.
[8] Sozen O. and Karadavut, U. (2017) The determination of some genotypic and phenotypic parameters for chemical composition of some bean genotypes. Fresen. Environ. Bull. 26, 5761-5768.
[9] Eriksson, G., Black-Samuelsson, S., Jensen, M.,
Myking, T., Rusanen, M., Skrøppa, T. Vakkari,
P. and Westergaard, L. (2003) Genetic variability in two tree species, Acer platanoides L. and
Betula pendula Roth, with contrasting life-history traits. Scandinavian Journal of Forest Research. 18(4), 320-331.
[10] White, T.L., Adams, W.T. and Neale, D.B.
(2007) Forest Genetics. CABI Publishing, Cambridge, MA, USA. 682p.
[11] Spitze, K. (1993) Population structure in Daphnia obtusa: quantitative genetic and allozyme
variation. Genetics. 135, 367-374.
[12] Whitlock, M.C. and Guillaume, F. (2009) Testing for spatially divergent selection: Comparing
QST to FST. Genetics. 183, 1055±1063.
[13] Quang, T.H., Gyllenstrand, N., Jansson, G.,
Griffin, R., von Arnold, S. and Clapham, D.
(2013) Evaluating population structure by neutral markers and quantitative genetic parameters
in a thinned progeny trial of Eucalyptus
urophylla. Journal of Tropical Forest Science.
25(3), 350-360.
[14] Or, M. (2007) The phylogenetic analysis of Liquidambar orientalis mill. varieties by comparing
the non-coding trn regions of the chloroplast genome. Master thesis. Ankara, Turkey, Middle
East Technical University. 89p.
[15] Ozdilek, A., Cengel, B., Kandemir, G., Tayanc,
Y., Velioglu, E. and Kaya, Z. (2012) Molecular
phylogeny of relict-endemic Liquidambar orientalis Mill based on sequence diversity of chloroplast-encoded matK gene. Plant Systematics
and Evolution. 298, 337-349.
[16] Vitasse, Y., Delzon, S. Bresson, C.C., Michalet,
R. and Kremer, A. (2009) Altitudinal differentiation in growth and phenology among populations of temperate-zone tree species growing in
a common garden. Canadian Journal of Forest
Research. 39, 1259±1269.
[17] SAS Institute Inc. (2002) 6$667$7 8VHUV¶
Guide. SAS Institute, Cary, NC, USA.5121 p.
[18] Becker, W.A. (1992) Manual of quantitative genetics. Academic Enterprises, Pullman WA,
USA. 191p.

populations. Linking the common garden test and molecular marker with QST was revealed that differentiation of oriental sweet gum populations was aroused
from the genetic drift and the natural selection. While
Bozd and Yata were slow growing populations, Koyc,
Gunn, Gunl, Degi, Yila, Kiyr and Ceti were fast-growing populations, due to their geographical locations.
Gunn and Ceti populations located in the optimal distribution area of the species possessed high genetic diversity. From the conservational point of view, Bozd,
Gunn, Ceti and Yata populations of oriental sweet gum
can be reserved as in situ conservation units.
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ABSTRACT

INTRODUCTION

In order to study the spatial heterogeneity of
soil organic carbon and the different sampling scales
have an impact on the prediction accuracy of the spatial distribution of soil organic carbon in Karst area.
Using grid sampling method, the soil organic carbon
content under the sampling of 150 m×150m mesh is
taken as the original data, Select a subset of samples
at 5 grid scales (300m×300m, 450m×450m,
600m×600m, 750m×750m and 900m×900m). The
spatial variation and layout are analyzed and predicted by the ordinary Kriging interpolation method.
As shown by the results, the sampling scale significantly affected the prediction accuracy of spatial distribution of soil organic carbon. On the scale of Karst
watershed, soil organic carbon research was taken as
the purpose of investigation. In soil sampling,
450m×450m sampling scale is a suitable sampling
method. When the soil organic carbon is studied on
the Karst watershed scale, if the Cochran formula to
determine an optimal sampling quantity is used
blindly, an insufficient number of sampling points
could be determined, which would negatively affect
the accuracy of the soil organic carbon spatial prediction. The data derived from low-density sampling
are used to fit the trend, whereas the data from highdensity sampling are used to fit the variation function. Meanwhile, an auxiliary variable for the soil organic carbon is introduced for spatial prediction,
which may improve the prediction results. Spatial
variability of soil organic carbon in Karst should be
taken into full account. It is more important to set the
distance of soil sampling points and the number of
sample spots than to increase the number of sampling points.

Soil is a medium that changes non-uniformly,
with clear differences between its various characteristic values at distinct spatial locations. Variations in
such properties eventually lead to soil spatial variability [1]. In this regard, Karsts are unique ecological
systems. Their soil environments include the basic
characteristics of bedrock outcrops, small stocks of
soil, discontinuous distributions, and complicated
and diverse micro-topographies, the combination of
which leads to strong spatial heterogeneity of Karst
soil organic carbon [2]. Clearly, collecting soil samples is mandatory task when investigating spatial
distributions of soil organic carbon. However, the
crucial issue of how to collect a representative soil
sample that accurately reflects the extent of the entire
sampling area has always been controversial [3]. For
this reason, it is vital to determine a reasonable sampling size in surveys of soil organic carbon. Usually,
present studies on the distribution of soil organic carbon in watershed first obtain a measured value of the
index related to the soil organic carbon from a finite
sampling point and then calculate the soil organic
carbon of that point [4]. A spatial prediction of the
entire region within the area is then determined
through specific spatial interpolations or epitaxial
techniques. In this spatial point-to-plane expansion
process, the difference in the interpolation methods
and the various densities of the sampling points may
significantly influence the accuracy of the final prediction results [5].
Recently, scholars in China and elsewhere performed a series of studies to determine the most reasonable sampling procedures. For example, Webster
et al. studied the effect of sampling density using a
simulated autocorrelation domain and concluded
that 400 samples can estimate the semi-variance
function quite well, whereas 225 samples can estimate the semi-variance function reasonably well;
however, 50 samples are not sufficiently accurate
[6]. By extracting a different number of samples
from 561 grid samples distributed in the Senegal
River Valley, Gascuel-Odoux and Boivin estimated

KEYWORDS:
Different grid scales, Spatial interpolation method, accuracy, small watershed, karst
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accuracy are vital to establish a sensible and effective soil sampling strategy, which must occur prior
to evaluating the organic carbon reservoir, and to improve the overall spatial prediction accuracy. The
density of sampling points, spatial distribution, and
their representativeness determine the accuracy of
the results for the different sampling methods [13].
Evidently, smaller grid sizes lead to larger sampling
point densities when the grid method is used to establish the sampling points, and a larger number of
samples provided results that were closer to the true
value of the research area. However, the number of
samples cannot be increased without limit. Thus, the
minimum number of samples that can determine the
soil organic carbon within the larger research area
must be examined, which also has important theoretical and practical significance.

the semi-variance function statistically and concluded that 200 samples are sufficient for fair accuracy [7]. In another study, Marcos et al. used a regular mesh spacing layout to determine the optimal
number of sampling soil sites in the Rafard region of
Brazil and concluded that every hectare of land required at least one sampling point [4]. Further, in an
investigation of the clay content of soil and the organic matter content, every 2±3 hectares of land
were concluded to require one sampling point. Yu et
al. used the lattice method and extracted six sampling densities to determine the optimal sampling
density required to accurately investigate the soil organic carbon content of different soil types in
Yujiang County [5]. On the county domain scale, the
design of consistent and uniform mesh spacing does
not reflect the actual variability in the county; indeed, soil type differences must also be considered
when establishing effective sampling density protocols [8]. The aforementioned studies used simulation
or field survey data to study the influence of sampling density on the spatial prediction accuracy of
non-Karst areas and recommended appropriate sampling sizes [9]. However, the soil organic carbon in
Karst regions has strong spatial heterogeneity; thus,
the soil sampling methods employed in studies of
non-Karst areas and their results may not representative of Karst regions. For this reason, it is imperative
to identify appropriate soil sampling methods for use
in Karst regions. In relevant studies of Karst areas, it
remains unknown whether the soil samples collected
can accurately reflect the wider region [10]. We applied this method to a small watershed scale in a
Karst region and established the validity of several
sampling sites, demonstrating that the prediction accuracy must be validated with further studies.
At present, studies on the interpolation method
and the influence of the sampling quantity on the
spatial prediction accuracy of soil properties are
mostly performed for one or several soil properties
[11-12]. Regarding the soil organic carbon content
on a Karst basin scale, analysis of the sampling scale
as well as the factors that affect the spatial prediction

MATERIALS AND METHODS
Study Region. 7KHVWXG\UHJLRQ ƍƎƍƎ( ƍƎ-ƍƎ1  LV ORFDWHG LQ
Puding County in the central part of Guizhou Province in southwestern China, including the three
towns of Chengguan (CG), Maguan (MG) and Baiyan (BY), and it covers an area of 72 km2. The elevation is between 1223.4 and 1567.4 m above sea
level, and the air pressure is between 806.1 and 883.8
hpa. There are three major categories of soil: limestone soil, paddy soil and yellow soil. The vegetation
(Table 1) includes cedarwood (Cupressus funebris
Endl.), populus adenopoda (Populus Adenopoda
Maxim), toona sinensis (Toona sinensis (A. Juss.)
Roem.), Chinese pear (Pyrus pyrifolia Burm Nakai.),
and so on. The main crops are paddy rice (Oryzasativa Oryzaglaberrima), corn (Zea mays Linn. Sp.),
soybean (Glycine max (Linn.) Merr), sunflower (Helianthus annuus), etc. There are 7 soil types in the
study area: Xan Udic Fernalisols, Black Lithomorphic Isohumisols, Cab Udi Orthic Entisols, Cab High
fertility Orthic Anthrosol, Cab Low fertility Orthic
Anthrosols, Cab Medium fertility Orthic Anthrosols,
Fec Hydragric Anthrosols.

TABLE 1
Geographic information of study area
Items
Precipitation (mm)
Temperature (°C)
Frostless season (days)
Soil thickness (cm)
Major vegetations

Chengguan Town
1170.9
15.3
301
6->100 (70.14)a
Tree species: Cupressus funebris Endl,
Broussonetia papyrifera, Populus Adenopoda Maxim.
Shrub species: Pyracantha floruneana,
Itea ilicifolia)

Land uses (%)

Forestland: 11.84;
Bush forest: 15.67;
Cultivated land: 56.75; Unused land:
5.85;
Construction land: 9.92

Maguan Town
1178.8
15.2
289
6->100 (57.36)
Tree species: Cupressus funebris Endl, Broussonetia papyrifera, Toona sinensis ˄
A.Juss.˅Roem., Celtis sinensis.
Shrub species:
Rosa cymosa), Zanthoxylum
bungeanumMaxim.
Forestland: 14.67;
Bush forest: 22.54; Cultivated
land: 49.84; Unused land: 7.13;
Construction land: 5.82

1533

Baiyan Town
1396.9
15.1
292
5->100 (58.76)
Tree species: Cupressus funebris Endl, (Platycarya longipes, Pyrus pyrifolia Burm
Nakai.
Shrub species:
Pyracantha floruneana, Rosa
cymosa
Forestland: 16.24%
Bush forest: 18.33; Cultivated
land: 54.38; Unused land: 4.91;
Construction land: 6.14

© by PSP

Volume 27 ± No. 3/2018 pages 1532-1544

Fresenius Environmental Bulletin

FIGURE 1
The location of Houzhai small watershed and the distribution of sample sites

least square of weights. At the same time, Kriging
interpolation method is applied to run spatial interpolation of the soil organic carbon index of the Houzhai Basin under six levels of sampling scales. To
compare the impacts of different sampling numbers
on the accuracy prediction of soil organic carbon
content, independent verification is generally
adopted, and this method is considered more suitable
for the assessment of spatial accuracy prediction
than interactive verification. The verification index
is commonly RMSE (equation 1), and the small the
RMSE error, the more accurate the spatial prediction
results [14].

Soil Sampling. Sampling plots were designed
with a grid-based sampling method and a total of
2755sampling grids (150 m×150 m), consisting of
22057 soil samples, The sampling depth is 20cm.The
sampling sites were defined as the center of each
sampling grid (Fig. 1). The soil samples were air
dried, ground and prepared for the specimen as required by the laboratory; then, the SOC content was
tested and analyzed. The SOC was determined via a
potassium dichromate method.
Research Method. Classification of Different
Grid Scales. The grid scale determines the density
and data of sampling point. To study the impacts of
different sampling scales on the revelation of spatial
variability of soil organic carbon, ArcGIS software
is adopted to amplify the 2,755 grids of 150m×150m
by one time to get 802 grids of 300m×300m, and
then classify these grids into six grid scales:
450m×450m, 600m×600m, 750m×750m and
900m×900m(Fig. 2). Meanwhile, to ensure the reliability of the conclusions and reduce the unreliability
resulted from repeated sampling, subsets of five
samples are drawn with unrepeated sampling methods.

RMSE

2º
1 ªn Ö
Zi  Zi »
¦
«
n 1 ¬ i 1
¼

(1)

ZÖ i and Z i are respectively the measured value
and the predicted value of the set sample of independent verification, and n is the sample capacity of
independent verification set.

RESULTS
Descriptive Statistics of Soil Organic Carbon and Correlation Factors under Different
Sampling Scales. The statistics features of soil organic carbon under different scales are as shown in
Table 2. It can be known that organic carbon content
under different scales differs a lot, with the minimum
value of 1.04 g.kg-1 and the maximum value of

Spatial Interpolation and Its Accuracy Assessment of Soil Organic Carbon. This paper respectively analyzes the spatial variability of soil organic carbon under different sampling scales, and
adopts GS+ 7.0 software and semi-variogram of momenu estimation test by Matheron to simulate a theoretical semi-variogram model by method of the
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128.19 g.kg-1, 123 times that of the former, organic
carbon content fluctuates slightly, the variable coefficient is 51.08%-59.03%, and the average value under the sampling scale of 150m×150m is 29.66, with
the variable coefficient of 53.64%, a moderate variability. The average value of the five sub-samples
fluctuates around that of the U and the variable coefficient differs a little, indicating the sampling points
in the samples decrease, buy still maintaining the statistics features largely consistent with that of U, so it
represents well. Seen from the six sampling methods, the variable coefficient of the sampling scale of
900m×900m is greater than that of the other five

Fresenius Environmental Bulletin

sampling methods, implying that soil organic carbon
distributes unevenly in soil. With the increase of
scale, the variable coefficient of soil organic carbon
has the trend of steadily increasing, that is to say,
with the reduction of sampling points the data has a
higher degree of dispersion and poor relative stability, and the sampling number of six levels has a decreasing maximum and an increasing minimum with
the reduction of sampling number. Meanwhile, seen
from coefficient of skewness and coefficient of kurtosis, the soil organic carbon of the sampling set and
all the sub-samples is consistent with normal distribution.

FIGURE 2
Plots of soil sample distribution under different sampling scales
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TABLE 2
Descriptive statistics of soil organic carbon under different sampling scales
Sampling scale

Sample size

150m×150m
300m×300m
450m×450m
600m×600m
750m×750m
900m×900m

2755
802
357
200
128
91

Minimum
(g.kg-1)
1.04
2.43
4.24
4.24
7.62
9.75

Maximum
(g.kg-1)
128.19
113.32
94.11
109.36
113.12
94.11

Mean
(g.kg-1
29.66
27.80
30.56
30.23
28.87
32.44

Standard
Deviation
15.91
14.32
15.61
16.26
16.39
19.15

Skewness
1.67
1.60
1.52
1.68
1.94
1.28

Kurtosis
3.77
3.31
3.01
3.66
4.80
1.14

TABLE 3
Statistical characteristics of related factors affecting spatial distribution of soil organic carbon
Sampling scale Sample size
150m×150m
300m×300m
450m×450m
600m×600m
750m×750m
900m×900m

2755
802
357
200
128
91

Slope (°)

Rock exposure
(%)

Soil bulk density
(g.cm-3)

Stone content
(%)

Soil thickness
(cm)

13.79±18.07
12.72±17.15
14.58±18.56
12.65±14.75
14.16±15.93
13.25±14.50

17.11±22.12
26.06±20.21
15.22±21.15
15.73±22.16
12.72±18.65
13.84±20.85

1.17±0.21
1.18±0.18
1.17±0.19
1.20±0.20
1.19±0.21
1.19±0.21

8.74±13.15
8.39±13.32
6.52±11.41
7.75±16.06
9.29±13.63
10.96±12.18

32.83±21.86
36.16±18.75
58.72±33.21
62.93±32.62
62.21±32.89
59.06±33.16

FIGURE 3
Coefficient of variation of soil indexes at different sampling scales

of soil bulk density under the six sampling scales belongs to wHDN YDULDWLRQ &9  WKDW RI VRLO
thickness and soil organic carbon content moderate
YDULDWLRQ &9  DQG WKDW RI VORSH URFN
exposure rate and stone content strong variation (CV
˚100%) (Fig. 3). on the whole, the variable coefficient of stone content is relatively large, between
111.34%̚207.23%, that of slope and rock exposure
rate is quite close to about 130%, that of soil thickness and soil organic carbon content lies about 60%,
and that of soil bulk density is relatively small, between 15.25%̚17.95%. The variable coefficient of
slope reduces while that of rock exposure rate and
soil organic carbon increase with the increase of
sampling scale, that of stone content increases and
then gradually decreases with the increase of sampling scale, and that of soil thickness and soil bulk
density decreases and then steadily stabilizes with
the increase of sampling scale. It shows that the spatial variability of slope, soil thickness and soil bulk

The statistics analysis on the measured value of
the impact factors of soil organic content under the
six sampling scales is as shown in Table 3 and it can
be observed that the average vale and the standard
deviation of each index under the six sampling scales
differ to some extent. The soil slope changes slightly,
with the average value changing range of
12.65°~14.58° and that of rock exposure rate of
12.72%~26.06%, the maximum value lies in the
sampling scale of 300m×300m and is 2.05 times the
minimum value; the average value changing range of
soil bulk density is 1.17~1.20, and the maximum
value lies in the sampling scale of 600m×600m; and
the average value changing ranges of stone content
and soil thickness are respectively 6.52%~10.96%
and 32.83cm~62.93cm. The data meets the requirements of local statistics analysis on data distribution
condition after being verified by K-S inspection.
The variable coefficient can reflect the variable
degree of the samples in the set. The spatial variation
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Spatial Distribution Characterization of Soil
Organic Carbon under Different Sampling
Scales. The isoline established with Kriging method
roundly and directly reveals the spatial distribution
of soil organic carbon of the Houzhai Watershed,
and discusses the impacts of sampling scale on spatial distribution characterization of soil organic carbon (Fig. 4). Generally speaking, with the increase
of sampling scale and the decrease of samples, the
spatial prediction results of soil organic carbon are
growingly smooth and the reflection capability on
details are growingly weak. The spatial distributions
of soil organic carbon reflected by the sampling areas of 150m×150m and 300m×300m are quite similar.
The highest soil organic carbon lies in the central western regions and the southeast, while the
northern and southern parts of the Houzhai Watershed have low soil organic carbon, especially in the
north, where some regions have the soil organic carbon lower than 8.7g/kg. Although the spatial distribution of the soil organic carbon of samples of
450m×450m and 600m×600m has some smoothing
effects, the whole distribution differs from that of
samples of 150m×150m and 300m×300m. It can be
known from comparisons between the two scale spatial distribution maps that the interpolation of the
sample of 600m×600m is scattered with many sporadic spots, while that of the sample of 450m×450m
has little scattered spots and the map surface is
smooth, so the sampling point of 450m×450m scale
has high representativeness and maps established
with it can well present the distribution condition of
soil organic carbon of the Houzhai Watershed and
satisfy the mapping accuracy of different organic
FDUERQV,W¶VSURYHGWKDWWKHVSDWLDOSUHGLFWLRQRIVRLO
organic carbon with the sampling area of
450m×450m can well reflect the spatial distribution
of local soil organic carbon. But the sampling areas
of 750m×750m and 900m×900m cannot reflect the
aforementioned distribution, especially some details.
Therefore, from the aspect of spatial distribution
characterization of soil organic carbon, the sampling
of 450m×450m is also a suitable sampling number
for the spatial prediction of local soil organic carbon
assessment.

density differs a lot under relatively small sampling
scales, that of rock exposure rate and soil organic
carbon content differs greatly under relatively large
sampling scales, and that of stone content differs significantly under moderate sampling scales.
Index Semi-variorums of Soil Organic Carbon under Different Sampling Scales. The spatial
heterogeneity of soil organic carbon of the Houzhai
Watershed is counted with geostatistical analysis
methods. It can be seen that the optimal simulation
models of geostatistics for soil organic carbon of
each level are index models(Table 4). By comparing
the theoretical index semi-variorums of the soil organic carbon index semi-variorums under different
sampling scales, it can be implied that with the decrease of sampling number R2 reflecting the fitting
accuracy gradually decreases, too, indicating that
with the decrease of samples the expression capability of these samples for spatial heterogeneity reflecting the local soil organic carbon steadily decreases,
so more sampling points should be collected if the
spatial heterogeneity more consistent with the local
soil organic carbon is to be unveiled. Therefore, the
whole set (U) of the sampling scale of 150m×150m
is used as the baseline and the semi-variorums acquired by the subset and whole set of the five samples are comparedDQGLW¶VIRXQGWKDWWKHVXEVHWVRI
samples with scales of 300m×300m, 450m×450m
and 600m×600m differ little, so do the semi-variorums of the whole set, and the changing section of
subsets range of the three samples is 5.1m~5.7m, the
range of the whole set 18m. Range is the largest distance of spatial autocorrelation, whose value is 0,
and the regionalized variable has no spatial autocorrelation. With the increase of sampling scale, the soil
range decreases, which might because the larger the
scale, the less samples and the homogeneity of each
index reduces. The C0 ratio of whole set semi-varioUXPVLVDQGWKRVHRIWKHWKUHHVDPSOHV¶VXE
sets are respectively 23.20, 23.50 and 25.30, and
they have moderate spatial autocorrelation. When
the sampling scale is 900m×900m, C0 is 29.70,
C/C0+C is 0.884, differing little from the aforementioned sampling scales, which indicates that more
samplings are not definitely propitious for the structural continual composition of soil organic contents.

TABLE 4
Semi variance model of soil organic carbon content under different sampling scales and
its fitting parameters
Range A/hm
C0/C0+C
Sill (C0+C)
Sampling scale
Model type
Nugget
(C0)
150m×150m
Index model
122.60
245.30
18.00
0.500
300m×300m
Index model
23.20
231.70
5.70
0.900
450m×450m
Index model
23.50
240.30
5.70
0.902
600m×600m
Index model
22.40
235.00
3.90
0.905
750m×750m
Index model
25.30
242.40
5.10
0.896
900m×900m
Index model
29.70
255.40
5.10
0.884

1537

R2
0.748
0.510
0.572
0.236
0.479
0.382
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FIGURE 4
Spatial distribution of soil organic carbon predicted by ordinary Kriging at different sampling scales

Impact Factors of Spatial Variability of Soil
Organic Carbon under Different Scales. It can be
seen from the Pearson product-moment correlation
analysis on the impact factors(Table 5) of soil organic carbon that under the scale of 150m×150m soil
organic carbon has a significantly positive correlation(P˘0.01) to slope, with the correlation coefficient of 0.995, a significantly negative correlation (P
˘0.01) to altitude and soil thickness, with the correlation coefficient of 0.993 and 0.910, a significantly

positive correlation (P˘0.05) to slope to rock exposure rate, with the correlation coefficient of 0.680,
and no significant correlation (P˚0.05) to soil bulk
density and stone content; under the scale of
300m×300m soil organic carbon has a significantly
negative correlation (P˘0.05) to altitude (r=-0.512and soil thickness (r=-0.732), a significantly negative correlation (P˘0.01, r=-0.710) to stone content,
a significantly positive correlation (P ˘ 0.01,
r=0.621/0.913) to slope and rock exposure rate and
no obvious correlation to soil bulk density; under the
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TABLE 5
Correlation matrix of soil organic carbon content and its influencing factors
under different sampling scales
Sampling scale
150m×150m
300m×300m
450m×450m
600m×600m
750m×750m
900m×900m

Slope
0.995**
0.621**
0.763**
0.503*
0.421
0.689

Altitude
-0.993**
-0.512*
0.913**
0.653
0.112
0.363

Soil thickness
-0.910**
-0.732*
0.456
0.736
0.432
-0.632**

Soil bulk density
-0.832
-0.632
0.612
0.486
0.362
0.462

Stone content
0.510
-0.710**
0.913**
0.684**
0.880*
0.496

Rock exposure
0.680*
0.913**
0.780**
0.406*
0.741*
0.601*

* * indicates that the correlation is significant when the confidence level (double measure) is 0.01.
* the correlation is significant when the confidence level (double measure) is 0.05.

TABLE 6
Optimal fitting equation of influence factors and surface soil organic carbon content
under different sampling methods
Sampling scale

150m×150m

300m×300m

450m×450m

600m×600m

750m×750m

900m×900m

Index
Slope
Altitude
Soil thickness
Soil bulk density
Rock exposure
Stone content
Slope
Altitude
Soil thickness
Soil bulk density
Rock exposure
Stone content
Slope
Altitude
Soil thickness
Soil bulk density
Rock exposure
Stone content
Slope
Altitude
Soil thickness
Soil bulk density
Rock exposure
Stone content
Slope
Altitude
Soil thickness
Soil bulk density
Rock exposure
Stone content
Slope
Altitude
Soil thickness
Soil bulk density
Rock exposure
Stone content

The optimal fitted equation for soc
y=0.0102x+15.594
y=0.106x +1588.201
y=0.0112x+12.592
y=-0.0255Ln(x)+1.3502
y=3E-06x2+0.002x +19.358
y=1.3256Ln(x)-1.4693
y=0.0094x+25.084
y=0.0094x+1625.084
y=0.0094x+25.084
y=2.2081Ln(x)+16.31
y=6E-06x2+0.0048x+25.695
y=1.2682Ln(x)-15.225
y=0.0201x+10.048
y=-3.3608x+1714.8
y=-0.0516x+67.978
y=1.9498Ln(x)+19.466
y=5E-06x2-0.0014x+0.2054
y = -3.2414Ln(x) + 22.321
y=0.0082x+27.713
y =0.420e0.003x
y =53.525-0.950x+0.005x2
y=1.1014Ln(x)+23.823
y=-0.0003x2+0.0681x+25.567
y=1.0924Ln(x)+23.854
y = 0.1313x + 23.053
y =0.106x+1088.201
y=-0.0695x+65.293
y=3.3781Ln(x) +17.597
y= 0.002x2 -0.0855x +26.946
y= 0.1313x + 23.053
y= 0.2669x -0.0997
y =0.166x+1183.201
y=0.0375x+24.78
y=0.9236Ln(x)+23.2
y=0.0023x2-0.1766x +27.997
y =0.8333Ln(x) +23.429

R2
0.261
0.285
0.261
0.014
0.372
0.309
0.331
0.296
0.319
0.020
0.419
0.328
0.381
0.297
0.323
0.021
0.473
0.374
0.408
0.301
0.326
0.023
0.504
0.448
0.491
0.385
0.604
0.029
0.577
0.549
0.539
0.469
0.648
0.031
0.619
0.603

rock exposure rate, with the correlation coefficient
of 0.432, 0.880 and 0.741 respectively; under the
scale of 750m×750m, soil organic carbon has a significantly negative correlation (P˘0.01, r=-0.632)
to soil thickness and a significantly positive correlation (P˘0.05) to rock exposure rate, with the correlation coefficient of 0.601.
These results show that under different sampling scales the key factor influencing the spatial
variability of soil organic carbon content differs in
small scales (150m×150m, 300m×300m and
450m×450m), and the spatial variability of soil organic carbon is influenced by slope, altitude, soil

scale of 450m×450m soil organic carbon has a significantly positive correlation (P ˘ 0.01,
r=0.763/0.913/0.913/0.780) to slope, altitude, stone
content and rock exposure rate, and no significant
correlation (P ˚ 0.05) to other factors; under the
scale of 600m×600m soil organic carbon has a significantly positive correlation (P˘0.01, r=0.684), a
significantly positive correlation (P˘0.05) to slope
and rock exposure rate, with the correlation coefficients respectively of 0.503 and 0.406, and no obvious correlation to other factors; under the scale of
750m×750m soil organic carbon has a significantly
positive correlation (P˘0.05) to stone content and

1539

Volume 27 ± No. 3/2018 pages 1532-1544

© by PSP

Fresenius Environmental Bulletin

error requirements is calculated.
If acting according to the optimal sampling
number equation by Cochran, under the confidence
level of 97.5%, only 505 sampling points are necessary to meet the error requirement of 5%, but under
the confidence level of 95%, even only 442 sampling
points can meet the requirement. However, the research results show that under different sampling
scales with the common Kriging method, to meet the
sampling proportion of error requirement, there are
only 21.07% of verification sites even with the sampling number scale of 600m×600m, i.e. the number
of samples is 421, meeting the error requirement
(Table 8) of 5%. Therefore, the optimal sampling
number acquired with Cocharan calculation equation
is significantly smaller than that of the real one meeting the prediction accuracy. If considering no the
spatial variability of the local soil organic carbon, the
optimal sampling number for soil organic carbon assessment, obtained with Cocharan equation under
the confidence section and some error requirements,
might cause some unexpected prediction errors and
uncertainties.

thickness and rock exposure rate; under the moderate
scale of (600m×600m) the spatial variability of soil
organic carbon is influenced by slope, stone content
and rock exposure rate; and under the relatively large
scales (750m×750m and 900m×900m) soil thickness
and rock exposure rate are the key factors influencing the spatial variability of soil organic carbon.
The fitting results of regression equation are as
shown in Table 6. It can be seen from the determination coefficient R2 that the fitting results of soil bulk
density and soil organic carbon content under the
sampling scales are the worst, indicating that the correlation between soil bulk density and soil organic
carbon is little, and with the increase of sampling
scale, the fitting accuracy of terrain factors (altitude,
slope) changes dramatically while that of rock exposure rate and stone content increase significantly; in
general, with the increasing of sampling density, the
fitting accuracy of soil organic carbon ratio with
each factor increases, the data of a low sampling density ( like 900m×900m) can well describe the statistics relation between the two, while a high sampling
density (like 150m×150m) weakens this relation for
complex local terrain impacts. Therefore, increasing
sampling density may not increase the fitting effects
of soil organic carbon with each impact factor, but
probably reduce the fitting effects.

TABLE 7
Appropriate sampling number of study area for
soil quality index survey using Cochran formula
confidence
level
97.5%
95%
90%

Prediction Accuracy Comparison of Soil Organic Carbon under Different Sampling Scales.
The errors in spatial prediction of soil organic carbon
include those resulted from interpolation method and
prediction model, as well as insufficient samples
causing the results to be unable to reflect the real soil
organic carbon condition. From figure 4 it can be
preliminarily judged that the sampling scale of
450m×450m meets the sampling requirement, but
the prediction error changes significantly for different sampling numbers. With Cochran equation [15],
the optimal sampling numbers calculation equation
can be inferred (equation 2)
2
t u Std
n
2
d
Heren is the required reasonable sampling
number, t is the standard normal deviation the significant standard  ןcorresponding to, Std is the standard error of the samples and d is the product of the
average value and the relative error (%) of the samples. With the equation the reasonable sampling
number (Table 7) of the soil organic carbon of the
Houzhai Watershed under the confidence level and

5%
505
442
372

Error requirement
10%
253
221
186

15%
168
147
124

DISCUSSION
Spatial heterogeneity of soil organic carbon
in a small Karst watershed. The organic matter in
the surface soil of Karsts has high spatial variability.
Under different topographic and landscape conditions, differences exist in the soil-forming parent material, soil type, and climate, leading to distinct spatial distributions [16]. For instance, the unique physical and chemical properties of carbonate rocks and
the resultant terrain features lead to shallow and thin
soil layers in Karst regions [17]. Moreover, the bare
rock ratio is high, the soil is often segregated into
discrete patches, and the physical and chemical properties of the soil exhibit high spatial heterogeneity
[18]. The Houzhai watershed is a typical plateautype small Karst watershed with a complex terrain

TABLE 8
The percentage of validation points which satisfied error request with different sampling sizes
Error requirement
5%
10%
15%

150m×150m
22.98
53.48
76.54

300m×300m
16.73
23.55
58.35

Sampling scale
450m×450m
600m×600m
15.09
21.07
21.19
49.31
53.09
71.23
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750m×750m
15.69
41.28
57.56

900m×900m
13.33
25.36
40.12

© by PSP

Volume 27 ± No. 3/2018 pages 1532-1544

Fresenius Environmental Bulletin

thin even though the organic carbon content is higher
in the upstream area), the organic carbon content is
not high in the mid-downstream area, though the soil
layer is relatively deep and thick.

and topography, as well as spatial distribution patterns. Further, the organic carbon content on different scales in the basin differs considerably. The minimum organic carbon content is 1.04 g.kg-1, and the
maximum is 128.19 g.kg-1, which is 123 times the
minimum. Plus, the soil organic carbon content
range in the surface layer is relatively wide [19]. The
spatial variabilities of both the soil thickness and the
soil organic carbon content are moderately variable,
whereas the spatial variabilities of the slope, the bare
rock ratio, and the rock particle content are strongly
variable, which reflect the high spatial heterogeneity
of the soil organic carbon in the watershed [20].
In general, the soil organic carbon content
within the Houzhai watershed exhibits a spatial distribution pattern of broken patches, with the highest
soil organic carbon content located within the middle-western and southeastern regions [21]. The soil
organic carbon content to the north and south of the
Houzhai watershed is relatively low; indeed, the soil
organic carbon content in parts of the northern region
is less than 8.7 g.kg-1. Severe broken patches are present in other areas, with the high- and low-value regions comprising a staggered distribution [22]. In
this regard, the general trend is a gradual decline
from the upper reach to the lower reach because the
peak forest, peak cluster, and small low-lying lands
comprise a staggered distribution upstream of the
watershed [23]. The soil organic carbon content is
high in the peak forest and peak cluster, whereas the
soil layer of the low-lying lands is deep and thick.
Further, the soil organic carbon content is low; therefore, there are many broken high-value patches in the
upstream region. The peak forest and peak cluster
are distributed in the northern region of the middle
reach and southern regions, and the terrain in the
central area is relatively flat, with a primary distribution of down-lands and low-lying lands [24]. Therefore, in the middle reach region, the high-value areas
appear only near Guipo, the psychiatric hospital in
the north, and the central Longshan Mountain. The
topography in the downstream of basin is relatively
flat. This land is mostly low-lying with only a small
amount of peak clusters and isolated peaks.
Therefore, the soil organic carbon content is
relatively low, in general, in the downstream area,
and the high value region appears only near
Longtoushan Mountain [25]. Essentially, the distribution characteristics of the soil organic carbon content in the watershed are consistent with its undulating topographic features. The soil layer in the Karst
region is shallow and thin, and its soil cover is discontinuous. The multiple types of soil comprise a
staggered distribution with variable soil depth thickness. Therefore, the soil organic carbon content exhibits a distribution of broken patches. Except for the
proximity of the Qingshan Reservoir in the north and
the southern side of Daxinzhai Village in the southwest (where there is an obvious low-value area,
which occurs because the soil layer is shallow and

Influencing factors and sampling strategy of
soil organic carbon using different sampling
scales. Analysis of the factors influencing the soil organic carbon content in the Karst watershed indicates that the slope and elevation of the sampling
scale (from 150 m × 150 m to 600 m × 600 m) and
the soil organic carbon content of the surface layer
exhibit a significant positive correlation, suggesting
that the soil organic carbon content is high at regions
of high elevation and steep slopes in the watershed.
Areas with high elevation and steep slopes are primarily located in mountainous regions, where the
vegetation cover is good and the soil is mostly calcareous with a high organic carbon content. The areas with large slopes are less accessible, have less
human interference, and have a high soil organic carbon content, which contrast the low elevation and
small slope areas. The soil thickness and soil organic
carbon content in the surface layer exhibit a very significant negative correlation, which arises because
the organic matter in the soil is relatively more concentrated if the soil layer is shallow and thin, resulting in a higher soil organic carbon content. In contrast, the organic matter is spread over a relatively
large area in deep and thick soil layers resulting in a
relatively low soil organic carbon content. The bare
rock ratio and the soil organic carbon content of the
surface layer exhibit a very significant positive correlation, which is consistent with the results of Wu
et al. This consistency is also true for the soil thickness. In areas where the bare rock ratio is large, the
organic matter is concentrated in a relatively small
range [26]. Moreover, debris on the rock surface
erodes into the soil, leading to a higher soil organic
carbon content. In contrast, the organic matter in areas with low bare rock ratios is distributed across a
relatively large range, resulting in relatively lower
soil organic carbon contents [27].
The spatial variability of the soil properties can
be discerned by the scale function, and the extent of
autocorrelation of the same variable differs considerably when different scales are used [28]. This
study indicates that the soil organic carbon content
of this small Karst watershed has clear spatial heterogeneity. The low sampling density when largescale sampling is used can better simulate the trend
between the soil organic carbon and other factors.
This relationship is weakened with high sampling
density when small-scale sampling is used because
of the influence of a complex local micro-topography. These results are essentially consistent with the
findings of Wu et al., who concluded that large-scale
data are suitable for fitting the trend in prediction
models of soil organic matter for complicated landscape regions. Due to the influence of local micro-
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higher than that of random components in the structure, When the sampling scale was 900m× 900m and
the number of sample points was small, the proportion of structural components detected in the variation of organic matter was not much different, This
shows that the sample number is not necessarily conducive to the variation of soil organic carbon content
in the recognition of continuous structural components, the optimal layout of soil sampling location
may be more than a simple increase in the number of
sampling points is more important.
Either from the reliability of the semivariogram
or from the independent validation results and the
spatial distribution patterns can be found, The spatial
variability of soil organic carbon can be reliably reflected in the watershed of 150m×150m and sample
subset 300m×300mǃ450m×450m and 600m×600m
in the HouZhai watershed. The subset of samples
does not guarantee reliability of the sampling
scales(750m×750m and 900m×900m). Based on the
comprehensive comparison of the accuracy of soil
organic carbon under different mining scales, the soil
organic carbon (SOC) was taken as the investigation
objective on the watershed scale. The sampling scale
of 450m × 450m in soil sampling is a suitable sampling quantity.
The ordinary Kriging interpolation method has
a relatively small influence on the prediction accuracy of soil organic carbon spatial variability in the
HouZhai watershed. When the soil organic carbon is
studied on the Karst watershed scale, if the Cochran
formula to determine an optimal sampling quantity
is used blindly, an insufficient number of sampling
points could be determined, which would negatively
affect the accuracy of the soil organic carbon spatial
prediction. The data derived from low-density sampling are used to fit the trend, whereas the data from
high-density sampling are used to fit the variation
function. Meanwhile, an auxiliary variable for the
soil organic carbon is introduced for spatial prediction, which may improve the prediction results.

topography, the data contained within the system become more abundant as the sampling density increases and random variation in the residual error of
the soil organic carbon content gradually becomes
stronger [29]. In addition, the characteristics of the
variation function for the residual error of the soil organic carbon content exhibited on the small scale become more obvious, which is analogous to the findings of Robertson and Gross, who concluded that the
pH value of farmland soil experiences the phenomenon of scale nesting [30].
Under the condition of large-scale sampling,
small-scale structural characteristics will be concealed and a large amount of data will be omitted,
which is certainly not conducive for a comprehensive analysis of the structural characteristics of soil
spatial variability [31]. However, small-scale sampling consumes considerable human, material, and
financial resources. In addition, when the sampling
scale is too small, large-scale variability is often ignored or deduced through reduced dimensions as
"random variation" because it is relatively weak.
This outcome causes the research to become a more
local analysis without being representative of the entire region of interest. Regarding the spatial variability of the Karst soil properties, large-scale spatial
variability is generally related to regional environmental factors (such as geomorphology, topography,
and climate), whereas small-scale spatial variability
is closely related to inherent soil factors (such as bare
rock ratio, rock particle content, and soil thickness).
Therefore, in the spatial prediction process for Karst
soil organic carbon, data from both the low and high
sampling density approaches are combined for the
analysis. The low sampling density data are used to
fit the trend, whereas the high sampling density data
are used to fit the variation function. Meanwhile, an
auxiliary variable for the soil organic carbon is introduced for the spatial prediction, which may be optimal for reliable predictions. At the same time, to
achieve a match between point density and variation
scale, it is more effective to focus efforts on sensibly
designing the spacing between the soil sampling
points and the number of sample points rather than
simply increasing the number of sampling points.
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CONCLUSIONS
This study has used various interpolation methods to predict the spatial distribution of soil organic
carbon in a Karst of the Houzhai watershed using different sampling scales, and the accuracy of the predicted results was compared. The conclusions are as
follows:
In the spatial variation structure of soil organic
carbon content in Houzhai watershed, the sampling
rate was 150m×150m and the sample number was
2755. The percentage of organic matter detected was
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[11]. Total crude protein content generally increase
with increase in salinity level. This increase become
prominent in salt tolerant plants [12] and in 
 [13]. This protein accumulation indicates the
salt tolerance level of plants in addition organic osmolytes [14, 15, 16, 17, 18, 19, 20, 21].
However, there is no change in protein contents
under saline conditions in     [22,
23]. Thus, hypothesized that, this species have developed specific physiological features which enable
them to grow under harsh saline environmental conditions. These genetically-fixed physiological attributes for stress tolerance can be transferred to salt sensitive lines and cultivars via modern biotechnological techniques. The primary objective of present
study was to investigate the physiological modifications which aid in salt tolerant and salt sensitive populations of  Rottb.


$"#$ #

Populations (Ecotypes) of  
 Rottb. were collected from seven different
sites of Punjab, Pakistan and evaluated for nutrients
uptake under salt stress. For this purpose salt treatments (0mM, 100mM, 200mM, and 300mM) of
NaCl were maintained under water logged conditions with four replicates. N% age increased in all
populations with increase in salt level from 100mM
to 300mM in growth medium. P value increased at
medium level upto 200mM salinity but high level
300mM salinity decreased it. K value decrease with
increase in salt level in growth medium in all populations. All populations responded differently at varying levels of salinity in uptaking of these nutrients.
Maximum uptake of nutrients up to 200mM salinity
showed their better adaptation under harsh saline environment.


(' "#
Nutrients N, P, K, Populations (Ecotypes), NaCl, 
Rottb, salt stress.

Present work was planned to evaluate populations’ adaptation under salt stress. For this purpose
seven populations named as ecotypes of  
 Rottb. were selected from waters of
Head treeemu (Jhang), Head Qadir Abad (Mandi Bahaud Din), Nankana and Shekhupora in Pakistan. for
their degree of salt tolerance and physiological modifications against salt stress. All these populations
were first established in the Research Area, Department of Botany, University of Sargodha, Sargodha
for a period of one year in non-aerated standing water. The vegetative buds with one mature tiller was
transplanted to plastic pots (5liter) and were allowed
to grow in non-aerated flooded water conditions.
Plastic pots were 3/4 filled with a mixture of clayeyloam soils, and then filled with 1L irrigation water
containing Hoagland solution. [15] and maintained 4
levels (0mM, 100mM, 200mM, 300mM) Nacl with
four (4) replicates. Genus  
Rottb. Is comprised of aquatic ecotypes, most of
them are adapted to hyper-saline polluted and fresh
waters. Following nutrients uptake were measured
after completion of project after 12 weeks of salinity
treatment.




$" %$ 
Populations are group of individuals adapted to
a particular set of environmental conditions by particular species [1]. These populations show variable
reflection to different environmental conditions [2,
3]. For this many experiments have been conducted
so for by collecting plants from one habitat and grow
them in the habitat of another population of the same
species. However the transplanted population shows
less growth rate as compared to home locale population. This indicate genetically diverged adaptation of
populations to local environmental conditions [4].
The term ecotype was first time used for genetically
based adaptations to the environment [3].
NaCl may decrease the N, P, K+in most of the
plants [5, 6, 7, 8, 9]. High level of salinity causes imbalance of nutrients in plants. Salinity that was induced by NaCl cause reduction of K+ in root, stem
and leaf of mungbean (    ) seedlings
[10]. Salinity stress disturbs nutrients accumulation
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>=;3/7=< ) * 31/<=387 80 6+=/;3+5 The
dried ground shoot and root material (0.5 g) was
taken in digestion tubes and added 2ml H2SO4 to
each tube. All tubes were incubated at room temperature for one night. Then 05 ml of H2O2 (35% A. R
grade extra pure) was poured down the sides if digestion tube, ported the tube in digestion block and
heated at 350oC until fumes were produced. They
were continued to heat for another 30 minutes. The
digestion tubes were removed from block and
cooled. Now added 0.5 ml H2O2 to each test tube and
place test tubes back in digestion block. This process
was repeated again and again until the cooled material became colorless. Then volume of extract was
made 50 ml and filtered. Then filterate was used for
determining K+ [24].

"88=+7.#288=. K+ was determined by using atomic absorption spectrophotometer (Perkin
Elmer Analyst 300, USA). The values of above mentioned ions from atomic absorption spectrophotometer were compared with standard curve (using 100010000 ppm standards supplied by AAS manufacturer) and total quantities were computed.

!?+5>/<<=36+=387803=;81/7Nitrogen
was estimated by micro- kjeldhal, s apparatus [25].
10ml dijested planterial material was taken in Kjeldhal, s tubes and were placed on Kjeldhal, s Ammonia
distillation unit then 10ml of 40% NaOH was added
to each tube. Take 10ml Boric acid solution in conical flask with few drops of mixed indicator. When

distillate color become changed to yellow, stop distillation. Distillate was cooled for few minutes and
titrate with 0.01  standard H2SO4 until the solution
turned pink again. A blank sample was run to complete the procedure.
N was estimated by following formula:
N %age= (V2-V1) × 0.014 × 100/W
Where V1 and V2 are volumes of standard solution of H2SO4 required to titrate blank and sample
solutions while  shows normality of H2SO4 used
and W is the weight of sample.

!28<928;>< /<=36+=387 Phosphorus (p) was
determined spectrophotometrically. Mixed 2ml digested material with 2ml Barton, s reagent and total
volume was made 50ml. These samples were kept at
room temperature for half an hour before analyzing
Phosphorus. The Barton, s reagent was prepared as
follows:

!;/9+;+=387 80 +;=87 < ;/+1/7= !;/9+;+
=38780+66873>6685B,.+=/<85>=387Dissolved
25g of ammonium molybdate in 400ml of distilled
water.

!;/9+;+=387 80 +-3.3- +66873>6 6/=+?/7
.+=/ <85>=387 Dissolved Ammonium matavendate
(1.25g) in 300ml boiling water, then cooled and
added 250ml conc.HNO3. Solution was cooled again
at room temperature.
Both prepared solutions were mixed and maintained volume up to 1L and stored solution at room
temperature.



$ 
/+7<:>+;/<0;86=2/+7+5B<3<80?+;3+7-/80=2/.+=+08;3=;81/79/;-/7=+1/-;>./9;8=/37-87=/7=08;
<+5373=B=85/;+7-/37.300/;/7=5B+.+9=/./-8=B9/<80"8==,
# &
.0
Root Nitrogen
Shoot Nitrogen
-8=B9/<
6
5.89 ***
3.96 **
$;/+=6/7=$;
3
67.21 ***
58.67***
A$;
18
0.84 ns
0.74ns
*, **, and *** = significant at 0.05, 0.01 and 0.001 levels, respectively
ns = non-significant

Crude protein in root
8.17 ***
95.61 ***
1.45 ns

Crude protein in shoot
9.93***
129.51 ***
1.83 ns

%" 
#28@3713=;81/79/;-/7=+1/37;88=<80</?/7/-8=B9/<80"8==,
>7./;08>;=;/+=6/7=5/?/5<80<+5=<=;/<<
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with increase in salt concentration from 100 mM to
300 mM in growth medium. A gradual and significant increase in this parameter was recorded with increase in salt level in all other ecotypes of Cyperus
Rottb. (Table. 1, Fig.1 and Fig.2)
Phosphorus level in root showed somewhat
variable response to salinity levels. A non-significant increase in this parameter was recorded with increase in salinity level upto 100mM in NanakanaFW, Sheikhupura Site-1, Qadir abad Site-1 and
Jhang river bank ecotypes then significant increase
in phosphorus level was recorded at 200mM salt
level in growth medium. 300mM salt
level in growth medium significantly decrease the
phosphorus level in Nankana Site-2, Nankana Site1, Sheikhupura Site-1 and Jhang river bank ecotypes
of   Rottb. This parameter
gradually decrease in Nankana Site-1 ecotype with
increasing salt level ingrowth medium (Table. 1,
Fig.3).

The experiment was planned in a completely
randomized design (CRD) with two factors (plant
populations and salinity levels). ANOVA of the data
was computed using Ms excel Computer Programme
[26]. Standard error and LSD (least significant difference) at p<0.05 level of significance for each variable (species are in main factor, salinity levels in
subfactors) were calculated to test the differences
among mean values [27].
"#%$#

!?+5>/<Nitrogen %age in root and shoot
increase significantly with increasing salt level in
growth medium. This increase was non-significant
in Nankana Site-2 and Nankana Site-1 ecotypes as
salt level increased from 0mM to 100 mM in medium. There after a significant increase was recorded


%" 
#28@3713=;81/79/;-/7=+1/37<288=<80</?/7/-8=B9/<80"8==,
>7./;08>;=;/+=6/7=5/?/5<80<+5=<=;/<<

%" 
#28@371!28<928;><-87=/7=37;88=<80</?/7/-8=B9/<80"8==,
>7./;08>;=;/+=6/7=5/?/5<80<+5=<=;/<<


$ 
/+7<:>+;/<0;86=2/+7+5B<3<80?+;3+7-/80=2/.+=+08;!28<928;><+7.98=+<<3>6-87=/7=08;<+5373=B
=85/;+7-/37.300/;/7=5B+.+9=/./-8=B9/<80"8==,
# &
.0
Root Phosphrus
Shoot Phosphrus
-8=B9/<
6
1.04 ns
3.82 **
$;/+=6/7=$;
3
3.26 **
1.44ns
A$;
18
1.22 ns
1.49ns
*, **, and *** = significant at 0.05, 0.01 and 0.001 levels, respectively
ns = non-significant
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Root K+
38.98 ***
212.50 ***
8.56 ***

Shoot K+
27.87 ***
209.22 ***
8.17***
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Phosphorus level in shoot was non-signifiRoot K+ significantly and gradually decrease
with increase in salt concentration level in growth
cantly decreased in Sheikhupura Site-1 ecotype
medium in all ecotypes of  
where gradual and significant decrease was recRottb. Except Sheikhupura Site-1 ecotype where
orded. A significant increase in p level in Qadir-Sitenon-significant decrease was recorded at 100, 200
1 and Qadir abad Site-2 ecotypes was noted at
and 300 mM salt level. A non-significant decrease at
100mM and 200mM levels of salinity respectively.
100 mM salt level was also recorded in Sheikhupura
In Nankana Site-2 ecotype where gradual and signifSite-1 ecotype. Thereafter significant decrease was
icant increase was recorded with increasing salinity
recorded with increase in salt level (Table. 2, Fig. 5).
level from 0 mM to 200 mM. Thereafter a significant
Shoot K+ decreased non-significantly in
decrease was noted at 300 mM salt level in growth
Sheikhupura Site-2 and Qadir abad Site-1 ecotypes
medium. Non-significant decrease in p level was recat 100 mM salt level. This decrease was also nonorded in Nankana Site-1 ecotype with increasing salt
significant in Sheikhupura Site-1 and Qadir abad
level in growth medium. Such response was also recSite-1 ecoypes at 200 mM of salinity level but sigorded in Jhang river bank and Sheikhupura Site-2
ecotypes (Table. 2, Fig. 4).
nificant decrease was recorded at 300 mM salt level
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in these ecotypes. All other ecotypes showed significant decrease in shoot k+ level with increase in salt
level from 0 mM to 300mM in growth medium. This
decrease became to maximum level at 300 mM salt
in Jhang river bank ecotype (Table. 2, Fig. 6).
#%## 
Seven ecotypes of  
Rottb. responded differently to different levels of salinity applied in growth medium in relation to structural and functional modifications. Populations
adapted high level of salinity can be regarded as salt
tolerant. All populations subjected to high salinity
level. Protein content can also be affected negatively
or positively by salt stress in accordance to Pang et
al. [28]. The results of certain studies like [29, 30,
31, 32, 33, 13] demonstrate a decrease, or increase,
in protein content in plants treated with different salt
concentrations [21, 19, 17] here have been published
only a few studies aimed at proteome response to salinity in halophytes reviewed in [13, 21] as well as a
comparison of proteome response between related
plant species with contrasting salt tolerance (glycophyte vs a halophyte reviewed in [13]. The few studies aimed at comparison of salt response between a
glycophyte and a halophyte at transcript and protein
levels include a comparison of Arabidopsis thaliana
and Thellungiella halophila studied by [34, 35, 28]
while in   [12]. common wheat Triticum aestivum and T. aestivum-Thinopyrum ponticum amphiploid by [36, 37] and in rice and its wild
relative Porteresia coarctata by [38] and in Kandelia
candel [36].
Contribution of inorganic ions, as well as organic osmolytes for osmotic adjustment are important, not only at cellular level [39, 40, 41] but also
at the whole-plant level as observed by [42] and [43].
Organic osmolytes play a direct role in osmoprotection and reactive oxygen species scavenging, which
also control over-activity of ion channels in accordance with [44, 45, 46, 13].
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which, in turn, may enter into the human food chain
and result in health problems [4-6]. Once entering
into the aquatic environments, only a small fraction
of heavy metal ions stays dissolved in water and a
large quantity of them get deposited in the sediments
due to low solubility, adsorption, hydrolysis and coprecipitation [4, 7-9]. Moreover, heavy metals deposited in the sediments can be released into the
overlying water under the certain conditions thus affecting water quality [10]. Sediments, an important
component of the aquatic habitats, are sensitive indicators for monitoring heavy metals and other pollutants as they not only act as the carrier of contaminants [7], but also the potential secondary sources of
contaminants in aquatic environments [4]. Therefore,
the analysis of aquatic sediments is a useful method
to study the metal pollution in an area [1, 11-14].
Heavy metals contamination in aquatic environments, particularly sediments, has received huge
concern due to their toxicity, persistence and biological accumulation [4, 15, 16]. Their concentrations in
aquatic sediments are affected by both natural environmental factors and anthropogenic factors [1, 16].
Natural sources, which represent that the metal concentration originates from rock weathering and soil
erosion, whereas anthropogenic sources, which include industrial effluents, mining and refining, agricultural drainage, domestic sewage, and atmospheric
deposition, etc. [1, 7, 14, 17, 18]. Among all sources,
anthropogenic activities are the main cause of heavy
metal contamination in sediments.
A number of studies have been done on the concentration, distribution, source and contamination
assessment of heavy metal in sediments of river, lake
and ocean in recent decades [13, 18-23]. Nevertheless, the research about heavy metal contamination
in sediments of artificial lake or reservoir is limited
[14]. In arid and semi-arid areas, a lot of artificial
lakes or reservoirs were built for supplying drinking
water and irrigation water. Therefore, it is necessary
to investigate the concentrations of heavy metals in
these aquatic sediments and assess their environmental risks to protect aquatic environments and human
health. The main objectives of the present work were
to determine the concentrations of heavy metals in
sediments of Wangjiaya reservoir (Figure 1), an artificial lake near one industrial park of northwest

The concentrations of As, Ba, Co, Cr, Cu, Mn,
Ni, Pb, V and Zn in the sediment samples collected
from a reservoir near an industrial park of northwest
China were measured by X-ray fluorescence spectrometry. Their accumulation degrees, contamination levels and ecological risks were evaluated using
the enrichment factor, pollution load index and potential ecological risk index. The investigated sediments had elevated heavy metals as a whole. All analyzed heavy metals presented moderate contamination in the sediments, and the ecological risks of Ba,
Co, Cr, Cu, Mn, Ni, Pb, V and Zn were all in low
ecological risk level, while As revealed moderate
ecological risk level. The comprehensive ecological
risks of the heavy metals were moderate in the sediments. These findings indicate that the reservoir environmental quality was affected by the local industrial activities.
*(!#$ 
Sediment, Heavy metal, Assessment, Ecological risk, Contamination level, Reservoir

 %#!&%!
Environmental pollution and resource degradation have become more serious during the rapidly
economic development. Water contamination is an
important environmental issue in the present. Due to
the rapid urbanization and industrialization, as well
as resource exploitation, a significant amount of pollutants discharged into atmosphere, soil and water.
The pollutants discharged into rivers, lakes and reservoirs are readily accumulated in their sediments
[1], and in any part of the hydrological cycle less
than 1% of pollutants are actually dissolved in the
water, leaving more than 99% to be stored in the sediments [2].
Heavy metals discharged into aquatic environments by natural or anthropogenic sources are one of
the serious pollutants of aquatic environments [3, 4].
Heavy metals in aquatic environments may accumulate in microorganism, aquatic flora and fauna,

1552

$# 

! % 













    !"  ! 



&# 
$?@/D,=0,,9/>,8;7492>4?0>:9(,9254,D,=0>0=A:4="".:,714=0/;:B0=;7,9? 
+$"E49.>807?492;7,9?

China, and to assess heavy metals contamination levels as well as their potential ecological risks in the
sediments.



households located along the reservoir directly release sewage into the reservoir. The main industrial
activities in Changqing industrial park are zinc
smelting, ironworks, coking and coal-fired power
generation [24]. The climate of the study area is a
typical temperate continental monsoon climate (hot
rainy summer and cold dry winter) with the annual
average temperature and the annual precipitation of
11 °C and 610 mm, respectively [24]. Reservoir water mainly serves as domestic water, irrigation water
and fish culture.

%#$ %!$

$?@/D ,=0, Wangjiaya reservoir, an artificial
lake with the longest length 5 km and the greatest
width 2 km, is located in about 20 km northwest of
Baoji city, NW China (Figure 1). It was built in the
middle-lower reach of Qian River in 1970s. The surface area of the reservoir is about 8.8 km2 and it accumulates approximately 9.4 million m3 of water.
The western part and eastern part of the reservoir are
surrounded by farmlands, uncultivated lands and villages, and a main road and a railway run parallel to
the reservoir in the east. In the northern part, the Qian
River enters the reservoir, and nearby on the northeast side lies Changqing industrial park (Figure 1).
Approximately 20,000 peoples live in the industrial
park and 10,000 peoples live in the surrounding villages. There is no domestic sewage treatment system
in the surrounding villages, and therefore many

$,8;70> .:770.?4:9 ,9/ ;=0;,=,?4:9 Thirtyfour sediment sampling sites were covered
Wangjiaya reservoir (Figure 1). At every sampling
site, a surface sediment sample (0-20 cm) was collected using a grab sampler and the exact location
(longitudes and latitudes) of each sampling site was
recorded by a hand-held global positioning system
(GPS) instrument. An uncontaminated sediment
sample from a control point was collected from the
upstream of Qian River which flows into Wangjiaya
reservoir as the reference in the study area for background study. All collected sediment samples were
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where  is the concentration of the element of
interest and  is the concentration of the reference
element for normalization. The reference element is
often characterized by low occurrence variability,
such as Al, Fe, K, Mn, Sc, Ti and Zr [31].  analysis
can assist in differentiating anthropogenic sources
from natural source. A value of close to 1 indicates natural origin, whereas value >10 is considered
to originate mainly from anthropogenic sources [27].
 analysis can also assist in determining the degree
of element enrichment [32]. 2 means deficiency
to minimal enrichment, 2<5 corresponds to
moderate enrichment, 5<20 signifies significant
enrichment, 20<40 indicates very high enrichment, and 40> means extremely high enrichment
[27, 28, 32].
For the sediment sample, the  of heavy metals is defined as [4, 33]

stored in the double sealed polyethylene bags, labeled and then restored in the refrigerator at 4 °C in
the laboratory. Sediment samples were next dried for
about 24 hours to a quality of basic stability by a
freeze drying machine and then flipped, crushed,
sieved through a 1.0 mm nylon sieve to remove
stones, dead organisms and coarse debris before
halving. One half was stored prior to analysis of pH,
organic matter content, magnetic properties and particle composition, whereas the other was ground
with vibration mill and sieved through a 0.075 mm
nylon mesh. All handling was carried out without
contacting with metals, to prevent potential crosscontamination [25].
C;0=4809?,7,9,7D>4>The pH was measured
in a 1:2.5 (sediment : distilled water) mixture with a
pH meter [26]. Magnetic susceptibility (low-frequency magnetic susceptibility χLF and high-frequency magnetic susceptibility χHF) was measured
on 10 g samples with a Bartington MS2 Magnetic
Susceptibility Meter [27, 28]. The organic matter
(OM) content was measured by the loss-on-ignition
(LOI) method. Samples were oven dried at 105 °C,
weighted and then ignited in a muffle furnace at
550 °C for 4 h before being reweighed to determine
the organic material loss [29]. The particle-size composition of sediment, that is clay (< 5 μm), silt (5-50
μm), and sand (50-1000 μm), was determined by a
Mastersizer 2000 laser size analyzer with (NaPO3)6
as the dispersing agent [28].
To analyze metal concentration, 4.0 g of milled
sediment sample was weighed out, put into the pressure-instrument (YYJ-260) mold, flatted, filled with
boric acid, and crushed into a round pellet under 30
t pressures. The contents of As, Ba, Co, Cr, Cu, Mn,
Ni, Pb, V and Zn in sediment samples were determined by wavelength dispersive X-ray fluorescence
spectrometry (XRF, PANalytical PW-2403 apparatus)
[25, 30]. Duplicate samples and standard materials
(GSS-1 and GSD-12) were used for quality control
in the experiment, and the relative errors were less
than 5%.

:9?,849,?4:9 ,9/ .:7:24.,7 =4>6 ,>>0>>
809? To know the accumulation degrees, contamination levels and ecological risks of heavy metals
studied in the sediments, the enrichment factor (),
pollution load index ( ) and the potential ecological risk index ( ) methods were used in this work.
The enrichment factor () of an element, an
important parameter for evaluating the impact degree of human activities on its enrichment, is the normalization of a measured element against a reference
element in a studied sample [27].  is calculated by
the following equation

=[]Sample/[]Background

   



(2)

  

 1

where  is the measured concentration of
heavy metal  in the sediment sample and  is the
background value of heavy metal . In the study,  is
the background concentration of metal  in the control sample. A result of ≤1 means unpolluted,
1< ≤2 indicates unpolluted to moderately polluted, 2< ≤3 means moderately polluted,
3< ≤4 signifies moderately to highly polluted,
4< ≤5 means highly polluted and >5 corresponds to very highly polluted [34-36].
The potential ecological risk index ( ), proposed by Håkanson in 1980 [37], was used to assess
the pollution degree and the ecological risk level of
heavy metals in the studied sediments. The  of
heavy metals was defined as






 1

 1

 1

                


    


 

(3)
(4)

 1

where  is the comprehensive potential ecological risk index of heavy metals in the study sample.  is the potential ecological risk factor of metal
.  is the toxic-response factor of metal , i.e.
As=10, Pb=Cu=Ni=Co=5, Cr=V=2, Zn=Mn=Ba=1
[37-40]. , the pollution index of metal , is equal to
the concentration of metal  in the sample () divided by its background value (). In this study, 
is the concentration of metal  in the control sample.
 is the integrated pollution index for all elements
examined. Since the pollutants considered in this
study are different from that of Håkanson [37], adjustment of the factor standard was made as shown
in Table 1 [36, 41, 42].

(1)
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1
1≤3
3≤6
≥6


10
10≤20
20≤40
40

Contamination level
Low
Moderate
Considerable
Very high

 
15
15≤30
30≤60
60120
≥120


50
50≤ 100
100≤ 200
≥200
 

Ecological risk level
Low risk
Moderate risk
Considerable risk
High risk
Very high risk
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0,AD80?,7.:9.09?=,?4:949>0/4809?Descriptive statistics of heavy metals concentrations in
surface sediments from Wangjiaya reservoir, as well
as the control sample are listed in Table 2. Table 2
shows that the arithmetic mean concentrations, geometric mean concentrations and medians of all analyzed heavy metals in surface sediment of Wangjiaya
reservoir were higher than which in the control sample, especially As, Cu, Mn, Ni and Zn, their maximum concentrations were more than or close to 2
times their corresponding concentrations in the control sample. It can be found that the analyzed heavy
metals were accumulated in the sediment of
Wangjiaya reservoir with a certain degree. The values of the mean concentrations of heavy metals in
sediment of Wangjiaya reservoir divided by their
corresponding concentrations in the control sample
decrease in the order Mn > As > Zn = Cu > Ni > V >
Pb = Co > Ba = Cr. The coefficients of variation
(CVs) of As, Cu, Mn, Ni and Zn are relatively higher
(>10%) than Ba, Co, Cr, Pb and V, indicating that the
variations of their concentrations in the sediments
are larger and hinting the anthropogenic influence on
their concentrations.
Kurtosis values of all studied heavy metals except for Pb are >0 indicating that the distributions of
these heavy metals are steeper than normal [47]. The
skewness values of Cr and Zn are >1, showing that
these two heavy metals positively skew towards
lower concentrations [25, 46], which can also be
confirmed by the fact that their arithmetic mean concentrations are greater than their median concentrations. As a result, the geometric means (GMs) for Cr
and Pb provide more useful data than the arithmetic
means.
Changqing industrial park locates in the northeast of Wangjiaya reservoir. The research of Wang et
al. [24] showed that the concentrations of As, Co, Cr,
Cu, Mn, Ni, Pb and Zn in dust from Changqing industrial park were 23.3, 16.4, 1591.8, 178.2, 346.5,
40.2, 1586.2 and 1918.8 mg kg-1, respectively, which
were significantly higher than their background values in local soil except for Mn.

#$&%$ $&$$! 

"3D>4.:.3084.,7;=:;0=?40>:1>0/4809?The
physicochemical properties of the surface sediments
from Wangjiaya reservoir, Baoji are shown in Figure
2. The pH values ranged from 7.9 to 8.3 with an average of 8.1, which was close to the pH value of the
control sample (8.3). The conductivity values ranged
from 169 to 399 μs cm-1 with an average of 308 μs
cm-1, 2.2 times the control sample (141 μs cm-1).
The organic matter contents in sediment samples ranged from 4.8 to 24.4% with an average of
9.4%, which was 2.0 times the control sample (4.7%)
and was higher than the content of organic matter in
topsoil (6.6%) from Changqing industrial park [43].
The low-frequency magnetic susceptibility (χLF), one
of the most commonly used magnetic parameters,
which represents the total contribution of ferromagnetic minerals [44, 45], varied from 49.9×10-8 to
101.9×10-8 m3 kg-1 with an average of 87.1×10-8 m3
kg-1, which was less than the low-frequency magnetic susceptibility of the control sample (91.7×10-8
m3 kg-1) and the topsoil (147.1×10-8 m3 kg-1) of
Changqing industrial park [43]. The high-frequency
magnetic susceptibility (χHF), varied from 47.0×10-8
to 92.7×10-8 m3 kg-1 with an average of 79.3×10-8 m3
kg-1, which was also lower than the control sample
value (83.8×10-8 m3 kg-1) and the topsoil (132.7×108 3
m kg-1) of Changqing industrial park [43]. The frequency-dependence magnetic susceptibility (χFD,
χFD=(χLF-χHF)/χLF×100), which represents the total
content of super paramagnetic minerals [2, 46], varied from 3.3% to 11.1% with an average of 8.8%,
which was slightly higher than the control sample
value (8.5%) and lower than the topsoil (9.8%) of
Changqing industrial park [43]. The particle matter
(PM) composition of the studied sediment samples
was clay (<5 μm) 33.1%, silt (5-50 μm) 65.2% and
sand (50-1000 μm) 1.7%, while the content of clay,
silt and sand in the control sample was 21.4%, 74.0%
and 4.6%, respectively.


% 
0,AD80?,7.:9.09?=,?4:9>49?30>0/4809?>:1(,9254,D,=0>0=A:4=,9/.:9?=:7>,8;708262 
CV
SkewControl
Element
Min
Max
Mean
GM
SD
Median Kurtosis
(%)
ness
sample
As
6.5
19.4
14.7
14.5
2.4
16.3
15.1
3.7
-1.2
8.0
Ba
514.3
617.9
554.0 553.7
19.3
3.5
552.1
2.9
0.7
502.1
Co
12.9
20.6
18.0
17.9
1.4
7.9
18.0
3.9
-1.4
13.6
Cr
86.4
124.1
96.1
95.9
6.6
6.9
95.2
9.1
2.3
87.2
Cu
24.3
46.9
37.8
37.6
4.3
11.4
38.1
2.1
-0.5
22.9
Mn
685.8 1121.6 950.5 944.2 107.4
11.3
974.8
0.2
-0.7
393.8
Ni
29.7
55.5
46.7
46.4
5.0
10.8
47.3
2.9
-1.0
29.4
Pb
28.6
42.3
35.0
34.9
3.2
9.1
35.2
-0.2
0.3
26.2
V
92.9
126.1
115.3 115.0
7.7
6.6
116.4
1.4
-1.1
80.6
Zn
65.4
334.6
101.9
97.7
42.8
42.0
93.5
28.4
5.1
61.4
GM: geometric mean; SD: standard deviation; CV: coefficient of variation (CV=SD/Mean*100)
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In Changqing industrial park, rainfall and
snowmelt runoffs discharge directly into Qian River
and Wangjiaya reservoir without treatment. The dust
with elevated heavy metals in the industrial park can
directly discharge into Wangjiaya reservoir with
rainfall or snowmelt runoffs thus influence the
aquatic ecosystem and the content of heavy metal in
the sediment. In addition, atmospheric deposition,
industrial wastewater and domestic sewage discharge can also affect the aquatic environment and
the heavy metal concentration in the sediment.
As, Cr, Cu, Ni, Pb and Zn are the most widely
analyzed heavy metals in aquatic sediments. Table 3
compares As, Cr, Cu, Ni, Pb and Zn concentrations
in the sediments from Wangjiaya reservoir with the

data from other reservoirs/artificial lakes and/or
lakes in the world [3, 7, 9, 14, 16, 48-52]. It can be
found that there is a larger difference among the concentrations of heavy metals in the sediments from
different reservoirs or lakes. The reason of this diversity is mainly related to the sources of heavy metals
in the sediments.
:9?,849,?4:9 .3,=,.?0=4>?4.> ,9/ 0.:7:24
.,7=4>6>:130,AD80?,7>49>0/4809?Enrichment
factors (s) of all analyzed heavy metals were calculated for each surface sediment sample relative to
the corresponding concentration values of the control sample, with Zr chosen as the reference element
(Figure 3).


% 
0,AD80?,7.:9.09?=,?4:9>8262 49?30>0/4809?>:1(,9254,D,=0>0=A:4=,9/:?30=,=?414.4,7
7,60>7,60>1=:8?3074?0=,?@=0
Location
Wangjiaya reservoir
Lake Kalimanci
Veeranam Lake
Taihu Lake
Taihu Lake
Taihu Lake
Yilong Lake
Dongting Lake
Dongping Lake
Dianchi Lake
Dianchi Lake

As
14.7
67.69
5.94
9.82
15.46
29.71
25.3
19

Cr
96.1
88.20
41.50
68.09
79.8
39.65
88.92
89.3
78
80

Cu
37.8
415.1
94.12
27.82
34.14
37.4
15.37
47.48
52.0
71
122

Ni
46.7
44.99
63.61
28.72
36.23
14.10

55
118

Pb
35.0
6059
30.06
41.17
33.55
40.2
30.71
60.99
35.3
189
127

Zn
101.9
8420
180.08
65.46
105.55
96.70
29.6
185.25
100.5
140
201

&# 
:C;7:?:1:130,AD80?,7>49?30>0/4809?>
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Figure 3 shows that the  values for Ba and
Cr in most samples were <2, suggesting that Ba and
Cr in the surface sediment of Wangjiaya reservoir
were deficiency to minimal enrichment as a whole.
While, the  values for other heavy metals investigated in the samples were mainly in the range 2-5,

indicating that these heavy metals in the surface sediments correspond to moderate enrichment. The 
analysis results demonstrate that all analyzed heavy
metals, particularly As, Co, Cu, Mn, Ni, Pb, V and
Zn, in the surface sediment of Wangjiaya reservoir
were affected by local human activities.
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The pollution load index ( ) values of heavy
metals for all sediment samples ranged from 1.13 to
1.63 with the mean of 1.49 (Figure 4), indicating the
studied sediment samples were unpolluted to moderately polluted with heavy metals. The calculated results of single pollution index  values of all analyzed heavy metals in the sediments are shown in
Figure 5 as the cumulative frequency distribution. As
shown in Figure 5, the  values of As, Ba, Co, Cr,
Cu, Mn, Ni, Pb, V and Zn were in the range of 0.812.43, 1.02-1.23, 0.95-1.51, 0.99-1.42, 1.06-2.05,
1.74-2.85, 1.01-1.89, 1.09-1.61, 1.15-1.56 and 1.075.45, with an average of 1.84, 1.10, 1.32, 1.10, 1.65,
2.41, 1.59, 1.34, 1.43 and 1.66, respectively. The 
values of Ba, Cr, Cu, Mn, Ni, Pb and V in all sediment samples, As, Co and Zn in 97% sediment samples were in 1-3 indicating moderate contamination.
The integrated pollution index () of heavy metals
studied in the samples was 11.54-18.39 with an average of 15.45 (Figure 4), which are between 10 and
20, indicating the surface sediments of Wangjiaya
reservoir were moderate contamination with the
studied heavy metals. This comprehensive assessment result is consistent with the pollution load index assessment result.

&#
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different from the single pollution index order. The
diversity of mean  values order and mean values order of heavy metals analyzed in the sediments
is related to their toxic-response factors. Although
the pollution index of Mn is the biggest in the sediment samples, while its ecological risk index is
lower than As, Cu, Ni, Pb, Co and V owing to the
toxic-response factor of Mn is smaller than those
metals. The potential ecological risk index ( ) of
heavy metals in the sediments ranges from 37.87 to
67.21 with an average of 58.13 (Figure 4). The 
values of heavy metals in most sediment samples
(94%) were in the range of 50-100, indicating moderate ecological risk. Arsenic is the main contributor
(31.7%) to the potential ecological risk ( ), followed by Cu (14.2%) and Ni (13.7%). Figure 4 further indicates that the sediment sample was polluted
by heavy metals more serious, its ecological risk was
also heavier.
! &$! $
The concentrations, contamination characteristics and ecological risks of As, Ba, Co, Cr, Cu, Mn,
Ni, Pb, V and Zn in the surface sediments of
Wangjiaya reservoir near an industrial park of northwest China have been studied in this work. The investigated surface sediments have elevated heavy
metals compared to the control sample, particularly
As, Cu, Mn and Zn. The maximum concentrations of
As, Cu, Mn and Zn in the sediment were >2 times
their corresponding concentrations in the control
sample. The enrichment factor assessment results
demonstrate that heavy metals determined, particularly As, Co, Cu, Mn, Ni, Pb, V and Zn, in the surface
sediment of Wangjiaya reservoir were affected by local human activities. The contamination degrees of
As, Ba, Co. Cr, Cu, Mn, Ni, Pb, V and Zn in the sediment samples presented moderate contamination
and the integrated pollution levels of heavy metals
studied in the sediments were also moderate. Ba, Co,
Cr, Mn, Ni, Pb, V and Zn presented low ecological
risk in the sediments, while As mainly revealed moderate ecological risk. The comprehensive ecological
risk levels of heavy metals in the sediments were
moderate. This primary work indicates that the environmental quality of Wangjiaya reservoir has been
influenced by the local human activities, e.g. the industrial activities in the industrial park, which should
be caused more concerns by the local government.
Heavy metals contamination and risk in the sediments are not related to their concentrations, but also
depend on the speciation of heavy metals in the sediment. Therefore, the speciation and source of heavy
metals in the sediments will be investigated in the
future research.



The potential ecological risk factor  values
calculated for all analyzed heavy metals in the sediments from Wangjiaya reservoir are shown in Figure
6. It can be seen from Figure 6, the  values of Ba,
Co, Cr, Cu, Mn, Ni, Pb, V and Zn in all samples were
<15 presenting low ecological risk, while the  values of As in 97% samples were in 15-30 revealing
moderate ecological risk. The mean  values for all
analyzed heavy metals in the studied sediments decrease in the order As (18.41) > Cu (8.26) > Ni
(7.93) > Pb (6.68) ≈ Co (6.61) > V (2.86) > Mn
(2.41) > Cr (2.21) > Zn (1.66) > Ba (1.10), which is
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changes by natural processes, as well as anthropogenic activities [3]. In particular, anthropogenic activities, such as reclaiming cropland from lakes and
returning cropland to lakes, have become a major
concern of land cover changes in Dongting Lake region [4]. Therefore, a clear understanding of the spatial and temporal changes of land cover types in the
Dongting Lake region in recent two decades is important.
Remote sensing has been monitoring and capturing the earth land's surface every day and night by
providing spatial and temporal images over large and
inaccessible area for more than six decades [5].
Therefore, remote sensing became an acknowledged
technology for monitoring the land cover changes.
Some optical remote sensing products, such as Moderate Images Spectrometer (MODIS), Advanced
Very High-Resolution Radiometer (AVHRR), and
Satellite Pour 1'Obervation de la Terre (SPOT) with
resolution at 250 m to 1 km, are the very suitable data
resources for studying information of earth surface
[1, 6-11]. Despite short revisiting cycle and large
swath width, these low-resolution products are
mainly available on the detecting of large scale
coarse land cover changes, but the transformation details of land cover types and its ratio remains unknown which usually occurs at a small scale. In order
to settle these problems and detail monitoring earth's
land cover changes, medium remote sensing satellite
data, such as Landsat Thematic Mapper (TM) [12,
13], Landsat Enhanced Thematic Mapper Plus
(ETM+) [7, 14] and Landsat Operational Land Imager (OLI) [12, 15], with resolution of 30 m but revisiting cycle of 16 day, have been widely utilized for
mapping land cover and monitoring its changes.
Numerous researches have been conducted and
various algorithms have been developed for detecting
land cover changes especially over Dongting Lake region using remote sensing satellite technologies. Li et
al. [16] employed the Geographical Information System (GIS) and Remote Sensing (RS) technologies to
study the characterized long-term land cover changes
in Dongting Lake region using the Landsat images
from 1978, 1989, 1998. Their results indicated that
land cover patterns in Dongting Lake region had been
greatly altered by empoldering. Three land type had
changed remarkably. The cultivated land decreased,

Land cover in Dongting Lake region has been
faced high variations during recent decades. Therefore, there has a strong need to investigate and understand the land cover changes in Dongting Lake region
between land cover types. In this study, support vector machine (SVM) classification method was employed to detect changes in land cover dynamic in
Dongting Lake region using Landsat images for the
year 1995, 2006 and 2015. Land cover information
was classified to five categories: waterbody, wetland,
built-up, cropland and forestland. Quantitative analysis, change detection matrix and land cover dynamic
degree were utilized for investigating and assessing
the land cover changes in Dongting Lake region. The
overall accuracy (OA) and kappa coefficient of the
land cover classification results were over 96% and
0.9, respectively. The results indicated that in 1995
about 11.32% of study area was covered by waterbody together with 13.31% of wetland. Nearly 50%
of the area was covered by cropland and remaining
2.59% was covered by built-up. During the period
1995-2015, the change rate of the waterbody was
evaluated at -0.29%, at -0.67% for the wetland and at
-2.47% for the built-up. On the contrary, the forestland and cropland increased by 0.72% and 0.03%,
respectively. In addition, the results of this study can
provide scientific information for government to formulate policy for sustainable land use management in
Dongting Lake region.
-+#&'
Land cover change, Dongting Lake, support vector machine, Landsat TM/OLI
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Land cover changes affect global climate, species diversity and ecosystem balance, which can accelerate land degradation and reduce ecosystem services [1, 2]. It has become a serious environmental
problem. Over the past few decades, land cover in
Dongting Lake region experienced tremendous
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built-up land and water area increased by 0.57%,
8.97% and 0.43% respectively. Zhao and Fang [4]
used the Landsat TM and Landsat MSS to identify
Land use/cover changes and their landscape structures in Dongting Lake region during 1955-1998.
Zhu and Li [17] employed the GIS analytical method
and statistical analysis to detect the characteristic of
land use/land cover changes in Dongting Lake region
based on Landsat TM and ETM+ data acquired at the
end of 1980's and 1990's respectively. However,
these studies had focused primarily on landscape pattern indices, land cover changes and land use dynamic degree between 1950 and 2000, but recent decades land cover changes in Dongting Lake region are
unknown and need to investigate in depth.
In this study, we utilized the SVM method that
employs nine Landsat TM/OLI images senses from
1995 to 2016, to classify the land cover types in
Dongting Lake region. The objectives of this study
are: (1) to obtain land cover types from 1990 to 2015;
(2) to map the land cover types; (3) to analyze the
changes of land cover types. This study can provide
scientific information for government to formulate
policy for sustainable land use management in Dongting Lake region.

in Hubei Province with latitude and longitude range
of 28°42' to 29°38' N and 111°52' to 113°08' E, respectively. It has a lake area of 2579.2 km2. The lake
is in a humid subtropical monsoon climate region
characterized with an annual mean precipitation of
1630 mm and annual mean temperature between 16.6
°C and 17.0 °C [18]. Yangtze River flows into the
lake through the three outlets (Songzi, Taiping and
Ouchi) from north. Xiangjiang River and Zishui
River discharge water into the lake from south, and
Yuanjiang River and Lishui River flow into the lake
from west and northwest, respectively. Moreover, all
water flow back into the Yangtze River at
Chenglingji outlet. It is topographically flat, with the
south, west and east high, and center and west low,
and most of the region has an elevation less than 50
m at sea level. The study is conducted in Dongting
Lake region (28°11'N to 29°48'N, 111°29'E to
113°43'E), and includes 17 counties and districts with
an appropriately total area of 22780 km2. This region
mainly includes Yueyang Lou District, Junshan District, Yunxi District, Yueyang County, Miluo
County, Xiangyin County, Huarong County, Heshan
district, Ziyang District, Yuanjiang City, Nanxian
County, Taojiang County, Dingcheng District, Wuling District, Hanshou County and Anxiang County
(see Figure 1). The main livelihood activity in this region of local people is agriculture, while the main
crops are rice and cotton. In addition, the environment of Dongting Lake region has been greatly
changed by anthropogenic activities in past decades,
threatening biodiversity and water resources.

!(& '"!(#'

'BC2G /@3/ Dongting Lake is located in the
north of Hunan Province and the south bank of middle reach of Yangtze River which is called Jingjiang
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Landsat-5 (Thematic Mapper-TM sensor) and Landsat-8 (Operational Land Imager-OLI sensor) satellite
images were used in this study area for land cover
changes detection. Images were used images during
the dry season (September-November) and cloud
cover less than 10%, because it is easy to detect the
land cover changes. A total of nine images covering
the study area were acquired from United States Geological
Survey
(USGS)
website
at
http://glovis.usgs.gov/. Six TM images were obtained
on 5 December 1995 (path/row, 123/40), 28 December 1995 (path/row, 123/40), 28 December 1995
(path/row, 123/39), 21 September 2006 (path/row,
124/40), 8 November 2006 (path/row, 124/39) and 19
December 2006 (path/row, 123/40). Three OLI datasets were obtained on 16 October 2015 (path/row,
124/39), 25 October 2015 (path/row, 123/40) and 16
October 2015 (path/row, 124/40). The TM and OLI
images have six bands and similar spectral ranges
(e.g. blue: 0.45-0.52µm, green: 0.52-0.60µm, red:
0.63-0.69µm, NIR: 0.76-0.90µm, SWIR1: 1.551.75µm, and SWIR2: 2.08-2.35µm). More detail information about the Landsat images used in this study
area can find in Table 1.
All of these acquired raw image were geo-referenced with Universal Transverse Mercator (UTM)
projection and the World Geodetic System (WGS84). Atmospheric and radiometric correction of all
the raw data must be performed to eliminate atmospheric effects and obtain true ground images. The
digital numbers (DNs) of the TM and OLI images
were convert to radiance value through radiometric
calibration. The Fast Line-of-sight Atmospheric
Analysis of Spectral Hypercubes (FLAASH) was utilized to eliminate the atmospheric effects. FLAASH
is based on MODTRAN5 Radioactive transfer model
which has been recognized by some scholars as one

+/D3:3<5B6I;

&3A=:CB7=<;

Band1(Blue):0.45-0.52
Band2(Green):0.52-0.60
Band3(Red):0.63-0.69
Band4(NIR):0.76-0.90
Band5(SWIR1):1.55-1.75
Band6(TIR):10.40-12.50
Band7(SWIR2):2.08-2.35
Band1(Coastal):0.433-0.453
Band2(Blue):0.450-0.515
Band3(Green):0.525-0.600
Band4(Red):0.630-0.680
Band5(NIR):0.845-0.885
Band6(SWIR1):1.560-1.660
Band7(SWIR2):2.100-2.300
Band8(Pan):0.500-0.680
Band8(Cirrus):1.360-1.390

30
30
30
30
30
120
30
30
30
30
30
30
30
30
15
30

of the most efficient methods for optical images atmosphere correction [19, 20]. The model require several input parameters, such as scene center location,
sensor type, sensor altitude, ground elevation, pixel
size, flight data, flight time GMT, atmospheric, water
retrieval, water absorption features, aerosol model,
aerosol retrieval, initial visibility, spectral polishing,
wavelength recalibration and so on [21]. Some of
these parameters were provided by the satellite image
metadata, while other parameters needed to be selected according to the image data for the study area.
In this study, the calibration and correction were performed with the assistance of ENVI (version 5.3)
desktop software. Radiometric calibration was conducted by using the Landsat Radiometric Calibration
Tool, and atmospheric correction was conducted by
using the FLAASH Atmospheric Correction Tool.
Image co-registration was conducted using Image-toImage Tool to produce fine alignment of images. The
root mean square error (RMSE) for all the image coregistrations was less than one pixel.
'*!0/A32 :/<2 1=D3@ 1:/AA7471/B7=< The
SVM is one of the most popular supervised machine
learning algorithms, and is a learning system based
on statistical learning theory widely used for pattern
recognition [22-25], classification [26] and regression [27,28]. The theory of the SVM was proposed
by [29]. Unlike the maximum likelihood classification, the SVM is a non-parametric classifier and
structural risk minimization. SVM maps input data
into a high dimensional feature space where it may
become linearly separable. In recent years, SVM has
been wildly and successfully used in various field,
such as computer science [30, 31], pattern recognition [32], remote sensing image classification [3336], image processing [37, 38] etc. The basic idea of
SVM is to separate the input training data into two
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classes through a hyperplane with the maximal margin. Hyperplane is created in the original N-dimensional space between the points of two various classes. The goal of the SVM is to generate the optimal
separating hyperplane that separate the training data
by finding a maximum margin. All vectors lying over
the hyperplane are labeled as +1, while on the other
side are labeled as -1. According to this, the new data
can be used to classify the group to which a new record should belong. After the acquisition of the decision surface, the classification and categorization
could be done.
        ,
(1)
        ,
(2)
where is the offset of the discriminating hyperplane
from the origin, and is a coefficient vector that defines the orientation of the hyperplane in the feature
space. More details about the SVM method theory
and formulate can be found in [39-41].

In SVM method, kernel function selection and
its parameters are one of the most important step, because it directly influent the successfully training and
results precision [7]. There are four kernel functions:
linear, polynomial, radial basis function (RBF), and
sigmoid. Linear is a specific case of RBF kernel function, and RBF and sigmoid have similar performance
for some certain parameters. Polynomial and RBF are
also named Gaussian kernel functions which are the
most popular kernel function in SVM. In our study,
RBF was chosen as the kernel function. Then, the
gamma parameter, penalty parameter, pyramid level
and classification probability threshold in RBF were
set to 0.167, 100, 0 and 0.001, respectively. In addition, by employing the SVM method, the land cover
types are classified into five types in the current study
(Table 2).
The methodology used in this study comprises
various steps. The step-by-step processes are presented as a flow chart in Figure 2.

(  
/<2CA31/B35=@73A/<2B637@2347<7B7=<A

1
2
3
4
5

/<2=D3@(G>3
Waterbody
Wetland
Built-up
Cropland
Forestland

3A1@7>B7=<
Surface water bodies: Rivers, lakes, reservoirs, ponds and channels
The Edge of water bodies: floodplain, muskeg, grass and reed land
Artificial land: residential, commercial and industrial land
Agricultural land: paddy field, dryland and irrigated land
Natural and artificial forest
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T1

T2

A1
A2
…
An
Total

A1
P11
P21
…
Pn1
P+1

A2
P12
P22
…
Pn2
P+2

…
…
…
…
…
…

An
P1n
P2n
…
Pnn
P+n

Total
P1+
P2+
…
Pn+
1

( 
#D3@/::/11C@/1G/<29/>>/1=3447173<B

AA3AA;3<B=3447173<B
Overall Accuracy (%)
Kappa coefficient


96.66
0.9525

6/<53 23B31B7=< ;/B@7F Change detection
matrix of land cover changes is derived from the
quantitative description of system state and state transition in system analysis [42]. In the change detection
matrix (Table 3), A1, A2,..., An represent each land
cover type at the time T1 and T2.  indicates the percentage of the total area of land cover type transferred to land cover type during the period T1-T2.
 represents the percentage of the land cover type
that has no change during the period T1-T2.   and
 denote the percentage of the land cover type in
total area at the time T1 and T2, respectively. Each
element in change detection matrix has two characteristics: (1) 0≤ ≤1 and (2)    .
Land cover dynamic change degree. In order to
truly understand the marked changes of land cover in
the study area, the land cover dynamic change degree
was utilized to quantitatively analyze the dynamic
changes of land cover types. The single land cover
dynamic change degree indicates the rate of changes
of a certain land type over a period of time. It can be
expressed as follows:




 




 



96.32
0.9517


96.26
0.9021

verify the accuracy. Confusion matrix is a standardized and commonly used method to measure the accuracy of results. To assess the accuracy of land cover
type classification results, the original images and the
test samples were used to produce the validation data.
The confusion matrix was computed automatically in
ENVI based on validation data. Consequently, the
overall accuracy (OA) and kappa coefficient were
calculated from the confusion matrix for 1995, 2006
and 2015, and are shown in Table 4. The OAs for
1995, 2006 and 2015 were 96.66%, 96.32% and
96.26% with the kappa coefficients of 0.9525, 0.9517
and 0.9021, respectively. It was reported that the OAs
above 90% and kappa coefficient above 0.9 consider
good classification [45]. Therefore, the classification
results in this study are successfully accomplished.

/<2 1=D3@ 7< B63 ABC2G /@3/ 7< 

/<2
. Area and proportions of each land cover
type of the year 1995, 2006 and 2015 is summarized
in Table 5. The proportions of each land cover type
for the three periods are also shown in Figure 3.
The total area of cropland and forestland always
exceeded 72% of the study area during the year from
1995 to 2015. The most remarkable changes were the
increase in forestland and the decrease in build-up
area between 1995 and 2015. The area of forestland
was about 48.58% in 1995 and increased to 48.58%
in 2006 and 48.58% in 2015, with an increasing by
9.8% between 1990 and 2006 and 4.1% between
2006 and 2015. The area of waterbody and wetland
were approximately 11.32% and 13.31% in 1995 and
decreased to 8.67% and 9.67% in 2006, with an annual average shrinking rate at 54.79 km2, and increased to 10.65% and 11.51% in 2015, increasing by
451.08 km2 and 421.14 km2, respectively. While, the
area of cropland increased from 48.58% to 53.61%
from 1995 to 2006, increasing by 1164.9 km2, and
decreased to 45.85% in 2015. It can be seen that the
phenomenon of reclamation of lakes was still serious,
the area of cropland increased and the area of waterbody and wetland decreased. Residents around

(3)

where  denotes the land cover dynamic change degree of the land cover type over a period of time. 
and   indicate the total area of land cover type at
the beginning time k and the end time , respectively.  is the time interval. In the current study, the
unit of  is set to years. So, the  is the years land
cover changes rate of a certain land cover type.


&') ('"')''#"

11C@/1G/AA3AA;3<B4=@1:/AA7471/B7=< Accuracy assessment is an important step in land cover
type classification to determine the results quality and
errors. Confusion matrix [43] and receiver operating
characteristic curve (ROC) [44] are two methods to
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Dongting Lake region occupied part of the wetland
and reclaimed it as cropland to meet the growing economic demand. Although the local region had been
experiencing fast economic development, the shrinking of wetlands and waterbodies had degraded the local ecosystem, which is not conducive to the sustainable development of Dongting Lake region. However, this phenomenon had been alleviated between
2006 and 2015, which is related to the efforts of government to promote the activities of returning farmland to lakes and the increase in precipitation. In contrast, the build-up coverage decreased the most during the study period. The area of build-up decreased
from 2.59% to 1.48% during the year from 1995 to
2006 and then decreased further to 1.48% from 2006
to 2015. In the study area, most houses are distributed
sparsely in the edge of forest or cropland. In vegetation growing season, built-up area is surround with
vegetation or covered by vegetation, resulting the
spectral information as vegetation. So, the classification accuracy of built-up area was lower than other
land cover types.
Land cover type classification map during three
stages were produced with the help of ENVI 5.3 and
ArcGIS 10.3 software (Figure 4). The classification
map showed the extent and spatial distribution pattern of the five land cover types derived from Landsat-5 TM and Landsat-8 OLI images at the year 1995,
2006 and 2015. Areas primary classified as forestland
were mostly in the east and southeast. Cropland cover
was primary distributed in the north, northwest, center and south. Build-up cover was distributed sparsely
in cropland and edge of forest. Wetland cover was
distributed around the edge of Dongting Lake and
some rivers.

(30.59%), and wetland to cropland (36.92%). The
most stable land cover types were cropland and forestland, which covered 81.91% and 75.77% of the
study area, respectively. According to the Land cover
classification map in Figure 4, it can be obviously observed that Dongting Lake was shrinked in 2006
compared to that in 1995. And the waterbody in the
northern lake region was relatively sparse. The original waterbody and wetland were occupied by
cropland. There were two reasons caused this result:
(1) the decrease in annual rainfall resulting in low water level; (2) the local residents around the lake occupied a large area of wetland and waterbody for reclamation this land into cropland. The retention rate of
built-up was very low with 291.53 km2 transferred to
cropland. This reason was that many settlements and
roads were located in the cropland. Combined with
124.79 km2 of cropland converted into built-up analysis of the situation, in addition to the above mentioned of the mixed pixel problem in Landsat
TM/OLI images, the new rural construction, residential relocation and urban greening rate increased can
also be the reason. So, there was such a large area of
cropland and built-up converted into each other.
As measured from 2006 to 2015, cropland
transformed from other land cover type was lower
than that of the first decade (Table 7, Figure 5(c) and
(d)). About 5.46% of waterbody, 8.12% of wetland,
1.19% of build-up and 10.20% of forestland were
transformed into cropland (Table 7). While about
77.32% of waterbody remained unchanged, the area
converted to cropland was reduced to 10.8%. Compared to the first decade, the area of wetland was increased by 10%, and cropland and forestland transformed into wetland were increased by 1.64% and
4.11%, respectively. During this period, the increase
of forestland was related to the intensification of local
afforestation activities. Firstly, this activity was to restore the ecology of Dongting Lake area. Secondly,
artificial forest had certain economic values. In combination with the decrease of forestland retention
rate, it can be concluded that the phenomenon of deforestation in Dongting Lake region was still serious.
The results also explained that forestland transformed
into cropland were maintained at about 17% from
1995 to 2006 and 2006 to 2015.

/<2 1=D3@ 16/<53A /</:GA7A The statistics
data for each land cover type in Dongting Lake region
over the study period was shown in Table 5. The
change detection matrix indicating the dynamic
changes between each land cover type during the period from 1995 to 2006 and 2006 to 2015 were revealed in Table 6, Table 7 and Figure 5. As observed
from 1995 to 2006, the main land cover type conversion (Table 6, Figure 5(a) and (b)) comprised of
changes from cropland to wetland (6.48%), cropland
to forestland (8.55%), waterbody to cropland
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Waterbody
Wetland
Built-up
Cropland
Forestland
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2578.17
3031.64
590.18
11065.91
5515.06
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13.31
2.59
48.58
24.21
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1975.50
2201.96
336.81
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Waterbody
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Cropland
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Waterbody
-2.13
2.54
-0.29
Wetland
-2.49
2.13
-0.67
Built-up
3.90
-1.27
-2.47
Cropland
0.94
-0.99
0.03
Forestland
0.89
0.46
0.72





Land cover dynamic change degree analysis.
During the period of 1995-2006, the largest land
cover dynamic degree in Dongting Lake region was
built-up, and then followed by wetland, waterbody
and cropland (Table 8). It demonstrated that the rate
of changes of built-up was speed up, as the small
built-up areas scattered in the cropland were disappeared and the built-up around the edge of wetland
were decreased. This indicated that the local government had played much attention to the ecological environment protection, and moved the settlements to
the concentrated areas reducing the interference of
human activities to wetland. The rate of changes of
waterbody and wetland was at the same speed which
was due to the rare autumn drought in 2006 caused
by the lake surface water area decreased and tributaries narrowed, waterbody and wetland were occupied
by residents to carry out activities such as reclamation. Compared with the land cover dynamic degree
between 1995 and 2006, the largest land cover dynamic degree was waterbody, and then was wetland,
built-up and cropland over the period 2006 and 2015.

It can be concluded that the Dongting Lake region
gradually recovered from the drought, the water level
returned to normal, the Lake surface water areas increased. In recent years, efforts have been made to
return cropland to lakes. The cropland of Dongting
Lake region has been reduced. Wetland and waterbody have been further restored.

#" )'#"'


This study has performed to understand the dynamics of land cover changes in Dongting Lake region for the year of 1995, 2006 and 2015 based on
remote sensing. A total of nine sense images of Landsat-5 TM and Landsat-8 OLI imagery covering the
study area provide a strong time-series data support
for temporal and spatial land cover dynamic changes
monitoring. This study is the first time to use SVM
method to detail evaluation of land cover dynamic
changes at Dongting Lake region over the period
1995-2015. Land cover types were divided into five
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systems are not required. Atmospheric discharge
systems are also more practical and portable, so these
systems are used for lots of applications like material
process, deposition and bacteria inactivation [6, 1316]. Especially, plasma applications have received
considerable attention microbiologically. Potential
applications have included most of areas like industrial applications, medical uses, ensuring safety and
quality of foods. Food safety is also an important crucial issue for food industry, regulatory agencies and
consumers. Food-borne pathogens cause significant
public health risks and economic impacts [17].
Therefore, sterilization is important and crucial in
these areas. There are many criteria for method of
detection such as material, safety, and expense [18].
These methods have different properties and wide
usage in microbiology. However, conventional sterilization methods have some limitations such as
damage risk of the medical material because of high
temperature. These limitations have led to the search
for new techniques and technologies. Therefore, recently atmospheric plasma applications have received significant attention. These applications can
be an alternative sterilization and decontamination
technique [19]. Plasma methods for sterilization are
more advantageous. Kelly-Wintenberg et al [18] reports that the batch processing, high temperature,
pressure and radiation are not required with plasma
sterilization technology. Atmospheric plasma systems provide the useful sterilization solution without
immortalities according to the general inactivation
methods. Temperature of atmospheric plasma used
for inactivation is lower than heating sterilization
systems. Therefore, plasma systems are much safer
and preferable. Chemical danger has not been observed for the atmospheric plasmas. Atmospheric
discharge systems have also an advantage regarding
requirement since application time is nearly 1 minute. That is enough for inactivation done in this experiment and in the application of wide range of materials, and harmless for patients, operators [20]. Gas
or gas mixture selected in the experiment, and discharge system design is much effective on inactivation level. For example, there are two main advantages of dielectric barrier discharge (DBD)
plasma; low power density and dielectric material
using. Gas temperature of plasma is at around room
temperature due to the low power density of plasma

Plasma is used for many applications such as
coating, cleaning, etc. Atmospheric pressure plasma
jets can also be used for sterilization. Different types
of gases, different electrode design and different microorganism types have been tried for better inactivation recently. Alternative current cold atmospheric
pressure (ACP) argon and argon-hydrogen mixture
plasmas at the dielectric barrier discharge-like
(DBD-like) systems are separately used in this experiment. Different types of microorganism such as
   ,   ,  
,     ,      ,  
   and     were used
for the inactivation tests in this study. The main aim
was to see the differences of sterilization effect between pure argon and argon-hydrogen mixture discharges by using the new system and to compare the
effects of plasma sterilization with different daily
disinfectants. It is concluded that the inactivation effects of argon-hydrogen plasma generally have better effect than pure argon discharge. Further investigation of microorganism viability by scanning electron microscopy (SEM) demonstrated that ACP
treatment had a detrimental effect on the  
 and      cells through disintegration of both prokaryotic and eukaryotic cells. The results of this study demonstrate the potential of an
ACP decontamination approach for the inactivation
of different microorganisms.


+*#%&
Atmospheric pressure glow-like discharge, Inactivation,
Microorganism, SEM
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Plasmas are obtained by using air, neon, argon,
helium, helium-oxygen mixture, helium-nitrogen
mixture etc. and can be used for sterilization. Electrode and discharge chamber designs are important
factors for the application type. The gas or gas mixture used to obtain plasmas creates different effects
[1-12]. Atmospheric plasma provides cheaper solutions than low-pressure plasmas because vacuum
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and dielectric material avoids the arc risk. These advantages play an important role in many areas that
have strict safety precautions [21]. For example, the
health application of plasma is dilution of impurity
concentration. Non-thermal plasmas can also be used
for air emission control [22-23]. This type of plasmas
is promising for the solution of the environmental
pollution [24]. Direct application of non-LTE plasma
at atmospheric pressure is used for the blood coagulation mechanism. There are almost no thermal and
electrical effects of plasma on the blood. Marked
changing on pH and Ca+2 concentration is not observed. DBD plasma application provides the blood
coagulation except any damage [25]. Tooth bleaching is another application field of plasma, too. Nonthermal atmospheric helium plasma jet device can be
used for tooth bleaching and the results have been
reported in the literature [26].
We selected these representative bacteria for
the following reasons; the kinds of general foodborne pathogens are  and 
    causing severe diseases and in some
cases even death [27].
It can be said that plasma sterilization effect depends on device set-up, gas pressure, type, flow, and
frequency, power of plasma excitation and gas composition. Most of the systems use expensive gases
such as helium and neon. The replacement of expensive gases by more economical gases, such as argon
and hydrogen may reduce costs in various applications [28-29-30]. Argon and hydrogen gases have
been preferred in this experiment because a nobble
gas (argon) and a reactive gas (hydrogen) are usually
used for DBD (dielectric barrier discharge)-like systems [21]. It is also well known that argon plasma is

generally used for bacteria inactivation [5-6-8-31].
Hydrogen gas is selected for the reactive representation because hydrogen plasma can be generated easier than oxygen at atmospheric pressure.
In this study, we reported the results of an application for atmospheric pressure plasmas (pure Ar
and Ar+H2 mixture) at room temperature on four
types of bacteria and three types of yeasts;   
         and 
    using the pencil-like
discharge system for sterilization.


!'% &"!'#&

!1-?A>191:@ First, we set up a discharge system occurred from two copper outer electrodes with
high voltage and ground. This system has two issues,
which are electrical arc and overheating for Ar/H2
mixture plasma. Temperature measurements on the
copper electrodes with thermocouple resulted in 7590oC. Because of these issues, another system is set
up and launched.
The quartz tube with mixing part occurs the second system mentioned above, ELES high voltage
AC power supply with frequency controller. The
power supply can be set from 4kV up to 20kV between 7kHz and 24kHz frequency. Quartz tube has
180mm length, 3mm inner, and 5mm outer diameter.
The length tungsten wire electrode with 100mm
places in the quartz tube. Outer electrode was built
from aluminium, and it has 12.5mm thickness,
40mm diameter. Inner electrode conducts high voltage and outer electrode is used as ground (Figure 1).
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Tungsten and aluminium electrode discharge
system have no electrical arc and electrode temperatures resulted 42-50oC. Owing to these advantages,
aluminium-tungsten discharge system can be operated longer time.
Optical emission spectra (OES) data are given
by Ocean Optics HR2000+ spectrum device. The device can give 200-1200nm range spectra data. The
plasma temperature was measured using with Fluke
CNX t3000 thermocouple. Pure argon discharge has
41.5oC, argon and hydrogen mixture discharge has
also 39.5oC temperature.
OES graphs for two different discharges are
presented in Figures (2 A and B). Intensity of
750.51nm wavelength of argon-hydrogen mixture
discharge is 3.8 times greater than pure argon discharge’s (1945.05a.u. to 511.18a.u.). Other wavelengths of mixture discharge also have bigger intensities than pure argon discharge. Naturally, hydrogen
has one peak at 922.9nm. Intensity of nitrogen peaks
decrease in mixture plasma and one of them is almost
lost.

in plastic bags in the fridge.
 ,  , 
   and     were cultured
in Nutrient broth.          
   and     were also cultured in
Sabouraud Dextrose Agar in 24h at 37°C. Optical
density of bacterial cultures was measured using a
spectrophotometer at 600 nm. Approximately inoculum 108CFU/ml was extended onto plates. Plasma
treatment of the plate was applied. In another set up,
microorganisms were spread on plates with swab
bacteria. The surface layers of plates were exposed
to pure Argon (Ar) and Argon - Hydrogen (H2) mixture atmospheric plasma jets. The treatment time was
chosen as 1 min. 4l/min Ar gas and 1l/min H2 gas
and 4l/min pure argon gas was sent to quartz tube.
Power supply was set to 8kV and frequency was selected to 15kHz for each of two experiments. The
discharge has around 3cm and 2.5cm jet length for
Ar/H2 mixture and pure argon, respectively. The petri dishes were placed in two different distance; 1cm
and 3cm. Plates were incubated overnight after
plasma treatment for 24h at 37°C. Next day, the antimicrobial activity zones were detected in order to
check the efficiency of antimicrobial inactivation using cold plasma treatment. In addition, after 48
hours, the efficiency of antimicrobial inactivation of
plasma was checked.

-/@1>5-8 ?@>-5:? -:0 .-/@1>5-8 ?A?<1:?5;:?
<>1<->-@5;:  Four bacterial and three yeast strains
were used in this study.
  
ATCC35218),    (NRRL-NRS744,
  (ATCC51299),  
  (ATCC19111),     
(ATCC90028),        (ATCC90030)
     (ATCC6258) have been obtained from the microbiology stock culture from the
Microbiology Laboratory of Biology Department,
Faculty of Science of Anadolu University.
Microbial inactivation was detected using the
spread plate method. First, the experiment glass petri
dishes were sterilized and then a thin layer (5mm) of
Nutrient Agar was poured into each plate. Each plate
was cooled until it became solid. Plates were stored

;9<->5?;: ;2 @41 221/@ ;2 :@595/>;.5-8
$8-?9--:0&;915?5:21/@-:@? In order to compare the effectiveness of plasma sterilization and
general disinfectants, a basic experiment was designed. For this purpose, the daily and common disinfectants (liquid soap, alcohol, sodium hypochlorite, zephiran chloride) were used as a sample to
determine the antimicrobial activity. Antibacterial
activity was tested by using disc diffusion techniques
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in petri dishes by quantifying the clear zone of inhibition around the disc. Microorganisms were spread
on plates with swab. Discs were made out of cutter
and disinfectants were added. Test organisms were
 ,  ,  
 ,    ,     ,
     and   . Zone of inhibition on agar plate was measured in millimetre after
24 hours of incubation at 37°C.

ment. Cells were prepared as liquid culture suspensions. After argon-hydrogen plasma treatment, for
collection of microorganisms by filtration, one millilitre of culture suspensions were passed through
GV filter with a pore diameter of 0.22 mm. After
samples were dehydrated, they were coated with
gold particles. Samples were examined with Zeiss
Ultraplus scanning electron microscope (SEM).

&/-::5:3 81/@>;: !5/>;?/;<E  Representatives of bacteria (   and  
) and yeast (    ) samples were
used for examination of cellular damage using scanning electron microscopy (SEM) after plasma treat


%&( '&

Antimicrobial effects of cold plasma can be detected and measured by inhibition zones on agar
plates in Figures (3 and 4)
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The main variable for each microorganism is
the distance and plasma type. The experiments have
been done for two different distances as 1cm and
3cm. Effects of the distance are easily visible and almost equal. The sterilization effect of plasma types
is different on microorganisms. Argon and hydrogen
mixture plasma treatment is more effective than Argon plasma. After 48 hours, it is seen that plasma
treatment was still effective for sterilization (Figure
5).
The results for all application distances, microorganism types and zone diameters observed are represented in Table 1. Daily disinfectants and plasma
antimicrobial effectiveness can be compared. When
the results were evaluated, the concentrated sodium
hypochlorite and zephiran chloride were more effective disinfectants than alcohol and liquid soap on
both bacteria and yeast sterilization. When we compared them with the plasma sterilization, Ar+H2 mixture plasma effect on     ,   
   and    was more than effect of
zephiran chloride, liquid soap and alcohol. Antimicrobial effect of Ar+H2 mixture plasma is nearly



same to sodium hypochlorite. The influences on
  and   Ar+H2
mixture plasma are better than zephiran chloride, liquid soap, sodium hypochlorite and alcohol. On the
other hand, the effects of Ar+H2 mixture plasma on
   and     are
nearly the same as sodium hypochlorite and liquid
soap. Also, Ar+H2 mixture plasma and zephiran
choloride have nearly the same effects on  
  Both Ar plasma and Ar+H plasma
antimicrobial effectiveness on both bacteria and
yeast are more than alcohol (Figure 6).
SEM images of treated and untreated cells are
shown in Figure 7. Smooth bacterial cells were observed in   samples before plasma treatment.
After plasma treatment, the morphology of cells was
changed compared to the untreated cells. Most of the
cells showed dents or holes on their surface.
 ’s cell debris increased after treatment and
endospores were observed out of the cell.   
  showed cell deformations after plasma
treatment.
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charged particles, electrons and ions can result in
&(&&#""#" (&#"
breaking of chemical bonds, cause erosion through
etching, formation of lesions and openings in the
There are many studies on plasma applications
membranes, inducing further penetration of plasma
in the literature such as removal of organic pollutoxic compounds inside a bacterial cell [35-36]. In
tants, chemicals and textile dyes [32-33-34]. In addiagreement with their studies, we observed cell defortion to such applications the cold plasma technology
mations after plasma treatment
can be an alternative disinfection method. The bioIn our study,   was used as a gram
logical cells are affected by the various reactive spenegative bacterial representatives.  
cies of plasma. This effect causes permanent changes
 and   were also used gram posiin them at cellular level and morphology, leading to
tive representatives and     ,   
inactivation.
   and    were used as yeast repGallagher et al. 2007 and Moreau et al. 2008
resentatives. The argon and argon-hydrogen mixture
reported that bombardment on the cell wall by
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plasmas for inactivation of ,   
  ,   ,    and
  are effective. Especially argon-hydrogen
plasma is more effective than argon plasma. Argonhydrogen plasma can be used instead of many disinfectants. This type of plasma has a considerable antimicrobial effect and less harmful compared to disinfectants. If we evaluate the advantages of plasma,
alcohols are non-sporicidal, so they are not recommended for sterilization. However, they are widely
used for both hard-surface disinfection and skin antisepsis. Zephiran choloride (Benzalkonium Chloride) causes systemic and local toxic reactions involving nose, eyes, ears, and lungs. Hypochlorite solutions and vapour are irritating and corrosive to the
eyes, skin, and respiratory tract. Burning of the eyes,
nose, and throat can be caused when exposured to
gases released from hypochlorite. Hypochlorite solutions have harmful effects on gastrointestinal, dermal, ocular, respiratory systems (ATSDR) [37-38].
Considering these negative properties, plasma has
the potential to be a new alternative to traditional disinfectants.
The argon and argon-hydrogen mixture plasmas for inactivation of ,    
  ,   ,    and 
 are effective. Especially argon-hydrogen
plasma is more effective than argon plasma. In addition, these results we applied SEM for cell damage
after argon-hydrogen plasma. We obtained efficient
results especially for 
The results represent several potential applications for atmospheric cold plasma as a practical
method. In addition, plasma applications with different gas types make this method more useful. For this
reason, the gas types’ sterilizations have different effects on microorganisms. Changes of gas types and
effective (positive) results of applications make economically better plasma sterilization.
In conclusion, we studied with new gas combination to generate plasma and investigated the effects of this new combination sterilization. Grampositive, gram-negative bacteria and yeast representatives were exposed to pure argon and argon – hydrogen mixture plasmas for antimicrobial activity.
To observe sterilization effect, zone diameters were
measured after pure argon plasma and argon – hydrogen mixture plasma treatment. Then the results
were compared with the untreated microorganisms.
The activity of argon and hydrogen mixture plasma
was more effective. We also compared this activity
with daily disinfectants. All results showed that this
new combination could be an alternative technique
for sterilization. In the future works, the mechanisms
of plasma sterilization effects can be studied on different bacterial strains. For example, food-borne
pathogens, clinical isolates (pathogens) or biofilm
producing isolates can be selected for test. The reason for that, strains’ features can affect results, cultivation conditions alter physiological conditions of

microbial cells. These parameters can modify sterilization results. Therefore, our study is preliminary
study for detailed studies.
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limiting in aquatic systems [3, 4], such that both may
control primary producer populations and mediate
competition. Indeed, both N and P are thought to
control aquatic plant abundances [5-7], potentially in
concert with other limiting resources.
Declines in submerged macrophyte abundance
and diversity have become a global issue in shallow
lakes as a result of eutrophication with increasing N
and P concentrations [8, 9]. The enrichment of N and
P can adversely influence the growth of submerged
macrophytes [10-11]. N:P ratio can influence the
productivity and species composition of plant communities in freshwater ecosystems [12, 13]. N:P stoichiometry of submerged vegetation and floatingleaved plants could be influenced by sediment and
water column nutrient availability because the two
macrophytes group rely on the surrounding sediment
and water to satisfy their N and P requirements [14,
15]. The relative concentrations of N:P ratio may
play an important role in determining which primary
producers dominate as well, as emphasized in ecological stoichiometry theory [16, 17]. Some work
supports macrophytes having constrained N:P ratios
suggesting that those species may have different performance under different nutrient loading ratios [18,
19]. Thus, changes in N:P stoichiometry in plants
may have important implications for the ecological
functioning of lake ecosystems. Yandong Lake and
Yanxi Lake are located in Wuhan city, Hubei province. The two lakes were important in Donghu–
Beihu watershed, but there were few studies carried
out on the lakes in domestic. In this paper, our objectives were to: (i) explicit N, and P stoichiometry of
submerged macrophytes and floating-leaved plants
in the two lakes. (ii) increase understanding of the
decline of this submerged macrophyte and floatingleaved plants during eutrophication.

Nitrogen (N) and phosphorus (P) are the two
most important essential elements limiting growth of
primary producers. N:P ratios are widely used as indices of nutrient limitation in terrestrial ecosystems.
To explore nitrogen (N) and phosphorus (P) stoichiometry of submerged macrophytes and floatingleaved plants in response to nutrient availability and
evaluate significance of these responses to fitness of
the plants in Yandong Lake and Yanxi Lake, we
measured and evaluated changes in N and P concentrations, N:P ratios of submerged and floating-leaved
plants. We first found that the aquatic macrophytes
in Yandong Lake were abundant, but the community
structure was simple with few species. Species diversity and community composition varied greatly in
Yanxi Lake, but the macrophytes only distributed in
the lake shore. Results showed that the TN concentrations, TP concentrations and N:P ratios in plants
showed a different pattern in different species. However, variation of plant stoichiometry was relatively
stable in different month. Based on our study, it suggested that submerged and floating-leaved plants in
Yandong Lake and Yanxi Lake were primarily limited by nutrient availability and low light levels. Additionally, N:P stoichiometry can be a useful indicator of inter-specific variation in plant.


'% !
N and P stoichiometry, submerged macrophytes, floatingleaved plants, lake management, nutrient availability

" #"
Nitrogen (N) and phosphorus (P) can play diverse roles in aquatic ecosystems, are often the primary limiting nutrients among the inorganic nutrients decided the growth and reproduction in aquatic
plants [1-2], and can also cause eutrophication of
water bodies. Both N and P can be limiting or co-
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7+)<1767.')6,76/)3-)6,')6@1)3-)476/<0-51,,4-)6,47?-:')6/<B- 1>-:016)
" !"!

!<=,A ;1<-; )6, .1-4, ;)58416/; The Large
East Lake Ecological Water-network Engineering
connected the East Lake, Sha Lake, Bei Lake,
Yangchun Lake, Yandong Lake, Yanxi Lake, linked
with the Yangtze river by channels (Figure 1). Yandong Lake (114°31′29″~114°35′14″ E, 30°31′39″
~30°33′28″ N) (Figure 1, Table 1) with a total water
area about 8.66 km2, perennial water depth about 3
m, annual average temperature 18.6  and annual
average rainfall of 285 mm, is a medium-sized shallow lake at Huashan town in Hongshan district (Figure 1). Yanxi Lake (114°26′42″~114°31′6″ E,
30°32 ′18″~30°36′4″ N) (Figure 1, Table 1) is located in the east of Wuchang district, covering an
area of about 20 km2, East Lake in Wuchang to the
west and north near the Yangtze river, with perennial
water depth about 2.4 m, the storage capacity of 0.22
million cubic meters, annual average temperature
16.3 , the average frost-free period 245 d, the rainfall of 220 mm, controlled by the artificial lake reservoir governance type (Figure 1).
The abundance of macrophytes was measured
by random sampling (three replicates) at each site
with a long handled scythe-type sampler (0.2 m2 in
sampling area). All macrophytes were cleaned,
sorted by species, and then weighed for wet biomass,
respectively. Aboveground parts (stems and leaves)
of the plant were collected and put into zip-lock bags
with water proof labels. Corresponding water was
taken from 0.5 m below the water surface. Surface

sediments were collected from the top 0–10-cm layers of undisturbed sediments with a columnar sampling instrument (acrylic glasstube, 5 cm inner diameter). All the samples were put into icebox and taken
back to laboratory for further analysis. Water depth
(WD), transparency (SD) were measured at the same
locations. WD was determined by a sounding lead.
SD was measured by a Secchi disk. In situ profiles
of pH, dissolved oxygen (DO), turbidity, specific
conductivity, and TDS were measured using a portable water-quality analyzer (5-STAR, ThermoOrion, American). Water samples were analyzed for
TP, TN, NH4+-N, NO3--N, NO2-N, COD, BOD and
chlorophyll a in accordance with standard methods
(Water Environment Protection Directory, China’s
Ministry of Environmental Protection).

)*7:)<7:A )6)4A;1; The collected macrophytes were washed carefully to remove epiphytic
algae, sediment, and invertebrates. The samples of
macrophytes and sediments were oven-dried at
80 °C for 48 h to constant weights and then ground
into fine powder before the elemental analyses. The
N concentrations of plant tissues (stems and leaves)
and sediments were determined by a Kjeldahl azotometer (ATN-500, Shanghai, China). The total P was
measured using a sulfuric acid/hydrogen peroxide
digest and the ammonium molybdate ascorbic acid
methods [20]. Sediment water content was determined gravimetrically by oven-drying at 105 °C to
achieve constant weights. Total nitrogen (TN), total
phosphorus (TP), and chlorophyll a (Chl a) of water
samples were measured according to Chinese standard methods [21].

1584

$#

! % 









!"  ! 




" 
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Geographic

Water trophic

Sediment trophic

Parameter
Area (km2)
Longitude
Latitude
WD(cm)
SD(cm)
SD:WD
TP(mgL-1)
TN(mgL-1)
TDS
pH
NH4 +-N(mgL-1)
NO3--N(mgL-1)
NO2-N(mgL-1)
DO(mgL-1)
Chla(mg L-1)
COD(mgL-1)
BOD(mgL-1)
Turbidity(NTU)
TN(mgL-1)
TP(mgL-1)

Yandong Lake
8.66
114°31′29″~114°35′14″
30° 31′39″~30°33′28″
240
225
0.94
0.06
0.32
221
7.92
0.05
0.047
0.003
6.8
0.04
3.75
3.11
0.29
2.05
0.19

)<))6)4A;1;The N and P concentrations and
the N:P ratios at species level were compared with
one-way ANOVA. Duncan’s test was used to test the
significance between means. Significance was set at
0.05 (SPSS 22.0 for Windows). 


!#"!

6>1:765-6<)4 +76,1<176; 16 ;-,15-6< )6,
?)<-:+74=56 The average concentrations of sediment N, and P were 2.05, and 0.19 mg g−1, respectively in Yandong Lake, while 3.76 and 0.84 mg g−1
in Yanxi Lake (Table 1). The average sediment N:P
ratio was 4:1 by mass in Yandong Lake, while 6:1 in
Yanxi Lake. The mean concentrations of TN, TP,
and Chl a in water column were 0.32 mg L−1, 0.06
mg L−1, and 0.04 mg L−1 in Yandong Lake, respectively, while 1.14 mg L−1, 0.539 mg L−1, 0.11 mg L−1
respectively in Yanxi Lake. The mean water depth
where macrophyte sampling occurred and its associated SD was 225 and 40 cm, respectively (Table 1).

"0- 5)+:780A<-; 16 ')6,76/ )3- )6,
')6@1 )3- Yandong Lake and Yanxi Lake with
different nutrient levels were investigated in July and
October. The species we focused on were eight common submerged macrophytes and five floatingleaved plants which were widely distributed in the
two lakes: ""#!,  "%#
 !#,
% %# !"#, %!
""#, "" !#!, % $ "",
!  , %  !#, !  
"!, !  !! #",   "!,
  !! and   !. Distribution of

Yanxi Lake
20.0
114°26′42″~114°31′6″
30°32 ′18″~30°36′4″
320
40
0.25
0.539
1.14
307
7.4
0.59
0.52
0.064
8.6
0.11
4.66
2.33
12.7
3.67
0.84

the collected macrophytes in the two lakes was
shown in Table 2.
The macrophytes in Yandong Lake were abundant, but the community structure was simple with
few species. Species diversity and community composition varied enormously in Yanxi Lake, but the
macrophytes only distributed in the lake shore.
% %# !"# association mainly distributed in the Yanxi Lake, its component types were
rich, mainly including % %#!"#
!  "!, !   and  "%#
 !#.  !! association most distributed in Yanxi Lake was mainly composed of  
!! and %!""#(Table 2. Compared with East Lake, the distribution of macrophytes in Yandong Lake and Yanxi Lake were abundant. But owing to reclaiming, fishery, and deterioration of water quality, the macrophyte community
already showed a trend of structural and functional
decline.

" +76+-6<:)<176; " +76+-6<:)<176; )6,
 :)<17 7. <0- 84)6<; 16 ')6,76/ )3- )6,
')6@1 )3- Variation in TN concentrations, TP
concentrations and N:P ratio of the plants in Yandong Lake were shown in Figure 2, and in Yanxi
Lake were shown in Figure 3. Moreover, the TN
concentrations, TP concentrations and N:P ratios in
plants showed a different pattern in different species(P<0.001, Tab.3). However, plant stoichiometry
except TN concentrations in Yandong Lake showed
no significant difference in the two lakes in different
months (P>0.05, Table.3). The results suggested that
the plant stoichiometry exhibited consistent species
variations in different months.
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Life form
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stoichiometric
characteristics
N
P
N:P

Yandong Lake
Species
Month




51.49
0.000
4.77
0.033
54.871
0.000
2.287
0.136
30.692
0.000
0.009
0.924
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Yanxi Lake
Species
Month




38.013
0.000
1.777
0.207
24.802
0.000
0.784
0.393
43.826
0.000
0.01
0.921
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! "!showed higher TN concentrations
than other species in Yandong Lake (Figure 2), while
in Yanxi Lake ranging from 13.17±1.73 to
27.50±1.27 mg g−1, and ! "! showed
higher TN concentrations than other species (Figure
3).
The values of TP concentrations in the plants in
July ranged from 2.24±0.28 mg g−1 to 3.21±0.21 mg
g−1, and ! "! showed higher TP concentrations than other species in Yandong Lake (Figure 2), while in Yanxi Lake, TP concentrations with
the values ranging from 1.71±0.14 mg g−1 to

The TN concentrations in the plants in July exhibited different species variation, with the values
ranging from 23.83±1.93 to 15.86±1.71 mg g−1, and
! "!showed higher TN concentrations
than other species in Yandong Lake (Figure 2),
While in Yanxi Lake, the values of TN concentrations in the plants ranged from 15.39±1.32 to
29.21±1.52 mg g−1, and  "%#  !#
showed higher TN concentrations than other species
(Figure 3). In October, TN concentrations showed a
different pattern in different species, with the values
ranging from 14.57±1.09 to 22.92±1.93 mg g−1, and
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3.78±0.15 mg g−1, and  "%#  !#
showed higher TP concentrations than other species
in July (Figure 3). In October, the values of TP concentrations in the plants ranged from 1.99±0.27 to
3.38±0.35 mg g−1, and !  "!showed
higher TP concentrations than other species in Yandong Lake (Figure 2), while ranging from 1.63±0.24
to 4.00±0.31 mg g−1 in Yanxi Lake and  "%
#  !# showed higher TP concentrations
than other species (Figure 3).
The values of N:P ratio in the plants in July
ranged from 5.28±0.20 to 14.22±0.59, and % 
 !#showed higher N:P ratios than other
species in Yandong Lake (Figure 2), while
5.67±1.21 to 9.70±0.72 in Yanxi Lake (Figure 3).
And  !! showed higher N:P ratios than
other species. In October, N:P ratios in the plants
with the values ranging from 5.79±0.80 to
13.98±2.53, and %  !#showed higher
N:P ratio than other species in Yandong Lake (Figure 2), while ranging from 5.72 ±0.34 to 10.46±0.86
in Yanxi Lake (Figure 3), and   !!
showed higher N:P ratios than other species.
As shown in Figure 4, in Yandong Lake, the
average TN concentration in submerged macrophytes (19.84±1.82 mg g−1) was lower than that in
floating-leaved macrophyte (21.64 ±1.52 mg g−1) in
July. In October, the average TN concentrations in
submerged macrophytes (18.74 ± 1.51 mg g−1) was
lower than that in floating-leaved macrophyte
(20.68±1.74 mg g−1). While in Yanxi Lake, the average TN concentration in submerged macrophytes
(20.99±1.37 mg g−1) was lower than that in floatingleaved macrophyte (22.26±1.45 mg g−1) in July. In
October, the average TN concentrations in submerged macrophytes (20.43±1.53 mg g−1) was lower
than that in floating-leaved macrophyte (20.44±1.48
mg g−1) (Figure 4).
In Yandong Lake, the average TP concentration in submerged macrophytes (3.03±0.26 mg g−1)
was lower than that in floating-leaved macrophytes
(2.24±0.28 mg g−1) in July. In October, the average
TP concentration in submerged macrophytes
(2.97±0.32 mg g−1) was lower than that in floatingleaved macrophyte (1.99±0.27 mg g−1). While in
Yanxi lake, the average TP concentrations in submerged macrophyte (2.74±0.15 mg g−1) was lower
than that in floating-leaved macrophyte (2.33±0.19
mg g−1) in July. In October, the average TP concentration in submerged macrophytes (2.73±0.24 mg g−1)
was lower than that in floating-leaved macrophyte
(2.17±0.21 mg g−1) (Figure 4).
In Yandong Lake, the average TN: TP ratio in
submerged macrophytes (6.57±1.15) was lower than
that in floating-leaved macrophyte (9.70±0.72) in
July. In October, the average TN: TP ratio in submerged macrophytes (6.25±0.31) was lower than
that in floating-leaved macrophyte (10.46±0.86).
While in Yanxi Lake, the average TN: TP ratio in
submerged macrophytes (7.80±0.37) was lower than

that in floating-leaved macrophyte (9.90±0.74) in
July. In October, the average TN: TP ratio in submerged macrophytes (7.65±0.84) was lower than
that in floating-leaved macrophyte (10.20±1.19)
(Figure 4).


!#!!

"0-)9=)<1+5)+:780A<-;16')6,76/)3-
)6,')6@1)3- In Yanxi Lake, discharge of sewage from living and industry, multiple sewage outlets were found. Storm runoff carried a great deal of
non-point source pollutants and suspended particles
from surrounding land areas into the lake. With the
sewage discharged and diffused, lots of organic matter into the lake could lead to a lack of oxygen, resulting in suffocation death of the submerged plant,
Meanwhile, inorganic poison also interfered with essential plant components and the synthesis and physiological metabolism.
In addition, a massive phytoplankton in the
lake accelerated circulation, preventing submerged
plants from germinating and taking root. The result
was consistent with that the nutrients have a direct
toxic effect on submerged macrophytes [22, 23]. e.g.
High concentrations of N and P might contribute
to epiphyticalgae and phytoplankton blooming in
shallow lakes, which had a negative impact on
aquatic macrophytes [24, 25, 9]. Moreover, there
was not enough light availability in deep water for
photosynthesis of submerged plant. The light compensation point of submerged macrophyte’s photosynthesis determines maximum distribution depth in
water and photosynthetic production as well as competitiveness [26]. For example, Liang "observed
that when the water depth: water transparency was
above 2.50, the main aquatic plants would not survive in Baoan Lake [27]. In this study, a similar distribution of the aquatic plants was observed. Aquatic
plants in Yanxi Lake were distributed in the water
less than 1 m deep, one possible reason was that water depth: water transparency at depths more than 1
m was over 2.50. But in Yandong Lake, water transparency accounted for 94% of water depth, thus
there were still a lot of aquatic plants at water depth
over 1 m. In the two lakes, shading effect produced
by the suspended solids in the water adhered to the
plant leaves was serious, which would lead to the retreat of aquatic plants. Furthermore, epiphytic algal
loading might decrease the productivity of submerged macrophyte by shading, reducing nutrient
availability and forming a high-oxygen, high pH,
and low-carbon interface between epiphytical algae
and surface of submerged plants [24], which might
further influence the distribution and composition of
submerged macrophyte and eventually lead to the
loss of submerged aquatic vegetation [28, 29].
Some studies indicated that the loss of aquatic plants
was related to increased shading and competition

1589

$#

! % 









!"  ! 





from the epiphyton and/or phytoplankton [30, 25].
The decomposition of aquatic macrophytes was an
essential ecological process that influences nutrient
cycling and energy flows in aquatic ecosystems [31,
32]. According to the situation, it should take more
effort to protect or restore the macrophyte in the
Yandong Lake and Yanxi Lake in the Large East
Lake Ecological Water-net Engineering.

habitat [34], growth stages [41, 42], and plant functional groups [43, 44], could also result in low N:P
ratio.


#!
In summary, our analyses indicated the patterns
in N, P and N:P of submerged macrophytes and
floating-leaved plants in the two lakes. These patterns had important implications for our understanding of the ecosystem function and offer promise for
the theory and practice of restoration and reconstruction of macrophytes useful at lake management.

)6,;<71+0175-<:1++0):)+<-:1;<1+;7.<0-
16>-;<1/)<1>-, 5)+:780A<-;. This study revealed
eight common submerged macrophytes and five
floating-leaved plants were found in Yandong Lake
and Yanxi Lake, the TN concentrations, TP concentrations and N:P ratios in plants exhibited different
species variation. However, variations of plant stoichiometry were relatively stable in different months.
The results showed that submerged macrophytes had
a species- specific identity in determining N:P stoichiometry. This results were consistent with that
aquatic macrophytes were different in taxonomy,
growth forms, and N:P metabolic strategies, and
their stoichiometric signatures were species-specific
[33]. Koerselman and Meuleman [34] found that as
the N:P ratio was over 16, it was restricted by phosphorus, as the N:P ratio was below 14, it was restricted by nitrogen, as the N:P ratio was within 1416, and it was restricted by both nitrogen and phosphorus in a wetland ecosystem experiment. Güsewell suggested that the N:P ratio <10 and >20 often
correspond to N- and P-limited biomass production
at vegetation level as shown by short-term fertilization experiments [35].
In our study, The mean N:P ratio of macrophytes was approximately 8.4:1, lower than (except
N:P ratio) the ratio of growth rate limitation (11:1)
reported by Demars and Edwards for macrophytes in
the River Spey in Great Britain [18]. This result was
consistent with the previous study in eastern China
and mid-lower Yangtze floodplain lakes [36, 37],
and was also consistent with the report of Van de
Waal et al. [38]. The average value of N:P in submerged macrophytes at site-species level (8.4:1) was
smaller than that in terrestrial plants (15.0:1) [35]
and aquatic vascular plants (12.5:1) [18]. The range
of N:P in submerged macrophytes was narrow,
which supported the result of Demars and Edwards
[18]. The N and P concentrations of ! 
"!,   !!, % %# !"# in
Yandong Lake were slightly lower than that in Yanxi
Lake, one possible reason was that the water and
sediment nutrient including Chl a, N and P concentrations in Yanxi Lake were higher than that in Yandong Lake. A number of studies had shown that
freshwater organisms changed their N:P ratios in response to large changes in P availability [39, 40]. In
addition to lake eutrophication caused by excess N
and P, many biotic and abiotic factors, including
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terms of long vegetation period. While some of them
reach the maturity for grazing in early spring, while
the others mature in suitable conditions of summer
period and contribute to yield of grassland until late
autumn [8]. In addition to these contributions, they
take an effective role in soil erosion control. Despite
of utilization of perennial plants worldwide, annual
alfalfas are more promising than perennials in the regions having insufficient rainfall during summer period [9]. In terms of hay production, region where alfalfa is cultivated in Turkey, have similar ecological
condition. Annual alfalfas have high potential for
pasture, range management of Turkey. Button medic
(Medicago orbicularis L.) is a plant species of the
genus Medicago and is a cool-season annual legume.
It is a nitrogen fixing legumes that is found throughout the Mediterranean region. Annual Medicago spp.
has not been recommended as a pasture and forage
varieties for Turkey and hence they have not been
cultivated [10]. The aim of study is to morphologically characterize the 45 annual button medic genotypes collected from natural flora of Antalya, Turkey. This will be initial step for breeding and management program of annual button medics.

ABSTRACT
This study was conducted to morphologically
characterize the annual button medic (Medicago orbicularis L.), collected from natural flora of Antalya
province, which is important for grassland areas.
Forty five button medic genotypes and locations of
these genotypes were determined by GPS. Collected
genotypes were grown at research and implementation area of %DWÕ$NGHQL] Agricultural Research InVWLWXWH¶V (BATEM) Antalya in two consecutive
years. The experiment was laid out in randomized
complete block design. The field distribution features of Medicago orbicularis L. and grown areas
were determined. Annual button medics have been
distributed in the natural flora of Antalya province,
ranging from 6 m to 1223 m from sea level. Features
of field trials in two-year average were determined
as leaning growth pattern and yellow flower color.
Direction of whorls, leaflet and fruit shape were observed as anti-clockwise, orbicular, lentiform, respectively in all genotypes. The data depicted huge
genetic variation among annual button medics and
some button medic genotypes may be said to be candidate varieties for future studies in breeding and
management program.

MATERIALS AND METHODS
KEYWORDS:
Antalya, Button medic, Flora, Genotype, Morphological
characterization

In this study, 45 annual button medic species
(Medicago orbicularis L.) genotypes were collected
from natural flora of Antalya, Turkey and were used
as plant material. The survey was conducted in the
areas mentioned by Davis [2], where Medicago orbicularis L. genotypes showed distribution. Results
of surveys, regions that contain the species were
identified local detection. GPS (altitudes and latitudes) values were recorded. Identification numbers
and locations are presented in Figure 1.
All 45 genotypes were sown in the cropping
season of two consecutive years 2009 ± 2010 and
2010 ± 2011 at research and implementation area in
%DWÕ $NGHQL] $JULFXOWXUDO 5HVHDUFK ,QVWLWXWH
(BATEM). Each accessions occupying at a distance
of 1 m between the rows and 0.5 m between the
plants within the rows. The experiment was laid out
in randomized complete block design with three

INTRODUCTION
Turkey, especially Mediterranean region is the
center of domestication and diversity for many legume and cereal species [1]. There are more than 900
annual legumes species distributed in Turkey [2]. 30
of these species are alfalfas [3] and annual alfalfas
were originated from Mediterranean. 13 out of 35 annual alfalfas have economic importance in alkali
soils and rainfed regions [4, 5] having wide adaptability [6]. Although these genotypes are suitable for
the winter studies, if they are sown in suitable climate conditions, they can be grown as spring materials [7]. Annual alfalfas have a vital importance in
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FIGURE 1
The coordinates of the genotypes

Duncan groups in Table 2. Leaf hairiness, pod hairiness, first mature pod, last mature pod, number of
pod per plant, number of kernel per pod with averages and Duncan groups in Table 3. Plant life, pod
weight, pod peel thickness, 1000 seed weight, seed
yield, pod crimp number are revealed with averages
and Duncan groups Table 4.

replications. In this study, data on 22 morphological
traits were recorded. The traits were growth habit,
flower color, leaflet height and width, internode
length, plant high, 50% days to flowering, last flowering, green herbage yield, dry herbage yield, straw
yield, leaflet shape, fruit shape, leaf hairiness, pod
hairiness, pod shape, pods crimp direction, firs mature pod, last mature pod, number of pod per plant,
number of kernel per pod, direction of whorls, pod
crimp number, pod weight, pod peel thickness, 1000
seed weight, seed yield, regeneration feature and
plant life.

Leaflet width. In the light of averages of leaflet
width, while 45th genotype (altitude, 993) was noted
as the lowest value with 8.3 mm, 27th and 43rd (altitude, 1057 and 884) genotypes were showed as the
highest value with 14.1 mm (Table 1). Lesins and
Lesins [4], *HQoNDQ>@6D\DUHWDO>@DQG$\GÕQ
et al. [13], recorded leaflet widths of M. orbicularis
genotypes 8.4-16.0 mm, 6.0-14.0 mm, 11.1-11.8
mm, 11.0-19.2 mm and 12.4, respectively. Our results were in agreement with the researchers described above.

Data analysis. Standardized trait mean values
were used to perform principal component (PCA)
and cluster analyses using SAS. The values were assessed to use analysis of variance and averages were
contrasted according to Duncan Test.

Leaflet height. In the light of averages of leaflet height, while 19th genotype (altitude, 234) was
recorded as the minority value with 10.6 mm, 38 th
genotype was given as the majority value with 15.4
mm (Table 1). In light of averages of leaflet height
in genotypes of M. orbicularis were defined 14.3614.38 mm, 9.0-18.0 mm, 12.0-19.9 mm, 11.8 mm,
7.0-15.8 mm by Lesins and Lesins [4], Gençkan [11],
Sayar et al. [12], .DUDGD÷DQG*XOFDQ>@$\GÕQHW
al. [15], respectively. Obtained leaflet height results
in this study illustrate similarity with the other researches results.

RESULTS AND DISCUSSIONS
There was no difference between the Medicago
orbicularis L. genotypes in terms growth habit
flower color, leaflet shape, pod shape, pods crimp direction, regeneration feature. The genotypes of field
observations and measurements were found to leaning growth pattern, yellow flower color, leaflet orbicular shape, pod shape lentiform, pod crimp anticlockwise direction. Regeneration feature was not
observed in genotypes. In contrast to these results,
there were statistically differences among genotypes
in terms of other measured parameters, which arel
leaflet width, leaflet height, internode length, plant
height, 50% days to flowering and mean values of
these traits are indicated with average values and
Duncan groups in Table 1. Days to flowering, last
flowering date, green herbage yield, dry herbage
yield and straw yield are given with averages and

Internode length. Average values investigation of internode length were appointed to approximately 3.6-6.9 cm. And also, the figure reveals that
the lowest value genotype 12 (altitude, 494) and the
highest value genotype 9 (altitude, 60) (Table 1). Internode length of Medicago orbicularis L. genotypes
were revealed range from 1.26 cm to 7.16 cm, which
FRQGXFWHGLQ%ODFN5HJLRQE\$\GÕQHWDO>@
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TABLE 1
Mean leaflet width, leaflet height, internode length and muber of days to 50% flowering of the
Medicago orbicularis L. genotypes and Duncan groups
Genotype

Leaflet width
Leaflet height
Internode lenght
(mm)
(mm)
(cm)
1
12,4 b
13,2 cg
4,6 km
2
8,5 rs
10,8 n
4,5 km
3
9,5 oq
11,6 ÕQ
4,5 lm
4
12,3 bc
13,9 ae
5,2 el
5
10,4 ÕR
12,1 fn
5,8 bf
6
11,7 bh
13,2 ch
5,1 em
7
11,7 bh
14,1 ad
4,4 mn
8
10,7 fo
11,5 ÕQ
5,7 bg
9
12,3 b
14,5 ac
6,9 a
10
12,0 be
12,0 fn
5,1 em
11
11,3 bk
12,6 ek
5,0 gm
10,8 n
3,6 n
12
9,0 ps
13
10,6 go
11,0 ln
4,7 jm
14
10,7 fo
11,3 kn
5,0 fm
15
10,5 go
11,6 ÕQ
4,7 jm
11,1 kn
5,4 ej
16
9,6 nq
17
11,7 bh
13,2 cg
4,9 hm
18
11,1 ck
13,2 ch
4,4 mn
19
8,9 qs
10,6 n
4,8 ÕP
20
10,3 jo
12,0 fn
5,5 FÕ
4,8 ÕP
21
10,4 ÕR
11,4 jn
22
12,2 bd
15,1 a
5,5 GÕ
23
9,5 oq
12,0 fn
6,3 ad
24
11,5 bj
12,9 dj
5,7 bh
25
11,8 bf
15,0 ab
6,2 ad
26
10,8 fn
12,1 fn
5,8 bf
27
14,1 a
13,5 bf
4,7 jm
28
10,8 em
12,6 dk
5,6 bh
12,5 el
4,4 mn
29
10,1 kq
30
9,8 mq
10,9 mn
4,7 jm
10,8 n
5,5 GÕ
31
9,1 ps
32
11,7 bg
13,3 cg
5,8 be
33
10,0 lq
11,4 jn
5,4 ej
34
10,5 go
11,7 hn
5,4 ej
35
10,6 go
12,4 fm
4,8 ÕP
36
10,5 go
11,2 kn
5,1 em
37
10,0 lq
11,4 jn
5,7 bg
38
12,4 b
15,4 a
6,4 ab
39
11,6 EÕ
11,5 ÕQ
6,2 ad
40
10,9 em
12,8 dj
4,4 m
41
10,1 kp
11,5 ÕQ
5,0 gm
42
11,5 EÕ
13,0 GÕ
5,2 em
43
14,1 a
15,1 a
6,3 ac
44
11,0 dm
12,9 dj
5,3 ek
45
8,3 s
11,8 gn
5,7 bh
Mean
10.82
12.36
5.21
LSD
1.20
1.52
0.78
CV
7.91
8.73
10.59
Genotype (G)
**
**
**
Year (Y)
**
**
**
GxY
**
**
**
** = Significant at 1% level, * = Significant at 5% level.

Plant height (cm)
70,1
50,9
43,6
48,0
50,7
49,6
53,8
57,9
63,3
37,3
59,0
63,8
54,4
67,0
60,9
69,5
59,2
55,9
59,8
59,2
56,3
73,2
72,1
60,6
65,9
47,8
48,8
60,9
56,3
56,4
46,1
48,8
49,4
48,1
41,1
56,3
42,3
54,1
35,1
41,6
36,3
51,7
49,0
45,5
47,0
53.87
6.25
8.26
**
**
**

ab
ko
ps
mq
ko
lp
ÕQ
fj
cf
tu
IÕ
cf
hl
ad
dg
ac
IÕ
gk
HÕ
IÕ
gk
a
a
eh
be
nr
lp
dg
gk
gk
os
lp
lp
mq
su
gk
qt
ÕP
u
rt
tu
jo
lp
os
os

50% days to flowering (day)
145,5 ho
143,5 kp
146,0 go
146,0 go
149,0 dk
149,0 dk
143,5 kp
145,5 ho
140,5 op
149,5 dj
146,0 go
140,5 op
139,5 p
141,5 mp
146,5 fn
148,0 dk
153,0 bd
151,5 cg
148,5 dk
144,5 jp
147,0 em
146,5 fn
141,5 mp
145,0 ÕS
142,0 lp
148,0 dk
146,0 go
143,5 kp
141,0 np
144,5 jp
147,5 dl
145,5 ho
145,5 ho
149,5 dj
149,0 dk
152,0 bf
151,0 ch
156,0 ac
152,5 be
148,0 dk
150,5 FÕ
153,0 bd
157,5 ab
159,5 a
161,0 a
147.57
5.59
2.70
**
**
**

36.36-56.94 cm, 35-40 cm, 16.6-49.2 cm, 46.2-86.4
cm, respectively, Lesins ve Lesins [4], Gençkan [11],
6D\DUHWDO>@.DUDGD÷DQG*XOFDQ>@DQG$\GÕQ
et al. [15]. Averages plant height of Medicago orbicularis L. genotypes were found to be 20.64 [12],
24.33-71.33 [15]. Plant height values were defined
higher than other investigators. This situation can

Plant height. The average values obtained
were seen to vary between 35.1-73.2 cm. According
to the average values in the figure, which gives the
number of lowest genotype 39 (altitude, 57) and the
number of highest genotype 22 (altitude, 13) (Table
1). It is examined to studies about plant height in the
Medicago orbicularis L., recorded ranged from
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variety with 161.0 days in averages of 2 years (Table
1). Some researchers found from planting to the first
flowering varied between 129-145 days [15] or 143152 days [16]. When the value was examined, it was
seen that every 2 studies corresponded with each
other.

originate due to be a homeland and having the proper
environmental conditions of Medicago orbicularis
L. in the Mediterranean region.
50% days to flowering. In this study was defined that 13th genotype (altitude 207) was the earliest with 139.5 days and 45th genotype was the latest

TABLE 2
Mean the number of full flowering, final flowering date, green herbage yield, dried herba yield and straw
yield of the Medicago orbicularis L. genotypes and Duncan groups
Genotype
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
Mean
LSD
CV
Genotype
(G)
Year (Y)
GxY

Days days to
flowering (day)
154,0
jo
152,5
kp
154,5
ÕR
156,5
fm
161,0
ch
158,5
dk
150,0
np
153,0
kp
151,0
lp
155,0
ho
153,0
kp
150,0
np
147,5
p
150,5
mp
155,0
ho
157,5
ek
160,5
FÕ
158,5
dk
154,5
ÕR
153,5
kp
153,0
kp
155,5
gn
149,0
op
153,0
kp
151,0
lp
158,0
dk
155,5
gn
jo
154,0
149,0
op
154,5
ÕR
157,0
fl
155,0
ho
157,5
ek
158,5
dk
158,0
dk
161,5
cg
162,0
bf
165,0
ac
161,5
cg
160,0
cj
161,5
cg
163,5
ae
164,0
ad
167,5
ab
169,5
a
156.47
6.31
2.87
**

Last flowering
date (day)
199,0
bk
184,0
m
204,5
af
197,5
EÕ
202,5
bg
195,5
cm
190,0
ÕP
194,5
em
195,0
dm
207,5
ac
199,0
bk
187,5
km
189,0
ÕP
193,0
fm
187,5
km
190,5
hm
198,5
bk
208,5
ab
201,0
EÕ
197,5
EÕ
203,5
ag
196,0
cm
196,0
cm
196,0
cm
195,5
cm
200,0
bj
194,5
em
188,5
jm
191,5
gm
186,0
lm
193,5
fm
194,5
em
197,5
EÕ
199,5
bk
200,5
bj
206,5
ae
215,5
a
208,5
ab
200,5
bj
196,0
cm
200,5
bj
204,0
af
190,5
hm
204,5
af
207,0
ad
197.5
12.04
4.34
**

Green herbage
yield (g/plant)
508.9
ce
655.0
a
397.6
fh
520.5
ce
519.5
ce
542.4
c
624.7
ab
530.1
cd
595.9
b
350.2
ÕN
312.4
km
374.1
JÕ
491.5
de
358.5
hk
ps
217.4
264.5
no
267.9
mo
175.4
sv
190.5
rt
231.6
op
134.1
v
528.0
cd
474.3
e
188.3
rt
331.3
jl
418.9
fg
252.9
np
538.9
c
139.2
uv
172.4
sv
223.6
or
478.6
e
226.5
or
148.3
tv
185.0
ru
155.6
tv
245.5
op
479.1
e
427.2
f
245.5
op
292.2
ln
389.1
IÕ
168.1
tv
258.2
np
228.0
or
343.47
46.28
9.59
**

Dry herbage yield
(g/plant)
131.9
d
173.3
a
101.5
KÕ
131.6
de
131.8
d
146.6
c
162.4
ab
151.0
bc
154.5
bc
101.3
KÕ
80.8
jl
105.8
gh
125.1
de
90.1
ÕM
57.1
or
70.8
ln
74.1
km
47.7
rt
ps
53.1
58.3
nr
38.0
t
164.1
ab
120.2
df
56.8
or
89.2
ÕM
108.3
fh
66.4
mp
153.0
bc
37.6
t
50.9
qt
57.2
or
119.9
df
62.2
mq
42.7
st
51.6
qs
42.8
st
68.6
lo
128.6
de
118.2
eg
65.2
mp
84.9
jk
104.6
h
50.3
qt
73.3
km
59.6
nr
92.49
13.52
10.41
**

Straw yield
(g/plant)
119.1
or
191.4
ce
125.9
mp
138.5
lo
142.7
kn
337.4
a
257.4
b
183.1
ch
355.7
a
250.4
b
167.8
fj
169.5
HÕ
164.3
hk
167.0
gj
71.5
wy
124.6
nq
102.8
qu
118.6
os
85.5
ux
175.5
GÕ
97.0
sv
166.9
gj
193.5
cd
124.7
nq
164.8
hj
156.1
ÕO
96.8
sv
91.5
tw
198.1
c
77.8
vy
73.2
wy
109.1
pt
189.4
cf
57.1
y
102.2
ru
68.0
xy
147.0
jm
251.0
b
104.2
pu
114.7
ps
138.1
lo
157.8
ÕO
187.7
cg
158.4
ÕO
88.3
tx
150.24
21.99
10.42
**

**
**

**
*

**
**

**
**

**
**

** =Significant at 1% level , * = Significant at 5% level
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Days to flowering. The number of 13th genotype (altitude, 207) was seen as the latest days to
flowering genotype by 147.5 days (Table 2). On the
other hand, the number of 45th (altitude, 993) genotype was completed as the last flowering genotype
by 169.5 days.

Fresenius Environmental Bulletin

Number of pod per plant. Mean values of two
years data in the number of pod per plants of 31 st
genotype (altitude, 135) and 11th genotype (altitude,
1037) were obtained from lowest value and highest
value by 117.5, 767, respectively. The number of pod
per plant between 23-554 in Medicago orbicularis L.
type was indicated by earlier study, which is supporting our work [15].

Last flowering date. The number of 2nd genotype (altitude, 301) was recorded range from sowing
date to last flowering date in number of days by
147.5. The majority point was obtained from the
number of 37th genotype (altitude, 6) by 215.5 days
(Table 2). The last flowering date of Medicago orbicularis L. genotypes were identified varied between 183-224 days by Aydin et al. [15]. If the investigation parameters evaluate considering %50
days to flowering and days to flowering which the
first year period was taken the longer-term than second year period. The climate data for the field in
which the experiment is carried out to explain this
variability. The meteorological conditions in the experiment field reveal that the first year with the precipitation sum 1406 kg/m2. On the other hand, the
second year with the precipitation was measured by
772 kg/m2.

Number of kernel per pod. The number of
kernel per pod of genotypes were found varied between 12.0- 17.9 (Table 3). However, as average of
two years, the number of 36th genotype (altitude, 62)
had the lowest value, while the number of 19 th (altitude, 234) genotype had the highest value. Previous
works results were reported varied between 9.2815.33, 2.3-18.5 numbers, respectively [15, 16].
Pod crimp number. According to average of
two years, the pod crimp number were determined,
which are the number of 39 (altitude, 57), 26 (altitude, 1002), 29 (altitude, 924) genotypes, ranging
3.2-4.3 numbers, respectively (Table 4). The pod
crimp number of Medicago orbicularis L. genotypes
were indicated between 4-6, 3-7 by earlier studies,
respectively, which are supporting our study [4, 14].

Green herbage yield. Mean values of two
years data in green herbage yield show that ranging
from 134.1-655.0 g/plant (Table 2). The lowest
green herbage yield was obtained from 21st genotype
(altitude, 884). The highest green herbage yield was
obtained was obtained from 2nd genotype (altitude,
301). The green herbage yield per plant of Medicago
orbicularis L. genotypes were found varied between
172-517 g by Aydin et al. [15]. Similar results were
reported from earlier studies in green herbage yield.

Pod weight. Mean values of two years data in
the pod weight were determined that ranging 0.1070.256 g. The number of pod weight was recorded between 0.035 g and 0.130 g by Aydin et al. [15].
Seed yield. According to average of two years,
the seed yield of genotypes was found between 5.820.8 g/plant. In this study, the lowest value was obtained from the 35th (altitude, 676). The highest
value was obtained from the 9th (altitude, 60). The
VWXG\ZDVFRQGXFWHGDW'L\DUEDNÕUFRQGLWLRQVZKLFK
the seed yield is recorded varied between 0.39-1.42
JE\$OÕQFD>@

Dry herbage yield. The mean of dry herbage
yield, the number of 29th genotype (altitude, 924)
was recorded as the minority value with 37.6 g/plant.
The majority dry herbage yield was obtained from
2nd genotype (altitude, 301) by 173.3 g/plant. Previous researcher was reported in dry herbage yield per
plant of Medicago orbicularis L. genotypes varied
between 7.16-104.5 g/plant, which supports our results [15].

1000 seed weight. The mean values of two
years data of the 1000 seed weight were recorded in
the range of 1.70 g to 3.60 g. The Chart 4 shows that
the lowest value 1000 seed weight was obtained from
the number of 26th genotype (altitude, 1002). The
highest the 1000 seed weight, on the other hand, was
obtained from the number of 44th (altitude, 237). The
number of 1000 seed weight of Medicago orbicularis L. genotypes were found range from 1.97 g to
5.95 g by Aydin et al. [15]. Mean values of the 1000
seed weights of Medicago orbicularis L. genotypes
were determined with 4.46, 4.17, 5.5 g, by Lesins
DQG/HVLQV>@*HQoNDQ>@.DUDGD÷DQG*XOFDQ
[14],, respectively. Our findings are reported lower
than the results of other researchers.

Leaf and pod hairiness. As average of two
years, the lead and pod hairiness values were determined between 1-2. (Table 3). The previous studies
were determined by some researches which hairiness
and prickliness are declined to have taken culture
WLPHLQWKHSODQWV$\GÕQHWDO>@ZHUHGHWHUPLQHG
as no and rare situation of leaf and pod hairiness of
Medicago orbicularis L. genotypes. Leaf hairiness of
Medicago orbicularis L. genotypes were defined as
hairless by Sayar et al. [12]. The situation of pod
shape and pod hairiness in Medicago orbicularis L.
types were recorded as dislike and hairiness, respecWLYHO\E\.DUDGD÷DQG*XOFDQ>@

Plant life. When the plant life of Medicago orbicularis L. genotypes analyzed the Chart 4 reveals
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that the lowest plant life was obtained from 16th genotype (altitude, 60) with 210.5 days. On the other
hand, the highest plant life was obtained from 38th
genotype (altitude, 6). Plant life is an important criteria to plant life vegetation length in our pastures.

Fresenius Environmental Bulletin

The genotypes, which are the length plant life, can
use in the pastures to are considered breeding program.

TABLE 3
Mean hairiness of the leaf, hairiness of pod, the first mature pod date, final mature pod date, number of
pod per plant and number of kernel per pod of the Medicago orbicularis L. genotypes and Duncan groups
First mature pod Last mature pod
(day)
(day)
1
178.5
bk
207.0 em
2
169.0
jk
219.5 ab
3
188.0
ad
217.0 ae
4
180.5
bk
208.5 cm
5
179.0
bk
207.5 dm
6
175.5
dk
206.0 fm
7
169.5
ÕN
203.0 hm
8
169.5
ÕN
207.5 dm
9
173.5
fk
204.0 hm
10
194.5
a
215.5 ag
11
182.0
DÕ
206.5 em
12
171.5
hk
202.5 ÕP
13
171.5
hk
201.5 jm
14
178.5
bk
204.0 hm
15
178.5
bk
207.0 em
16
179.0
bk
198.0 m
17
177.0
ck
203.5 hm
18
178.5
bk
212.0 aj
19
177.5
ck
205.5 fm
20
174.5
fk
206.5 em
21
178.5
bk
219.5 ab
22
177.5
ck
200.0 km
23
181.5
bj
213.5 ah
24
176.0
dk
208.0 cm
25
172.0
hk
204.0 hm
26
181.5
bj
213.5 ah
27
173.0
gk
218.5 ac
28
175.0
fk
199.0 lm
29
176.5
dk
210.0 bk
30
168.0
k
201.5 jm
31
177.5
ck
209.5 bl
32
181.5
bj
205.0 gm
33
179.0
bk
211.0 bj
208.5 cm
34
181.5
bj
35
185.0
ag
216.0 af
36
191.0
ab
218.0 ad
37
186.0
af
217.0 ae
38
189.5
ac
222.5 a
39
184.0
ah
204.0 hm
40
179.5
bk
211.0 bj
41
181.5
bj
207.0 em
42
188.0
ad
213.0 DÕ
43
180.5
bk
213.5 ah
44
186.5
ae
209.0 bl
45
183.5
ah
213.5 ah
Mean
179.11
209.08
LSD
12.83
10.86
CV
5.10
3.70
Genotype (G)
N.S.
**
Year (Y)
**
**
GxY
N.S.
**
** = Significant at 1% level, * = Significant at 5% level, N.S. = Not significant.
Genotype

Leaf hairiness
2.0
1.0
2.0
1.0
1.0
1.0
1.0
1.5
1.5
1.0
1.0
1.5
2.0
1.0
1.5
1.0
1.0
1.0
2.0
1.0
2.0
1.5
1.5
1.5
1.5
1.5
1.0
1.5
1.5
1.5
1.0
1.0
2.0
1.0
1.0
1.5
1.5
1.5
1.0
1.5
1.0
1.5
1.0
1.0
1.0

Pod
hairiness
1.5
1.5
1.5
1.5
1.0
1.0
2.0
1.0
1.5
1.0
1.0
1.0
2.0
1.5
1.0
1.0
1.5
1.5
1.5
1.0
1.5
1.5
1.0
2.0
1.0
2.0
1.5
1.0
1.0
1.0
1.0
1.0
1.5
1.5
2.0
1.0
2.0
1.0
1.0
1.0
1.0
2.0
1.5
1.0
1.0
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Number of pod
per plant (number)
408.0 gn
408.5 gn
415.0 fm
366.0 kp
394.0 ho
430.5 fk
481.0 dg
413.5 fm
532.0 be
387.5 ÕS
767.0 a
595.5 b
522.0 be
421.5 fl
722.0 a
493.5 cf
547.0 bd
296.0 pt
334.5 mr
454.5 ej
278.5 ru
525.5 be
286.0 pt
401.5 go
469.0 GÕ
264.0 ru
295.0 pt
247.5 su
344.5 lr
277.0 ru
117.5 v
308.5 pt
322.0 os
202.0 u
231.5 tu
327.5 ns
380.5 jp
593.5 b
517.5 be
567.0 bc
280.0 ru
596.5 b
471.5 dh
336.0 mr
274.0 ru
406.66
82.68
14.47
**
**
**

Number of kernel
per pod (number)
13.9 hq
15.4 GÕ
13.6 jr
16.6 ae
14.6 fm
12.6 pr
17.5 ab
14.7 fl
16.5 ae
12.8 nr
15.4 GÕ
14.0 gq
15.4 GÕ
12.0 r
13.4 kr
16.7 ae
13.5 kr
13.7 ÕU
17.9 a
17.3 ac
16.2 af
12.7 pr
12.3 qr
14.2 gp
15.5 dh
13.2 lr
14.0 gq
13.9 hq
15.7 bf
17.6 a
15.7 ch
14.5 fn
15.5 dh
12.7 or
15.5 dh
12.0 r
15.3 dj
12.9 mr
12.3 qr
13.0 lr
16.9 ad
15.0 ek
14.5 fo
14.1 gp
13.7 ÕU
14.55
1.80
8.79
**
**
**
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TABLE 4
Mean pod crimp number, pod peel thickness, 1000 kernel weight, seed yield and plant life of the
Medicago orbicularis L. genotypes and Duncan groups
Genotype

Pod crimp
(number)

Pod weight
(g)

Pod peel
thickness
(mm)
3.3
be
3.6
a
2.5
ru
2.7
ns
2.8
kq
2.6
ot
3.2
cg
2.5
ru
3.3
bf
3.2
cg
2.8
kq
3.1
dj
3.2
cg
2.6
ot
2.4
tu
2.9
gn
2.6
ot
3.1
dj
3.2
cg
3.4
ac
3.5
ab
2.9
gn
2.6
ot
gn
2.9
3.0
el
3.1
dj
2.5
ru
2.0
v
3.4
ac
3.0
el
3.0
el
2.8
kq
3.0
el
2.9
gn
3.0
el
2.6
ot
3.3
bd
2.9
gn
2.7
ns
2.4
tu
gn
2.9
3.0
el
2.8
kq
3.0
el
2.3
u
2.90
0.27
6.54
**

1
4.0
ad
0.202
fg
2
4.1
ac
0.209
eg
3
3.5
eh
0.124
tx
4
4.1
ac
0.177
ÕN
5
4.1
ac
0.163
km
6
4.2
ab
0.134
qu
7
4.1
ac
0.162
kn
8
3.4
fh
0.127
sw
9
3.6
dh
0.256
a
10
3.7
cg
0.120
tx
11
4.0
ad
0.147
mr
12
4.1
ac
0.197
gh
13
3.8
bf
0.163
km
14
3.8
bf
0.153
lp
15
3.8
bf
0.107
x
16
3.8
bf
0.207
eg
17
3.5
eh
0.130
rw
18
4.1
ac
0.156
lo
19
3.6
dh
0.149
mq
pt
20
3.8
bf
0.137
21
3.6
dh
0.168
jl
22
3.3
gh
0.131
qv
23
4.0
ad
0.196
gh
24
3.4
fh
0.116
vx
25
3.4
fh
0.170
jl
26
4.3
a
0.155
lo
27
3.9
ae
0.126
tw
JÕ
28
4.1
ac
0.194
29
4.3
a
0.201
fh
30
3.6
dh
0.243
ab
31
4.1
ac
0.221
ce
32
4.0
ad
0.155
lo
33
3.6
dh
0.236
bc
34
4.0
ad
0.194
JÕ
35
4.0
ad
0.143
os
36
3.3
gh
0.113
wx
37
4.0
ad
0.233
bd
38
3.3
gh
0.169
jl
39
3.2
h
0.118
ux
40
3.7
cg
0.130
rw
41
3.6
dh
0.228
bd
42
3.4
fh
0.145
nr
43
3.9
ae
0.216
df
44
4.0
ad
0.175
jk
gh
0.184
hj
45
3.3
Mean
3.79
0.168
LSD
0.48
0.018
CV
8.99
7.52
Genotype
**
**
(G)
Year (Y)
**
**
**
GxY
**
**
**
** = Significant at 1% level, * = Significant at 5% level

1000 seed
weight (g)
2.70
2.90
2.60
2.5
2.3
2.2
2.2
2.0
2.9
1.8
2.0
2.4
2.6
2.8
1.9
2.6
2.5
2.1
2.6
2.1
1.9
2.4
2.6
1.8
2.5
1.7
2.6
3.5
2.3
3.0
3.0
1.9
2.5
2.3
2.6
2.1
3.3
2.6
2.1
1.9
2.6
2.6
2.8
3.6
2.3
2.45
0.19
5.43
**
**
**

Cluster analysis based on morphological
traits. According to average of two years field data,
the similarity coefficient was 0.15-0.65 for all genotypes. However, the mean similarity coefficient of
variation was found as r=0.25. Cluster analysis based

df
c
eg
IÕ
jm
mp
mp
ru
c
vx
ru
hl
eg
cd
sw
eg
IÕ
or
eg
or
sw
hl
eg
vx
IÕ
x
eg
ab
jm
c
c
sw
IÕ
jm
eg
or
b
eg
or
sw
eg
eg
ce
a
jm

Seed yield (g)
11.2
15.1
13.0
12.5
10.2
8.5
13.8
12.5
20.8
10.1
20.2
14.9
17.8
11.6
12.1
19.3
16.0
9.0
7.5
9.2
10.1
12.2
12.3
8.6
8.3
11.1
8.7
13.7
8.8
12.4
8.9
8.7
12.7
10.5
5.8
8.5
16.4
12.1
11.2
14.3
13.2
16.3
18.9
9.7
9.5
12.18
2.86
16.68
**
**
**

jq
dg
gl
gn
ls
qt
ej
gn
a
ms
ab
eh
bd
ÕS
ho
ab
df
ps
st
ps
ls
ho
go
qt
rt
jr
qs
ej
ps
gn
ps
qs
gm
kq
t
qt
ce
ho
jr
HÕ
fk
ce
ac
ns
os

Plant life (day)
215.5
232.0
230.5
218.0
220.5
222.0
218.5
223.0
215.5
224.5
218.5
212.0
217.0
219.5
216.5
210.5
213.5
220.5
217.0
218.5
236.0
219.5
230.5
225.5
214.5
226.5
230.0
211.0
228.5
211.0
223.5
224.0
220.5
217.5
233.0
232.5
234.0
239.5
216.0
226.5
220.0
227.5
226.5
219.0
225.5
222.27
5.50
1.76
**
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IÕ
cf
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tu
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gl
jp
or
bd
be
ac
a
pt
IÕ
kp
eg
IÕ
lq
fj

**
**

on similarity coefficient, divided all genotypes into
two main group and 10 subgroup was indicated in the
Figure 2. First group consisted of 18 and second
group consisted of 27 genotypes. The first main
group is divided into 4 sub-groups. The 1st sub-group
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of seed per pod, seed yield, leaflet shape, the shape
of the pod and re-driving situation, create in the 3rd
sub-group. The number of 4, 7, 5, 32, and 6 genotypes are found in the 4th sub-group. Morphological
features of genotypes such as growth shape, flower
color, plant height, pod crimp direction, pod number
of crimp, leaflet shape, pod shape, hairiness of leaf
surface and regeneration situation are supported in
the same group.
The 2nd main group is divided into 6 subgroups. In addition, the 1st sub-group is created by
the number of 3, 10, 38, 39, 36 and 45 genotypes.
These genotypes, which are included in the same
group, are found similar in terms of morphologically
characterize such as growth shape, flower color, pod
crimp direction, number of seed per pod, leaflet
shape, pod shape and re-driving situation.

is included to the number of 1, 12, 13, 2, 16, 30 genotypes. The genotypes of taking part in the same
group has determined by morphological features;
growth shape, flower color, weight of 1000 grains,
pod crimp direction, leaflet shape, pod shape and regeneration situation. The number of 12 and 13 genotypes is located in the same group that these genotypes found similar in terms of all features. The 2 nd
sub-group is contained to number of 8, 9, 22, 25 genotypes. Growth shape, flower color, number of pods
per plant, 50% days to flowering, plant life, pod
crimp direction, leaflet shape, pod shape, leaf hairiness and re-driving situation properties have been
provided to take place in the same group of these
genotypes. Numbers of 14, 23 and 28 genotypes are
determined in the 3rd sub-group. The morphologically characterize of genotypes, which are growth
shape, flower color, plant height, 50% days to flowering, number of days in full flowering, the number

FIGURE 2
The cluster dendogram of average of two years in the field experiment of
Medicago orbicularis L. genotypes
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TABLE 5
The morphologically characterize studied in TBA and Cluster Analysis
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Properties
Growth Shape
Flower color
Leaflet width
Leaflet height
Plant height
Number of fruit per plant
Internode length
50% days to flowering
Days to flowering
Days to last flowering
First mature fruit
Days to last mature fruit
Plant life
1000 seed weights

No
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Properties
Pod crimps direction
Fruit number of crimps
The number of seed per pod
Fruit weight
Fruit shell thickness
Green hay yield
Fodder yield
Straw yield
Seed yield
Leaflet shape
Pod shape
Hairiness of leaf surface
Pod hairiness
Re-driving situation

TABLE 6
The TBA results of Medicago orbicularis L. genotypes.
Eigen value
Variation (%)
Total Varyans (%)
Properties
3
4
5
6
7
8
9
10
11
12
13
14
16
17
18
19
20
21
22
23
26
27

4.91
22.34
22.34
TB1
0.01
-0.01
-0.27
-0.13
0.057
0.36
0.35
0.35
0.36
0.30
0.26
-0.06
-0.12
-0.17
-0.13
-0.09
-0.23
-0.23
-0.16
-0.18
-0.08
-0.01

3.28
14.90
37.24
TB2
0.38
0.42
0.03
0.28
0.28
0.12
0.12
0.08
0.12
-0.01
0.04
-0.05
-0.13
-0.23
-0.15
-0.15
0.33
0.34
0.31
0.17
-0.10
-0.01

2.30
10.45
47.69
TB3
0.01
0.08
-0.16
-0.18
0.13
0.03
0.05
0.13
0.04
0.27
0.26
0.32
0.20
0.26
0.43
0.40
0.11
0.10
0.27
0.15
0.04
0.28

2.07
9.42
57.11
TB4
0.04
-0.01
0.06
0.09
-0.22
-0.27
-0.33
0.08
0.02
0.29
0.35
-0.38
-0.02
-0.10
-0.34
0.21
0.06
0.05
0.11
-0.17
0.31
0.28

1.6098
7.27
64.39
TB5
-0.01
0.02
0.24
0.35
0.09
0.08
0.06
0.13
0.07
-0.06
-0.07
0.07
-0.50
0.17
0.09
0.12
-0.24
-0.22
-0.08
0.36
0.44
0.15

1.38
6.29
70.67
TB6
-0.47
-0.37
0.04
-0.07
0.13
-0.07
-0.01
0.08
0.15
0.09
0.13
0.18
-0.18
-0.27
0.09
-0.21
0.33
0.33
0.01
0.06
0.31
-0.22

1.21
5.52
76.20
TB7
-0.19
-0.29
-0.34
0.45
-0.42
0.13
0.13
-0.01
0.12
0.01
-0.06
-0.15
0.15
0.07
-0.10
0.10
0.08
0.07
0.12
0.43
-0.23
0.01

1.00
4.58
80.77
TB8
0.18
0.04
-0.01
-0.05
-0.31
0.03
0.07
-0.10
-0.02
0.02
-0.01
0.40
0.18
-0.25
-0.08
-0.33
0.07
0.07
-0.36
0.17
0.16
0.54

pod, green hay yield, fodder yield, leaflet shape, pod
shape, hairiness of leaf surface, pod hairiness and redriving situation support that all genotypes are
stayed in the same group. The 5th sub-group consists
of the number of 19, 21, 33, 20 and 29 genotypes.
These genotypes are found in the same group in
terms of growth shape, flower color, plant height,
pod crimps direction, green hay yield, fodder yield,
leaflet shape, pod shape and re-driving situation features. The 6th sub-group contains the number of 24
and 26 genotypes. These genotypes, which are found
the same in the sense of morphologically characterize suchlike growth shape, flower color, leaflet
width, leaflet height, internode length, last flowering
day, days to last mature fruit, plant life, 1000 seed
weights, pod crimp direction, green hay yield, straw

The number of 11, 15, 40, 17, 42 genotypes is
determined in the 2nd sub-group. The morphological
features such as growth shape, flower color, leaflet
width, number of pods per plant, pod crimp direction, pod weight, leaflet shape, pod shape and redriving situation is supported that genotypes have the
same group. The 3rd sub-group is contained the number of 18, 34, 35, 37, 31, 41 and 44 genotypes. These
genotypes, which are stayed in the same group, are
recorded similar in the sense of growth shape, flower
color, pod crimp direction, green hay yield, leaflet
shape, pod shape and re-driving situation. The 4th
sub-group is consisted of 27th and 43rd genotypes.
The morphologically characterize suchlike growth
shape, flower color, leaflet width, plant height, last
flowering day, 1000 seed weights, pod crimp direction, pod number of crimp, the number of seed per
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were determined by the researchers. Medicago orbicularis L. genotypes to using in the study were revealed to have potential to using in the breeding of
pastures because of this genotypes, which are illustrated that leaning growth pattern, grazing-tolerant
plants and resistant to chewing. The investigate
properties such as growth shape and flower color of
the field experiment similar results were reported
from natural flora. Pod crimp direction has shown
anti-clockwise in all genotypes, leaflet shape was orbicular, and pod shape was lentiform. Genotypes
have not shown re-driving situation. The number of
22, 23, 1, 16 and 14 genotypes stated in the first
group on Duncan Statistical Analysis in terms of
plant height. According to 50% days to flowering,
13th genotype was the earliest, 44th and 45th genotypes were the latest.
According to green hay and fodder yield values
which will be basic selection criteria on breeding
studies in the future, 2nd and 7th genotypes stated in
the first group. According to locations where genotypes was collected, even though 2nd genotype was
collected close to experiment area (altitude 301), 7 th
genotype was collected far from the area either altitude (1099) or distance. Although these differences,
both genotypes has shown a well adaptation ability
and high yield potential.
Using qualified and high yield species for
reaching the best qualification field in the breeding
studies in the future will be risen to success in the
grassland. The number of 2 and 7 genotypes, which
have well green herbage yield of per plant, could be
said to useful the basic material in the breeding and
management studies in the future. The number of 9,
11, 16 and 43 genotypes was determined in first
group according to seed yield of genotypes. Genotypes in terms of plant life assigned value range from
210.5 to 239.5 days. To selection of long term genotypes are important to open long term grazing of
grassland. To sum up, Medicago orbicularis L.
which is perennial species of alfalfa is confirmed expanding wide areas in our region. Genotypes are determined to be utilized according to aim breeding at
the end of studies.

yield, leaflet shape, pod shape, hairiness of leaf surface, pod hairiness and re-driving situation.
Table 5 reveals that the morphologically characterize of Medicago orbicularis L. genotypes,
which are investigated in TBA and Cluster Analysis.
The results of TBA analysis in genotypes, which are
given the ratio of accumulated eigenvalue, variance,
total variance, the axis of TB revealed in investigated
traits and factor coefficients corresponding to them,
are showed by Table 6.
Eigen values greater than 1, which are independent 8 TB axis, were obtained in terms of observed characteristics. First 8 TB axis of the eigen
values ranged from 1.00-4.91, which are defined
80.77 % regarding the total variation of the genotypes. Under consideration features weight values of
the having studied main components; the properties
are stayed in TB1 axis, which are 8 (50% days to
flowering), 9 (days to flowering), 10 (last flowering
date), 11 (first mature pod), and 12 (last mature pod),
that these properties are represent for 22.34% of variation. The number of 3 (leaflet width), 4 (leaflet
height), 20 (green herbage yield), 21 (dry herbage
yield), 22 (straw yield) are consist of TB2 axis.
14.90% of variation is determined to these important
properties. %10.45 of the total variation is consist of
TB3 axis, which is found the number of properties
suchlike 14 (1000 seed weights), 18 (pod weight)
and 19 (pod shell thickness) properties. On the other
hand, %9.42 of the total variation is represent for
TB4 axis and this axis is composed of the number of
9 (days to flowering), 13 (plant life), 14 (1000 seed
weight), 18 (fruit weight) and 26 (leaf hairiness). The
number of 6 (number of pod per plant), 16 (pod
crimp number), 23 (seed yield) and 26 (leaf hairiness) are stayed in TB5 axis. At the same time,
%8.19 of the total variation is occurred by these
properties. The properties such as the number of 3
(leaflet width), 4 (leaflet height), 20 (green herbage
yield), 21 (dry herbage yield) and 26 (leaf hairiness),
which are stayed in TB6 axis, are performed %6.29
of the total variation. %5.52 of the total variation is
determined to the number of 5 (plant height), 6 (number of fruit per plant), 7 (internode length) and 23
(seed yield) properties, that are stayed in TB7 axis.
%4.58 of the total variation are performed by TB8
axis, which is consist of 7 (internode length), 14
(1000 seed weight), 19 (pod shell thickness), 22
(straw yield) and 27 (pod hairiness) properties.
Medicago orbicularis L. was chosen to research material hence forth to be endemic plant in the
Mediterranean region, reveal the wide distribution,
have long vegetation period, have potential to using
in the breeding of pastures etc. In this reason, the
morphologically characterize of Medicago orbicularis L. genotypes, which are collected from natural
flora of Antalya, was conducted. The collected studies of Medicago orbicularis L. genotypes, that are
found to widespread range from 6 m altitude to 1223
m altitude in Natural Flora of Antalya from sea level,
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given surface. It is regarded as the major and most
widespread kind of soil degradation and as such,
affects significantly the sustainable agricultural land
use. Soil can be eroded mainly by wind. High winds
can blow away loose soils from flat or hilly terrain
other problems caused by soil erosion include loss
of soil nutrients, declining crop yields, reduction in
soil productivity [1]. Moreover, soil moved by
erosion carries nutrients, pesticides and other harmful farm chemicals into rivers, streams, and ground
water resources and as a result, protecting soils
from erosion is important to sustain human life [2].
Worldwide it is estimated that approximately
75 billion tons of fertile soil are lost from world
agricultural systems each year [3]. In the 1990s, soil
scientists report that 6.6 billion tons of soil per year
is lost in India and 5.5 billion tons are lost annually
in China. A two-year study further reports that if the
current rate of soil loss in China continues over the
next 50 years, food production will decrease by
40 % [4].
The vast majority of arid/semi arid regions
still use traditional farming techniques, resulting in
environmental deterioration, soil and water loss and
serious economic costs in Turkey. Therefore, it is
important to use reasonable cultivation measures. In
recent years, conservation tillage has been frequently used to reduce water and wind erosion, increase
water storage and alleviate ecological pressure.
Many studies of conservation tillage have focused
on the impact of different tillage methods on soil
physical and chemical properties, water conservation, crop yields and economic benefits [5, 6, 7].
High-energy costs of conventional tillage applications, damages of stubble burning to soil and environment require trying different tillage systems in
production [8, 9, 10]. Direct seeding technique is
applied in the field of 50,000 ha in Middle Anatolia.
However, little research has examined the effects of
conservation tillage on soil erosion. Soil erosion
estimates in study area under conservation tillage
with stubble retention was significantly lower than
under conventional tillage during the monitoring
period [11].
Many studies were the basis of the Universal
Soil Loss Equation (USLE), which is a conservation planning tool that has been demonstrated to do
a reasonably good job of estimating erosion for

ABSTRACT
Soil erosion is a growing problem in Turkey
and particularly in the Middle Anatolia, the biggest
semi arid agricultural production area with great
agricultural activity. Soil erosion not only decreases
agricultural productivity, but also reduces the water
availability in region. Nonlinear regression models
are important tools because many crop and soil
processes are better represented by nonlinear than
linear models. Fitting nonlinear models is not a
single-step procedure but an involved process that
requires careful examination of each individual step.
The purpose of this study was to develop a wind
erosion rate prediction models by dust concentration measurement during the soil tillage. The models have a modified form of growt curve. The experiments were carried out for eight different tillage
practices that include the conventional, six different
reduced tillage and the direct seeding practices. To
collect the data under controlled wind conditions
but on in situ soils, a portable wind erosion tunnel
was designed and utilised during field experiments.
Eight different non-linear models were used for
predicted of wind erosion rate as depending on dust
concentration in tillage. While 6 of these models
were taken from the available sources, two models
were developed by us. The wind erosion prediction
models derived from dust concentration data
showed a good agreement with the measured data
with R2  « %. The mean absolute
percentage error of the predicted values was found
to be less than the acceptable limits (10%) in existing non linear model 6 and, developed non linear
models 7 and 8. Based on predictive performance
criteria, developed semi-empirical non linear model
8 appears to be a promising technique for predicting
wind erosion rate.
KEYWORDS:
Empirical non linear models, tillage, dust, soil erodibility
by wind, prediction

INTRODUCTION
Soil erosion is a natural process in which earth
materials are entrained and transported across a
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Basin is 5.3 million ha with a distribution of: 41 %
agricultural lands, 34 % pastures/rangelands, 13 %
forest lands, 4 % rock and sand dunes, and approximately 8 % wetlands and water bodies.
Experiments were carried out during the years
í WKH ILUVW \HDU  DQG í WKH
second year). The soil texture of the experimental
fields covering stubble was clayey-loamy according
to the FAO soil classification. The organic matter,
moisture content and stubble amount of test area
varied from 15.9 % to 18.46%, from 0.76% to
1.21% and from 144 gm-2 to 252 gm-2 respectively.
The average temperature and precipitation of the
site during the vegetation period were 10.43°C and
323 mm for the first year 11.19°C and 301.2 mm
for the second year, respectively. Long-term weather data at the experimental station were given in
Tables 1.

many disturbed land uses [1]. The success of the
mathematical model, the erosion rate estimated by
the model in the virtual environment Amount is
close to the rate of erosion in the real world and is
measured by its easy applicability. However, there
is no model yet, has not become certain on a scale
that will not allow discussion [12].
A variety of erosion models is now available
to estimate windblown sediment transport [13, 14,
15, 16]. The climatic and soil variables needed for
these models. Most models have input variables
that include the need for data related to wind and
other climatic variables, soil surface and nearsurface properties, and vegetative properties. [17],
was developed a model for predicting soil erosion
by flowing water in ungauged watersheds from four
parameters: slope; annual rainfall; clay content; and
vegetation cover. They found that the mean absolute percentage error of prediction was 28.06%.
[18] developed wind erosion prediction model by
using in situ measurement data under various soil
and wind conditions. The model was a form of the
wind erosion equation (WEQ) modified to represent
short-term wind erosion. They found as 61 % the
regression coefficient of wind erosion prediction
model derived by multiple linear regressions.
In Middle Anatolia in Turkey, wind erosion is
still persistent due to wrong soil tillage and agricultural applications. In many of studies conducted to
predict of wind erosion rate; weather data, topography, vegetation cover, soil texture, soil moisture,
tillage etc. were considered as parameters. The
determination coefficients of the predictive performances of the models used in these studies varied
from 0.38 to 0.89 [18, 19, 20]. However, very few
published papers [11] provided the method of modelling the wind erosion rate using the dust concentration. Therefore, the objective of this study was to
determine non-linear modelling for predicted of
wind erosion rate as a depending on dust concentration in agricultural production based on eight different tillage practices. In addition, the predictive
performances of 10 different growth models were
revealed.

TABLE 1
Long-term (64 years) weather data at the
experimental station located in Karaaslan,
Konya, Turkey
Weather parameters
Minimum air temperature °C
Maximum air temperature °C
Average air temperature °C
Minimum precipitation mm
Maximum precipitation mm
Average precipitation mm
Maximum wind speed m s-1
Average wind speed m s-1

í
40.6
11.6
171.6
413
319.7
13.2
2.2

The experiments were carried out for eight different tillage applications (Table 2). Soil tillage
applications were performed in September every
two years.
TABLE 2
Tillage applications
CT
RT1
RT2
RT3
RT4
RT5
RT6
NT

MATERIALS AND METHODS

Mouldboard plough + cultivator-float (twice)
Chisel plough-float
Winged chisel plough-float
Alternative moving rototiller-float
Horizontal shaft rototiller (L-type foot)-float
Horizontal shaft rototiller (I-type foot)-float
Vertical shaft rototiller-float
Direct seeding

A portable field wind tunnel was used to determine sediment transport rates associated with the
different applications. Main body of the tunnel (the
test section) is composed of nine aluminum segments, each of them dimensions are 1m long, 1m
broad and 1m high. It was manufactured from galvanized sheet because of its low weight to easy
transport and time gain when installing or demounting the tunnel, and it is well suited to withstand the
corrosive conditions. The total length of the test
section from the end of the diffusor to the instruments comprises 9 m. Air movement is driven by

The present study was conducted in the experimental fields of Karaaslan Soil, Water and Combating Desertification Research Station in Konya, in
Middle Anatolia (ƍ1ƍ . Land degradation processes are more prominent in the central
part of Turkey where arid and semi-arid climatic
conditions prevail. Konya, located in the middle of
the Central Anatolian Plateau, is comprised mostly
of plains between 900 to 1,050 m in altitude. The
Basin encompasses a wide range of degraded forestlands, pastures/rangelands, agricultural lands,
rock, sand dunes and lakes. The surface area of the
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models use the knowledge gained from the theory
and understanding of the process to reduce the
amount of data required to model the process.
Semi-empirical models are based on combination of
measurement and theory. Unlike existing empirical
models, we have proposed a semi-empirical model
that is based on the theory of logistic growth. We
consider it useful to briefly point out the basis of
the model of logistic growth.
We assume that u(t) describes the size of a
population at time t. It is known that the [27] and
[28] model (or logistic growth model) is a differential equation, which relates the change in population
size over time, du/dt, to the growth events (for example, birth, death, etc.) that occur with time:

an axial fan which was directly coupled to the electric motor. The fan has a power of 11kW and runs
with 380-9 ¨ )ݠat maximal 50 Hz. It is a suction type of tunnel with a 9 m x 1 m working section that was placed on the field surface of each
individual plot. Sediment fluxes were measured
with BEST cyclone-type dust (sediment) catchers
[21] placed on a vertical post at heights of 0.07,
0.24, 0.45, 0.70 and 0.95 m. Experiments were
conducted for 30 min at a wind velocity of 13 m s-1.
To obtain the wind erosion rate (g m-2 h-1), the mass
of the sediment (g) was divided by the test area (m2)
and event duration (h) [11, 22].
Thermo-Scientific MIE pDR-1500 portable
dust measurement devices were used for dust emission (PM10) measurements. Dust emission measurement range of the device is 0.001±400 mg mí3,
particle size rage is 0.1-10 μm and air flow range is
1.0±3.5 L miní1. The measurements were implemented by attaching special apparatus at 1 m height,
and 1 m apart from the rear part of the equipment
used in soil tillage.

du
dt

u t
u (t )

TABLE 3
Existing and developed non linear models used
in study.
Existing empirical non linear
models

1
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model

ʋ
8

6

ru  G u 2 G

(1)

r/k

0

u0 is written as follows:

ku0  e rt
k  u0  u0  e rt

ku0
u0  k  u0 e  rt

(2)

k
§k
·
1  ¨  1¸ e  rt
© u0
¹

The model (1) and its solution (2) were often
used in various applied studies. Analyzing these
solutions and generalizing them, we propose a new
solution, special cases of which were published in
papers [29, 30, etc.). For our research tasks, this
solution will have the following form, which describes erosion rates depending on the concentration
of dust,

y
6

du
§ u·
ru ¨ 1  ¸ or
dt
© k¹

Where the parameter r  describes the
growth rate (reproduction) and k  supportive
environmental capacity (i.e. the maximum possible
population size), G  intraspecific competition ratio
describing, as well as r , a specific population. The
solution to this equation under the initial condition

The commonly used and developed models.
In the present work we have considered in the existing literature empirical and our proposed empirical
and semi-empirical nonlinear models describing a
growth curve. They are listed in Table 3.

ʋ
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[25]

a  bx  cx 2 

d
1  exp k  qx

(3)

Where y is the wind erosion rate, g m-2 min-1;
x is the dust concentration, mgm-3.
Statistical Analysis. When we are dealing
with multiple models, the question is how to find
the best model among competing models. Depending on the structure of the models, different statistical criteria can be used to find the best model. For
comparison of model fitting, we used the eight
comparison criteria. These criteria are given below
[31, 32, 33, 34, 35].
The coefficient of determination (R2), which
indicates the precision of the modelled wind erosion
rate in relation to the measured values. The formula
for this statistic is,

* p is the number of parameters in the emprical model

A model that could utilize the information of
both theory and empiricism would be more versatile
and complete. Bringing theory and empiricism
together would provide the most complete model.
In industrial and agricultural applications this combination of knowledge is accomplished through
semi-empirical modeling [26]. Semi-empirical
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n

R2

1  ¦ yi  yi

2

i 1

n

/ ¦ yi  y

2

RȂ6Ǽ

(4)

n

2

i 1

(8)

n
1
¦ yi  yi
n  p 1 i 1

V y/x

The Mean Absolute Percentage Error (MAPE),
also known as Mean Absolute Percentage Deviation
(MAPD), is a measure of prediction accuracy of in
statistics and is the most common measure of predict error. Is usually expresses accuracy as a percentage, and is defined by the formula,

n

2
/ ¦ ª¬ yi  y  yi  y º¼ (5)
i 1

H

The index D ranges from 0 to 1, where the
value 1 means a perfect accuracy of the estimated
data, and the value 0 means that there is no accuracy.
As an indicator of the accuracy of empirical
models, one should also investigate the reliability
index. To analyze the reliability of each model, it is
calculated the confidence index (C) proposed by
[37], which is the multiplication of compatibility
index (D) and by determination coefficient (R2).

C KD

Ȃ6Ǽ

i 1

The agreement index (D), which indicates the
accuracy of the modelled wind erosion rate in relation to the measured values [36], and is given by:
D 1  ¦ yi  yi
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D R2

2
2K
K
ª1 n
2º
AIC ln « ¦ yi  yi » 
¬n i 1
¼ n

(6)

(10)

The significance of regression equation and to
study regression model quality as a whole is examLQHGE\XVLQJ)LVKHU¶VH[DFWWHVW )-test). Establishing adequacy simple and multiple linear models is
checked by using F-test which is determined from
the formula,

TABLE 4
Criteria for interpretation of the confidence
index (C).
Performance
Best
Very good
Good
Fair
Bad
Very bad
Worst

(9)

The Akaike Information Criterion (AIC) [39],
a measure that is widely accepted for measuring the
validity within a class of nonlinear models and
frequently used for model selection [32], which is
calculated according to the equations,

Criteria used to interpret the performance of
the methods by confidence index (c) are presented
in Table 4.

ʋ Confidence index
1
! 0,85
2
0,76 to 0,85
3
0,66 to 0,75
4
0,61 to 0,65
5
0,51 to 0,60
6
0,41 to 0,50
7
d 0,40

100% n yi  yi
¦
n i 1 yi

MAPE

F p  1, n  p

Symbol
B
VG
G
F
B
VB
W

MSR
MSE

RSS / p  1
ESS /(n  p)

R 2 n  p (11)

1  R2 p 1

In the formulas (4) - (11) the following notations were adopted, yi is the observed values of
dependent variable; yi is the estimated values of
n

dependent variable; y

¦ y /n
i

is the average

i 1

For the purposes of determining the adequacy
of the models used Theil coefficient mismatch [38],
which is calculated according to the equation,
n

U1

¦
i 1

yi  yi

2

§
/¨
¨
©

n

¦y

2
i

i 1



n

¦y

2
i

i 1

of the observed values; n is the number of the used
data; p is the number of estimable parameters in the
approximating model including the intercept term,
while p < n; K is the number of parameters in the
regression model plus 1 for ı2; RSS stands for the
regression sum of squares and is given by

·
¸¸ (7)
¹

n

RSS

¦

ui  u

2

; ESS is Error Sum of Squares

i 1

Theil's inequality coefficient is useful for
comparing different forecast methods. To interpret
the U statistics the general guide is: U1 is bound
between 0 and 1, with values closer to 0 indicating
greater predicing accuracy.
The Root Mean Square Error (RMSE) (also
called the root mean square deviation, RMSD) is a
frequently used measure of the difference between
values predicted by a model and the values actually
observed from the environment that is being modelled.

n

and is given by ESS

¦

ui  ui

2

; MSR is

i 1

Mean Square for Regression and is given by

MSR
Square

RSS / p  1 ; and MSE is Mean
Error

and

is

given

by

MSE = ESS / n  p ; R is coefficient of de2

termination. In our studies computation of model
parameters was done with STATISTICA using the
Quasi-Newton and Rosenbrock methods.
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s-1. Due to a very small mean weight diameter of
the soil used in that study, the results shown in
Table 4 are lower than those of that study.
The dust concentration values varied between
17.73 and 143.45 mg m-3 depending on eight different tillage applications (Table 6).
The average dust concentration was the lowest
in direct seeding (DS) method with the value of
21.52 mg m-3 while the highest in horizontal axis of
the rototiller (L-type foot)-float (RT4) method with
the value of 117.52 mg m-3. Similar results were
also obtained in reduced tillage applications driven
power take-off. In the second year of the treatments,
an increase of about 16% in the soil moisture resulted in a decrease of 32.2% in the dust concentration. When the chisel plough (RT1) system was
compared to the other reduced tillage applications,
it was found that on average less than 57.8% of dust
concentration was realized. When the direct seeding
(DS) was compared with the reduced tillage applications, depending on the decreasing deformation
zone of the soil, the average dust concentration
value of the direct seeding was found to be less than
74.5%. [40] examined possible alternatives to conventional tillage for reducing the particulate matter
emission (PM10) during summer fallow. PM10
concentration generally decreased with a decrease
in number or intensity of tillage operations. Direct
seeding resulted in the lowest PM10 concentration.
The calculated parameters of non-linear models used for prediction of wind erosion rate are
presented in Table 7. While the number of parameters of 4 models varied between 2 to 4, the parameters number in the other 4 models was 5 to 6.
The coefficients of determination (R2) in nonlinear models used in study varied between 93.74%
and 92.57% in Table 8. The R2 values for all models were quite high. The coefficient of determination was highest for suggested semi-empirical nonlinear model 8. [11] found that the determination
coefficient between the measured and predicted
values from the artificial neural network model of
the wind erosion rates in different tillage applications was 99.75%. Similar results were obtained by
[20, 41]. However, lower estimates of determination coefficient reported by [18, 19].
When the results of the existing and developed
non linear models were compared with the experimental results, the root mean square error (RMSE)
values varied between 114.64 and 126.08 in Table 8.
The highest value of RMSE is obtained in developed semi-empirical non linear model 8 while the
lowest value is calculated in existing emprical non
linear model 1.
7KH 0HDQ $EVROXWH 3HUFHQWDJH (UURU İ  YDlues ranged from 8.21 % to 14.83 % and suggested
semi-empirical non linear model 8 provided lowest
value of the mean absolute percentage error than
other non linear models (Table 8). We obtained

RESULTS AND DISCUSSION
The wind erosion rates varied between 113
and 1365 g m-2 h-1 depending on eight different
tillage applications (Table 5).
TABLE 5
The effect on wind erosion rate of different
tillage applications
Applications

2012-2013 years

CT
RT1
RT2
RT3
RT4
RT5
RT6
DS
LSD (0.05)

1212±135ab
370±45c
716±78d
1032±85e
1365±145a
1041±110be
1080±95be
176±50f
171.241

2013-2014
years
910±105ab
240±60c
720±70b
700±55b
1150±120a
820±95ab
1095±125ab
113±40c
408.789

TABLE 6
The effect on dust concentration of different
tillage applications
Applications

2012-2013 years

CT
RT1
RT2
RT3
RT4
RT5
RT6
DS
LSD (0.05)

132,47±17ab
30,4±5c
68,75±12d
114,35±14b
143,45±18a
115,4±15b
132.47±16ab
25,11±6c
23.675

Fresenius Environmental Bulletin

2013-2014
years
93,51±11a
25,6±6b
48,53±10c
80,72±12ad
91,59±14a
65,5±12cd
81,46±10ad
17,73±5b
18.85

On average, the lowest value of the wind erosion rate from a tillage was obtained in direct seeding (DS) application and the highest value was
obtained in the horizontal shaft of the rototiller (Ltype foot)-float application (RT4) due to over fragmentation of soil. The analysis of variance performed on wind erosion rates showed that the difference between soil tillage applications were significant (P<0.01). The difference between the conventional tillage (CT), alternative moving rototiller
(RT3), horizontal shaft rototiller (RT4 and RT5)
and vertical shaft rototiller (RT6) treatments were
not significant in every two years. In the second
year of trials, an increase of about 16% in the soil
moisture resulted in a decrease of 17.8% in the
wind erosion rate. When the chisel plough (RT1)
system compared to the other reduced tillage systems, it was found that on average less than 50.5%
of wind erosion rates were realized. When the direct
seeding (DS) was compared with the reduced tillage
applications, depending on the decreasing deformation zone of the soil, the average wind erosion
rate value of the direct seeding was found to be less
than 83.2%. [22] found as 950 g m-2 min-1 the erosion rates for the sandy soil at a wind speed of 18 m
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TABLE 7
Coefficients of nonlinear model parameters
ʋ

Existing
models

empirical

non

linear

a  b  lln x

a

b

c

d

k

q

-1575,148395

566,375437

-

-

-

-

7,182051

0,001798

42,444602

-

-

-

0,004864

0,439599

-

-

1

y

2

y

3

y

d
f ( x) a  a  b / ª1  c x º
¬
¼

4

y

x a  exp b  cx  d / x

-3,133417

20,355675

-0,023354

136,220806

-

-

5

y

x a exp b  cx  dx 2  k / x

0,572588

6,716645

0,029966

-0,000115

61,281439

-

6

y

ax3  bx 2  cx  d / x 2  kx  q

7,354848

-229,664507

-208,931163

67978,241662

ʋ

Developed empirical non linear
model

a

b

c

d

7

y

19,339326

0,113926

ʋ

Developed semi-empirical
linear model

a

b

c

50,860459

2,495262

0,019658

8

y

exp a  bx  c / x

a  bx

2

4318,274914 -1361,712314

 c  dx / k  qx  x 2

non

a  bx
b  cx  d / >1  exp(k  qx) @

-59,474236 1033,912144
k

q

888,132381

-53,135287

d

k

q

500,689613

8,965456

-0,288718

-174599,257658 4801,538651

2

TABLE 8
Goodness-of-fit statistics in different models for wind erosion rate.
0RGHOʋ

df

p

R2 ,%

1
2
3
4
5
6

14
13
12
12
11
10

2
3
4
4
5
6

92,52
92,64
92,61
93,60
93,67
93,68

ı
İ
D
C
Existing empirical non linear models

114,64 14,83 0,9803 0,9429
118,37 12,58 0,9804 0,9437
123,90 13,56 0,9805 0,9436
115,30 11,51 0,9834 0,9514
114,69 10,52 0,9835 0,9519
120,14
8,36
0,9835 0,9519
Developed empirical non linear model
7
10
6
93,72
119,80
8,26
0,9836 0,9522
Developed semi-empirical non linear model
8
10
6
93,74
126,08
8,21
0,9836 0,9523
p: is the number of parameters in the emprical model
df: degree of freedom

UI

AIC

F

F(0,01)

0,0588
0,0584
0,0585
0,0544
0,0541
0,0540

10,1991
11,2600
12,9006
12,7567
15,1097
18,4407

173,18
81,81
50,11
58,49
40,67
29,65

8,86
6,7
5,59
5,59
5,67
5,64

0,0539

18,4349

29,84

5,64

0,0538

18,4319

29,93

5,64

tween 0.9429 and 0.9523 in Table 8. The higest
confidence index value was obtained in the developed semi-empirical non linear model 8 while the
lowest value was calculated in existing emprical
non linear model 1. The confidence coefficient for
all models was found to be the best over 0.85.
Theil coefficient (U1) ranged from 0.0538 to
0.0588 in Table 8 and developed semi-empirical
non linear model 8 provided lowest value of Theil
coefficient than other non linear models. We obtained very closed result in the model 7 developed
by us. It was found to be very close to 0 for all
models.
The Akaike Information Criterion (AIC)
which were employed to compare the models in
terms of goodness-of-fit, are given in Table 8. AIC
values ranged from 10.19 to 18.44. The highest
value of AIC was obtained in existing non linear
model 6 while the lowest value was calculated in

very closed result in the empirical non linear model
7 developed by us. The mean absolute percentage
error values were between 12.58 % to 14.83 % for
the 2 and 3 parameter models, and about 8 % for the
models with 6 parameters. The mean relative error
of the predicted values from the ANN model of
wind erosion rate was found to be 7.54 % by [11].
Multiple regression analyses for the prediction of
suspended sediment yield were used by [42]. They
found the prediction error to be very high, ranging
from -55% to + 315%.
The agreement index (D) values varied between 0.9803 and 0.9836 in Table 8. The agreement
index values were calculated over 0.98 for all models. The higest D values were obtained in the developed semi-empirical non linear model 8 and empirical non linear model 7. It was found to be very
close to 1 for all models.
The confidence index (C) values varied be-
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[6] Hobbs, P. R., Sayre, K., Gupta, R. (2008) The
role of conservation agriculture in sustainable
agriculture. Philosophical Transactions of the
Royal Society B: Biological Sciences. 363,
543±555.
[7] Wang, H., Hall, C.A., Cornell, J.D., Hall, M. H.
(2002) Spatial dependence and the relationship
of soil organic carbon and soil moisture in the
Luquillo Experimental Forest, Puerto Rico.
Landscape Ecology. 17, 671±684
[8] Cerit, I., Turkay, M.A., Saruhan, H., Sen, H.M.,
Ulger, A.C., Kirisci, V. (2002) Determination
of tillage methods preventing stuble burning
for second crop corn. Ministry of Agriculture
and Rural Affairs General Directorate of Agricultural
Research,
project
no:
TAGEM/TA/00/01/06/08; 2002.
[9] Barut, Z.B., Ertekin, C. (2011) Tillage Effects
on Energy Use for Corn Silage in Mediterranean Coastal of Turkey. Energy. 36(9), 54665475.
[10] Baran, M.F., Gokdogan, O. (2016) Comparison
of energy use efficiency of different tillage
methods on the secondary crop corn silage production, Fresen.Environ. Bull. 25, 4937-4943
[11] dDUPDQ.0DUDNR÷OX77DQHU$0LNDLlsoy, F. (2016) Measurements and modelling of
wind erosion rate in different tillage practices
using a portable wind erosion tunnel. Zemdirbyste-Agriculture. 103(3), 327±334
[12] <DNXSR÷OX7g]GHPLU1(NEHUOLø 
7RSUDN HUR]\RQX oDOÕúPDODUÕQGD EXODQÕN PDnWÕN X\JXODPDODUÕ OMÜ Ziraat Fakültesi
Dergisi. 23(2), 121-130.
[13] Potter, K.N., Williams, J.R., Larney, F.J., Bullock, M.S. (1998) (YDOXDWLRQ RI (3,&¶V ZLQG
erosion submodel using data from southern Alberta. Canadian Journal of Soil Science. 78,
485±492.
[14] Fryrear, D.W., Saleh, A., Bilbro, J.D., Schomberg, H.M., Stout, J.E., Zobeck, T.M. (1998)
Revised Wind Erosion Equation (RWEQ).
Wind Erosion and Water Conservation Research Unit, USDA-ARS, Southern Plains Area
Cropping Systems Research Laboratory. Technical Bulletin No. 1.
[15] Alfaro S.C., Gomes, L. (2001) Modeling mineral aerosol production by wind erosion: emission, intensities and aerosol size distributions in
source area. Journal of Geophysical Research.
106, 18075±18084.
[16] Gregory, J.M., Darwish, M.M. (2001) Test
results of TEAM (Texas Tech Erosion Analysis
Model). In: Proceedings of the International
Symposium on Soil Erosion Research for the
21st Century. Ascough, J.C., Flanagan, D.C.
(eds) American Society Agricultural Engineers:
St. Joseph, MI, 483±485.

existing non linear model 1. It has been determined
that the AIC values increase as a depending on
increasing number of parameters in the models.
The F values calculated for all models were in
the range of 29.93 to 173.18, and each model was
found significantly (P<0.01).

CONCLUSION
It is possible to say that the existing non-linear
model 1 does not present a good fit, as they cannot
determine the value related to wind erosion rate
properly, although they possess a low the Akaike
Information Criterion and root mean square error. It
is also possible to say that despite the error of prediction in existing non linear model 6 and developed non linear model 7 were found to be under
10 %, existing non linear models 2-6 and developed
non linear model 7 were found to be inadequate for
all criteria. The developed semi-empirical non linear model 8 presented a better fit in this study, which
was done for predicted of wind erosion rate as a
depending on dust emission in eight different tillage
practices, because its coefficient of determination,
confidence index and the agreement index are higher than other, its values of the mean absolute percentage error and Theil coefficient are the lowest
and it contains an autocorrelation. The number of
parameters of developed semi-empirical non linear
model is 6. if its number of parameters is high,
model 1 from within existing non linear models
with the lowest number of parameters may be proposed as a alternative with a lower the root mean
square error and Theil coefficient values.
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ABSTRACT

INTRODUCTION

Turkey has different habitat conditions resulting from a wide diversity of climatic and psychographical conditions. Different relationships of
topography and climate have caused different geographical and ecological regions. These regional
differences significantly affect the spread of plant
species and determine distincW VSHFLHV¶ FRPSRVL
tions in different regions. Consequently, Turkey has
high pure and mixed natural forests with biological
and economic value in terms of both tree species
and stand constitutions. Tending works done in the
forests has also changed the relationship of light,
temperature and humidity in the forest ecosystems.
As a result, soil and litter properties changed. Altitude, aspect, slope, topography and soil properties
are effective factors for a habitat¶V productivity.
This present study was aimed at determining
the properties of the soil and primary tree species
ORFDWHGLQWKH7DúN|SUGLVWULFWRI.DVWDPRQX3URY
ince. 7DúN|SU GLVWULFW LV ORFDWHG LQ WKH ZHVWHUQ
Black Sea region of the Black Region and is geographically in the Euro-Siberian floristic region.
Soil samples were taken from 15 different points,
including 5 each from three different areas representing each tree species and from soils under different forest tree species (Scotch pine, black pine,
RDN LQWKH7DúN|SUUHJLRQ. The stand characteristics of these species, such as age, height, diameter,
frequency and litter condition, were measured in the
field. Texture, pH, bulk density, organic matter,
electrical conductivity (EC) and maximum water
holding capacity were determined from the soil
samples. These were evaluated for the different
forest tree species and obtained soil analysis results.

Plants are the source of all life in the world.
They perform many ecological functions in all
environments and shape living things in these environments. All living things in the world are directly
or indirectly dependent on plants [1-4]. The ability
of plants to fulfil their functions primarily depends
on the presence of appropriate climatic and edaphic
conditions [5-6]. Of these necessary conditions, soil
is one of the most foundational for plant existence,
which is essential for the life of living things.
SRLO LV GHILQHG DV ³the part of the solid earth
that has been altered by the loosening of the earth,
humus formation and chemical decomposition, by
the transport of humidification and chemical decomposition products´ [7]. However, when examined in detail, soil has a very complex structure and
biological and biochemical processes in the soil are
the basis of terrestrial ecosystems [8]. In this respect, it is very important to examine structural
changes of soil and to determine its relationship
with plants.
This study was aimed to relate changes of the
soil structure in forests to tree species in Kastamonu
7DúN|SU. This involved determining soil characteristics based on tree species and soil depth within the
scope of the study.

MATERIALS AND METHODS
Materials. General Introduction of the
Study Area. 7DúN|SU GLVWULFW WKH VWXG\ DUHD LV
connected to Kastamonu province in the Western
Black Sea Region. The north, east and south sides
of the district, which is located in the eastern part of
Kastamonu, are covered with mountainous areas.
Its interior section consists of undulating plains of
medium height. A typical Black Sea climate pre-
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waiting in the stove at 105°C. Then, the difference
between the dry weight and wet weight was calculated in percentage as the maximum water held by
the dry weight [22, 23].

vails in the district: it is hot in summers and warm
in winters. It receives rain in all seasons. There are
forests covered with pine trees, abies, beech, oak,
poplar and lime trees in the mountainous areas of
the district, the natural vegetation of which is of the
steppe type.
From the soils under the different forest tree
species in the 7DúN|SU UHJLRQ  VRLO VDPSOHV
were taken from 15 different points at two different
depth levels (0-5 cm, 5-10cm) from 5 points for
each of three different areas representing each tree
species (Scotch pine (Pinus sylvestris L.), Black
pine (Pinus nigra subsp. pallasiana Arnold.) and
oak (Quercus ssp.). The stand characteristics of the
species (age, height, diameter, frequency, litter
status, etc.) were measured in the field.

RESULTS
When the general condition of the black pine
(Pinus nigra Arnold. subsp. pallasiana) stand was
examined, it had an elevation between 900-1100 m
on average, with trees between 70 and 80 years of
age and with diameter values between 20-30 cm. In
the lower layer, there were ferns (Pterideum sp.),
wild strawberries (Fragaria vesca) and blackberries
(Rubus sp.) as living cover, although this was not
heavy.
It was determined that the individuals in the
scotch pine (Pinus sylvestris L.) stand where the
soil sample was taken were aged 70-80 years on
average and had diameter values between 20-30
cm. The stand is situated between 1000-1200 m
elevation values. Ferns were present as living cover, although they were rare. Scotch pine youth were
found separately in the area and there were also
some herbaceous taxa in the area.
In the oak (Quercus sp.) stand, it was determined that the stand usually comprised coppice oak
trees. In the lower layer, there were herbaceous taxa
and some juniper (Juniperus communis) species in
the stand.
Table 1 presents the analysis results of the soil
samples.

Methods. The texture of the soil, the soil reaction (pH), the soil in the ratio of ½.5 of soil samples+pure water mixture and the bulk density of the
soil were determined according to the Bouyoucos
Hydrometer method [9, 10], following Jackson¶V
method [11], using a digital pH meter [12-15] and
according to the method reported by Blake and
Hartge [16], respectively. A total of 30 soil samples
were opened from under 3 different species (scotch
pine, black pine, oak). Undisturbed soil samples
were taken with 100 cm3 steel cylinders from 5
depth levels and kept in a stove at 105°C for 24
hours [17]. Organic matter was measured using the
loss on ignition method [18-19] and electrical conductivity in the soil was measured with an EC meter [20, 21]. Maximum water-holding capacity was
weighed by leaving waterlogged bulk samples to
drain freely on a sloping surface and then kept
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Soil type

66.4
60.4
50.3
66.4
60.4
50.3
66.4
60.4
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61.8
63.6
55.8
61.8
63.6
55.8

Clay
(%)

Waterholding
Capacity (%)

Organic
Matter (%)

Electrical
Conductivity
(EC) (μS.cmࡃ
¹)

pH

Bulk Density
(gr cm-3)
0.28
0.68
1.19
0.65
0.62
0.92
0.79
0.53
1.18
0.74
0.43
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0.78
0.82
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Silty (%)
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5-10
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15-20
15-20
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Pinus sylvestris
Pinus nigra
Quercus ssp.
Pinus sylvestris
Pinus nigra
0HúH
Pinus sylvestris
Pinus nigra
Quercus ssp.
Pinus sylvestris
Pinus nigra
Quercus ssp.
Pinus sylvestris
Pinus nigra
Quercus ssp.

Soil Depth
(cm)

Tree Species

TABLE 1
Some soil characteristics at different depths of soils under different species in the study area

Sandy Loam
Sandy Loam
Loam
Sandy Loam
Sandy Loam
Loam
Sandy Loam
Sandy Loam
Loam
Sandy Clay Loam
Sandy Loam
Sandy Clay Loam
Sandy Clay Loam
Sandy Loam
Sandy Clay Loam
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cantly varies depending on human and animal activity on the soil [29-31]. When evaluated according to these results, it can be said that there are
more human and animal activities in areas with oak,
which is a leaved species. The results are quite
logical, as oak is the main food source for many
animal species.
Water holding capacity was found to be the
highest in Scotch pine and the lowest in oak in soils
at the 0-5 mm depth, in contrast to bulk density.
Scotch pine stretch from the northernmost polar
latitudes of Norway to the warm, extreme southern
part of Spain (> 2000 m) [30] and are very important species for superficial biomass and carbon
storage [31-36].
Gökbulak [30] states that the water holding
capacity of protected soils is higher than in utilised
soils. In this case, the results are consistent with
each other. In oak, human or animal activities on
the soil increase WKHVRLO¶Vbulk density and decrease
its water holding capacity. In scotch pine, bulk
density decreases in the topsoil, but water holding
capacity increases, since this activity is at a much
lower level. Usta et al. [34] reported that in a soil
section, the top soil and the bottom soil were different from each other. If the upper lands are more
exposed to evaporation than the lower ones, this
will have negative effects on moisture.
In the present study, the electrical conductivity
value was determined to range approximately 30-90
μS.cmࡃ ¹. The electrical conductivity (EC) values of
the soil samples taken from different areas, from
different aspects and at different depth levels varied
between 79,0 μS.cmࡃ ¹ and 426.6 μS.cmࡃ¹. While
the average electrical conductivity (EC) value was
measured to be 264 μS.cmࡃ¹ in forest soils, it increased to 340.2 μS.cmࡃ ¹ in agricultural soils and
decreased to 158.08 μS.cmࡃ ¹ in pasture soils [31].
This situation could be due to the fertilization performed in agricultural areas and the high organic
matter content of forest soils [33]. Demir et al. [25]
found that the EC values in the topsoil were 212ȝVFPLQSDVWXUHDUHDV-ȝVFPLQDJUL
cultural areas and 209- ȝVFP LQ IRUHVW DUHDV.
The EC values in the subsoil were 203- ȝVFP
in pasture areas, 200- ȝVFP LQ DJULFXOWXUDO
areas and 203-ȝVFPLQIRUHVWDUHDV. 2÷X]DQG
Acar [26] stated that the EC values in the topsoil
varied between 360- ȝVFP in pasture areas,
420-ȝVFPLQDJULFXOWXUDODUHDV-ȝVFP
in fruit orchards and 401-ȝVFPLQIRUHVWDUHDV.
In the same study, the researchers stated that the EC
values in the subsoils varied between 329-408
ȝVFP LQ SDVWXUH DUHDV - ȝVcm in agricultural areas and between 461- ȝVFP LQ IUXLW
orchards. They did not observe that soil depth has a
significant effect on electrical conductivity (EC).
Similar results were also achieved in other studies
[31].

While the average bulk density at a 0-25 cm
depth level was the lowest in the black pine soils
(0,62 g cm-3), it was the highest in the oak soils
(1.00 g cm-3). While the soil reactions of the scotch
pine and black pine species showed acid reaction,
oak soils had a near neutral or slightly basic pH.
This also shows that the litters of coniferous species
(scotch pine and black pine) are poor in terms of
basic pH; therefore, needles falling on the surface
are factors that increase acid reaction in the soil. In
broad-leaved species (oak, etc.), litter decreases the
acid reaction of the soil, as it is rich in calcium (Ca)
[24]. While the topsoil type for the first 15 cm
depth in scotch pine species is sandy loam, it was
observed that there are clay deposits as a result of
precipitation in the mineral subsoil after 15 cm. The
highest amount of organic matter (approx. 54.5%)
was observed in the topsoil (0-5 cm) of the scotch
pine species. When the species were examined
according to all depth levels, the lowest amount of
organic matter was observed in oak. The maximum
water-holding capacity (at 0-25 cm depth level) was
found to be highest in the black pine species
(19.4%), and similar results (10%) were revealed
for the oak and scotch pine species.

DISCUSSION AND CONCLUSION
Water-holding capacity, bulk density, ph,
electrical conductivity and organic matter were the
soil characteristics determined in the study. All of
these are accepted as basic soil characteristics.
Therefore, different studies have been carried out in
many fields related to these parameters. In one
study, pH values in the topsoil were found to be
between 8.11-8.18 in pasture areas, 8.18-8.36 in
agricultural areas and 8.26-8.28 in forest areas. In
the same study, pH values in the subsoil were
measured to be 8.16-8.19 in pasture areas, 8.198.40 in agricultural areas and 8.26-8.28 in forest
areas [25]. ,QWKHLUVWXG\2÷X]DQG$FDU [26] stated
that the pH values in the topsoil varied between
7.84-8.30 in pasture areas, 7.95-8.06 in agricultural
areas, 7.16-7.79 in fruit orchards and 7.32-7.65 in
forest areas, and that the pH values in the subsoil
were between 8.00-8.05 in pasture areas, 8.01-8.11
in agricultural areas and 7.59-7.55 in fruit orchards.
There are many factors that affect pH in forests; for
example, thinning increases pH [27]. Total N and
organic C were correlated positively with ammonium-N accumulation and there was a positive correlation with nitrate-N accumulation and pH [28].
The study results show that the bulk density
significantly differs in Scotch pine, black pine and
oak, especially in soils at the 0-5 mm depth; the
lowest value was obtained for Scotch pine and the
highest value was obtained for oak. High soil bulk
density affects infiltration and surface flow as an
indication of soil compaction. Bulk density signifi-
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[5] Sevik, H., Cetin, M. and Kapucu, O. (2016)
Effect of Light on Young Structures of Turkish
Fir (Abies nordmanniana subsp. bornmulleriana). Oxidation Communications. 39(1-II), 485492.
[6] Cetin, M. and Sevik, H. (2016) Measuring the
Impact of Selected Plants on Indoor CO2 Concentrations. Polish Journal of Environmental
Studies. 25(3), 973-979.
[7] .DQWDUFÕ, M.'   7RSUDN øOPL øVWDQEXO
Üniversitesi Orman FaNOWHVL <D\ÕQODUÕ øh
<D\ÕQ1R2)<D\ÕQ1R : 462.
[8] Dick, R.P. and Kandeler, E. (2004) Enzymes in
Soils. In: Hatfield, J.L., Scow, K.M., Powlson,
D.S., Singer J.M., Rosenzweig, C. and Sparks,
D.L. (Eds.) Encyclopedia of Soils in the Environment. Volume III. ISBN-13: 9780123485304, Editor-in-Chief Daniel Hillel,
Columbia University, Academic Press. New
York, NY, USA, 448-449.
[9] Bouyoucos, G.J. (1962) Hydrometer method
improved for making particle size analyses of
soils. Agronomy Journal. 54(5), 464-465.
[10] Gee, G.W. and Bauder, J.W. (1979) Particle
size analysis by hydrometer: a simplified
method for routine textural analysis and a sensitivity test of measurement parameters. Soil
Science Society of America Journal. 43(5),
1004-1007.
[11] Jackson, M.L. (1967) Soil Chemical Analysis.
Prentice Hall of India Private Limited, New
Delhi.
[12] McLean, E.O. (1982) Soil pH and lime requirement. In: Page, A.L., Miller, R.H., Keeney, D.R. (Eds.) Methods of soil analysis, Part
2, Chemical and microbiological properties.
American Society of Agronomy Inc., Madison,
WI, USA, 199±224.
[13] Page, A.L., Miller, R.H. and Keeney, D.R.,
(1982) Methods of soil analysis. Part 2. Chemical and Microbiological Properties. Agronomy, No. 9. Soil Science Society of America,
Madison, WI.
[14] Asaduzzaman, M., Wahab, M.A., Verdegem,
M.C.J., Huque, S., Salam, M.A. and Azim,
M.E. (2008) C/N ratio control and substrate
addition for periphyton development jointly
enhance freshwater prawn Macrobrachium rosenbergii production in ponds. Aquaculture.
280(1), 117-123.
[15] Shi, W., Liu, J., Du, Z., Song, Y., Chen, C. and
Yue, T. (2009) Surface modelling of soil pH.
Geoderma. 150(1), 113-119.
[16] Blake, G.R. and Hartge, K.H. (1986) Bulk
density. In: Klute, A. (Ed.) Methods of soil
analysis. Part I. Physical and mineralogical
methods, 2nd ed. Agronomy monograph No: 9.
ASA and SSSA, Madison, WI, 363-375.

The amount of organic matter was the highest
in the 0-5 mm soils for Scotch pine, in the 10-15
mm soils for black pine and in the 20-25 mm soils
for oak. The amount of organic matter at these
depths was more than 50% for Scotch pine and
black pine. .UDYND].XúFX[31] determined that the
average organic matter (OM) values were 7.22% in
forest soils, 4.14% in pasture soils and 3.36% in
agricultural soils. In their study, Demir et al. [25]
reported that the highest organic matter values were
in forest ecosystems, followed by agricultural and
pasture areas. In their study, Erol DQG +Õ]DO [36]
stated that the organic matter content in the forest,
agricultural and pasture areas was 2.67%, 2.05%
and 2.44%, respectively, but there was no statistically significant difference between these values.
2÷X] DQG $FDU [26] stated that the amount of organic matter in the topsoil varied between 0.922.74% in pasture areas, 1.09-2.74% in agricultural
areas, 0.76-1.70% in fruit orchards and 3.71-4.95%
in forest areas, while for subsoil it varied between
0.80-1.68% in pasture areas, 0.10-0.83% in agricultural areas and 0.12-1.38% in fruit orchards.
As a result of this study, it was determined
that the sand ratio at all depth levels varied between
50.3% and 66.4%. Gökbulak [30] stated that the
amount of sand in the protected area was 75.44%
and the amount of sand in the crushed part was
63.67%. Çepel [24] defined the soils of the specified sort as sandy loam. Therefore, it can be said
that all soil samples discussed in the study were
sandy loam.
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Methyl jasmonate (MeJA), a methyl ester of
jasmonic acid, is a naturally produced phytohormone
that regulates plant growth and development by
maintaining the morphologic, physiological, and biochemical development of plants. The purpose of
this study was to determine the effect of methyl
jasmonate and endogenous salicylic acid on the stimulation and scavenging of reactive oxygen species
(ROS) under salt stress in soybean roots and leaves.
Soybean leaves were sprayed with 0.5 µM methyl
jasmonate for 4 days, followed by exposure to 200
mM NaCl. Foliar application of MeJA did not
change the leaf area; however, it increased the relative water content (RWC), chlorophyll content, relative electrolyte leakage (REL), and root and shoot
fresh weight, and it lessened the stress-induced oxidative damage by decreasing the levels of hydrogen
peroxide (H2O2), malondialdehyde (MDA). Curiously, catalase (CAT) enzyme and isoenzyme activity, and also endogenous salicylic acid (SA) were decreased by MeJA treatment. As a result, this study
firstly determined that MeJA treatment improved the
soybean performance under salinity by acting role as
an antioxidant and cooperating with SA.

MeJA application has been reported to be beneficial
in improving plant growth and development under
drought [9, 10, 11], salt stress [12, 13, 14] cadmium
stress [15], and chilling stress [16].
JA can also alter the balance of endogenous
hormones in plants under stress conditions. Especially under biotic stress, primary signal hormones
(salicylic acid and ethylene) can regulate plant responses [17]. JA application has been reported to increase the endogenous abscisic acid (ABA) and gibberellic acid (GA) in rice plants under salinity [18].
In soybean, MeJA application significantly increased the ABA level, whereas NaCl administration
decreased the amount of endogenous GA4 [19]. In
wheat plants, MeJA treatment induced the cytokinin
hormone levels under salinity [20]. Shahzad et al.
[21] reported that foliar application of MeJA induced
or decreased phytohormones, such as ABA, SA, and
JA, in pea plants under heat stress. Although these
previous works have determined that there is a relation between jasmonic acid and other hormones, the
detailed mechanism of such relation has yet to be
clarified.
Salicylic acid (SA) is a naturally occurring
plant hormone that acts as an important signaling
molecule in plants and has diverse effects on tolerance to biotic and abiotic stress [22]. The exogenous
addition of SA can ameliorate toxicity symptoms induced by salinity stress in many plant species [23,
24, 25, 26, 27]. Both endogenous and exogenous SA
have been shown to play roles in antioxidant metabolism and to have a tight control over cellular ROS
[28, 29].
Antagonism between SA and JA signaling
pathways has been widely reported in plants [30].
The tobacco basic PR protein gene % responds positively to jasmonic acid and ethylene signaling systems but negatively to SA [31]. Furthermore, JA signaling has been reported to antagonize
the SA signaling system in #!"$$ % 
[32]. #!"$$ mutants, which accumulate high
levels of SA, have also been found to repress the JAmediated pathway [33, 34]. However, SA has been
widely reported to inhibit JA signaling, and some reports indicate that JA may also inhibit SA signaling.
For example, MeJA induced the transcription of a
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Jasmonic acid (JA) and its methyl ester, methyl
jasmonate (MeJA), are derivatives of fatty acid metabolism [1]. Methyl jasmonate (MeJA) is a hormone that regulates plant growth and development
by protecting the physiologic, morphologic, and biochemical development of plants [2, 3]. A number of
JA-inducible genes have been identified in various
plant species, including the proteinase inhibitor
genes of tomato and potato [4, 5] and the vegetative
storage protein genes in soybean leaves [6]. Moreover, many studies have shown that JA also plays an
important role in abiotic stress tolerance [7, 8].
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glucosyltransferase, a homologue of UDP-glucose/salicylic acid glucosyltransferase, in tobacco
[35]. MeJA has also been suggested to inhibit salicylic acid signaling through the induction of the glucosyltransferase because the sugar conjugate of salicylic acid is inactive [36]. However, these synergistic and antagonistic relations vary from species to
species and depend on specific environmental conditions, including abiotic and biotic stress [37, 38,
39]. More studies are needed to to clarify this paradox in plants under stress conditions. The present
work studied the interplay and correlation between
MeJA and salicylic acid and the effects of MeJA
treatment on the physiologic and biochemical
changes in soybean plant under salinity.

after leaves were dried in the oven. The relative water content (RWC) was calculated by Smart and
Bingham [41].
269;9:2B66-98=/8= The chlorophyll content
of leaves was measured in accordance with the
method specified by Lichtenthaler and Wellburn
[42].

$/6+=3?/ /6/-=;96B=/ 6/+5+1/  Leaf tissue
(~100 mg) was vibrated for 30 min in deionised water followed by measurement of conductivity of
bathing medium (C1). Boiled the samples for 15 min
and again measured the conductivity (C2) was measured [43]. Percent relative electrolyte leakage (REL)
was determined using the following formula:

REL   
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+698.3+6./2B./ -98=/8= ./=/;738+=398 
The level of lipid peroxidation in leaf samples was
determined in terms of malondialdehyde (MDA)
content according to the method of [44].

Soybean ( )  ( L. Merr. cv. SA88)
seeds were obtained from a commercial provider
(Agrova, Adana, TR). The seeds were sterilized in
5% hypochloride solution for 10 min, rinsed three
times with distilled sterile water, and then sown in
plastic trays (10 cm x 14 cm) filled with soil under
dark conditions. After germination, seedlings were
taken into a growth chamber at 25°C with 16 h
light/8 h photoperiod and light intensity of 500 μmol
m-2 s-1 with Hoagland solution for 3 weeks. Seedlings
were divided into Control (1), MeJA (2), Salt treatment (3), MeJA+ Salt treatment (4) groups. MeJA +
Salt treatment (4) group was exposed to 200 mM
NaCl Hoagland solution for 4 days and 0.5 μM
MeJA (concentration was determined in the preliminary experiments) was sprayed on to the leaves. After the stress treatment, the roots and leaves of the
plants were harvested and stored at -80 ° C.

B.;91/8 :/;9A3./ -98=/8= ./=/;738+=398 
Hydrogen peroxide levels were determined in accordance with [45].
+=+6+<//8CB7/+-=3?3=B./=/;738+=398 All
operations were performed at 4o C. For protein and
enzyme extractions, 0.5 g of fresh leaf samples were
homogenized in 1.5 ml of 50 mM sodium phosphate
buffer (pH 7.8) containing 1 mM ethylenediaminetetraacetic acid (EDTA). Na2 and 2% (w/v) polyvinylpolypyrrolidone (PVPP). Samples were centrifuged at 14,000×g for 30 min and supernatants
were used for the determination of protein content
and enzyme activities. The total soluble protein contents of the enzyme extracts were determined according to Bradford [46], using bovine serum albumin as a standard. All spectrophotometric analyses
were conducted on a Thermo Scientific Genesys
(10s UV-VIS) spectrophotometer. Catalase (CAT,
EC 1.11.1.6) activity was estimated according to the
method designed by Bergmeyer [47].

!+=3?/# +8. +-=3?3=B <=+38381 90 &
3<9/8CB7/<  Native polyacrylamide gels were prepared using a separationgel of 10% acrylamide and
a stacking gel of 4% acrylamide, according to the
procedure of Laemmli [48]. except that SDS was
omitted. Separation was done at 15 mA for 5-6 h
then the gel was soaked in 0.03% H2O2 solution for
2 min, washed with water, andincubated in a solution composed of 12.2 mM potassium ferricyanide
and 14.8 mMferric chloride.

397+<<B3/6. Growth parameters were examined after exposure to salt for 4 days; roots and shoot
lengths were harvested. The fresh weight (FW) of
leaves were determined. For dry weight (DW) calculations, shoots and roots were dried in the oven at 70
°C for 48 hours [40].
/+0+;/+ Leaf area was measured on the harvest day using CID Bio-Science CI-201 portable laser leaf area meter. The data were collected from triplet leaves of the plant. Calculations were made by
the program contained in the device and leaf area
was calculated in mm2.
$/6+=3?/ @+=/; -98=/8=  After harvest of salt
treatment, six leaves were obtained from plants for
each species and their FW was determined. The
leaves were floated on dIH2O water for 4h under low
irradiance and then the turgid tissue was quickly
blotted to remove excess water and their turgid
weights (TW) were determined. DW was determined

%+63-B63-+-3.+8.4+<7983-+-3.6/?/6./=/;
738+=398 SA and JA levels were determined in accordance with Flores et al [49] with an UHPLC-
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MS/MS. Stock standard solutions of individual compounds (with concentrations ranging from 200 to
300 mg/L) were prepared by exact weighing of the
powder and they were dissolved in methanol
(HPLC-grade) from Sigma.

%=+=3<=3-+6 +8+6B<3<  All data obtained were
subjected to one-way analyses of variance
(ANOVA) and the mean differences were compared
by lowest standard deviations (LSD) test. Each data
point was the mean of six replicates (n=6) and comparisons with p values <0.05 were considered significantly different.

low MeJA concentration (0.5 µM) applied in the experiments.
Jasmonic acid is also known to be an activator
for inducing the plant response mechanism against
stress factors [55]. In the current work, the MeJAtreated plants showed an increase in root and shoot
length compared with the salt-treated plants (Table
1). These results are in agreement with the findings
of Qui et al. [14] in #%&$%'& L. cv. Wenmai
and & $& L. under salinity [13]. The
increase in plant growth may be related to the uptake
of ions, such as calcium and potassium, caused by
the MeJA treatment in soybean leaves.
Salt stress leads to membrane disruption in
plants [56]. In the current work, MeJA treatment decreased the relative electrolyte leakage in leaf, which
was increased under salinity but it did not effect in
roots (Fig. 1). This result is in agreement with the
reports of [57, 58, 59, 60]. In the present study, the
MeJA treatment may have protected the membrane
structure against oxidative damage by increasing antioxidant enzyme activities and decreasing lipid peroxidation in leaf membranes.
High salt concentrations decrease the water potential and lead to a deficiency in water and mineral
uptake in plants [61]. The results obtained in the present work indicate that MeJA application increased
the relative water content under salt stress (Table 1)
Tsenov et al. [62] showed that MeJA treatment leads
to an increase in the RWC under salt stress alone in
!#&'&#L. From this result, it can be suggested that MeJA treatment is capable of inducing
osmotic compounds, such as proline, mannitol, or
glycine betaine, to maintain the water balance.


$%'&%!%'%%"!
Salt stress is an environmental factor that inhibits plant growth and reduces crop yield. Most plants
are sensitive to salinity [50, 51]. In recent years,
plant growth regulators (ABA, SA, IAA, and JA)
have been used to increase the stress tolerance and
productivity of plants and to decrease the damage
they sustain [10, 52]. Jasmonic acid, one of the important growth regulators, and its derivative, methyl
jasmonate, play a role in the physiologic process in
plant metabolism [53]. In the present work, NaCl
treatment decreased the root/shoot fresh and dry
weight of soybean, whereas MeJA application did
not cause any change under salinity (Table 1). In
contrast, Rezai et al. [54] reported that treatment
with 500 and 1000 mgL-1 MeJA lessened the root
and shoot fresh weight inhibition by salinity in "
$&  && The variation in results can be explained by the differences in the plants used and the

& 
00/-=<90 /=2B64+<798+=/=;/+=7/8=98<299=+8.;99=6/81=20;/<2@/312=.;B@/312=6/+0+;/+
;/6+=3?/@+=/;-98=/8=$)+8.-269;9:2B66-98=/8=90<9B,/+8  <//.6381<>8./;
<+6=<=;/<< 
%299=
$99=
%299=;/<2
$99=;/<2
%299=;B
/81=2
/81=2
)/312=
)/312=
)/312=
-7
-7
1
1
1

36±6.48a
10.25±2.68a
1.02±0.11a
0.10±0.039a
0.203± 0.002a
/
33±2.88b
10.87±2.50a
1.19±0.30a
0.11±0.019a
0.203±0.001a
c
b
b
b
!+6
23±2.58
8.5±1.78
0.87±0.01
0.07±0.020
0.175±0.027b
d
a
b
b
/!+6
26±1.67
10 ±2.88
0.82±0.20
0.08±0.019
0.173±0.037b
$99=;B)/312=
$)
;9>:<


1

a
a
a

0.010±0.001
0.60±2.63
53.70±7.22
11.44±1.38a
a
a
a
/
0.010±0.002
0.70±2.63
54.32±6.44
11.43±1.20a
b
a
b
!+6
0.006±0.016
0.56±2.80
41.51±9.05
9.04 ±1.20b
b
a
c
/!+6
0.005±0.026
0.64±3.44
49.11±5.37
10.46±1.13a
Control (C), Methyl jasmonate (MeJA), Salt stress (NaCl), Methyl jasmonate + Salt stress (MeJA+NaCl). Columns
with different letters represent significantly different (P < 0.05) values.
;9>:<
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00/-=<90 /=2B64+<798+=/=;/+=7/8=6/+0+8.;99=
;/6+=3?//6/-=;96B=3-6/+5+1/$90<9B,/+8 
 <//.6381<>8./;<+6=<=;/<< 
98=;96 /=2B64+<798+=/ /%+6=<=;/<<
!+6 /=2B64+<798+=/%+6=<=;/<<
 /!+6 96>78<@3=2.300/;/8=6/==/;<
;/:;/</8=<318303-+8=6B.300/;/8=# ?+6>/<

'$ 
00/-=<90 /=2B64+<798+=/=;/+=7/8=986/+0+8.
;99=7+698.3+6./2B./ -98=/8=90<9B,/+8
  <//.6381<>8./;<+6=<=;/< 98=;96
 /=2B64+<798+=/ /%+6=<=;/<<!+6
/=2B64+<798+=/%+6=<=;/<< /!+6 
96>78<@3=2.300/;/8=6/==/;<;/:;/</8=
<318303-+8=6B.300/;/8=# ?+6>/<

'$ 
00/-=<90 /=2B64+<798+=/=;/+=7/8=986/+0<+63-B63-+-3.%+8.4+<7983-+-3.90
<9B,/+8  <//.6381<>8./;<+6=<=;/<< 98=;96 /=2B64+<798+=/ /%+6=<=;/<<
!+6 /=2B64+<798+=/%+6=<=;/<< /!+6 96>78<@3=2.300/;/8=6/==/;<;/:;/</8=<318303
-+8=6B.300/;/8=# ?+6>/< 

high heat stress. These contrasting findings can be
explained by the differences in the concentrations of
NaCl and MeJA applied in the different experiments.
Overall, the MeJA treatment increased the root and
shoot length, chlorophyll content, relative electrolyte
leakage, and relative water content; however, it did
not affect the dry and fresh weight and the leaf area
in the soybean plants.
Malondialdehyde (MDA) is a product of lipid
peroxidation and a good indicator of oxidative damage [69]. As shown in Fig. 2, the MeJA treatment
alone did not affect the MDA content in soybean
roots and leaves, whereas salt stress (200 mM NaCl)
increased this variable ~1.5-fold in both the roots
and leaves. Similarly, Ji et al. [70] reported that salinity induced the MDA content in soybean plants.
However, the MeJA application decreased the MDA
content 2.18-fold in roots and 1.29-fold in leaves.
This result is in agreement with previous reports on
MeJA treatments under cadmium [71], drought [10],
and salinity [14].

A decrease in chlorophyll content under salinity is a general symptom that has been determined in
sensitive plants [63, 64]. In the present study, salt
stress also decreased the chlorophyll content,
whereas MeJA treatment increased this variable (Table 1). Parallel to our findings, Mahmud et al.,
Manan et al. [65, 66] determined that the chlorophyll
content was increased with MeJA treatment in six
different #)*$%'L. cultivars and in )!"#$
!  $& %& that is sensitive or tolerant to salt
stress. Furthermore, an increase in endogenous
jasmonic acid has been reported to decrease salt-induced damage to growth and photosynthesis in
#)*$%' plants [67].
The results of the present work showed that the
leaf area was not changed significantly under all
treatments (Table 1). However, Ghoulam et al. [68]
reported that a high concentration of NaCl decreased
the leaf area in %'&#$, and Shahzad et al. [21]
found that high concentrations of MeJA decreased
the leaf area in $&$%'& plants under low and
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00/-=<90 /=2B64+<798+=/=;/+=7/8=986/+0+8.
;99=2B.;91/8:/;9A3./ " -98=/8=90<9B,/+8
  <//.6381<>8./;<+6=<=;/<< 
98=;96 /=2B64+<798+=/ /%+6=<=;/<<
!+6 /=2B64+<798+=/%+6=<=;/<<
 /!+6 96>78<@3=2.300/;/8=6/==/;<
;/:;/</8=<318303-+8=6B.300/;/8=# ?+6>/< 

'$
00/-=<90 /=2B64+<798+=/=;/+=7/8=986/+0+8.
;99=+-=3?3=B<=+38381+8.38.>-=39890&
3<9/8CB7/<+8.=9=+6+-=3?3=B90<9B,/+8
  <//.6381<>8./;<+6=<=;/<< 98=;96
 /=2B64+<798+=/ /%+6=<=;/<<!+6
/=2B64+<798+=/%+6=<=;/<< /!+6 
96>78<@3=2.300/;/8=6/==/;<;/:;/</8=
<318303-+8=6B.300/;/8=# ?+6>/<


level can induce hydrogen peroxide under stress conditions. However, in the present experiment, the
MeJA application under salt stress decreased the SA
level and maintained the H2O2 content to the same
level as that of the control groups. However, the
CAT enzyme and isoenzyme activity were also increased under salt stress. Parallel to the total activity,
the CAT1expressions were up-regulated 2.3-fold in
roots and 1.7-fold in leaves. However, the MeJA
treatment decreased these values in the roots (1.7
fold) and leaves (2.6) under salinity (Fig. 5).


"!'%"!%

Salicylic acid plays an important role in plant
response to biotic and abiotic stress. In the present
work, MeJA caused a 34.7% decrease in SA level in
soybean leaves (Fig. 3A). This result indicates that
MeJA has an antagonistic action with salicylic acid
and inhibits its biosynthesis. This finding is similar
to that of [36] but has yet to be clarified. Under salt
conditions, the SA level was increased significantly
(1.44-fold) compared with the controls. Similarly,
[72, 73] reported that salt stress could induce the endogenous SA level in plants. The endogenous
jasmonic acid level was also increased under salt
stress (Fig. 3B). Previous works have found that the
endogenous JA level was increased under cold stress
in rice [74] and under drought in soybean [75]. However, interestingly, the MeJA treatment decreased
the endogenous JA level by 31.7% in soybean leaves
in the present study (Fig. 3B). Parallel to this finding,
Shahzad et al. [21] reported that MeJA application
(50 µM) under heat stress decreased the SA level in
pea plants. To the best our knowledge, however,
there are no reports in the literature on the effects of
MeJA on the SA level under salinity.
Salt stress induces hydrogen peroxide as a reactive oxygen species and as a signal molecule in
plants. As shown in Fig. 4, the H2O2 content was increased under salt stress in both the leaves and roots;
however, the increase in the leaves was higher by
69.75%. This result is in agreement with previous
studies on soybean [76, 77, 78]. A high level of SA
is known to prompt CAT enzyme activity and to protect plants from oxidative stress. In our results, the
increase in MDA under salinity can be explained by
the increase in the SA level, which induces CAT enzyme activity (Fig. 2A). Parallel to our results,
Sawada et al. [79] reported that the exogenous SA

In our results, foliar application of MeJA protected soybean leaves from negative effects of salinity by increasing root and shoot growth, relative water content, relative electrolyte leakage and chlorophyll content. Neverthless, regarding the results for
MDA and H2O2, this study is the first to show that
MeJA can mimic as an antioxidant by decreasing the
CAT enzyme activities and talking with SA in soybean plants to protect from salt induced damage.

!") !&%
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of effluents from mining, industrial, municipal, and
agricultural activities [3]. The metal concentrations
in water reflect the current condition, whereas the
concentrations in sediment could provide evidence
of metal pollution for longer periods. Sediment has
been considered as not only a major sink but also a
source of metals in aquatic environment [1, 4, 5].
The surface sediment plays an important role in estimating the metal pollution of river, especially for the
long-term metal deposition in river ecosystems [6].
However, the metal concentrations in water and sediment cannot provide information on the ecological
effect caused by bioaccumulation or biomagnification of metals [7]. Aquatic macrophytes can uptake
large amounts of metals from water and/or sediment
through active and passive absorption [8, 9]. So,
aquatic macrophytes could be used as biomonitors
for metal pollution in aquatic environment. Fishes
have also been widely used as indicators for the evaluation of aquatic environmental pollution as they accumulate metals directly or indirectly from exposure
to polluted water, sediment, or diet [10-13]. Generally, the fish muscle is chosen as target tissue to evaluate the potential risks for human consumption, the
liver represents the long-term uptake and storage of
metals in fish [14].
Zunyi city is located in the north Guizhou province, southwest of China. It has approximately 6.2
million rural residents. More than one million residents live in the main urban area of Zunyi. There is
a river named Xiangjianghe River with a length of
143.3 kilometers across the city. It is a tributary of
the Wujiang River, which flows into the Yangtze
River. There is a potential risk of metal pollution in
the Xiangjianghe River because of runoff from agricultural activities, mining, industrial and domestic
effluents, traffic emission, as well as high background value [15,16]. The main objectives of present
study were to analyze the concentrations of Cu, Zn,
Ni, Mn, Pb, Cd, Cr, As, and Hg in water, sediment,
three submerged plants (     ,
   , and   ), and
tissues of two fish species (     and
   ) from the main urban section

The aim of present study was to investigate the
concentrations of Cu, Zn, Ni, Mn, Pb, Cd, Cr, As,
and Hg in water, sediment, submerged plants ( 
    ,     , and  
 ), and tissues of fish species
(     and    ) from
the main urban section of the Xiangjianghe River.
The results showed that the concentrations of all
metals except Hg were much lower than the values
of grade one, which is the highest standard of water
quality in China. The metal concentrations in sediment showed a general trend of Mn > Zn > Cr > Pb
> Cu > Ni > As > Cd > Hg.   had the highest mean concentrations of all metals compared to 
   and  . All the metal concentrations in liver of  and    were
significantly higher than that in muscle, with the exception of Hg. Potential risk in sediment cannot be
ignored in this study area.
)' "#
Metal, Water, Sediment, Submerged plant, Fish

$" %$ 
Metals and metalloids from natural and anthropogenic sources are environmental priority pollutants and are of global concern in recent decades because of their persistence, toxicity, bioaccumulation
and biomagnification through the food chain. Elements such as Pb, Cd, Cr, As, and Hg are biologically non-essential and can be toxic to living organisms even at quite low concentrations. Although
metals like Cu, Zn, Ni, and Mn are biologically essential, they are regarded as potential hazards if the
concentrations above the permissible level. The
metal pollution in aquatic environment is usually determined by measuring water, sediment, and aquatic
organisms [1, 2]. Surface water could be easily exposed to pollution because of inappropriate disposal
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digestion solution was then added and the mixture
of the Xiangjianghe River. The present study also
was heated at 150 °C on a hot plate until the sample
aimed to assess the potential ecological risk of metsolution became clear and nearly dry. After cooling,
als in this study area.
the solution was diluted with ultrapure water (MilliQ, 18.2 MΩ cm) to a final volume of 25 mL. The
solution was then filtered using a 0.45 μm nitrocel$"#$ #
lulose
membrane filter.


#<=.@ +:/+ +7. ;+695371; The samples of
/</:637+<387 80 6/<+5; Concentrations of
water, sediment, submerged plant, and fish were colCu, Zn, Ni, Mn, Pb, Cd, and Cr were measured by
lected in March 2017. Water and sediment samples
inductively coupled plasma atomic emission specwere collected from eight different sampling sites
trometry (ICP-AES; Thermo ICAP6300-duo, USA).
(Fig. 1). A sample of 500 mL of water was taken
Concentrations of As and Hg were carried out by the
from each sampling site at a depth of about 30 cm. 2
KCHG AFS-230E atomic fluorophotometer. The demL of nitric acid was then immediately added to the
tection limits for Cu, Zn, Ni, Mn, Pb, Cd, Cr, As, and
water samples to adjust the pH and maintain the metHg were 2, 0.6, 3, 0.5, 4, 0.5, 0.3, and 0.04 μg/L, reals in solution. The water samples were then filtered
spectively. Percentages of metal recovery based on
through 0.45 μm Millipore filters. The surface sedistandard reference materials (GBW07311, standard
ment samples were obtained using a Pedersen grab
samples of stream sediment components;
sampler, sealed in clean polypropylene bags, transGBW10050, standard samples of biological constitported to the laboratory immediately and kept at 4 °C
uent, prawn, National Research Center for Certified
for further analysis. The sediment sample was air
Reference Materials of China) for samples were in
dried, grounded, and sieved through a 0.25 mm
the range from 89.5 to 107.2%. The blank and spiked
sieve. About 1 g of the sieved sediment was taken
samples were treated in triplicate using the same profor acid digestion. The digested samples were filcedure.
tered and finally diluted to 25 ml. The shoots of submerged plant were collected, washed in the river and
#<+<3;<3-+5+7+5@;3; All statistical calculations
packed in polyethylene bags before being transwere performed using SPSS19.0 for Windows. Oneported to the laboratory, then dried at 60 °C until to
way analysis of variance (ANOVA) and Duncan’s
constant weight at room temperature. The dried plant
multiple comparison test ( = 0.05) were carried out
samples were ground by using mortar and pestle.
to assess the significant differences among the plant
Nearly 0.1 g of ground samples was taken for acid
and fish species for different metal concentrations.
digestion. Accurately weighed samples (0.55–0.85
Spearman’s correlation coefficient (r) was used to
g) of muscle (under dorsal fin without skin) and liver
examine different metals in sediment to trace the
were taken from each fish and stored in glass vials at
possible sources of origin. The metal concentrations
4 °C before analysis. All the sediment, plant, and fish
in water, sediment, submerged plants, and fish tissamples were pre-digested overnight with 10 mL of
sues were expressed as mean ± standard deviation
digestion solution HNO3-HClO4 (9:1 v/v), 4 mL of
(SD).
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/<+5-87-/7<:+<387;37?+</:;/.36/7<+7.;=,6/:1/.95+7<;0:86<2/(3+7143+712/"3>/:

Cu
Zn
Ni
Mn
Pb
Cd
Cr
As
Hg

Water (μg/L)

Sediment (μg/g)

BDL
8.83±3.15
BDL
55.11±51.42
6.83±3.81
BDL
BDL
1.45±0.93
0.16±0.06

65.89±30.03
296.13±221.19
33.43±8.57
1237.75±623.31
69.21±41.10
1.29±0.49
91.53±30.59
12.02±4.13
0.61±0.44

  
12.62±2.20ab
76.03±13.94b
3.37±0.28b
2087.94±466.89
2.91±1.10
0.51±0.12
2.68±0.36b
2.09±0.42
0.22±0.05

Submerged plants (μg/g)
 
 
14.89±2.73a
8.84±1.49b
a
341.05±57.73
266.52±42.61a
a
4.09±0.48ab
5.06±0.68
2609.04±442.79
1847.67±212.90
5.01±0.85
3.54±0.60
0.74±0.21
0.68±0.20
8.85±1.84a
5.69±1.58ab
3.48±0.75
2.28±0.73
0.26±0.10
0.22±0.06

BDL: below detection limit. Different letters indicate significant differences between different species
of submerged plants (< 0.05).
$
#9/+:6+7-8::/5+<387-8/003-3/7<;806/<+5;37<2/;/.36/7<0:86<2/(3+7143+712/"3>/:*=7@3
Cu
Zn
Ni
Mn
Pb
Cd
Cr
As
Hg

Cu
1.000
0.905**
0.500
0.381
0.667
0.500
0.905**
0.238
0.452

Zn

Ni

Mn

Pb

Cd

Cr

As

Hg

1.000
0.524
0.286
0.762*
0.738*
0.857**
0.381
0.452

1.000
0.595
0.048
0.262
0.762*
0.595
-0.119

1.000
-0.333
-0.167
0.476
0.810*
-0.262

1.000
0.690
0.524
-0.190
0.452

1.000
0.405
0.238
0.524

1.000
0.333
0.262

1.000
-0.286

1.000

*Significant at the 0.05 probability level, ** Significant at the 0.01 probability level.
(0.905), Cu-Cr (0.905), and Zn-Cr (0.857) (Table 2).
It indicated that Cu, Zn, and Cr might originate from
common sources. Similarly, four metal pairs, Pb-Zn
(0.762), Cd-Zn (0.738), Cr-Ni (0.762), and Mn-As
(0.810), showed a significant positive correlation of
 < 0.05 (Table 2). The results also suggested that
these metals were likely from common sources. The
Xiangjianghe River flows through the main urban
area of Zunyi city. The release of domestic and factory wastewaters without treatment as well as runoff from adjacent agricultural areas might be the major anthropogenic sources of these metals in river
sediment. The presence of metals in sediment can be
used to indicate the deposition in riverbed and to represent potential risk to the river ecosystem [22].The
relatively higher metal concentrations in sediment
indicated that there was potential risk in the
Xiangjianghe River. In subsequent investigations of
potential risk on aquatic organisms, metal concentrations were determined in submerged plants and fish
species.

/<+5 -87-/7<:+<387; 37 ;=,6/:1/. 95+7<;
The metal concentrations in three submerged plants
are shown in Table 1.    had the highest
mean concentrations of all metals compared to 
   and  . The concentrations of
Zn, Ni, and Cr in    were significantly
higher than that in   (< 0.05). The concentration of Cu in    was significantly
higher than that in   (< 0.05). The

"#%$##%## 

/<+5 -87-/7<:+<387; 37 ?+</: The ranking
order of mean metal concentrations in the surface
water of Xiangjianghe River was Mn > Zn > Pb > As
> Hg. The concentrations of Cu, Ni, Cd, and Cr were
below the detection limit (Table 1). According to
National Environment Quality Standard for Surface
Water (GB3838-2002), the concentrations of all
metals except Hg were much lower than the values
of grade one, which is the highest standard of water
quality in China. The relatively higher concentration
of Hg might be due to the high background value in
this area [17].
/<+5-87-/7<:+<387;37;/.36/7<The most
abundant metal detected in the sediment samples
was Mn, followed by Zn, Cr, Pb, Cu, Ni, As, Cd, and
Hg. A similar trend was observed in the sediment
samples collected from Ebro river basin, in north
eastern Spain [4]. The concentrations of all metals
except As were higher than the average background
values of sediment in Guizhou province (29.43 μg/g
for Cu, 89.94 μg/g for Zn, 32.84 μg/g for Ni, 1076.90
μg/g for Mn, 29.39 μg/g for Pb, 0.31 μg/g for Cd,
79.42 μg/g for Cr, 14.89 μg/g for As, 0.10 μg/g for
Hg) [18]. Bottom sediment is not only sink but also
source of metals in water system [19, 20]. It could
pose a danger to water quality in the event of re-suspension [21]. Positive correlations ( < 0.01) were
observed between several metal pairs: Cu-Zn
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38-87-/7<:+<3870+-<8:;806/<+5;37<2://;=,6/:1/.95+7<;0:86<2/(3+7143+712/"3>/:
  
 
 

Cu
0.19
0.23
0.13

Zn
0.26
1.15
0.90

Pb
0.04
0.07
0.05

Cd
0.40
0.57
0.53

Ni
0.10
0.15
0.12

Cr
0.03
0.10
0.06

Mn
1.69
2.11
1.49

As
0.17
0.29
0.19

Hg
0.36
0.43
0.36


$ 
/<+5-87-/7<:+<387;376=;-5/+7.53>/:80<?803;2;9/-3/;  +7.  
(3+7143+712/"3>/:6/+7A#B11?/<?<
  
Cu
Zn
Ni
Mn
Pb
Cd
Cr
As
Hg

Muscle
0.359±0.110b
16.805±4.662b
0.054±0.016b
0.355±0.088c
0.068 ± 0.045a
BDL
0.049±0.025b
0.019±0.009b
0.018±0.008

0:86<2/

  
Liver
2.955±1.261a
41.012±16.317a
0.084±0.019a
2.049±0.811a
0.198 ± 0.059b
0.021±0.013
0.099±0.022a
0.050±0.016a
0.025 ±0.011

Muscle
0.544±0.237b
16.204±6.398b
0.058±0.024b
0.171±0.019c
0.081 ± 0.050a
BDL
0.046±0.019b
0.024±0.008b
0.017±0.005

Liver
2.315±0.785a
31.087±9.690a
0.091±0.018a
1.388±0.500b
0.186 ± 0.107b
0.011±0.003
0.090±0.015a
0.041±0.012a
0.023 ±0.011

BDL: below detection limit. Different letters indicate significant differences in the same line (< 0.05).
BCF (bioconcentration factors) of Zn in  ,
Mn in    ,   , and  
were more than one (Table 3). The BCF is the ratio
of metal concentration in plant to that in sediment.
Plants exhibiting BCF value more than one could be
suitable for extracting metal from the soils [23]. The
larger the value is, the more easily the aquatic plant
absorbs the metal from the sediment [24]. Usually,
different aquatic plants have different abilities to accumulate metals [25, 26].Metal accumulation by 
  varied according to the metal [27]. The present study indicated that   was more efficient in accumulating metals from sediments than
the other two submerged plants. It can be used as a
good biomonitor of metal pollution in the river sediment.

μg/g, respectively. Zinc has been found to be the
highest concentration in muscle and liver of the two
fish species compared to other metals. The Hg exhibited the lowest value among all the metals in each
tissue. It could be attributed to different background
values and accumulation capabilities of metal in the
aquatic ecosystems [28]. All the metal concentrations in liver of  and    were significantly higher than that in muscle, with the exception of Hg. Liver accumulates most metals more easily than muscle because it is an important tissue for
metal detoxification and metabolism in fish [29], as
well as it contains high levels of binding proteins
such as metallothioneins [30]. Similar results were
reported in other studies showing that the muscle
was not an active tissue for metal bioaccumulation
[31, 32].
It is generally accepted that metal concentrations in fish are usually species specific. Metal concentrations in different fish species might be a result
of different diet, habitat environment, behavior,
lifespan, ecological needs, and metabolic activities
[33, 34].   and    are two commonly found fish species in China, especially in natural freshwater. They are omnivorous fish feeding on
plankton, organism detritus, larva of aquatic insect,
etc. No significant differences in the concentrations
of Cu, Zn, Ni, Pb, Cd, Cr, As, and Hg were found in
the same tissue between the two species (> 0.05).
However, the Mn concentration in liver of   
was significantly higher than that of    (
< 0.05).    lives in the middle and lower layers of river, whereas    lives in the middle
and upper layers of river. So,    could be
easily exposed to the bottom sediment which contains higher Mn concentration. The present study
provided the basic data of metal concentrations in
water, sediment, submerged plants, and the common

/<+5-87-/7<:+<387;3703;2The metal concentrations in muscle and liver of   and 
   from the Xiangjianghe River are shown in
Table 4. The mean concentrations of Cu, Zn, Ni, Mn,
Pb, Cr, As, and Hg in muscle of the two fish species
were 0.452 ± 0.207, 16.505 ± 5.606, 0.056 ± 0.020,
0.263 ± 0.112, 0.075 ± 0.048, 0.048 ± 0.022, 0.022
± 0.009, 0.017 ± 0.006 μg/g, respectively. The Cd
concentrations in muscle were below detection limit.
There are no maximum limits of Cu, Zn, Ni, and Mn
for fish in Chinese standard. The mean concentrations of Pb, Cd, Cr, As and Hg in muscle were below
the tolerance limit levels (Pb: 0.5 μg/g; Cd: 0.1 μg/g;
Cr: 2.0 μg/g; As: 0.1 μg/g; Hg: 0.5 μg/g) assigned by
the Ministry of Health of China. It indicated that the
fish from this area could be no health risk for human
consumption. The mean concentrations of Cu, Zn,
Ni, Mn, Pb, Cd, Cr, As, and Hg in liver of the two
fish species were 2.635 ± 1.098, 36.050 ± 14.307,
0.088 ± 0.019, 1.719 ± 0.750, 0.192 ± 0.087, 0.016
± 0.011, 0.094 ± 0.019, 0.046 ± 0.015, 0.024 ± 0.011
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fish species from the Xiangjianghe River. Although
no obvious metal pollution was exhibited, strict protection and long-term monitoring in this area are still
needed, as well as potential risk in sediment cannot
be ignored in this river.
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The results from the present study showed that
the concentrations of all metals except Hg were
much lower than the values of grade one, which is
the highest standard of water quality in China. The
concentrations of all metals except As in sediment
were higher than the average background values.
Positive correlations between several metal pairs:
Cu-Zn, Cu-Cr, Zn-Cr, Pb-Zn, Cd-Zn, Cr-Ni, and
Mn-As indicated that that these metals were likely
from common sources. The submerged plant 
  was more efficient in accumulating metals from
sediments compared to    and  
. It can be used as a good biomonitor of metal
pollution in the river sediment. The metal concentrations in fish muscle indicated that the fish from this
area could be no health risk for human consumption.
All the metal concentrations in liver of   
and    were significantly higher than that
in muscle, with the exception of Hg. The present
study provided the basic data of metal concentrations
in water, sediment, submerged plants, and the common fish species from the Xiangjianghe River. Potential risk in sediment cannot be ignored in this
study area.
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In the present study, phosphate ore slurry as an
alternative raw material in wet flue gas desulfurization. Effects of the parameters affecting the leaching
of magnesium, e.g. SO2 concentration, phosphate ore
slurry concentration (solid-liquid ratio), pH and temperature. It was observed that the optimum conditions of magnesium leaching was 50 degrees temperature, 1000mg/m3 concentration of SO2, 30% concentration of phosphate ore slurry using the phosphate ore from Kunyang located in Yunnan China.
The rule of magnesium leaching was summarized
under the influence of single factor.



There is plenty of iron element in phosphate
ore, which can be dissolved as Fe2+ and Fe3+in the
acidic conditions. In our previously study, SO2 in the
industry waste gas can be liquid-phase catalytic oxidized to sulfuric acid by Fe3+. The magnesium impurities (MgCO3) can be removed by sulfuric acid, dissolving to Mg2+. Thus, the removal of magnesium
and flue gas desulfurization (FGD) process can be
achieved in the same time. The suitability of phosphate ore slurry as an alternative raw material for
limestone or dolomite in wet flue gas desulfurization
by the liquid-phase catalytic oxidization process has
been investigated. The present study focused on the
leaching performance of magnesium in the phosphate ore slurry in the FGD process.

(&"#
Sulfur oxide, Phosphate ore, magnesium, flue gas desulfurization
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Phosphate ore used in this investigation was
obtained from Kunyang Phosphate Mine, located in
Yunnan Province, China. The sample was crushed,
ground and then sieved to 200 mesh (about 74μm).
Chemical analysis of the phosphate ore was carried
out by standard gravimetric, volumetric and spectrometric methods, and the results are shown in Table.1.
The schematic experimental set-up is shown in
Fig.1. SO2 gas and dry air are mixed to different concentrations through the mass flow meter to prepare
the simulated flue gas (SO2(in)). Then the flue gas was
reacted with suspended phosphate ore slurry in cylinder-shaped glass reactor. Homoeothermic water
bath was used to control the reaction temperature.
Then the flue gas after reaction was collected by the
multi-functional flue gas analyzer (RBRJ2KN, Germany) to detect SO2 concentration (SO2(out)). EDTA
titration method was used to measure the content of
magnesium.
The orthogonal experiment method was used in
this study to investigate the impact factors on the
leaching of magnesium. Then, four factors and three
levels of experiment conditions were designed to determine the optimal conditions for the leaching of
magnesium. According to the reference material and
the actual operating conditions, selected experimental conditions were shown in Table 2.

In China, Yunnan province is rich in phosphate
mine resource, but most of that are low-grade sedimentary mine. It contains a lot of impurities, especially magnesium impurities, which has great negative impact on the production of phosphate chemical
industry. Most of magnesium exits as
MgCO3·CaCO3, and plays a very important role in
the enrich process of phosphate element, leading to
high content of magnesium in phosphate ore [1].
Generally, magnesium content (calculated as MgO)
in phosphate ore is about 1.5% to 10%. However, if
the content is more than 1%, the production of phosphoric acid and subsequent phosphorus chemicals
will be affected greatly [2]. During the wet-process
phosphoric acid production, the magnesium impurities in the phosphate ore slurry will be completely
dissolved, and cause the greatly reduce of H+ concentration in the phosphoric acid, leading to negative
impact on the phosphate ore decomposition reaction.
In order to keep a certain concentration of H+, the
concentration of SO42- in liquid phase must be increased, and then will cause tiny crystallization of
calcium sulfate. Therefore, the removal of magnesium impurities in phosphate ore is very important
[3-5].
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Components
Content (%)

P 2O 5
21.32

CaO
27.79

MgO
1.51

Fe2O3
1.88

Al2O3
1.34

%"
$1.9,1.4*:2,-2*08*46/:1..>7.824.5:*3*77*8*:;9
#0*9*5--8?*284*99/36=4.:.8 -202:*3-2973*?259:8;4.5: 0*942>.8 8.*,:68
1646.6:1.842,=*:.8+*:1 ,327:*230*9*+9687:265;91*7.-0*9-8?250:;+.*:46971.8.
9*473250259:8;4.5:/3;.0*9*5*3?@.8
$
>7.824.5:*367.8*:250,65-2:2659

1
50
1500
40%
6

A-The slurry temperature(°C)
B-Concentration of SO2-(SO2(in))(mg/m3)
C-Concentration of phosphate ore slurry
D-pH
Time (h)
Gas flow rate (L/min)

2
35
1000
30%
5
2
0.3

3
20
500
20%
7

$ 
8:16065*3*5*3?9296/.>7.824.5:*38.9;3:9

A-The slurry
temperature

B-The
concentration of
SO2-(SO2(in))

C-The
concentration
phosphate ore
slurry

D-pH

No.1
No.2
No.3
No.4
No.5
No.6
No.7
No.8
No.9
K1
K2
K3
Range

50oC
50oC
50oC
35oC
35oC
35oC
20oC
20oC
20oC
2449.393
2146.458
2169.117
302.935

1500
1000
500
1500
1000
500
1500
1000
500
2657.083
2822.633
1285.085
1393.548

40%
30%
20%
30%
20%
40%
20%
40%
30%
2264.492
2521.200
1835.110
686.090

7
6
5
5
7
6
6
5
7
2488.000
2380.908
1896.060
591.940
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Result-the
leaching amount
of magnesium
(mg)

Factor



3094
3121
700.68
2600
2527.4
1311.975
2277.25
2387.5
1842.6
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In order to get the optimal conditions for the leaching
of magnesium, the results of the nine group experiments were processed, shown in Table 3.
According to the value of K1K2K3, the impact
of factors and levels could be determined. So that A1,
B2, C2, D1 were the optimal combination of the factors and levels. It means the optimal experiment condition was that the concentration of SO2 was
1000mg/m3, the concentration of slurry was 30%,
pH was 6 and temperature was 50.By analysis and
comparison, the value of range is B> C> D> A, primary and secondary orders of factors of the index
test is BCDA. The impact of SO2concentration is the
maximum, followed by the slurry concentration, pH
and temperature affect the minimum.
$1. .//.,: 6/ C SO

2 (in)

%" 
$1..//.,:6/93;88?,65,.5:8*:26565:1.3.*,1250
8*:.6/4*05.92;4



can promote the reaction driving force, and be beneficial to the leaching of magnesium.
$1. .//.,: 6/ 93;88? ,65,.5:8*:265 65 :1.
3.*,1250 8*:. 6/ 4*05.92;4 The reaction slurry
concentration (solid-liquid ratio) was set to 10%,
20%, 30% and 40% in the experiments to investigate
the effect on the leaching rate of magnesium. The
conditions of experiments were set as below: reaction temperature is 50°C; C SO (in) was
2

1000mg/m3;flue gas flow rate 300ml/min; pH=6.
The results were shown in Fig.3.
The experimental results show that, at the same
reaction time, the higher slurry concentration (solidliquid ratio) caused the lower leaching rate of magnesium. With the increase of solid mass ratio, the
leaching rate of magnesium decreased. It can be explained that the higher of the solid-liquid ratio lead
to the higher viscosity of the slurry, and the diffusion
velocity of SO2 in the slurry became slower, which
was not beneficial to the reaction [8,9].Moreover, the
continuously increased viscosity of the slurry made
it could not be kept in fluidized state all the time,
leading to reduce reaction rate of leaching magnesium. Thus, the leaching rate of magnesium decreased obviously when the slurry concentration was
over 10%. That is, decreasing of slurry concentration
can promote the reaction driving force, and be beneficial to the magnesium leaching.

$1. .//.,: 6/ 7 65 4*05.92;4 3.*,1250
8*:.The pH of reactions was set to 4, 5, 6, 7 and 8,
in the experiments to investigate the effect on the
leaching rate of magnesium. The conditions of experiments were set as below: reaction temperature is
50°C; C SO (in) was 1000mg/m3;flue gas flow rate

65 :1. 3.*,1250 8*:. 6/

4*05.92;4 The SO2 concentrations were set to
1500 mg/m3, 1250 mg/m3, 1000 mg/m3, 750 mg/m3
and 500 mg/m3 in the experiments to investigate the
effect on the leaching of magnesium. The conditions
of experiments were set as below: reaction temperature was 50°C;flue gas flow rate was 300ml/min; the
slurry concentration was 40% (solid-liquid ratio
2:5); pH=6. The results were shown in Fig.2.
The experimental results show that, with the
higher concentration of the C SO (in) , the leaching
2

rate of magnesium was larger. It can be explained
that the dissolute mass concentration of SO2 was increased when C SO (in) increase. Then SO2 could easily
2
become H2SO3 when react with H2O, and also could
be H2SO4 when oxidized by O2. Therefore, the pH of
solution reduced rapidly, which was beneficial to the
leaching of magnesium [6, 7]. So, increasing C SO (in)

2

300ml/min; the slurry concentration is 40% (solidliquid ratio 2:5).

2
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Phosphate ore slurry was used as an absorbent
to remove SO2 from flue gas, at the same time, the
effect of different reaction conditions on magnesium
leaching were studied. The following specific conclusions can be drawn from the results: When the
temperature is 40°C, the leaching rate of magnesium
was the highest; With the increase of temperature,
the leaching rate of magnesium increased. At the
same reaction time, the higher of the slurry concentration (solid-liquid ratio) was presented, the lower
of the leaching rate of magnesium was observed.
With the pH reduced, the leaching rate of magnesium speed up. When pH was 5, the leaching rate of
magnesium was the largest. With the higher concentration of the C SO (in) , the leaching rate of magne2

The experimental results show that, when the
pH reduced, the leaching rate of magnesium speeded
up [10]. When pH reduced to 5, the leaching rate of
magnesium reached the largest. And when pH was
lower then 5, the leaching rate of magnesium decreased. This was because that the lower pH was
beneficial for the leaching of magnesium. However,
it was not beneficial for the dissolute of SO2 [11].
$1..//.,:6/:.47.8*:;8.653.*,12508*:.6/
4*05.92;4 Commonly, the temperature of waste
gas from sulfuric acid department in the wet-process
phosphoric acid technology is about 60°C. Thus, the
temperature in this study was set to 20°C, 30°C,
40°C, 50°Cand 60°Cto investigate the effect on
leaching rate of magnesium. The other conditions of
experiments were set as below: phosphate ore slurry
concentration was 40% (solid-liquid ratio 2:5),
C SO (in) was 1000mg/m3, flue gas flow rate

sium was larger, increasing C SO (in) can promote the
2

2

reaction driving force, and be beneficial to the leaching of magnesium.

300ml/min, pH=6.The results were shown in Fig.5.
As can be observed in Fig.5, with the increase
of reaction time, the leaching rate of magnesium increased, showing an upward trend. When the temperature is 40°C, the leaching rate of magnesium became the highest. It can be interpreted that the temperature increases, the diffusion coefficient of reaction is increased, and the molecule number that exceed the average activation energy was increased accordingly, which is beneficial to the leaching magnesium reaction [12-14]. When the temperature was
higher than 40°C, the leaching rate of magnesium
was decreased. It is because the solubility of SO2
would reduce due to the temperature rise [15, 16].
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gas increases [9]. This is water-vapor feedback that
is well simulated in global climate models [10].
Philipona et al. [11] demonstrated that greenhouse
forcing with strong water vapor feedback, which is a
high correlation between water vapor and temperature changes in Europe using the ERA-40 and CRU
data. Held and Soden [8] suggested that increased
temperature may increase water vapor increases exponentially, and it also contributes to global warming
about 60~80%. Increased water vapor pressure also
may increase precipitation and affect storm intensity
[10, 12]. Solomon et al [13] suggest that stratospheric water vapor have enhanced the decadal rate
of surface warming by about 30%. Isaac and
Wijngaarden [14] examined that the water vapor
pressure and temperature in North America increased of 0.7% and 0.2 in North America during
1948–2010, respectively.
The arid region of northwest China, herein referred to as ARNC, covers over one fourth of the
China’s entire land area and forms one of the world’s
largest arid regions [5]. Raised temperature influence environmental change and social-economic development in Northwest China, issues regarding climate changes are complex and serious in this area
[2]. The water vapor changes that resulted in climate
changes have changed markedly. Yao et al [15-16]
indicated that the water vapor has significant increasing trends in ARNC during the 1961–2011.
These divergent conclusions of the various
studies showed that the key question of the effect of
water vapor on temperature increase still remained
unclear and needed quantitative evaluating. However, it is a great challenge to quantitatively calculate
the contribution of water vapor change to temperature rise using general circulation models [8]. The
objective of this paper is to assess the relationship
between temperature rise and water vapor change,
and to quantitatively evaluate the effect of water vapor change on temperature rise in ARNC using the
elasticity coefficient method.

The average surface temperature of the arid region of northwest China (ARNC) have warmed by
0.36/decade during the 1961-2011. We analyze
here the quantitatively evaluated the contributions of
surface water vapor to temperature rise in ARNC by
an elasticity coefficient method. The WV-temperature elasticity in ARNC is 1.3913, indicating that a
1% increase of water vapor would result in a 1.3913%
rise of temperature. It is estimated that water vapor
is responsible for 63.38% of the air temperature rise
in ARNC, which in turn leads to the implication that
water vapor is an important driver of surface temperature change.


*)!$%
Temperature, Water vapor pressure, Elasticity coefficient,
Arid Region of Northwest China
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Global annual mean temperature at Earth’s surface has increased 0.89 [0.69-1.08] over the past
110 years (from 1901 to 2012), and will likely be
significant increasing in future [1]. Much of the
warming occurred in the past half-century, over
which the average decadal rate of change was about
0.13°C, the fastest warming region is the arid region
of northwest China (ARNC, at a rate of 0.34/decade, <0.001) in the mid-latitudes of the northern
hemisphere [2-5]. Temperature rise are known to be
larger during winter [6-7]. The temperature increases
is caused by both natural and human factors which
work together [1], however, no consensus exists on
the contributions of temperature increases.
Water vapor is the most abundant and effective
greenhouse gas [8]. Water vapor increases in close
association with climatic warming, with the capacity
to trap more of Earth’s heat and regulate climate system; it is double the direct warming from greenhouse
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$02498,6 =0>>482= The arid region of northwest China, herein referred to as ARNC, is located
in the hinterland of Eurasian continent (Fig.1). It extends between 73°-108°E and 34°-50°E, with an area
of 2.5 million square kilometers, accounting for over
one fourth of China's total territory. It is located between the western Helan Mountain – Zaocys Ridgeline and the northern Kunlun Mountains. There are
high mountains, the Tianshan Mountains, Qilian
Mountains, and Kunlun Mountains surrounded the
vast desert basins such as the Junggar Basin, Tarim
Basin and Hexi Corridor. It is far from any ocean is
a typical semi-arid and arid climate with long-term
annual mean temperature is about 8 °C, and average
annual precipitation is less than 300 mm on mean,
gradually decreasing from east to west.

,>0<4,6=We employed the data from the meteorological stations to detect and analyze the water
vapor changes in ARNC. Ground-based Surface vapor pressure (SVP) data were calculated based on
observations of 96 meteorological stations in ARNC.
Continuously observed daily meteorological data of
96 ground-based climatic stations across Xinjiang
were collected from the China Meteorology Administration (CMA), include daily precipitation (P/mm),
temperature (T/) and relative humidity (H/%) from
1961 to 2010.All the 96 meteorological stations selected for this study had been maintained following
the standard of the National Meteorological Administration of China. The standard requires strict quality control processes including extreme inspection,
time consistency check, and others before releasing
these data. Daily mean surface temperature and
mean relative humidity were used to calculate SVP.
Monthly and yearly climatic data were calculated
based on daily data. Additionally, Latitude and elevation of the given station were selected in this study.

0>39/The elasticity method has been used
in many applications to detect the effect of an independent variable on the dependent variable [17]. In
hydrology, this method has been commonly used to
quantitatively evaluate the effects of climate variability on streamflow[18]. In this study, we attempted
to employ the elasticity method to quantify the effect
of water vapor on temperature changes.
Moreover, to detect the changing trends of the
air temperature and water vapor, trend analyses are
necessary for furthering discussion. The nonparametric Mann – Kendall method has been proposed
and widely-used to analyze the long-term trend on
meteorological time series [19-20]. In this study, we
employed it to represent the changing trends of temperature and water vapor because this approach is
simple and not require the data samples to have a

certain distribution [21].

$%'&%

&07:0<,>?<0,8/),>0<(,:9<&<08/=Over
the last 50 years, temperature in the ARNC has revealed a significant rising trend (under the MannKendall statistical test, P < 0.01), at a rate of 0.36
/decade (Fig. 2), which is consistent with the results
from previous research [2, 5] and the mid-high latitude regions of north hemisphere has a higher temperature rising rate [1]. On the other hand, water vapor pressure also had a significant rising trend (P <
0.01) during 1961–2011, with a rate of 0.13 hPa
/decade (Fig. 2a). Thus, assessing the relationship
between temperature rise and WVP is an issue that is
particularly scientifically interesting.
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Fig. 2 shows the seasonally averaged trends for
the time series. The average temperature (WVP)
trends are 0.362 (0.065), 0.318 (0.209), 0.405 (0.166)
and 0.482 (0.092) /decade ( hPa/decade) in the
spring, summer, autumn and winter seasons, respectively. The temperature trends in winter and autumn
were much larger than in spring and summer. The
WVP trend was largest in summer. However, the percentage change in WVP per decade was positive in
all seasons and was largest in winter (0.046%/decade), followed by autumn (0.028%/decade). Fig 3
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compares the seasonally averaged trends occurring
during 1981–2011 to those found during 1961–1980.
The average temperature trend for the 1981–2011 is
larger than the period 1948–2010 largely due to
greater warming in the winter, although there was a
small decrease in summer. Li et al [6] also confirmed
that the winter change is the most importance for the
yearly temperature change. The average WVP trend
also increased largely due to increases in all seasons.
Tab. 1 lists the results of the correlation analysis on temperature and WVP of the entire regions and
three landscapes (desert, mountain and oasis) during
the different periods. It shows that the temperature of
this region has a stronger and significant association
with the WVP during the 1981–2011 than the preceding periods (P < 0.01 except to the oasis landscape). Thus, the increasing of water vapor from the
1980s might be the main reason for the faster temperature rise in this region.

Entire region
Desert
Mountain
Oasis
a
Significant at P < 0.05.
b
Significant at P < 0.01.

#?,8>4>,>4@06C 0@,6?,>482 >30 0110.>= 91A,
>0<@,:9<98>07:0<,>?<0<4=0Changes in temperature are sensitive to water vapor in ARNC. The proportional change of temperature is linearly correlated
with proportional change of WVP at the P < 0.01significance level (Fig.4). The WV-temperature
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elasticity in ARNC is 1.3913 (Fig. 4a), indicating
that a 1% increase of water vapor would result in a
1.3913% rise of temperature. Over this period, the
contribution of water vapor change to the air temperature change in ARNC is 63.38%. Held and Soden
[8] also confirmed that the water vapor increases
contributes to global warming about 60~80%.
Fig. 4 indicated the regression relationships between the temperature change and WVP change of
the different reasons, and the linear slope is also
known as elasticity coefficient of the temperature to
water vapor. The elasticity coefficient in autumn was
the highest, with a value of 1.4919; it is followed by
the winter and spring, which is 1.0150 and 0.6317,
respectively (Fig. 4e and 4b). The summer has the
lowest value of 0.2007 (Fig. 4c). This illustrated that
water vapor increase of 1% in the spring, summer,
autumn and winter seasons, could cause temperature
rises of 0.6317%, 0.2007%, 1.4919% and 1.0150%,
respectively. Thus, the contributions of water vapor
to temperature in these seasons are 25.56%, 33.17%,
77.75%, and 87.67%, respectively.

air [5, 15]. In terms of the three landscapes considered in this study, we also calculated the elasticity
coefficient and the contributions of water vapor to
temperature. This result indicated that the water vapor increase of 1% in the desert, mountain and oasis
landscapes could cause temperature rises of
0.8669%, 3.4722%, and 0.9537%, respectively (Fig.
5). Therefore, the contributions of water vapor to
temperature in these landscapes are 64.89%, 47.70%,
and 56.53%, respectively.
Rising temperatures accelerate the water cycle,
and lead to the changes of hydro- meteorological factors in different scales, including the water vapor and
evaporation. The serious increases of the air temperature in China dominated the changes in evaporation
and led to the increase in evaporation after the early
1990s [22]. Similar findings occurred with the
ARNC regions, the trend of evaporation reversed in
the early 1990s, and the rate of increase after that was
10.7 mm yr-2 (Fig. 6). Fortunately, Li et al [23] confirmed that the WVP is the primary contributors to
the increase of evaporation in ARNC.
The continuing warming of the atmosphere by
increasing the forcing due to the sum of the greenhouse gases (Water vapor, CO2, CH4, and N2O)
would, by elevating saturation vapor pressure (())
according to the Clausius-Clapeyron equations,
cause water vapor to increase, which would further
amplify the greenhouse effect of the atmosphere,
thus producing the water vapor feedback mechanism
(Fig. 7). The water-vapor feedback has the capacity
to about double the direct warming from greenhouse
gas increases, and affect the climate system [24].
Soden et al. [25] provides the clearest

%'%%! 
In the past 50 years, the air temperature in
ARNC has been rising faster than the average rates
of China and the entire globe [1, 5]. In that case, the
water vapor rising trend in different landscapes is
consistent with the temperature change of the ARNC,
mainly due to that temperature rising strengthens local water circulation and improves water vapor in the
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evidence that general circulation models (GCMs) are
properly representing water vapor feedback. Solomon et al [13] found that the stratospheric water vapor is also an important driver of decadal global surface temperature change.

independent of the non-WV–related change. However, in reality other greenhouse gases and water vapor interact. (3) Observation of the water vapor is
difficult, which may increases the uncertainty, and
used the WVP to replace it.
It is difficult to evaluate the effect of water vapor on climate change based on the existing data.
From the current study, we can summarize that the
temperature changes in autumn and winter are most
sensitive to water vapor changes. An increase of water vapor of 1% can result in 1.4919% and 1.0150%
of temperature rise in autumn and winter, respectively. Thus, we suggest that the water vapor change
is an important driver of surface temperature change.
However, the effect of other greenhouse gases and
natural factors must not be ignored [17]. To accurately evaluate the climate variation, we should
strengthen the observations by the satellite remote
sensing and other water vapor instrument (GPS, Microwave Radiometer), and examinant the water-vapor feedback in regional climate model (RCM).
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In this study, we employed the elasticity model
and quantitatively evaluating the sensitivity of temperature rise to water vapor change and calculated
the contributions of water vapor to temperature in the
past 50 years. However, this estimation still included
various uncertainties, such as: (1) the elasticity
model is based on the data for a long-term period of
natural temperature without the anthropogenic
e ects. In reality, there may be some human disturbances, such as the urbanization and CO2 emission
[17]. (2) The model used to evaluate the contribution
of water vapor change on temperature is based on the
assumption that WV-related temperature change is

In this study, we employed an elasticity coefficient method and calculated the sensitivity of temperature change to water vapor change during the
1961-2011, and then calculated the contributions of
water vapor to temperature change. The results presented that the water vapor pressure rising trend in
the entire regions and different landscapes is consistent with the temperature change of the ARNC.
An increase of water vapor of 1% can result in
1.3913% of temperature rise in ARNC; the contribution of water vapor change to the air temperature
change is 63.38%. The water vapor increase of 1%
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in the spring, summer, autumn and winter seasons
could cause temperature rises of 0.6317%, 0.2007%,
1.4919% and 1.0150%, and the contributions of water vapor to temperature in these seasons are 25.56%,
33.17%, 77.75%, and 87.67%, respectively. Thus,
we suggest that the water vapor change is an important driver of surface temperature change.

[8] Held, I.M., Soden, B.J. (2000) Water vapor
feedback and global warming. Annu Rev Energy Environ. 2525(2), 445-475.
[9] Kiehl, J.T., Trenberth, K.E. (1997) Earth's annual global mean energy budget. Bulletin of the
American Meteorological Society. 78(2), 197208.
[10]Trenberth, K.E, Fasullo, J., Smith, L. (2005)
Trends and variability in column-integrated atmospheric water vapor. Climate Dynamics.
24(7-8), 741-758.
[11]Philipona, R., Durr, B., Ohmura, A., and Ruckstuhl, C. (2005) Anthropogenic greenhouse
forcing and strong water vapor feedback increase temperature in Europe. Geophys. Res.
Lett. 32, L19809.
[12]Allen, R.P., and Sodden, B.J. (2008) Atmospheric warming and the amplification of precipitation extremes. Science. 321, 1481–1484.
[13]Solomon, S., Rosenlof, K.H, Portmann, R.W,
Daniel, J.S., Davis, S. M., Sanford, T.J., Plattner
G.K. (2010) Contributions of stratospheric water vapor to decadal changes in the rate of global
warming. Science. 327, 1219-1223.
[14]Isaac, V., Van Wijngaarden, W.A. (2012) Surface water vapor pressure and temperature
trends in North America during 1948-2010.
Journal of Climate. 25(10), 3599-3609.
[15]Yao, J., Chen, Y., Yang, Q. (2016) Spatial and
temporal variability of water vapor pressure in
the arid region of northwest China, during 19612011. Theoretical and Applied Climatology.
123(3), 683-691.
[16]Yao, J. Yang, Q., Han, X. Zhao, L. (2012) Research of Stability and Exploitability of Water
Vapor Resource in Tianshan Mountains. Desert
and Oasis Meteorology. 6(2), 31-35.
[17]Chen, Y.N. (2014) Water Resources Research in
Northwest China. Springer Netherlands, Dordrecht.
[18]Zheng, H., Zhang, L., Zhu, R., Liu, C., Sato, Y.,
Fukushima, Y. (2009) Responses of streamflow
to climate and land surface change in the headwaters of the Yellow River Basin. Water Resources Research. 45, W00A19.
[19]Kendall, M.G. (1948) Rank correlation methods.
Hafner, New York.
[20]Mann, H.B. (1945) Non-parametric test against
trend. Econometrika. 13, 245–259.
[21]Kahya, E., Kalayci, S. (2004) Trend analysis of
streamflow in Turkey. J Hydrol. 289,128-144.
[22]Liu, X., Luo, Y., Zhang, D., Zhang, M. and Liu,
C. (2011) Recent changes in pan -evaporation
dynamics in China. Geophys. Res. Lett. 38,
L13404.

 !) &%
The authors wish to thank the National Climate
Central, China Meteorological Administration, for
providing the meteorological data for this study. This
work was supported in part by the National Natural
Science Foundation of China (41605067 and
41375101), Basic Research Operating Expenses of
the Central level Non-profit Research Institutes
(IDM201506), and the China Desert Meteorological
Science Research Foundation (SQJ2015012).

$$ %
[1] IPCC (2013) Working Group Contribution to
the IPCC Fifth Assessment Report. Clim.
Change, The Physical Science Basis, Summary
for Policymakers.
[2] Chen, Y., Li, Z., Fan, Y., Wang, H.J., Deng H.J.
(1015) Progress and prospects of climate change
impacts on hydrology in the arid region of
northwest China. Environmental research. 139,
11-19.
[3] IPCC (2007) Climate Change 2007: The Physical Science Basis. Contribution of Working
Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change.
Solomon, S., Qin, D., Manning, N., Chen, Z.,
Marquis, M., Averyt, K.B., Tignor, M., Miller,
H.L. (eds.) Cambridge Univ. Press, Cambridge,
U.K.
[4] Ji, F., Wu, Z.H., Huang, J.P., Chassignet, EP.
(2014) Evolution of land surface air temperature
trend. Nat. Clim. Ch., 4, 462-466.
[5] Li, B., Chen, Y., Shi, X. Chen, Z.S., Li, W.H.
(2012) Temperature and precipitation changes
in different environments in the arid region of
northwest China. Theor Appl Climatol. 112,
589–596
[6] Li, B., Chen, Y., and Shi, X. (2012) Why does
the temperature rise faster in the arid region of
northwest China? J. Geophys. Res. 117, D16115.
[7] Jones, P.D. and Moberg, A. (2003) Hemispheric
and large-scale surface air temperature variations: An extensive revision and an update to
2001. J. Clim. 16, 206–223.

1645

%$ 

" &    











     " #!"!


[23]Li, Z., Chen, Y.N., Shen, Y.J., Liu, Y., Zhang, S.
(2013) Analysis of changing pan evaporation in
the arid region of Northwest China. Water Resour. Res. 49, 2205–2212.
[24]Randall, D.A., Wood, R.A. (2007) Climate
models and their evaluation. In: Climate Change
2007: The Physical Science Basis. Contributions of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on
Climate Change. Solomon, S., Qin, D., Manning, N., Chen, Z., Marquis, M., Averyt, K.B.,
Tignor, M., Miller, H.L. (eds.) Cambridge Univ.
Press, Cambridge, U.K., 591–662.
[25]Soden, B.J, Jackson, D.L, Ramaswamy, V.,
Schwarzkopf, M. D., Huang, X. (2005) The radiative signature of upper tropospheric moistening. Science. 310(5749), 841-844.

$0.04@0/
  
..0:>0/
   


!$$%"!  '&!$

?8;4,82*,9
Institute of Desert Meteorology,
China Meteorological Administration,
Urumqi 830002 - China

e-mail: yaojq@idm.cn

1646

%$

" &  









 " #!"!




!$!&##
 
     
!#%""$!!$!"!
$#& ###$

&051;5'/(6   05.05


1



Key Laboratory of Environment Change and Resources Use in Beibu Gulf, Ministry of Education, Guangxi Teachers Education University,
Nanning, China
2
School of Geography and Planning, Guangxi Teachers Education University, Nanning, China

#!$#

Mercury is a hazardous contaminants present in
aquatic environments, due mainly to bio-magnification and related methylation processes [1-6]. One
important source for Hg in waterways is atmospheric
deposition from coal combustion [7-10]. Numerous
fish consumption advisories in the US due to high
Hg content in fish provide a small window on the
likely global health consequences of Hg [11-12].
Mercury contamination of lake systems has been attributed to direct wet and dry atmospheric deposition
and the riverine transport of Hg in both dissolved and
particulate forms [13]. In most cases, the sites far
from laboratories and not easy for reaching were required regularly assessing Hg contamination in water in a long time scale, but some limits were met in
measuring Hg due to both the difficulties in storage
and transport of water samples with low aqueous Hg
levels and the seasonal variability in dissolved Hg
contents [14-15]. One potential resolution to this
problem is to use submerged aqueous plants as bioindicators of net dissolved and dissolvable Hg in the
waters in which they grow. Because these submerged plants bio-concentrate Hg, measurement is
more straightforward.
In order to test the approach of using submerged plants as Hg sentinels, we focused on a relatively pristine alpine region in Tibet to capture a
“background” value for Hg in aquatic plants and to
assess whether local and regional factors impacted
this background. Remote high-altitude lakes are recognized as a sensitive ecosystem to Hg inputs [16].
The Qinghai-Tibet Plateau globally is one of the few
areas that have remained untouched by local human
disturbances [16] and most regions with over 4000
m above sea level are largely unpopulated. The lack
of human habitation and agricultural impact, except
as high alpine pastures during the summer seasons,
indicates that direct anthropogenic sources of contamination in lakes would be minimal. Mercury,
however, is not limited within the boundaries of human activities. It can exist in the atmosphere predominantly in its elemental form (Hg), and has a residence time of about 1 year and therefore can undergo long range transport [17]. Mercury is easily

"#!#
It is often difficult to rapidly and affordably
measure mercury (Hg) deposition into aquatic environment. We tested the utility of the aquatic submerged macrophyte       as a
bio-indicator of Hg in aquatic environments, both for
a background loading perspective and as an indication of enhanced anthropogenic inputs.   
were collected from two remote alpine lakes and surrounding areas of Madoi, a town in the Qinghai-Tibet region of China. 79 plant samples of   
 from 10 different sites were collected and analyzed for total Hg content. The Hg content of  
  ranged from 15.8 to 317.7 ng g-1 with the median of 39.9 ng g-1 which was similar to the reported
Hg concentration in submersed plants from the uncontaminated area and represented the unpolluted
background value. The mean Hg content was high at
two sites near both the town of Madoi and National
Highway G214 (128 ng g-1 and 87 ng g-1), slightly
low at one site farther from Madoi but near the road
(55 ng g-1), and relatively low and consistent among
the other seven sites (from 26 to 48 ng g-1). The Hg
contents of    in this area were below the
polluted reference value (580 ng g-1) and suggested
no significant Hg contamination existed in this area.
However, the closer of sites were to the roadway, the
higher Hg contents were in    along the
national highway Although we can not obtain
“clean” water samples from the two lakes due to access and shipping restrictions, we applied a simplistic linear bioconcentration factor to determine that
aqueous Hg concentrations may have ranged from
12 to 62 μgL-1. This study finds that the typical background value for Hg from this remote region of
Qinghai-Tibet is 39.2 ng g-1 in    , but
even here some enhanced deposition from regional
cities and proximal roadways is recorded quite
clearly in this plant marker of aquatic Hg concentration.


&%!"
Mercury,     , Bio-indicator, Remote
alpine lake, Qinghai-Tibet Plateau
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lected from two lakes and surrounding areas of Madoi, the Qinghai-Tibet plateau. The Hg content of
these macrophytes was determined, with the aim to
assess the Hg burden to alpine lakes from natural and
anthropogenic sources.


#!"#"

"(473,633,*:065 ":;+?8,(The study
area is located in the south upland plain of Yellow
River with the mean elevation of more than 4300
meters. The relief is high in the west and low in the
east with a perfect highland surface and relatively
low mountains, and comprises of numerous lakes
and wet lands in plain and valleys. The prevailing
climate in the region is cold and dry without obvious
seasonal variations. The annual mean precipitation is
411 mm, mainly falling as snow or heavy rain, and
annual mean temperature is - 2.3, without absolute
an frost - free season. No agriculture exists in this
region. 
Two lakes, Xingxing Hai and Ayong Co located about 15 km at south of Madoi County, Qinghai Province, were the main targets of this study. The
214 National Highway (G214) passes between these
lakes. The traffic volume was very low and less than
100 vehicles moved through per day. There are many
small ponds and streams sparsely distributed around
this area.
   occurred densely in lakes, ponds
and streams and is easily distinguished by its specific
characteristics. These plant samples were collected
from ten sites (Figure 1).

able to volatilize from its sources, undergoes long
range transport in the air and deposit by cold condensation to alpine or Arctic and the Antarctic area [1819]. Thus, aquatic systems in Qinghai-Tibet Plateau
may have high Hg burdens due to air deposition with
low temperature. Indeed, Hg contaminationin Qinghai-Tibet Plateau had caused much concern [20-21].
The focus on Hg in submerged plant in Qinghai-Tibet Plateau may at some point move into more polluted regions in China and utilize this submerged
plant marker to assess human health hazards in a
large scale with long range transportation.
As passive samplers, submersed macrophytes
have a great potential to function as in-situ and onsite biological receptors of trace elements from
aquatic environments [22]. Some species exhibit the
ability of bio-concentration of nutrients and heavy
metals. All macrophytes are sedentary, visible to the
naked eye, easy to collect and handle, easy to identify in the field, and can be used as biomonitors. 
   is a cosmopolitan perennial submersed
aquatic macrophyte which is widely distributed
across ecological and geographical ranges. Because
of its wide ecological amplitude and high bioconcentration,    is an excellent bellwether species to assess the accumulation of metals from water
and sediments [23-26] and may be used as a good
biomonitor for risk assessment of heavy metals in
surface water.
Aquatic macrophytes can bio-accumulate Hg.
The accumulation of Hg in leaf and root material increases significantly with the metal concentrations
and durations of exposure [27]. In aquatic macrophytes growing in water bodies around Wroclaw,
Poland, the highest concentrations of Hg surpass the
average values established for background reference
sites [28]. In two artificial reservoirs from the Paraíba do Sul river, southeastern of Brazil, dry weight
Hg concentrations in leaves and roots from all five
most abundant aquatic macrophyte species varied
from 46 - 246 ng g-1 to 37 - 314 ng g-1, respectively
[29]. These values are higher than those reported for
uncontaminated lakes in Brazil and in other tropical
areas and similar to those reported for moderately
contaminated sites [29]. Higher concentration of Hg
in aquatic plants indicated a proportional increase in
the Hg level in the water, and the 'background' levels
of Hg in aquatic plants of 35 - 50 ng g-1 dry weight
corresponded to a water concentration near 15 ng.L1
of total Hg [30]. The Hg content in their biomass,
including       exhibits a good
positive correlation (r = 0.908~0.990) with the Hg
content both in water and bottom sediments [31].
Such properties make it possible to use these plants
as bioindicators of their living environment.
The submerged plants inhabiting alpine aquatic
environments can be uniquely related to atmospheric
deposition of long range transported contaminants in
these areas. In this work,     were col-

  "(473, *633,*:065 Twenty specimens of
whole plant of     were selectively collected from the sampling sites within the radius of 15
m in two lakes except the S2, where 40 specimens
were collected in July of 2004. In the same time, five
to ten plants of     were selectively collected from other sites. The specimens of plant were
thoroughly and cleanly washed at the site for removal of soil and other extraneous attached organisms, and then stored and dried with desiccant in
pure polyethylene bags with closure. In order to investigate the influence of desiccants for Hg, 15 specimens from S2 were air-dried and kept in the same
kind of bags for comparing. All the samples were
stored under 0 °C in a freezer when they were
brought back to laboratory.
In the laboratory, some of samples were randomly selected for Hg analysis from each site. All
the plants were cut into small pieces by scissor before analysis.
#6:(3 . (5(3?909 Total Hg in    
were measured at the IUPUI Geochemical Laboratory with a LECO AMA254 Mercury Analyzer

1648

%$

" &  









 " #!"!


evaluate whether differences in Hg content with different sites are statistically significant or not.
Table 1 shows the Hg content in   
from two lakes and around areas near Madoi. Mercury content in plant samples dried in air and with
desiccant had no obvious difference (ANOVA, F =
0.0084 < Fcrit = 4.494).

(LECO, USA). Each sample was analyzed in triplicate, with the average of the triplicates reported as
the sample concentration. NIST standards were used
to calibrate the analytic results. A standard and a
blank were run between every two samples. Samples
were rerun if the percent relative standard deviation
(% RSD) of the triplicates was greater than 15%.
Analysis of Variance (ANOVA) was performed to
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Site

Type

S1
S2
S3
S4
S5
S6
S7
S8
S9
S 10

Pond
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Pond
Pond

Water depth
(cm)
15
50~80
50~80
50~80
50~80
50~80
50~80
50~80
15~20
15~20

Distance to G214
(m)
5
90
3200
2900
4500
5900
6600
8400
480
300

,(5(
128.1 ±6.8
87.4 ±76.3
42.9 ±14.3
25.6 ±3.3
32.9 ±8.1
40.3 ±12.6
40.0 ±9.6
41.7 ±11.5
47.9 ±17.0
54.6 ±16.9

a - mean and standard deviation; b - median with absolute deviation.
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Hg (ng/g)
,+0(5)
128.1 ±4.8
66.9 ±52.0
46.0 ±11.7
26.0 ±2.6
29.5 ±7.1
39.9 ±9.8
39.7 ±7.0
40.2 ±8.3
40.6 ±12.6
46.8 ±13.0

(>
132.9
317.7
58.9
31.6
46.4
58.5
57.0
63.0
73.2
74.1

05
123.3
22.6
15.8
21.4
23.0
22.7
26.1
26.6
37.3
43.0

n
2
18
10
10
8
8
8
8
4
3
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Hg contents in     from 10 sites of two
lakes and around areas near Madoi are much lower
than those in plants for polluted areas. In the same
time, only a little of Hg concentrations are higher
than 120 ng g-1 in all samples, which may represent
lowly to moderately contaminated environments
[29]. As an unpolluted area, the median value (39.9
ng g-1) of Hg content in    from 10 sites
are similar to the reported background level from the
Ottawa River [30].
High Hg concentrations may imply an extra import of local point sources and seem to be associated
with the distance of the roadway in this remote area.
In the ten sites along the G214,    showed
a gradient of Hg content with distance to the G214
highway (Figure 4). In four sites within 500 m to
G214, S1, the nearest to G214, had the maximum Hg
content in these ten sites and S9, the further to G214
had the minimum content. But for the other sites far
more than 2000 m to G214, the mean or median Hg
contents were below 50 ng g-1.
   from S1 and S2 contained higher
Hg contents than other sites. Because S1 was a very
small roadside puddle formed with road construction
and S2 was very close to G214 where people can directly go down to the shore from G214, they were
easily contaminated from vehicle source. It is believed that automobiles are not only responsible for
previously known forms of heavy metal pollution
(Cu, Zn and Pb), but also many other elements emitted from similar sources [33]. Several studies have
investigated Hg in fuels and published some typical

The Hg content in samples of    varied from 15.8 - 317.7 ng g-1 (Table 1) with a median
of 39.9 ng g-1and approximately 90% Hg contents
were 20 to 80 ng g-1 (Figure 2). Because the distribution of Hg contents show positive skew, the median value of Hg contents is better than the mean for
the representation of background.
The maximum Hg content was found in S2 and
minimum was found in S4. The Hg content had a
significant difference between sites (ANOVA, F =
3.50 > Fcrit = 2.02, p < 0.005). S1 had the largest
mean Hg content and S4 had the smallest value. The
Hg contents in    from the three sites of
Xingxing Hai (S2 to S4) had difference (ANOVA, F
= 4.91 > Fcrit = 3.27, p < 0.05) due to high Hg content
in S2 whereas no difference was not observed from
the four sites of Ayong Co (S5 to S8) (ANOVA, F =
1.20 < Fcrit = 2.94). In the same time, the difference
of Hg content in     between these two
lakes, Xingxing Hai and Ayong Co was not significant (ANOVA, F = 3.85 < Fcrit = 3.98). The median
values of Hg in    from different sites decreased in the order: S1 > S2 > S10 ≈ S3 > S9 ≈ S8
≈ S6 ≈ S7 > S5 > S4 (Figure 3).
According to Outridge and Noller [32], Hg
contents in freshwater aquatic plants from uncontaminated and contaminated environments ranged
from 20 to 19,000 ng g-1 and the 95% confidence
limits for Hg in uncontaminated plants were 1,300 6,900 ng g-1 with a median of 500 ng g-1, comparing
with a median of 580 ng g-1for polluted areas. The
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four sites within 500 m, the Hg contents in  
 decrease rapidly as the distance from the roadway increases. It is similar to the exponential decay
of Pb in surface soils as a function of distance from
a roadway source along a suburban street [37]. Besides, the runoff from the roadway can transport
more heavy metals to the sites close to road. Although Hg content was still low and this area did not
obviously suffer the Hg pollution, to some extent
transportation had brought the anthropogenic source
of Hg to the sites proximal to the highway. The contribution of anthropogenic sources to the ecosystems
of remote areas has been suggested by Fitzgerald
[38].

results from gasoline and diesel. Liang et al. [34] reported that several kinds of gasoline and diesel contain 162 - 1,050 ng L-1 and 339 ng L-1 of Hg, respectively. Won et al. [35] reported that three different
fuel types were analyzed for their original Hg contents; 571.1 ± 4.5 ng L-1 for gasoline, 185.7 ± 2.6 ng
L-1 for diesel. Landis [36] published the results of total Hg content in gasoline (248 ± 108 ng L-1) and diesel (62 ± 37 ng L-1). Therefore, Hg is clearly a trace
contaminant in motor vehicle fuel as a significant
mercury source in combustion. Hg directly and continuously deposits to roadside and leads to a high Hg
content around the roadway when it is released. In
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Rooted submerged aquatic plants can potentially absorb metals both through their leaves via surrounding water, and through their roots via the interstitial water. The uptake of metals by aquatic plants
is dependent on sources of metals and geochemical
parameters of these metals. A wide range of Hg contents is attributed to the partitioning of Hg in water
and sediment. In Xingxing Hai, significant variation
of Hg contents exists, with highest values of 317.7
ng g-1 and lowest of 22.6 ng g-1 in    from
S2, indicating that point sources of Hg existed at S2.
Because S2 was very close to G214 where visitors
can directly go down to the shore from G214, they
were easily disturbed and contaminated by tourists.
Additionally, the difference in Hg contents of
Xingxing Hai may also be influenced by hydrological and sedimentary conditions. The Hg content in 
   was the highest from S2 and the lowest
from S4 in this lake. Water was stagnant at S2 and
the sediments were rich in organic matter, whereas
near S4 water can flow into Xingxing Hai and out to
the Yellow River through different channels. The
stagnant water and high organic matter in sediments
facilitates Hg methylation, which always occurs in
anaerobic condition and will be enhanced by the
growth of aquatic macrophytes [39]. Mercury methylation is a key step in the environmental cycle of Hg
that makes easy uptake of Hg by aquatic organisms
when the inorganic form is converted to organic Hg.
Moving water, on the other hand, will oxygenate water and sediment systems and thus reduce the methylation at S4. In fact, although the accumulation of
metals mainly depends on the bioavailability of metals in ambient environment, other environmental

factors including the concentration of nutrients, salinity and temperature also have large influences on
bioconcentration [25]. Compared to the Hg content
in Xingxing Hai, the relatively uniform plant Hg
contents across Ayong Co suggested a well-mixed
and spatially uniform input of Hg and very uniform
hydrological and sedimentary conditions.
Macrophytes have shown significant accumulation of Hg in plant tissues. The Hg content in macrophytes is positively correlated with concentration
of Hg in water [27, 40-41]. The bioconcentration factor (BCF) of Hg in   is able to provide
additional information about water. Some studies
showed the bioconcentration factor for   
in nature water was 2060 [31], and 1500 for other
macrophytes [30]. The Hg content in water of two
lakes and surrounding areas near Madoi can be calculated from BCF of     (Figure 5). The
results showed that the calculated water Hg contents
were below the maximum permissible limit of drinking water quality standard by the USEPA (2 μg L-1).
However, the calculated water Hg contents are
higher than those reported for unpolluted remote
freshwater lakes of the northern hemisphere [42-43].
Mercury in remote lakes may mainly come
from distal atmospheric deposition, as well as from
local anthropogenic sources. When released to the
atmosphere, Hg is primarily in its elemental form
[44]. Metallic Hg is semi-volatile that the vapor pressure of the elemental form is 0.261 Pa at 25 °C [45],
and they could remain in the atmosphere for more
than one year [44] and be readily transported through
the atmosphere and deposited far from the source.
The Hg content ranging from 2 to 35 μg.L-1 in firn

1652

%$

" &  









 " #!"!


%#"

core from Dasuopu glacier, Mt. Xixiabangma
showed a high mercury flux in precipitation [21].
The mercury contents in    from Ayong
Co suggest that Hg might come from atmospheric
deposition.
The bioconcentration of Hg in    
can enable this plant to play at least three important
roles in aquatic environments. Firstly, it is able to be
used as a biomonitor of environmental Hg content
because the Hg content in plant had a positive linear
correlation with that in water or bottom sediments.
Secondly,    is indicative of the bio-magnification of Hg in food chains because this plant is
often the food of some fish and birds. Thirdly, it also
has large influence to the biogeochemistry cycle of
Hg in aquatic environments via decay and accumulation in surface sediment layer. However, considering the admissible maximum value for fish by the
USEPA (1000 μg.g-1), it is easy to conclude that Hg
content in    is still far below the levels
of concern for contamination if the bio-magnification factor is less than 1000 from aquatic plants.
As a biomonitor of Hg, the reference value for
background Hg in aquatic macrophytes is important.
In order to obtain the background Hg content in 
  , unpolluted areas with less human activities may be the first choice. For instance, remote
mountain lakes are considered as a pristine environment and a good target for this aim. In this work, the
Ayong Co will be a good place to fulfill the requirement for the background of Hg in    due
to uniform Hg content and similar conditions at four
sites. The mean Hg content in     from
Ayong Co was 38.6 ng g-1 which was very close to
the median value of 39.2 ng g-1. The mean Hg content from Ayong Co was lower than that from
Xingxing Hai (with mean value of 59.4 ng g-1) while
the median values were the same as that from these
two lakes (40.3 ng g-1 in Xingxing Hai), indicating
that the median Hg content from Ayong Co could be
the background value of this area. This was in accordance with previous report from the Ottawa River
[30].
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APPLICATION OF ARTIFICIAL NEURAL NETWORK
SYSTEM BASED ON ANFIS USING GIS
FOR PREDICTING FOREST ROAD NETWORK
SUITABILITY MAPPING
Ender Bugday*
Department of Forest Engineering, Faculty of Forestry, Cankiri Karatekin University, 18200, Cankiri, Turkey

according to sustainability criteria, without a hitch
and correctly [1-9].
Since forest roads are construction activities
carried out in the forest and human beings directly
intervene to the ecological balance it is inevitable for
these interventions to affect the environment negatively. For example, as the results of construction of
a forest road the forest area is divided [10], besides
erosion, sediment and material transport occur due to
construction work [11-15]. Furthermore, forests
around the forest road construction area are exposed
to damage commonly due to rounding and falling of
excavated material [16-18]. As such, the forest roads
affect negatively the habitat [19, 20], biodiversity
[21] and water resources [22, 23].
Forest road construction activities have to continue despite the cited damages inasmuch as forest
roads are fundamental facilities so that the forestry
activities can be carried out. It is very significant to
reduce damages to minimum, create an optimum forest road network and make rational planning at this
point. Besides, in countries where the forests are located at high slopes and altitude areas like Turkey,
forest road network planning requires more extensive planning due to both the damage given to the
environment and high costs of construction. [1, 9, 24,
25]. Accordingly, more rational forest road network
plans can be created by evaluating the positive and
negative effects of factors which affect forest road
planning. The process of determining and assessing
the factors, which affect forest road network planning, changes over time. The development of technology over time, the change in the form of utilization of forests in forest management and increasing
value of forests on an international scale have also
caused changes in parameters considered in forest
road network planning.
Road construction by usage of machine started
after 1950s in Turkey [26] and decisions were taken
on the subject of road construction and completion
of road plans for forests which were considered to be
an important source of raw material in development
of the country [27] and the first forest road network
plans were completed in 1979 [26].
Today in Turkey, determined basic principles
of forest road network planning as follows: through

ABSTRACT
There are different factors which affect the
well-planning of forest road networks and originated
from both general and regional characteristics. It is
necessary to support the decision maker effectively
by considering the selected criteria during the process of planning the forest roads in the forest areas
which are located in the mountainous regions. So,
first of all these factors need to be ranked according
to the significance. This study is intended to reveal
the forest road network plan alternatives which have
a high predictive power in planning by considering
the criteria that affect the planning when the forest
road planning is made. To this end, the forest management chief, which is the smallest forest management unit within Turkey, has been selected as the
sample area. Nine criteria affecting the forest road
network planning of this units were evaluated via
Geographic Information Systems (GIS) and Adaptive Network Fuzzy Inference System (ANFIS) and
six different forest road network models were established. The AUC values of the generated models are
between the range of 0,654 and 0,845. The most appropriate ANFIS model was determined as model 4
which comprises elevation, slope, distance village
and NDVI criteria. The multi-directional approach
was used to reflect the effect of factors on forest network planning via GIS, artificial neural networks
and fuzzy logic. Furthermore, the factors employed
in the developed models can be diversified at the regional level and utilized by the implementers or decision makers in forest road network planning.

KEYWORDS:
Forest road network, adaptive neuro fuzzy inference system, suitability mapping, planning criteria, Turkey

INTRODUCTION
Forest roads are basic facilities used for conducting various forestry activities such as, afforestation, wood production, firefighting, culture, conservation and production, and manage forest resources
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new forest road networks 1) "forest functions should
be utilized at the maximum level", 2) "The quality of
life of the people living in and around the forest
should be affected positively", 3) "loss of forest area
should be minimized", 4) "transportation should be
uninterrupted and safe", 5) "Road construction and
maintenance costs and damage to the environment
should be minimized" [28]. As seen in Turkey example, only economic approach has replaced by multifaceted approach in planning the road network of
forests since the past half century.
As such, in construction of the forest roads, environmental factors as well as social and economic
factors as regards the area where the forest is located
have to be taken into account [29, 30]. Moreover, it
is also important for forestry to plan the forest road
network in a way to respond to detailed and multiple
objectives [1, 31].
Different methods are utilized to analyze with
a multi-dimensional view by taking into account different criteria affecting forest road network planning
in recent years. dDOÕúNDQ (2013), Tampekis et al
(2015), Laschi et al. (2016) and Acar et al. (2017)
have utilized multi-criteria evaluation technique
(MCE) [4, 5, 24, 32]. Abdi et al. (2009), Hayati et al.
(2013) and Jaafari et al. (2015) have used PEGGER
method [33-35] and, Chung et al. (2008) have applied heuristic network algorithm method [36];

Fresenius Environmental Bulletin

Ghajar et al. (2012) and Jaafari et al. (2017) have utilized ANFIS method in road network planning [3738] respectively. Furthermore, Babapour et al.
(2015) has compared Artificial Neural Network
(ANN) and Ordinal Logistic Regression (OLR)
methods [39], and Olsson (2007) has used two-stage
stochastic programming and binary first stage decisions approaches in a comparative way in their study
[40].
These type of studies are important in order to
make the decision making process more efficient and
effective in forest road network planning. Forest
road network planning and the suitability of the cited
planning were evaluated by virtue of the ANFIS
method in this study. Nine criteria, which affect the
forest road network planning of a forest sub-district
directorate, have been determined in the study.
These criteria have been digitized by virtue of GIS
and their effects on forest road network planning
have been presented through ANFIS method. Six
forest road network models were created by utilizing
different combinations of nine criteria by virtue of
ANFIS method in this study. All models were analyzed by four criteria. Estimates were performed according to different membership functions. Sugeno,
which is widely used as an ANFIS model type, was
chosen.

FIGURE 1
Location of study area
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land is productive while 20.6% is degrade. It has
been planned to receive intermediate and final yield
of 12 158 m3 in average annually from the productive
forest land. Growing stock in productive forest land
per hectare is 273.75 m3 while annual increment is
6.19 m3 [42].
The study area comprises 185 compartments. Much as the stands are the smallest forest
fragments in 7XUNH\¶Vforestry, this study was based
on features of fragments because forestry practices
and particularly forest harvesting studies are based
on fragments.

MATERIALS AND METHODS
Study area. Since the smallest application unit
in planning of forestry in Turkey is the forest subdistrict directorate, Yenice Forest Sub-district DirecWRUDWHORFDWHGLQ7XUNH\¶VPLGGOHQRUWKHUQSDUWKDV
been selected as the study area in this study. The
study area is approximately 11712 ha, and it is located between the longitude of 33.705600°,
33.782619° and latitude of 41.031008° and
40.991948°. The forest sub-district directorate has a
total of 119 coded 203 km forest roads as of the end
of 2016. The length of roads planned to be constructed in the following years is 20 km. The length
of total forest roads was determined to be 223 km
following the implementation of plans [41]. The
study area and distribution of roads are provided in
Figure 1.
The pure and mixed stands, which constituted
70.7% of the study area, included dominantly trees
of scots pine, black pine, fir and included oak and
also locally poplar and juniper. 79.4% of the forest

Factors affecting forest road planning. Forest road network planning necessitates the inclusion
of a number of criteria at the same time. As such, a
strong decision support system is required. This decision support system is expected to be flexible both
in line with the current conditions and to be benefited
from the factors which affect the road network planning in the planning process effectively.
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FIGURE 2
Forest road network planning factors of study area (a) elevation, (b) slope, (c) distance to the stream,
(d) canopy, (e) neighboring village, (f) land use, (g) lithology, (h) NDVI, (i) annual timber volume)
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forest in this study (Figure 2-f).

Nine factors, among various factors, for able to
plan the most appropriate forest road were determined as Elevation (E), Slope (S), Distance Stream
(DS), Canopy (C), Timber Volume (TV), Lithology
(L), Normalized Difference Vegetation Index
(NDVI), Neighboring Village (NV) and Land Use
(LU) in this study. The maps of these factors are provided in Figure 2.

Lithology. Lithology is a factor used frequently in suitability analysis studies in order to determine the susceptibility of rock properties in the
area as regards landslide [35, 44, 50, 51, 52], Lithology has a significant role on the cost of forest road
construction [24] as well as the completion period. The lithological affecting the forest road construction directly is examined in two groups as features of soft and hard rocks (Figure 2-g).

Elevation. Elevation is an effective factor in
forest road planning inasmuch as it has effects on biological and natural factors [24] and because after a
certain value mountainous areas become widespread, the soil features become negative [43] and
local climate is affected as the height increases
[44]. :KDW¶V more, height can also affect the construction period and maintenance period indirectly. The elevation has been expressed in two different classes (Figure 2-a) in this study. The elevation values of the study area vary between 1006 m
and 2063 m while the average elevation is 1620 m.

NDVI. NDVI map is required to show both reliability [53] and control the area [44] inasmuch as
the forest road network plans are affected by land
cover. To this end, the NDVI map of the study area
obtained from Landsat 8 was created. NDVI values
vary between 0 and 1, while values of 0.45 to 0.65
are used in the summer season in order to express the
healthiest vegetation [20]. NDVI value has been calculated by using the ArcGIS 10.3 TM software according to the formula of NDVI= (IR ± R) / (IR +
R). Here IR represents the pixel value of the infrared
band while R is the pixel value of the red band (Figure 2-h).

Slope. Slope, is a significant factor directly affecting construction costs in forest road planning and
also has effect on various planning works of the
slope [2, 4, 9, 24, 36, 45]. Slope is divided into five
different classes as 0-15, 15-30, 30-50 and > 50 in
this study (Figure 2-b). The average slope of the area
was detected to vary between 3% and 100%.

Annual Timber Volume. Annual timber volume is a factor utilized for determining the minimum
standards of forest roads to be constructed and taking
decisions on transport planning [47, 54]. The annual
timber volume was taken from the forest management database of the related forest sub-district directorate which was presented from the forest management inventory in this study. Annual timber volume
has been expressed in two classes as less and more
than 250 m3 (Figure 2-i).

Distance from the river. Distance from the
river is a frequently utilized proximity factor in suitability mapping studies [44-46]. Distances are expressed in two classes as less and more than 100 m
in this study (Figure 2-c).
Canopy. Canopy is one of the significant environmental parameters [47]. Canopy data were obtained by applying percentage conversion from the
forest management database of the related forest
sub-district directorate which was presented from the
forest management inventory. Accordingly, the enclosure expressed by 1, 2 and 3 were classified as
30%, 60% and 100% respectively (Figure 2-d).

Database. The current digital elevation model
(DEM) with a spatial resolution of 30 m was transferred to the GIS environment in a way to cover the
borders of the study area in digitization of these factors. Slope and elevation data were obtained in this
way. Distances from towns and villages and the forest roadmap were taken from the database of the forest sub-district directorate and calculated in ArcGIS
10.3 TM software. Land Use, Annual Timber Volume, Canopy and Neighboring the Villages were
also taken from the database of the forest sub-district
directorate [42]. NDVI map was obtained from
United States Geological Survey (USGS), Landsat 8
satellite image with a spatial resolution of 30 m dated
19/09/2016 because the study area was below 10%
cloudiness.

Neighboring the villages. Forest roads are at
the same time facilities which enable forest villages
to interact with the environment [48]. These villages
are taken into consideration in planning of forest
roads [49]. As such, this factor is given importance
when forest roads are planned. Distances of villages
to nearest roads are calculated by virtue of Euclidean
formula in GIS environment and expressed in two
classes as less and more than 200 m in this study
(Figure 2-e).

Methods. ANFIS modeling method [55], in
which artificial neural networks are combined with
fuzzy logic, developed by being inspired from biological neural networks [56], with problem solving
and high estimation ability ([56], [57]) and employed
through numerous disciplines was utilized in this

Land use. Land use is a very important factor
in terms of predetermining through which areas the
planned route will pass [4, 9]. Land use is examined
in two classes as forest lands and areas outside the
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study. ANFIS has a widespread usage in various
work areas [38, 58, 59]. Reliable models can be produced thanks to the data contained in the ANFIS
models by also revealing the error rates of the learning and testing process [60-63].
Modeling in forest road network planning has
been performed in three stages (Figure 3). Numerical
identification of factors affecting forest road network
planning in terms of their impact levels has been
made at the first stage. Models were created for the
determination of suitable areas for forest road construction through usage of MATLAB software and
ANFIS modeling method at the second stage. Then
the validation of the results obtained was conducted. The model output results were mapped with
ArcGIS software and the most suitable areas for road
network planning were determined in at the third
stage.
Different methods like Delphi and AHP are
widely employed in evaluation of the factors affecting forest road network planning. In regions showing
varieties in terms of geographical and environmental
features such as Turkey, significance levels of factors to be used in the modeling also change depending on the planning area inasmuch as the topographic
and environmental features of the forest road network planning areas differ in each planning
area. Given this fact, a hierarchical cluster from low
to high was implemented for each factor belonging
to the area for which forest road network is planned
in this study.
In this way, favorable and unfavorable values
of each criterion were scored between 1 and 10 for
the area for which forest road network will be
planned. Criteria with different structure and number
formats from each other were collected and expressed in ten groups. These obtained values are
given as total criterion output in a way that total
value of the scores corresponding to the quantitative
condition of each criterion are run in the
model. Number of criteria included in the model x
10 was considered to represent the most desirable
feature for forest road construction when the models
were created (Eq1).

Effective factors in forest road network planning were brought together in six different combinations to create model inputs in the second part of the
study (Table 1).
F(model1)= (E, S, DS, C)
F(model2)= (E, S, NV, LU)
F(model3)= (E, S, L, NDVI)
F(model4)= (E, S, NV, NDVI)
F(model5)= (E, S, DS, L)
F(model6)= (S, DS, NV, C)
Created inputs were normalized (Eq. 2) and
models for forest road construction suitability were
made by virtue of ANFIS method. A membership
function value was assigned for each factor while the
model was created and the gauss method was selected as the membership function type and road network suitability values for each model were obtained.
ݔఉ ൌ

(2)

RESULTS
Road network planning of Yenice Forest Subdistrict Directorate was performed by using the GIS
based multi-directional estimation method. Six different ANFIS models in planning were created by
considering the factors which affect planning.
The number of membership functions was assigned while creating the ANFIS models in the
study. Accordingly following were determined; the
elevation to be 2 membership function (mf) as lower
and higher than 1500 meters; slope value to be 4 mf
as 0-15, 15-30, 30-50 and> 50 degree; distance to
stream to be 2 mf as less and more than 100 meters;
canopy to be 3 mf (%) as 0-30, 31-60 and higher than
60; timber volume to be 2 mf as less and more than
250 m3; lithology to be 2 mf as hard and soft bedrock
feature, NDVI to be 3 mf as in the index range of
0,10-0,44, 0,45-0,65 and 0,66-1,00; distance of
neighboring village to road to be 2 mf as less and
more than 200 meters; and high land use to be 2 mf
as forest areas and non-forest areas. In order to obtain the best performance, the data were processed
by virtue of Sugeno-type FIS method and the membership function type was selected as Gaussian.

ߜ ൌ ʹ ֜ 
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Estimated values of each model and forest road
network suitability maps were created by GIS software as raster in the third part of the study. These
obtained raster change in line with the factors utilized in each model. Suitability for forest road network construction was demonstrated in three categories (as low-medium-high), by taking into consideration the existing road network in the created raster. Validation of the obtained ANFIS models is performed by virtue of the ROC-AUC method.

Number of criteria included in the model Į
Score of criteria included in the model 1 ȕ
6FRUH Ȗ
Suitability level for forest road FRQVWUXFWLRQ į
ߜ ൌ ͵ ֜ 
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FIGURE 3
The flowchart of the forest road network suitability mapping
TABLE 1
Details of ANFIS models
Number of nodes
Number of linear parameters
Number of nonlinear parameters
Total number of parameters
Number of training data pairs
Number of checking data pairs
Number of fuzzy rules
Training RMSE
Testing error

Model 1
125
48
44
92
83
0
48
0.0027
0.039357

Model 2
91
32
40
72
83
0
32
0.003288
0.018006

Model 3
125
48
44
92
83
0
48
0.001572
0.12834

Model 4
125
48
44
92
83
0
48
0.00151
0.030966

Model 5
91
32
40
72
83
0
32
0.001557
0.05437

Model 6
125
48
44
92
83
0
48
0.000652
0,030561

out of these models have shown good prediction capabilities. The results of the Model 4 are the best prediction.

Input data distribution to the learning and testing processes of the working models realized between 70% (83 input data) and 30% (36 input data)
and each model¶VOHDUQLQJSURFHVV were completed
in 100 cycles (epoch). Information as to learning and
testing process is provided in Table 1.
Model 6, information of which is provided in
Table 1 has been determined to have the lowest training root mean square error (RMSE) values while
Model 2 has the highest training RMSE values. Furthermore, when examining the testing error values, it
is observed that Model 2 has the lowest value while
Model 3 has the highest value.
Forecast data of six models obtained by ANFIS
approach were transferred to GIS environment and
suitability maps were prepared for forest road network planning. Suitability was evaluated in 3 classes
in the study (Figure 4). The first group is the least
suitable group for forest road network planning in
the rating. The second group expresses the areas
which are medium suitable for planning while the
last group represents the most suitable areas for planning.
Receiver Operating Characteristic (ROC) curve
analysis method has been utilized for validation of 7
ANFIS models (Figure 5). AUC values of the model,
basing on the analysis results, has been determined
respectively as AUCmodel1 0,807, AUCmodel2 0,703,
AUCmodel3 0,654, AUCmodel4 0,845, AUCmodel5 0,654
and AUCmodel6 0,695. Model 1, model 2 and model 4

DISCUSSION AND CONCLUSION
The modeling of forest road network plans is a
difficult and complicated process because of the inclusion of various environmental, economic and
topographical features. For this reason, it is hard for
planners to decide which criteria will be more effective in forest road network planning depending on
the features of the area.
This study has been conducted, based on the
features of the area, in three stages as collecting the
data related to the study area and road in order to determine the areas suitable for effective road network
planning as well as conducting the suitability analyzes and creating the maps. In the study, 6 different
ANFIS models were developed that including different combinations of 9 criteria. Performance of models was checked by virtue of ROC Curve and the
AUC values of the models were determined to vary
between 0,654 and 0,845 range. The most effective
model recommended for practitioners and decision
makers, according to the study result, is the Model 4
(0,845 AUC) comprising the criteria of elevation,
slope, neighboring village and NDVI.
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FIGURE 4
Susceptibility map produced by: (a) model 1, (b) model 2, (c) model 3, (d) model 4,
(e) model 5, (f) model 6.
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FIGURE 5
ROC analysis results of 6 models: (a) model 1, (b) model 2, (c) model 3, (d) model 4,
(e) model 5, (f) model 6.
In general, it is significant to select the criteria
to be included in the models for creation of the suitability maps [38]. :KDW¶V more, the success of the
model is affected when the data obtained for each
criterion is both sufficient and of high quality. As
such, data obtained from DEM are reliable for these
kinds of studies [38]. More successful results can be
achieved by establishing a certain standard in the criteria to be utilized in the working area and increasing
the number of data used in the models [38, 52, 64].

When the literature is viewed, it is observed
that there are differences in criteria and model selection based on the features of the areas studied in creation of suitability maps [4, 9, 33, 34, 35, 39, 40, 46,
52, 65]. As such, the models obtained in this study
can be used in the planning and development of forest road network areas which have similar topographic and environmental features with the study
area.
Models comprising 4 criteria were created in
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157-168.
[9] Kaakkurivaara, T. and Korpunen, H. (2017) Increased Fly Ash Utilization-Value Addition
through Forest Road Reconstruction. Canadian
Journal of Civil Engineering. 44(3), 223-231.
[10] Andrews, A. (1990) Fragmentation of Habitat
by Roads and Utility Corridors: A Review. Australian Zoologist. 26(3-4), 130-141.
[11] Forman, R.T. and Alexander, L.E. (1998) Roads
and Their Major Ecological Effects. Annual Review of Ecology and Systematics. 29(1), 207231.
[12] Madej, M.A. (2001) Erosion and Sediment Delivery Following Removal of Forest Roads.
Earth Surface Processes and Landforms. 26(2),
175-190.
[13] Kolka, R.K. and Smidt, M.F. (2004) Effects of
Forest Road Amelioration Techniques on Soil
Bulk Density, Surface Runoff, Sediment
Transport, Soil Moisture and Seedling Growth.
Forest Ecology and Management. 202(1), 313323.
[14] Grace III, J.M. (2017) Predicting Forest Road
Surface Erosion and Storm Runoff from HighElevation Sites. Transactions of the ASABE.
60(3), 705-719.
[15] Akay, A.E., Wing, M.G. and Sessions, J. (2014)
Estimating Sediment Reduction Cost for LowVolume Forest Roads Using A Lidar-Derived
High-Resolution Dem/Nesmenu Mazinimo
Kainos Skaiciavimas Mazo Intensyvumo Misko
Keliuose, Taikant Aukstos Rezoliucijos Skaitmenini Auksciu Modeli (Dem) Pagal Lazerinio
Skenavimo Technologija (lidar). The Baltic
Journal of Road and Bridge Engineering. 9(1),
52-52.
[16] Gumus, S., Aricak, B., Enez, K. and Acar, H.H.
(2009) Analysis of Tree Damage Caused by
Rockfall at Forest Road Construction Works.
Croatian Journal of Forest Engineering. 30(2),
151-158.
[17] Ozturk, T., Inan, M. and Akay, A.E. (2010)
Analysis of Tree Damage Caused by Excavated
Materials at Forest Road Construction in Karst
Region. Croatian Journal of Forest Engineering.
31(1), 57-64.
[18] Lotfalian, L. and Nasiri, M. (2018) The Distribution and Frequency of Damage to Roadside
Trees in Low-Volume Road Construction. Journal of Forestry Research. 29(1), 221-226.
[19] Goosem, M. (2007) Fragmentation Impacts
Caused by Roads through Rainforests. Current
Science. 1587-1595.

this study. Various combinations can be created in
the studies to be conducted henceforth by adding different criteria to the models based on the general features of the areas in which the forest road network
planning will be made.
Assessment of different criteria and combinations in different areas and their examination by customization is significant for developing forest road
network planning. Furthermore, it can be revealed
which models will be more suitable through application of different methods in the same areas. Consequently, it has been determined that utilization of
neural networks combined with fuzzy logic in determination of appropriate areas for forest road network
planning will be useful in multi-criteria decision
making process. In the subsequent studies, the methodology could use in this study can be developed and
modeling successes could be evaluated using different criteria.
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1

hydrolytic processes, such as the transfer or cleavage
of an acyl, phosphoryl, or a sulfuryl group by attacking an electrophilic center [1]. The fact that pyridyl
oximes and its quaternary derivatives have the ability to reactivate acetylcholinesterases when inhibited
by organophosphorus compounds including pesticides and chemical warfare agents is of particular
pharmacological interest [2]. Furthermore, a broad
spectrum of biological activities of pyridyl oxime
derivatives has been investigated such as effects on
the cardiovascular system, and as sedative, antidepressant, antispasmodic, analgesic and anti-inflammatory agent [1]. Quaternary pyridinium ketoximes
are also used for extraction of metal ions form aqueous solutions [3].
The many applications of quaternary pyridinium ketoximes make these compounds potential
contaminants in water and soil as a result of accidental spills, leaching of landfill sites, or via waste
water effluents. Therefore, it is crucial to characterize their potential environmental hazards by determining their persistence in water and soil, their biodegradation, migration in groundwater, potential bioaccumulation, and their toxicity [4]. Many ionic
liquids can be transported unimpeded through the
underground water because of their miscibility with
water [5]. Ecotoxicological studies have been conducted with a variety of microorganisms including
algae, diatoms, water fleas (Daphnia magna), freshwater snails (Physa acuta), and marine bacteria (Vibrio fischeri), to assess the potential impact of ionic
liquids on the aquatic environment [6-10]. Numerous studies have implied that ionic liquids could become persistent environmental contaminants due to
slow biodegradability [11, 12] and are significantly
toxic toward model organisms [13]. In general, these
studies show that toxicity is determined mainly by
the cation, not by varying the anion, and that toxicity
increases with increasing length of the alkyl chains.
In addition, several studies have shown the antimicrobial activity of quaternary ammonium salts and
ionic liquids against various strains of bacteria and
fungi [9,14]. The most of studies have been focused
on the quaternary ammonium salts and ionic liquids
toxicity to aquatic ecosystem, but the knowledge regarding their toxicity toward especially plants are

ABSTRACT
The quaternary pyridinium ketoximes are a
wide range of applications, including used as pesticides, fungicides and extractants of metals from
aqueous solutions. Their impact on soil and water is
certainly of considerable concern at the time of their
disposal. And form above, the interesting subject is
evaluation of phytotoxicity of these compounds on
plants. The study provides data about the synthesis a
quaternary pyridinium ketoximes and the effects of
different anions and lengths of alkyl chains linked to
the pyridine ring on the development of maize. Inhibition of seed germination and plant development
depend on concentration and chemical structure. The
compounds with the biocompatible anion CH3COOwere more toxicity than quaternary salts with an inorganic anion at lower concentration, but a different
situation was observed when the compounds were
added to soil in highest concentrations (100 ± 1000
mg kg-1 of soil D.W.). The collected date on the quaternary pyridinium salts effect on the germination
and early growth of maize, together with the literature data of the toxicity in other model systems, may
be useful for assessing the potential risk of to humans, as well as guidelines for setting the legislation
for their production and use.

KEYWORDS:
Maize (Zea mays L.), quaternary pyridinium ketoximes,
growth inhibition, phytotoxicity.

INTRODUCTION
Ionic liquids are popular for many potential applications, for example as new organic solvents, for
(bio)catalysis, electrochemistry, in extraction and
isolation processes of biologically important compounds and of metal ions, and as anti-bacterial, antifungal, or herbicidal substances, and also as medicaments. An interesting group of compounds are the
quaternary pyridinium ketoximes with the general
formula (py)C(R)NOH (R = various). The strong nucleophilicity of the oximate anion is of interest for
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mol) and all stirred for 30 min, next the mixture was
filtrated and precipitated inorganic salts was separated. To the filtrate was added sodium acetate (0.05
mol). The yields of the acetate pyridinium ketoximes
were 76 to 78%. Table 1 shows the structures and
abbreviation of these compounds.
Molecular structures were confirmed by means
of 1H NMR and 13C NMR spectra and data of chemical shifts were reported below.
3-[1-(hydroximino)-undecyl]-1-propyl-pyridinium
bromide (3PC10-PrBr):
1
+105 &'&O įZSSP V  V 
(d); 7.90 (t); 7.29 (d); 3.60 (t); 2.78 (t); 1.51 (q);
1.31-1.19 (m); 0.81 (m).
13
& 105 &'&O  į Z SSP   
133.8; 132.3; 123.4; 62.5; 32.6; 31.7; 29.7; 29.5;
29.4; 29.1; 26.1; 25.7; 22.5; 18.1; 14.0; 10.3.
3-[1-(hydroximino)-undecyl]-1-pentyl-pyridinium
bromide (3PC10-PnBr):
1
+105 &'&O įZSSP V  V 
(d); 7.90 (t); 7.29 (d); 3.59 (t); 2.78(t); 1.52 (q); 1.311.22 (m); 0.84-0.76 (m).
13
& 105 &'&O  į Z SSP   
133.8; 132.3; 123.3; 62.5; 32.5; 31.7; 29.7; 29.5;
29.4; 29.1; 26.1; 2.6; 25.5; 22.5; 21.9; 18.1; 13.9;
13.6.
3-[1-(hydroximino)-undecyl]-1-propyl-pyridinium
acetate (3PC10-PrCOO):
1
+105 &'&O įZSSP V  V 
(d); 7.90 (t); 7.30 (d); 3.45 (t); 2.98 (t); 1.51 (q);
1.33-1.10 (m); 0.96 (m).
13
& 105 &'&O  į Z SSP   
146.6; 145.1; 131.7; 128.6; 64.3; 31.9; 30.5; 29.7;
29.6; 29.5; 29.4; 27.3; 25.6; 23.2; 22.8; 22.7; 14.1;
12.5.
3-[1-(hydroximino)-undecyl]-1-pentyl-pyridinium
acetate (3PC10-PnCOO):
1
+105 &'&O įZSSP V  V 
(d); 7.97 (t); 7.32 (d); 3.40 (t); 2.88(t); 1.51 (q); 1.331.24 (m); 0.96-0.76 (m).
13
& 105 &'&O  į Z ppm: 173.0; 154.1; 148.8;
146.0; 143.8; 132.0; 129.3; 62.0; 32.2; 30.7;30.5;
30.3; 29.7; 29.5; 29.4; 29.1; 27.3;23,2; 22.8; 22.7;
22.5; 14.1;13.2.

scare. In the literature is described the impact of imidazolium ionic liquids on terrestrial plants. These
results indicated variable toxic effect for both structural elements (cation side chain and anion) with
more obvious cationic effect [15-21].
The aim of this study was to synthesize a series
of quaternary pyridinium ketoximes with different
anions and length of alkyl chains linked to nitrogen
atoms in pyridine ring and to investigated their effects on the early development of maize (Zea mays
L.).

MATERIALS AND METHODS
Synthesis of quaternary pyridinium ketoximes. The quaternary pyridinium ketoximes were
synthesized in a scheme shown on Fig 1.
The 1-(3-Pyridyl)undecane-1-one was synthesized in a two stages reaction by treating 3-pyridylcarbonitrile (0.3 mol) with decylmagnesium bromide (0.35 mol) in 300 ml dry diethyl ether. The
mixture was stirred under reflux for 7 hours. The solution was neutralized by adding stoichiometric
amount of aqueous solution of saturated ammonium
chloride, next 15% hydrochloric acid and 20% sodium hydroxide. Then the aqueous solution was extracted using chloroform, washed with brine and
dried with anhydrous MgSO4. The crude product
was distillated under vacuum. In a next stage, the
synthesized ketone (0.2 mol) was dissolved in ethanol and added hydroxylamine hydrochloride (0.25
mol) and sodium carbonate (0.2 mol). After cooling
and filtration, yellow crystal were obtained. Recrystallization from ethanol yielded pure (99,8%) yellow
crystals melting at 124 ± 125 °C. The synthesized
oximes (0.1 mol) was stirred and heated (60 °C) for
12h with appropriate alkyl halides (bromide propane
or bromide pentane) (0.125 mol) in ethanol as diluent to give quaternary pyridinium ketoximes [3]. The
yields of the bromide pyridinium ketoximes were 87
to 89%. And the last stage of synthesis was exchange
the bromide anion on acetate anion. For this purpose,
to the ethanoic solution of bromide pyridinium ketoximes (0.05 mol) added potassium hydroxide (0.05

OH

CH2

N

CN
1. C 10 H21 MgX
N

2. H 2O

HN2OH*HCl / NaOH

C10 H21

C10 H21

EtOH

+

N

N
RBr / MeOH
OH
OH

N

N
1. KOH / MeOH
C10 H21

2. CH 3COONa

C10 H21
+

N

+

N
CH3COO
R

Br

-

R

R = C 3H7 or C5H11

FIGURE 1
Scheme of quaternary pyridinium ketoximes synthesis.
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TABLE 1
Structures of quaternary pyridinium ketoximes
Abbreviation

Name

Melting
point [°C]

3-[1-(hydroximino)-undecyl]1-propyl-pyridinium bromide

54-56

3-[1-(hydroximino)-undecyl]1-pentyl-pyridinium bromide

48-50

3-[1-(hydroximino)-undecyl]1-propyl-pyridinium acetate

Oil

3-[1-(hydroximino)-undecyl]1-pentyl-pyridinium acetate

Oil

Structures
OH
N
CH3

3PC10-PrBr

+

N

Br

-

CH3

OH
N
CH3
+

3PC10-PnBr

N

Br

-

CH3

OH
N
CH3

3PC10-PrCOO

+

N

CH3COO

-
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(1) The influence of quaternary pyridiunium
ketoximes on the germination seed. The first step
of experiment was examination of germination seed
inhibition. This experiment was carried out on plates
Phyotoxkit (Tigret Company). On each plate was
added 100 g of the soil and then a quantity of the
analyzed substance (25 ml aqueous solution) was
added so that their effective concentrations were 25,
50, 100, 500 and 1000 mg kg-1 of soil dry weight
(D.W.). The control samples were soil without analyzed compounds and the deionized water was used.
Phytotoxkit plastic containers were placed in the
dark, constant parameters such as temperature (21 ±
3 °C) and humidity (80%) were maintained. On thus
prepared soil, 10 seeds of maize were put (5 plates
for each concentration of the test compounds). After
the end of the experiment (7 days) counts were made
of the number of germinated seeds and measurements of root and shoot length were taken.
The germination index was calculated according to the formula [24]:
ୋ୶
୶
 ܫܩൌ ሺቀ ቁ ቀ ቁሻ ͲͲͳ כΨ
(1)

Plant material and experimental design. The
influence of quaternary pyridinium ketoximes on the
germination seed and growth of maize have been
evaluated. For these studies were used maize variety
Hybride Zea mays L. Drim (FAO 220) provided by
Department of Agronomy in Poznan, Poland.
For the experiment, the soil was used having
the following elemental composition: P 81 mg kg-1
of soil, K 88 mg kg-1 of soil , Mg 69 mg kg-1 of soil
, pH 5.92 (in KCl), C organic content of 1.01% (10.1
g kg-1 of soil ), 2.4 mg N-NH4/kg of soil D.W. and
9.2 mg N-NO3/kg of soil D.W. Grain size distribution, particle size: 1 ± 0.1 mm = 95%, 0.1 ± 0.02 mm
= 5%, < 0.02 mm 0%. Typologically, the soil was of
black earth type, black earth subtype with cambic
horizon. According to the international classification
WRB 2014 [22], the examined soils should be classified as phaeozems (Haplic Phaeozems), while according to the FAO Soil Taxonomy [23], as mollisols (typic endoaquolls). Soil granulation was homogenous, composed of well-homogenized loamy
sand.

ୋୡ
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where Gx and Gc are the number of seeds germinated
in the sample and control, respectively whereas Lx
and Lc are the length of root in the sample and control, respectively.
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mbar. During the measurements photosynthetic photon flux density (PPFD) was 1000 μmolm-2s-1, adjusted automatically by a red-blue light-emitting diode (LED) light source (LCP Narrow Lamp, ADC
BioScientific Ltd., [29].

(2) Influence on maize photosynthesis. On
the based results about germination seed inhibition,
was chosen concentration for next test in phytotron.
The selected concentration which caused over 50%
inhibition of root growth, and to the next experiments we used 500 and 1000 mg kg-1 of soil D.W.
From the phenomenon, that the yield size is inseparably to the efficiency of photosynthesis, in
which the content of photosynthetic pigments (chlorophylls and carotenoids) plays a very important
role, we conducted study which focused on the photosynthetic pigments content and photosynthesis parameters. In literature authors report linear correlation between the concentration of chemical substance in the environment and the drop of photosynthetic pigment content in plants and the efficiency of
photosynthesis [25-27]. The tested compounds were
applied to the soil as aqueous solutions before seed
sowing. After application of quaternary pyridinium
ketoximes 5 maize seed were placed to pot. The samples were placed in a phytotron at temperature 21 °C
(± 3 °C) and a 16/8-h photoperiod and humidity
(80%). The control samples were soil without spiking and were maintained with deionized water. The
test was carried out in 3 replications. The experiment
was run by 4 weeks and after end the fluorescence,
photosynthesis parameters and pigment level were
measured. The influence of quaternary pyridinium
ketoximes were investigated using the phytotoxicity
test based on the ISO-11269-2:2003 International
Standard [28].

(5) Plant chlorophyll fluorescence. Chlorophyll fluorescence was measured at the same leaf as
photosynthesis with Multi-Mode Chlorophyll Fluorometer [OS5p, OPTI-SCIENCES.INC., Hudson,
USA] with PAR Clip (allows the measurement of
PAR or PPFD and Leaf Temperature). The OS5p
Modulated Fluorometer is a multipurpose portable
instrument designed to precisely measure chlorophyll fluorescence. Settings fluorometer protocols
have been selected in accordance with the manufacturer's instructions [30]. Kinetic Protocol with 1
Flash Count, and 255 seconds Flash Rate was selected. Leaves were dark adapted for 8 hours prior to
the measurement. First step is modulated measuring
light at about 0.1 μmol intensity. This is not enough
to drive photosynthesis, but enough to detect and
measure initial fluorescence (F0) Modulation Source
is red, Modulation Intensity was at position 20, and
Gain at position 4. Second step is a very intense short
lasting flash of light that designed to saturate PSII,
close all reaction centers and measure maximum fluorescence (Fm) and maximum photochemical efficiency of photosystem II (Fv/Fm). Fv/Fm was calculated through (Fm-F0). Saturation Flash Intensity
was at position 27. All light sources except the modulated measuring light source are turned off after the
saturation flash. During third step fluorescence
graph tails off until it reaches bottom exhibiting nonphotochemical quenching (qN) related to the saturation flash. At next step fluorescence signal rises
again due to the turning on of actinic light source to
drive photosynthesis. The Actinic Source used at
protocol was Lmp (halogen source). Actinic Intensity was at position 15 and Far Red Mode at Fod.
Since photochemistry and heat dissipation mechanisms have just been initiated, most of the energy
goes to fluorescence, the fluorescence signal start to
fall as electron transport and carboxylation begins.
Quantum Yield of PSII is a measurement ratio that
represents achieved sufficiency of PSII under current steady-state photosynthetic lighting condition
[31, 32]. It is affected by closure of reaction centers
and heat dissipation caused by non-photochemical
quenching [33].
The equation used in the parameters calculation:
ETR ± Electron Transport Rate,
ETR = (Y(II)(0.84)(0.50)(PAR)
(2)
NPQ - non-photochemical quenching, is measure of heat dissipation. Is defined as the coefficient
of non- photochemical fluorescence quenching,
PQ = (Fm-Fms)/Fms
(3)
qN- non- photochemical quenching,
qN = 1-((Fms-F0)/(Fm-F0))
(4)

(3) Determination of fluorescence parameters. Measurement of the fluorescence parameters
was performed with a fluorometer [OS5p ± OPTISCIENCES.INC., Hudson, USA]. The chlorophyll
fluorescence parameters, namely initial fluorescence
(F0), maximal fluorescence (Fm), variable fluorescence (Fv) and maximum quantum efficiently of
PSII (Fv/Fm ) which are related to the activity of the
photosynthetic apparatus, were measured after application of the quaternary pyridinium ketoximes.
(4) Plant photosynthesis. Rate of CO2 exchange in the leaf chamber (photosynthesis rate (A))
of single leaves were measured on the first young
fully mature healthy leaf on the elongating stage,
with a portable photosynthesis system (LCpro-SD,
ADC BioScientific Ltd., UK) with Narrow leaf
chamber (area: 5.8 cm2). The CO2 concentration
(reference CO2) in leaf chamber was respectively
kept at 360 vpm, leaf chamber temperature (Tch) at
26 ± 1 °C. The flow rate of air (u) was at 200 μmols1
, H2O concentration (reference H2O) was at 12 ± 1
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root growth about 15% compared with the control
sample (not exposed to the substance). The substances with acetate anion had different influence on
germination and growth of root and shoot, especially
at concentration 10 to 100 mg kg-1 of soil D.W. than
quaternary pyridinium ketoximes bromide. The
3PC10-PrCOO caused decrease of germination seed
and growth root, but 3PC10-PnCOO only at 10 and
25 mg kg-1 of soil D.W. The increased of 3PC10PnCOO concentration to 50 and 100 mg kg-1 of soil
D.W. did not negative effect to the root growth. In
contrast, all of the analyzed substances in concentrations greater than 100 mg of the substance on kg of
soil D.W. inhibited the growth and development of
maize root, but only 3PC10-PnCOO caused the
smallest inhibition. This compound at 500 mg kg-1
of soil D.W. inhibited root growth in 50%, but at
concentration 1000 mg kg-1 of soil D.W. the length
of root was comparable with control.
During the study was analyzed the impact of
quaternary pyridinium salts on the growth and development of shoot (Fig.3.).
In the case of 3PC10-PnBr the increase of concentration in the soil resulted in inhibition of shoot
germination. The highest inhibition of shoot length
was observed for the concentration 1000 mg kg-1 of
soil D.W. In the case of cultivation in a medium containing 3PC10-PrBr at concentrations of 50 and 100
mg kg-1 of soil D.W. shoot length induced growth
stimulation relative to the control samples watered
with deionized water. The highest inhibition of shoot
growth was observed when quaternary pyridinium
ketoximes with organic anion were added to the soil.
The use 50 mg kg-1 of soil D.W. 3PC10-PrCOO
caused that the shoot was very small and exactly did
not measured. The application of 3PC10-PnBr at 500
and 1000 mg kg-1 of soil D.W. concentration, as well
as for other analyses, resulted in significant inhibition of shoot length.

qP- photochemical quenching. It is a measure
of the fraction of still open PSII reaction centers.
qP = (Fms-Fs)/(Fms- F0).
(5)
(6) Plant chlorophyll content. Chlorophyll
content was measured at the same leaf as photosynthesis and fluorescence with Chlorophyll Content
Meter [CCM 200 plus, OPTI-SCIENCES.INC.,
Hudson, USA]. This parameter was measured as optical absorbance in two different wavebands: 653 nm
(Chlorophyll) and 931 nm (Near Infra-Red). Measured aUHD  PP ´  diameter circle, (0.71
mm2). Resolution: 1 CCI units.
Statistical analysis. The obtained data were
analyzed for significant mean differences using a
one-way analysis of variance (ANOVA) at p< 0.05.
Post hoc tests for pair-wise differences and the identification of homogeneous subgroups were conGXFWHGXVLQJ7XNH\¶VKRQHVWO\VLJQLILFDQWGLIIHUHQFH
procedure. Homogenous subgroups are indicated by
diagrams marked with the same lowercase letters.
ANOVA was computed with Statistica 10 software
[StatSoft. Inc., Tulsa, OK, USA].

RESULTS

  !"

Effects of quaternary pyridinium ketoximes
on maize seed germination. In the order to evaluate
the influence of quaternary pyridinium ketoximes on
maize (Zea mays L.), plants were with different concentrations and growth parameters (germination index, root and shoot length in comparison to control).
The test substances caused a differential effect
on the development of the roots (Fig.2.).
The presence of 3PC10-PrBr at a concentration
of 50 mg kg-1 of soil D.W. resulted in stimulation of
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FIGURE 2
The influence of quaternary pyridinium ketoximes on root length. Mean values of five replicates (± SD).
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FIGURE 3
The influence of quaternary pyridinium ketoximes on shoot length.
Mean values of five replicates (± SD).
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FIGURE 4
Dependence of germination index on quaternary pyridinium ketoximes concentration.
Mean values of five replicates (± SD).
TABLE 2
Parameters of chlorophyll fluorescence in maize (Hybride Zea mays L. Drim (FAO 220.)) leaves. (Y- Quantum yield of photosynthetic energy, Fms- Saturation pulse value that is not dark adapted, Fs- fluorescence
level created by the actinic light).
compound
Control (soil without spiking)
3PC10-PrBr (500 mg kg-1 of soil D.W.)
3PC10-PrBr (1000 mg kg-1 of soil D.W.)
3PC10-PnBr (500 mg kg-1 of soil D.W.)
3PC10-PnBr (1000 mg kg-1 of soil D.W.)
Control (without spiking)*
3PC10-PrCOO (500 mg kg-1 of soil D.W.)
3PC10-PrCOO (1000 mg kg-1 of soil D.W.)
3PC10-PnCOO (500 mg kg-1 of soil D.W.)
3PC10-PnCOO(1000 mg kg-1 of soil D.W.)

F0
264
289
228
258
238
252
246
227
254
242

Fm
813
798
730
659
865
1071
928
936
775
1031

Fv/Fm
0.67
0.62
0.68
0.60
0.72
0.76
0.73
0.75
0.67
0.77

Y
0.03
0.04
0.05
0.03
0.04
0.08
0.06
0.12
0.05
0.10

Fms
304
298
266
277
288
327
285
323
251
344

Fs
293
288
252
270
276
300
269
283
237
310

qP
0.26
0.50
0.44
0.56
0.24
0.39
0.47
0.41
0.74
0.36

qN
0.93
0.94
0.92
0.95
0.92
0.91
0.94
0.87
0.96
0.87

NPQ
1.69
1.68
1.73
1.37
2.00
2.28
2.27
1.89
2.11
2.01

ETR
13.87
14.73
21.83
11.20
17.67
34.00
22.00
49.00
22.00
41.00

*These studies were conducted in two cycles. * refers to growing plants on soil with acetate quaternary pyridinium
ketoximes.
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As can seen on the Figures 5a and 5b level of
chlorphyll in plants, which growth on soil with
quaternary pyridinium ketoximes were less than in
plant from control samples.
The compounds with an inorganic anion made
that chlorophyll content in the leaves of maize was
almost half smallest that in the leaves of plants,
which did not expose to the presence of these substances. Varied effect was observed for compounds
with an organic anion. Only 3PC10-PrCOO at 500
mg kg-1 of soil D.W. caused that level of photosynthesis pigments were more than 50% less than in
control sample.
The last step of this research was measured
photosyntesis parameters: photosynthetic rate (A),
stomatal conductance (gs) and transpiration rate (E)
of maize leaves (Table 3).
The net photosynthetic rate for plant, which
growth on soil with substances contain an inorganic
anion was less than at control sample for 3PC10PrBr at 1000 mg kg-1 of soil D.W. and for 3PC10PnBr at 500 mg kg-1 of soil D.W. Stomatal conductance (gs) was on the same level as in the control, and
parameters transpiration rate (E) was highest for
3PC10-PrBr and 3PC10-PnBr at 1000 mg kg-1 of soil
D.W. While the substances with an organic anion
caused that all analyzed photosynthesis parameters
decreased both for 3PC10-PrCOO and 3PC10PnCOO, but only 3PC10-PrCOO at 1000 mg kg-1 of
soil D.W. made that level of these parameters increased comparable to control.
The 3PC10-PrBr at concentration 1000 mg kg1
of soil D.W. caused decreasing of photosynthetic
rate (A) while simultaneously the increasing stomatal conductance (gs) and transpiration rate (E) of
leaves. The decreasing of photosynthetic rate was
also observed for 3PC10-PnBr at 500 mg kg-1 of soil
D.W., but in this cause other parameters was at the
same level as for control plant. When the plants were
grown on soil with quaternary pyridinium ketoximes
with organic anion, only 3PC10-PrCOO at 1000 mg
kg-1 of soil D.W. made increasing of analyzed photosynthesis parameters. However the low level of A,
gs and E were observed for plant which grown in the
presence of 3PC10-PrCOO and 3PC10-PnCOO at
concentration 500 mg kg-1 of soil D.W.

In the final stage of this part of study, on the
basis of the germination index was determined for
each substances, and then plotted according to the
germination index of the concentration (Fig.4).
Analyzing the Fig.4. can be seen that a marked
decreased germination index was above 100 mg kg1
of soil D.W. only in the case 3PC10-PrBr concentration of 50 mg kg-1 of soil D.W. there was about a
30% increase germination index, whether evidenced
by GI value exceeding 100%. And also the germination index for 3PC10-PnCOO at 10 mg kg-1 of soil
D.W. was very small near 20%.
Effects of quaternary pyridinium ketoximes
on the early development of maize. Photosynthetic pigments measurements. The second step of
this study was focused on measuring the photosynthetic pigments (chlorophyll activity) as biochemical
stress indicators (Table 2). Photosynthetic pigments
are believed to be damaged by stress factors resulting in reduced light-absorbing efficiency of both
photosystems (PSI and PSII) and consequently a reduced photosynthetic capacity [34].
The obtained results shown that presences of
compound 3PC10-PrBr at concentration 1000 mg
kg-1 of soil D.W. caused the increasing of ETR,
which describes the rate at which the photosystem
transoports electrons in leaves, increased by about
60% compare to the control plant. And also for
plants which grown on soil with 3PC10-PrCOO at
1000 mg kg-1 of soil D.W. was observed 40% increasing of ETR. But other analyzed substance
caused decreasing of ETR, but where for 3PC10PnBr, 3PC10-PrCOO and 3PC10-PnCOO at concentration 500 mg kg-1 of soil D.W. were noted the lowest level of this parameter 16% and 35%, respectively.
Generally, values of parameters F0, Fm, Fv/Fm,
and also Fms and Fs leaves of plant which grown on
soil with analyzed compounds were lower than in
control samples about 10-20%. But 3PC10-PrBr
(1000 mg kg-1 of soil D.W.) and 3PC10-PrCOO
(1000 mg kg-1 of soil D.W.) caused increasing of efficiency photosystem (Y). The values of qP for majority of quaternary pyridinium ketoximes was
higher than in the control plants, and the highest
value was noted for 3PC10-PnCOO (500 mg kg-1 of
soil D.W.). Next parameter qN, for all analyzed compounds, was on the similar level as for plants from
control samples. But in turn, the presence of 3PC10PnBr (500 mg kg-1 of soil D.W.) and also 3PC10PrCOO (1000 mg kg-1 of soil D.W.) influenced on
decrease values NPQ, but 3PC10-PnBr (1000 mg kg1
of soil D.W.) increased this parameter.
A correlation between chlorophyll content and
growth inhibition is described in the literature, indicating that, among a multitude of physiological processes, photosynthesis is one of the key phenomenon
substantially contributing to the plant growth and development under stress [34-36].

DISCUSSION
The obtained results indicated that toxicity of
quaternary pyridinium ketoximes to maize depending on the applied concentrations and structures of
compounds. These results revealed their toxicity depended on length alkyl chain and type of anion in
quaternary pyridinium salts, on both germination of
maize seed, its early growth and levels of photosynthetic pigments and photostystems. Many authors reported that the toxicity of quaternary ammonium
salts increased with the increase of the length of side
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chain [6, 15, 29, 37-39]. They reported that the inhibitory effect depended on the ionic liquids concentration and also the chemical structure, whereby the
most toxic compound contained 10 carbon atoms in
chain, and the next less toxic was chain with 7C and
short chain contain 4C. The observed side chain effect could be explained by model of toxic action
which takes place through membrane disruption due
to ionic liquids structural similarities to detergents,
pesticides or antibiotics [9]. On the other hand, the
long chains presence, in the cation increases, the possibility of their interaction with cell membrane phospholipids bilayers and hydrophobic domains of
membrane proteins, leading to disruption of membrane physiological functions and consequently to
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the greater toxicity [40]. Also Liu et al. [41], Biczak
et al. [18, 19], and Wang et al. [42] stated, that the
level of phytotoxicity of chemical compounds introduced to a substrate depends on the used concentration. Low ionic liquids concentrations may even
cause plant growth stimulation, acting similarly to
e.g. growth hormones, whereas high concentrations
of these substances lead to almost drop of yield,
VKRRWDQGURRWOHQJWK7HOHVLĔVNLHWDO>@DQG
Matzke et al. [15] described studies about effect of
anion on plant development. These authors stated,
that compound contains fluorine or CF3SO3- anion
had a negative effect on assimilation and photosynthesis which consequently results in plant growth inhibition.
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FIGURE 5
Effect of quaternary pyridinium ketoximes on chlorophyll content; a) compounds with an inorganic
anion, b) compounds with an organic anion. Mean values of three replicates (± SD).
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TABLE 3
Photosynthesis parameters. Data are expressed as mean ± SD of three replicates for each concentration.
Maximium from A
gs
E
[μmol CO2 m-2 s-1]
[mol m-2 s-1] [mmol H2O m-2 s-1]
Control (soil without spiking)
11.56 ± 1.23
0.04 ± 0.001
0.85 ± 0.05
3PC10-PrBr (500 mg kg-1 of soil D.W.)
11.82 ± 1.05
0.03 ± 0.008
0.84 ± 0.04
3PC10-PrBr (1000 mg kg-1 of soil D.W.)
9.02 ± 0.85
0.05 ± 0.002
1.15 ± 0.02
3PC10-PnBr (500 mg kg-1 of soil D.W.)
8.95 ± 0.98
0.03 ± 0.004
0.83 ± 0.05
3PC10-PnBr (1000 mg kg-1 of soil D.W.)
11.22 ± 1.25
0.05 ± 0.002
1.24 ± 0.08
18.35 ± 1.96
0.12 ± 0.009
2.29 ± 0.09
Control (soil without spiking)*
3PC10-PrCOO (500 mg kg-1 of soil D.W.)
14.22 ± 1.03
0.10 ± 0.01
2.02 ± 0.12
3PC10-PrCOO (1000 mg kg-1 of soil D.W.)
22.79 ± 2.09
0.17 ± 0.008
2.96 ± 0.15
3PC10-PnCOO (500 mg kg-1 of soil D.W.)
11.44 ± 1.55
0.08 ± 0.004
1.72 ± 0.09
16.20 ± 1.98
0.10 ± 0.008
2.06 ± 0.13
3PC10-PnCOO (1000 mg kg-1 of soil D.W.)
*These studies were conducted in two cycles. * refers to growing plants on soil with acetate quaternary pyridinium
ketoximes.
compound

and consequently a reduced photosynthetic capacity
[34]. General, this research shown a good correlation
between chlorophyll content and growth inhibition.
Moradi and Ismail [35] and also Ashraf and Harris
[34] the similar correlation observed, but also indicating that among multitude of physiological processes, photosynthesis is a one of the key phenomenon substantially contributing to the plant growth
and development under stress. For example, the reduced content of chlorophyll was observed at 500
and 1000 mg kg-1 of soil D.W. 3PC10-PrBr and
3PC10-PnBr and 3PC10-PnCOO (500 mg kg-1 of
soil D.W.) exposure, which caused about 50% and
more growth inhibition. Decrease in chlorophyll
content has been observed in other plants species
such as wheat, barley and Lemma minor due to either
prolonged exposure or height ionic liquids concentration [38, 42, 48].
As expected, some differences in level of photosynthesis parameters and chlorophyll fluorescence
were found after quaternary pyridinium ketoximes
treatments. The highest level of stomatal conductance indicate that plants did not utilized accumulated
CO2, what could be provide to the lowest photosynthetic rate compare to the control. The comparing
contents of chlorophyll and photosynthesis activity
could be describe, that not always the highest photosynthetic rate was connected with the highest level
of chlorophyll. The lowest level of photosynthetic
rate for plants which grown on soil contained
3PC10-PrBr (1000 mg kg-1 of soil D.W.), 3PC10PnBr (500 mg kg-1 of soil D.W.) and 3PC10-PnCOO
(500 mg kg-1 of soil D.W.). The lowest values of
ETR noted for 3PC10-PnBr, 3PC10-PrCOO and
3PC10-PnCOO at concentration 500 mg kg-1 of soil
D.W., suggest significant decreasing of photosynthesis efficiency of electron transport in PSII.
The compounds with an organic anion (acetate)
were more toxicity than quaternary pyridinium ketoximes with an inorganic anion, especially at concentration rate 10 ± 100 mg kg-1 of soil D.W. This

The tested quaternary pyridinium salts shown
that its concentration in soil was one of elements
which determined toxicity for germination and development maize. It was observed that quaternary
pyridinium ketoximes with acetate anion were more
toxic at lower concentrations (10, 25 mg kg-1 of soil
D.W.). However compounds with bromide anion
strongly inhibited germination of maize seed at highest concentrations. These phenomena can be explained by the partial degradation of the tested compounds and their use by maize to increase growth of
biomass. By another hypothesis, the maize probably
have mechanisms allowing to stop the transport or
have systems of detoxification of pyridine derivatives. In such a situation, when the concentration extremes (maximum) were used, it can be assumed that
the defense mechanisms are switched on only after
reaching a limit concentration.
The authors point out the importance of carrying out studies of the biochemical and physiological
changes of plants cultivated in soil, which contaminates organic and inorganic pollutants. The presence
of chemical compounds, both inorganic and organic,
causes changes in the soil environment. As a response to variable environmental conditions, modify
their metabolism, adjusting to existing conditions,
which allow modification of their composition [4547]. One of these study was measured photosynthetic pigments (chlorophyll content) and photosynthesis parameters in maize, as biochemical stress indicators. The yield size is inseparably linked to the
efficiency of photosynthesis, in which the content of
photosynthetic pigments, i.e. chlorophylls and carotenoids, plays a very important role. Numerous researchers [19, 25, 26, 27, 38, 41] report almost linear
correlation between the concentration of the chemical substance in the environment and the drop of
photosynthetic pigment content in plants. Namely,
photosynthetic pigments are believed to be damaged
by stress factors resulting in a reduced light-absorbing efficiency of both photosystems (PSI and PSII)

1677

© by PSP

Volume 27 ± No. 3/2018 pages 1669-1680

Fresenius Environmental Bulletin

well as guidelines for setting the legislation for their
production and use.

phenomenon could be explained, that the compounds with organic anion were easily transported
by root cell membranes and could be transferred on
plant cell, accumulate in the phloem, causing disturbances in the functioning of the plant. For example, herbicides belonging to the group of synthetic
auxins used at low concentrations cause acidification
of the cell wall by stimulating the activity of ATPase
proton pump associated with the cell membrane. pH
reduction contributes to increased enzymatic activity
resulting in loosening cell walls, which leads to disturbances of in the transport and functionalization of
the plant. It can also cause stimulation mimicking the
RNA polymerase, resulting in increased synthesis of
DNA, RNA and protein synthesis. Abnormal growth
processes may lead to uncontrolled cell division and
growth, thereby resulting in the destruction of the
vascular tissue. In turn, high concentration of the
herbicide inhibits cell growth and division usually in
the region of meristems, because the high concentration of the herbicide inhibits cell growth and division
is usually in the region of meristems [49, 50].

ACKNOWLEDGEMENTS
This work was supported within the project
"Engineer of the Future. Improving the didactic potential of the Poznan University of Technology" POKL.04.03.00-00-259/12, implemented within the
Human Capital Operational Programme, co-financed by the European Union within the European
Social Fund.

REFERENCES
[1] Abele, E., Abele, R. and Lukevics, E. (2003)
Pyridine Oximes: Synthesis, Reactions, and Biological Activity. (Review). Chemistry of Heterocyclic Compounds. 39(7), 825-865.
[2] Eyer, P. (2003) The role of oximes in the management of pesticide poisoning. Toxicology Review. 22, 165-190.
[3] Wieszczycka, K., Wojciechowska, A., Krupa,
M. and Kordala-Markiewicz, R. (2013) Quaternary Pyridinium Ketoximes as Zinc Extractants
from Chloride Solutions. Journal of Chemical
DQG(QJLQHHULQJ'DWDí
[4] Thuy Pham, T.P., Cho, C-W. and Yu, Y-S.
(2010) Environmental fate and toxicity of ionic
liquids: a review. Water Research. 44, 352-372.
[5] Couling, D.J., Bernot, R.J., Docherty, K.M.,
Dixon, J.M. and Maginn, E.J. (2005) Assessing
the factors responsible for ionic liquid toxicity
to aquatic organism via quantitative structureproperty relationship modeling. Green Chemistry. 8, 82±90.
[6] Ranke, J., Mölter, K., Stock, F., Bottin-Weber,
U., Poczobutt, J., Hoffmann, J., Ondruschka, B.,
Filser, J. and Jastorff, B. (2004) Biological effects of imidazolium ionic liquids with varying
chain lengths in acute Vibrio fischeri and WST1 cell viability assays. Ecotoxicology and Environmental Safety. 58, 396±404.
[7] Bernot, R.J., Brueseke, M.A., Evans-White,
M.A. and Lamberti, G.A. (2005a) Acute and
chronic toxicity of imidazolium-based ionic liquids on Daphnia magna. Environmental Toxicology and Chemistry. 24, 87±92.
[8] Bernot, R.J., Kennedy, E.E. and Lamberti, G.A.
(2005b) Effects of ionic liquids on the survival,
movement and feeding behavior of the freshwater snail, Physa acuta. Environmental Toxicology and Chemistry. 24, 1759±1765.
[9] Docherty, K.M. and Kulpa, C.F.J. (2005) Toxicity and antimicrobial activity of imidazolium
and pyridinium ionic liquids. Green Chemistry.
7, 185-189.

CONCLUSION
The study shown that, both anion structure and
n-alkyl chain length contributed the toxicity of quaternary pyridinium ketoximes. The compounds with
an organic anion (acetate) were more toxicity than
quaternary pyridinium ketoximes with an inorganic
anion, especially at concentration rate 10 ± 100 mg
kg-1 of soil D.W. Different situation was observed
when compounds were added to the soil in highest
concentration (100 ± 1000 mg kg-1 of soil D.W.) and
then the quaternary pyridiniumketoximes with bromide anion induced strong inhibition. The highest
concentration (500 and 1000 mg kg-1 of soil D.W.),
all analyzed compounds, were caused inhibition of
seed germination and growth plants, although 3-[1(hydroximino)-undecyl]-1-pentyl-pyridinium acetate (3PC10-PnCOO) was not inhibited development
of maize.
In this study, the content of chlorophyll and
photosynthetic parameters were also measured.
Some difference in content of photosynthetic parameters and chlorophyll fluorescence were observed in
compare to control plants. The reduced content of
chlorophyll was observed at 500 mg kg-1 of soil
D.W. of 3-[1-(hydroximino)-undecyl]-1-propanepyridinium bromide (3PC10-PrBr), 3-[1-(hydroximino)-undecyl]-1-pentyl-pyridinium
bromide
(3PC10-PnBr) and 3-[1-(hydroximino)-undecyl]-1pentyl-pyridinium acetate (3PC10-PnCOO) exposure. The collected data on the quaternary pyridinium salts effect on the germination and early
growth of maize, together with the literature data on
the the toxicity in other model systems, may be useful for assessing the potential risk of to humans, as

1678

© by PSP

Volume 27 ± No. 3/2018 pages 1669-1680

Fresenius Environmental Bulletin

[22] WRB (World Reference Base for Soil
Resources) (2006) IUSS Working Group WRB.
World Soil Res. Rep. 103. FAO, Rome, Italy.
[23] Soil Survey Staff (1999) Soil taxonomy: A basic
system of soil classification for making and interpreting soil surveys. Second edition. U.S. Department of Agriculture, Natural Resources.
Conservation Service, Printing Office, Washington D.C., USA.
[24] Mosse, K.P.M., Patti, A.F., Christend, E.W. and
Cavagnaro, T.R. (2010) Winery wastewater inhibits seed germination and vegetative growth
of common crop species. Journal of Hazardous
Materials. 180, 63-70.
[25] Anjaneyulu, E., Reddy, P.S., Sunita, M.S.,
Kishor, P.B.K. and Meriga, B. (2014) Salt tolerance and activity of antioxidative enzymes of
transgenic finger millet overexpressing a vacuolar H+-pyrophoshatease gene (SbVPPase) from
Sorghum bicolor. Journal of Plant Physiology.
171, 789-798.
[26] Oukarroum, A., Bussotti, F., Goltsev, V. and
Kalaji, H.M. (2015) Correlation between reactive oxygen species production and photochemistry of photosystems I and II in Lemna gibba L.
plants under salt stress. Environmental and Experimental Botany. 109, 80-88.
[27] Gengmao, Z., Yu, H., Xing, S., Shihui, L.,
Quanmei, S. and Changhai, W. (2015) Salinity
stress increases secondary metabolites and enzyme activity in safflower. Industrial Crops and
Products. 64, 175-181.
[28] ISO 11269-2 (2003) Soil quality ± determination of the effect of pollutants on soil flora ± Part
2: effect of chemicals on the emergence and
growth of higher plants. International organization for Standardization, Geneva, Switzerland.
[29] Instruction 1. (2012) LCpro-SD Portable photosynthesis system. Instruction manual. USA.
[30] Instruction 2. (2012) OS5p User`s Guide. The
standard in plant stress measurement. USA.
[31] Genty, B., Briantais, J.M. and Baker, N.R.
(1989) The relationship between the quantum
yield of photosynthetic electron transport and
quenching of chlorophyll fluorescence. Biochicmica et Biophysica Acta. 990, 87-92.
[32] Maxwell, K. and Johnson, G.N. (2000) Chlorophyll fluorescence ± a practical guide. Journal of
Experimental Botany. 5(345), 659-668.
[33] Schreiber, U. (2004) Pulse-Amplitude (PAM)
Fluorometry and Saturation Pulse Method. In
Chlorophyll fluorescence: A signature of Photosynthesis, edited by G.C. Papageorgiou and Govindjee, 279-319.
[34] Ashraf, M. and Harris, P.J.C. (2013) Photosynthesis under stressful environments: an overview. Photosynthetica. 51, 163-190.

[10] Latala, A., Stepnowski, P., Nedzi, M. and
Mrozik, W. (2005) Marine toxicity assessment
of imidazolium ionic liquids: Acute effects on
the Baltic algae Oocystissubmarina and Cyclotellameneghiniana. Aquatic Toxicology. 73,
91-98.
[11] Garcia, M.T., Gathergood, N. and Scammells,
P.J. (2005) Biodegradable Ionic Liquids: Part II.
Effect of the Anion and Toxicology. Green
Chemistry. 7, 9-14.
[12] Docherty, K.M., Dixon, J.K. and Kulpa, C.F.J.
(2007) Biodegradability of imidazolium and
pyridinium ionic liquids by an activated sludge
microbial community. Biodegradation. 18, 481493.
[13] Petkovic, M., Seddon, K.R., Rebelo, L.P.N. and
Silva Pereira, C. (2011) Ionic liquids: a pathway
to environmental acceptability. Chemical Society Review. 40, 1383±1403.
[14] Pernak, J., Sobaszkiewicz, K. and Mirska, I.
(2003) Anti-microbial activities of ionic liquids.
Green Chemistry. 5, 52±56.
[15] Matzke, M., Solte, S., Arning, J., Uebers, U. and
Filser, J. (2009) Ionic liquids in soil: effects of
different anion species of imidazolium based
ionic liquids on wheat (Triticum aestivum) as affected by different clay minerals and clay concentrations. Ecotoxicology. 18, 197-203.
[16] %LF]DN 5 %DáF]HZVNL 3 %DFKRZLDN B.,
3DZáRZVND % .D]LPLHUF]DN-Baranska, J.,
Cieslak, M. and Nawrot, B. (2013) Phytotoxicity and cytotoxicity of imidazolium ionic liquids containing sulfur atom. Phosphorus, Sulfur
and Silicon and the related Elements. 188, 459561.
[17] %LF]DN 5 %DáF]HZVNL 3 3DZáRZVND %
Bachowska, B. and Rychter, P. (2014) Comparison of phytotoxicity of selected phosphonium
ionic liquid. Ecological Chemistry and Engineering S. 21, 281-295.
[18] %LF]DN53DZáRZVND% and Feder-Kubis, J.
(2015) The phytotoxicity of ionic liquids from
natural pool of (-)-menthol with tetrafuroborate
anion. Environmental Science and Pollution Research. 22, 11740-11754.
[19] Biczak, R., 7HOHVLĔVNL $ and 3DZáRZVND %
(2016) Oxidative stress in spring barley and
common radish exposed to quaternary ammonium salts with hexafluorophoshate anion. Plant
Physiology and Biochemistry. 107, 248-256.
[20] 6WXG]LĔVND6 and Buszewski, B. (2009) Study
of toxicity of imidazolium ionic liquids to watercress (Lepidium sativium L.). Analytical and
Bioanalytical Chemistry. 393, 983-990.
[21] Messali, M., Moussa, Z., Alzahrani, A.Y., ElNaggar, M.Y., El-Douhaibi, A.S., Judeh,
Z.M.A. and Hammouti, B. (2013) Synthesis,
characterization and the antimicrobial activity
of new eco-friendly ionic liquids. Chemosphere.
91, 1627-1634.

1679

© by PSP

Volume 27 ± No. 3/2018 pages 1669-1680

Fresenius Environmental Bulletin

[46] Smreczak, B. and Maliszewska-Kordybach, B.
(2003) Seeds germination and root growth of selected plants in PAH contaminated soil. Fresen.
Environ. Bull. 12, 940-945
[47] .RFLUD $ .RFLUD 6 =áRWHN 8 .RUQDV 5
DQGĝZLHFD0  (IIHFWVRIQDQR-gro preparation applications on yield components and
antioxiation properties of common bean
(Phaseolus vulgaris L.). Fresen. Environ. Bull.
24, 4034-4041.
[48] Cvjetko Bubalo, 0+DQRXVHN.5DGRãHYLü
. 6UþHN 9* -DNRYOMHYLü 7 and RedovniNRYLü55  ,PLGD]ROLXPEDVHGLRQLFOLT
uids: Effects of different anions and alkyl chains
lengths on the barley seedlings. Ecotoxicology
and Environmental Safety. 101, 116-123.
[49] All, R.M. (2002) Effect of nicotinic acid and
nicotinamide adenine dinucleotide on growth
and content of oil, glycerol and ricinine alkaloids of salinity stressed Ricinus communis L.
Phyton. 42(2), 269-277.
[50] Taguchi, H., Maede, M., Nishitari, H., Shimabayashi, Y. and Iwai, K. (1992) Effect of cinchomeronic acid and related compounds on the
growth of Radish seedlings. Bioscience Biotechnology and Biochemistry. 56(12), 19211923.

[35] Moradi, F. and Ismail, A.M. (2007) Responses
of photosynthesis, chlorophyll fluorescence and
ROS-scavenging systems to salt stress during
seedling and reproductive stages in rice. Annals
of Botany. 99, 1167-1173.
[36] da Graça, J.P., Rodrigues, F.A., Farias, J.R.B.,
Oliveria, M.C.N., Hoffmann-Campo, C.B. and
Zingaretti, S.M. (2010) Physiological parameters in sugarcane cultivars submitted to water
deficit. Brazilian Journal of Plant Physiology.
22(3), 189-197.
[37] Jastorff, B., Mölter, K., Behrend, P. and
Thöming, J. (2005) Progress in evaluation of
risk potential of ionic liquids-basis for an ecodesign of sustainable products. Green Chemistry. 7, 362-372.
[38] Zhang, B., Li, X., Chen, D. and Wang, J. (2012)
Effect of 1-octyl-3-methylimidazolium bromide
on the antioxidant system of Lemna minor. Protoplasma. 250, 103-110.
[39] 5DGRãHYLü.&YMHWNR0.RSMDU1Novak,
R., 'XPLü - and 6UþHN 9* (2013) In vitro
cytotoxicity assessment of imidazolium ionic
liquids: biological effects in fish Channel Catfish Ovary (CCO) cell line. Ecotoxicology and
Environmental Safety. 92, 112-118.
[40] Stepnowski, P., Skladanowski, A.S., Ludwiczak, A. and /DF]\ĔVND(  (YDOXDWLQJ
the cytotoxicity of ionic liquids using human
cell HeLa. Human and Experimental Toxicology. 23, 513-517.
[41] Liu, T., Zhu, L., Xie, H., Wang, J., Wang, J.,
Sun, F. and Wang, F. (2014) Effects of the ionic
liquid 1-octyl-3-methylimidazolium heafluorophosphate on the growth of wheat seedlings. Environmental Science and Pollution Research.
21, 3936-3945.
[42] Wang, L.S., Wang, S., Wang, G., Li, Z.H. and
Wang, J.J. (2009) Effect of 1-butyl-3-methylimidazolium tetrafluoroborate on the wheat (Triticum aestivum L.) seedlings. Environmental
Toxicology. 24, 296-303.
[43] 7HOHVLĔVNL$ĝQLRV]HN06PROLN%0DOL
nowska, K., Mikiciuk, M., Cichocka, J. and
Zakrzewska, H. (2011) Fluoride uptake in hydroponic culture by different clones of basket
willow, Salix viminalis L. Fluride. 44(4), 255259.
[44] 7HOHVLĔVNL$*U]HV]F]XN0-DGF]DN' and
Zakrzewska, H. (2012) Fluoride content and biological value of flowers of same chamomile
(Matricaria recutia L.) cultivars. Journal of Elementology. 17(4), 703-712.
[45] Erdal, S., Dumlupinar, R., Cakmak, T. and
Taskin, M. (2010) Determination of some inorganic element concentration changes in germinating chickpea seeds exposed to progesterone
and ȕ-estradiol by using WDXRF spectroscopic
technique. Fresen. Environ. Bull. 19, 513-521.

Received:
Accepted:

11.09.2017
22.11.2017

CORRESPONDING AUTHOR
Anna Parus
Poznan University of Technology,
Institute of Chemical Technology and Engineering,
Berdychowo 4, 60 ± 965 Poznan ± Poland
e-mail: anna.parus@put.poznan.pl

1680

Volume 27 ± No. 3/2018 pages 1681-1687

© by PSP

Fresenius Environmental Bulletin

VISIBLE LIGHT ASSISTED HETEROGENEOUS
ELECTRO-FENTON OXIDATION OF CATECHOL
CATALYZED BY NANO-Fe3O4
Baolin Hou1,2,*, Ye Liu2, Bozhi Ren1, Andrew S Hursthouse1,3
1

Hunan Provincial Key Laboratory of Shale Gas Resource Utilization, Hunan University of Science and Technology, Xiangtan, 411201,
China
2
School of Civil Engineering, Hunan University of Science and Technology, Xiangtan, 411201, China
3
School of Science & Sport, University of the West of Scotland, Paisley PA1 2BE, United Kingdom

catechol in wastewater needs to be treated before discharge.
Advanced oxidation processes (AOPs) have
been attracting increasingly attention in the total
elimination refractory contaminants [5, 6]. Powerful
R[LGL]LQJ VSHFLHV VXFK DV K\GUR[\O UDGLFDOV 2+ 
are generated in AOPs to mineralize organic pollutants indiscriminately [7, 8]. Among them, Fenton
SURFHVVJHQHUDWHV2+WRPLQHUDOL]HRUJDQLFVE\LQ
volving the decomposition of hydrogen peroxide
with ferrous salt through a Haber-Weiss mechanism
under acidic conditions [9]. Even though Fenton reaction has proven to be one of the most effective
methods to degrade recalcitrant organic pollutants in
wastewater, there are still a few drawbacks in traditional Fenton process, such as strict acidic condition,
iron sludge and low regeneration rate of FeII catalytic
species [10]. Electro-Fenton has drawn considerable
interest because of overcoming the some drawbacks
of Fenton process [11, 12]. Electro-Fenton introduced electrochemical reactions to generate in situ
Fenton reactants from Eq. (1) [13-15]. Heterogeneous electro-Fenton overcomes all the mentioned
drawbacks of Fenton. Therefore heterogeneous catalyst is the key part and the exploration of effective
heterogeneous catalyst with easy separation and reusability has been studying. Magnetite is the promissory effective catalyst as compared to the other
iron-containing catalyst due to its special crystal
structure [16, 17]. In addition, researches showed
that visible and UV light could improve the performance of Fenton and electro-Fenton by enhancing
the regeneration of FeII species and decomposition of
H2O2 [18].

ABSTRACT
Degradation of catechol in visible light assisted
heterogeneous electro-Fenton catalyzed by nanoFe3O4 was study and the effects of operational parameters such as current density, temperature, illumination intensity and catalyst dosage on degradation performance were investigated respectively.
The prepared nano-Fe3O4 catalyst was characterized
with SEM, XRD et. al. Efficient degradation performance was obtained in this visible light assisted heterogeneous electro-Fenton system. The relationship
between apparent rate constant and catalyst dosage
at lower values exhibited high relativity. The interface reaction mechanism was dominant in this heterogeneous system catalyzed by nano-Fe3O4 based on
the normalization of apparent rate constant and thermodynamics analysis. In addition, the stability and
reusability of the prepared catalyst was tested via
successive bath experiments.

KEYWORDS:
Heterogeneous electro-Fenton, nano-Fe3O4, visible light
assisted, catechol

INTRODUCTION
Catechol (1,2-dihydroxybenzene) is one of the
most plentiful chemicals in industry such as olive
mills, cosmetics, pharmaceuticals and textile industries [1]. Catechol is also a key raw material for the
synthetic aromatic compounds [2]. The presence of
catechol in the environment results from the extensive use and the arbitrary discharge of catechol containing wastewater from the related industrial plants.
Catechols have already been reported to be toxic for
bacteria and higher organisms, and even more toxic
than phenol [3, 4]. Catechol has been classified as
the possibly carcinogenic compound to humans
(Group 2B) by The International Agency for Research on Cancer (IARC) [1]. Catechol is hazardous
to environment and human and is not readily biodegradable in the ecological environment, therefore

O2( g )  2 H   2e- o H 2O2

(1)

In the current study, heterogeneous electroFenton oxidation of catechol assisted by visible light
was conducted. Nano-Fe3O4 was synthesized and
served as heterogeneous catalyst in the visible light
assisted electro-Fenton process. Effects of operational parameters were investigated and kinetics involved in the processes was analyzed to reveal the
catalytic characteristic. In addition, the stability and
reusability of the prepared catalyst was also evaluated.
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reach adsorption equilibrium prior to electro-Fenton
oxidation to eliminate the effect of adsorption on catechol removal. The mixture was then transferred to
the electrochemical cell. Turn on the DC power to
initial the electro-Fenton reaction. Samples were
withdrawn at defined time intervals and adjusted pH
to 8.5 to quench the degradation reaction. Then the
samples were centrifuged three times to separate the
catalyst. The supernatant was collected for further
analysis.

MATERIALS AND METHODS
Chemicals. Catechol, ferric sulfate, ferrous
sulfate and sodium sulfate were purchased from
Guangfu Chemical Reactant Company Ltd. (Tianjin,
China). The nano-Fe3O4 used in this study was prepared from the precursors of ammonia, ferric sulfate
and ferrous sulfate with chemical co-precipitation
method assisted by ultrasonic irradiation [17]. All
chemicals were of analytical reagent grade and were
used directly without further purification. The reaction medium was Milli-4ZDWHU 0ȍāFP 

Analytical methods. Catechol concentration
was measured with HPLC with photodiode array detector. The total dissolved iron was determined with
atomic absorption spectrophotometry (AA-6300,
Shimadzu, Japan). The crystal structure of the synthesized catalyst was analyzed with X-ray diffractometer (XRD, D/max-rb) Surface morphology was
characterized on a field emission scanning electron
microscope (SEM, FEI Quanta 200F).

Experimental procedure. Photo assisted electro-Fenton was performed in a cylindrical one-compartment electrochemical cell under vigorous stirring by a mechanic stirrer. The cathode was a piece
of activated carbon fiber (4.0 cm × 5.0 cm) pretreated with microwave irradiation and the anode
was a Pt sheet with the same dimension, both electrodes were fixed on two plastic brackets with the
distance of 4.0 cm. The electro-Fenton process was
conducted in galvanostatic mode. Direct current was
provided by DC stabilized power supply (WWL-PS)
and the voltage and current could be accurately regulated and measured. Oxygen was continuously provided by introducing and dispersing air at the bottom
of the cathode for reaction (1) to generate H2O2 and
stirring in the solution. In a typical run, a specified
mass of nano-Fe3O4 was dispersed into 200 mL of
catechol solution (110 mg/L) with 0.05 mol/L
Na2SO4 as supporting electrolyte. Solution pH was
then adjusted to a desired value using 0.1 mol/L
H2SO4 and NaOH. Reaction temperature was controlled with water bath. Then the mixture was homogenized with the assistance of ultrasonic irradiation. Negligible degradation effect on catechol removal (<1%) was shown during ultrasonic treatment. Then the suspensions were shaken for 1.0 h to

RESULTS AND DISCUSSION
Catalyst characterization. The SEM image
shows that the synthesized Fe3O4 particles were
quasi-spherical with the average particle size of
about 40 nm (Fig. 1). The XRD pattern reveals that
the characteristic reflections of the catalyst sample
were assigned to the (220), (311), (400), (511) and
(440) planes of the cubic spinel structure, corresponding to the standard card of Fe3O4 (JCPDS No.
19-0629). The average particle diameter was calculated to be 43.22 nm according to Scherrer equation.
The main characteristics of the synthesized Fe3O4
particle were summarized in Table 1. The superparamagnetic behavior of the catalyst with low coercivity and remanence facilitates the separation and rapid
dispersion with the assistance of magnetic field.
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FIGURE 1
SEM and XRD pattern of the synthesized catalyst



60

70

80

Volume 27 ± No. 3/2018 pages 1681-1687

© by PSP

Therefore exceedingly high current density exerted
slight promotion on treatment performance.

TABLE 1
Main characteristics of the synthesized
nano-Fe3O4 catalyst
Parameters
Average particle size
SBET
Pore size
Mesoporous volume
Saturation magnetization
Coercivity
Remanence

Value
43.22 nm
71.32 m2/g
13.16 nm
0.26 cm3/g
54.72 emu/g
41.85 Oe
2.68 emu/g

H 2O2 o HO2  H   e-

(2)

HO2 o O2( g )  H   e-

(3)

H 2O2  2H   2e- o 2H 2O

(4)



O2( g )  4H  4e o 2 H 2O
-

where k is the rate constant, Ea is the activation energy, T is the reaction temperature, R is the Universal
gas constant (8.314 J/(mol·K)), and A is a constant.
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(2) Effect of temperature. Effect of temperature on catechol degradation was investigated by
varying reaction temperature and illustrated in Fig.
3. Apparently, the oxidation reaction accelerated as
increasing the reaction temperature. Catechol removal efficiency was 84.69% after 120 min when reaction temperature was 15Υ, while catechol was
nearly completely removed at temperature of 25Υ
and 35Υ. Reaction rates of electrochemical reactions and catechol degradation rose exponentially
with the increase of reaction temperature according
to Arrhenius law. The activation energy (Ea) of the
visible light assisted electro-Fenton system for catechol degradation was calculated to be 50.07 kJ/mol
based on the Arrhenius equation (Eq. (6)) [20]. The
obtained activation energy should be considered as
the apparent activation energy since the reaction rate
constants used in the calculation were simulated
based on the monitored catechol removal processes.
Reaction process was interface controlled when Ea
was higher than 29.0 kJ/mol, whereas the process
was diffusion controlled when Ea ranged from 8.0 to
21.0 kJ/mol [21],W¶VMXGJHGWKDWWKHYLVLEOHOLJKWDV
sisted electro-Fenton catalyzed by nano-Fe3O4 was
interface controlled mechanism. Catalyst surface
was key in this heterogeneous catalytic process.
lnk lnA - Ea /RT
(6)

Catalytic activity. (1) Effect of current density. Current is the key power to driven the electrochemical reactions to generate in situ Fenton reactants. Effect of current density on catechol degradation was illustrated in Fig. 2. It was evident that increasing current density enhanced catechol degradation and accelerated the degradation reaction. Catechol removal efficiencies were 77.12%, 85.67% and
99.18% respectively after 100 min degradation when
current densities were 5.0, 7.5 and 10.0 mA/cm2. The
apparent rate constant of catechol degradation increased from 0.0153 to 0.0503 min-1 as current density rose from 5.0 to 10.0 mA/cm2. The rise in current density accelerated the electrochemical reactions and catechol degradation due to the more
amounts of H2O2 DQG2+JHQHUDWHGLQWKHHOHFWURFenton process. Catechol removal efficiency improved slightly and even decreased as further raising
the current density higher than 10.0 mA/cm2. Exceedingly high current density caused the self scavHQJLQJRI2+E\H[FHVVLYHHOHFWUR-generated H2O2,
UHGXFLQJWKHDPRXQWRIUHDFWLYH2+DQG2+XWLOL
zation rate. higher current density also triggered and
promoted the parasitic reactions such as the oxidation and reduction of the electro-generated H2O2 on
the anode and cathode respectively (Eq. (2)-(4)), the
four-electron reduction of O2 to H2O (Eq. (5)) [19].
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FIGURE 2
Effect of current density on catechol degradation
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Effect of illumination intensity on catechol
degradation

FIGURE 4
Effect of pH on catechol degradation
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FIGURE 6
Effect of catalyst dosage on catechol degradation
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(3) Effect of pH. pH is a key parameter to Fenton and Fenton like processes. Effect of pH on degradation performance was investigated and shown in
Fig. 4. It can be seen that no notable decline (~5%)
in catechol removal efficiency was observed as pH
increased from 3.0 to 9.0. Performance deterioration
with pH increasing in traditional Fenton process
mainly resulted from the inactivation catalyst and the
invalid decomposition of H2O2. In this heterogeneous system, catalyst inactivation was avoided due to
the addition of solid nano-Fe3O4 catalyst. The adverse effect on the decomposition of H2O2 was
weakened due to the continuous generation of H2O2
from the electrochemical reaction (Eq. (1)). The results showed that the prepared catalyst remained
high catalytic activity at a wide pH range.

celerated with the addition of visible light and the increase of illumination intensity. Apparent degradation reaction rate constant increased from 0.0323 to
0.0503 min-1 when illumination intensity strengthened from 0W to 200 W. Only slight improvement
was observed as further increasing illumination intensity to 300 W. Magnetite is a kind of semiconductor with narrow band gap. Illumination enhanced the
electron transfer in the crystal structure, therefore
improved the catalytic process and treatment performance [22]. However, exceeding high illumination
LQWHQVLW\ GLGQ¶W ZRUN GXH WR WKH FHUWDLQ DPRXQW RI
nano-Fe3O4 catalyst. Thus illumination intensity
should be set according to the operational parameters
such as catalyst dosage, current density and solution
color.

(4) Effect of illumination intensity. Light irradiation could enhance the catalytic reactions by energy input. The enhancement of illumination intensity on degradation performance was inspected and
VKRZQLQ)LJ,W¶VHYLGHQWWKDWGHJUDGDWLRQUDWHDF

(5) Effect of catalyst dosage. Catalyst plays a
vital in Fenton-like reactions. Effect of catalyst dosage on catechol degradation in visible light assisted
heterogeneous electro-Fenton was investigated and
shown in Fig. 6. It can be seen that catechol removal
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CONCLUSIONS

efficiency was strongly dependent on catalyst dosage as it increased from 0.25 to 1.0 g/L. Catechol efficiencies were 70.55%, 90.77% and 99.18% after
100 min when catalyst dosage were 0.25, 0.5 and 1.0
g/L. The apparent rate constant rose from 0.0129 to
0.0503 min-1 as catalyst dosage increased from 0.25
to 1.0 g/L. Electro-generated H2O2 was catalytically
GHFRPSRVHGWR2+E\QDQR-Fe3O4. At a certain current density, H2O2 generation rate was constant.
7KXV2+JHQHUDWLRQZDVJHQHUDOO\SURSRUWLRQWRWKH
number of catalytic activity site on the catalyst surface [23]. However, catechol degradation was hindered with catalyst dosage higher than 1.0 g/L. The
phenomenon was mainly due to the scavenging efIHFWVRQ2+E\H[FHVVLYH)HVSHFLHVSUHVHnt on the
surface of nano-Fe3O4 catalyst [24, 25], offsetting
WKHLQFUHDVHRIUHDFWLYH2+DQGGHFUHDVLQJFDWHFKRO
removal efficiency. Moreover, the agglomeration of
nano-Fe3O4 particles at higher concentration declined the number of accessible surface active sites.
It was observed that a well correlation relationship achieved between the apparent rate constant and
catalyst dosage with catalyst dosage ranged from
0.25 to 1.0 g/L (Fig. 7). The surface rate constant
(ksuf) could be obtained by normalizing the apprentice rate constant with catalyst surface area (Eq. (7)
& (8)). The kapp were 0.0129, 0.0266 and 0.0503 min1
with the catalyst dosage of 0.25, 0.5 and 1.0 g/L,
while the corresponding ksuf were 0.7235, 0.7459 and
0.7053 × 10-3 min-1/(m2/L) respectively. Difference
of kapp nearly eliminated after normalization to ksuf.
The analysis of kinetics deduced that the catechol
degradation involved in this visible light assisted
heterogeneous electro-Fenton system was apparent
interface controlled process, which was consistent
with the results in section Effect of temperature.

ksuf

kapp

SAV
SAV SAm·Cnano- Fe3O4
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Nano-Fe3O4 particles were prepared and served
as heterogeneous catalyst in visible light assisted
electro-Fenton to degrade catechol. The prepared
nano-Fe3O4 was of cubic spinel structure. Catechol
was nearly completely degraded by visible light assisted electro-Fenton when current density set as
10.0 mA/cm2 with catalyst dosage of 1.0 g/L. an appropriate current density and catalyst dosage was essential for the effective degradation of catechol in
this visible light assisted electro-Fenton system. Visible light illumination improved the degradation performance. The heterogeneous reaction was interface
reaction mechanism based on the analyses of kinetics and thermodynamics. Successive batch experiments evidenced the high stability of the prepared
catalyst.
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that different data sources are used in determining
the destruction, remote sensing is well suited for
damage detection due to its regular data provision,
synaptic and multispectral imaging capabilities [1, 36]. Especially SAR systems are very attractive because they can work in every weather condition [79]. Detecting damage with satellite images is basically a change detection process. Multitemporal satellite images, both optic and SAR, are used in urban
development, disaster management planning, forest
deformation, product development monitoring,
monitoring of natural destruction and earth deformation [1-3]. Change detection techniques are divided into two main categories: supervised and unsupervised. Supervised classification based methods
are more useful if it is necessary to determine the
changes of each land cover classes. But it is more
appropriate to use clustering-based methodologies if
it is necessary to determine the general change that
occurs due to a disaster-like effect and occurs in
more than one land use-land cover class. In this
study, a cluster-based change detection approach is
presented which can be used to detect damage
caused by floods. The presented approach consists of
feature extraction and clustering stages as in similar
works [2, 7, 9-13]. In feature extraction phase of approach, difference image is computed from SAR images. Then  ×  nonoverlapping blocks created
and transmuted into a feature space using principal
component analysis. In clustering phase, feature
space is clustered into two classes as damaged and
undamaged by GMM. The effectiveness of the proposed approach is quantified by comparing with the
techniques of PCA-Kmeans [14], PCA-DS [8], and
PCA-FCM. For applications, Bern and Ottawa datasets, which had previously been used in many studies, were preferred. False Alarm, Missed Alarm, Total Error, Mean Squared Error, Peak Signal to Noise
Ratio, Structural Similarity Index Universal, Image
Quality Index were used as quantitively evaluation
criteria. As a result of experimental studies proposed
approach produced more successful results from
PCA-Kmeans, PCA-DS, PCA-FCM.

In this paper, a new and effective unsupervised
change detection technique is presented for Synthetic Aperture Radar Images (SAR) images. Unsupervised change detection is one of the important research topics in many application areas such as agricultural applications, monitoring of forests and urbanization, damage assessment after any disaster.
SAR images are often used in change detection applications because they can provide images in all
weather conditions unlike optical images. In this paper, a new change detection approach based on PCA
blocking and Gaussian Mixture Models (GMM)
clustering for SAR images was proposed. The approach firstly computes logarithmic difference image. Then, wiener and median filter are applied to
reduce the effect of speckle noise in difference image
and to preserve edge information. After that, the approach calculates eigenvector space from  × 
blocks with PCA. Lastly, change detection map is
computed using GMM clustering. Bern and Ottawa
datasets were used to evaluate the proposed approach. Proposed method was compared with PCADS, PCA-FCM and PCA-Kmeans methods. Quantitative and qualitative analysis was conducted based
on the Ground Truth (GT) images belong same geographical regions. According to results, proposed approach is quite successful.
*( #$
Change Detection, Gaussian Mixture Model (GMM), Synthetic Aperture Radar (SAR), Principal Component Analysis (PCA)


%# &% 
Since the beginning of history, people have encountered countless natural disasters and have made
very serious efforts to save the damage. Water floods
are one of the most important disaster because they
occur frequently and cause damage to very large areas [1]. It is very important to determine the extent
of the destruction, for reconstruction and repair in areas damaged by water floods [2]. Despite the fact
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where   difference vector set. Then, covariance matrix ( ) is computed with matrix algebra in Equation 7,
1 

(7)
 =
∑   (  )
 =1
where () is transposing process. Eigenvalues (

In the first phase of the proposed approach, two
multitemporal images are registered. Then, logarithand
mic difference image is calculated. Let 
1
be the images belonging to same geographical

2

γ  ) and corresponding eigenvectors (τ  ) of the covariance matrix ( ) are calculated. Then, the

areas in different dates and  be difference image.

  is calculated as in Equation 1.






















related eigenvectors are selected by Cumulative Percent Variance (CVP) selection criteria which is a
subjective but highly effective selection criteria for
real data sets [8]. Selected eigenvectors by CVP are
used to project pixel values in 
( , ) into fea
ture vector space in Equation 8.

(1)

In Equation 1  is natural logarithm operator.
After that, wiener filter and median filter are applied,
respectively. In many studies, some filtering techniques have been shown to improve the effectiveness
of change detection techniques and descend speckle
noise from SAR images [2, 10, 15]. So, after calculation of difference image, 5 × 5 window sized wiener filter as in Equation 2 and 3 × 3 window sized
median filter was applied to  image as in Equa-

⎡ζ1⎤
⎢ζ 2 ⎥
ζ ( ,  ) = ⎢ ζ 3 ⎥
⎢⎥
⎢ζ ⎥
⎣ σ⎦



tion 3, respectively. Window sizes of filters have
been selected after many experimental studies.
(2)
 =   (  )


  =  (  )

where
1 ≤ ≤ 2 , ζσ = (τ  ) (  ( , ) − Ψ), 1 ≤  ≤ ,1 ≤ ≤ , 1 ≤ ≤ 




(3)

and  is the number of eigenvectors used for projecting 
( , ) onto eigenvector space [14].

In the last step, feature vector space is clustered
into two classes by using GMM with expectation
minimization. In this way, changed an unchanged
pixel are determined.

Wiener filter is applied for noise reduction,
considering local consistency and elimination isolated pixels of the difference image. Median filtering
is used for edge information preservation of the difference image.
In the third step of the presented approach, filtered data is separated into  ×  blocks lexicographically [14]. Let this obtained matrix be  


. Eigenvectors of the 
matrix are generated
with PCA. In  



+><<3+7 3A=>;/ 8./5<  One of
the methods used for image clustering is Gaussian
Mixture Models [2]. It basically represents the
weighted form of Gaussian functions. is equal to
cluster number. Finite mixture of distributions provides statistical modelling of various random events.
Thus, it is possible to model the distributions of the
classes with the desired precision by modelling the
distribution [16]. Accordingly, a GMM mathematical formula is shown in Equation 9 provided that it
is   = 1 where μ is mean vector and  is co∑ 





,  is an index value with

1 ≤  ≤  ⎢⎣(  ×  ) / ( ×  ) ⎥⎦

(4)

where is the number of column vector set in

 , is the number of row of

  ,  is the


 =1

number of column of difference image. Since it has
shown that  generates more successful results [8,
14], value is set as 3 in this study. Mean vector
 Ψ  is computed from   along the columns

in Equation (5) [14]:

Ψ=

1 

∑ 
 =1

variance vector [17-19].

(  | λ ) = ∑  .  (  | μ ,  )
 =1

(9)

The  value given in Equation 9 is the -dimensional continuous-valued data vector, that is, the feature vector calculated in the previous step.  values

(5)



are mixture weights and  (  | μ , ∑ ) displays

Gaussian functions. Each Gaussian function is
shown in Equation 10.

After that, this mean vector is subtracted from
each column vector of   matrix in Equation 6.


  = 
-Ψ


(8)



(6)
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 (  | μ ,  ) =

(− 1 ( −μ ) −1( −μ ))
1
 2

1
(2π ) 2 |  | 2

•
False Alarm (FA): Number of
unchanged pixels categorized as changed pixels.
•
Missed Alarm (MA): Number of
changed pixels categorized as unchanged pixels.
•
Total Error (TE): Total number of
incorrect categorized, which is sum of FA and MA.
In this application, in addition to FA, MA and
TE; Mean squared error (MSE), peak noise to signal
ratio (PSNR), structural similarity index (SSIM) and
universal image quality index (UIQI) which used to
measure similarity between images (ground truth
image and change detection maps obtained from approaches) have been used for quantitatively evaluation.

(10)

Maximum Likelihood (ML) or Maximum A
Posterior (MAP) methods are used to estimate GMM
parameters. The ML method specifies the intended
GMM parameters with the highest probability. Assuming that the data set vectors are independent, the
GMM probability of the  element data set is equal
to x [18].


 (  | λ) = ∏  (  | λ)
 =1

(11)

Since the Equation 11 cannot be expressed linear form, it cannot be directly maximized and it can
be solved by iterative methods. The Expectation
Maximization (EM) algorithm is usually used for solution in GMM [16-18] .

/+7 $:>+;/. ;;8; Mean squared error
value is a frequently preferred function used to calculate the average error between actual values and
values calculated by a model. Basic MSE expression
is given in Equation 12:

 =

%$%$)!#%$%&*

In this paper, Bern and Ottawa datasets, which
are SAR images have been used to examine the effectiveness of presented approach. Bern data set acquired by ERS-2 (C-Band) in April and May 1999 at
Bern, Switzerland. The Aare River overflowed and
part of Bern was submerged [8]. Bern data set image
sizes are 301 × 301 pixels. Bern data set with ground
truth are shown in Figure 1. Ottawa dataset acquired
by Radarsat SAR in July 1997 and August 1997 at
Ottawa, Canada. The Ottawa data set was prepared
in 1997 after the flood of the red river. Ottawa dataset image sizes are 290×350 pixels [8]. Ottawa data
set with ground truth are given in Figure 2.
Missed alarm, false alarm, and total alarm are
the most frequently used comparison criteria for
change detection methods [2, 8-11, 13, 15, 20-24]:

1 
∑ (  −  )2
 =1

(12)

where  is ground truth image,  is change detection map produced by a method and  is pixel
number of image [25].
!/+4$317+5=883</#+=38!$#The peak
noise to signal ratio is a metric used to measure the
similarity between the original image and result image of a model or algorithm. The basic PSNR expression is given in Equation 13:
⎛ 2
⎜
 = 10 ⋅ log ⎜ max
10 ⎜ 
⎝

where

⎞
⎟
⎟
⎟
⎠

(13)

max is the largest possible pixel value

[25]. It is assumed that the method with high PSNR
value is more successful [25].

&#
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index, which is also the basis of the structural similarity index, differs from it in that it is calculated as
a combination of loss of correlation, luminance distortion, and contrast distortion. The universal image
quality index is presented in Equation 21 [26]:

$=;>-=>;+5 $3635+;3=B 7./A $$ Structural similarity index is one of a metrics developed
to measure similarity between two images. It is
known that this index is more valid in terms of human visual perception than PSNR and MSE values.
SSIM is basically a function developed on three image comparison criteria; brightness, contrast and
structure [25]. SSIM value is then generated by
Equation 14. Also, expressions of brightness, contrast and structure are given in equation 15, 16 and
17, respectively.
 ( , ) = [ ( , )] ⋅ [( , )] ⋅ [ ( , )] (14)

2μ  μ  + Δ
1
2
2
μ + μ  + Δ
1
2σ σ  + Δ
2
 ( ,  ) =
2
2
σ  +σ  + Δ
2
σ  + Δ
3
( , ) =
σ σ  + Δ
3

 ( , ) =

σ  ⎞ ⎛⎜ 2μ  μ  ⎞⎟ ⎛⎜ 2σ σ  ⎞⎟ (21)
⎟⋅
⋅
⎜ σ σ  ⎟ ⎜⎜ μ 2 + μ 2 ⎟⎟ ⎜⎜ σ 2 + σ 2 ⎟⎟
⎛

 ( , ) = ⎜
⎝


⎠ ⎝ 
⎠
In equation 21, μ is mean value of image ;μ
is mean value of image ;σ is variance of image ;
σ is variance value of image ; σ is covariance of
 and  images. Quantitative findings of the proposed
and other techniques are presented in Table 1 and
Table 2. In the application of Bern and Ottawa SAR
datasets, proposed approach has been compared with
PCA-DS, PCA-FCM and PCA-K-means based approach.
As seen Table 1, Total Alarm, MSE, PSNR,
SSIM and UIQI values of the proposed approach for
Bern Dataset were calculated as 290, 0.0032,
24.9473, 0.9848, 0.9862, respectively. Compared
with the PCA-Kmeans, PCA-DS, PCA-FCM, the
presented approach has more successful results for
Bern dataset. As seen from Figure 3, proposed
approach produces quite good results visually.
Quantitative findings on the Ottawa data set are
given in Table 2. Total Alarm, MSE, PSNR, SSIM
and UIQI values of the proposed approach are
calculated as 2216, 0.0219, 16.5894, 0.8908 and
0.9069, respectively. According to Table 2, the
presented approach produced the best results for all
criteria. If the image given in Figure 4 is examined,
it is seen that the change detection map produced by
the proposed approach is quite similar to ground
truth map.

(15)

(16)

(17)

In equation 15, 16 and 17, μ is mean value of
image ;μis mean value of image ;σ is variance
of image ; σ is variance value of image ; σ is
covariance of  and  images. Δ , Δ and Δ are

1

2

3

calculated with equation 18, 19 and 20, respectively
[25]:

2
Δ = (0.01⋅ )
1
Δ = (0.03 ⋅ )2
2
Δ =Δ /2
3
2

⎠ ⎝

(18)
(19)
(20)

where  is dynamic range [25].
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Clustering techniques in change detection studies are used because they do not need any training
data, especially when there is no prior thematic
knowledge of the land cover classes. Unsupervised
change detection techniques are among the most important study topics in many different disciplines.
The basic steps of the unsupervised change detection
techniques are the calculation of the feature vector
and then the clustering. The PCA-based blocking approach has been used in the feature extraction phase
of this study, which has been successfully used in
many previous studies. Gaussian Mixture Models
were used in the clustering phase to detect the areas
which are changed and unchanged from the feature
space. Bern dataset and Ottawa dataset were used to
investigate the effectiveness of the proposed approach. In addition, the effectiveness of the proposed
approach was demonstrated by comparing the quantitative and visual findings from proposed approach
and techniques which have similar structures.
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cides used against plant pathogens which are a
significant cause of economic losses in agriculture
have been well known to be harmful for human
health and the environment. Knowledge of these
VXEVWDQFHV¶ KDUPIXO HIIHFWV KDV LQVSLUHG VWXGLHV
attempting to determine the effectiveness of these
biologically active essential oils and extract, which
may present an alternative to conventional pesticides.
There are 236 genus and 7133 species of
plants currently recognized as belonging to the
Lamiaceae family, which has a wide geographic
distribution around the world [1]. The Salvia L.
genus (Lamiaceae), which is known in Turkey as
(sage), is an important medicinal plant that is widely cultivated around the world. Owing to their rich
content of essential oils, Salvia species are aromatic
plants that find widespread use not only as spices
and traditional remedies, but also in the perfume
and cosmetic industry. In Turkey, Salvia has been
commonly consumed among the population as a
bloating remedy, cold remedy, stomach relaxant,
diuretic, and tonic drink [2-4]. The latest studies
report as many as 95 species of Salvia within the
country [5]. Salvia occupies an important place in
7XUNH\¶VIORUDDQGLVFKaracterized by a high level
of endemism (51%) [6-7].
Plants of the Lamiaceae family, including the
Salvia genus, are especially rich in terpenoid compounds; they also contain flavonoids, essential oils,
phenolic compounds, and, to a lesser extent, quinonoids [8-11]. Owing to their content of terpenoids and phenolic compounds, oils and extracts
from these plants have high biological activity.
Biological activity in Salvia species has been extensively studied by many researchers. Studies in the
literature reported that the Salvia species had antibacterial [12], antifeedant [13], antioxidant [14],
cytotoxic [15], antiviral [16], antifungal [17, 18],
and antimicrobial effects [19, 20]. Studies have also
been performed on the antimicrobial effects of S.
cryptantha, which is an endemic species.

ABSTRACT
The essential oils from Salvia officinalis L., S.
cryptantha (Montbret et Aucher ex Benth.) and S.
tomentosa (Mill.) were extracted with hydrodistillation method and determined by using GC/MS analysis. This study investigated the in vitro effectiveness of essential oils and extracts of S. officinalis, S.
cryptantha and S. tomentosa (collected from Tokat
province) against eight fungal plant pathogens.
Sterile PDA was prepared and then cooled to 40°C,
after which the plant essential oils and/or extract
were added. PDA without extract was used as negative control, while PDA with a Propineb-containing
fungicide was used as positive control. According
to the GC/MS analysis, the principal components of
S. cryptantha, S. tomentosa and S. officinalis essential oils were determined as eucalyptol (27.64%),
Camphor (2  Į-SLQHQH   ȕ-thujene
(40-69%), borneol (1.79-10.90%), camphor (0.407.25%); 3-thujonene (31.95%), camphor (28.53%),
eucalyptol (7.35%), respectively. Based on the
current results, the plant essential oils and extracts
were determined to have negative effects on plant
pathogens fungi. These effects changed depending
on the extract, the type of sage the essential
oil/extract that was obtained, the dose of essential
oil or extract, and the fungus species.

KEYWORDS:
Antifungal effect, Essential oil, Sage, Salvia

INTRODUCTION
In recent years, there has been a growing interest in plant essential oils and extracts, owing to
the natural compounds they contain. The biological
activity exhibited by these compounds has increased the economic importance of these essential
oils and extracts, and led to their increasing use in
natural therapies and alternative medicine. Pesti-
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TABLE 1
Plant pathogen fungi used experiments
Fungi
Sclerotinia sclerotiorum (Lib.) de Bary
Alternaria solani (Ell. And G. Martin)
Ascochyta rabiei (Pass) Labr.
Botrytis cinerea Pers.
Rhizoctonia solani Kühn
Penicillum italicum Wehmer
Aspergillus niger van Tieghem
Monilia laxa Aderh. and Ruhl. (Honey)

Plant that fungus was isolated
Potato (Solanum tuberosum L.)
Tomato (Solanum lycopersicum L.)
Chickpea (Cicer arietinum L.)
Strawberry (Fragaria L.)
Potato (Solanum tuberosum L.)
Lemon (Citrus limon)
Onion (Allium cepa L.)
Apple (Malus domestica Borkh., 1803)

and data in available MS libraries (NIST, Wiley,
and Pfleger). The relative ratio of each component
was calculated by dividing the peak area to total
peak area and multiplying the value with a hundred
in Turbomass ver 5.4.2 software.

The current study was conducted to investigate the antifungal potential of extracts and essential oils obtained from S. tomentos and S. cryptantha, which are naturally distributed in the Tokat
province of Turkey, and S. officinalis which is a
cultivated plant.

Preparation of water, methanol and ethanol
extracts of plant samples. (1) Preparation of
Water Extracts. Dried herbal materials were powdered by grinding with a plant grinding mill. 400 gr
of ground plant material were put in a glass container containing 1000 ml of pure water and shook
for 24 hours at 120 rpm in an orbital shaker and
then solid residues were removed using filtering
paper. Solid residues were completely removed
using centrifuge for 15 minutes at 5000 rpm.

MATERIALS AND METHODS
Preparation of Plant Materials. The plant
materials used in the experiments were collected
from the provincial center and districts of Tokat in
2GXULQJWKHSODQWV¶YHJHWDWLYHSHULRGDQGZHUH
left to dry under shade.
Extraction of essential oils. Essential oils of
plants were obtained with hydro-distillation method
using a Schilcher apparatus. Pure water was added
to weighed plant samples (1:10 w/v) and boiled for
2 hours. Obtained essential oils were maintained
until used in the experiment [21].

(2) Preparation of Methanol and Ethanol
Extracts. Two 100 g plant materials were put in 1
L. erlenmayers separately and, then, methanol and
ethanol were added as 600 ml of each. Mixtures
were shaken for 24 hours at room temperature at
120 rpm in an orbital shaker. The extract was, then,
filtered using paper filter. Methanol and ethanol
were removed by evaporating at 32- 40 °C. The
remaining extract was used to prepare a stock solution with pure water [22].

The Determination of Essential Oil Contents of Plants (GC-MS). A 20 mg of essential oil
was dissolved in 1.2 mL of acetone and it was
ready for analysis. Analysis was conducted with
BPX5 (0.25 mm ID, 0.25 m of film survivability)
30 m of capillary column and with a Perkin Elmer
Clarus500 GC-MS. Injection volume was determined to be 2 μL and injection port temperature to
be 250 °C. As the carrier gas, 50:1 split ratio of
helium was used with 1 ml min flow rate. Furnace
program was started with the temperature of 50 °C
with 5 °C / min heating rate and heated up to 100 °C
and it was kept at this temperature for 2 minutes
and then it heated up to 220 °C with 3 °C/ min heating rate and waited for 2 minutes at this temperature. Total program duration was set to 30 minutes.
MS parameters; ionization; EI ionizing energy were
set to 70 eV and ion source temperature was set to
250 °C. Elucidation of the components was conducted with the comparison of the retention time of
the existing standard components in the column
with the retention time of sample components, the
co-injection or retention index values (RI) given in
the literature and the comparison of the specific
volume spectrums of components in digital setting

Fungus Cultures. The plant pathogenic fungi
(Table 1) in this study were obtained from stock
cultures kept at the Phytopathology Laboratory of
*D]LRVPDQSDúD 8QLYHUVLW\ $JULFXOWXUDO )DFXOW\¶V
Plant Protection Department. The Ascochyta rabiei
culture was obtained from the Biology Department
of Gaziantep University, and the Botrytis cinerea
culture was obtained from the Ankara Plant Protection Central Research Institute. Fungus cultures
were used after being allowed to incubate at 25±2
°
C for seven days in 60 mm Petri dishes containing
10 ml PDA.
In vitro antifungal experiments of extracts
and essential oils. PDAs were autoclaved and
chilled to 40 °C. Essential oils were mixed with
melted sterile PDA to have a last concentration of
0, 100, 500, 1000, 2000 ppm and different plant
extracts obtained (water, ethanol, methanol) were
mixed with melted sterile PDA to have final con-
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oil consisted of 41 compounds, and 98.12-99.14%
RI WKH RLO¶V FRPSRVLWLRQ ZDV LGHQWLILHG 7KH PDMRU
compounds of this essential oil were determined as
ȕ-thujene (40-69%), borneol (1.79-10.90%) and
camphor (0.40-7.25%). Previous studies reported
contents of 1,8-FLQHRO   ȕ-caryophyllene
 F\FORIHQFKHQH  DQGį-cardine (6%) in
S. tomentosa essential oils [26], and oil S. tomentosa FRQWDLQHG ȕ-SLQHQH   Į-pinene (10.9%)
and camphor (9.7%) as major components [27].
While essential oil main components of S. tomentosa collected from Thassos in Greece are determined
DVĮ-pinene, 1,8-cineole, cis-thujone, borneol, main
components of essential oils in Tharace were determined DV Į-SLQHQH ȕ-pinene, camphor, camphene[28].In similar VWXGLHV Į-pinene, camphor
DQG ERUQHRO >@ ȕ-pinene [30]; 1,8-cineole, camSKRU FDPSKHQH DQG ȕ-SLQHQH >@ Į-pinene, gerPDFUHQH ' ȕ-SLQHQH Į-humulene, veridiflorol ve
limonene [32] have been reported as significant
components of S. tomentosa. In the S. officinalis
essential oil was identified 31 components including basic components 3-thujone (31.95%), camphor
(28.53%), 1,8-cineole (7.35%) and camphene
(4.57%) (Table 2).
Previous studies reported Į- thujone, 1,8FLQHROH FDPSKRU ȕ- thujone, borneol, viridiflorol,
Į-humulene, manool, bornyl acetate, cis-WKXMRQHȕcaryophyllene, trans-thujone as main components
of S. officinalis oil [33; 34; 35; 36; 37; 38; 14]. In
the essential oil of S. cryptantha beingan endemic
species was identified 32 components predominantO\ HXFDO\SWRO   FDPSKRU   Įpinene (11.91%) and borneol (6.57%) (Table 2).
The studies carried out on S. cryptantha were to
less than other species. In the previous studies, it
was reported that camphor (19.1%), 1,8-cineole
(16.4%), borneol (11.9%), viridiflorol (11.5%) were
determined in S. cryptantha grown Kayseri [39]
while valence (31.80%), 1,8-cineole (%17.43),
camphor (13.73%), Isoberneol (10.79%) were determined as major components in the oil of S.
cryptantha in Konya [40].

centrations of 1%, 3%, 7%, 10% and 20%. PDA
was poured into 60 mm petri dishes (as 10 mm).
Mycelium discs obtained from the 7-day fungus
culture were put in petri dishes (5 mm in diameter).
After inoculation, fungus culture was left for incubation at 28 °C for 7 days. Fungal development was
recorded after 7 days [23]. Blocking in the development was calculated using the following formula
[24]. A Propineb-containing fungicide was used as
the positive control. The experiment was performed
with four recurrences and replicated twice.
I=100×(DC -DT)/DC
I: Inhibition percentage compared to the control
(Mycelium growth)
DC: Mycelium development in the control
DT: Mycelium development in essential oil applications
Antifungal Effects of Plant Essential Oil
and Extracts in In vivo. In this study investigated
the in vivo antifungal effect of essential oils and
plant extracts from S. cryptantha, S. tomentosa, S.
officinalis (water, methanol and ethanol extracts) on
the Botrytis cinerea, Monilia laxa, Aspergillus
niger and Penicillum sp. pathogens. In this context,
apples were used for Botrytis cinerea and Monilia
laxa, while lemons were used for Aspergillus niger
and Penicillum sp. For each fruit, 8 mm mycelium
disks were inoculated onto 8 mm scratches on the
IUXLWV¶ VXUIDFH $PELHQW KXPLGLW\ ZDV UDLVHG IRllowing inoculation. Six fruits were used for each
application. To prevent exposure to water, the fruits
were placed in a container with plastic pipettes.
During the experiments, 150 μl of essential oil at a
2000 ppm concentration was applied to the paper
disks at the center of the containers. Plant extracts
(in water, methanol and ethanol) were administered
at a dose of 20%. A carbendazim-containing fungicide was used as the positive control. Following
each application, the containers were closed and
stored at +20°C. After five days, the radius of the
URWWLQJ DUHD WKDW GHYHORSHG RQ WKH IUXLW¶V VXUIDFH
was measured starting from the inocXOXP¶V HGJH
All experiments were performed twice [25].

In vitro antifungal effects of plant extracts
and essential oils. By infecting cultivated plants,
plant pathogenic fungi can cause significant yield
losses in agricultural production. Thus, managing
these plant pathogens has been a great importance.
The environmental problems associated with synthetic fungicides that have been extensively used
for combatting plant pathogenic fungi, as well as
the growing resistance of fungi to these agents,
have engendered the need for new control strategies. For this reason, there has been increasing
research in recent years on the effectiveness of
various biological agents against pathogenic fungi.
In this context, a range of studies investigating the
effects of extracts and essential oils from plants of
different families (and extracted with different

Statistical Analysis. The analysis of variance
(ANOVA) was used to determine the significance
levels of differences between experiment treatments, and the averages were compared using the
DUNCAN test. Statistical analyses were conducted
byusing the SPSS software.

RESULTS AND DISCUSSION
The results of the chemical composition of
volatile oil S. officinalis, S. cryptantha and S. tomentosa are given in Table 2. The compositions of
essential oils of the species are distinct similarities
in species. Four S. tomentosa population essential
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depending on the extracts, essential oils, and the
species of fungus. Water extract from S. officinalis
was found to be more effective compared to other
extracts and essential oils. S. officinalis water extract inhibited the mycelium growth of A. solani, R.
solani, M. laxa, and B. cinerea pathogens by 100%.
Methanol and ethanol extracts and essential oil of S.
officinalis did not affect the mycelium growth of S.
sclerotiorum (Table 3). It has been reported that
while S. officinalis essential oil has varying degrees
of effectiveness against Candida, Aspergillus and
Dermatophyte samples, Candida and Aspergillus

solvents) on plant pathogenic fungi have been initiated, many of which are still ongoing. In the present
study, it was investigated and evaluated the effect
of plant extracts and essential oils from S. cryptantha, S. tomentosa, S. officinalis on major plant
pathogenic fungi.
The results from our in vitro trials have
demonstrated that extracts and essential oils from
the Salvia species were effective to varying extents
against the eight plant pathogenic fungi. S. officinalis extracts and essential oils showed greater
effects against fungi compared to the controls.
However, it was observed that this effect varied

TABLE 2
Chemical composition of Salvia species.
S.
cryptantha

S. tomentosa
RT
6.23
6.64
7.19
7.34
7.54
8.35
8.62
8.68
8.88
9.48
10.24
10.77
11.13
11.18
11.51
12.44
12.77
13.24
13.77
13.95
14.63
16.38
18.00
18.40
20.30
21.26
21.49
21.84
22.01
22.83
23.36
23.84
24.21
24.87
25.67
25.91
26.50
26.62
26.92
27.35
29.96
30.13
30.62
31.24
32.97

Essential oil
Į-Pinene
Camphene
Į-Phallendrene
ȕ-Thujene
ȕ-Myrcene
Į-Terpinen
ȕ-Cymene
Limonene
Eucalyptol
Ȗ-Terpinene
Terpinolen
ȕ-Pinene
Į-Thujone
3-Thujanone
Thujone
Sabinyl acetate
Camphor
cis-Sabinol
Borneol
4-Terpineol
Į-Terpieol
Fenchene
Bornyl acetate
Estregole
Į-Cubebene
Zingiberene
Copaene
ȕ-Bourbonene
į-Cadinene
Dehydro Aromadendrene
Isocaryophyllene
ȕ-Cubebene
Isoledene
Į-Caryophyllene
Ȗ-Muurolene
Į-Amorphene
Eremophilene
Ȗ-Cadinene
Palustrol
Germacrene D
Spathulenol
Caryophyllene oxide
Ȗ-Gurjunene
unidentified oxygenated sesquiterpene
unidentified oxygenated sesquiterpene
TOTAL

P1
6.55
1.60
0.39
54.11
tr
0.21
0.14
1.15
1.31
3.18
0.16
tr
tr
tr
tr
3.69
3.98
0.49
4.27
0.13
0.75
tr
0.37
0.23
0.49
0.78
tr
0.28
4.26
0.65
0.36
2.86
2.44
tr
0.43
0.44
0.29
0.74
0.17
2.53
tr
99.45

P2
4.22
2.98
1.07
40.69
1.64
tr
0.91
tr
0.66
1.56
0.35
tr
tr
tr
1.11
7.25
10.90
0.66
1.67
0.22
7.01
tr
tr
tr
0.18
tr
tr
tr
1.98
tr
tr
1.23
tr
0.34
tr
tr
tr
1.07
6.91
1.16
2.75
98.50
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P3
5.66
1.10
1.92
69.12
1.08
tr
0.25
0.87
1.55
0.41
1.65
tr
tr
tr
0.54
4.45
1.79
0.49
1.85
0.52
0.61
tr
0.10
tr
0.23
0.27
tr
tr
0.91
tr
tr
0.44
tr
0.29
tr
0.43
0.52
0.81
0.37
0.58
0.33
99.14

P4
3.12
0.78
1.49
49.12
2.99
tr
0.19
0.52
0.97
0.31
1.99
tr
tr
tr
2.42
0.40
3.20
5.91
6.52
0.40
1.13
tr
0.18
tr
1.07
0.50
0.29
tr
1.19
1.12
tr
0.74
tr
0.34
tr
0.41
0.26
0.65
2.46
2.74
4.71
98.12

11.91
6.32
0.59
4.01
0.91
2.13
27.64
0.37
0.07
0.17
0.14
tr
tr
0.07
29.87
0.10
6.57
0.88
0.47
tr
0.50
0.11
0.37
1.03
1.41
0.11
0.45
0.22
tr
0.52
1.15
tr
1.19
99.26

S.
officinalis
3.37
4.57
tr
1.36
0.66
0.16
0.20
1.58
7.35
0.35
0.26
0.35
tr
31.95
5.22
28.53
0.18
3.13
0.35
0.25
2.25
0.55
tr
1.26
2.05
tr
tr
tr
0.13
3.65
0.16
99.85
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TABLE 3
Effect of S. officinalis on plant pathogenic fungi mycelium growth (mm)
Application

Water
extracts

Methanol
extracts

Ethanol
extracts

Essential oils

Doses
Control
Fungicide
1%
3%
7%
10%
20%
Control
Fungicide
1%
3%
7%
10%
20%
Control
Fungicide
1%
3%
7%
10%
20%
Control
Fungicide
100ppm
500ppm
1000ppm
2000ppm

As
60.00a*
0.00f
52.33b
47.36c
29.16d
21.96e
0.00f
60.00a
0.00e
26.27b
21.09c
20.84c
19.89cd
19.31d
60.00a
0.00e
18.80c
17.21d
19.35bc
20.39b
17.49d
60.00a
0.00e
57.67a
51.39b
43.66c
19.38d

Rs
60.00a
0.00c
35.57b
38.28b
0.00c
0.00c
0.00c
60.00a
0.00e
47.17b
45.64b
45.09b
40.07c
32.39d
60.00a
0.00e
42.98b
42.72b
38.272c
36.2363c
30.9400d
60.00a
0.00e
34.12b
17.03c
15.99c
9.14d

Asn
57.92a
12.73d
46.25b
49.87ab
34.51c
31.48c
26.01c
57.92a
12.73d
47.55b
40.72b
41.84b
37.54bc
28.87c
57.92a
12.73d
40.07b
26.08c
33.25bc
29.30c
29.53c
57.92a
12.73d
46.27b
47.39b
46.57b
32.32c

Pi
45.02a
0.00e
36.38b
32.58b
21.57c
14.26d
16.56d
45.02a
0.00c
25.22b
25.68b
22.67b
22.64b
22.48b
45.02a
0.00d
25.30b
21.53bc
21.04bc
19.33bc
17.20c
45.02a
0.00c
35.34b
35.44b
28.41b
28.12b

Ss
60.00a
0.00d
60.00a
60.00a
60.00a
43.17b
40.52c
60.00a
0.00b
60.00a
60.00a
60.00a
60.00a
60.00a
60.00a
0.00b
60.00a
60.00a
60.00a
60.00a
57.85a
60.00a
0.00b
60.00a
60.00a
60.00a
60.00a

Ml
45.04a
18.26d
40.77b
36.82c
16.54d
0.00e
0.00e
45.04a
18.26c
17.94c
17.99c
21.92b
18.15c
18.20c
45.04a
18.26c
15.15d
15.46d
19.00bc
19.89b
18.20c
45.04a
18.26e
24.48b
22.51c
20.64d
18.20e

Bc
47.44a
0.00d
37.72b
20.04c
3.16d
0.00d
0.00d
47.44a
0.00d
25.92b
22.02b
19.76bc
19.92bc
13.20c
47.44a
0.00d
31.59b
23.88bc
23.54bc
21.16c
16.95c
47.44a
0.00c
43.54a
40.49ab
30.64b
29.96b

Ar
21.50a
0.00d
15.17b
19.00a
5.90c
6.55c
5.38c
21.50a
0.00e
16.06b
15.13bc
13.87bc
13.46c
10.75d
21.50a
0.00d
13.83b
13.24b
13.61b
13.39b
10.19c
21.50a
0.00d
18.34b
16.77bc
16.44bc
15.01c

As: Alternaria solani, Rs: Rhizoctonia solani, Asn: Aspergillus niger, Pi: Penicllum italicum, Ss: Sclerotinia
sclerotiorum, Ml: Monilia laxa, Bc: Botrytis cinerea, Ar: Ascochyta rabiei
*
Means in the same column by the same letter are not significantly different to the test of ANOVA (a = 0.05).

There have been limited studies investigating
the antifungal potential of S. tomentosa against
plant pathogenic fungi. On the other hand, various
researchers have reported S. tomentosa plant extracts as having a variety of antibacterial, insecticidal, and antioxidant effects. For example, S. tomentosa essential oils were demonstrated to have
antibacterial effects against gram-positive and
gram-negative bacteria [26], while S. tomentosa
extracts and essential oils were found to exhibit
various degrees of antimicrobial effects against
microorganisms [27], as well as insecticidal effects
against Acanthoscelides obtectus and Tribolium
castaneum [43]. These different studies are indicative of a wide variety of biological activity for S.
tomentosa essential oils and extracts. In this context, the findings of the present study showed that
S. tomentosa essential oils and extracts were also
effective against various plant pathogenic fungi.
This diversity of biological activity and broad-range
effectiveness stems largely from the phenolics,
diterpenoids, and flavonoids ± active compounds of
known effectiveness ± found in S. tomentosa [4446].

are relatively more resistant compared to dermatophytes [18]. A 1:40 dilution of acid extracts from S.
sclarea and S. officinalis were reported to inhibit A.
solani growth, while extracts in water or saline
solution were less effective on A. solani [41]. In
contrast, S. officinalis water extracts were observed
to fully inhibit A. solani mycelium growth in our
study. This difference might have stemmed from
dissimilarities between two studies regarding methodology and applied doses. S. officinalis extracts
were reported to reduce Plasmopara vitocola
growth by 63%under field conditions [42].
S. tomentosa plant extract and essential oils
exhibited comparatively less effects on plant pathogens than S. officinalis. At an application dose of
20%, S. tomentosa water extract inhibited B. cinerea mycelium growth by 100%, and R. solani mycelium growth by 83.72%. As with S. officinalis,
water extracts of S. tomentosa did not work against
S. sclerotiorum. A1000 ppm S. tomentosa essential
oil was able to inhibit A. rabiei pathogen mycelium
growth by 100%. S. tomentosa methanol and ethanol extracts and essential oils inhibited plant pathogenic fungi growth to different degrees (Table 4).
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toxicity against Sitophilus granarius L. and S. oryzae L, which are significant storage pathogens [49].
Our study results showed that essential oils
and extracts from S. tomentosa, S. officinalis and S.
cryptantha had selective antifungal activity against
eight important plant pathogenic fungi (S. sclerotiorum, A. solani, A. rabiei, R. solani, B. cinerea, P.
italicum, A. niger, and M. laxa). The believe that
these results stem from the compounds found in
Salvia species extracts and essential oils, such as
FDPSKRU HXFDO\SWRO  FLQHROH  DQG Į-pinene,
whose biological activity have been demonstrated
by different researchers [50-53].

S. cryptantha plant extracts and essential oils
had various degrees of effectiveness against plant
pathogenic fungi. This effectiveness varied depending on plant extracts and essential oils used, and the
dose of application. At its highest application dose
(20%), S. cryptantha water extract inhibited R.
solani and S. sclerotiorum mycelium growth by
100% and 98.63%, respectively. S. cyptantha methanol extract demonstrated the highest level of effectiveness against the A. solani pathogen, while exhibiting the least effectiveness against the S. sclerotiorum pathogen with an inhibition rate of 9.4%.
Ethanol extracts had similar levels of effectiveness
as the methanol extract. Although S. cryptantha
essential oil had a limited effectiveness against S.
sclerotiorum, it was had more significant effects on
other pathogens. At a dose of 2000 ppm, S. cryptantha essential oil showed the highest effectiveness
against M. laxa, with 59.72% growth inhibition
(Table 5).
These results indicated S. cryptantha had biological activity and antifungal potential. Studies
showed that S. cryptantha essential oils and methanol extracts had antimicrobial and antioxidant activity [47, 48], and that S. cryptantha exhibited contact

In vivo antifungal activities of plant extracts
and essential oils. In the in vivo experiments, the
highest plant extract and essential oil doses used in
in vitro experiments were applied against the plant
pathogens M. laxa, B. cinerea, A. niger, and P.
italicum. In general, the effectiveness exhibited by
the plant extracts and essential oils was lower under
in vivo conditions compared to in vitro results.
However, the application of these plant extracts and
essential oils slowed down pathogen growth compared to control. S. officinalis essential oil had the

TABLE 4
Effect of S. tomentosa on mycelium growth (mm) of plant pathogenic fungi
Application

Water
extracts

Methanol
extracts

Ethanol
extracts

Essential oils

Doses
Control
Fungicide
1%
3%
7%
10%
20%
Control
Fungicide
1%
3%
7%
10%
20%
Control
Fungicide
1%
3%
7%
10%
20%
Control
Fungicide
100ppm
500ppm
1000ppm
2000ppm

As
60.00a*
0.00e
58.85a
52.19b
30.85c
26.47d
27.24d
60.00a
0.00e
29.84b
24.85c
25.20c
24.99c
22.75d
60.00a
0.00e
22.87b
18.72c
19.52c
19.43c
16.96d
60.00a
0.00f
56.16b
51.92c
15.63d
10.56e

Rs
60.00a
0.00e
60.00a
56.51a
34.19b
27.26c
9.77d
60.00a
0.00e
60.00a
53.14b
52.71bc
51.45c
47.26d
60.00a
0.00f
52.60b
50.30c
49.68c
47.95d
36.59e
60.00a
0.00d
60.00a
55.37b
53.03c
52.00c

Asn
57.92ab
12.73d
60.00a
55.58ab
53.03ab
51.11b
40.24c
57.92a
12.73d
51.08ab
44.18bc
40.58bc
35.11c
32.44c
57.92a
12.73e
44.97b
42.39bc
40.40bc
32.62cd
27.64d
57.92a
12.73b
60.00a
57.95a
57.25a
54.46a

Pi
45.02a
0.00c
52.95a
50.36a
26.79b
27.38b
29.76b
45.02a
0.00d
32.05bc
33.88b
28.03bc
30.88bc
24.33c
45.02a
0.00c
27.93b
30.01b
24.33b
20.92b
24.08b
45.02a
0.00d
48.19ab
39.72bc
34.46c
32.23c

Ss
60.00a
0.00b
60.00a
60.00a
60.00a
60.00a
60.00a
60.00a
0.00c
60.00a
60.00a
60.00a
59.01a
49.98b
60.00a
0.00d
60.00a
58.68a
54.64b
53.43b
48.21c
60.00a
0.00b
60.00a
60.00a
60.00a
60.00a

Ml
45.04b
18.26e
53.38a
46.49b
24.94d
29.72c
23.70d
45.04a
18.26d
22.29b
20.15c
19.81cd
19.53cd
19.37cd
45.04a
18.26b
18.13b
17.49b
17.84b
17.80b
14.82c
45.04a
18.26cd
33.08b
31.33b
20.37c
15.74d

Bc
47.44a
0.00d
41.38ab
34.18b
10.37c
10.39c
.0000d
47.4450a
0.00d
32.34b
25.21bc
20.36c
20.71c
19.24c
47.44a
0.00d
35.02b
21.76c
23.12c
20.73c
14.91c
47.44a
0.00d
29.82b
25.50bc
23.07bc
21.38c

Ar
21.50a
0.00d
16.57b
14.68b
8.11c
8.78c
8.88c
21.50a
0.00d
14.13b
13.49b
13.90b
14.31b
10.66c
21.50a
0.00d
13.06b
9.60c
10.51c
10.35c
9.20c
21.50a
0.00c
16.85b
15.54b
0.00c
0.00c

As: Alternaria solani, Rs: Rhizoctonia solani, Asn: Aspergillus niger, Pi: Penicllum italicum, Ss: Sclerotinia
sclerotiorum, Ml: Monilia laxa, Bc: Botrytis cinerea, Ar: Ascochyta rabiei
*
Means in the same column by the same letter are not significantly different to the test of ANOVA (a = 0.05).

1700

Volume 27 ± No. 3/2018 pages 1695-1706

© by PSP

Fresenius Environmental Bulletin


TABLE 5
Effect of S. cryptantha on plant pathogenic fungi mycelium growth (mm)
Application

Doses
As
Rs
Asn
Pi
Ss
Ml
Bc
Ar
Control
60.00a* 60.00a
57.92a
45.02a 60.00a
45.04a
47.44a
21.50a
Fungicide
0.00e
0.00e
12.73e
0.00d
0.00c
18.26e
0.00c
0.00e
1%
49.61b 60.00a 45.27bc 37.07b 60.00a
31.65b
40.78a
15.15b
Water
3%
30.22c 31.09b
48.42b
36.49b 60.00a 22.47cde 26.57b 12.80cd
extracts
7%
28.45c 22.43c 40.92bcd 26.23c 60.00a
25.03c
30.35b 16.49bc
10%
21.02d 5.95d
37.21cd 28.12c 49.32b
22.89cd
23.50b
12.26d
20%
20.51d
0.00e
35.60d
25.05c 3.797c
20.33de
22.87b
10.98d
Control
60.00a 60.00a
57.92a
45.02a 60.00a
45.04a
47.44a
21.50a
Fungicide
0.00e
0.00e
12.73d
0.00c
0.00d
18.26d
0.00e
0.00e
1%
24.61b 38.93d
40.96b
17.49b 60.00a
21.98b
29.37b
14.42b
Methanol
3%
19.86c 42.30c 32.07bc 17.93b 60.00a
20.46bc
24.19c 13.16bc
extracts
7%
19.47c 48.01b 31.22bc 16.69b 57.91b
18.88cd 23.18cd 11.52cd
10%
18.32d 47.30b 31.41bc 15.72b 54.69c
18.66d
23.10cd 11.41cd
20%
18.10d 40.05d
26.72c
15.82b 54.34c
18.70d
18.44d
9.77d
Control
60.00a 60.00a
57.92a
45.02a 60.00a
45.04a
47.44a
21.50a
Fungicide
0.00h
0.00g
12.73d
0.00e
0.00c
18.26d
0.00e
0.00c
1%
33.95b
51.03b
35.84b
34.88b
60.00a
25.14b
36.05b
20.31a
Ethanol
3%
29.56c 47.22c
37.69b
26.32c 60.00a
24.25b
28.40c
17.84b
extracts
7%
20.53e 38.71e 24.69cd 15.21d 60.00a
20.21c
21.29d
17.30b
10%
21.83d 41.03d 19.83cd 15.70d 58.07ab
20.27c
20.88d
17.34b
20%
17.63g 34.63f 21.47cd 12.52d 56.59b
17.55d
17.95d
17.17b
Control
60.00a 60.00a
57.92a
45.02a 60.00a
45.04a
47.44a
21.50a
Fungicide
0.00d
0.00e
12.73c
0.00d
0.00c
18.26c
0.00e
0.00c
Essential
100ppm
47.96b 60.00a
45.98b
43.35a 60.00a
28.63b
29.03bc 16.82b
oils
500ppm
38.26c 53.93b
44.51b
29.29b 60.00a
19.17c
31.34b
15.38b
1000ppm
37.38c 48.39c
43.28b
19.07c 60.00a
19.25c
23.71cd 15.60b
2000ppm
33.69c 32.38d
41.70b
13.47c 57.00b
18.14c
21.99d
14.92b
As: Alternaria solani, Rs: Rhizoctonia solani, Asn: Aspergillus niger, Pi: Penicllum italicum, Ss: Sclerotinia
sclerotiorum, Ml: Monilia laxa, Bc: Botrytis cinerea, Ar: Ascochyta rabiei
*
Means in the same column by the same letter are not significantly different to the test of ANOVA (a = 0.05).

FIGURE 1
The effects of Salvia species essential oils and extracts on B.cinerea mycelium growth.
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FIGURE 2
The effects of Salvia species essential oils and extracts on M. laxa mycelium growth

FIGURE 3
The effects of S. officinalis (a), S. tomentosa (b) and S. cryptantha (c) extracts and essential oils against
M. laxa pathogen

FIGURE 4
The effects of Salvia species essential oils and extracts on A. niger mycelium growth.
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FIGURE 5
The effects of Salvia species essential oils and extracts on P. italicum mycelium growth.
highest effect on M. laxa, B. cinerea and P. italicum growth, while S. tomentosa essential oil had
the highest effect on A. niger growth (Figure 1,
Figure 2, Figure 3, Figure 4, Figure 5).
The effects of the Salvia species extracts on
pathogens varied depending on extracts used, the
dose of application, and the pathogen being targeted. Under in vivo conditions, the S. cryptantha
ethanol extract had the highest effect on B. cinerea
growth, inhibiting it by 75.31%, while the S. tomentosa water extract had the second highest effect,
inhibiting growth by 68.52%. The highest antifungal effect on M. laxa was observed with the S. officinalis water extract, which inhibited growth by
40.07%. In addition, the S. officinalis methanol
extract had the highest effect on A. niger mycelium
growth by inhibiting it 100%, while S. cryptantha
methanol showed the highest effect against P. italicum mycelium growth, inhibiting it by 95.42%.
[54] described that although S. officinalis essential
oils are effective against the S. sclerotiorum pathogen in in vitro applications, the same level of effectiveness is not observed during in vivo applications.
It has reported that while Azadirachta indica extracts inhibit Pyricularia orzae radial growth by
68.7 to 83.6% under in vitro conditions (i.e. agar
environment), the level of inhibition decreases to
55.2 to 67.9% under in vivo conditions [55].
In the in vivo application, M. laxa had the
highest tolerance against plant extracts and essential
oils, and was followed, in decreasing order of resistance, by P. italicum, B. cinerea and A. niger.
The highest effect on the pathogens was observed
by plant water extracts, followed in decreasing
order by methanol extracts, and ethanol extracts and
essential oils. The differences in effectiveness were
due to the selectivity of the plant extracts and essential oils, and the differences between the pathoJHQV¶ Jrowth styles. Differences in chemical composition between the various extracts and essential
oils are also likely to have contributed to these
differences [56-62].

CONCLUSION
In conclusion, we demonstrated that plant
extracts and essential oils from the endemic species
S. cryptantha and S. tomentosa and cultivated S.
officinalis species possessed antifungal activity
both under in vitro and in vivo conditions, with the
level of effectiveness varying depending on dose,
extract, and plant pathogen. In light of the problems
associated with the cost, adverse environmental
effects, residues in food, and increasing pathogen
resistance of synthetic fungicides, which are widely
used against plant pathogenic fungi, the results of
the present study and other studies investigating
alternative antifungal agents are of particular importance for managing pathogenic fungi.
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[3, 4], and these dusts make a significant contribution
to metal pollution in the urban environment. Because
of a lack of bioavailability, biodegradability and persistence, heavy metals could accumulate and be enriched in urban environment. A previous study found
that the heavy metals contents of road/street dusts are
generally higher than those in other media (e.g. soils)
[5]. Heavy metals can accumulate in street dusts
from atmospheric deposition by sedimentation interception and may affect population health if they
reach a level of being considered as toxic pollutants
[6]. With the increase of population, the tightly
packed buildings limit air circulation, leading to increases of heavy metal accumulations in the street
dust [7]. Street dust contaminated by heavy metals
poses higher health risk to children and adults than
that of automobile emissions.
Health risk is especially high for children because of their low tolerance to toxins as well as the
inadvertent ingestion of significant quantities of dust
(or soils) through hand-to-mouth pathways [8, 9].
Besides, many residential buildings in China were
close to streets. The inhabitants are frequently exposed to street dust. Pollutant metals are usually nondegradable and there is no known homeostasis mechanism for them. Thus, any high levels of heavy metals will threaten biological life [10]. They may accumulate in the fatty tissues of our body and affect our
central nervous system, or they may be deposited in
our circulatory system and disrupt the normal functioning of our internal organs, or they may act as cofactors in other diseases [11]. Therefore, it is important to identify the origin and distribution of
heavy metals in street dust, and estimate population
heavy metal exposure via street dust from cities. Although numerous studies on heavy metal contamination of street dusts have been performed in developed
countries [12-14], only limited information is available for developing countries, especially for China.
Over the last three decades, urbanization and industrialization have taken place at an unprecedented
pace in China. Urban environmental pollution has
become a very important issue for environmental researchers [15]. Chengdu, one of the most crowded

The distribution, pollution level and health risk
of Cu, Pb, Zn, Mn, Co, Ni, Cr and Cd in urban street
dust are investigated. The average concentration of
heavy metals is 246.47, 329.89, 511.16, 620.26, 9.57,
80.55, 97.16 and 2.50mg/kg for Cu, Pb, Zn, Mn, Co,
Ni, Cr and Cd, respectively. Compared with background values of Chengdu and Chinese soils, the
heavy metal contents of street dust in Chengdu were
all much higher except Co. The enrichment factor results
reveal
the
following
order:
Cd>Pb >Cu>Zn >Ni>Cr>Co. Cu and Zn of street
dusts is mainly moderate contamination. Pb and Cd
is significant contamination. Co, Ni and Cr is the
lack of contamination as a whole, expecially Co.
Non-carcinogenic effects and carcinogenic effects
due to exposure to urban street dusts were assessed
for both children and adults. For non-carcinogenic
effects, ingestion was the main route of exposure to
street dusts for these metals, followed by dermal contact and inhalation except Co (ingestion>inhalation>dermal contact). Hazard index ( ) values for
all studied metals were lower than the safe level of 1.
The carcinogenic risk for Co, Ni, Cr and Cd were all
below the acceptable level (<10−6).

+)"$%
Street dust, Heavy metals, Health risk.

!&$"'&"!
Street dust, particles deposited on a road, originates from the interaction of solid, liquid and gaseous materials produced from different sources [1].
The components and quantity of street dust are also
potential pollution indicators for urban environment
[2]. Street dusts receive various heavy metal inputs
from a variety of mobile or stationary sources, such
as vehicular traffic, industrial plants, power generation facilities, residential oil burning, waste incineration, city construction and demolition activities and
the re-suspension of surrounding contaminated soils
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%-8;7593 -90 -9-7D?5/-7 ;=:/10@=1> Although there was no strict functional classification in
urban areas in Chengdu, forty-two samples were collected at different districts with different land use:
Xihua university and Southwest Jiaotong University
(educational district, abbreviation as ED, S1-S6),
Chunxi road and Babaoroad commercial center district (commercial district, abbreviation as CD, S7S12), Du Fu Thatched Cottage and Temple of Marquis scenic districts (scenic parks, abbreviation as SP,
S13-S18), Chengdu north railway station and Xinnanmen bus station (traffic pivotal district, abbreviation as TD, S19-S24), Pixian county modern industrial port of destination and Shuangliu airport industrial park (industrial district, abbreviation as ID, S25S30), Shahepu residential district and A loop section
of East residential district (residential district, abbreviation as RD, S31-S36), and Sandaoyan town and
Youai town (peri-urban district, abbreviation as PD,
S37-S42). Forty-two samples were collected on
pavements next to roads at periods when no rain had
occurred during the previous week in Chengdu. At
every sampling site, more than 300 g of street dust
composite sample was collected by sweeping using
polyethylene brush and tray from three to five points
of road/pavement edges within the scope of 10-20m2.
All the samples were stored in the sealed polyethylene bags, labeled and then transported to the laboratory. The samples were air-dried in the laboratory
for 2 weeks. Dried samples were grinded by a porcelain mill and then passed through a 100-mesh sieve
before analyzing. Sequential extraction was performed using a three-stage modified procedure recommended by BCR which has been used for several
studies [16-18]. Detailed locations of sampling sites
are shown in Fig.1.

cities in the world, has experienced a rapid urbanization and industrialization in the last decades. The
rapid growth of industry, population and vehicle exerts a heavy pressure on its urban environment. The
objectives of the present study were as follows: (1)
to compare heavy metal concentrations in the street
dusts of Chengdu with those in other cities; (2) to
evaluate and assess heavy metals pollution in street
dusts using the enrichment factor (EF) method; and
(3) to assess the human health risk of these metals to
both children and adults via inhalation, ingestion as
well as dermal contact.
&$%! &"%

%?@0D -=1- Chengdu (30°05′-31°26′N,
102°54′-104°53′E), the capital of Sichuan province,
is located in the southwest of China. Geomorphologically, it is high to the northwest and low to the southeast, not far from the western slopes of the Longmen
Mountains. With a typical continental monsoon climate of northern temperate zone, there are four distinct seasons in Chengdu. The average temperature
ranges from 5 °C in winter to 26 °C in summer. The
average annual precipitation is 918 mm. Rainfall
mainly concentrated from July to August. The least
rainfall concentrated from December to March. In
the present study, street dust samples were collected
from various areas with different land uses (educational district, commercial district, scenic parks, traffic pivotal district, industrial district, residential district, and peri-urban district).
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ADDdermal=(× ××× ××10-6)/
(×)
(4)
For carcinogens, the lifetime average daily dose
(LADD) for the Co, Ni, Cr and Cd inhalation exposure route was used in the assessment of cancer risk
[21, 24].

:9?-859-?5:9 ->>1>>819? 81?4:0 Enrichment factor (EF) was applied to differentiate the anthropogenic sources from natural process, as well as
to assess the degree of metal contamination.The enrichment factor (EF) method described by Sutherland [19] is used to evaluate the potential impact of
the dust samples. The EF of each element, which is
a normalization of an element of interest against a
reference one, was calculated using the following
equation:

LADD=[(× )/(  ×)]×( ×
(5)
/+  × / )
For Eqs. (2)-(5),  is ingestion rate; in this
study, 200mg/day for children and 100mg/day for
adults [24].  is inhalation rate; in this study,
7.63m3/day for children and 20m3/day for adults [22].
  is exposure frequency; in this study,
180days/ year [6, 25].
 is exposure duration; in this study, 6 years
for children and 24 years for adults [24].
 is exposed skin area; in this study, 2800cm2
for children and 5700cm2 for adults [24].
 is a skin adherence factor; in this study,
0.2mg/cm2·d for children and 0.7 mg/cm2·d for
adults [24].
 is a dermal absorption factor (unitless); in
this study, 0.001 for all elements [6, 26].
 is a particle emission factor; in this study,
1.36×109m3/kg [24].
 , developed by USEPA for the health risk
assessment of soil, is widely used to calculate the inhalation intake dose of pollutants in soil dusts [6, 2325]. In this study, it is on behalf of the relationship
between the pollutant content distribution in street
dusts both on the ground and in the atmosphere that
is raised by wind of Chengdu.
 is average body weight; in this study, 15kg
for children and 70kg for adults [23].
 is the average time; for non-carcinogens,
×365days; for carcinogens, 70×365 = 25,
550days [6, 25].
 is heavy metals concentrations in dusts,
(mg/kg).

$5>6 /4-=-/?1=5E-?5:9 After the ADDing,
ADDdermal and ADDinh values were calculated, the
potential non-carcinogenic and carcinogenic risks
for individual metals were calculated as follows:


(6)
=ADD/
= 
(7)
=LADD× 

(8)
The reference dose () (mg/kg·day) is an estimation of maximum permissible risks to human
population through daily exposure during a lifetime.
The threshold  value can be used to assess
whether there is an adverse health effect during a life
time. If an average daily dose (ADD) value is lower
than the reference dose, there is unlikely to be any
adverse health effect; otherwise, if the ADD value is
higher than the , it is likely that the exposure
pathway will cause adverse human health effects

(1)
EF=(/)sample/(/)background
Where  refers to the concentration of studied
element in dust;  means the concentration of reference element in sample;  is the background value
of the selected element;  is the background value
of the reference element. Here(/) is the ratio of
concentrations between heavy metal and a reference
metal in the sample and background. In this study,
manganese is used as the reference element [2]. The
background values of heavy metals of soil in
Chengdu, China is employed [20]. The EF was split
into five classes as follows [2]: EF<2, class 1, deficiency to minimal enrichment; 2≤EF<5, class 2,
moderate enrichment; 5≤ EF<20, class 3, significant
enrichment; 20≤EF<40, class 4,very high enrichment; and EF40, class 5, extremely high enrichment.
1-7?4 =5>6 ->>1>>819? 8:017 C;:>@=1
0:>1The model used in this study to calculate the
exposure of children and adults to trace metals in
street dusts is based on those developed by the US
Environmental Protection Agency [21] and the
Dutch National Institute of Public Health and Environmental Protection [22] for the definition of guidelines or screening levels of soil contaminants in urban exposure scenarios. The following assumptions
that form the basis for the model were also applied
in Chengdu: (1) Human beings are exposed to street
dust through the following three primary pathways:
the ingestion of dust particles, inhalation of dust particles, and dermal contact with dust particles; (2) intake rates and particle emission can be approximated
by those developed for soil; (3) some exposure parameters of people in the observed areas are similar
to those of reference populations; (4) the total noncarcinogenic risk for each metal (Cu, Pb, Zn, Mn, Co,
Ni, Cr and Cr) can be calculated by summing up the
individual risks gotten from three exposure pathways,
and the total carcinogenic risk for Co, Ni, Cr and Cd
can be calculated by inhalation exposure pathways.
Exposure was expressed in terms of a daily dose
and calculated separately for each metal and for each
exposure pathway. The exposure dose contacted
through each of the three paths was calculated using
Eqs. (2)–(5) [21, 23].
ADDing=(× × ××10-6)/(×) (2)
ADDinh=(× × ×)/(  ××) (3)
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in the street dust samples are summarized in Table 1.
It can be seen from Table 1 that the value of Cu, Pb,
Zn, Mn, Co, Ni, Cr and Cd were 31.04-1164.30
mg/kg, 62.70-1420.75 mg/kg, 207.99-1763.07
mg/kg, 313.55-2347.05 mg/kg, 2.59-34.85 mg/kg,
28.59-510.38 mg/kg, 23.47-435.92 mg/kg and 0.1818.02 mg/kg with the mean value of 246.47, 329.89,
511.16, 620.26, 9.57, 80.55, 97.16 and 2.50mg/kg in
street dusts from Chengdu, respectively. Compared
with background values of Chengdu and Chinese
soils[20, 47], the heavy metal contents (e.g., contents
of Cu, Pb, Zn, Mn, Ni, Cr and Cd) of street dust in
Chengdu were all much higher except Co. Contents
of Cr and Co in this study were approximately the
same as their background values, which indicates
that Cr and Co may had mainly a natural source,
while the other elements may come mainly from human sources[2].
Table 1 also compared heavy metal concentrations of street dust in this study to other cities in
China. The value of Cu, Pb, Zn, Mn, Ni, Cr and Cd
in samples from Chengdu were nearly all higher
compared to the mean value of Cu, Pb, Zn, Mn, Ni,
Cr and Cd in other cities except Shanghai, Hong
Kong, Tai bei. This may be because these cities (inculding Shanghai, Hong Kong andTai bei) have a
higher level of industrialization than Chengdu or urbanization and traffic density of these cities is larger
than Chengdu. Concentrations of Co of street dusts
from Chengdu were all lower compared to the mean
value of Co in urban road dusts in other cities.

[27]. The ratio of the average daily dose to the reference dose can be used to estimate the non-cancer risk
to humans: when 1, there are no adverse health
effects and >1 indicates that there are likely adverse health effects [28]. The is the sum of the 
and indicates the total risk of non-carcinogenic for a
single element. If the value of 1, no significant
risk of non-carcinogenic effects is believed to occur.
If >1, then there is occur a possibility of non-carcinogenic effects, and the probability increases with
the increasing
value [29, 30]. The estimated value
for the Carcinogenic Risk () is the probability that
an individual will develop any type of cancer from
lifetime exposure to carcinogenic hazards. In general,
the US EPA recommends that and  lower than
1×10-6 can be regarded as negligible and an 
above 1×10-4 is likely to be harmful to human beings.
An  within a range from 1×10-6 to 1×10-4 indicates an acceptable or tolerable risk for regulatory
purposes and desirable remediation. The acceptable
or tolerable risk for regulatory purposes is in a range
of 1×10-6~1×10-4. The  (mg/kg·day)-1 is the
slope factor for carcinogenic exposure [29, 30].
$%'&%!%'%%"!

/:8;-=5>:9:241-AD81?-7/:9/19?=-?5:9>
59?41>?=11?0@>?>:241930@B5?4?4:>1:2:?41=
/5?51>2=:8459-The heavy metal concentrations


& 
&4181-9/:9?19?>8363:241-AD81?-759>?=11?0@>?>:205221=19?/5?51>2=:8459-836341930@
.-/63=:@90A-7@1>59>:57:241930@459-.-/63=:@90A-7@1>59>:57:2459-

City
Cu
Beijing
69.9
Shanghai
197
Tianjin
113
79.38
Chongqing
534
Hong Kong
Tai bei
262.1
Xi’an
94.98
141
Nanjing
Changsha
43.9
116.04
Hangzhou
81.33
Shenyang
Urumqi
94.54
129.4
Guiyang
Kunming
168.8
Hefei
67.5
176
Guangzhou
37.8
Changchun
Wuhan
62
Chengdu (n=42)
Mean
246.47
Range
of 31.04metals
1164.30
S.D.
199.90
81.1
CV(%)
GM
196.10
Median
207.51
28.4
Chengdu B
China B
22.6

Pb
105
295
63.3
75.62
240
234.8
230.52
119
66.58
202.16
106.26
53.53
67.42
97.49
132.15
240
69.1
103

Zn
223
734
169.67
4024
217.7
421.46
585
214.92
321.4
334.47
294.47
182.13
316.53
2332.96
586
169
224

Mn
552
904
639
687
602
510
926.6
481
-

Co
9.4
12.1
10.2
11.5
20
10.97
13
-

Ni
25.2
84
40.58
22.17
320.2
115
80.66
25.88
43.28
58.51
21.47
23
23.1
28

Cr
84.7
159
103
82.76
324
244.6
167.28
133
9.11
51
54.28
130.22
79.41
96.88
78.8
59.3
75.4

4.531
2.41
0.325
-

329.89
62.701420.75
230.26
69.8
275.43
274.33
23.1
26

511.16
207.991763.07
262.86
51.4
465.56
424.32
79.7
74.2

620.26
313.552347.05
306.08
49.3
579.15
596.32
271
583

9.57
2.5934.85
6.14
64.1
8.04
8.67
12.8
12.7

80.55
28.59510.38
74.66
92.7
66.99
64.12
27.3
26.9

97.16
23.47435.92
74.65
76.8
85.59
81.27
69.5
61

2.50
0.1818.02
3.54
141.8
1.30
1.03
0.16
0.097

1710

Cd
0.723
1.23
1.14
4.95
1.8
3.02
5
1.92
1.59
4.35
1.17
0.619
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Element
Mean(mg/kg)
Chengdu
B[20]
/
/
EF

Cu
246.47

Pb
329.89

Zn
511.16

Co
9.57

Ni
80.55

Cr
97.16

Cd
2.50

28.4

23.1

79.7

12.8

27.3

69.5

0.16

0.3974
0.1048
3.79

0.5319
0.0852
6.24

0.8241
0.2941
2.80

moderate

significant

moderate

0.0154
0.0472
0.33
deficiency to
minimal

0.1299
0.1007
1.29
deficiency to
minimal

0.1567
0.2565
0.61
deficiency to
minimal

0.0040
0.0006
6.82
significant

& 
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Element
 (mg/kg·day)
 (mg/kg·day)
(mg/kg·day)
  (mg/kg·day)-1

Cu
4.00E-02
4.02E-02
1.20E-02

Pb
3.50E-03
3.52E-03
5.25E-04

Zn
3.00E-01
3.00E-01
6.00E-02

Mn
4.60E-02
1.43E-05
1.84E-03

Co
2.00E-02
5.71E-06
1.60E-02
9.80E+00

Ni
2.00E-02
2.06E-02
5.40E-03
8.40E-01

Cr
3.00E-03
2.86E-05
6.00E-05
4.20E+01

Cd
1.00E-03
1.00E-03
1.00E-05
6.30E+00

& 
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Index
Mean
ADDing
ADDinh
ADDdermal






Element
C(mg/kg)
Children
Adults
Children
Adults
Children
Adults
Children
Adults
Children
Adults
Children
Adults
Children
Adults

Cu
246.47
1.62E-03
1.74E-04
4.55E-08
2.55E-08
4.54E-06
6.93E-06
4.05E-02
4.34E-03
1.13E-06
6.35E-07
3.78E-04
5.77E-04
4.09E-02
4.92E-03

Pb
329.89
2.17E-03
2.32E-04
6.08E-08
3.42E-08
6.07E-06
9.27E-06
6.20E-01
6.64E-02
1.73E-05
9.71E-06
1.16E-02
1.77E-02
6.31E-01
8.41E-02

Zn
511.16
3.36E-03
3.60E-04
9.43E-08
5.30E-08
9.41E-06
1.44E-05
1.12E-02
1.20E-03
3.14E-07
1.77E-07
1.57E-04
2.39E-04
1.14E-02
1.44E-03

Mn
620.26
4.08E-03
4.37E-04
1.14E-07
6.43E-08
1.14E-05
1.74E-05
8.87E-02
9.50E-03
8.00E-03
4.49E-03
6.21E-03
9.48E-03
1.03E-01
2.35E-02

LADD


Co
9.57
6.30E-05
6.75E-06
1.77E-09
9.92E-10
1.76E-07
2.69E-07
3.15E-03
3.37E-04
3.09E-04
1.74E-04
1.10E-05
1.68E-05
3.47E-03
5.28E-04
5.01E-12
4.91E-11

Ni
80.55
5.30E-04
5.67E-05
1.49E-08
8.35E-09
1.48E-06
2.26E-06
2.65E-02
2.84E-03
7.21E-07
4.05E-07
2.75E-04
4.19E-04
2.68E-02
3.26E-03
4.21E-11
3.54E-11

Cr
97.16
6.39E-04
6.85E-05
1.79E-08
1.01E-08
1.79E-06
2.73E-06
2.13E-01
2.28E-02
6.27E-04
3.52E-04
2.98E-02
4.55E-02
2.43E-01
6.87E-02
5.08E-11
2.13E-09

Cd
2.50
1.64E-05
1.76E-06
4.61E-10
2.59E-10
4.60E-08
7.02E-08
1.64E-02
1.76E-03
4.61E-07
2.59E-07
4.60E-03
7.02E-03
2.10E-02
8.78E-03
1.31E-12
8.23E-12



>>1>>819?:2@=.-9>?=11?0@>?<@-75?DEnrichment factors (EF) of heavy metals are calculated
for each street dust sample relative to the background
value of the elements in soil of Chengdu[20], choosing Mn as the reference element. The EF of Cu, Pb,
Zn, Co, Ni, Cr and Cd is 3.79, 6.24, 2.80, 0.33, 1.29,
0.61 and 6.82, respectively (Table 2). The mean EF
of Cu, Pb, Zn and Cd is higher than 2, while the mean
EF of Co, Ni and Cr is less than 2. These indicate that
Cu, Pb, Zn and Cd is ranked as from “moderate enrichment” to “significant enrichment”. While Co, Ni
and Cr is ranked as “deficiency to minimal enrichment”. On the other hand, which shows that Cu, Pb,
Zn and Cd in street dusts mainly originate from anthropogenic sources [48]. It seems that EF can also
be an effective tool to differentiate a natural origin
from anthropogenic sources in this study. The order
of mean EF values are Cd>Pb >Cu>Zn >Ni>Cr>Co,
which can be seen as the decreasing order of their
overall contamination degrees of street dusts in

Chengdu. The mean EF of Cu (3.79) and Zn (2.80)
in 2-5 indicates Cu and Zn of street dusts is mainly
moderate contamination. The value of EF of Pb (6.24)
and Cd (6.82) is between 5 and 20, reflecting Pb and
Cd is significant contamination. Co (0.33), Ni (1.29)
and Cr (0.61) is less than 2, revealing the lack of contamination with Co, Ni and Cr as a whole, expecially
Co.

1-7?4=5>6->>1>>819?:241-AD81?-71C;:
>@=1?:>?=11?0@>?The values for ,  , , ,
 and other calculated parameters are listed in Table 3 and Table 4. For non-carcinogenic effects, the
 values for the different exposure pathways of
heavy metals that are studied in children decreased
in the follwing order: ingestion>dermal contact>inhalation except Co (ingestion> inhalation> dermal
contact) (Table 4). The contributions of the  to
the
(the total risk of non-carcinogenic exposure)
are the highest (92.2% for children and 61.9% for
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soils or indoor dusts, etc.) were not considered in this
study. However, though there are some uncertainties,
this model has proved to be a useful tool to assess the
human health risk due to exposure to pollutants in
urban environments and could help to supply referenced information for the public or government
about the potential risks associated with exposure to
trace metals.

adults), indicating that ingestion is the primary pathway for heavy metals in city dusts that are harmful
to human health. This result is also similar to other
studies[6, 25, 31]. Among the eight studied non-carcinogenic heavy metals, the
 for children decreased
in
the
order:
Pb>Cr>Mn>Cu>Ni>Cd>Zn>Co, for adults Pb>Cr>
Mn>Cd>Cu>Ni>Zn>Co (Table 4). In fact, the noncarcinogenic health risk for adults was lower than the
values for children in terms of heavy metals exposure
to street dusts. Howerer, the
values for the studied
elements are all lower than the safe level ( 1),
indicating that there are no non-carcinogenic risks
from these heavy metals for children and adults. In
terms of the two population groups, the non-carcinogenic risks for children are nearly one order of magnitude higher than the risks for adult, indicating that
children faced more potential harmful health risks
from the heavy metals in street dusts from Chengdu
city. However, it has been reported that Pb in the urban environment has a widespread influence on children's health, and a main source of blood Pb for children was ingestion of contaminated dusts or soils
[49]. Considering the increase of exposure frequency
or the ingestion rate of children, the exposure of the
street dusts to children could exhibit more potential
health risks.
For the carcinogenic risk (), Co, Ni, Cr and
Cd are assessed through the inhalation exposure
modes for street dusts. Table 4 shows that the values are 4.91E-11 (Co), 3.54E-11 (Ni), 2.13E-09 (Cr)
and 8.23E-12 (Cd) for children and adults. As shown
here, among the four elements, Cr contributed more
than 95.8% to the over all  for children and adults,
followed by Ni, Co and Cd. In fact, the  values of
Co, Ni, Cr and Cd for children and adults as obtained
in this study were all lower than 1×10-6, suggesting
that the carcinogenic risk exposure from Co, Ni, Cr
and Cd in street dusts could be negligible in Chengdu.
It is similar to Nanjing [36].
The results show that exposure to heavy metals
obtained in this study will not cause serious health
impacts in the study areas. However, there is a high
degree of uncertainty about the calculated health risk
due to exposure to trace metals from street dusts.
First, some assumptions that are applied in the models seem too ideal. Second, our results reflected the
fact that toxic metals exposure from street dusts will
not cause serious health impacts in Chengdu on their
own. However, the calculated risk of both non-carcinogenic and carcinogenic materials for metal exposures from street dusts was affected by a high degree
of uncertainty [50]. Until the present, there have been
no integrated methods and fitting parameters for a
health risk assessment of the practical situation in
China. On the one hand, there was a lack of exposure
estimation parameters in addition to metal toxicity
data beyond the eight metals selected in this study.
Finally, other metals (i.e., As, Sn, Hg, Mn, and others)
and other potential exposure way (i.e. contaminated

"!'%"!
1) The concentrations of heavy metals investigated in this study are compared with the reported
data from other cities in China and with the background values. The results indicate that street dusts
in Chengdu have elevated metal concentrations as a
whole except Co. Their mean concentration is
246.47, 329.89, 511.16, 620.26, 9.57, 80.55, 97.16
and 2.50mg/kg for Cu, Pb, Zn, Mn, Co, Ni, Cr and
Cd, respectively.
2)
The
calculated
EF
displays
a
Cd>Pb >Cu>Zn >Ni>Cr>Co decreasing trend. Cu
and Zn of street dusts is mainly moderate contamination. Pb and Cd is significant contamination. Co,
Ni and Cr is the lack of contamination as a whole,
expecially Co.
3) The health risk assessment results showed
that HI values for the studied elements are all lower
than the safe level (HI1), indicating that there are
no non-carcinogenic risks from these heavy metals
for children and adults. Howerer, HI values for children are far higher than that for adults, implying that
children seemed to suffer more severe risks in outdoor environment. Ingestion is the most important
exposure pathways for both children and adults. CR
values for adults and children are lower than 1×10-6,
suggesting that the carcinogenic risk exposure from
Co, Ni, Cr and Cd in street dusts can be negligible in
Chengdu.
4) The risk assessment to population exposure
to street dust in the industrial area of Chengdu city is
affected by a significant degree of uncertainty. Now,
in developing countries, especially, in China, reports
and investigations on the estimates of toxicity values
and exposure parameters are scanty. In order to estimate the health risk clearly, there is a need for further
research of street dust exposure parameters and
transport factors that would help reduce the uncertainties associated with the risk calculations.
!") !&%
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EVALUATION OF PARAMETER ESTIMATION METHODS
FOR DETERMINATION OF COVARIANCE STRUCTURE IN
REPEATED DATA WITH EQUAL AND UNEQUAL TIME
INTERVALS
Cafer Tayyar Bati, Gazel Ser*
Van Yuzuncu Yil University, Department of Animal Science, Faculty of Agriculture, Van, Turkey

take account of repeated measurements [2, 3]. The
correlation between repeated measurements may be
described as the variance-covariance structure of
the data set. In experiments with repeated measurements there is a correlation between data as it is
obtained consecutively from observations of the
same individuals. However, the correlation structure may vary depending on the design of the experiment or structure of the observations. This
correlation should be defined in the model used
with appropriate variance-covariance structures.
As a result of analysis of repeated data with a
general linear mixed model, variance-covariance
matrices with random effects and errors are obtained. Different methods are used to obtain the
covariance parameter estimation in these matrices.
Commonly used parameter estimation methods for
estimation of covariance parameters are the ML and
REML methods [4]. The validity of the parameter
estimation obtained using these methods is closely
related to the standard error value. It is possible to
interpret this as follows; the smaller the standard
error values in the estimation, the success of the
estimation method will be inversely high. Each
estimation method has its own advantages and
disadvantages based on a variety of factors like the
number and level of fixed effects and whether the
data is balanced or not [5].
This study aimed to research the effect of
equal or unequal intervals between time points
when repeated measurements were taken on the
choice of the variance-covariance structure and the
ML and REML parameter estimation methods.

ABSTRACT
This study was completed with the aim of researching the effect of repeated measurement data
with equal and unequal time intervals on the selection of the covariance structure and the parameter
estimation methods of maximum likelihood (ML)
and restricted maximum likelihood (REML). With
this aim, blood glucose values took from the tail
vein of 63 healthy rats administered plant extracts
at varying rates over 21 days were used. Accordingly, while the most appropriate covariance structure
was determined as Factor Analitic (FA(1)) for the
data set at equal time intervals, the most appropriate
covariance structure was determined as ANTE (1)
for the dataset with unequal time intervals. There
was no apparent difference difference determined
for the performance of the parameter estimation
methods of ML and REML for both data sets.
In conclusion, while it is possible to try all
homogeneous and heterogeneous variancecovariance structures to select the appropriate variance-covariance structure for equal time interval
data sets, priority should be given to structures that
take account of the time interval for unequal time
interval data sets.
KEYWORDS:
Covariance structure, mixed model, parameter estimation
methods, repeated measures

INTRODUCTION
Repeated data may be defined as consecutive
measurements taken at different times from the
same individual or unit or as measurements taken
from different regions of the unit or individual [1].
A variety of methods are used for assessment of
repeated data. However, in recent years assessment
of repeated data by general linear mixed models has
come to the fore. They are chosen due to some
advantages like being applicable in situations with
missing observations and being able to define different variance-covariance structure models that

MATERIALS AND METHODS
Sample data. The material for the data set
used in the study was created from blood glucose
values taken from the tail vein of 63 healthy, 3-4
month old, female Wistar Albino rats weighing
200-300 g administered varying doses of Bryonia
multiflora and Haracleum persicum plant extracts
over a 21 day period. Measurements were made on
day 0, day 7, day 14 and day 21 from the time the
plant extracts were first administered. 63 rats were
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BIC and AICC fit criteria was considered as the
most appropriate structure for the data set. For
estimation of variance-covariance parameters, the
ML and REML parameter estimation methods were
used. Application of the general linear mixed model
to both data sets the proc mixed procedure from the
SAS 9.4 program was used [7]. SAS codes related
to the proc mixed procedure used to assess the data
are given below.

divided into a total of 9 groups comprising 7 rats
each. These groups were Control (C), diabetic control (DC), diabetes + acarboase (DAC), diabetes +
Bryonia multiflora 100 mg/kg (DBM1), diabetes +
Bryonia multiflora 200 mg/kg (DBM2), diabetes +
Bryonia multiflora 400 mg/kg (DBM4), diabetes +
Heracleum persicum 100 mg/kg (DHP1), diabetes
+ Heracleum persicum 200 mg/kg (DHP2) and
diabetes + Heracleum persicum 400 mg/kg
(DHP4). Detailed information on how this data set
was obtained may be found in Alkan [6].

General linear mixed model. The general
linear mixed model heads the list of the most ideal
models used to determine the structure of the correlation between observations for data with repeated
measurements.

Analysis of data sets. The study created two
data sets. The first data set was created with equal
time intervals (Days 0, 7, 14, 21 with sample size
n=63*4=252), while the second data set randomly
removed Day 7 from the study to create a unequal
time interval data set (Days 0, 14, 21 with sample
size n=63*3=189). To determine the variancecovariance structure of the dependent variable with
the aim of modeling the correlation between the
data, the CS, VC, AR(1), first order autoregressive
moving average (ARMA (1,1)), TOEP, Toeplitz
with two bands (TOEP(2)), and SP(POW) homogenous covariance structure along with CSH,
ARH(1), TOEPH, UN, UN(1), first order factor
analytic (FA(1)), UNR, ANTE(1), and equal diagonal factor analytic (FA1(1)) heterogeneous covariance models were used. To determine the appropriate variance-covariance structure the Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC) and Corrected Akaike Information
Criterion (AICC) were utilized. The variancecovariance structure providing the smallest AIC,

Unequal Time Interval Data Set
data rats;
input animal group time glucose;
cards;
1
1
0
89
1
1
14
92
1
1
21
91
««««
««««
««««
63
9
0
211
63
9
14
181
63
9
21
164
;
ods rtf;
proc mixed data=rats covtest;
class group animal time;
model glucose = group time/solution;
repeated time / subject=animal (group) type=cs r;
run;
ods rtf close;

REML

Yi

X i E  Z i u i  ei

Yi , blood glucose values, assumed to show
multivariate normal distribution. X i , and Z i are
pattern matrices for fixed and random effects. E ,
has fixed effect in the model and is the same regression coefficient for all individuals. u i , occurs in the
model as random effect and is a parameter adding
variability between independent individuals
u i ~ N 0, G . ei , is random error

ei ~ N 0, R

. G , is the covariance matrix

belonging to random effects while R is the covariance matrix related to error [1, 8]. Variance for the
general linear mixed model is obtained from the
equation

V

ZGZ ' R

[9].

Equal Time Interval Data Set
data rats;
input animal group time glucose;
cards;
1
1
0
89
1
1
7
82
1
1
14
92
1
1
21
91
... ... ... ...
... ... ... ...
... ... ... ...
63
9
0
211
63
9
7
391
63
9
14
181
63
9
21
164
;
ods rtf;
proc mixed data=rats method=ml covtest;
class group animal time;
model glucose = group time/solution;
repeated time / subject=animal (group) type=cs r;
run;
ods rtf close;
ML
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FIGURE 1
Variation over time of groups with equal time interval data
was encountered that the Hessian matrix was not
positive. This warning message should not be ignored in terms of the reliability of the results obtained and to resolve this situation alternative covariance structures should be used. The Hessian
matrix is based on the G matrix and is used to calculate the standard errors of the covariance parameters. The diagonal elements of the G matrix should
be positive because the diagonal elements comprised the variance. As is well known, variance
should be positive [11]. According to 'R÷DQD\
[12], in situations where negative variance component(s) is estimated, the Proc Mixed procedure
accepts these component(s) as zero and does not
obtain a positive G matrix. In this situation, SAS
uses different variance-covariance structures to
solve the problem with the aim of creating a semidefined positive covariance matrix. The first degree
factor analytic structure (FA(1)) leads these structures. As a result, both parameter estimation methods determined FA(1) as the most appropriate variance-covariance structure of the data set at equal
time intervals.
Accordingly, the covariance parameter estimation and significance obtained with the FA(1) structure is given in Table 2. When the covariance parameter estimation with the REML and ML estimation methods are investigated, all covariance parameters reached statistical significance (p<0.0001;
p<0.01). The FA(1) covariance structure is a heterogeneous structure as the diagonal elements are
very different. The heterogeneity of covariance
values in this structure is provided by binary multiplication
of
the
covariance
parameters

Parameter estimation methods. To calculate
the variance-covariance matrix in analysis of repeated data with the general linear mixed model, it
is necessary to estimate the variance of the random
effects ( G ) and the variance of the errors (R) in the

ZGZ' R . Different methods are
equation V
used to obtain the covariance parameter estimation
of these matrices. For estimation of covariance
parameters the commonly used methods are the
maximum likelihood (ML) and restricted maximum
likelihood (REML) methods [4, 10, 22].
RESULTS AND DISCUSSION
Results related to equal time interval data
set. The variation trends linked to time for groups
in the data set with equal time intervals are given in
Figure 1.
According to Figure 1, it may be said that the
variability in glucose levels in the groups was different each time point. While the initial point
(time0) was the time point with least variability, the
7th day was the time point for most variability in
glucose levels. Glucose levels in the time linked
groups generally increased on the 7th day while
they appeared to reduce the 14th and 21st day. The
results related to fit criteria with the aim of determining the variance-covariance structure of the
repeated measurements with equal time intervals
are shown in Table 1.
According to Table 1, the smallest fit criterion
value for the ML and REML estimation methods
was the heterogeneous FA(1) structure. Additionally, as SP(POW) and AR(1) have generalized structure, they provided the same fit criterion values for
the equal time interval structure. In Table 1, the
results of the CSH, ARH(1) and TOEPH covariance
structures converged; however a warning message

( O1 , O 2 , O 3 , O 4 ). Four different variance estima-

tion were obtained for glucose levels as the variability was different for each time point (see Fig. 1).
Additionally, it appears the FA(1) covariance structure had the parameter (q / 2)(2t  q  1)  t 8
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TABLE 1
Results related to fit criteria for different covariance structures with REML and
ML parameter estimation methods for equal time interval data
REML

Covariance
Structures

AIC

CS
2828.5
VC
2850.8
AR(1)
2828.0
SP(POW)
2828.0
UN
2763.6
TOEP
2829.2
CSH1
1
ARH(1)
TOEPH1
FA(1)
2759.9
FA1(1)
2786.4
ARMA(1,1)
2827.7
TOEP2
2833.2
UNR
2763.6
UN(1)
2849.6
ANTE(1)
2768.8
1
Hessian matrix not defined. positively

ML

AICC

BIC

AIC

AICC

BIC

2828.6
2850.8
2828.1
2828.1
2764.6
2829.3
2760.5
2786.7
2827.8
2833.3
2764.6
2849.7
2769.3

2832.8
2853.0
2832.3
2832.3
2785.1
2837.7
2777.0
2797.1
2834.1
2837.5
2785.1
2858.1
2783.8

2944.2
2961.9
2942.6
2942.6
2869.2
2944.1
2865.4
2896.5
2943.0
2946.5
2869.2
2959.1
2874.5

2946.0
2963.4
2944.3
2944.3
2873.6
2946.4
2869.1
2898.8
2945.0
2948.2
2873.6
2961.4
2877.7

2974.2
2989.7
2972.6
2972.6
2916.3
2978.4
2908.3
2930.8
2975.1
2976.5
2916.3
2993.4
2915.2

FA(1)

ªO12  V 12 O1O2
O1O3
O1O4 º
»
«
2
2
O2O4 »
« O2O1 O2  V 2 O2O3
« O3O1
O3O2 O32  V 32 O3O4 »
«
»
O4O2
O4O3 O24  V 42 »¼
«¬ O4O1

212.6
1374
919.6
800.5
7.111
16.17
14.12

4.33
4.81
2.97
2.43
2.38
6.33
7.89

<.0001
<.0001
0.0015
0.0076
0.0087
<.0001
<.0001

FA(4,1)

107.35

12.96

8.28

<.0001

FA(1)
FA(2)
FA(3)
FA(4)
FA(1,1)
FA(2,1)
FA(3,1)
FA(4,1)

798.29
6498.08
2680.61
1920.64
15.5238
100.89
109.98
105.77

173.5
1341
898.9
782.7
6.593
15.67
13.69
12.55

4.60
4.85
2.98
2.45
2.35
6.44
8.03
8.43

<.0001
<.0001
0.0014
0.0071
0.0093
<.0001
<.0001
<.0001

REML

ML

O1 15.52,

with q=1 (repeat variable) and t=4 (time point). For
the REML parameter estimation method these parameters were estimated as;
V 12 920.42, V 22 6602.92, V 32 2735.23, V 42 1941.80
O1 16.91,
O2 102.38,
O3 111.46, O4 107.35

For the ML parameter estimation method the
parameters were estimated as;
V 12

798.29, V 22

6498.08, V 32

2680.61, V 42

1920.64

1719

O2 100.89,

O3 109.98,

P

920.42
6602.92
2735.23
1941.80
16.9086
102.38
111.46

FA(1)
FA(2)
FA(3)
FA(4)
FA(1,1)
FA(2,1)
FA(3,1)

Z

Std. Error

ªO12  V 12 O1O2
O1O3
O1O4 º
»
«
2
2
O2 O4 »
« O2 O1 O2  V 2 O2 O3
« O3O1
O3O2 O32  V 32 O3O4 »
«
»
O4 O2
O4 O3 O24  V 42 »¼
«¬ O4 O1

Estimation

FA(1)

Estimation
Methods

Covariance
Structures

Covariance
Parameter

TABLE 2
Results related to covariance parameter estimations under REML and ML parameter
estimation methods for equal time interval data

O4 105.77

The covariance parameters and R variance covariance matrices obtained were created as below.
ªO12  V 12
O1 O 2
O1 O 3
O1 O 4 º
«
»
2
2
O 2 O1 O 2  V 2
O 2 O3
O2 O4 »
«
R( REML )
« O 3 O1
O 3 O 2 O 32  V 32 O 3 O 4 »
«
»
O4 O2
O 4 O 3 O 24  V 42 ¼»
¬« O 4 O1

Volume 27 ± No. 3/2018 pages 1716-1725

© by PSP

( O12  V 12 1039.28) was lower, while on the 7th
day ( O 22  V 22 16667) higher variability in glucose
levels was obtained. Similar to REML, on the 14th
( O32  V 32 14776) and 21st days ( O 24  V 42 13108),
the variability reduced. Additionally, in both matrices the covariance values between the time pairs
were positive; in other words it is possible to say
the correlation was directly proportional.
In Table 3, the parameter estimation for fixed
effects obtained with REML and ML estimation
provided very close results. With the REML and
ML parameter estimation methods, when compared
with the reference group (DBM4) in terms of glucose levels, the (C) group has significant reduction
rates of -124.52 and -124.34 (p<0.0001) respectively, while there were significant increases at rates of
48.17 and 48.33 obtained in the (DC) group
(p<0.05; p<0.01). Additionally, the blood glucose
levels on the 7th day had very high values compared to the 0 and 14th days and all three time
points had significant effects on blood glucose
levels (p<0.05; p<0.0001). The estimations obtained with the REML and ML methods were very
similar to each other.

ª1206.32 1731.02 1884.63 1815.07 º
«1731.02 17084
11411 10990 »»
«
«1884.63 11411 15159 11965 »
»
«
¬1815.07 10990 11965 13465 ¼
R( ML)

Fresenius Environmental Bulletin

ªO12  V 12
O1 O 2
O1 O 3
O1 O 4 º
«
»
2
2
O2  V 2
O 2 O3
O2 O4 »
« O 2 O1
« O 3 O1
O3 O 2 O 32  V 32 O 3 O 4 »
»
«
O4 O2
O 4 O 3 O 24  V 42 ¼»
¬« O 4 O1

ª1039.28 1566.23 1707.30 1642 º
«1566.23 16677 11096 10672»
«
»
«1707.30 11096 14776 11633»
«
»
10672 11633 13108¼
¬ 1642
The rows and columns of R variancecovariance matrices have 4 different values (0, 7,
14 and 21) for the repeat variable of time. As observed in the covariance matrix obtained with the
REML parameter estimation method, the variability
in glucose levels at the initial time was lower
( O12  V 12 1206.32), while on the 7th day the variability
in
glucose
levels
was
higher
2
2
( O 2  V 2 17084). Additionally on the 14th
( O32  V 32 15159)
and
21st
days

Results related to unequal time interval data. The trend of variability linked to time for the
data set with unequal time intervals is given in
Figure 2.

( O 24  V 42 13465), the variability gradually reduced. On the variance-covariance matrix obtained
with the ML estimation method the variability in
glucose
levels
at
the
initial
point

TABLE 3
Results related to parameter estimation with fixed effects under REML and ML parameter estimation
methods for equal time interval data
REML
ML
Parameters
Estimation
Std. Error
p
Estimation Std. Error
P
Intercept
174.60
19.03
<.0001
174.48
18.31
<.0001
C
-124.52
18.26
<.0001
-124.34
16.91
<.0001
DC
48.17
18.26
0.0109
48.33
16.91
0.0060
DAC
9.30
18.26
0.6125
9.31
16.91
0.5842
DHP1
1.71
18.26
0.9259
1.80
16.91
0.9155
DHP2
12.07
18.26
0.5116
12.16
16.91
0.4750
DHP4
42.97
18.26
0.0223
43.06
16.91
0.0138
DBM1
6.51
18.26
0.7230
6.70
16.91
0.6935
DBM2
92.54
18.26
<.0001
92.74
16.91
<.0001
DBM42
.
.
.
.
.
.
Time 0
32.89
13.24
0.0139
32.89
13.13
0.0131
Time 7
74.81
11.66
<.0001
74.81
11.58
<.0001
Time 14
19.90
8.63
0.0222
19.90
8.56
0.0212
.
.
.
.
.
Time 212
1
Control (C), diabetic control (DC), diabetes + acarboase (DAC), diabetes + Bryonia multiflora 100 mg/kg
(DBM1), diabetes + Bryonia multiflora 200 mg/kg (DBM2), diabetes + Bryonia multiflora 400 mg/kg (DBM4),
diabetes + Heracleum persicum 100 mg/kg (DHP1), diabetes + Heracleum persicum 200 mg/kg (DHP2) and
diabetes + Heracleum persicum 400 mg/kg (DHP4); 2Reference parameters: DBM4 group and Time 21
1
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FIGURE 2
Variation over time of groups with unequal time interval data
TABLE 4
Results related to fit criteria for different variance-covariance structures with REML and ML parameter
estimation methods for unequal time interval data
Covariance
Structures

AIC
CS
2092.4
VC
2103.3
AR(1)
2085.9
SP(POW)
2071.8
UN
2022.5
TOEP
2085.9
CSH1
ARH(1)
2035.7
TOEPH
2036.8
FA(1)
2022.5
FA1(1)
2027.9
ARMA(1,1)
2085.9
TOEP2
2084.1
2022.5
UNR
UN(1)1
ANTE(1)
2021.4
1
Hessian matrix not defined. positively.

REML
AICC
2092.5
2103.3
2085.9
2071.9
2023.0
2086.0
2035.9
2037.1
2023.0
2028.1
2086.0
2084.2
2023.0
2021.7

BIC
2096.7
2105.4
2090.2
2076.1
2035.4
2092.3
2044.3
2047.5
2035.4
2036.5
2092.3
2088.4
2035.4
2032.1

AIC
2199.5
2207.0
2192.8
2178.4
2119.5
2191.4
2137.1
2132.6
2133.7
2119.5
2128.6
2191.4
2190.6
2119.5
2183.7
2118.2

ML
AICC
2201.6
2208.8
2194.9
2180.5
2123.1
2193.8
2139.9
2135.4
2136.9
2123.1
2131.4
2193.8
2192.7
2123.1
2186.2
2121.4

BIC
2227.4
2232.8
2220.7
2206.3
2155.9
2221.4
2169.2
2164.7
2168.0
2155.9
2160.8
2221.4
2218.4
2155.9
2213.7
2152.5

TABLE 5
Results related to covariance parameter estimations under REML and ML parameter estimation methods
for unequal time interval data
Covariance
Parameter
Var(1)
Var(2)
Var(3)
V 1V 3 U1 U 2 º
Rho(1)
»

1191.37
14854
13126
0.4191

Std. Error
232.73
2942.33
2615.27
0.1648

5.12
5.05
5.02
2.54

<.0001
<.0001
<.0001
0.0110

Rho(2)

0.8343

0.04110

20.30

<.0001

Var(1)
Var(2)
Var(3)
Rho(1)

1027.38
14504
12805
0.4157

188.32
2821.44
2504.49
0.1645

5.46
5.14
5.11
2.53

<.0001
<.0001
<.0001
0.0115

0.8329

0.04081

20.41

<.0001

Covariance Structures
ANTE(1)

ª V 12
V 1V 2 U1
«
V 22
V 2V 3 U 2 »
« V 2V 1 U1
«V 3V 1 U 2 U1 V 3V 2 U 2
V 32 »¼
¬
ANTE(1)

ª V 12
V 1V 2 U1 V 1V 3 U1U 2 º
«
»
V 22
V 2V 3 U 2 »
« V 2V 1 U1
«V 3V 1 U 2 U1 V 3V 2 U 2
V 32 »¼
¬

Estimation
Methods

REML

ML

Rho(2)
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Estimation

Z

P
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TABLE 6
Results related to parameter estimation with fixed effects under REML and ML parameter estimation
methods for unequal time interval data
REML
ML
Parameters1
Estimation
Std. Error
P
Estimation
Std. Error
P
Intercept
175.46
18.82
<.0001
175.38
18.13
<.0001
C
-122.93
18.12
<.0001
-123.06
16.80
<.0001
DC
49.32
18.12
0.0087
49.202
16.80
0.0050
DAC
12.51
18.12
0.4931
12.182
16.80
0.4716
DHP1
-2.70
18.12
0.8819
-2.3385
16.80
0.8898
DHP2
9.94
18.12
0.5858
10.124
16.80
0.5494
DHP4
40.11
18.12
0.0311
40.380
16.80
0.0197
DBM1
5.16
18.12
0.7769
5.2993
16.80
0.7537
DBM2
89.63
18.12
<.0001
89.949
16.80
<.0001
DBM42
.
.
.
.
.
.
Time 0
32.89
13.54
0.0166
32.889
13.40
0.0155
Time 14
19.90
8.619
0.0226
19.905
8.551
0.0215
Time 212
.
.
.
.
.
1
Control (C), diabetic control (DC), diabetes + acarboase (DAC), diabetes + Bryonia multiflora 100 mg/kg
(DBM1), diabetes + Bryonia multiflora 200 mg/kg (DBM2), diabetes + Bryonia multiflora 400 mg/kg (DBM4),
diabetes + Heracleum persicum 100 mg/kg (DHP1), diabetes + Heracleum persicum 200 mg/kg (DHP2) and
diabetes + Heracleum persicum 400 mg/kg (DHP4); 2Reference parameters: DBM4 group and Time 21

rameter estimation methods appear to be statistically significant (p<0.0001; p<0.01). The ANTE(1)
covariance structure is a heterogeneous structure as
the elements along the diagonal are each different.
The heterogeneity of covariance values is obtained
by consecutive multiplication of the variance com-

When Figure 2 is investigated, it appears the
variability in glucose levels in the groups was different each time point. While the initial point (time
0) had the least variability, the time point with the
highest variability was the 14th day (time14). Additionally on the 21st day (time 21) the variability of
glucose levels had reduced. The results for the fit
criteria from different variance-covariance structures related to the unequal time interval data are
given in Table 4. With the REML and ML estimation methods, the smallest AIC, AICC and BIC
values were obtained with the heterogeneous structure ANTE(1) and this was determined as the most
appropriate structure for the data set with unequal
time intervals. For the data set with unequal time
intervals the most appropriate covariance structure
of ANTE(1) is in parallel with Hanford [9] and
Littell et al. [13].
In these studies, they stated that the ANTE(1)
variance-covariance model had a more general and
stable structure that contains the properties of the
AR(1) and Toeplitz structures and can be used for
unequal time intervals. Contrary to our study, studies by Wang and Goonewardene [2], Eyduran et.al.
[14] identified the most appropriate covariance
model for data sets with equal time intervals as
ANTE(1). This situation is likely due to the characteristics of the ANTE(1) covariance structure. As
this structure has the characteristics of the AR(1)
and Toeplitz structures, it can be used for data sets
with equal time intervals [13].
The covariance parameter estimations and significance obtained with the ANTE(1) structure are
given in Table 5.
Depending on Table 5, all of the covariance
parameters obtained from the REML and ML pa-

ponents

(V 1 , V 2 , V 3 )

and correlation values

( U1 , U 2 ) . As the dependent variable in the model (glucose level) had different variability at each
time point (see Fig. 2) three different variance estimation were obtained. Additionally, the ANTE(1)
covariance structure appears to have 2t-1=5 parameters with t=3 (time point). While the REML parameter estimation method estimated parameters in
this form,
V 12

1191.37, V 22

14854, V 32

13126, U1

0.4191, U 2

0.8343

the ML parameter estimation estimated in this
form.
V 12 1027.38,

V 22 14504,

V 32 12805, U1

0.4157,

U2

0.8329

The covariance parameters and R variancecovariance matrices obtained were created as follows.
ª V 12
V 1V 2 U1 V 1V 3 U1 U 2 º
«
»
R( REML ) « V 2V 1 U1
V 22
V 2V 3 U 2 »
«V 3V 1 U 2 U1 V 3V 2 U 2
»
V 32
¬
¼

ª1191.37 1762.96 1382.63º
«1762.96 14854
11649 »»
«
«¬1382.63 11649
13126 »¼
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R( ML )

ª V 12
V 1V 2 U1 V 1V 3 U1 U 2 º
»
«
V 22
V 2V 3 U 2 »
« V 2V 1 U1
«V 3V 1 U 2 U1 V 3V 2 U 2
V 32 »¼
¬
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investigated, the REML estimation method had
smaller fit criteria values (AIC, AICC and BIC)
compared to the ML method; thus it is possible to
say that the models formed by the REML estimation method for both data sets have better fit. This
is because in addition to the fit criteria being used
to determine the most appropriate covariance structure in the model. They are also used to determine
the most appropriate model for the studied data set.
The study by Welch [15] examined a marginal
model with a general linear mixed model (random
effect) and used fit criteria results to determine
which model was most appropriate for the data set.
When the fit criteria results are assessed, the success of the REML method shows parallels with the
studies by Vasdekis et al. [16], Ünalan and Çankaya
[17]. In these studies, more successful results were
obtained with the REML estimation method compared with the ML estimation method. The REML
method has more advantageous aspects compared
to the ML method. The first of these is that the
REML estimation method is less biased than the
ML method. In other words, contrary to the ML
method, the REML covariance parameter estimation can produce unbiased estimation [18, 19].
However, the ML variance components tend to be
smaller [18]. Additionally the REML method takes
account of the degree of freedom of fixed effects in
estimation of the variance elements, while the ML
method does not [19]. According to Anderson [20],
if the number of fixed effects in the model is d 4
the ML method provides better results compared to
the REML, while if the fixed effects are ! 4 the
REML method provides better results.
When covariance parameter estimation are investigated in terms of parameter estimation of fixed
effects, the parameters obtained using the REML
and ML estimation methods appear to be very
close. In the models created in this study, it is possible to say the performances of the REML and ML
estimation methods are very close. This result is in
parallel with other studies performed to assess the
performance of the REML and ML methods [5, 16,
17, 21].

ª1027.38 1604.82 1255.98º
«1604.82 14504
11351 »»
«
«¬1255.98 11351
12805 »¼
According to the variance-covariance matrix
obtained with the REML parameter estimation
method, the variability in glucose levels was lowest
at the initial point ( V 1 =1191.37), while the highest
variance in glucose levels was obtained at time
2

point 14 ( V 2 =14854). Additionally, variability of
2

glucose levels on the 21st day ( V 3 =13126) had
2

begun to reduce. Similar to the REML matrix, the
variance-covariance matrix obtained with the ML
estimation method had the lowest variability in
glucose levels at the initial point ( V 1 =1027.38),
with the highest variability in glucose levels at the
2

time point on the 14th day ( V 2 =14504). Addition2

ally, on the 21st day ( V 3 =12805) the variability in
2

glucose levels had begun to reduce. Additionally if
the covariance values of both matrices are investigated, the covariance values for each time the pair
are positive; in other words it is possible to say the
relationship between them is directly proportionate.
The parameter estimation for the fixed effects under
the REML and ML parameter estimation methods
are given in Table 6.
When the parameter estimation for fixed effects in Table 6 is examined, the parameter estimation obtained from the REML and ML parameter
estimation methods appears to be close to each
other. For both estimation methods, when compared
with the reference group (DBM4) in terms of glucose level the (C) group had a significant reduction
with rates of -122.93 and -123.06 (p<0.0001) while
the (DC) group had significant increase with rates
of 49.32 and 49.202 (p<0.01). Similarly, significant
increases are observed in the (DHP4) and (DBM2)
groups (p<0.05; p<0.0001). The blood glucose level
at the initial time (time0) was determined to be
higher compared to the 14th day (p<0.05). Additionally, according to the reference group (DBM4)
the glucose levels in both the FA(1) structure and
the ANTE(1) structure caused a significant reduction in the C group (p<0.0001), while the blood
glucose levels increased in the DC, DHP4 and
DBM2 groups. The effect of time points was considered to be significant with both parameter estimation methods for blood glucose levels at both
equal and unequal time intervals (p<0.05;
p<0.0001). When the fit criteria results for the
models formed by both estimation methods are

CONCLUSION
In conclusion, there was no clear difference
determined in terms of the performance of the parameter estimation methods of ML and REML for
the two data set models formed in this study. Additionally, while it is possible to try all homogenous
and heterogeneous variance-covariance structures
in the choice of appropriate variance-covariance
structure for equal time interval data sets, for unequal time interval data sets priority should be given
to structures that take account of time intervals
(e.g., SP(POW), ANTE (1) etc.).
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Temperature, salinity and density time series
provided by İzmir Bay monitoring studies are analyzed in order to examine the periods especially
involving the EMT and EMT-like events causing
big change in the water characteristics of the Aegean Sea. The main objective of this study is to find
out the indication of these events in the İzmir Bay
by analyzing the available oceanographic datasets
for the period of 1991-2017 and to show the parallelism consisting between the isopycnal levels in
the İzmir Bay and the phases of the upper layer
circulation of the Ionian Sea. 1993 (EMT event),
2007-2009 (EMT-like event) and 2012 (abrupt
reversal) are the years that high isopycnal levels
were observed in the Izmir Bay and concurrently
the upper layer circulation of the Ionian Sea was in
anti-cyclonic phase. The important and remarkable
thing is that such EMT and EMT-like or abrupt
reversal events can be detected from the observations conducted in the bays and coastal area of
eastern Aegean Sea.

Island over the sills [6-9]. This outflow from the
deep layers is fed back again and causes an intensification of the inflowing waters of Levantine origin,
Levantine Surface Water (LSW) and Levantine
Intermediate Water (LIW). These salty waters flow
to the north along the east coast of the Aegean Sea
up to vicinity of Gökçeada Island influencing also
the all Bays at the western coast of Turkey [10, 11].
EMT produces dramatic changes in the thermohaline properties of the Aegean Sea and influences the
basin-wide circulation patterns in the deep and
intermediate layers of whole Eastern Mediterranean
[12].
In the Mediterranean Sea, the Ionian circulation plays an important role in the redistribution of
the different water masses to adjacent seas. Recently we understood that the cyclonic or anti-cyclonic
circulation pattern forming in the upper layer of the
Ionian Sea, are related to in which sea (Adriatic or
Aegean) the dense water formation pronounced
takes place [4, 13-16] as a result of changing pathways of intermediate and surface water masses. It is
known that Mediterranean dense water formation
source switches from the Southern Adriatic to the
Aegean Sea in deep (EMT event) or intermediate
level (EMT-like event) during the anti-cyclonic
phase of the Ionian upper layer circulation. The
Aegean Sea competes with the Adriatic Sea to be
the dense water formation source after 1990s. 1992
and 1993 are the years that unique EMT event occurred [11, 13, 17, 18]. The years between 20072009 are known as the period that EMT-like events
took place [4, 6, 11]. An unexpected reversal from
the cyclonic to the anti-cyclonic phase took place in
2012 in the upper layer circulation of Ionian Sea
[19].
Adriatic, Ionian, Aegean Seas and Levantine
are coupled in a system that influences the all
Mediterranean thermohaline characteristics. The
behavior of the upper layer circulation of Ionian
Sea is important in this manner. It is anti-cyclonic
during EMT period and cyclonic during 1998 to
2006 including EMT relaxation period (2000). The
circulation is again anti-cyclonic during EMT-like
period (2007-2009). This mentioned coupling was
explained by Gačić et al. [15] from the point of
view Adriatic and Ionian Sea as a mechanism called

'% !
Izmir Bay, Ionian upper layer circulation, density level,
water masses

" #"
Some events influence the thermohaline properties of the eastern Mediterranean Sea and cause
big change in the circulation pattern especially
beginning from the late 1980s. The important one is
related to deep layer circulation mainly as a result
of severe cold winter condition (1992, 1993) that
the Aegean Sea has become the source of a new
type of Eastern Mediterranean Deep Water
(EMDW). The big amount Levantine surface waters entering into the Aegean Sea, is the main precondition for evolving Eastern Mediterranean Transient (EMT) event [1-5]. Increasing in salt content
and rising density levels due to strong winter convection, result in outflow of dense Aegean Sea
Water through the straits at both sides of the Cretan
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the Adriatic–Ionian Bimodal Oscillating System
(BiOS), i.e. the decadal reversals of the Ionian
upper-layer basin-wide circulation. This mechanism
can also explain the alternating predominance of
the Adriatic and Aegean Seas as dense-water
sources for the Eastern Mediterranean deep and
intermediate water [4, 15, 16].
The Ionian upper layer circulation undergoes
reversals on decadal timescales passing from anticyclonic to cyclonic mode and vice versa [20-25].
These cyclonic and anti-cyclonic phases of the
upper layer circulation of Ionian Sea give information about water mass distribution (LIW and
AW) in Adriatic Sea, Ionian Sea as well in Aegean
Sea and Levantine. The Levantine Intermediate
Water (LIW) enters into the Adriatic Sea without
taking long path in the Ionian Sea during cyclonic
phase. It means that the LIW characteristics were
less modified on the way. It was a strong preconditioning, together with absent of AW, for the Adriatic Sea to produce dense water inside [4, 13-15].
By the anti-cyclonic phase of the upper layer
circulation of Ionian Sea, the Levantine Surface
Water (LSW) and LIW enter into the Aegean Sea in
big amount. The more saline Levantine waters
establish a precondition this time for deep water
formation in the Aegean Sea. At the same time the
Atlantic Water (AW) flow is mainly deflected
northeastward affecting the northern Ionian and
southern Adriatic leading to decrease in buoyancy.
In that case the flow of the AW towards the Levantine basin is limited and then the Levantine surface

waters become saltier. With this salinity preconditioning, the Aegean Sea is then the main contributor
to be a source of dense water, flowing into the
Eastern Mediterranean during anti-cyclonic period.
It happens throughout EMT period in 1992-1993
and EMT-like period between the years 2007 and
2009. After salinity and temperature preconditioning of the Aegean Sea, the dense Cretan water
flows into the Eastern Mediterranean as deep water
during EMT period (1992-1993). But during EMTlike period (2007–2009) instead of deep water, the
dense intermediate water mass of Aegean origin
flows through the Cretan Straits into the Eastern
Mediterranean as a result of salinity or temperature
preconditioning. The density of this intermediate
water mass is greater than LIW but less than the
Eastern Mediterranean Deep Water (EMDW). This
water mass that is settled at depths below LIW is
not dense enough to go into the deep/bottom layers
of the Eastern Mediterranean Sea [6].
An unexpected reversal from the cyclonic to
the anti-cyclonic phase of the upper layer circulation of Ionian Sea took place in 2012. It is thought
that extreme winter air–sea heat losses in both
northern and southern Adriatic resulted in the formation of the cold and highly dense Adriatic bottom waters. These cold and highly dense Adriatic
bottom waters flow into the North Ionian Sea inverting the bottom pressure gradient and causing an
unexpected reversal in the upper layer circulation of
the Ionian Sea in a short span [19].

#  
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This study, based on field observations, aims
at demonstrating the signatures of the EMT, EMTlike and also current reversal events of the upper
layer circulation of Ionian Sea using the data obtained from the Izmir Bay monitoring study since
1991.
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ducted in 27 years containing more than 2400 casts.
The chosen station for monitoring is the Station 1
located at the outer part of the İzmir Bay (Figure 1).
Figure 2 shows time and space contours
(howmoller diagram) of temperature, salinity and
density of Station 1 to analyze long time variability
beginning from EMT time up to winter 2017. Yaxis is the depth along the water column, x-axis is
time and z-axis is the winter values of temperature,
salinity and density. This Figure has been established using ODV (Ocean Data View) graphic facility. The representation contains some filtering and
averaging.

The monitoring studies in the Izmir Bay have
been realized since 1991 continued more frequently
(seasonally) in the last years. 79 cruises were con-
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circulation of the northern Ionian Sea (from [19]) is
Figure 3 is designed to investigate the water
overlaid on the winter average of density of the
masses entering to the Izmir Bay and to understand
İzmir Bay (Figure 3, lower panel).
how the isopycnal level changes in time related to
Figure 4 is designed to show the winter obthe important events influencing the thermohaline
served values in water column in details as a supstructure of the Aegean Sea. It shows the winter
average values of the variables along the water
plement of Figure 2. It shows the profiles of variacolumn from 1991 to 2017. Zonal component of the
bles along the water column.
surface geostrophic velocity of the upper layer
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coastal area of the Aegean Sea [26]. The origin of
this upwelling water is the area near Cape Baba and
Edremit Bay. The upwelled water flows towards
south influencing a big area from west side of the
Lesvos Island up to the Chios Basin [10]. Occasionally, the Black Sea Water can be observed even
in the entrance of the İzmir Bay.
The water masses entering the Bay are determined along the water column using the time-space
contours (howmoller diagram) of temperature,
salinity and density data of Station 1 (Figure 2).
The Figure shows the variations in thermohaline
structures in the bay during the EMT, EMT-like
and relaxation periods. On the other hand, it is
known that the phases of the upper layer circulation
of the Ionian Sea give not only information when
the EMT and EMT-like events take place and also
about water exchange between Levantine and Aegean Sea and about the water exchange between
Ionian and Adriatic Sea as well. The upper layer
geostrophic circulation of the Ionian Sea co-varies
with the density of water masses formed in the


The Aegean Sea Waters mainly enter the
İzmir Bay near Station 1 which is located at the
entrance of the Bay and an optimal place to observe
the waters coming from the Aegean Sea (Figure 1).
Sometimes Levantine surface and intermediate
waters (LWs) enter into the Bay and they can be
observed in the water column of the Station 1. These waters change the thermohaline characteristics of
the Bay and are precondition for the forming of the
densest water in the middle part of the Izmir Bay.
The outer part of the bay is influenced by LWs
entering into the Aegean Sea through the Rhodes
and Karpathos straits especially in winter and
spring seasons. Northward-flowing surface current,
which is the continuation of Asian Minor current
carrying warm, highly saline LWs, influences the
coastal area along the western Turkish coast [10].
In summer, the water mass that exists in the Izmir
Bay environment is mainly the dense and cold
upwelling water which is formed along the eastern
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The dense water mass, that is entering the İzmir
Bay, is the cold and dense upwelling water coming
from the Central Aegean Sea. The high isopycnals
seen in the upper layer of the water column during
the major dense water formation period (1993),
generally belonging to the bottom layer, disappeared during the years 2000 and 2001 (Figure 2
and Figure 3). The period that some high isopycnal
level deepening after EMT peak period do not exist
in the water column, can be called as EMT Relaxation Period [11]. As a result of high temperature
and low salinity values, the lowest average density
of 17 years was recorded in the water column in
this period (Figure 2 and Figure 3). The relaxation
time in the İzmir Bay continues almost 5 years and
coincides with the period that Ionian upper layer
circulation is in the peak cyclonic phase (Figure 2
and Figure 3).
In spring 1996, a different type of water enters
the Bay. The origin of this water is the upwelling
area near Cape Baba and Edremit Bay [10] with
low temperature (lower than 15.3oC) and high salinity values (higher than 39.05 psu) (Figure 4). This
upwelled water flows towards south influencing a
big area from west side of the Lesvos Island up to
the Chios Basin including the İzmir Bay [10]. The
variations in the isopycnal level of the Izmir Bay
show parallelism with the variations in the intensity
of the geostrophic velocities of the upper layer
circulation of the Ionian Sea. While the isopycnal
level tends to shoal in the İzmir Bay in 1996, the
intensity of the Ionian anti-cyclonic geostrophic
velocity tends to be stronger (Figure 2, Figure 3 and
Figure 4).
The next tendency to be anticyclonic by the
upper layer geostrophic circulation of Ionian Sea
around the years 2003-2004 corresponds to the
density increase in the outer part of the water column in the Izmir Bay. In this period, the Black Sea
Water exists at the surface with low temperature
and low salinity. The modified LIW enters the Bay
with salinity about 39.1 psu under the depth deeper
than 20 m (Figure 4). The geostrophic circulation
intensity is relaxed shortly after anticyclonic tendency and increased again gradually in the directions to be anticyclonic in the Ionian Sea. It took 3
years and changed sign in year 2006 (Figure 3).
This period meets with the time involving changes
in the density of outer Bay showing a maxima
comparing to the adjacent years because of existing
low temperatures (Figure 2).
After 2006, increasing in salinity and density
in Cretan Sea causes an outflow from Cretan Straits
to the Mediterranean Sea coincides with the geostrophic circulation of Ionian Sea undergoing again
into anti-cyclonic phase [6]. If we observe the density levels in the Izmir Bay in this period, the density levels are very high during 2007. Slightly more
than 29.2 kg/m3 density can be seen from the depth
15 m down to bottom (Figure 4). Concurrently the

İzmir Bay (Figure 3, lower panel). The high density
of the bay water masses corresponds with the positive meridional current component in the northwestern Ionian during anticyclonic phase and viceversa, the low Izmir bay water density coincides
with the negative meridional surface geostrophic
current during the cyclonic phase of the circulation.
It is focused on the important periods, interesting for the thermohaline structure of Mediterranean
Sea using the information about the phases of the
upper layer circulation of Ionian Sea and the information about the density levels obtained from the
observations conducted in the bays and coastal area
of eastern Aegean Sea. These periods are follows:
1- EMT period (1992 and 1993), the highest
density levels can be observed in the outer part of
the Izmir Bay (Figure 2, Figure 3 and Figure 4) and
the strongest geostrophic velocities in the upper
layer circulation of the Ionian Sea during anticyclonic phase.
2- EMT Relaxation Period, the lowest density
levels especially around years 2000 and 2001 can
be observed in the Izmir Bay (Figure 2, Figure 3
and Figure 4) and the geostrophic circulation of
Ionian Sea is now in cyclonic phase (1998 – 2006)
with having strong negative values.
3- Period for a sudden change in the intensity
of geostrophic velocity in the Ionian Sea. The circulation tends to be anti-cyclonic. Concurrently, the
slight increasing density levels can be observed in
the Izmir Bay during the years between 2002-2004
(Figure 2, Figure 3 and Figure 4).
4- EMT-like events (2007-2009), after 2006
the geostrophic circulation of Ionian Sea undergoes
again into anti-cyclonic phase and the velocities
have another peak point. Concurrently, the high
density levels more than 29.1 kg/m3 can be seen in
the İzmir Bay (Figure 2 - Figure 4).
5- Abrupt reversal of upper layer cyclonic
circulation of Ionian Sea in 2012. In a short time,
the density levels of the İzmir Bay increases even
more than the density level observed in the years
between 2007-2009 during this reversal period
(Figure 2, Figure 3 and Figure 4).
The years 1992 and 1993 are known the years
that very severe winter conditions took place with
intense heat losses in the Aegean Sea. Very cold air
and sea temperatures are observed in the several
part of the Aegean Sea. Unfortunately, there is no
data measured in the winter seasons of 1992 and
1993 in the Izmir Bay. The 1992 spring salinities
are higher than 39.2 psu in average (along the water
column) and observed maximum 39.25 psu and
temperature is lower than 14oC (minimum value
13.54 oC, Figure 4). The available 1992 and 1993
spring data show density levels short after the major
dense water formation period are still high (29.3
kg/m3 at the surface and 29.57 kg/m3 at the bottom). These high isopycnal levels decrease gradually with time making an exception in spring 1996.
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The long term analysis of available data set of
İzmir Bay has provided indirectly important information related to the thermohaline structure of
Mediterranean.
It is known that the phases of the upper layer
circulation of Ionian Sea are showing the resulting
condition in which sea (Adriatic or Aegean) the
dense water formation pronounced takes place. It is
seen that after analyzing the density levels in the
İzmir Bay and in the coastal area of eastern Aegean
Sea, we are also able to obtain similar or complementary information about some events related to
the thermohaline structure of the Mediterranean
Sea.
The analysis is divided in certain periods that
are related to big changes in Eastern Mediterranean
Sea, Ionian Sea and also in İzmir Bay. It is focused
more on the periods that Aegean Sea is more active
comparing to Adriatic Sea during the anti-cyclonic
phase of the upper layer circulation of the Ionian
Sea.
Unique and important one is the EMT event.
In this period the upper layer circulation of Ionian
Circulation as known is in the anti-cyclonic phase
and it has strong positive meridional geostrophic
current. Concurrently a very distinguished type of
water exists in the İzmir Bay, saline rich with very
low temperature. It means that the forming dense
water during EMT period in the Bay is a result of
temperature and salinity preconditioning.
As known the upper layer circulation undergoes again into anti-cyclonic phase during three
adjacent years 2007, 2008 and 2009. Cretan Intermediate Water flows at intermediate depths from
Cretan Sea into the EMed (EMT-like period). Although the density levels are high during these years
in the İzmir Bay, the water characteristics show
yearly differences. The density is high because of
low temperature in 2007 and high because of very
rich salt content of water column in both 2008 and
2009. It shows that the EMT-like event can be
estimated also from the observation in the İzmir
Bay depending on only one of the extreme value of
temperature (low) or salinity (high).
The measured low temperatures in the İzmir
Bay during winter 2017 can be a sign for a new
EMT-like event and also for the beginning of a new
decadal reversal period. This needs further studies
and new evidences to explain it in details.

dense Cretan water flows into the Eastern Mediterranean (EMed) at depths below LIW but not dense
enough to go into the deep/bottom layers of the
EMed [6]. It is understood that this is not a new
EMT event period after studying the behavior of the
outflow from Cretan Sea. This is characterized as
‘‘EMT-like’’ event.
Dense Cretan Intermediate Water (dCIW)
flows at intermediate depths from Cretan Sea into
the EMed during EMT-like periods 2007-2009 [5].
Although the density levels are high during these
years in the İzmir Bay, the water characteristics
show yearly differences in this period. The density
is high because of low temperature in 2007 and
high because of very rich salt content of water column (greater than 39.25 psu and highest since
1991) in both 2008 and 2009 (Figure 4).
The direction of circulation in upper layer of
Ionian Sea changes from anti-cyclonic to cyclonic
after 2009. However, in 2012 an unexpected reversal from the cyclonic to the anti-cyclonic mode took
place in the upper layer circulation of the Ionian
Sea. Concurrently İzmir Bay densities increase (>
29.2 kg/m3) and high isopycnal levels can be seen
near surface in the water column for a short time
(Figure 4).
The last period is winter 2017. In current
study, it is asserted that this period is associated
with a new EMT-like event indicating the beginning of a new decadal reversal period. The average
salinity of water column is higher than 39.15 psu
and slightly higher than the long term average salinity of the Izmir Bay. But the average temperature is
rather lower than the long term average temperature
of the Bay (Figure 3). This special thermohaline
condition in the Izmir Bay and the existing dense
intermediate water mass in the core of Rhodes Gyre
in 2017 (not shown, data from TÜBİTAK project
No:115Y260) show us that this period could be a
time for beginning of a new bimodal oscillating
(BiOS) period with an expecting decadal reversal of
the Ionian upper-layer basin-wide circulation.
Gačić et al., [14] have shown a co-variation
between the surface flows in the northwestern Ionian with the density of water masses formed in the
Southern Adriatic. As an analogy, in current study
we have shown a co-variaton between the surface
flows in the northwestern Ionian with the density of
water masses in the İzmir Bay. As far as the atmospheric influence is concerned, both the regions of
Southern Adriatic and Central Aegean Sea are more
or less under the influence of similar atmospheric
conditions. Therefore, the results obtained in current study are as anticipated. The anti-correlated
behavior and competition between the Adriatic Sea
and the Aegean Sea as dense water formation
source can be explained as the lateral redistribution
of water properties.



%"!
This work has been supported by the Municipality of İzmir and TÜBİTAK (Project No:
115Y260). The data presented here were collected
by the R/V K. Piri Reis of the IMST (Institute of
Marine Sciences and Technology) during 1991–

1732

$#

! %     





!"  ! 


[10]Sayın, E., Eronat, C., Uckac, S. and Besiktepe,
S.T. (2011) Hydrography of the eastern part of
the Aegean Sea during the Eastern Mediterranean Transient (EMT). J. Mar. Syst. 88(4),
502–515.
[11]Eronat, C. and Sayın, E. (2014) Temporal evolution of the water characteristics in the bays
along the eastern coast of the Aegean Sea: Saros, İzmir, and Gökova bays. Turkish Journal
of Earth Sciences. 23:53–66
[12]Malanotte-Rizzoli, P., Manca, B.B., Ribera
D’Alcala, M., Theocharis, A., Brenner, S.,
Budillon, G. and Ozsoy, E. (1999) The eastern
Mediterranean in the 80s and in the 90s: The
big transition in the intermediate and deep circulations. Dyn. Atmos. Oceans. 29, 365-395.
[13]Borzelli, G.L.E., Gacic, M., Cardin, V. and
Civitarese, G. (2009) Eastern Mediterranean
Transient and reversal of the Ionian Sea circulation. Geophys. Res. Lett. 36, L15108.
[14]Gačić, M., Borzelli, G.L.E., Civitarese, G.,
Cardin, V. and Yari, S. (2010) Can internal
processes sustain reversals of the ocean upper
circulation? The Ionian Sea example. Geophys.
Res. Lett. 37, L09608.
[15]Gačić, M., Civitarese, G., Eusebi Borzelli,
G.L., Kovačević, V., Poulain, P.-M., Theocharis, A., Menna, M., Catucci, A. and Zarokanellos, N. (2011) On the relationship between the decadal oscillations of the northern
Ionian Sea and the salinity distributions in the
eastern Mediterranean. J. Geophys. Res. 116,
C12002.
[16]Krokos, G., Velaoras, D., Korres, G., Perivoliotis, L., Theocharis, A. (2014) On the continuous functioning of an internal mechanism that
drives the Eastern Mediterranean thermohaline
circulation: The recent activation of the Aegean
Sea as a dense water source area. Journal of
Marine Systems. 129, 484-489.
[17]Roether, W., Manca, B.B., Klein, B., Bregant,
D., Georgopoulos, D., Beitzel, V., Kovacevic,
V., Luchetta, A. (1996) Recent changes in
Eastern Mediterranean deep waters. Science
271, 333–335.
[18]Roether, W., Klein, B., Manca, B.B., Theocharis, A. and Kioroglou, S. (2007) Transient
eastern Mediterranean deep waters in response
to the massive dense-water output of the Aegean Sea in the 1990s. Progress in Oceanography.
74, 540–571.
[19]Gačić, M., Civitarese, G., Kovacevic, V.,
Ursella, L., Bensi, M., Menna, M., Cardin V,
Poulain P-M, Cosoli S, Notarstefano G, andPizzi C. (2014) Extreme winter 2012 in the
Adriatic: an example of climatic effect on the
BiOS rhythm. Ocean Science. 10(3), 513.

2017 within several projects. We gratefully
acknowledge our IMST colleagues for collecting
the data. The crew of the R/V K. Piri Reis is highly
appreciated for their assistance during the fieldwork.

 !
[1] Klein, B., Roether, W., Manca, B., Bregant, D.,
Beitzel, V., Kovacevic, V. and Luchetta, A.
(1999) The large deep water transient in the
Eastern Mediterranean. Deep-Sea Research
Part I. 46, 371–414.
[2] Lascaratos, A., Roether, W., Nittis, K. and
Klein, B. (1999) Recent changes in deep water
formation and spreading in the Mediterranean
Sea: a review. Progress in Oceanography. 44,
5–36.
[3] Theocharis, A., Nittis, K., Kontoyiannis, H.,
Papageorgiou, E. and Balopoulos, S. (1999)
Climatic changes in the Aegean Sea influence
the eastern Mediterranean thermohaline circulation (1986–1987). Geophysical Research Letters. 26 (11), 1617–1620.
[4] Theocharis, A., Krokos, G., Velaoras, D.,
Korres, G. (2014) An internal mechanism driving the alternation of the Eastern Mediterranean dense/deep water sources. In: Borzelli,
G.L.E., Gačić, M., Lionello, P., MalanotteRizzoli, P. (Eds.) The Mediterranean Sea:
Temporal Variability and Spatial Patterns,
AGU Geophysical Monograph Series. 202.
John Wiley & Sons. Inc, Oxford, 113–137.
[5] Velaoras, D. and Lascaratos, A. (2005) Deep
water mass characteristics and interannual variability in the North and Central Aegean Sea.
Journal of Marine Systems. 53, 59– 85.
[6] Velaoras, D., Krokos, G., Nittis, K. and Theocharis, A. (2014) Dense intermediate water outflow from the Cretan Sea: A salinity driven, recurrent phenomenon, connected to thermohaline circulation changes. J. Geophys. Res.
Oceans. 119, 4797-4820.
[7] Sayın, E., Beşiktepe, S.T. (2010) Temporal
evolution of the water mass properties during
the Eastern Mediterranean Transient (EMT) in
the Aegean Sea. J Geophys. Res. 115, 1–9.
[8] Josey, S.A. (2003) Changes in the heat and
freshwater forcing of the eastern Mediterranean
and their influence on deep water formation. J.
Geophys. Res. 108(C7), 3237.
[9] Georgiou, S., Mantziafou, A., Sofianos, S.,
Gertman, I., Özsoy, E., Somot, S. and V. Vervatis (2015) Climate variability and deep water
mass characteristics in the Aegean Sea. Atmospheric Research.152,146-158.

1733

$#

! %     





!"  ! 


[20]Demirov, E., Pinardi, N. (2002) Simulation of
the Mediterranean Sea circulation from 1979 to
1993: Part I. The interannual variability. Journal of Marine Systems. 33, 23-50.
[21]Larnicol, G., Ayoub, N., Le Traon, P.Y. (2002)
Major changes in Mediterranean Sea level variability from 7 years of TOPEX/Poseidon and
ERS-1/2 data. Journal of Marine Systems. 33,
63-89.
[22]Pinardi, N., Navarra, A. (1993) Baroclinic
wind adjustment processes in the Mediterranean Sea. Deep Sea Research Part II: Topical
Studies in Oceanography. 40(6), 1299-1326.
[23]Pinardi, N., Korres, G., Lascaratos, A.,
Roussenov, V., Stanev, E. (1997) Numerical
simulation of the interannual variability of the
Mediterranean Sea upper ocean circulation.
Geophysical Research Letters. 24(4), 425-428.
[24]Pujol, M.I., Larnicol, G. (2005) Mediterranean
Sea eddy kinetic energy variability from 11
years of altimetric data. Journal of Marine Systems. 58(3), 121-142.
[25]Vigo, I., Garcia, D., Chao, B.F. (2005) Change
of sea level trend in the Mediterranean and
Black seas. Journal of Marine Research. 63(6),
1085-1100.
[26]Unlüata, U. (1986) A review of the physical
oceanography of the Levantine and the Aegean
basins of the Eastern Mediterranean, in relation
to monitoring and control of pollution. Institute
of Marine Sciences. METU Technical Report
55.

/-/3=/.
--/8;/.


 
  




 !#" 

+6+6976+;
Institute of Marine Sciences and Technology,
Dokuz Eylul University,
Izmir – Turkey

e-mail: canan.ozturk@deu.edu.tr

1734

$#

! %   







!"  ! 




&!"!# !
"%  !!#"%!" 

1/'8-.7$'1/54:7!'.'7+7';'3*/4.'22'*'.(4:(/4.'22'*';'*4.'22'*/  
'70.43*+.'28./*/ '('0 '89+-'7/2+.7'.(44(+.429'?'3?/2+.'72>'3
+1-.'/8,0'3+.'-.84*/7/ +'?''7.'*/+-'*+.7'3&'7/4.'22'* +?'','7/


1
Abadan School of Medical Sciences, Abadan, Iran
Asadabad School of Medical Sciences, Asadabad, Iran
3
Department of Environmental Health Engineering, School of Public Health and Environmental Technologies Research Center (ETRC),
Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran
4
Student Research Committee, Abadan School of Medical Sciences, Abadan, Iran
5
Department of Forensic Medicine and Toxicology, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran
2



!" "

A needle stick injury (NSIs) is a percutaneous
piercing wound caused by a sharp instrument. In
medical centers one of the most important agents that
can threated health patients and health care workers
(HCWs) are needle stick injuries (NSIs). The purpose of this study was to investigation of the relative
frequency of NSIs among health workers in Abadan,
Southwest Iran. In this descriptive study, the population under study contains on all HCWs in Abadan
teaching Hospitals, during 2016. Data about health
workers’ age, sex, site of NSIs injury and case of
needle stick were collected. In this study, in order to
analyze Excel, SPSS 16.0 and descriptive statistical
methods were utilized. The results of the present
study showed that 62 cases of NSIs found in this hospital during 2016. According result our study, nurses
were maximum cases NSIs between HCWs. Based
on the findings, recapping the needles was the most
risk factor for NSIs.
Result our stud showed that frequency of NSIs
were very lower in comparison with standard. It
should be emphasized that the decrease in consecutive shift works for nurses may have a significant impact on prevention of these injuries in nursing staff.

through the gloves and the skin, placing the needles
in a poorly located sharps container, and failure to
use appropriate personal protective equipment which
are increasing among hospital admissions and resistance to a variety of antibiotics in the treatment of
NIs [6-12]. In the recent years, Needle sticks injuries
is one of the most important threats that mention in
health workers (HCWs) [3]. Within the HCWs in regard to the risk of NSIs, nurses, surgeons and anesthesiologists, residents, midwives, operating room
technicians, nurse aid, and workers tend to show relatively high rates, and radiologists and pediatricians
relatively low rates of NSIs [13-16]. Based on report
center for disease control and prevention(CDC) in
the United States, each year 600000 to 800000 cases
of NSIs occur among HCWs [17, 3, 18, 19]. US
healthcare professionals reported to 384,825 NSIs
were occurring that 23% of these injuries occur during surgery [20, 21]. In another report performed by
The World Health Organization (WHO) in 2007,
rates of global NSIs injuries affect about 2 million
individuals per year [22]. All Nurses are performing
invasive procedures with PEIs that are of greatest
concern and happens most dangerous because they
may transferring bacteria, protozoa, viruses and prions [23], transmit blood-borne diseases such as hepatitis B and C viruses and HIV [24, 21]. Long working hours and not having enough sleep during the
night shift also put practitioners at risk for needle
stick injuries [9]. The important of factors affected
on needle stick Injuries including hollow-bore needle, deep penetration and visible blood on the needle
[25, 26]. The costs of treating an injury include treatment of an acquired infection, blood testing and lost
time at work [20]. Reduce the risk of needle stick injuries can include reduction of use of sharps device,
using useful safety box, training of appropriate resources, using instruments to grasp needles, load
scalpels, avoiding hand-to-hand passing of sharp instruments, decrease direct contact with needles and
disposal greatly [21, 10, 27]. In the study conducted
by Ziad et al. in 2012 in Saudi Arabia, evidence
showing that Most of the incidents were caused by
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Needle sticks injuries (NSIs) are among the
most important causes of mortality, disability, prolonged hospitalization duration, high hospital costs,
and high incidence of health problems in medical
centers [1, 2]. Among the most important threats for
health care workers (HCWs) are those NSIs [3-5].
NSIs commonly occur during needle recapping,
drawing blood, transit disposal needle, passing the
needles between personnel, needles penetration
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needles with disposable needle and hands were the
most affected body parts [15]. This study aimed to
determine the Needle Sticks among health workers
in Abadan teaching Hospitals, Southwest Iran, during 2016. 

infection control supervisor, according to reported
cases of NSIs, observation, and after consultation
with infectious diseases specialists and confirmation
of the hospital's infection, recorded the cases. Data
collection forms consisted of category of HCWs information such as residents, doctors, nurses, midwife, operating room technicians, nurse aid and
workers and activity information including sources,
recapping needle, handling needle or sharp on a tray,
suturing, passing or transferring needle or sharp,
transit of disposal needle or sharp device, disassembling needle or sharp device.

+8)7/59/434,89:*>'7+'Abadan (30°20ʹN,
48°17ʹE), with a population of more than 300,000 individuals, is one of the metropolitans in Khuzestan
province [30]. Location of Abadan in the southwest
of Iran (Figure 1).

" !"!

+9.4*8The cross- sectional study was performed among healthcare workers including nursing
staff, physicians, gynecologist, laboratory staff and
workers in Abadan teaching Hospitals, with approximately 600 beds from 2015 up to 2016. All HCWs
in Abadan teaching hospital included in the study.
This study was approved by the ethics committee of
Abadan school of medical sciences (ethic no. IR.ABADANUMS.REC.1396. 230) in accordance with
Helsinki declaration and guidelines. Criteria for the
diagnosis of NSIs were based on the National Nosocomial Infections Surveillance (NNIS) [28, 29].
Needle sticks were categorized according to National Nosocomial Infections Surveillance (NNSIS).
System Data collection was based on NNSIS system-designed questionnaire. In the present study, the

!9'9/89/)'13'1>8/8The coded data were entered in SPSS software version 16. Data analyses
were performed using descriptive statistics (frequency, mean, and standard deviation for each variable).
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485/9'1<'7*
ICU
Internal wards
General surgery
Oncology wards
OBGYN wards
Pediatric wards
NICU wards
Emergency wards
Operating room

Number of NSSIs  
2
12
7
1
8
4
1
17
10

Percent of NSSIs
3.225806
19.35484
11.29032
1.612903
12.90323
6.451613
1.612903
27.41935
16.12903

Abbreviations: OBGYN: Health care worker; ICU: Intensive care unit
"
/897/(:9/434,4)):5'9/43'1!!8+=548:7+'243-%8

'9+-47>4,%8
Doctors
Staff nurses
Operating room Technicians
Nurse aid
Workers

Number of Needle Stick Injuries  






" 
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25
13
10
6
5
3
62

Recapping needle
Handling needle or sharp on a tray
Suturing
Passing or transferring needle or sharp
Transit of disposal needle or sharp device
Disassembling needle or sharp device
Total

!#"!


40.32258
20.96774
16.12903
9.677419
8.064516
4.83871
100

sharp devices (n=5) and dissembling needle or sharp
devices (n=3), respectively.

The number of NSSIs and the incidence of
NSIs in different wards of the hospital are presented
in table 1. The predominant NSIs distribution in general surgery, OBGYN, emergency, ICU, NICU, operating room, internal, pediatric and oncology ward
were during 2016. The highest rate of NSIs was observed in emergency ward (n=17, 27.41935%) (Table 1).
Distributions of occupational exposure among
HCWs were estimated in table 2. Based on result
identified nurses to be at highest risk of NSSIs
among other HCWs groups (n=42, 70%). Totally,
the incidence of NSIs was 62 cases in this center.
(Table 2)
Table 3 shows the details of the most recent activities at time of NSSIs. Totally, the 62 respondents
who had experienced NSSIs in this center, (n=25)
were recapping needle, handling needle or sharps devices on tray (n=13), suturing (n=10), passing or
transferring needle (n=6), transit disposal needle or

!#!!
The undertaken study showed, case of high risk
injuries related to needle sticks, contaminated sharp
and cutting objects, respectively. As the results
show, the highest rate of NSIs was observed in general surgery [8(27.58%)], OBGYN [8(12.90%)],
emergency [17(27.41%)], ICU [2(3.22%)], NICU
[1(1.61%)], operating room [10(16.12%)], internal
[12(19.35%)], pediatric [4(6.45%)] and oncology
[1(1.61%)] wards during 2016, respectively. Pili et
al in their study showed that the NSIs in most cases
occurred in the ICU and CCU wards, 24.7% and
12.4%, respectively [31]. In Ardebil, the maximum
rate of NSIs was in cardiology (64.7%), ICU
(57.9%) and emergency (61.9%) wards, respectively
[31]. In several studies, Zolldann et al. [32], Unal et
al [33], Jeong et al. [34], and Kaoutar et al. [35], to
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summarize, showed that ICU ward had the highest
rate of NI as compared to other wards.
According to Table 2, the incidence of NSIs
was 62 cases in this center. Distribution of occupational exposure among HCWs, among which nurses
with the frequency of 42(67.74%) were the most involved HCWs, followed by 5(8.06%) nurse aid,
5(8.06%) workers, 3(4.83%) doctors and 7(11.29%)
operating room technicians during 2016. Jaybhaye et
al in their study, showed that nurses had the highest
rate of NSIs as compared to other HCWs groups
[27]. Several other studies had also shown high occurrence of NSIs among nurses [36-38].
Based on result identified nurses to be at highest risk of NSSIs among other HCWs groups (n=42,
67.74%). This observation is in agreement with the
findings of Gholami et al. [39] and Martins et al [40].
However, the incidents of NSSI reported by nurses
in our survey was considerably lower than those in
Askarian’s study in the Fars province of Iran
(49.6%) [41], Smith’s study in Japan (46%) [42] and
Smith’s study in Korea (79.7%)[43]. Another study
reported, that doctors were the most frequent NSIs
(64.7%), followed by waste workers (25.5%) and
Nurses (7.8%) [44]. In a similar work, Rais et al. in
Karachi reported that nurses (28.4%) and doctors
(21.6%) were the most frequent cases of NSIs [45].
This can be explained by the fact that nurses administer most of the injections and are responsible for
major procedures which require the use of needles.
In the present study, the 62 respondents who
had experienced NSSIs in this center, (n=25,
40.32%) were recapping needle, handling needle or
sharps devices on tray (n=13, 20.96%), suturing
(n=10, 16.12%), passing or transferring needle (n=6,
9.67%), transit disposal needle or sharp devices
(n=5, 8.06%) and dissembling needle or sharp devices (n=3, 4.83%), respectively. Fredrich [46], Jahan [47] and Cheng [48] showed that recapping of
used syringes is responsible for 13%, 29% and 28%
of injuries, respectively. According to result study
Saleh at Asir Central Hospital, Saudi Arabia, needle
recapping (26.4%), careless disposal of sharp instruments (16.9%), and blood extraction (11.5%) were
responsible for more than50% of NSSIs [49]. Laishram et al in 2013 conducted a work to find the recapping of the needle was the most important risk factor
NSSIs[4]. Based on result several studies, the main
reason for the high frequency of NSSIs was needle
recapping after its use [14, 11, 7].
It should be noted that, can prevent and reduce
the affection to the incidents of NSSIs with decrease
using sharp objects, avoid re-capping, regular reporting NSSIs, having a NSIs protocol and education can
prevent the affection to the incidents of NSSIs.

This study was conducted to estimate the Needle Sticks and Sharp Injuries in health workers to
Abadan teaching Hospitals, Southwest Iran, during
2016. Overall the maximum cases of NSSIs occurred
among nurses and recapping were the most common
procedure. Careful monitoring of surveillance system, health education, continuous supervision, correct use of disposable equipment is necessary to reduce NSSIs risk. In summary, we believe this information is useful not only for us but for others involved in the care of residents in long-term care facilities inasmuch as there are little published data on
yearly NSSIs rates among HCWs.
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ABSTRACT

INTRODUCTION

The genus Ziziphus have more than 100 species, which has a great genetic diversity that is
distributed over tropical, subtropical, arid and semiarid zones of the globe. The present study was
conducted to evaluate the morphological and biochemical characters of nine locally grown cultivars
(Ajuba, Akasha, Allubukhara, Sufan, Umran-9,
Desi karela, Ghor, Sabir wali and Dilbahar) of
jujube. The results revealed that only Dilbahar
cultivars have completely curved thrones and
oblique leaf base, whereas the leaf apex of both
Dilbahar and Ajuba was acute unlike the rest of the
cultivars. A Higher fruit weight was observed in
Dilbahar and Alubukhara, whereas Sabir wali had
higher TTS and Sufan had higher total sugar contents. Greater amounts of polyphenols with superior
antioxidative capacity were recorded for the Dilbahar. Moreover, the cultivar Allubukhara had highest
pulp acidity, reducing power, widest mature fruit
and heavy mature stone. On the other hand, the
cultivar Ghor had lowest fruit weight and TSS
contents. Besides, the studied cultivars have been
divided into two groups regarding the ascorbic acid
contents. Group 1 included Akasha, Sufan and
Dilbahar with 0.5 mg of ascorbic acid per 100g of
fruit, while group 2 consisted of Ajuba, Allubukhara, Umran-9, Desi karela, Ghor and Sabir wali with
0.1 mg of ascorbic acid per 100g of fruit. From the
present study, we have concluded that besides the
variation in pheotyic characteristics, the species of
jujube are a good source of ascorbic acid, total
phenolics and antioxidant activity on an overall
basis.

Jujube (Zizipus mauritiana Lamk) is commonly known as red date or Chinese date, is a fast
growing, thickest tree or shrub from the family
Rhamnaceae. The tree of jujube can fruit prolifically and disperse seeds over a wide area through air,
water and mammals. In Pakistan, jujube is locally
recognized as a µEHU¶ RU µEDLU¶. Jujube is a very
famous among the growers because of its hardy
nature and sustainable production on marginal
lands [1, 2] as compared to other fruit crops. It is
normally propagates through sexual reproduction,
but most of the cultivars, including elite can be
reproduced vegetatively [3]. Generally, jujube is a
cross pollinated crop [3], which is why a huge variation exists in fruit size (cherry to plum-size) and
shape (round to elongate). A considerable variation
in morphological characteristic in different jujube
cultivars have been noticed by Godi et al., [4].
From the consumer or health point of view, jujube fruit is a good source of vitamins and minerals
[5], ascorbic acid, phenolics, flavonoids, calcium
and carbohydrates [6, 7]. Historically, jujube is
commonly used as an active ingredient in traditional medicines, against asthma, wounds, scabies,
burning sensation, throat problems and the seeds
can be used to treat skin roughness and dry cough
[8]. The recent discovered health effects include
inhibition of foam cell formation in macrophages,
immunostimulating, antiobesity, anti-inflammatory,
hepatoprotective, anticancer and gastrointestinal
protective activities [6]. Looking at the fast moving
trends in functional foods/nutraceuticals [9], the
bioactive compounds from ber might serve as one
of the best possibilities to address the terminal
health problems, like cancer, stroke and coronary
heart diseases. Therefore, it is important to characterize diverse fruit cultivars among the current
resources that can serve as a good source of func-

KEYWORDS:
Antioxidant capacity, polyphenols, Ziziphus jujube,
ascorbic acid, fruit production
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portion of the fruit samples was dried in an oven
and grounded to a fine powder in an electric grinder. The powdered samples were packed in small
plastic bags and stored in a desiccator covered with
aluminum foil before checking for antioxidants.

tional components, particularly antioxidants [10].
7KH IUXLW¶V DQWLR[LGDWLYH capacity is generally
linked to the ascorbic acid and polyphenols [11,
12], so it is important to assess the total phenolic
acids and their distribution among the various productive cultivars of the area.
In the past, very few reports have been published on jujube regarding the health-promoting
components [7, 13, 14] and variation of these components in the available genetic resources in a specific locality. Such limited knowledge in this important species motivated us to study the morphological characteristics and antioxidant capacity of
the local jujube cultivars.

Titratable acidity and total soluble solids.
Titratable acidity (TA) of jujube fruit pulp was
determined titrimetrically and expressed as % of
citric acid [16]. The total soluble solids (TSS) contents were determined with a digital refractometer
(RX 5000, ATAGO, Japan, calibrated using distilled water) at 20°C and results were expressed as a
percentage (°Brix). Maturity index (MI) was calculated by dividing total soluble solids to titratable
acidity (TSS/TA).

MATERIALS AND METHODS
Total sugars and ascorbic acid. The total
sugars were estimated according to the method
described by AOAC [17] and expressed as % sugar.
Ascorbic acid was assessed by employing the
method described by Ruck [18] and results were
expressed as mg per 100g.

Sample collection and preparation. The present work was done during the production seasons
of 2015-2016, in order to evaluate the morphological and physico-chemical characteristics of the 9
productive cultivars of jujube (Zizipus mauritiana
Lamk). The cultivars were generously provided by
the Regional Agriculture Research Institute Bahawalpur (RARI), Punjab-Pakistan and the work has
been done in the Pomology Laboratory, Institute of
Horticultural Sciences, University of Agriculture,
Faisalabad. Fruit bearing trees (12-years old) were
studied for morphological as well as biochemical
differences to find the diversity between the cultivars. A total of 27 trees (3 trees from each cultivar)
were randomly selected for further analysis.
The morphological study, included growth
habit, branch characteristic (shoot surface, thorn
shape and branch thorniness), leaf characteristics
(leaf apex, leaf base, leaf shape, leaf curving, leaf
pubescence, leaf blade length and leaf blade width)
and fruit characteristic (fruit shape, fruit cracking,
fruit weight, fruit width, stone length, stone width
and stone weight). The fruits of the various cultivars were also studied for the biochemical characteristics, such as total soluble solids (TSS), pulp
acidity, ascorbic acid (AA), total phenolics (TPC),
reducing power, total sugars and antioxidant capacity. The growth habit, shoot surface, thorn
shape, branch thorniness, leaf apex, leaf base, leaf
shape, leaf curving, fruit shape and fruit cracking
was observed visually [15]. While, leaf length, leaf
width, stone length and stone width were measured
E\XVLQJGLJLWDO9HUQLHU¶VFDOLSHU 0RGHO+7A1, Cingda Industry Co., Ltd. China). Fruit and
stone weights were calculated by using digital balance. For each observation 20 subsamples were
used from each replicate.
For the biochemical analysis, approximately 1
kg of fully ripened fruits from each cultivar was
harvested. The sample selections were made on the
base of uniformity in shape and color and the
picked fruits were transported to the laboratory. A

Total Phenolics. The total phenolics (TPC)
were analysed by Folin-Ciocalteu reagent as explained by Ainsworth and Gillespie, [19]. Amount
of TPC was estimated by using Gallic acid (GA) as
a reference material.
Total sugars and Reducing sugars. Sugars
were determined by method of Lane and Eynon
[20] as described by Hortzwitz [21].
Antioxidant activity. Antioxidant assays was
carried out by the 1,1-diphenyl-2-picryl hydrazyl
(DPPH) method as described by Noor et al. [22].
Statistical Analysis. Data were analyzed by
Statistix Version 8.1 software using analysis of
variance (ANOVA). The means that were found
significant were further separated by Tukey HSD
test at p<0.05.

RESULTS
Vegetative characteristics. All selected trees
of jujube were vigorously grown having spreading
heads. The visual observations on growth of trees
from various cultivars revealed spreading (Ajuba,
Akasha and Sufan), erect (Allubukhara, Umran-9
and Sabir wali) and semi-erect (Desi karela, Ghour
and Dilbahar) habits (Table 1). No significant variability was observed concerning the thorn shape,
alternate curved and medium branch thorniness.
Though, the differences were obvious in shoot
surface, which was tomentose in Ajuba, Akasha,
Sufan, Umran-9 and smooth in Allubukhara, Sabir
wali, Desi karela, Ghour and Dilbahar.
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TABLE 1
Growth habit, branch and leaf characteristics of selected jujube (Ber) cultivars grown in Pakistan
Cultivars

Growth
habit

Branch
Characteristics

Leaf Characteristics

Shoot surface

Thorn shape

Branch
thorniness

Leaf
apex

Leaf
base

Leaf
shape

Leaf
curving
Present

Ajuba

Spreading

Tomentose

Alt. curved

Medium

Acute

Cordate

Cordate

Akasha
Allubukhara

Spreading

Tomentose

All curved

Medium

Obtuse

Cordate

Oval

Present

Erect

Smooth

Alt. curved

Medium

Obtuse

Cordate

Cordate

Absent

Spreading

Tomentose

Alt.curved

Medium

Obtuse

Cordate

Cordate

Absent

Sufan
Umran-9

Erect

Tomentose

Alt. curved

Medium

Obtuse

Acute

Desi
karela

Semi-erect

Smooth

Alt. curved

Medium

Obtuse

Acute

Ghor

Semi-erect

Smooth

Alt.curved

Medium

Obtuse

Obovate

Obovate
Obovate
Cordate

Leaf
pubescence
Sparsly
tomentose
Smooth
Sparsly
tomentose
Sparsly
tomentose

Present

Smooth

Present

Sparsly
tomentose

Absent

Sabir wali

Erect

Smooth

Alt.curved

Medium

Obtuse

Cordate

Ovate

Present

Dilbahar

Semi-erect

Tomentose

All curved

Medium

Acute

Oblique

Cordate

Absent

Smooth
Sparsly
tomentose
Smooth

TABLE 2
Fruit shape and fruit cracking of the selected jujube (Ber) cultivars grown in Pakistan
Cultivars
Ajuba
Akasha
Allubukhara
Sufan
Umran-9

Fruit Shape
Round
Round
Flat
Flat
Round

Cultivars
Desi karela
Ghor
Sabir wali
Dilbahar

LBL
LBW

10

Dimensions (cm)

Fruit Cracking
Absent
Present
Present
Present
Present

Fruit Shape
Pointed
Round
Round
Flat

Fruit Cracking
Absent
Present
Absent
Absent

ovate), leaf curving (present and absent) and leaf
pubescence (sparsly tomentose and smooth). Leaf
apex was noted to be acute in cultivar Ajuba and
Dilbahar and obtuse in all other cultivars. Similarly,
leaf base was noted to cordate in most of the cultivars except, acute, obovate and oblique in Desi
karela, Ghor and Sabir wali, respectively. On the
overall basis, the leaf shape was found significantly
diverse in all the assessed cultivars (Table 1).
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FIGURE 1
Differences in leaf dimensions among the various cultivars of jujube
LBL= leaf blade length; LBW= leaf blade width.
The bars represent the HSD values at P=0.05.
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The differences in leaf characteristics (i.e. leaf
blade, leaf length and width) of the tested cultivars
were also evident (Table 1, Figure 1). A maximum
leaf length was recorded for Allubukhara, (6.30 cm)
followed by Akasha (6.06 cm), whereas the cultivar
Ghor (3.33 cm) bared small leaves. The width of
the leaf blade varied significantly amongst the various tested cultivars of jajube. The cultivar Sabir
wali had broader leaves, while that of Ghor was the
thinnest among all (Figure 1). The data regarding
qualitative characteristic of the leaf also exhibited
high differences associated with leaf apex (acute
and obtuse), leaf base (acute, cordate, obovate and
oblique), leaf shape (cordate, oval, obovate and

Cultivars

FIGURE 2
Differences in weight of jujube fruits from
various cultivars
FW= Fruit weight. The bars represent the HSD
values at P=0.05.
Fruit characteristic. The qualitative and
quantitative characteristics of the 9 jujube cultivars
were examined to understand the genetic diversity
among them. The qualitative characteristics included fruit shape, fruit cracking, fruit weight, stone
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vars of the jujube in decreasing order was Allubukhara> Sabir wali> Akasha> Ghor> Dilbahar>
Desi karela> Sufan> Umran-9> Ajuba. The scavenging stable DPPH radicle model is extensively
used to study the antioxidant activity in short period. By using this method, the DPPH radicle scavenging characteristics of the jujube cultivars included in this study were evaluated. A significant
difference was noted in the antioxidant activity of
the studied cultivars. The highest scavenging activity was found in Dilbahar and Sabir wali (88.56 and
87.54%, respectively), while the lowest scavenging
activity was recorded in Ajuba cultivar (80.43%).

length, stone width and stone weight. A variable
diversity was recorded for fruit shape and fruit
cracking among the studied cultivars of jujube
(Table 2). The fruit shape of the cultivars, Ajuba,
Akasha, Umran-9, Ghor and Sabir wali were round,
while Allubukhara, Sufan, Dilbahar were flat and
Desi karela was pointed. In addition, fruit cracking
was absent in Ajuba, Desi karela, Sabir wali and
Dilbahar, while present in the other examined cultivars. The cultivar, Dilbahar (40.33 g) had the largest fruit weight followed by Allubukhara (35.66 g),
Akasha (29.66 g), Sabir wali (26.66 g), Desi karela
(26.33 g), Ajuba (25.00 g), Umran-9 (25.00 g),
Sufan (23.00) and Ghor (22.22 g). However, no
difference was observed between Ajuba, Umran-9
and Desi karela (Figure 2). Likewise, Desi karela
and Dil bahar had long seeds, whilst the length of
the seeds in fruits from cultivar Ghor was short. A
maximum stone width was found in Allubukhara
(13.33 cm), whereas minimum was noted in Umran-9 (6.83 cm) (Figure 3). The weight of the
seeds/stones from the tested fruits was varied significantly, the heavy seeds were noticed in Allubukhara (1.86 g) and the light seeds were found in
Umran-9 (0.51 g) (Figure 4).
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Biochemical characteristics. The results regarding total soluble solids and total sugar of the
jujube from different cultivars are presented in
Figure 5. Total soluble solid and total sugar is highly variable among the studied cultivars of jujube.
Results of the study showed that TSS was high in
the fruits from the cultivar, Sabir wali (13%), while
the fruits of Ghor cultivars were lower in TSS
(0.3%). No significance was observed among the
cultivars, Akasha, Allubukhara and Umran-9, regarding the TSS contents of the fruits. Total sugar
contents was another important characteristic that
was significantly differed among the fruits from
various cultivars, that was high in Sufan (13.82%)
and low in Sabir wali (2.26%). The fruit pulp acidity of the Allubukhara (2.50%) cultivar was significantly high in comparison to the rest of the tested
cultivars. Like most of the other characteristics, the
cultivar Ghor served as a bottom-line for pulp
acidity. Moreover, the data associating the ascorbic
acid contents of the fruits from the studied cultivars
revealed higher values in Akasha, Sufan and Dilbahar (0.55%) and lower values in Ajuba, Allubukhara, Umran-9, Desi karela, Ghor and Sabir wali
(0.1%). Additionally, the total phenolic contents of
the fruit extracts of jujube cultivars were ranged
from 1.30% to 1.71%. The maximum and minimum
values for the total phenolic contents were noticed
in Umran-9 and Akasha, respectively (Figure 6).
However, in terms of reducing power (Figure 7),
the fruits of Allubukhara (39.14%) had performed
well, whereas the fruits from the Ajuba (8.81%)
had very low reducing power among all the tested
cultivars. The reducing power of the 9 tested culti-

Cultivars

FIGURE 3
Differences in stone dimensions among the
various cultivars of jujube
SL= stone length; SW= stone width. The bars
represent the HSD values at P=0.05.
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FIGURE 4
Differences in stone weight of the various
cultivars of jujube
SWe= stone weight. The bars represent the HSD
values at P=0.05.
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DISCUSSION

TSS (%)

Percentage

15

TS (%)

On the basis of health-promoting components
and good economic yield, ber have a great potential
to be considered as major fruit in desert area of the
globe with marginally poor soils. In the present
study, nine cultivars of jujube were evaluated for
their morphological and biochemical characteristics. The study revealed, huge diversity in the analyzed germplasm on the basis of different morphological and biochemical characteristics. Most of the
growth, branch and leaf characteristics were found
to be cultivar specific and provide reliable basis for
cultivar identification. Previously, similar finding
was reported by Razi et al. [23], who observed the
differences in the morphological characteristics of
jujube leaves from various cultivars. A wide range
of distinctiveness and uniformity was observed
among different cultivars, for example the growth
habit was found to be highly concerning the diverse
spreading, erect and semi-erect. However, branch
characteristics did not show a noticeable difference
among the tested cultivars. Though, the leaf apex
was found to be obtuse in most of the cultivars, but
leaf base, shape, curving, blade length and width
showed high variability among the studied cultivars. In the same way, fruit phenotypic characteristics of different cultivars showed variability in fruit
shape (round, flat and pointed), fruit cracking (present and absent), fruit weight, stone width and
length. On the other hand, Godi et al. [4] and Razi
et al. [23] presented that leaf area, branching habit
and fruit shape and apex type are significant characteristic to define variability among ber cultivars. Li
et al. [24] observed fruit length, width, weight,
volume, density and porosity of some commercial
cultivars such as junzao and huizao were superior
to the other cultivars particularly in fruit shape and
texture. Obeed et al. [25] stated that jujube fruit is
drupe and variability in fruit shape character (round
to elongate) is cultivar specific. Data presented in
this study regarding the fruit morphological characteristics are in agreement with the report of Li et al.
[24] and Godi et al. [4].
It is well established that phenolic compounds
reflects on the antioxidatve capacity and nutritional
quality of the fruits. Besides, the polyphenols have
a great influence on fruit color, aroma and taste.
Another advantage of high polyphenols is an insurance of strong plant defense mechanism, helping in
counteracting the reactive oxygen species and reducing the chances of molecular damages cause by
insects, herbivores and microorganism [26-28].
Significant variability in phenolic contents among
the studied cultivars was not surprising, as cultivar
dependent variations in phenolic contents have
previously been observed in different horticultural
crops (i.e. pomegranate, strawberry, blueberries and
raspberry) [29-32]. The ascorbic acid contents of
nine ber cultivars were determined and showed
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FIGURE 5
PA, AA and TPC in various cultivars of jujube
PA= pulp acidity; AA= ascorbic acid; TPC=
total phenol contents. The bars represent the
HSD values at P=0.05.
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FIGURE 6
RP and DPPH in various cultivars of jujube
RP= reducing power; DPPH= 1,1-diphenyl-2picryl hydrazyl. The bars represent the HSD
values at P=0.05.
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FIGURE 7
RP and DPPH in various cultivars of jujube
RP= reducing power; DPPH= 1,1-diphenyl-2picryl hydrazyl. The bars represent the HSD
values at P=0.05.
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significant variability. Obeed et al. [25] also reported variability in the ascorbic acid contents (43.95 133.95 mg/100g fruit pulp) of five Saudian ber
cultivars. In the current study DPPH radical scavenging effect show significant variation between
the studied cultivars that were ranged from 80.4388.56%. These results were agreed with those observed by Kamilolu et al. [14]. Who evaluated
fifteen genotypes of jujube using DPPH radical
scavenging model and presented highest scavenging effects in extracts from MHS 13 and MHS 7
(99 and 99%, respectively), while the lowest scavenging effect was observed in MHS 11 (80%). The
data showed in this study regarding biochemical
characteristic of fruits of different ber cultivars
from Pakistan were in agreement with those observed previously from various part of the world.
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[2] Das, S. C. and Prakash, J. (2011) Minor fruits:
a livelihood opportunity for the tribal peoples
of Tripura. Acta Horticulture. 890(5), 65-70.
[3] Morley, B. M. (2010) 20 Miscellaneous Fruit
Crops. In: Temperate and Subtropical Fruit
Production. Vol. 3 (Jackson, D., Looney, N.,
and Morley-Bunker, M.) CABI, Wallingford,
280-293.
[4] Godi, N. F., Joshi, V. R. and Supe, V. S.
(2016) Physical fruit characteristics assessment
of selected Ber (Zizyphus mauritiana Lamk.)
Genotypes. International Journal of Applied
Research. 2(2), 757-761.
[5] Boora, R. and Singh, H. (2007) Effect of pruning time and severity on yield and fruit quality
in ber (Ziziphus mauritiana L) cv. Sanaur-2.
Haryana Journal of Horticultural Sciences.
36(1), 60.
[6] Gao, Q.-H., Wu, C.-S. and Wang, M. (2013)
The jujube (Ziziphus jujuba Mill.) fruit: a review of current knowledge of fruit composition
and health benefits. Journal of Agricultural and
Food Chemistry. 61(14), 3351-3363.
[7] Li, J. W., Fan, L. P., Ding, S. D. and Ding, X.
L. (2007) Nutritional composition of five cultivars of Chinese jujube. Food Chemistry.
103(2), 454-460.
[8] Mahajan, R. T. and Chopda, M. (2009) PhytoPharmacology of Ziziphus jujuba Mill-A plant
review. Pharmacognosy Reviews. 3(6), 320329.
[9] Alba, V., Bisignano, V., Polignano, G. and
Alba, E. (2015) Evaluation of five olive cultivars by morpho-agronomic, bio-molecular and
sensory markers for nutraceutical purposes. International Journal of Agriculture and Biology.
17(1), 15-20.
[10] Ercisli, S., Orhan, E., Ozdemir, O. and Sengul,
M. (2007) The genotypic effects on the chemical composition and antioxidant activity of sea
buckthorn (Hippophae rhamnoides L.) berries
grown in Turkey. Scientia Horticulturae.
115(1), 27-33.
[11] Viyar, A. H., Qadri, R., Iqbal, A., Nisar, N.,
Khan, I., Bashir, M. and Shah, F. (2017) Evaluation of unexplored pomegranate cultivars for
physicochemical characteristics and antioxidant activity. Journal of Food Science and
Technology. 54(9), 2973-2979.
[12] Jan, I., Rab, A., Sajid, M., Iqbal, A., Shinwari,
Z. K. and Hamayun, M. (2016) Effect of calcium salt on soft rot, bitter pit and physicochemical properties of stored apples. Pakistan Journal of Botany. 48(4), 1415-1420.
[13] Akbolat, D., Ertekin, C., Menges, H., Ekinci,
K. and Erdal, I. (2008) Physical and nutritional
properties of jujube (Zizyphus jujuba Mill.)
growing in Turkey. Asian Journal of Chemistry. 20(1), 757-766.

CONCLUSION
In Pakistan jujube is grown in arid, tropical
and subtropical regions, however, in China and
India jujube is grown in temperate and hot arid
regions, respectively. This fruit have a great nutritional importance and this study indicates the potential value of jujube germplasm, as a great source
of phenolic compounds. Thus, jujube can be considered as a great source of food with high medicinal value. On the general basis, antioxidant activity
was higher in jujube, yet the significant variability
was found among the studied cultivars. Also, the
total soluble solids, pulp acidity, fruit weight and
total sugar contents varied significantly among the
tested cultivars. Considerable variability in the
morphological and biochemical characters could be
important to make selection for future breeding and
large scale production of such healthy and important fruit.
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ABSTRACT

INTRODUCTION

Summer plum rainy season of Chinese Yangtze
river delta has a unique weather, during that time it
is hot and wet with around average air temperature
of 30Ԩ, severely inhibiting the productivity of
greenhouse cultivation. Moreover, soil salinization,
a problem more and more widely, faced by Chinese
protected cultivation is caused by the enrichment of
Ca(NO3)2 (CN), but not NaCl. And literature worldwide lacks works on whatever the impacts of Chinese summer plum rainy season or CN on the growth
and photosynthetic capacity of greenhouse plant.
Therefore, the aim of this study was to explore the
effect of CN on growth, photosynthetic capacity, and
yield of peppers grown in greenhouse in summer
plum rainy season of Chinese Yangtze river delta. In
this work, a pot experiment was conducted to investigate the effects of different CN concentrations (0,
50, 100, 150, 200 mM) on flowering pepper grown
in greenhouse under the summer plum rainy environment. Results showed that: the average fruit dry
weight (DW) and fruit number of per plant treated
with 50 mM CN were the highest, with 55.85% and
12.90%, respectively, higher than the control. Fv/Fm
of plants exposed to 50 mM CN was stable all the
time. After 35 d, Y(II), qL, ETR and NPQ of plants
exposed to 50 mM CN were the highest, showing the
best photosynthetic performance . The results indicate that in summer plum rainy season, yield of pepper and the stability of leaf photosynthetic structure
would be effectively maintained by providing low
concentration CN. Our results also suggested that the
optimum CN concentration was 50 mM; Y (II), ETR,
qL, and Fv/Fm can be used to estimate plant growth
situation under different CN concentration during
plum rainy season.

Chinese Yangtze River Delta region is the most
concentrated area of greenhouse cultivation in the
country, and its economic benefits directly reflect the
productivity level of greenhouse cultivation of China
[1]. Nevertheless, because of its geographical location (sub-tropical monsoon climate), there is about a
special month with high temperature and humidity
weather called plum rainy season (from mid-June to
mid-July), making the ineffectiveness of common
cooling methods and the serious heat accumulation
inside the greenhouse, and the daily ambient average
temperature inside a greenhouse usually above 30°C
[2], which directly affects the activity of enzymes in
plant cells, disturbing the metabolism and photosynthesis of plant [3].
In addition, the problem of salt (NaCl) accumulation in soil is becoming increasingly serious, which
severely constrains the sustainable greenhouses production of vegetable [4,5]. However, for Chinese
greenhouse cultivation, the composition of soil soluble salt varies greatly with that in other countries.
Usually, soil of greenhouse cannot be washed out by
rain, and to pursuit high yield, the Chinese greenhouse planters would overuse the nitrogen fertilizer
in nutrient solution, resulting in the total salt quantity
in horticultural soil 2.1-13.4 times higher than that in
fields, and Ca2+ account for over 60% of the total cation, NO3- accounts for 56%-76% of the total anion,
Na+ and Cl- are not the main deposited salt ions any
more [6].
Literatures about single or interactive impacts
of NaCl and high temperature on various plant species have been investigated [7-9]. But reports on the
unique problem about Chinese greenhouse cultivation (threats of high temperature and Ca(NO3)2 accumulation) in Yangtze River delta region are few. It is
reported that Photosystem II (PSII) is considered to
be one of the most sensitive components of photosynthetic apparatus to high temperature and salt
stress [10]. The reaction center and the light harvesting complexes of PSII are initially disrupted by high
temperature [11].
Thus, to alleviate the problem faced by summer
greenhouse cultivation in Yangtze River delta, pep-

KEYWORDS:
Chlorophyll fluorescence, Ca (NO3)2, Plum rainy season,
Greenhouse, Pepper
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per (Capsicum annuum), in anthesis period was chosen to be exposed to different concentrations of CN.
To investigate effects of CN on pepper plants grown
in summer plum rainy season greenhouse, the Chl
fluorescence parameters were obtained and plant
growth parameters, including plant dry weight (DW)
distribution and early yield of flowering pepper were
measured as well.
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1500, 1200, 800, 600, 400, 300, 200, 120, 90, 70, 50,
25, and 0. Parameters of RLC were calculated according to the equations proposed by Platt et al. [14]:

ETRmpot u (1  e

ETR

D u PAR
ETRmpot

)ue

E u PAR
ETRmpot

(1)

where, D ȝPROP-1 s-1) was the initial slope of
RLC; it was associated with the quantum efficiency
RI SKRWRV\QWKHVLV ȕ ȝmol m-1 s-1) was the photoinhibition parameter.
Fruit numbers and the DW of plant root, stem,
leaf, and fruit were recorded at the end of experiment. Plants used for Chl fluorescence test were chosen to measure leaf length and width to calculate the
leaf area according to the following equation [15]:

MATERIALS AND METHODS
A pot experiment was conducted from June 10,
2015 to July 14, 2015 in a greenhouse located in the
College of Engineering in Nanjing Agricultural UniversiW\&KLQD ƍ1ƍ( 3HSSHU &DSVL
cum annuum, Holland 3166) was chosen as the experimental material. Temperature inside the greenhouse was monitored by Eco-Watch ecological environment monitoring system (Dynamax, USA). The
flowering peppers were grown in pots containing coconut shell (Galaku Pty, Ltd., Australia). Peppers
with similar growth trends were chosen for initial
salt treatment. Each treatment had six replicates. CN
was dissolved in Yamazaki pepper nutrient solution
[12] at concentrations of 0 (control), 50, 100, 150,
and 200 mM. CN concentrations greater than 50 mM
were imposed gradually on the plants, in increments
of 50 mM each day until the highest concentration
was reached. Thereafter, the plants were irrigated
twice each day at 08:00 h and 16:00 h, allowing the
saline solutions to drain freely from the pots.

n

s

¦ (0.47  0.625 u L u W )
i

i

(2)

i 1

where, s was the plant leaf area, (dm2 plant-1);
n was the leaf number; i was the ith leaf; Li was the
leaf length (dm); Wi was the leaf width (dm).
Statistical analysis. Analysis of variance
$129$  DQG 7XNH\¶V +RQHVW 6LJQLILFDQW 'LIIHU
ence method (HSD) were used for statistical comparison at P < 0.05 level with SPSS 19.0 version.

RESULTS AND DISCUSSION
The suitable growth temperature in daytime for
flowering peppers is 22-26 °C. But the daily average
temperature inside the greenhouse during the plum
rainy season ranged from 29.61 °C to 36.73 °C (Fig.
1), which was not suitable for the growth of peppers
apparently.

Determination of SPAD, DW, and Chl fluorescence. SPAD and leaf nitrogen content were
measured by SPAD-TYS-3N (Konika Minolta Co.,
Ltd., Japan). Three leaves of canopy were randomly
selected from each plant for the test; six replicates
were performed for each treatment. The Chl fluorescence parameters were detected every 7 d by MINIPAM II (WALZ, Germany), three healthy canopy
leaves of each plant were selected for the measurements and three replicates were performed for each
treatment. The minimum (Fo) and maximum Chl fluorescence (Fm) emissions were assessed in leaves
after 25 min of dark adaptation. Then leaves were
continuously illuminated with a blue actinic light to
PHDVXUH)VDQG)ƍP VWHDG\-state and maximum Chl
fluorescence in light-adapted leaves, respectively).
)ƍR PLQLPXP &KO IOXRUHVFHQFH LQ OLght-adapted
leaves) was estimated following the method of Baker
and Rosenqvist [13]. Fv/Fm (the maximum quantum
efficiency of PSII photochemistry), qL (the coefficient of photochemical quenching), ETR (electron
transport rate), and NPQ (non-photochemical
quenching of fluorescence) were calculated automatically by the programs of MINI - PAM II. The photosynthetically active radiation (PAR) gradient of
excitation light for Rapid Light Curves (RLC) was

FIGURE 1
Average daily temperature inside the greenhouse from 7:00 to 17:00 during the plum rainy
season.
Pepper DW distribution and yield. In table 1,
Plants treated with 200 mM CN had the lowest DW
distribution ratio in the stem, leaf, and fruit. The fruit
DW distribution ratio in the plants exposed to 50
mM CN was the highest (75% higher than the control), whereas no significant difference was observed
among other groups.

1750

Volume 27 ± No. 3/2018 pages 1749-1755

© by PSP

Fresenius Environmental Bulletin

TABLE 1
Effect of CN on the ratio of greenhouse plant DW distribution and root/shoot ratio during
plum rainy season.
DW distribution rate (%)
Stem
Leaf
Fruit
Root/Shoot
0
0.13 ± 0.01 cd
0.39 ± 0.01 a
0.28 ± 0.01 b
0.13 ± 0.01 cd
50
0.14 ± 0.01 bc
0.29 ± 0.01 b
0.49 ± 0.02 a
0.14 ± 0.01 cd
100
0.16 ± 0.00 ab
0.40 ± 0.01 a
0.28 ± 0.01 b
0.16 ± 0.00 ab
150
0.17 ± 0.01 a
0.40 ± 0.01 a
0.29 ± 0.01 b
0.17 ± 0.01 a
200
0.12 ± 0.01 d
0.35 ± 0.03 ab
0.26 ± 0.02 b
0.12 ± 0.01 d
Data are the means ± SE of six replicates and different letters indicate significant difference among treatments (P < 0.05).
CN (mM)

TABLE 2
Effect of CN on greenhouse plant early yield during plum rainy season.
Fruit DW
Leaf area
(g plant-1)
(dm2 plant-1)
0
51.94 ± 0.65 a
4.19 ± 0.04 a
19.09 ± 1.31 a
5.85 ± 0.34 b
50
49.84 ± 0.56 a
3.98 ± 0.05 a
19.45 ± 0.03 a
13.25 ± 1.23 a
100
41.09 ± 1.11 b
3.44 ± 0.08 b
17.85 ± 1.28 a
5.67 ± 0.27 bc
150
36.49 ± 1.08 c
3.11 ± 0.09 c
17.22 ± 0.83 a
5.51 ± 0.28 bc
200
33.45 ± 1.39 c
2.89 ± 0.10 c
8.24 ± 0.40 b
3.27 ± 0.33 c
Data are the means ± SE of six or three replicates and different letters indicate significant difference among
treatments (P < 0.05).
CN (mM)

SPAD value

N (mg g-1)

Fruit number
(plant-1)
15.5 ± 1.41 ab
17.5 ± 0.67 a
14.0 ± 0.52 b
13.5 ± 0.67 b
12.5 ± 0.62 b

reduced dramatically, decreasing by 10.98, 18.72,
and 24.34%, respectively, and Fo was significantly
increased by 3.77, 29.79, and 3.77%, respectively.

As shown in Table 2, no significant difference
in the leaf SPAD and nitrogen content was observed
between the control and the 50 mM CN treatment,
but they were significant higher than other treatments. The leaf SPAD, nitrogen content, and area in
pepper plants treated with 200 mM CN were the lowest. There was no significant difference in leaf number among treatments. In terms of yield, fruit DW
and fruit number of per plant in 50 mM CN treatment
were the highest, showing an increase of 55.85 %
and 12.90 % over the control, respectively.
Effect of Salt treatment on the dynamic response of chlorophyll fluorescence parameters in
plants grown in plum rainy season. Plants treated
ZLWK WKH VDPH &1 FRQFHQWUDWLRQ Į GHFUHDVHG ZLWK
the increase of treatment days (Fig. 2). The value of
ĮVKRZHGWKHVKDUSHVWGHFOLQLQJWUHQGLQWKHSODQWV
grown under 200 mM CN treatment; it dropped by
14.81, 13.04, 14.81, and 13.04% after 14, 21, 28, and
35 d treatment, respectively. For the plants grown
XQGHU P0&1 Į VKRZHG WKH VPDOOHVWGHFUHDVH
with 12.90, 18.25, 0, and 18.25% after 14, 21, 28,
and 35 d treatment, respectively. At the end of the
H[SHULPHQWWKHYDOXHRIĮIRUSODQWVJURZQXQGHU
mM CN treatment was the highest, whereas it was
the lowest for the 200 mM treatment, being 10.53
and 47.62% lower than that for the control and the
50 mM CN treated plants, respectively.
With the increase of CN concentration, Fm, Fo,
and Fv/Fm were stable until 21 d (Fig. 3A, B). However, after 21 d, Fm and Fv/Fm dramatically decreased with the increase of CN concentration and
Fo increased significantly (Fig. 3C, D, and E). During the whole experiment, Fv/Fm of plants treated
with 50 and 100 mM CN were stable. However,
Fv/Fm in the plants grown under 0, 150, and 200 mM

FIGURE 2
&KDQJHVRIWKHLQLWLDOVORSHĮZLWK&1FRQFHQ
WUDWLRQVDQGGD\V'DWDRIĮZHUHGHWHUPLQHG
from leaves of plants treated with 0, 50, 100, 150,
and 200 mM CN for 7, 14, 21, 28, and 35 d under
plum rainy season. Data represent means ± SE
of three replicates. Different minuscules denote
significant differences (P < 0.05) in the same day.
Different majuscules denote significant differences (P < 0.05) with the same CN concentration.
Under the same CN treatment, Y (II), qL, and
ETR initially increased and then decreased (Fig. 4A,
B, C). In contrast, there was an initial decline in
NPQ, but a significant increase occurred after 21 d
(Fig. 4D). On the same day, plants grown under 50
mM CN had the highest Y (II), qL, and ETR, and the
lowest NPQ and at the end of the experiment, values
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FIGURE 3
Changes of Fo, Fm, and Fv/Fm with CN concentration and days. Data of Fo, Fm, and Fv/Fm were acquired from leaves of plants treated with 0, 50, 100, 150, and 200 mM CN for 7, 14, 21, 28, and 35 d under
plum rainy season. Data represent means ± SE of three replicates. Different minuscules denote significant
differences (P < 0.05) in the same day. Different majuscules denote significant differences (P < 0.05) with
the same CN concentration.
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FIGURE 4
Changes of Y (II), ETR, qL, and NPQ with CN concentration and days. Data of Y (II), ETR, qL, and NPQ
were acquired from leaves of plants treated with 0, 50, 100, 150, and 200 mM CN for 7, 14, 21, 28, and 35
d under plum rainy season. Data represent means ± SE of three replicates. Different minuscules denote
significant differences (P < 0.05) in the same day. Different majuscules denote significant differences (P <
0.05) with the same CN concentration.
TABLE 3
Correlation between Chl fluorescence parameters and CN concentration after 35 d of salt
treatment during plum rainy season.
Y (II)
ETR
qL
NPQ
Fv/Fm
CN (mM)
0±50
0.777**
0.749**
0.856**
(0.384)
0.190
50±200
(0.625) **
(0.781) **
(0.713) **
0.483*
(0.884)**
* and ** indicate a significant correlation at 0.05 or 0.01 levels. Numbers in the parentheses are negative.
for Y (II), qL, ETR were 15.22, 12.36, and 15.22 %
higher and that for NPQ was 14.08 % lower than the
control, respectively.

factors affecting plant growth, and metabolism, limiting their photosynthesis and yield. In present study,
plants treated with 50 mM CN during plum rainy
season showed an greater leaf area and a higher dry
weight accumulation in the ground parts, especially
in the fruits (Table 1-2), than the control (only high
temperature caused by summer plum rainy season),
it was because that the NO3- in low CN treatment
promoted the formation of Chl and the Ca2+ improved the membrane stability of chloroplast under
high temperature, revealing the yield-protecting and
growth-promoting roles of CN [16]. However, the
plants treated with 150 mM and 200 mM CN under
plum rainy season showed inhibited nitrogen absorption of plant (Table 1), and damaged plant photosynthetic sites, declining plant yield.
,QLWLDOVORSHĮRI5/&UHIOHFWVWKHTXDQWXPHI
ficiency of photosynthesis [17], Y (II) directly estimates the efficiency of light used for electron

Correlation studies. In the hot environment of
greenhouse during plum rainy season, the Y (II),
ETR, and qL of plants were significantly positively
correlated with the CN concentration, when the concentration of CN ranged from 0 to 50 mM (Table 3).
However, when the concentration of CN ranged
from 50 to 200 mM, the Y (II), ETR, qL, and Fv/Fm
were significantly negatively correlated with the CN
concentration, and the NPQ was significant positively correlated with the CN concentration. Thus the
chlorophyll fluorescence parameters can be used to
estimate plant growth situation under different CN
concentration during plum rainy season.
Temperature and salt are major environmental
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transport by PS II. A major factor determining this
efficiency is the ability of the leaf to remove electrons from the quinone acceptors of PS II (qL) [18].
Moreover, qL also reflects the proportion of open reaction centers in the PS II. As a result, Y (II) and qL
determine the ETR, which eventually reveals the apparent photosynthetic rate of plant leaves. As shown
in Fig. 2, 3, and 4, plants grown under 50 mM CN
had the best photosynthesis performance, indicating
that under the high temperature conditions of plum
rainy season, irrigation with low CN concentration
was conducive to maintain the photosynthetic capacity and alleviate the decrease of plant photosynthesis
efficiency grown under high temperature [19]. Additionally, compared to the control (only high temperature caused by summer plum rainy season), the
Fv/Fm of plants grown under 50 mM CN treatment
had no obviously changes, illustrating that the plants
had better high temperature tolerance and the thermostability of photosynthetic apparatus of plants
was improved. PSII of the plants grown under high
temperature with 0, 150, 200 mM CN treatment was
damaged after 21 d, as the Fv/Fm significantly declined and the Fo apparently increased [20]. Although no significant differences were observed in
the yield among these treatments, they were significantly lower than that of 50 mM CN treatment.
Previous reports have shown that high salinity
stress (NaCl) can augment the thermal stability of
PSII of plants [21]. However, in present study, the
thermal stability of PSII was increased treated with
low CN concentration, and the interactive stress
posed by high CN concentration and high temperature resulted from summer plum rainy season increased the damage of reaction center proteins of
PSII, inhibiting the activity of Light-harvesting complex II (LHCII) and Rubsico of plants [22].
Some studies have shown that the PSII photochemical reaction center of plants grown under high
NaCl stress was mainly affected by the high temperature, and was independent of the salinity (Lu et al.,
2003), suggesting that the key factor to determine the
PSII thermal stability of plants was temperature, but
not salinity [23-25]. However, in present study, although the Fv/Fm, Y (II), and ETR decreased and
NPQ increased, obviously, of plants grown under the
control (only high temperature caused by summer
plum rainy season) after 21 d, the corresponding values of plants grown under high temperature and high
CN concentration (150 mM, 200 mM) were significantly different from that of the control, indicating
that the PSII thermal stability of pepper should be
related to the concentration of CN and the temperature as well.

Fresenius Environmental Bulletin

CONCLUSIONS
This study demonstrated that pepper plant
grown in greenhouse during summer plum rainy season in Chinese Yangtze river delta, low CN concentration was ideal for maintaining the yield and photosynthesis stability of pepper. The optimal CN concentration was determined to be 50 mM. Additionally, the leaf chlorophyll fluorescence parameters: Y
(II), ETR, qL, and Fv/Fm were significant correlated
with the CN concentration, and can be used to estimate plant growth situation under different CN concentration during plum rainy season. The study could
help in mitigating the yield losses in protected cultivation during summer plum rainy season in this region, and guide the irrigation of nutrient solution.
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APPLICATION OF BORON AT EARLY VEGETATIVE
STAGE IMPROVES THE QUALITY AS WELL AS
PRODUCTIVITY OF MAIZE (ZEA MAYS L.) IN
MEDITERRANEAN ENVIRONMENT
Omer Konuskan*
Department of Field Crops, Faculty of Agriculture, Mustafa Kemal University, Hatay, Turkey

and alkaline calcareous nature that limit the crop production [4]. However, there are many factors that
play a significant role to enhance the yield of maize.
Among them, balance fertilization is one of the main
factors to increase the productivity and quality. Researchers suggested that application of macronutrients in combination with micronutrients can achieve
the desired productivity and quality [5]. However,
agronomic management and environmental conditions also positively influenced the quality of maize
[6, 7, 8, 9, 10, 11, 12].
Micronutrient like boron has a significant impact on pollination [13], cell-wall synthesis, sugar
transport, and seed set in many crops [14]. However,
excessive application of boron is toxic for plant
growth [15]. It can be applied as a foliar application
as well as basal during land preparation. Boron deficiency is more widespread than that of the other micronutrients in crops [16]. Deficiency symptoms of
boron normally observed in vegetative and reproductive parts such as inhibition of growth of shoot and
root tips, flower development, reduced setting and
malformation of seeds. Boron affects several roles
like, cell wall structure, membrane stability [17]. It
improve the growth and enhances stress tolerance in
plants and improves grain production [18]. Boron is
closely associated with the growth of plants and
plays a vital role in cell division. Moreover, requirements of boron vary according to species, crops and
stages i.e. reproduction and vegetative. The requirement of boron to crops is affected by several environmental factors like temperature, light and soil water conditions [19]. However, soil that is found with
high pH levels in alkaline character regions negatively affected the uptake of micronutrients like B.
Therefore, the present study was undertaken to evaluate the quality response in maize by foliar application of B during early stage period under Mediterranean conditions, as well as, to find out the appropriate dose of boron according to growth stage of maize.

ABSTRACT
The filed experiments was conducted in consecutive two seasons (2015 and 2016) at Field Crops
Research Farm, Faculty of Agriculture, Mustafa Kemal University, Turkey to determine boron (B) response to the qualitative traits of maize under Mediterranean environmental condition. (ETIDOT-67
(Na2B8O13. 4H2O)) was used as a source of boron (B)
with maintain four levels of B (0, 400, 600 and 800
mg B m-2) at three early vegetative stage (V2, V4 and
V2+V4) of maize to determine the effect on quality
of corn grain. The quality characteristics of maize
was significantly affected by different levels of B.
Foliar application of B at growth stages of V2+V4
have been shown to be more effective for efficient B
use efficiency of maize and thus improved the protein, oil and minerals. If, application of B increased
the major quality traits, but decreased Cu content. At
the V4 growth stage, B application was positive for
all quality parameters, except minerals of B, S and
Cu. The maximum value was recorded from application of 800 mg B m-2 at V2+V4 growth stage. Therefore, application of 800 mg B m-2 as foliar spray at
early vegetative stage could be considered to achieve
the good quality of maize.

KEYWORDS:
Boron, maize, foliar spray, micronutrient, oil, protein

INTRODUCTION
Maize (Zea mays L.) is a member of family
Gramineae and is considered one of the main cereal
crops in the world [1], due to its good nutritional
value for humans, poultry and livestock [2]. Maize
forage yield and quality is more influenced by environmental, cultural and genetic factors. The production of maize grain in Turkey is portioned 35% for
human consumption and 65% using as animal feed
[3].
Crops grown in arid or semi-arid regions are
mostly exposed to low soil fertility and exhibit multiple nutrient deficiencies due to low organic matter

MATERIALS AND METHODS
Location. The filed experiments was conducted in consecutive two seasons (2015 and 2016)
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and levels of boron viz., 0, 400, 600 and 800 mg B
m-2 were arranged in sub-plots. Disodium octaborate
tetrahydrate (ETIDOT-67 (Na2B8O13.4H2O)) was
used as a source of boron (B) with maintaing four
levels of B (0, 400, 600 and 800 mg B m-2) at three
early vegetative stage (V2, V4 and V2+V4) of maize
(Table 2). (ETIDOT-67 (Na2B8O13.4H2O)) was collected from Eti Mine Works General Directorate,
Ankara, Turkey.

at Field Crops Research Farm, Faculty of Agriculture, Mustafa Kemal University, Hatay, Turkey to
determine boron (B) response to the qualitative traits
of maize under Mediterranean environmental condition.
Soil sampling and analysis. Before sowing
corn seeds, 20 subsamples samples of soils were
taken from 0-30 and 30-60 cm depth of soil. Cation
exchange capacity (CEC) was described according
to Chapman [20]. The determination of N was according to Bremner [21], while plant-available P was
determined by Olsen [22]. Electrical conductivity
(EC) and Soil pH were measured according to Richards [23]. Soil organic matter was measures according to Schlichting and Blume [24]. Ammonium acetate buffered at pH 7.0 was used to measure exchangeable cations [25]. Available Fe, Mn, Zn, and
Cu in the soils were determined by according to
Lindsay and Norvell [26]. B content was measured
according to Wolf [27] and these soil properties are
shown in Table 1.

Sowing time, plot size, variety and fertilization. The seed was sown on April 10, 2015 and April
5, 2016 maintain 5 m long 4 rows with 70 cm row
distance. High yielding hybrid maize (82May70)
was used as experimental material. Fertilizers were
applied as Basel during sowing (80 kg N, P2O5 and
K2O ha-1 (15-15-15). At V6 stage of maize 184 kg
urea ha-1 was applied as top dress.
The Sampling and determination of grain
quality traits. Quality traits such as protein, oil,
Phosphorus (P), Potassium (K), Boron (B), Zinc
(Zn), Copper (Cu), Iron (Fe), Manganese (Mn), Calcium (Ca), Magnesium (Mg), Sulphur (S) and Aluminum (Al) were evaluated for each plot according
to AACC [28].

Experimental design and treatments. The experiment was conducted in split-plots design with
three replications. Boron application stage of maize
viz., V2, V4 and V2+V4 were arranged in main plots

TABLE 1
Chemical characters of experimental soil before seedling
Soil Properties
pH
Total salt
Organic Matter
CaCO3
Cation exchangeable capacity
Exchangeable Na
Exchangeable K
Clay
Silt
Sand
Available P2O5
Available Fe
Available Zn
Available Mn
Available Cu
Available B

Units
pH
%
%
%
cmol kg-1
cmol kg-1
cmol kg-1
%
%
%
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1
mg kg-1

2015
7.75
0.042
1.06
28.82
19.37
0.33
0.62
27.22
28.77
44.01
0.78
3.04
0.27
3.77
2.44
0.53

2016
7.70
0.039
1.04
28.79
19.35
0.31
0.60
27.20
28.80
44.00
0.80
5.08
0.71
13.60
2.92
0.67

a

ND: Not done.
Sodium acetate at pH 8.2 according to Chapman [20].
c
Sodium bicarbonate according to Olsen et al. [22].
d
Ammonium acetate at pH 7.0 according to Knudsen et al., [25].
e
DTPA extraction according to Lindsay and Norwell [26].
f
Azomethine - H extraction according to Wolf [27].
b

TABLE 2
Meteorological data of Boron application time, sowing, tasseling and harvest date of maize
Sowing Date
10/04/2015
08/04/2016

Meteorological data of Boron application time
Boron Application
Local
TemperaHumidity
Wind Speed
Date
Time
ture (°C)
(%)
(M/SN)
16/05
07:00
22.2
75
8 (SW)
26/05
07:00
21
65
0
28/04
07:00
19.7
69
4.8(SW)
10/05
08:00
19
79
0
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Tasseling
Date
16/06/2015

Harvest Date
18/08/2015

08/06/2016

10/08/2016
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grain yield (Table 3). Our present research findings
also similar with earlier studies, who indicated that
B is closely associated with the growth of plants and
plays a vital role in cell division, reproduction, vegetative growth etc. and its requirements may vary according to crops and growth stages [30]. It is also
plays an important role in the basic plant functions
like photosynthesis, protein and chlorophyll synthesis [31] and also involved for the synthesis of proteins and carbohydrates [32], which ultimately lead
to increase the final grain weight. The application of
boron produced significantly the most optimization
yield of Mung bean [33, 34].
Analysis of variance indicated that various
quality properties of maize influenced significantly
due to foliar application of boron in different growth
stages of maize and also have year specific variation
(Table 3 and 4). It was emphasized in many researches that B had positive effects on grain quality
[35, 36]. The present findings related to application
of B in early stages of maize in relation with quality
properties of maize are described as follows:

Data analysis. Data collected during this study
were statistically analyzed using MSTAT statistical
package of Michigan State University, USA and
analysis of variance was done according to Rodriguez et al. [29]. Significant means were separated by
the Least Significant Difference (LSD) at the 0.05
VLJQLILFDQFHOHYHO 3 

RESULTS AND DISCUSSION
Foliar application of different levels of boron
at early growth stages of maize effect on grain
yield, protein, oil, P, K, B and Zn contain of maize
grain. Grain yield (g m-2). In our present research,
foliar application of different levels of B in early
vegetative stages of maize influenced grain yield significantly in both years. However, the maximum
grain yield was recorded, when 800 mg B m-2 was
applied at V2+V4 stage of maize in first year, while
in second year application of B in different early
stages of was did not influenced significantly for

TABLE 3
Foliar application of different levels of boron at early growth stages of maize effect on grain yield, protein,
oil, P, K, B and Zn contain of maize grain
Treatments

Grain (g m-2)
2015
2016

Protein (g m-2)
2015
2016

V2
V4
V2+V4
LSD0.05

1216b
1183c
1253a
21.10

1098
1133
1128
ns

93b
94b
100a
2.90

91.8
93.1
93.1
ns

0
400
600
800
LSD0.05

1245b
1175c
1156c
1293a
22.90

1038b
1161a
1078b
1202a
62.00

97ab
91bc
90c
103a
6.25

85.3c
96.6a
89.8b
99.0a
4.29

Oil (g m-2)
P (g m-2)
2015
2016
2015
2016
Boron application stage of maize
32.8
25.8
2.7a
3.1
30.7
26.5
2.4b
3.0
32.3
26.9
2.7a
2.0
ns
ns
0.23
ns
Foliar application of boron (mg m-2)
32.4
22.5c
2.6b
2.6b
31.2
29.1a
2.4b
3.3a
30.7
26.1b
2.6b
2.8b
33.5
27.9ab
2.9a
3.3a
ns
2.89
0.25
0.30

K (g m-2)
2015
2016

B (g m-2)
2015
2016

Zn (g m-2)
2015
2016

4.2
3.8
4.0
ns

3.9
3.8
3.9
ns

3.8
3.6
3.8
ns

2.9
2.9
2.8
ns

122
114
121
ns

131
129
126
ns

3.8b
3.8b
4.1ab
4.3ab
0.36

3.3c
4.2a
3.7b
4.3a
0.34

3.8ab
3.5b
3.6b
4.0a
0.27

2.4c
3.2a
2.9b
3.2a
0.19

116b
111b
116b
132a
10.47

113b
140a
121b
142a
10.76

Figures within a column, for a factor, followed by the same letter(s) are not significantly different at 5% level by LSD; ns, indicates not
significant.

TABLE 4
Foliar application of different levels of boron at early growth stages of maize effect on Cu, Fe, Mn, Ca,
Mg, S and Al contain in maize grain
Treatments

Cu (g m-2)
2015 2016

Fe (g m-2)
2015
2016

V2
V4
V2+V4
LSD0.05

2.9
2.8
2.8
ns

2.0
2.1
2.0
ns

17.4
16.8
17.4
ns

23.3
25.1
23.1
ns

0
400
600
800
LSD0.05

3.7a
2.5b
2.4b
2.7b
0.38

1.9
2.2
2.0
2.1
ns

16.6bc
15.4c
17.7ab
19.1a
1.63

20.6b
25.5a
21.3b
27.8a
3.11

Mn (g m-2)
Ca (g m-2)
Mg (g m-2)
2015 2016
2015
2016 2015 2016
Boron application stage of maize
7.5
7.6
42.0
58.0
1.2
1.3
7.0
7.6
40.2
58.3
1.4
1.3
7.5
7.1
40.0
54.1
1.2
1.3
ns
ns
ns
ns
ns
ns
Foliar application of boron (mg m-2)
7.1b
6.9c
39.8ab 49.6b 1.2b
1.1b
6.9b
7.9a
37.7b
65.0a 1.1b
1.4a
7.2b 7.0bc
42.8a
52.0b 1.2b
1.2b
8.2a 7.9ab
42.5a
60.6a 1.3a
1.4a
3.06
0.85
3.65
4.41
0.10
0.11

S (g m-2)
2015 2016

Al (g m-2)
2015 2016

1.2b
1.2b
1.3a
0.04

1.1
1.2
1.2
ns

2.9b
2.8c
3.3a
0.08

4.2
4.2
3.5
ns

1.3b
1.2c
1.2c
1.4a
0.06

1.0c
1.2a
1.1b
1.2a
0.07

3.3
3.0
2.7
3.2
ns

3.8
4.3
3.8
4.1
ns

Figures within a column, for a factor, followed by the same letter(s) are not significantly different at 5% level by LSD; ns, indicates not
significant.

1758

© by PSP

Volume 27 ± No. 3/2018 pages 1756-1763

Protein (g m-2). In the present research, foliar
application of B in maize exhibited significant variation on protein (g m-2) content of maize (Table 3).
The maximum protein (103 and 99.01 g m-2) was recorded in maximum B applied treatment (800 mg B
m-2) at V2+V4 stage of maize in both the years, followed by application of 600 mg B m-2 at V2+V4
stage of maize. While, the lowest was recorded in
control treatment (without B). It is due to application
of B in V2+V4 stage of maize increased the amount
of protein in maize grain. The assumption is also
similar with the previous study reported by Sathya et
al. [37], who noticed that protein (%) in groundnut
was positively influence by application of B. Maximization protein in pods of groundnut was recorded
due to application of B, reported by other researchers
[38]. Boron fertilization improves the photosynthetic
activity, enhances activity of enzymes and also plays
a significant role in protein and nucleic acid metabolism [39]. Boron has been found to play a key role in
nitrogen metabolism and assimilation [40]. Nitrogen
is a primary constituent of protein as well as all enzymes [41], and in this way boron application
showed remarkable influence on protein and oil contents in grains. Previous investigators reported that B
and seed composition have a positive relationship
with the rate of B and protein content [42]. Application of B resulted in higher seed protein of soybean
[43]. Foliar application of B can alter seed composition by increasing protein [44].

Fresenius Environmental Bulletin

Phosphorus (P) (g m-2). Significant variation
of P content in maize was observed among the boron
treatments in both years. The maximum P content in
maize grain was observed when by 800 mg B m-2
was applied at early vegetative stage V2 and V2+V4
stages of maize. While, the lowest level of P content
was obtained with the application of 400 mg m-2 of
boron in first year and without B treatment in second
year. The increment of P might be due to the supply
of sufficient B at early vegetative stage (V2+V4)
(Table 3). Researchers determined that B concentration of maize plant decreased with the increasing P
application. Also, B toxicity decreased with the high
level of N applications [47]. The positive effects in P
content in the grain due to application of B [48].
Potassium (K) (g m-2). The application of different levels of B showed significant variation on K
content in maize and K was increased with the increasing B levels. The maximum K was observed
with application of 800 mg B m-2 in both season,
while the lowest was found in without B treatment.
This significant of impact of boron on K is an indicator for a good quality (Table 3). However, there
were no significant difference was found when application was done in different early growth stages of
maize. Earlier results indicated that B application increases the potassium rate [49]. However, it is depends on species specificity of boron application, for
example, potassium concentrations of tomato and
cucumber plants did not change with increasing B
applications [50].

Oil (g m-2). The oil (g m-2) content of maize
significantly varied due to different levels of boron
application. It was observed that no significant difference was found between foliar application of B
and oil content of maize in first year. But, numerically the higher oil (33.49 g m-2) content of maize
was recorded by application of 800 mg B m-2 and the
minimum oil (30.69 g m-2) content was in 400 mg B
m-2 applied plots. Similarly, in second year, the maximum oil (27.94 g m-2) was achieved by 800 mg B
m-2 applied treatments, which was statistically similar with 400 mg B m-2 and the lowest oil (22.53 gm2
) was found in without B treatment (Table 3). Boron
was strongly and positively correlated with oil content and plays a key role in the synthesis of sugar
content [45]. Oil contents mainly contribute towards
the yield of the plants and are affected by application
of different micronutrients including boron. It is also
play a key role in nitrogen metabolism and assimilation [40]. Nitrogen is a primary constituent of protein
as well as all enzymes [46], and therefore, boron application showed marked influence on protein and oil
contents of grains. Boron is a micronutrient that is
necessary for plant only but recent research work
conducted by various research had produced that boron is essential for animals especially human beings
because of its key role in synthesis of estrogen, vitamin D and other steroid hormones [30].

Boron (B) (g m-2). Significant variation of B
content (gm-2) in maize was observed with application of different levels of B in early growth stages of
maize. In the present study, boron concentration in
maize plants was positively improved with the increase of boron rate in both seasons (Table 3). The
maximum boron was recorded in the plants, which
received the highest level of boron 800 mg B m-2 in
both seasons, while the lowest value of boron was
produced in control treatment. These findings are in
line with earlier study, reported by [51, 52, 53].
Zinc (Zn) (g m-2). Zinc (g m-2) increased significantly with increasing boron levels. Zinc varied
positively with different boron rates (Table 3). Data
indicated that zinc content increased gradually with
the increase in rate boron but no significance difference was found when applied at early growth stages
of maize. The highest zinc (132 and 142 g m-2) recorded in both seasons, while the lowest concentration of zinc (116 and 112.67 g m-2) was observed at
in control treatment in both seasons. Zinc concentration of maize increased statistically significantly
with B fertilization [54]. Synergistic impacts at normal rates, while, it diminishes the higher rate of zinc
[53, 55]. The antagonistic influence of boron on zinc
was recorded at higher rate [53]. The impact of Zn
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the maximum of Ca (g m-2) in both seasons. The
maximum Ca was recorded with application of 800
mg B m-2 treatment, followed by 600 and 400 mg B
m-2 applied treatments. The lowest value was obtained at without B (control) in second season. Boron
application increased the Ca content in plants also
supported by earlier study [14, 29].

and B application on Zn and B concentrations in
plants and revealed inverse association between Zn
and plants B application [56].
Foliar application of different levels of boron
at early growth stages of maize effect on Cu, Fe,
Mn, Ca, Mg, S and Al contain in maize grain.
Copper (Cu) (g m-2). Application of B in different
growth stages significantly increased the Cu concentration in maize (Table 4). The maximum Cu was
counted at control (3.73 gm-2; without B plot), however no significance different was found between
different levels of B applied treatments, indicated
that there is a negative relation between application
of B and Cu update in maize. The assumption of our
results is similar with previous studies [57], [55],
who revealed that at higher doses of B diminished
the concentration of copper in plant. Other researcher also noticed that Cu concentration uptake in
plant was also affected by B applications, decreased
with increasing B [54].

Magnesium (Mg) (g m-2). Similar to Ca, Mg
was significantly influenced by the split application
of B, while application at different growth stages did
not influence significantly (Table 4). The highest Mg
was found at 800 mg B m-2 (1.32 and 1.42 g m-2)
applied treatment, while, the lowest value was found
at control in both seasons. Boron application in
plants increased Mg concentration also reported by
earlier study [14]. Other researcher also found an increase in plant tissue Mg with the application of B
([61]. Application of boron induced the changes the
composition of chemical nutrients reported by [49].
Sulphur (S) (g m-2). Similar to Ca and Mg, S
concentration in maize plant was significantly increased by the splits application of B in both seasons,
while application at early stages influenced significantly, but in second year B application did not affect
S concentration when applied at early stages (Table
4). It was also found that S improvement in maize
was recorded with increasing the application of B
rates. The highest S (1.34 and 1.21 g m-2) was found
to be at 800 mg B m-2 treatment in both seasons and
the lowest value was obtained at control treatment at
early vegetative stage (V2+V4) (Table 4). An increase in tissue S was also reported by the application of B was also reported by [61]. Boron implementation changes in mineral nutrients composition
[55].

Iron (Fe) (g m-2). Boron application positively
influenced the Fe uptake in various growth stages of
maize. However, there were no significance difference was found between application of B in different
growth stages of maize (Table 4). But, different levels of B influenced significantly on Fe content in
maize. In both the seasons, the maximum Fe (19.11
and 27.84 g m-2) were recorded with 800 mg B m-2
applied treatment, while the minimum in control
treatment. Earlier researchers noticed that, Fe levels
in plant increased up to a certain levels application
of boron and thereafter decreased [58, 57]. Iron concentration in maize plant increased with application
of B up to a certain also reported by [56].
Manganese (Mn) (g m-2). The results of the
present study, significant variations of Mn concentration in plants was observed by application of different levels of B in maize (Table 4). However, in
first year the concentration of Mn in maize increased
with increasing rate of B application, while the lowest value was obtained from control plot. It was
found, B application caused an increase in Ca, Mg
and Mn content in leaves and shoot in plant [41]. On
the other hand, these findings were in contrast with
the previous results of [59], who recorded antagonistic influence of boron application on manganese content in the plants. Nutrients application as spraying
are more significant, where micronutrients adding to
soil are ineffective because elements such as Zn, Mn,
and Cu are fixed in forms that are not available to
certain crops [60].

Aluminium (Al) (g m-2). Split application of B
had a non-significant effect on Al concentration in
plants both in both seasons. However, application of
B at early stages influenced significantly in first season, while in second season it did not influenced significantly in Al concentration in plant (Table 3).
Considering on B application at early growth stages,
the highest Al was obtained from at V2+V4 growth
stage and V2 and V4 stage of maize in second season
(Table 4). Contrary, PDMRU ÕQYHVWÕJDWÕRQV UHFRUGHG
that the application of boron could influence the performance of other micronutrients in plants, while the
specific function of boron on the performance of
other micronutrients is not well defined [62].

Calcium (Ca) (g m-2). Calcium concentration
in maize plant was also significantly affected by different levels of B, while application at different
growth stages did not influence significantly (Table
4). Application of B with four equal splits produced
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[9] Majid, M.A., Saiful Islam, M., EL Sabagh, A.,
Hasan, M.K., Saddam, M.O., Barutcular, C.,
Ratnasekera, D., Abdelaal, Kh.A.A.,Islam, M.S.
(2017a) Influence of varying nitrogen levels on
growth, yield and nitrogen use efficiency of hybrid maize (Zea mays L.). J. Exp. Biol. Agricl.
Sci. 5(2), 134-142.
[10] Majid, M.A., Saiful Islam, M., EL Sabagh, A.,
Hasan, M.K., Barutcular, C., Ratnasekera, D.
and Islam, M.S. (2017b) Evaluation of growth
and yield traits in corn under irrigation regimes
in sub-tropical climate. J. Exp. Bio. Agri. Sci.
5(2), 143-150.
[11] EL Sabagh, A., Barutçular, C. and Islam, M.S.
(2017) Relationships between stomatal conductance and yield under deficit irrigation in maize
(Zea mays L.). Journal of Experimental Biology
and Agricultural Sciences. 5,15-21.
[12] EL Sabagh, A., Barutçular, C. and Saneoka, H.
(2015) Assessment of drought tolerance maize
hybrids at grain growth stage in Mediterranean
area. International Journal of Biological, Biomolecular, Agricultural, Food and Biotechnological Engineering. 9, 962-965.
[13] Marschner, H. (1995) Mineral nutrition in
plants. San Diego, CA (USA), Academic.
2nded.
[14] Günes, A.$WDR÷OX N., Esringü, A., Uzun, O.,
Ata, S., Turan, M. (2011) Yield and chemical
composition of corn (Zea mays L.) as affected
by boron management. 1(1), 42-53.
[15] Dell, B., Huang, L. (1997) Physiological response of plants to low boron. Plant and Soil.
193, 103-120.
[16] Gupta, U.C., Jame, Y.W., Campbell, C.A.,
Leyshon, A.J. and Nicholaichuk, W. (1985) Boron toxicity and deficiency: a review. Canadian
Journal of Soil Science. 65, 381-409.
[17] Brown, P.H., Bellaloui, N., Wimmer, M.A.,
Bassil, E.S., Ruiz, J., Hu, H., Pfeffer, H., Dannel, D. and Romheld, V. (2002) Boron in plant
biology. Plant Biol. 4, 205±223.
[18] Hussain, M., Khan, M.A., Khan, M.B., Farooq,
M. and Farooq, S. (2012) Boron application improves the growth, yield and net economic return of rice. Rice Sci. 19, 259-262.
[19] Shorrocks, V.M. (1997) The occurrence and
correction of boron deficiency. Plant and Soil.
193, 121-148.
[20] Chapman, H.D. (1965) Cation exchange capacity. In: C.A. Black et al. (eds.) Methods of Soil
Analysis. ASA, Inc. Agronomy. 9, 891-901.
[21] Bremner, J. M. (1996) Chapter 37 ±Nitrogen ±
Total: In Methods of Soil Analysis. Part 3.
Chemical Methods. SSSA Book Series no. 5.
[22] Olsen, S.R. (1954) Estimation of available phosphorus in soils by extraction with sodium bicarbonate. United States Department of Agriculture
Circ. 939. Washington.

CONCLUSION
From the results and discussion of the present
findings, it can be concluded that splits application
of boron had pronounced effect on quality of maize.
Further, the quality gradually increased with increasing boron levels from 0 to 800 mg B m-2. With little
exception, maximum quality parameters like protein,
oil, P, K, B, Zn, Cu, Fe, Mn, Ca, Mg, S and Fe were
found with application of 800 mg m-2 boron at early
growth stages (V2+V4) of maize. Finally, it might be
summarized that foliar application of boron at the
rate of 800 mg m-2 spray at early, mid stages could
be appropriate to achieve better quality properties of
maize as well as yield of maize.
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tromagnetic wave spectrum, mobile phones in the
group of radio waves are devices that send and
receive low-power radio frequency (RF) signals.
Currently used mobile phones operate in the frequency range of 800-1900 MHz. Mobile phones
that operate at low power according to emergency
communication devices operate with high power
compared to cordless phones. The amount of radiation from a mobile phone depends on the strength
of the signal transmitted by the mobile phone, and
the effect is reduced as the distance to the mobile
phone increases. [3, 4, 5]. In researches, it is stated
that RF waves have negative effects on chromosomes and DNA [6, 7, 8]. The effects of RF waves
on DNA suggest that mobile phones may have
carcinogenic and teratogenic effects [9]. Recently,
Zothansiama et al. in their study; when comparing
DNA damage and antioxidant levels in blood lymphocytes among the groups, they found statistically
significant results confirming the negative effects of
RF [10].
In everyday, people are exposed to radiofrequency (RF) electromagnetic fields (EMFs). During
the pregnancy, exposure to RF is been wondered
about the side effects that may occur in the newborn. Erkut et al. have explained that bone and
muscle tissue development was negatively affected
due to prenatal exposure to 1800 MHz radiofrequency electromagnetic field [11]. When was investigated the effects on rat pup heart tissue of prenatal
exposure to a 900 megahertz (MHz) EMF, histological examination revealed irregularities in heart
muscle fibers and changes. In addition to, in electron microscopy was viewed crista loss and swelling in the mitochondria, degeneration in myofibrils
and structural impairments in Z bands [12]. Furthermore, in different studies results show that a
900-MHz EMF applied in the prenatal period
caused oxidative stress and pathological alterations
in the liver [13], in kidney tissue [14]. In our study,
the effects of 900 MHz EMF exposure in the prenatal process on the skin of rat pups were also investigated. To the best of our knowledge, a study in
which the effect of EMF on skin is morphologically
assessed at the level of fine structure is rare. In this
study, p63 was used to investigate skin of rat pups
exposed to EMF in the prenatal period. Because

ABSTRACT
Radiofrequency (RF) waves emitted by mobile
phones constitute harmful effects in cellular and
molecular level. In this study, it is aimed to evaluate
the effects of radio frequency of cell phone on the
fetus skins of the rats during pregnancy. In this
study 24 female Wistar albino rats were used. The
rats were randomly divided into three groups: control, Faraday ±; F (-) and Faraday +; F(+). The rats
in the control group were not exposed to the mobile
phone RF. The rats in F- group were exposed to the
RF in special air conditioned boxes, whereas F+
group was exposed to RF in an aluminium isolated
Faraday Cage. The effect of electromagnetic radiation on the prenatal development of skin was evaluated by immunohistochemical staining with p63
and as ultrastructral by Transmission Electron Microscopy (TEM). In F(+) and F(-) and control
groups, differences in terms of p63 immunoreactivity was observed. Exclusively, in F(+) group, similar
results were obtained to the control group in terms
of p63 immunoreactivity. However, significant
epidermis staining was observed in F (-) group with
p63. According to the results of multiple comparison groups observed that significant a difference
between two groups (p: 0,0001). In our study it has
been interpreted that strong staining status for p63
immunoreactivity in the F(-) group, on the development of rat skin of mobile phone can cause significantly effects that is an indication and it was
thought that advanced researches must be done on
this subject.
KEYWORDS:
Electromagnetic field, Fetal skin, p63, Teratogenic effect,
Radiofrequency.

INTRODUCTION
The radiofrequency (RF) generated by mobile
phones causes many harmful effects on the cellular
and molecular levels [1]. Both cell phones and base
stations set up for communication form highfrequency electromagnetic waves that are shown to
be harmful to certain tissues [2]. Within the elec-
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solution for electron microscopy.

several reports have explained the p63 role in epidermal development and in skin homeostasis [15].
The p53 homologue p63 produces six different
isoforms that recent studies have shown that are
important in keratinocyte proliferation and differentiation in the epidermis and squamous cell carcinoma [16, 17]. Absence of p63, epidermal differentiation leads to defect [18, 19]. Furthermore, p63 has
also been identified as a mediator in several other
processes, such as carcinogenesis [20].
Immunohistochemical analysis has showed the
presence of p63; in the skin, in the basal cell layer
of the squamous epithelium, and squamous mucosal
surfaces, in the transitional epithelium of the bladder and in the myoepithelial cells of the breast and
prostate. [21]. Reis-Filho JS et al. reported that in
fibroadenoma specimens, identified p63 as a novel
immunohistochemical marker of the myoepithelial /
basal cell nucleusand that expressed by basalsomatic stem cells of the stratified epithelium [22,
23]. In this study, we have investigated that exposure to radiofrequency in the gestational period may
cause changes in the epidermis of newborn rats and
that this condition may later affect cellular differentiation and neoplasia.

Light microscopic examination. Skin tissues
fixed in 10% buffered formalin, and then processed
in paraffin block using standard processing protocols. Sections (4-5 μm) were serially cut from a
paraffin block, stained with p63 immunohistochemical procedures were performed.
Immunohistochemical (IHC) staining was performed on 4-5 μm-thick sections, after deparaffinization in xylene and rehydration through graded
alcohols. Sections were kept in a microwave oven
(600 watt) for 25 minutes at 95° C for the removal
of the antigen mask. 3% hydrogen peroxide in
0.01M PBS, 3x5 minutes in room temperature for
10 minutes, followed by 10% normal serum blocking solution for endogenous peroxide blockade
applied. 1-2 drops of the primer antibody p63
(Abcam, cat. no: ab63881 at 1 μg/ml) prepared in
the appropriate dilution on the sections were
dropped. Incubation was allowed in humidified
boxes closed for 1 hour at room temperature + 1224 hours at 4° C. At the end of incubation period, it
was washed with buffer for 3x5-10 minutes. On the
sections, 1-2 drops of the secondary antibody prepared in the diluent were dropped. In an enclosed
humid box, allow to incubate for 30-60 minutes at
room temperature. At the end of the incubation,
wash with buffer for 3X5-10 minutes. The reaction
was terminated by washing with PBS. Nuclear
staining with Mayer hematoxylin or Harris hematoxylin was performed.
The sections were examined on an Olympus
BX50 microscope. Immunohistochemically stained
preparations prepared from each of the 8 rats in
each group were examined by light microscopic
evaluation and recorded with X40 magnification
and 10 different areas in each preparation, with
immunoreactive cells scored. For each marker,
immunreactivity determined using a semiquantitative method in which the extent and intensity of
staining was assesed. Percent of immunoreactive
cells were obtained by counting 400-500 cells. If
there is no immunoreactive cell, the score is 0, 10%
positive cell; score 1, 10-50% score 2, 51-80%
score 3, 80% and score over 4. The immunoreactivity intensity was semi-quantitatively assessed by
the same histologist in 0.5 (Very weak), 1 (Weak),
2 (Moderate), 3 (Strong) groups. Immunohistochemical Score (IHS); [24]. as a result of multiplying immunoreactivity cell number score and immunoreactivity intensity values according to the literature. Similarly with the criteria reported by Berghmans et al. the immunoreactivities were semiquantitatively assessed by the percentage of stained
cells [25].

MATERIALS AND METHODS
The randomised controlled study was conducted at Gaziantep University, School of Medicine, Experimental Animals Research Laboratory
Gaziantep, Turkey. After approval from the Animal
Experiments Ethics Committee of university, twenty four female Wistar albino rats were included. In
this study, 14-16 weeks rats were used which were
identified with the vaginal smears they were pregnant. The average weight of the rats was 200-250 g
and the animals were kept in groups access to food
and tap water ad libitum. The rats were divided into
three groups as control, Faraday ±; F (-) and Faraday +; F(+). Control group; unstressed and not to be
exposed to EMF during the experimental period for
21 days. This group was not domiciled in the special boxes and Faraday cages. Special ventilated
boxes were made for each animal of the 2nd group.
This group (F-); EMF (900 MHz) received in the
special ventilated boxes for 21 days (from 10:00±
11:00 h) during the gestation period. Faraday +
group was placed to Faraday cage which covered
with aluminium. This group rats were exposed to
the mobile phone RF in speech mode for 60
minutes in the Faraday cage during the gestation
period (from 10:00±11:00 h).
After these applications, newborn rats with
eight female rats in each group were decapitated
and samples were taken from their back skin. Some
of the skin specimens were placed in a 10% buffered formalin solution for immunohistochemistry
and some were placed in a 2.5% glutaraldehyde

Electron microscopic examination. Skin
samples taken for electron microscopic examination
were detected with 2.5% glutaraldehyde in buffer
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Statistical analysis. All statistical analyses
were performed using the Statistical Package for the
Social Sciences, version 11.5 for Windows (SPSS
Inc., Chicago, IL). Kolmogorov-Smirnov test was
used for normal distribution suitability, and One
Way Anova test was used for group comparisons.
For multiple tests Tukey tests were used, as well as
descriptive statistics. In light microscopic examination, the skin epidermis thicknesses were measured
from 10 different areas in each of the sections in all
groups, and the averages were taken. Statistical
analysis of the epidermis thicknesses of the groups
was done by Brown-Forsythe method.

for primary fixation and then were washed in buffer. Secondary fixation (1% osmium tetroxide in
buffer) dehydration (30-100% ethanol), infiltration
with transitional solvents (propylene oxide), infiltration with resin and then embedded in araldite
through electron microscopic tissue tracking procedure. Resin blocks were sectioned with ultramicrotome (Leica Ultracut) at an average thickness of 6070 nm and placed on copper grids. After contrasting
the sections with lead-uracil, photographs were
taken with a Jeol 1011 transmission electron microscope.

FIGURE 1
Control group is rat skin tissue. Evaluation of immunoreactivity with P63. epidermis and dermis.
Arrow; epidermis, D; dermis, Arrowhead; St.Basale cells.X20, X40.

FIGURE 2
Evaluation of immunoreactivity with P63 of skin tissue of F negative rat group. Arrow; epidermis,
D; dermis, Arrowhead; Commonly seen immunoreactive cells in the Stratum Basale. X20, X40.

FIGURE 3
Immunoreactivity assessment of skin tissue of positive rat group with P63. Arrow; epidermis,
D; dermis, Arrowhead; Immune reactive cells occasionally observed in the St. Basale. X20, X40.
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(+) group. Staining in the control group was not
apparent. As a result of the calculation of immunoreactive cells, the number of immunoreactive cells
of F (-) group in numerical terms was found statistically significant.

RESULTS AND DISCUSSIONS
Light microscopic evaluation. In light microscopic examination, the skin tissues of the neonatal
rats in the control group were evaluated in normal
histological structure. When the skin epidermis
layer is examined from the base to the surface,
stratum basalis layer was observed in the form of a
single row cell array On top of the stratum basale
layer, a 6-7 cell layered stratum spinosum layer was
observed, characterizing with the polygonal, densely packed cytoplasmic extensions. 1-3 layers of
stratum granulosum were observed in this layer,
including nuclei and keratohyalin granules in their
cytoplasm (Figure 1a, b). At the surface, the stratum
corneum layer contained keratin lamellae, which
were seen in similar structures in all groups. F (-)
ȝP )   ȝP DQGFRQWURO 
ȝP  ZHUH PHDVXUHG DV WKLQQHU WR WKLFNHU VNLQ HSidermal thicknesses of the groups (Figure 5). In the
dermis layer, hair follicles and sebaceous glands
were found in places. Dermis layers of all groups
were similar and evaluated in normal histological
structure. (Figure 2 a, b and 3 a, b). In the evaluation of immunoreactivity with P63, in Figure 2 a, b;
The number of immunoreactive cells in the cells
located in the stratum basalis of skin epithelium of
the F (-) group is striking. Most immunostained
cells were observed numerically in this group, and
also immunoreactive cells were observed in the F

Electron microscopic evaluation. Ultrastructural examination compared with controls in the F () and F (+) experimental groups exposed to radiofrequency; increase in epithelial cell nuclei and decrease in dermis connective tissue elements and
structural changes were observed. It has been observed that there is a decrease in colloidal fibers and
impoverishment between cells. (Figure 4).
Statistical evaluation. F (-) group had the
highest epidermal thickness in terms of average of
skin epidermal thicknesses. However, there was no
statistically significant difference between the
groups (Figure 5). One Way Anova test was used
for group comparisons. As a result of the calculation of immunoreactive cells, the number of immunoreactive cells of F (-) group in numerical terms
was found statistically significant. There was statistically significant difference between the groups
according to the multiple comparison results (p:
0,0001). These significant differences were found
between control-F negative (p: 0,0001) and F negative-F positive groups (p: 0,0001). (Figure 6).

FIGURE 4
4a;b; In the skin epithel of the control group , abundant amounts of collagen fibers and echromatic
nucleated glands were observed. 4c,d; In the skin epithel of the F (+) group, the cellular structure was
close to the control. 4e,f; In the F (-) group of skin epithelium, increased cell nucleolus, decreased collagen
fibers were observed. C; collagen fibers, N; nucleus, D; desmosome, arrowhead: Nucleolus.
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TABLE 1
Descriptive statistics and Mean thickness of the rat skin epidermis layers.

F positive
F negative
Control

N
8
8
8

Minimum
3,00
56,00
0,00

Maximum
32,00
126,00
1,50

Mean± Standart Deviation
17,8333±10,06810
87,0000±28,80972
0,6667±,60553

Skin epidermis Thickness
ȝP
ȝP
ȝP

ized as a syndrome of non-specific multiple organ
symptoms including both acute and chronic inflammatory processes, mainly in the skin and nervous systems [26,27].
In our study, it was concluded that exposure of
pregnant rats to EMF may cause harmful effects of
rat pups in skin tissue. On the contrary, there are
studies indicating that side effects due to EMF
exposure are not observed. To evaluate the possible
adverse effects of multifrequency RF EMFs, Shirai
et al. applied an study in which pregnant rats and
their delivered offspring were simultaneously exposed to different communications signal EMFs.
They stated that simultaneous whole-body exposure
to EMFs did not display any adverse effects in
pregnant dams, the physical, cognitive development, the fertility or the development of offspring
[28,29]. In our study, the harmful effects of mobile
phone radio frequencies that we frequently use in
our daily lives are examined. The subject has focused on how does the exposure during pregnancy,
especially in the prenatal period, affect the skin?
The answer to this question has been tried to be
given morphologically. It is emphasized that P63
expression is effective on epidermal differentiation
and neoplasia. During embryogenesis, p63 may be
the molecular switch required for initiation of epithelial stratification. p63 is primarily expressed in
the basal compartment of the epidermis, that p63
has a dual role and is essential for development as
well as maintenance of the epidermis [30]. In this
study, it was observed that epithelial thicknesses
were increased in the F (-) group directly exposed
to EMF, although it was not statistically significant
(Table 1). This may have increased the mitotic
activity in the basal layer. In normal epidermis and
epidermal appendages, almost all of the basal cells
and suprabasal cells are labeled with p63. Outer
root sheath cells, hair matrix cells and seboblasts
are positive for p63. And p63 expression may be a
marker of basal/progenitor cells -in tumors of epidermis and epidermal appendages [31]. During the
early stages of skin morphogenesis, epidermal
keratinocytes undergo massive proliferation and the
transcription factor p63 is crucial in the development of the skin [32]. In cell proliferation, p63
functions in the regenerative capacity of basal
keratinocytes. p63 appears to exert control over
epidermal differentiation, which may involve control of some key signalling molecules. While studies recently have enlarged our knowledge of p63

FIGURE 5
Destriptive statistics and mean of skin epidermis
thickness

FIGURE 6
Comparison of the average number of cells
showing immunoreactivity with P6
The most striking effect of EMF on living
things is that it penetrates directly into the tissue.
World standards for exposure to EMF are also related to thermal efficacy. It is known that weak
EMF can cause dramatic thermal effects in body
cells, tissues and organs. The non-thermal effects of
the EMF effect continue to be discussed, but in
2011- the International Agency for Research on
Cancer (IARC) ± Agenda of World Health Organization (WHO), electromagnetic fields were categorized and labeled as 2B potential carcinogens. Electromagnetic fields can be dangerous not only because of cancer risk, but also because of other
health problems, including electromagnetic hypersensitivity (EHS). Generated by EHS is character-
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increasing the potential risk of skin burn of the
temperature rise in millimeter-wave and terahertzwave exposure [42]. Perhaps, it can be assumed that
the EMF radiofrequency may be effecting differently depending on the dose and duration.

function, much remains to be researched regarding
how p63 regulates epidermal homeostasis. In addition to future efforts to identify and confirm direct
p63 target genes. Individual p63 isoforms will be
important to further define how p63 functions in the
control of keratinocyte proliferation and differentiation [33].
In our study, in groups exposed to EMF, especially in the F (-) group, st. the basal keratinocytes
showed marked immunoreactivity with p63 (Figure
2a, b). This is due to the fact that the EMF radiofrequency there may be some evidence that it influences morphogenesis by affecting the stratum
basale which is the most common layer of mitosis.
To distinguish human epidermal keratinocytes,
epigenome profiling was performed and a catalog
of genes related to epithelial development and diseases and p63-related regulatory elements was
generated [34].
p63 is consistently expressed in epidermal basal/suprabasal and adnexal basal cells. Thus, overexpression of p63 in all histological subtypes may
confirm that basaloid progenitor cells are linked
tumor-cell lineage and have a role in the tumorigenesis of BCC [35]. To the best of our knowledge,
although there are many studies on EMF effects in
the literature, a study of deep ultrastructural morphologic evaluation is not included in the literature.
In our study, while in control group was observed
in abundant amounts of collagen fibers, in the F (-)
group exposed to EMF, irregular distribution of
colloidal fibers and a decrease in some places were
observed. It was also observed that there are more
nucleolus in the F (-) group (Figure 4 a, b and 4 e,
f). This suggests that EMF influences the morphogenesis of skin tissue, creates changes in collagen
structure and may also be effective in the genetic
mechanism. Indeed, in recent years, studies related
to the use of the electromagnetic field for treatment
have also increased. -Kang et. al. explain that an
electromagnetic field is an efficient stimulation tool
because it promotes bone defect healing, spite of in
an unknown way [36]. Clinical effects of a multipolar radiofrequency and pulsed the electromagnetic
field treatment for face and neck rejuvenation were
evaluated [37]. Moraveji et. al. have shown beneficial role of EMF in inducing neural differentiation
by real-time PCR analysis [38].
Radiofrequency applied with an alternating
current, an electric field is generated, which
achieves skin tissues, generating thermal energy.
The heat is not diminished by tissue diffraction or
absorption by epidermal melanin and is then suitable for treatment of all skin types [39]. It has been
said that nuclear envelope-associated genes as significiant targets mediating p63-regulated gene expression programme in the epidermis [40]. Recently
VWXGLHV PHQWLRQ WKDW DQ LQFUHDVH LQ ODSWRS XVHU¶V
skin temperature will have a destructive effect on
skin permeability [41]. Sasaki et al. emphasize that

CONCLUSIONS
The effect of the electromagnetic field on the
tissues is still being discussed. However, it is widely accepted that the intensity of the radiofrequency
and the duration of exposure are important in the
formation of harmful effects of EMF. In our study,
in light microscopic level, increase of immunoreactive cells in F (-) group and changes in cell and
intercellular structure at electron microscopic level;
was interpreted as an indication that the mobile
phone may cause harmful effects on different levels
of rat skin development and it was concluded that
further research should be done in this regard. As a
result of a general overview; the fact that EMF is
effective in the morphogenesis and differentiation
process of the skin tissue in the prenatal period may
have a strong side effect in the postnatal period.
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hydrometallurgy and nanotechnology. Such a wide
range of possible QAS applications provides a real
danger of soil contamination with these compounds
[1, 2].
The possibility of soil contamination with various substances requires continuous monitoring of
the quality of these natural ecosystems. In this process, measuring devices and scientific methods in
the area of chemistry, physics or environmental
engineering, are used. However, chemical methods
alone are not able to reveal comprehensively the
consequences of contamination of soil ecosystems,
because it is not possible to predict the biological
effects of such phenomenon. Reliable results describing the impact and toxicity of chemical substances occurring in the soil environment, are only
offered by fully integrated chemical analysis methods and biological tests. At present, to monitor the
quality of soils, bioassays using microorganisms
and shellfishes are successfully used. However, the
greatest practical applications and significance in
the determination of soil contamination are offered
by tests which functioning is based on the growth
and development of higher plants as pollution indicators [3-6].
The aim of investigation was evaluation of the
phytotoxicity of three quaternary ammonium salts
with PF6- anion relative to spring barley seedlings
and common radish. The use of hexafluorophosphate in the study resulted among others from the
fact that in the scientific literature it has been
proved that PF6- ions release very toxic fluoride
ions into the environment as a result of hydrolysis,
having a highly disruptive effect on plants [7, 8].

Quaternary ammonium salts (QAS) constitute
a very popular group of chemical compounds,
which are widely used in various chemical industries. Due to the large potential use of these chemicals, there is a risk that they may reach the environment and contaminate it. Therefore, it is important to consider an effect of these compounds on
the environment. The present study evaluated an
effect of three QAS: tetramethylammonium
[TMA][PF6], tetrabutylammonium [TBA][PF6], and
tetrahexylammonium [THA][PF6] hexafluorophosphates on two terrestrial plant species – spring barley (    ) and common radish
(    L. subvar.    Pers.). The
study demonstrated that all examined compounds
exhibit high phytotoxicity with respect to higher
plants. The plant more sensitive to the applied
compounds was spring barley. An inhibition of the
growth of plants and their roots, decrease in the
fresh weight, increased dry weight and accumulation of fluorine in both plants’ cells were observed
as a result of QAS activity. All specified parameters
of quaternary ammonium salts toxicity were linearly correlated with an increase in QAS concentration
in the soil.


+)!$%
phytotxicity, ionic liquids, germination, fluoride, spring
barley, common radish



 &$!'&! 
Quality of soil environment has a huge impact
in agricultural production, affecting not only the
magnitude but also the quality of crop yield. Soil
can be contaminated by numerous substances, e.g.
PAHs, heavy metals and chemicals used in different
fields of human activity. In the last two decades,
among chemical pollutants we can also distinguish
the quaternary ammonium salts used in agriculture
for the production of biocides and fertilizers. In
addition to agriculture, QAS are also successfully
used in medicine and pharmacy, in the production
of cosmetics and surfactants, mining, construction,

&$% &!%
The quaternary ammonium salts: tetramethylammonium hexafluorophosphate [TMA][PF6]
(≥ 98% purity), tetrabutylammonium hexafluorophosphate [TBA][PF6], (98% purity) and tetrahexylammonium hexafluorophosphate [THA][PF6] (≥
97% purity) used in the study was purchased from
Sigma-Aldrich Chemical Co.
Phytotoxicity studies presented in this article
were conducted in the plant house of the Depart-
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barley and common radish, clearly demonstrate the
toxicity of these chemicals for the plants tested. The
degree of phytotoxicity confirmed was mainly dependent on the QAS concentration, the length of
substituent and species differences among plants
used in the pot experiment (Fig. 1). In terms of
spring barley all tested salts used at the lowest concentration equal to 1 mg kg-1 of soil showed no
toxic effect on the size of seedlings, root length and
the yield of fresh plants’ weight. Introduction of
higher concentrations into QAS medium virtually
led to 100% inhibition of these toxicity markers.
Common radish appeared to be a plant with a much
greater tolerance to the applied compounds. Even
the use of QAS at the highest concentrations never
resulted in the inhibition of root length, the length
of the aboveground parts and reduction of yield of
fresh weight greater than 75% compared to the
control. Our own results are fully consistent with
the available literature [5,13-16]. In the cited studies, the authors prove that only a low concentration
of QAS and ILs does not affect the growth and
development of higher plants, while higher concentrations of these substances lead to a nearly linear
decrease in yield, length of shoots and roots.
In scientific literature, there is a strong belief
that the length of the substituent at the cation is a
very important factor affecting toxicity of ionic
liquids. The compounds with substituents consisting of several carbon atoms exhibit affinity towards
biological membranes, causing their leakage and
thereby allowing penetration of ILs into cells’ interior. This regularity however applies only to aquatic
environments. In soils, the compounds with long
substituents have a lower mobility, are more prone
to soil sorption and are more permanently bound by
soil colloids [7,17]. Accordingly, in the papers
demonstrating the interaction between QAS and ILs
with substituents of different chain length it is
proved that toxicity of these compounds is the
greatest if the length of the substituent does not
exceed 3-5 carbon atoms [6]. For our experiment,
the lowest phytotoxicity for both plants was offered
by a salt possessing 6 carbon atoms in the substituent – [THA][PF6] (Fig. 1).
Very important biomarkers of toxicity of
chemical compounds are changes in the level of dry
weight of experimental plants, therefore this parameter is quite often determined in the studies on phytotoxicity [5,13,14]. In the cited work, an increase
in the level of dry weight in plants grown on QASenriched soil is generally proved. In our work it was
also demonstrated that generally there is an increase
in the dry weight of barley seedlings and common
radish leaves, which was correlated with the concentration of both QAS in the soil (Table 1). Such
an increase in the level of dry weight in plants is
associated with the fact that high concentrations of
ionic liquids lead to soil salinity, which hinders the
uptake of water and disturbs water management.

ment of Biochemistry and Ecotoxicology, Jan Długosz University in Czestochowa. The studies were
conducted according to the Organization for Economic Cooperation and Development (OECD)
guidelines [9]. Accordingly, two plants were used
in pot experiment: monocotyledonous plant such as
spring barley (     L.) and dicotyledonous plant such as common radish ( 
  L. subvar.    Pers.). Plastic pots of the
same size were filled with control soil and quaternary ammonium salts (QAS)-enriched soil. In this
experiment, both the ionic liquids were used at
concentrations of 0, 1, 10, 50, 100, 400, 700 and
1000 mg kg-1 of soil DW. Analysis of granulometric composition of the soil revealed that the
sand was light, with ~9% of the fraction, a diameter
of <0.002 mm, an organic carbon content of 9.0 g
kg-1 of soil, and pH 6.0. In such prepared vases, 20
identical seeds derived from the same source of
seeds of selected plant species were collected. For
each concentration used, three independent measurements were performed. The studies were carried
out for 14 days. During the experiment, a constant
temperature of 20 ± 2 °C, a constant substrate moisture of 70% field water capacity, and a permanent
lighting of 170 µmol m-2 s-1 within 16 h day/8 h
night system were maintained.
In order to determine the toxicity of QAS under study, the yield of fresh weight of plants and
dry weight of the aboveground parts of plants, the
shoot length and roots length, as well as the capacity and germination potential (GP) and germination
rate (GR) were determined. The shoot length and
root lengths was measured as described by Wang et
al. [10] and the coefficient of inhibition was calculated according to the method described by Liu et
al. [11]. Total fluoride content in plant material was
assayed with method described by Eyde [12]. Fluoride concentration was determined in the presence
of TISAB III buffer using the potentiometric method with an Orion Research ion-selective electrode.
Objects treated with high concentrations of ILs
were not included in some analyzes, because inhibition of growth of the aerial parts of spring barley
and radish was so large that we failed to collect
plant material for research purposes.
All experimental results were statistically analysed using the STATISTICA 12.5. The data from
three measurements (n = 3) were analysed using
two-way ANOVA test followed by the post hoc
Tukey’s test. Differences were considered significant at the <0.05 level. The results were expressed
as mean ± standard deviation.


$%'&% %'%%! 
Result obtained in this experiment, describing
the interaction of QAS with hexafluorophosphate
anions, on the growth and development of spring
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[TMA][PF6] and [TBA][PF6] significantly reduced
the germination potential and germination rate of
seed in this wheat, and the observed changes were
correlated with the concentration of salt used. Similar results were obtained by Cvjetko Bubalo et al.
[18] and Liu et al. [11], who found a decrease in
germination ability of spring barley seed and wheat
under the influence of imidazolium-based ionic
liquids.
Moreover, in the presented experiment, the
content of fluoride ions in the seedlings of spring

In order to determine the impact of hexafluorophosphates on the growth and development of
spring barley and common radish, in the mentioned
studies, the germination potential (GP) and germination rate (GR) in both plants, were determined
(Table 2).
In the present experiment, there were no statistically significant differences in terms of capacity
and ability of germination in common radish seeds
when comparing controls and QAS-treated objects.
However, in the case of spring barley only
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barley and common radish leaves, was determined
(Table 3). It was found that both plants accumulated fluoride ions in their tissues to a wide extent.
Similar conclusions were drawn by Biczak et al.
[19] who observed the accumulation of fluoride in
the same plant species in the studies evaluating the
interaction of ionic liquids with hexafluorophosphate anion. The literature also shows that many
plant species retrieve fluorides from the soil, store
them and transform into fluoroacetate which is
toxic to animals [20].

[6] Matzke, M., Stolte, S., Arning, J., Uebers, U.,
Filser, J. (2008) Imidazolium based ionic liquids in soils: effects of the side chain length on
wheat (    ) and cress (   
 ) as affected by different clays and organic matter. Green Chemistry. 10, 584-591.
[7] Cvjetko Bubalo, M., Radošević, K., Radojčić
Redovniković, I., Halambek, J., Srček, V.G.
(2014) A brief overview of the potential environmental hazards of ionic liquids. Ecotoxicology and Environmental Safety. 99, 1-12.
[8] Telesiński, A., Smolik, B., Grabczyńska, E.
(2010) Information of adenylate energy charge
(AEC) versus the fluorine content in forest soil
in the area affected by emission from police
chemical plant Journal of Elementology. 15,
355-362.
[9] OECD/OCDE 208 (2006) Guidelines for the
Testing of Chemical. Terrestrial Plant: Seedling Test: Seedlings Emergence and Seedling
Growth Test
[10]Wang, L.-S., Wang, L., Wang, L., Wang, G.,
Li, Z.-H., Wang, J.-J. (2009) Effect of 1-butyl3-methylimidazolium tetrafluoroborate on the
wheat (      L.) seedlings. Environmental Toxicology. 24, 296-303.
[11]Liu, T., Zhu, L., Xie, H., Wang, J., Wang, J.,
Sun, F., Wang, F. (2014) Effects of the ionic
liquid 1-octyl-3-methylimidazolium hexafluorophosphate on the growth of wheat seedlings.
Environmental Science and Pollution Research.
21, 3936-3945.
[12]Eyde, B. (1982) Determination of fluoride in
plant material with ion-selective electrode.
Fresenius’ Journal of Analytical Chemistry.
311, 19-22.
[13]Biczak, R., Bachowska, B., Bałczewski, P.
(2010) Study of phytotoxicity of ionic liquid 1(methylthiomethylene)-3-butylimidazolium
chloride. Proceedings of ECOpole. 4, 105-114.
[In Polish]
[14]Biczak, R. (2016) Quaternary ammonium salts
with tetrafluoroborate anion: Phytotoxicity and
oxidative stress in terrestrial plants. Journal of
Hazardous Materials. 304, 173-185.
[15]Liu, H., Zhang, S., Hu, X., Chen, C. (2013)
Phytotoxicity and oxidative stress effect of 1octyl-3-methylimidazolium chloride ionic liquid on rice seedlings. Environmental Pollution.
181, 242-249.
[16]Liu, H., Zhang, S., Zhan, X., Chen, C. (2015)
Growth inhibition and effect on photosystem
by three imidazolium chloride ionic liquids in
rice seedlings. Journal of Hazardous Materials.
286, 440-448.
[17]Mrozik, W., Kotłowska, A., Kamysz, W.,
Stepnowski, P. (2012) Sorption of ionic liquids
onto soils: Experimental and chemometric
studies. Chemosphere. 88, 1202-1207.

! '%! 
The results obtained in these studies conclusively demonstrate that quaternary ammonium salts
with hexafluorophosphate anion, differing in the
number of atoms in the alkyl substituents, exhibited
phytotoxic properties in relation to spring barley
seedlings and common radish. The magnitude of
this interaction was dependent primarily upon the
concentration of QAS used, length of the substituent and plant species. Spring barley was more sensitive than common radish in terms of the salts used
in the study, as evidenced by the size of inhibition
of plants’ length, their roots and the yield of fresh
weight.
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ABSTRACT

INTRODUCTION

Bioactive secondary metabolites, isolated from
microorganisms are playing important role in the
manufacturing of potent drugs, pharmacuticals and
agrochemicals. In this project the effects of organic
extract obtained from fungi Acremonium on the gerPLQDWLRQRIFURS¶VVHHGVDQGZHHG¶VVHHGLVUHSRUted.
The Acremonium was cultivated on three different
media including, Glucose Peptone Yeast Broth
(GPYB), Potato Dextrose Broth (PDB) and Yeast
Extract Sucrose Broth (YESB). The fungal cells
were extracted with organic solvent and each extract
was tested separately against the seed germination of
weeds i.e Asphodelus tenuifolius and Echinochloa
crus-galli as well as selected crop i.e. Cicer arietinum and Zea mays. The germination of seeds was
compared with the standard herbicide and blank as a
negative control. The maximum seed germination
inhibition (63.89%) was observed for both Asphodelus tenuifolius and Echinochloa crus-galli from
extract (1000 μgmL-1) obtained from YESB and
PDB respectively. The crops seeds were least affected by the organic extract of Acremonium, the
maximum germination inhibition (20.20%) was recorded for Zea mays seeds from extract obtained from
YESB at 1000 μgmL-1 concentration, whereas
against same extract the maximum germination inhibition of Cicer arietinum was recorded as 19.41%.
From this study it is concluded that the crude extract
from Acremonium sp. holds statistically significant
inhibitory effects against seed germination of selected weeds whereas the extract was less effective
against the seeds of crops. Thus the extract can further be explored for the development of weed specific herbicides.

Secondary metabolites are important molecules
synthesized biologically by plants, animals and microbes, are serving as a useful source [1, 2] for the
manufacturing of potential drugs. Recently researchers have started utilizing these metabolites for the development of new and potent medicines and agrochemicals to treat human, plants and livestock diseases. It is estimated that less than 12% of the
ZRUOG¶VWRWDOELRGLYHUVLW\LVXWLOL]HGIRUWKHH[SORUD
tion of bio-molecules but yet a lot of beneficial and
potent natural organic compounds are to be discovered [3]. Plants extracts have been used for various
purposes in agriculture sector, El-Gawad et al have
reported the allelopathic effect of H. mutiacus leaf
extract for the control of Purslane weed [4], similarly the leaf of extract of P. olerace are reported to
possess strong allelopathic potential along with its
possible use as growth regulator as well as bioherbesides [5]. More recently the exploration of bioactives compounds from microorganism have got attention, among microorganisms fungi is known to
synthesize various metabolites with potent beneficial
activities [6, 7]. The fungal metabolites are not only
important against pathogens causing adverse effect
on humans but they can also be used in agriculture
sector against crop pathogens [8, 9] for example certain species of Trichoderma are used as a bio control
agents in agricultural fields [10, 11].
In the past very few reports have been published on the utilization of fungal natural products as
a source of agrochemicals. This project was designed
to find out the effect of organic extract of Acremonium mycellial cells fermented under various nutrient conditions. The present study was carried out to
explore the potential of organic extracts on seed germination of valuable crops i.e. Zea mays and Cicer
arietinumas as well as their weeds i.e. Asphodelus
tenuifolius and E. crus-galli. The results from this
project could open new area of novel more potent

KEYWORDS:
Target specific bio-herbicides, Fungal extract based herbicides, Echinochloa crus-galli, Asphodelus tenuifolius.
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method [12] using autoclaved test tubes having 5 mL
PDB media under aseptic condition and incubated
for seven days at 28 °C. The parent culture having
different strains of fungi was sub-cultured for the
isolation and purification of pure fungal strains. The
isolated pure cultures were identified through morphological and microscopic characteristic by mycologist. The microscopic characteristics (Figure 1) included surface pigmentation, shape, color and arrangement of conidia.

fungal metabolites production and designing by using various nutrient ingredients and their application
as eco-friendly nontoxic agrochemicals.

Inoculation of Acremonium on different Media. Three different media including Potato Dextrose
Broth (PDB), Glucose Peptone Yeast Broth (GPYB)
and Yeast Extract Sucrose Broth (YESB) were used
for the fermentation of Acremonium [13, 14]. To inhibit the growth of bacteria standard broad-spectrum
antibiotic streptomycin sulphate (50 μgmL-1) was
added to each media. The fresh culture of fungus was
prepared using Potato Dextrose Agar (PDA) media.
The Acremonium was then grown in 500 ml flask
using 200 mL of each media i.e. (PDB, YESB and
GPYB) and allowed to ferment for 15 days at room
temperature (29 °C) to obtain fungal cells (Figure 2).

(I)

Extraction of Acremonium mycelia cells.
The whole cell cultures were obtained separately
from all three media and distilled water was added to
it. The mixture was then homogenized and extracted
with Ethyl Acetate (1:1; v/v). The mycelia were filtered and both aqueous and organic phases were separated using separating funnel [8]. The organic phase
was dried over anhydrous MgSO4, filtered and concentrated in vacuo under reduced pressure to obtain
crude extract as dark brown oil.
The organic extract from Acremonium grown
on different media was tested against Zea mays and
Cicer arietinum and their weeds i.e. Asphodelus tenuifolius and Echinochloa crus-galli to find their effect on seed germination. The schematic model for
the whole methodology is presented in Figure 3.

(II)
FIGURE 1
Pure culture of Acremonium Sp. Grown on
PDA media (I) and microscopic image of
Acremonium cells (II) visualized under a compound microscope using
40x magnification

MATERIALS AND METHODS
All chemicals reagents used in this research
were of analytical/biological grade. The media was
sterilized using autoclave at temperature 121 °C for
15 minutes. All the Glassware was thoroughly
washed followed by oven drying before use. All the
experiments were carried out in triplicate and the results were presented as mean±standard error at 5%
significance level. All the seed germination activities
were carried out under controlled laboratory conditions.

Seed Germination Inhibition. For seed germination inhibition assay, 1.5 mL of each extract
with different concentration (250 μgmL-1, 500 μg
mL-1 and 1000 μgmL-1) along with control (Pendimethalin: 1000 μgmL-1) and negative (blank: Ethyl
acetate) control was pipetted onto 5 cm Petri dishes
lined with Whatman # 1 filter paper. The Ethyl acetate was allowed to evaporate and 2 mL of distilled
water was added to the Petri dishes. To each treated
dish, 10 tested seeds were transferred and the dishes
were covered with the lids. All of the Petri dishes
were placed in a growth chamber at 30°C for 10
days. Three replicates were conducted for each extract. The overall percent germination inhibitory activity was calculated as follows:
Percent Germination Inhibitory Activity (%GI) =
்௦ିீ௦
ൈͳͲͲ

Isolation of Fungi. The Acremonium sp., a soil
borne fungal species isolated from the different areas
of Harichand, district Charsada, Khyber Pakhtunkhwa, Pakistan, in the month of April during
rainy weather condition. The soil samples (6 inch
deep) were randomly selected from different areas in
sterile polyethylene bags and stored at 4 °C. Isolation
of fungal strains were carried by serial dilution

்௦
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Where Ts is the total number of seeds and Gs
is the total number of germinated seeds after treated
with each fungal extract.
The values obtained from the above formula
gave the overall percent germination inhibition, by
looking at the data it was observed that even there
was a certain degree of inhibition even in the blank
experiments, to remove the effect of blank values
following formula was devised to obtain the actual
percent germination inhibition (%AGI) after removing the effect of blank treatment.
Actual Percent Germination Inhibition (%AGI) =
ீூ௦ൈீூ
 ݏܫܩെ

Where GIs is percent germination inhibition
observed in sample experiment and GIb is the percent germination inhibition observed in a blank experiment.
Data Analysis. The study was conducted in
triplicate following completely randomized design
(CRD). The values of the repeated experiments are
presented as mean ± standard error. The data was
subjected to one way ANOVA followed by comparison of multiple treatments using least significance
difference test at 5% significance level. The LC50
(Lethal concentration that can kill 50% population)
was calculated using different concentration against
the germination inhibition via probit analysis.

ଵ

(I)

Fresenius Environmental Bulletin

(II)

(III)

(IV)
FIGURE 2
Fermentation of Acremonium sp. Cultured in flask under lab conditions at 29 °C for 15 days, three
different growth media were used i.e.(I) Glucose Peptone Yeast Broth; (II) Yeast Extract Sucrose
Broth and (III) Potato Dextrose Broth; (IV) filtered wet biomass/ mycelia cells of Acremonium sp
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FIGURE 3
Schematic presentation of whole methodology used for the growth, extraction and herbicidal screening
of organic extract of Acremonium cells
TABLE 1
Effect of Acremonium mycelial extract on seed germination of Cicer arietinum and Zea mays
Number of seeds germinated
Concentrations
(μgmL-1)
GPYB
PDB
8.33±0.25ab
Blank
8.67±0.25a
250
8.67±0.25a
8.33 ± 0.25ab
a
8.33±0.25ab
500
8.66±0.25
Cicer arietinum
ab
1000
8.33±0.25
8.33±0.25ab
c
7.67±0.25bc
Control*
7.33±0.25
Blank
8.33±0.41ab
8.67±0.25a
250
8.33±0.25ab
8.33±0.25ab
500
8.33±0.25ab
8.00±0.33a-c
Zea mays
a-c
1000
8.00±0.00
8.00±0.33a-c
b-d
7.00±0.00c
Control*
7.67±0.25
Values (mean ± SE) followed by different letters are significant 3 GLIIHUHQW
* Pendimethalin (1000 μgmL-1) was used as positive control.
Crop

YESB
8.33±0.25ab
8.33±0.33ab
8.33±0.25ab
7.67±0.25bc
7.67±0.25bc
8.67±0.25a
8.67±0.25a
8.67±0.25a
7.67±0.25b-d
7.33±0.25cd

obtained from GPYB media, whereas the similar extract at higher concentration (1000 μgmL-1) showed
statistically non-significant decrease in the germination rate. The extract obtained from PDB showed
non-significant effect of all tested concentrations for
both Zea mays and Cicer arietinum. In comparison
to control experiment (Pendimethalin: 1000 μgmL-1)
both the crops showed statistically non-significant
results (Table 1), this clearly indicates that both the
germination of crop seeds were no effected by the
application of organic extract from Acremonium
cells.

RESULTS AND DISCUSSION
Seeds Germination of Cicer arietinum and
Zea mays. The germination of Cicer arietinum and
Zea mays after day 10, subjected to different concentrations (250 μgmL-1, 500 μgmL-1 and 1000 μgmL1
) of organic extracts obtained from Acremonium fermented on three media (GPYB, PDB and YESB)
was calculated. Two control experiments, blank
(Ethyl acetate) and control (Pendimethalin, known
weedicide) were also taken and presented in Table 1.
Maximum number of germinated seeds of both Zea
mays (8.33 ±0.25) and Cicer arietinum (8.67±0.25)
was observed against 1000 μgmL-1 organic extract
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phodelus tenuifolius (LC50= 18.31 μgmL-1). The extract of Acremonium grown on PDB media was
more effective against crus-galli (LC50= 15.84
μgmL-1) then Asphodelus tenuifolius (LC50= 45.14
μgmL-1). The extract obtained from YESB was
found least effective against crus-galli (LC50= 52.12
μgmL-1) as compare to Asphodelus tenuifolius
(LC50= 46.23 μgmL-1).
Weeds are known for considerable economic
loss in agricultural production due to their competition for nutrients with desirable crops. The indiscriminative use of synthetic herbicide is causing various health issues, therefore, environmental friendly,
biodegradable and least toxic natural herbicides extracted from plant and microbes is one of the most
interesting area in the search of new more potent yet
lest toxic metabolites. Screening of fungi for the
production of valuable agricultural products specially as a pesticide for weed management is required as certain fungal specie are known to produce
different biologically active compounds having potent herbicidal activities [15]. A phytotoxic fungal
metabolite (Figure 5) maculosin (1) was reported to
poses strong activity against spotted knapweed was
isolated from Alternaria alternate [16]. Similarly
Pearce [17] has reported cornexistin (2) from Paecilomyces fungal strain effective against certain monocot and dicot weeds. The phytotoxic metabolite Įȕ
dehydrocurvularin (3) was isolated from Curvularia
eragrostidis caused necrosis on widespread and
troublesome weed Digitaria sanguinalis. whereas
maize and soybean seeds were found insensitive
against this phytotoxic metabolite [18]. A study was
conducted by Panadda and co-worker regarding
weed germination and growth inhibition by organic
extract from different fungal strains. Their results
showed potent germination inhibition activity of
Echinochloa crus-galli and Mimosa pigra when
tested against the crude extract of Aspergillus fischeri and Aspergillus usamii [19].

Seeds Germination of Asphodelus tenuifolius
and Echinochloa Crus-galli. The effect of EtOAc
extract from Acremonium against selected weeds is
shown in Table 2. It was found that extract obtained
from Acremonium from all media showed promising
effect against both weeds by significantly decreasing
their germination rate. In blank experiment more
than 80% seeds of both Asphodelus tenuifolius and
Echinochloa crus-galli were germinated whereas
control experiment (i.e. 1000 μgmL-1pendimethalin)
inhibited overall germination in each experiment and
on average 1-2 seeds were germinated. The organic
extract (1000 μgmL-1) from both GPYB and YESB
when tested against Asphodelus tenuifolius, only
2.33±0.25 seeds were germinated while the germination further decreased to 1.66±0.25 seeds from extract obtained from PDB. Similarly the organic extract from all media showed significant decrease in
the seeds germination of crus-galli. Only 2.33± 0.25
seeds were germinated against extract obtained from
each media at 1000 μgmL-1. In comparison to blank
experiment, statistically significant germination of
both weeds was observed (Table 2).
Percent Seeds Germination Inhibition. The
percent seeds germination inhibition of both crops
and weeds against the organic extract of Acremonium obtained from each media was calculated and
presented in Figure 4. Both the crops i.e. Cicer arietinum and Zea mays were less affected by the Acremonium organic extract, whereas its potent effect
was observed against the seeds of both weeds. All
the extracts (at 1000 μgmL-1) showed more than 60%
seeds germination inhibition for weeds while only
20% seed germination inhibition of crops were calculated. The LC50 was also calculated from the data
and it was found that the extract obtained from Acremonium fermented on GPYB was highly affected
against both crus-galli (LC50= 0.02 μgmL-1) and As-

TABLE 2
Effect of Acremonium mycelial extract on seed germination of Asphodelus tenuifolius and Echinochloa
Crus-galli
Number of seeds germinated
Concentrations
(μgmL-1)
GPYB
PDB
YESB
Blank
8.33±0.25a
8.00±0.00a
8.33± 0.25a
250
3.33±0.25bc
3.33±0.25bc
3.66±0.25b
Asphodelus
bc
cd
2.66±0.25
3.33±0.25bc
500
3.33±0.25
tanifolius
1000
2.33±0.25de
1.66±0.25ef
2.33±0.25de
f
f
Control*
1.33±0.25
1.00±0.25
1.33±0.25f
a
a
8.33±0.25
8.00±0.00a
Blank
8.33±0.25
cd
bc
250
2.66±0.25
3.33±0.25
3.66±0.25b
Echinochloa
cd
b-d
500
2.66±0.25
3.00±0.33
3.00±0.00b-d
Crus-galli
de
de
1000
2.33±0.25
2.33±0.25
2.33±0.25de
ef
f
1.33±0.25
1.33±0.25f
Control*
1.66±0.25
Values (mean ± SE) followed by different letters are significant 3 GLIIHUHQW
* Pendimethalin (1000 μgmL-1) was used as positive control.
Weeds
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FIGURE 4
Graph showing percent seed germination inhibition assay of organic extract of Acremonium,
Note: germination inhibition of weed seeds i.e. Asphodelus tenuifolius and Echinochloa crus-galli was
high, whereas the seeds of Zea mays and Cicer arietinum were least affected


FIGURE 5
Structure of phytotoxic metabolites isolated from various biological sources: (1) maculosin; (2) cornexistin
and (3) ĮȕGHK\GURFXUYXODULQ

crops i.e. Chick pea and maize. The germination inhibition increased with increasing crude extract concentrations. The maximum germination inhibition
(66.72%) was recorded against Asphodelus tenuifolius with 1000 μgmL-1 concentrations of extracts obtained from PDB media. Similarly, in case of Echinochloa crus-galli, the maximum inhibition
(63.89%), was recorded with 1000 μgmL-1 concentration in extract obtained from the PDB.
The crude extract showed strong herbicidal effects against weed seeds and less inhibition against

CONCLUSION
From this research work, it is concluded that
the biomass of Acremonium sp. can be grown easily
in a laboratory environment for the production of biomass. It was observed that crude extracted from biomass cultured on different media in static condition
possesses a strong germination inhibition effect
against Asphodelus tenuifolius and Echinochloa
crus-galli, while it is less effective against the tested
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[9] Schulz, B., Boyle, C., Draeger, S., Römmert,
A.-K., Krohn, K. (2002) Endophytic fungi: a
source of novel biologically active secondary
metabolites. Mycological Research. 106, 9961004.
[10] Harman, G.E., Howell, C.R., Viterbo, A., Chet,
I., Lorito, M. (2004) Trichoderma species²
opportunistic, avirulent plant symbionts. Nature
reviews microbiology. 2, 43-56.
[11] Papavizas, G. (1985) Trichoderma and Gliocladium: biology, ecology, and potential for
biocontrol. Annual review of phytopathology.
23, 23-54.
[12] Waksman, S.A. (1922) A Method for Counting
the Number of Fungi in the Soil. Journal of
bacteriology. 7, 339-341.
[13] Muthukumar, A., Eswaran, A. (2008) Effect of
certain epidemiological factors on the in vitro
growth of Pythium aphanidermatum (Edson)
Fitz. Plant Arch. 8, 297-299.
[14] Zain, M.E., Razak, A.A., El-Sheikh, H.H.,
Soliman, H.G., Khalil, A.M. (2009) Influence of
growth medium on diagnostic characters of
aspergillus and penicillium species. Afr J
Microbiol Res. 3, 280-286.
[15] Saxena, S., Pandey, A.K. (2001) Microbial
metabolites as eco-friendly agrochemicals for
the next millennium. Applied microbiology and
biotechnology. 55, 395-403.
[16] Stierle, A.C., Cardellina, J.H., Strobel, G.A.
(1988) Maculosin, a host-specific phytotoxin
for spotted knapweed from Alternaria alternata.
Proceedings of the National Academy of
Sciences. 85, 8008-8011.
[17] Pearce, C. (1997) Biologically active fungal
metabolites. Advances in applied microbiology.
44, 1-80.
[18] Schuster, E., Dunn-Coleman, N., Frisvad, J.C.,
van Dijck, P.W.M. (2002) On the safety of
Aspergillus niger - a review. Appl Microbiol
Biot. 59, 426-435.
[19] Phattanawasin, P., Pochanakom, K., Piyapolrungroj, N., Sotanaphun, U., Zungsontiporn, S.
(2006) Screening of fungal extracts for weed
germination and growth inhibitory activity.
Silpakorn Uni. Int. Journal. 6(1-2) 136-144.

crop seeds, so the crude extract isolated from Acremonium sp. can be used successfully towards the development of potent, cheaper and target specific
herbicides for the improvement in agricultural sector. A further study towards the isolation of each specific compound responsible for phytotoxic activity is
undergoing.
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2

Sludge treatment technologies include anaerobic digestion, aerobic digestion, lime stabilization,
composting, microwave treatment, thermo chemistry and heat drying. Lime stabilization is the most
cost-effective chemical method to change the characteristics of sludge. The effect of lime stabilization
(mainly presented as CaO) can significantly reduce
the water content of sludge and enhance dewaterability of sludge and have fixed H2S to reduce exhaust
emissions. A large amount of energy is needed for
compensation due to the latent heat of water evaporation in the thermal drying stage of sludge [3, 4].
Thermal drying often is the middle part for many
other treatment and disposal methods. For instance,
incineration is an important method for sludge disposal. The volume of sludge could be reduced to the
original 20% by incineration, and the pathogens and
the toxic organic compounds are oxidized to eliminate the damage of the sludge on the environment
[5]. However, its water content must first be decreased to 25% for conventional incineration. Thus
the thermal drying is necessary for incineration [6].
Generally, the methods of sewage sludge thermal
drying are convective drying, conductive drying inside a paddle dryer and radiate drying [7-9]. In recent
years, many scholars began to study thermal sludge
drying and a large variety of sludge dryer could be
bought in the market, but there is no drying device
with high efficiency. As a result, using low energy to
dry sludge is still difficult. The main reasons are
sludge has the characteristics of colloid materials
and extracellular polymers can bind water molecules
tightly to solid surfaces or water molecules were
fixed in cells and floccule [10, 11].
As we all know, most of the countries are beginning to realize that the importance of recycling
because of the shortage of resources and energy in
the world, and are working toward zero waste emission direction. The sludge containing a large number
of nutrient elements is used as agricultural fertilizer
and can also be as fuel to power generation in the
pure low temperature for its high calorific value [12].
Sewage sludge contains many heavy metals and has
the characteristics of sewage sludge like clay, so it

ABSTRACT
Thermal drying of municipal sludge is an essential step to reduction and recycling and the study
of drying process can provide a simple theoretical
principle of drying equipment. In this paper, drying
process by experiments of drying the broken sludge
at different experiment temperatures (120Υ-240Υ)
and qualities (20g-80g) of the broken sludge sample
in a constant-temperature dory box was studied. Results indicate that the drying characteristics of the
sludge drying rate increase with the increase of temperature and decrease with the increase of the quality
of sludge samples. According to the experimental
data, the mathematical model was established with
highest R2 YDOXHRIDQGORZHVWȖ2 value of
3.53E-05 in the following form: MR=a*exp(ktn)+bt, and the fitting model form of the drying rate
constant was: k=aT2+bT+c. The mathematical
model can completely reproduce the thermal drying
process of sludge in the temperature range of equipment.

KEYWORDS:
Thermal drying, broken sludge, mathematical model, drying rate constant

INTRODUCTION
With the development of industry in China, the
production of sewage and the output of sludge have
increased rapidly [1]. The concentrated pollutants
was sludge in sewage, which means sludge treatment
is the part of sewage treatment and should get attention. The destruction and pollution of the environment makes the government began to vigorously
promote the treatment and disposal. The principles
and objectives of reduction, stabilization, harmlessness and recycling of treatment and disposal of
sludge have been explicitly put forward in China. In
addition, how to properly deal with the growing
amounts of sewage sludge has become a worldwide
research topic [2].
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can be used for the production of cement, brick ceramic and glass, but yet the key is reducing sludge
water content to less than 40% for achieving sludge
resource, which requires the sludge thermal drying.
Recently, many researchers focused their efforts on
the study of the drying characteristics and mathematical model of the sludge thermal drying, such as the
long cylindrical oily sludge, thin-layer infrared drying, Boltzmann drying model and the reaction engineering approach (REA) [13-15]. The main purpose
of this research was that CaO as the modifying agent
is added to the sludge and the corresponding thin
layer drying model is established after crushing and
drying of the sludge to provide dynamic knowledge
related to the designing, manufacturing and operation for drying machine of broken sludge.

Fresenius Environmental Bulletin

basis), which was measured at T=105Υby 5 groups
of samples. Add CaO (sludge: CaO=5:1) to the
sludge and then mix it evenly for samples in the process of experiment. Use the mixer to stir the sludge
samples with 10 min at 300 r/min after piling up 72
hours in the conditions of constant temperature and
constant humidity to break sludge samples. The experimental samples with different qualities (20g, 40g,
60g, 80g) of the broken sludge sample were obtained
by the electronic analytical balance in the mold.

DRYING EXPERIMENTAL PROCEDURES
Put the mold with the sludge sample in the drying box after the shock, when the temperature of the
drying box reaches the experimental temperature
and at this time the computer starts to read the quality
of the mold and record time automatically. Drying
experiments were carried out at dry temperatures until the mass of the mold and sludge did not change.
Drying temperature was set as 120Υ, 150Υ, 180Υ,
210Υ and 240Υ, respectively. The schematic figure
of the drying experiment was shown in Figure 1.

MATERIALS
The fresh dewatered municipal sewage sludge
(DWMSS) in the experiment was obtained from
wastewater treatment plant (WWTP). Initially average moisture content of DWMSS was 78.4 wt% (dry

1RPHQFODWXUH
(PSLULFDOFRQVWDQWVLQPRGHO
DEQ
'U\LQJUDWH
'5
0RLVWXUHFRQWHQWDWWLPHW
0W
'LPHQVLRQOHVVPRLVWXUHUDWLR
05
,QLWLDOPRLVWXUHFRQWHQW
0
(TXLOLEULXPPRLVWXUHFRQWHQW
0H
0RLVWXUHFRQWHQWDWWLPHWGW
0WGW
,QLWLDOPDVVRIVHZDJHVOXGJH
:
0DVVRIHYDSRUDWHGPRLVWXUHDWWLPHW
:W
0DVVRIVHZDJHVOXGJHLQWKHGU\LQJH[SHULPHQW
:G
'U\LQJUDWHFRQVWDQW
N
&RUUHODWLRQFRHIILFLHQW
5
'U\LQJWLPH
W
'U\LQJWHPSHUDWXUH
7
&KLVTXDUHFRHIILFLHQW
Ȗ

JZDWHUJGU\PDWWHPLQ
JZDWHUJGU\PDWWHU
JZDWHUJGU\PDWWHU
JZDWHUJGU\PDWWHU
JZDWHUJGU\PDWWHU
J
J
J
V
PLQ
Υ

),*85(
([SHULPHQWDODSSDUDWXVRIWKHVOXGJHWKHUPDOGU\LQJ


Volume 27 ± No. 3/2018, pages 1778-1786

© by PSP

Fresenius Environmental Bulletin

TABLE 1
Drying models of drying curves selected in this study
1XP
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+DVLEXDQDQG'DXG
7ZRWHUP
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9HUPD
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drying rate was 3.6:2.5:1.8:1.3:1. This indicates that
with the increase of temperature, the drying rate increases gradually, and the upward trend was gradually decreases. The drying process is similar in Figure 2(b), but the increase in quality makes the overall
drying time longer and the increasing trend of the
drying rate moderates as the temperature increases.
Figure 3(a) showed that the drying time when the
drying was completed was 164, 296, 432, 544 min at
120Υ and 20, 40, 60, 80g, respectively, and the ratio
of the average drying rate was 1:1.8:2.6:3.3. As the
quality increases, the drying rate decreases gradually. With the increase of the quality, the effect of the
reduced drying rate is gradually weakened, and the
difference of the weakened trend becomes larger
when the temperature rises, which was shown in Figure. 3(b).
The trends of the drying curves and the drying
rate curves were shown in Figure 4. It can be observed that there are three stages in the whole drying
process: 1) the rising DR stage; 2) the falling DR
stage; 3) the steady DR stage. In the rising DR stage,
the main dynamic factor of the dry progress is the
elevated temperature breaking the balance of the water molecules in the gas-liquid two-phase. At this
time, the water content decreased rapidly in the
sludge samples due to the diffusion resistance which
is small to the surface moisture of sludge [17, 18].
The next is the falling DR stage, the temperature of
the sludge sample has reached the system temperature, and the main dynamic factor is the difference of
the concentration of water molecules in the gas-liquid two-phase. The drying process is controlled by
the resistance of water to diffusion from the interior
to the surface.

DATA ANALYSIS
Moisture content of the sludge sample was calculated as follows [16]:
ሺௐ ିௐ ሻିௐ
ܯ௧ ൌ బ 
(1)
ௐ

The wet basis moisture ratio (MR) of the sludge
sample during the drying process was calculated using the following expression [16]:
ெ ିெ
 ൌ  
(2)
ெబ ିெ

The drying rate (DR) of the sludge sample was
calculated as follows [16]:
ெ
ିெ
 ൌ శ 
(3)
ௗ௧

DRYING MODELS OF DRYING CURVES
18 Semi-theoretical and empirical models are
used to describe the kinetic behavior were selected
in this experiment were shown in Table 1. Based on
the experimental data, the nonlinear fitting of all
models is carried out to find the most suitable equation form in the study.

RESULTS AND DISCUSSION
The influence of different drying temperatures
and quality on the moisture ratio during the drying
process of sludge sample was shown in Figure 2 and
Figure 3, respectively. Figure 2(a) showed that the
drying time when the drying was completed was
164, 116, 82, 60, 46 min at 20g and 120, 150, 180,
210, 240Υ, respectively, and the ratio of the average
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As shown in Figure 4, the drying rate increases
first until it reached the maximum value, and then
begins to decrease after the maximum to around zero
throughout the drying process. As the quality is constant, the peak values of drying rate increase with the
increase of temperature and the time to reach the

peaks is gradually advanced, because higher temperature satisfy the requirement of the water molecules
evaporation to more energy (activation energy) and
the role of resistance was small, which was shown in
Figure 4(a). As the temperature is constant, the peak
values of drying rate decreases with the increase of
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sludge sample quality and the time to reach the peaks
is delayed, because the increase of the quality of
sludge sample decreases the specific surface area of
the unit mass sludge and increases the diffusion resistance of water molecules, which was shown in
Figure 4(b).
The relation curves of MR and DR under different temperatures and qualities were shown in Figure 5, which presented the drying rate of the sludge
samples at higher temperature and smaller quality is
greater at the same moisture content. The time to
reach the peaks always was delayed with the rise of
temperature or the reduction of quality. And about
70%-80% moisture drying process takes place in the
falling stage, which proves that the diffusion resistance was caused by physical mechanism effect
mainly on the movement of water molecules [16].
There are mainly two criteria for the fitting of
the experimental results: R2 is the coefficient of deWHUPLQDWLRQDQGȖ2 is the chi-square in this study. As

shown in Table 2, the simulation results of Midilli
and modified Midilli [19] are very good. Midilli
mold had the values of R2 DQGȖ2 were from 0.9984
to 0.9996 and 1.07E-06 to 0.00173, respectively.
Modified Midilli mold had the values of R2 DQGȖ2
were from 0.9982 to 0.9996 and 8.22E-05 to
0.01228, respectively.
Midilli was selected by comparison with the
models in this study and the form of model is:
MR=a*exp(-ktn)+bt. The empirical constants (a, n,
b) and drying rate constant (k) was shown in Table
3. The values of k were from 7.7×10-4 to 8.94×10-3.
As shown in Table 4, the values of R2 were
IURPWRDQGWKHYDOXHVRIȖ 2 were
from 3.53E-05 to 0.01061, which indicates that the
selected mathematical model can well describe the
drying characteristics of sludge after breaking.
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TABLE 2
The results of nonlinear regression for 40g under different temperatures
Num
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

120Υ
R2
Ȗ2
0.9853
2.35157
0.9755
1.27171
0.9967
0.08817
0.9853
2.35156
0.9853
2.35156
0.9767
14784.0
0.9978
0.09673
0.9988
0.04688
0.9964
0.11613
0.9993
0.00041
0.9994
0.00038
0.9984
0.00667
0.9994
0.00368
0.9974
0.06924
0.9936
0.31313
0.9949
0.22011
0.9949
0.22011
0.9993
0.01260

150Υ
R2
0.9884
0.9805
0.9994
0.9884
0.9884
0.9885
0.9965
0.9977
0.9915
0.9996
0.9996
0.9995
0.9989
0.9955
0.9988
0.9985
0.9985
0.9996

Ȗ2
1.38588
0.61139
0.00347
1.38588
1.38588
6043.23
0.13524
0.04225
0.00033
0.00173
0.01228
0.00027
0.00769
0.01075
0.06616
0.03174
0.03174
7.68E-06

180Υ
R2
0.9867
0.9781
0.9994
0.9867
0.9933
0.9848
0.9953
0.9970
0.9907
0.9996
0.9996
0.9995
0.9986
0.9944
0.9979
0.9987
0.9987
0.9997



Ȗ2
0.82650
0.38854
0.00515
0.82650
0.82650
2025.38
3.27E-06
0.00406
0.00551
1.07E-06
8.22E-05
0.00115
0.00461
0.00519
0.05127
0.02792
0.02792
0.00068

210Υ
R2
0.9910
0.9852
0.9990
0.9910
0.9910
0.9935
0.9947
0.9955
0.9930
0.9991
0.9990
0.9990
0.9970
0.9958
0.9991
0.9991
0.9991
0.9998

Ȗ2
0.21069
0.08249
0.00094
0.21069
0.21069
339.025
0.00580
0.01386
0.01508
0.00026
0.00034
0.00183
0.00613
0.07471
0.00519
0.00263
0.00263
3.45E-07

240Υ
R2
Ȗ2
0.9911
0.47450
0.9850
0.20048
0.9982
0.00902
0.9911
0.47450
0.9911
0.47450
0.9900
287.933
0.9940 0.00737
0.9949
0.0213
0.9934
1.6E-05
0.9984 0.00154
0.9982 0.00295
0.9982
0.01043
0.9962
0.01320
0.9955
0.00041
0.9983
0.02576
0.9984
0.01665
0.9984
0.01665
0.9993 0.00232
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TABLE 3
The results of nonlinear regression about mathematical model of the drying process
0J
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TABLE 4
Curve fitting criteria for the mathematical models
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1.66×10-4 to 7.01×10-4 and from 0.005 to 36.1%, respectively.

The curve of experimental data and simulation
results were shown in Figure 6. It can be seen that
the experimental data and simulation results have a
good agreement. And the mathematical model can
fully express the characteristics of experimental data
and reproduce the experimental drying process in the
selected temperature range. The maximum mean
square deviation (RMSE) is 0.01282 in all simulation processes. The mathematical model that can accurately simulate the experimental process is the basis of good equipment design and manufacture. The
mathematical model can accurately simulate the drying process of broken sludge whether the changes of
temperature or quality in the research.
The regression equations between k and T, and
the criteria (R2Ȗ2) were shown in Table 5. The values of R2 were from 0.9306 to 0.9968 and the values
RIȖ2 were from 1.547E-07 to 1.49E-09, which shows
the drying rate constant has a significant correlation
with temperature and the experimental data and the
fitted results have a good agreement. The curves of
experimental data and fitted data were shown in Figure 7. It can be seen that the fitted equation can well
calculate the values of k and express the law of its
change in the experimental temperatures. And the
maximum RMSE and the relative deviate were from

CONCLUSIONS
The drying process of municipal sewage sludge
after the processing of the CaO and crushing was researched in the study. And the mathematical model
of the drying process was established to study and
reproduce the drying process. The results indicate
that the sludge drying rate increases with the increase
of temperature and decreases with the increase of the
quality of sludge samples. The promotion effect and
the deceleration effect on the sludge drying rate due
to the increase of temperature and the increased quality of sludge sample were gradually weakened. The
mathematical model is established for the appropriate form: MR=a*exp(-ktn)+bt, and the fitting model
form of the drying rate constants is: k=aT 2+bT+c.
The two simulation results had a good agreement
with experimental data and can provide a simple
analysis of the basics for the design and manufacture
of drying equipment to dry the broken sludge.
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TABLE 5
The regression equations between k and T
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EFFECT OF HYDROGEN ADDITION TO BIOGAS ON THE
PERFORMANCE AND EMISSIONS OF AN IC ENGINE
Bilge Albayrak-Ceper*, Nafiz Kahraman, Mustafa Uysal
Erciyes University Faculty of Engineering, Department of Mechanical Engineering, 38039 Kayseri, Turkey

biodiesel, ethanol, hydrogen, natural gas, propane
and biogas. Biogas can be used in spark ignition
(SI) engines directly [2]. Biogas is mainly composed of CH4 and CO2. Compared to natural gas, it
has a lower heating value and a slower burning
speed. However, since the CH4 present in biogas
can be easily mixed with air, and since the utilization of biogas makes it possible to recycle abandoned resources, biogas is suitable for gas engine
fuel [3].
Growing interest in the use of biogas in internal combustion engines demands more detailed
investigation of the combustion process. In 1992,
Karim and Wierzba from the University of Calgary
carried out valuable research on the thermodynamic
and kinetic characteristics of methane-air combustion in the presence of carbon dioxide [4]. To improve the combustion limitations of biogas, such as
lower flame speed and flammability limit, Tanoue
et al. investigated hydrogen addition to a lean methane mixture [5]. Bade Shrestha and Karim investigated methane and methane hydrogen mixture for
SI engine [6, 7]. The idea of hydrogen addition to
natural gas was previously studied to enhance natural gas combustion in internal combustion engines.
Leung and Wierzba investigated the effect of
hydrogen addition on the flame stability of CH4CO2 mixtures, which are of typical biogas composition, for a simple fuel jet discharging into a coflowing air stream [8]. It was found that biogas has
extremely low stability limits and a very narrow
range of co-flowing velocity in comparison to methane. With the addition of hydrogen, significant
increases in the blow off limits were observed, and
the range of co-flowing velocity values allowing
the flame to stabilize is also greatly extended.
Bade Shrestha and Narayanan [9] discussed
landfill gas as a fuel to produce power for a spark
ignition engine. Though the performance and combustion characteristics of the landfill gas fueled
engine deteriorated in comparison with methane
operation, increasing compression ratio and advancing spark timing improved the performance of the
landfill gas operation in par with the methane operation. Additions of hydrogen also improved the
combustion characteristics and reduced cyclic variations of landfill gas operations especially in lean
and rich mixtures.

ABSTRACT
Despite the development of alternative technologies in the internal combustion engines, it is
likely that the spark ignition engine will remain the
dominant vehicle system for the next years. Also,
the addition of these technologies able to enhance
the internal combustion engines' performance in
terms of both efficiency and environmental impact.
This work presents the performance and emission
results of an SI engine which was run on 30%
H2+70% biogas blends at different engine speeds
and excess air ratios. For this purpose, at the wide
open throttle (WOT) condition, the engine was
performed at 1000, 2000, and 3000 rpm. A Ford
engine, a four-stroke cycle four-cylinder spark
ignition engine with a bore of 80.6 mm, a stroke of
88 mm and a compression ratio of 10:1 was used in
the experiments. Engine performance and emission
values (CO, CO2, HC and NO) and cylinder pressure were measured. The experimental results were
compared to 100% CH4, 30% H2+70% CH4, and
65% CH4+35% CO2 (Biogas) fuels at 2000 rpm.
The results show that methane and biogas combustion improved with the addition of hydrogen.

KEYWORDS:
Biogas-hydrogen blends, cylinder pressure, internal
combustion engine, emissions

INTRODUCTION
Traditional vehicle fuels petrol and diesel are,
of course, produced from oil, whereas alternative
fuels come from a variety of sources. Oil has a
couple of key disadvantages, not least the fact that
it is in limited supply and takes millions of years to
be produced. There are also environmental considerations as fossil fuels release large amounts of
harmful greenhouse gases. It is therefore important
to look at alternative fuel today in order to better
protect the environment and to replace diminishing
oil supplies [1].
Some alternative fuels that are commonly used
and commercially available for vehicles include:
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Kahraman et al. [18] and researched on utilization
of natural gas±hydrogen mixtures in internal combustion engine. They concluded that hydrogen is
the best gaseous candidate for blending with natural
gas. They found that natural gas±hydrogen mixtures
have decreased exhaust emission and efficiency
might have been increased under certain conditions.
Ilbas et al. [16] experimentally studied laminar
burning velocities of hydrogen±air and hydrogen±
methane±air mixtures. They concluded that increasing the hydrogen percentage in the hydrogen±
methane mixture brought about an increase in the
resultant burning velocity and caused a widening of
the flammability limit.
Wang et al. [23], studied the combustion behavior of a direct injection engine operating on
various fractions of NG-hydrogen blends. The results showed that the brake effective thermal efficiency increased with the increase of hydrogen
fraction at low and medium engine loads. Their
study suggested that the optimum hydrogen volumetric fraction in NG-hydrogen blends is around
20% to achieve a compromise in both engine performance and emissions.

Rakopoulos and Michos [10] experimentally
studied the closed cycle simulation code of an SI
engine operating on biogas±hydrogen mixtures of
variable composition which was used for the application of second-law analysis. The main aim was to
demonstrate of the spatial distribution of combustion irreversibility inside the burned gas during the
combustion process for the various hydrogen fractions examined. This was revealed by the use of a
multi-zone thermodynamic model, in combination
with a quasi-dimensional combustion model.
Numerous research result data suggest that it
is possible to increase the compression ratio as an
effective means of improving the performance of a
biogas fueled engine when CO2 is present in biogas.
Moreover, the brake mean effective pressure and
brake thermal efficiency values increase steadily
with a compression ratio up to a critical value of
13:1. However, a higher compression ratio causes
greater NOx emission. This results from the higher
maximum combustion temperature with the higher
compression ratio. The effects of compression ratio
on total hydrocarbon emissions is almost the same
as that of NOx with the higher compression ratio
producing more unburnt hydrocarbon. Experimental results indicate that the presence of carbon
dioxide (as in the case of biogas) lowers the NOx
emission, but since lower cylinder pressure results,
engine power and thermal efficiency are reduced
and the level of unburnt HC is increased [11±14].
Many researchers investigated hydrogenenriched compressed natural gas engine as an alternative fuels. Most of these studies regarding experimental studies on the performance and emission
characteristics of hydrogen-methane engines [1526].
Akansu et al. [15, 19], Çeper et al. [17, 20],

TABLE 1
General specifications of the Ford engine
Properties
Bore
Stroke
Compression ratio
Exhaust valve opening
Exhaust valve closing
Intake valve opening
Intake valve closing

Value
80.6
88
10:1
55
50
13
47

FIGURE 1
Experimental rig
1-Engine Chassis, 2- Hydrokinetic Dynamometer, 3- Engine, 4- Engine Cooling Unit, 5-Air Tank,
6- Control Unit, 7- Main Fuel Tank, 8-Gas System ECU, 9- Fuel Select Key, 10-Fuel Tank,
11-Gas Heater, 12- Exhaust Gas Analyzer, 13-Pressure Gauge, 14- Pressure Regulator
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dynamometer was used for the tests. The schematic
view of the test equipment was shown in Fig. 1.
All work was conducted in the Engine Laboratory in the Department of Mechanical Engineering
at Erciyes University. A Sun MGA 1500 gas analyzer was used to measure CO, NO, CO2, HC and O
values. The tests were conducted by varying engine
speeds of 1000, 2000 and 3000 rpm and excess air
ratios of 1, 1.1, 1.2, 1.3 and 1.4. The mixture was
first passed through a pressure regulator for
dropped pressure values from 200 bars to 10 bars.

In this work biogas was defined here as a mixture of 65% methane and 35% CO2 ratio, and was
supplemented by hydrogen to improve its combustion characteristics to close to methane. The influence of hydrogen on the combustion, performance
and emissions had been studied at different engine
speeds and different excess air ratios. Performance
parameters like brake power, brake thermal efficiency, brake specific fuel consumption, emissions
of CO, CO2, HC and NO and combustion parameters like peak pressure were studied in detail and
compared with 100% biogas (65% CH4+35% CO2),
methane (100% CH4) and methane-hydrogen mixture (30% H2+70% CH4).

TABLE 2
The accuracies of the measurements and
the uncertainties in the calculated results

Experimental apparatus and test procedure. The major constituents of biogas are methane
(CH4) at a volumetric percentage of 50-75% and
carbon dioxide (CO2) at 25-50%. Some minor constituents exist, sometimes, such as H2S, N2, and O2.
The present study considers biogas-hydrogen
(30%H2+70%biogas) mixtures, with a biogas composition of 65% CH4 and 35% CO2. Also, tests
were conducted on a Ford gasoline engine. The
engine had a four-cylinder, four-stroke, spark ignition engine with a swept volume of 1800 cc. The
general specifications of the engine were shown in
Table 1. A Cussons-P8601 brand hydrokinetic
60
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Measurements
Temperatures
Speed
Load
Time
NOx
CO
CO2
HC
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Calculated results
Power
Thermal efficiency
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FIGURE 2
Pressure values versus crank angle at different EAR and engine speeds for 30%H 2+70%Biogas
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Then gas passed through second pressure regulator because the pressure dropped from 10 bars to
2 bars. A thermostat heater was used for heating the
gas pipe system. A gas screw was fixed between the
gas heater and intake manifold to adjust the excess
air ratio values. The in-cylinder pressure was measured with an AVL type 8QP500C water cooled
piezoelectric pressure transducer. All the experimental data were recorded to a computer by datalogger. The accuracies of the measurements and the
uncertainties in the calculated results are shown in
Table 2.

2000 and 3000 rpm, respectively.
Generally, the engine can reach its highest efficiency when maximum pressure occurs at 10±15o
ATDC. The maximum peak pressure values are
obtained at nearly 51.2 bars for 3000 rpm at
EAR=1.0. At 1000 rpm and EAR =1.0, the engine
is not running properly so a good cylinder pressure
could not be obtained.
Fig. 3 shows the variation of the maximum
cylinder pressure as a function of the excess air
ratio for 100% CH4, 30% H2+70% CH4, 100%
Biogas and 30% H2+70% biogas mixtures. These
comparisons were selected for 1.0, 1.1 and 1.2
values of EAR and 2000 rpm. The maximum pressure values decreased as the excess air ratio increased. The maximum pressure values decreased
as the excess air ratio increased. This was because
the mixture is getting leaner when excess air ratio
increased. Thus, decrease of fuel concentration in
the mixture give rise to lower energy content. The
peak pressure values are also 12.7, 15.2, 16.2 and
19.1o ATDC for 30%H2+ 70% CH4, 30%H2+ 70%
biogas, 100% CH4 and 100% Biogas at 2000 rpm,
respectively in Figure 3. The pressure of 30%
H2+70% CH4 mixtures was higher than those of the
other gases. The maximum pressure values are
obtained at about 50 bars for 30% H2+70% CH4
mixtures and EAR=1.0. After then 30% H2+70%

RESULTS AND DISCUSSION
Cylinder Pressure Data. Fig. 2 shows pressure values versus crank angle for biogas-hydrogen
(30%H2+70%biogas) at different excess air ratios
(1.0, 1.1, 1.2 and 1.3) and 1000, 2000 and 3000
rpm. All test were carried out at full WOT (wide
open throttle). As seen in these figures, the peak
pressure of the biogas-hydrogen mixtures decreases
with increasing excess air ratio (EAR). While engine speed increases, the peak pressure values of
biogas-hydrogen mixture operations increase. As
shown figure 2, the peak pressure values are obtained at approximately 17.3 and 9.2 ATDC for
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FIGURE3
Pressure values versus crank angle for 100% CH 4, 30% H2+70% CH4, 100% Biogas and 30% H2+70%
Biogas mixtures at 2000 rpm
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FIGURE 4
CO, CO2, HC and NO emissions versus excess air ratios at 1000, 2000 and 3000 rpm
for 30% H2+70% Biogas.
biogas PL[WXUH¶s pressure values are obtained higher than the other gases. Maximum pressure values
of 30% H2+70% biogas mixture are measured as
46, 43.5 and 40 bars at EAR=1.0, 1.1 and 1.2 respectively.

Maximum NO emission values are observed at
EAR=1.05 and 3000 rpm. For 1000 and 2000 rpm,
the maximum NO values are obtained at nearly
EAR= 1.17 and 1.13 respectively. With the increasing of EAR, the NO emission values are decreasing.
HC value reaches its lowest value at about
EAR=1.2-1.3 for each engine speed. HC concentration increases when EAR is higher than 1.3. The
HC values are decreased when the excess air ratios
are increased from 1.0 to 1.2. The minimum HC
value is found as 123 ppm for 3000 rpm.
Fig. 5 shows the CO, CO2, HC and NO emissions versus the EAR for 100% CH4,
30%H2+70%CH4, 100% Biogas and 30% H2+70%
biogas mixtures at 2000 rpm. Especially for fuel of
Biogas, the engine was not run between lambdas
1.0-1.2. Because enough gas inlet was not be
achieved due to the characteristic of the engine
intake manifold. So in the figures, experimental
data are given nearly between EAR= 1.2-1.4 for
biogas fuel. The maximum CO2 values are obtained
for 30% H2+70% biogas and 100% Biogas due to
the CO2 containing. The CO emission values de-

Emission and Performance Parameters.
Fig. 4 illustrates CO, CO2, HC and NO emissions
versus excess air ratios at 1000, 2000 and 3000 rpm
for 30% H2+70% biogas. As seen in these figures,
while the EAR values are increased, the CO values
are decreased. Similar trends are observed for CO 2
emission values. The CO2 value decreased inversely with the excess air ratio because with lean combustion the oxygen in air is more than enough for
combustion. CO values are highly concentrated
between 1.0-1.2 excess air ratios due to incomplete
combustion. After EAR=1.2, the CO values are
significantly reduced. Lower CO emission values
were obtained at 3000 rpm. CO2 values are maximum levels when excess air ratio is between 1.0
and 1.15. When the EAR values are higher than
1.15, the CO2 values are also found to be decreased.
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engine cylinder. Principal source of NOx is oxidation of atmospheric (molecular) nitrogen and high
combustion temperature.NO emission values were
not shown for 100% CH4 and 30%H2+70%CH4
because of NO values were obtained above 5000
ppm. Maximum NO values are obtained about 4100
ppm at EAR=1.15 for 30% H2+70% Biogas mixtures.

crease with increasing EAR for each mixture. The
minimum HC values are obtained for 30% H2+70%
CH4 due to an improvement in combustion. The
maximum HC values are observed at 100% Biogas
as about 300 ppm nearly EAR=1.19. Nitric oxide
(NO) and nitrogen dioxide (NO2) are usually
grouped together as NOx emissions. NO is the
predominant oxide of nitrogen produced inside the

2.0

16

 &%"

 &%"

1.6

12

1.2

 

 

14

10

0.8

 
    
 $'
    $'

8

6
1.0

1.1

600

1.2

+'' & ($

0.4

1.3

0.0

1.4

1.0

 &%"

1.2

+'' & ($

1.3

1.4

 &%"
4500

500

4000

 
    

3500

400

 $'
    $'

3000

 %%"

450

350
300

2500

1500

200

1000

150

500

1.0

1.1

1.2

+'' & ($

1.3

 $'
   $'

2000

250

100

1.1

5000

550

 %%"

 
    
 $'
    $'

0

1.4

1

1.1

1.2

+'' & ($

1.3

1.4

FIGURE 5
CO, CO2, HC and NO emissions versus excess air ratios for 100% CH 4, 30%H2+70%CH4,
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FIGURE 7
Brake thermal efficiency values versus excess air ratios

gas lower than 30%H2+70%CH4 mixture however
higher than 100% CH4 and 65% CH4+35% CO2.
x With the increase in EAR, the emission
parameters of CO, and CO2 values decreased.
x NO emission values decrease after
EAR=1.2.
x For 30% H2+70% biogas, the best results
were obtained at high engine speed (3000rpm).
x The optimum working range for these engines is recommended between 2000 and 3000 rpm.
In this manuscript, awareness of biogas use
expressed in vehicles. Moreover, engine performance improvement with the addition of hydrogen
is studied. Biogas can be used in engines. However,
the best values are obtained by adding hydrogen to
biogas.

Fig. 6 and 7 illustrates brake power and brake
thermal efficiency values versus excess air ratios
for all mixtures and different engine speeds. From
Fig. 6, the maximum brake power values are obtained as 33.3 kW at 3000 rpm for 30% H2+70%
biogas. For 2000 rpm, in a comparison with all the
mixtures, the maximum brake power values are
observed at 30%H2+70%CH4, 30% H2+70% biogas, 100% CH4, and 100% Biogas respectively. The
maximum brake power values are obtained 26.5
kW at 30%H2+70%CH4. With the addition of hydrogen to biogas brake power values were closed to
30%H2+70%CH4 mixture. In Fig. 7, when all the
mixtures are compared with each other, the maximum brake thermal efficiency was obtained at
nearly 17.6 % for 30%H2+70%CH4 and 16.2 % for
30% H2+70% biogas at 2000 rpm. For different
engine speeds, the maximum brake thermal efficiency of the engine running on biogas-hydrogen
mixtures was found as 24.4% at 3000 rpm. With the
addition of hydrogen to biogas, combustion is occurred well therefore brake thermal efficiency values are improved.
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CONCLUSION

ABBREVIATIONS

This paper discussed experimentally the emission and performances of an SI engine operating on
100% CH4, 30%H2+70%CH4, 100% Biogas and
30% H2+70% biogas.
The main results may be summarized as follows.
x With the increase in EAR, low pressure
values were obtained in each mixture.
x Addition of hydrogen to biogas and methane fuels, maximum pressure values are increased
from 100% CH4 and 100% Biogas..
x For 30% H2+70% biogas, the peak pressure value was obtained at EAR=1.0 and 3000 rpm.
x In a comparison of all mixtures at 2000
rpm, the peak pressure value of 30% H2+70% bio-
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because of their stable chemical structures in environment [1]. They have poor biodegradability and
high toxicity. Some of their degradation products
such as aromatic amines are also mutagenic to human health [2]. Hence, azo dyes should be strictly restrained to drain into natural environments.
Previous physicochemical treating approaches
such as coagulating sedimentation, advanced oxidation and activated carbon adsorption technology
have been widely used for treating azo dye [3, 4].
Unfortunately, they have intrinsic disadvantages,
such as high cost and secondary pollution. In contrast, biological methods are effective ways to remove azo dyes. Generally, anaerobic conditions are
more favorable for bacteria to remove –N=N- bonds
[5]. Furthermore, it must be mentioned that the corresponding intermediate products were further degraded into aromatic amines and finally transformed
into simple compounds only under aerobic conditions [6]. Therefore, traditional biological methods
not only have limited speed but also own complex
processing steps including anaerobic and aerobic
processes [5]. A new treatment method needs to be
discovered to tackle azo dye effluents in an economical, rapid and environmentally friendly way.
Biofilm-electrode reactors (BER) firstly
emerged as a research hot spot used to treat nitrite
[7]. BER combines biological and electrochemical
methods by attaching microorganisms on the electrodes to form a biofilm. By applying power to the
BER, microorganisms could utilize electrodes as
electron donor to meet the needs of metabolism and
growth [8]. Moreover, enzyme activity of the bacteria could be improved in BER [9]. On the other hand,
H2 may be produced at the cathode via the electrolysis of water and serve as an electron donor to convert
the refractory pollutants into intermediate products
easily utilized by microorganisms [10, 11, 12]. Many
studies have reported that BER could degrade refractory pollutants. In one example, Zhang [13] used a
BER to treat wastewater containing 2, 4-dichlorophenol, and the results showed that 5 mA with 100
mg L-1 of pollutants gave a removal efficiency of
100% in 48 h. It has also been reported that azo dye

Biofilm electrode reactor (BER) was constructed to study the factors that influencing the decolourization of X-3B and effects of electrical stimulation on microbial community structure. Results
showed that decolourization efficiency could be significantly improved by optimizing some parameters:
such as voltage, electrode spacing, and concentration
of X-3B and co-substrate glucose. It was noteworthy
that optimum voltage and electrode spacing for BER
decolourization was 1.5 V and 2 cm, respectively.
Meanwhile, decolourization efficiency was also depending on the suitable concentration of X-3B and
glucose in influent. Furthermore, the significant correlation of current vs decolourization efficiency
(=0.7351) was observed. Ultraviolet–visible spectroscopy analysis showed that the effective X-3B decolourization was realized by the cleavage of azo
bond. After that, some intermediate products were
further degraded. Notably, with the increase of the
voltage from 1V to 2V, X-3B was completely degraded without the accumulation of intermediate
products. In addition, microbial communities were
analyzed by fluorescent in situ hybridization and denatured gradient gel electrophoresis. The results indicated that micro-current stimulation could only increase the number of microorganisms and could not
change the microbial community structure. According to bacterial function classification, bacteria that
perform anaerobic fermentation, azo dyes and metabolites degradation may exist in BER.
+)!$%
Biofilm electrode reactor, reactive brilliant red X-3B, electrical stimulation, microbial community
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Synthetic dyes are widely used in textile, cosmetic and paper industries with the rapid growth of
the global economy. Of these, azo dyes, which contain one or more -N=N- bonds are difficult to break
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$1-/>9</98253?<->598The BER system consisted of a cylindrical polyacrylic plastic cylinder
with the dimension of Ф15 cm×25 cm (Fig. 1a). An
intermittent mixing protocol (stirring frequency
was 10 min per 2 hour) was used to ensure that the
BER was anaerobic and intensive mixing (Fig.1b).
The BER anode was composed of a graphite rod
with a diameter of 2 cm and a length of 18 cm. This
was polished with sandpaper and soaked in 1 M NaHCO3 for 24 hours to remove oil and grease before
use. The anode was inserted in the centre of the reactor. The bio-cathode of BER was made of stainless steel cylinder and carbon felt. The carbon felt
was glued inside and outside of a steel cylinder with
thermal conductive adhesive. The anode and cathode were connected via titanium wires (1 mm in diameter) to the positive and negative potential.

could be degraded in BER under anaerobic condition. Sreelatha [14] used BER totreat AMIDO
BLACK 10B, and the removal efficiency could
achieve 69.9%. Zhao [15] investigated the removal
mechanism of Acid Orange 7 in a three-dimensional
BER. As a result, the COD removal was significant
improved compared with a single biological or electrochemical mode. This indicated that there was synergistic effect to remove pollutants.
It is a feasible method to degrade azo dyes by
using BER. However, the factors that influence the
degradation in BER have not been studied systematically. In addition, the microbial community structure to degrade azo dye in BER was unknown. The
change in the microbial community under micro-current stimulation remains unclear in BER systems. In
this study, we constructed a BER to treat simulative
wastewater containing representative azo dye reactive brilliant red X-3B. The objective of this study
was to evaluate the effects of voltage, initial X-3B,
and co-substrates glucose concentration on X-3B
degradation. We also studied the influence of the different electrode distances on BER performance.
Then, the effects of electrical stimulation on microbial community were analyzed by denatured gradient
gel electrophoresis (DGGE) and fluorescent in situ
hybridization (FISH). A better understanding of the
optimal parameters of BER systems on decolourization and microbial community composition will help
to explain this technology in practice.


89/?6->598-809:1<->583/9805>598=Next,
500 mL of concentrated anaerobic sludge (16 g L1
) was collected from East Sewage Treatment Plant
in Nanjing, China. Sludge was added to each reactor as an inoculum source. The synthetic
wastewater contained glucose (400 mg L-1), NaCl
(330 mg L-1), NaH2PO4 (33 mg L-1), NH4Cl (134
mg L-1), MgSO4 (15 mg L-1), NaHCO3 (340 mg L1
), and 0.2 mL L-1 concentrated trace element solution following the literature [16]. To improve the
microorganism adaption to X-3B, the concentration
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of X-3B gradually increased from 50 to 200 mg L1
, and the system was maintained one week at every
X-3B concentration (50, 100, 150, 200 mg L-1). The
reactors were operated with an HRT of 2.3 days at
a flow rate of 0.054 L h-1 by pump. The different
system parameters listed below were optimized
when all the reactors were operated stably for 2
months.
(1) To optimize the voltage of the reaction system, BER reactors of the same configuration (electrode distance 3 cm) were applied to different voltage levels (0.5 V, 0.7 V, 1.0 V, 1.5 V, and 2.0 V).
A microbial control system without voltage (0 V)
was also built under the same condition to study the
most suitable voltage for X-3B (200 mg L-1) decolourization. Co-substrates glucose concentration
was fixed at 400 mg L-1. Ultraviolet-visible spectroscopy (UV-Vis) was used to analyse the effluent
of BER to explore the possible degradation products under different voltages.
(2) To get the suitable X-3B concentration in
influent, varying concentrations of X-3B (100, 200,
300, 400 mg L-1) and fixed co-substrates glucose
concentration (400 mg L-1) were added to test decolourization efficiency under the voltage at 1 V
with an electrode distance of 3 cm.
(3) To determine the best co-substrate concentration on decolourization efficiency, different glucose concentrations (0, 100, 200, 300 and 400 mg
L-1) were supplied with 200 mg L-1 X-3B under 1 V
with an electrode spacing of 3 cm.
(4) To optimize the electrode spacing parameters, we studied the influences of the different electrode spacing (2, 3, 4, 5, and 6 cm) on the decolourization performance of BER. The influent contained X-3B: 200 mg L-1, glucose: 400 mg L-1. The
initial voltage was set to 1V. The internal resistance
(R) of each BER system was obtained via a polarization curve. All of the experiments were carried
out at room temperature.

In this study, we used a universal table (Agilent HP 34970, USA) in circuit to measure the current. A change of external voltage from 0.2 V to 2
V was used to draw the polarization curve by measuring current under different voltage values. The
polarization curve was plotted with the voltage as
the horizontal and current as Y coordinate. The apparent internal resistance was obtained by the polarization curve in which the linear region slope
was the apparent internal resistance.
6?9<1=/18> 58 =5>? 4B.<505C->598 %
To examine the effects of micro-current stimulation
on total number of bacteria on the cathode biofilm,
both the BER system (voltage 1 V) and the microbial control system (0 V) ran continuously for two
months. The concentration of X-3B and glucose in
BER were all 200 mg L-1. The cathode graphite carbon felt attached to the biofilm (surface area 1 cm2)
from 2 BER systems was put into polyethylene
pipes containing sterile water. The pipe was shaken
at full turbulence by ultrasound. The paraformaldehyde was then used to fix the samples at 4 °C for
24 h. The fixed samples were washed twice with
PBS and diluted with 50% PBS and 50% ethanol to
a constant volume of 1 mL and stored at -20 °C.
The 10 µL pre-treated samples were fixed on glass
slides under 37°C in the oven for 2 h and subsequently dehydrated with 50, 80, 96% ethanol concentration in sequence (each step for 3 min). The 24
µL hybridization solution and 1 µL probe (50 mg
L-1) were added to start hybridization. The FISH
procedure and component of hybridization as well
as the elution solution were based on a published
method [17]. The hybridization process continued
for 5 h in a humidified chamber at 46°C and slides
were then washed in a hybridization elution solution at 45°C for 20 min. The slides were examined
with a fluorescence microscope after drying at
room temperature, and the bacterial density was obtained by photo observation count [17, 18].

8=><?718>->598 -80 -8-6B=1= The absorbance of X-3B was measured with a spectrophotometer (Labtech 9100B PC, US.) at 538 nm. The samples were first filtered with a 0.45-µm syringe filter.
Next, the absorbance of each sample was recorded,
and the decolourization efficiency was calculated
as shown in Eq. (1)
(1)
Decolourization efficiency= (C0-C1) /C0
Here, C0 and C1 are the absorbance of samples
collected in influent and effluent of BER, respectively.
Potassium dichromate method (APHA method
5220) was applied to measure the soluble chemical
oxygen demands (COD). The COD removal efficiency was calculated by Eq. (2):
COD removal efficiency (%) = (COD0 - COD1 )/COD 0 ×100% (2)

5/<9.5-6977?85>B8-6B=5=92$.B
A Rapid Soil DNA Isolation Kit (Sangon
Biotech, Shanghai, China) was used to extract the
total genomic DNA of the collected sample following the instruction. The DGGE analysis was implemented by amplifying the V3 region of bacterial
16S rRNA genes by PCR as described previously
[19]. The information contained in the DGGE map
was quantified and DNA was extracted in specific
bands and further purified for cloning and sequencing (performed in Sangon Biotech, Shang hai,
China). The sequence alignment was conducted and
the accession numbers were deposited in the Genbank. Further analysis was carried out by quantity
one V4.6.2 to conduct UPGMA cluster analysis and
the similarity matrix of the two systems were obtained. A phylogenetic tree was constructed by
MEGA 5.05.

The COD0 and COD1 represent for the COD
concentration (mg L-1) in influent and effluent of
BER systems, respectively.
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%>->5=>5/-6-8-6B=5=All data were the average
values of experiments repeated in triplicate. These
were statistically analysed with Origin 2016. The
data between different treatment groups in each
measurement were compared statistically by oneway analysis of variance (ANOVA) followed by
the least significant difference (LSD) test if the
ANOVA result is significant at<0.05. The statistical analyses were used Excel 2010.

trode by large amount of hydrogen bubble production in the high current condition [22]. Therefore,
this indicated that the increase in current within a
range had obvious promoting effects on decolourization.
It is worth noting that COD removal was not
obviously affected by the voltage in consideration
of system error (>0.05). When the system was applied to the maximum voltage of 2 V, the COD removal efficiency was only 9.78% higher than that
of the 0 V control system. It must also be mentioned
that the additional 400 mg L-1 glucose accounted for
the main parts of total COD. Notably, glucose is a
common carbon source and was easily degraded by
microorganisms. The decrease of COD in the system was mainly from the metabolism of glucose. In
contrast, X-3B and its related metabolites were very
stable, and it may not be completely oxidized by
potassium dichromate totally during the determination of COD [23]. Therefore, voltages had no substantial effect on COD removal in our study.

$%'&% %'%%! 

1/969?<5C->598 1225/518/B ?801< 05221<18>
@96>-31=To verify the effects of voltage on decolourization, the effluent concentration of X-3B in
different reactors were measured. Fig 2 showed that
with the increase in voltage, the decolourization efficiency generally increased. The decolourization
efficiency of X-3B had a linear relationship with
the system current (=0.7351). The impact of the
voltage on decolourization efficiency could be divided into three stages. First, the current was weak
when the voltage was less than 0.7 V (Fig. 2). The
current increased slowly from 0.038 to 0.048 mA.
A possible reason for the removal of X-3B might
be caused by the direct adsorption behaviour of
electrodes or the microbial degradation. Second,
while the voltage of the BER system was in the 0.7
to 1.5V range, the average decolourization rate increased linearly due to the surge of current (Fig.2).
It is important to highlight that the activity and metabolism of the microorganism may be enhanced by
electrolytic stimulation [20, 21]. Previous researches have shown that the microbe throughout
the electrode biofilm was metabolically active and
the bio-electrochemical action can increase the
mass transfer performance [22]. In addition, the
amount of energy (as ATP form) that a microbe can
obtain was proportional to the potential difference
between electrodes [8]. When 1 V voltage was applied, the generated current was 0.283 mA (Fig 2).
As we know, the removal of X-3B needs electrons
[23]. The larger current were obtained, the more
electrons could be used to remove X-3B. The results have shown that the decolourization efficiency
of X-3B was 23.17% higher than that of the microbial control group (0 V). While the voltage was
higher than 1.5 V, more electrode reactions would
occur due to the electrolysis of water. It has been
reported that electrolysis of water would occur
when the potential difference between anode and
cathode is more than 1.230 V [8]. Considerable research efforts have verified that the H2 and O2 could
be used by microorganism as electron donor and acceptor [8]. However, in our study we found that the
rise of decolourization efficiency was gentle when
the voltage was above 1.5 V. It may be attributed
that some microorganisms falling from the elec-

'$ 
&4101/969?<5C->5981225/518/B-80/?<<18>
/4-831=58$=B=>17=-80-(75/<9.5-6
/98><96=B=>17<<9<.-<=<1:<1=18>=>-80-<0
01@5->598=92<1:65/->1=-7:61=8 

'((5==:1/><-6-8-6B=5=The UV-Vis spectra of the effluent with different external voltages
when X-3B concentration was 400 mg L-1 are
shown in Fig.3. Further analyses indicated that decolourization of X-3B was attributed to destruction
of the azo bonds. X-3B has five absorbance peaks
at 231, 285, 329, 512 and 538 nm [18]. The peaks
at 512 and 538 nm which were caused by the conjugated structure are characteristic absorbance
peaks of X-3B. The absorption peaks at 231 nm,
285 nm and 329 nm are characteristic absorption
peaks of the benzene ring, triazine ring and naphthalene ring, respectively. Meanwhile, the 200-230
nm absorption peaks are mainly some small molecules such as alcohol, aldehyde, ketone, carboxylic
acid that came from the degradation of benzene and
naphthalene (within the scope of the shadow in Fig
3). The damage of conjugated structure –N=N- is
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mg L-1 (29.47%). It may be attributed that an increase of X-3B concentration could result in an decrease in biomass due to the toxicity of dye and its
intermediates [25, 26]. This could hinder the
growth of microorganisms including the decolorizing bacteria and other bacteria. On the other hand,
a higher influent concentration caused the organic
matter load to go beyond the load of the BER system and further reduce the system treatment efficiency. Figure 4a also shows that with the increase
in initial X-3B concentration, decolourization rate
increased until the X-3B concentration was 300 mg
L-1 (the maximum decolourization rate was 59.10
(mgL-1d-1). Noticeably, the decolourization rate began to decrease when the initial X-3B concentration
was higher than 300 mg L-1. This phenomenon suggested that the increase in X-3B concentration contributed to the increase of decolourization rate in a
certain range, a higher X-3B concentration resulted
in more serious microbe inhibition or inadequate
biomass. Meanwhile, microorganisms were probably unable to produce adequate the key enzymes to
degrade higher concentration X-3B. Similar results
were also observed in the process of bacteria decolourization [27].

responsible for the X-3B decolourization [24]. It
should be pointed out that the absorption at 512 and
538 nm declined most obviously and the absorption
at 231, 285, 329 nm did not obviously decrease due
to the gathering of small molecules when the voltage was less than 1V. It was indicated that decolourization is accompanied by intermediate accumulation such as benzene rings, triazine rings, and
naphthalene rings (Fig.3a). The phenomenon was
probably due to the low reaction rate under low
voltage. In contrast, all peaks of effluent showed an
obviously downward trend in influent at 1.5 V and
2 V (Fig. 3b). It indicated that the intermediates
generated from X-3B were further destroyed under
higher voltage.

221/>= 92 *  -80 /9=?.=><->1 36?/9=1
/98/18><->598 98 01/969?<5C->598 Figure.4a
shows that the decolourization efficiency had a regular decrease with increasing X-3B concentration.
According to the one-way ANOVA, the results of
the two adjacent groups were significantly different
(<0.05). The decolourization efficiency was highest (73.60%) when the X-3B concentration was 100
mg L-1, which was 2.5-fold higher than that at 400

'$ 
'(@5==:1/><-92=-7:61=><1->583A5>405221<18>@96>-31=->41=-7:61=><1->10A5>4
( ((-80 (.%-7:61=><1->10A5>4  (-80 (
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3B might not unrestrictedly increase. We can surmise that the 300 mg L-1 glucose concentration may
produce sufficient –N=N- reductase for microbial
degradation in this system. During glucose degradation, the reduction state of the system was
strengthened. Under anaerobic conditions, a low redox potential (50 mV) contributed to reductive
cleavage of azo bonds (–N=N–) with the help of
azoreductase [28].
221/>=92161/><901=:-/5839801/969?<5C-
>598 One-way ANOVA results showed that there
was a significant difference on decolourization efficiency among the reactors with different electrode
spacing (<0.05) (Fig.5.). The systems with electrode spacing of 2 cm achieved highest decolourization efficiency of 79.33%. The lowest decolourization efficiency was observed at spacing of 6 cm,
and that was recorded as 61.53%. As will be described below, the electrode spacing influenced the
system’s resistance and further affected the system’s current. Therefore, the current continued to
decrease with the increasing spacing between electrodes (Fig.5). Besides glucose, electron donors
could also be from cathode electrode. The larger
current in BER, the more electrons from electrodes
could be used to remove X-3B [26]. Zhang [29]
found that in an electrochemical system, the electrode spacing between the anode and cathode significantly influenced the resistance and the biomass
content of each segment. The changes in electrodes
spacing of the systems directly changed the electron and the ion transfer path. This mainly affected
the ohm resistance. To further reveal clearly the effects of electrode spacing on internal resistance, the
internal resistance of each BER system was estimated by the polarization curve as described above.
As shown in Fig.5, the resistance gradually increased with the increasing of the electrode spacing. The lower resistance would produce a larger
current and would decrease the extracellular electron resistance and increase the ability for microbial
catalysis [29]. When comparing the performance of
BER systems between the electrode spacing of 2
cm and 3 cm, the electrode spacing of 3 cm was
better (<0.05), while the resistance was almost the
same. This means that in addition to the influence
of current, the BER system was bound to have other
factors that limited decolourization. For example, a
short circuit between electrodes might occur over
short electrode distances and lead to the decrease of
the decolourization rate. Furthermore, the number
of X-3B molecules transferring between electrodes
was too small. In summary, the BER current could
be altered by changing the electrode spacing. This
affected the strength of electrolytic action and current. When the spacing distance was too small, it
had adverse effects on decolourization as mentioned. Therefore, the electrode spacing should be
kept at a suitable range.

'$ 
1/969?<5C->598:1<29<7-8/192* ->41
01/969?<5C->5981225/518/B-80<->192* 
?801<05221<18>0B1/98/18><->598=.>4101
/969?<5C->5981225/518/B?801<05221<18>
/9=?.=><->136?/9=1/98/18><->598=
<<9<.-<=<1:<1=18>=>-80-<001@5->598=92
<1:65/->1=-7:61=8 
There are a few bacteria that can grow on azo
compounds as the sole carbon source. Most azo dye
degradation bacteria need additional co-substrates
for effective degradation, which indicated that the
ability of bacteria to use X-3B as sole substrate to
break –N=N- was very limited. The results showed
that with X-3B alone in BER, the decolouration efficiency was extremely low at just 12.6%. With the
increasing of co-substrate glucose concentration,
the decolorizing efficiency got better (Fig. 4b.).
Further studies showed that a higher glucose concentration of 400 mg L-1 could not significantly improve decolourization efficiency versus 300 mg L-1
(>0.05) (Fig. 4b). It may be caused by excessive
glucose addition may increase the thickness of biofilm and further increased resistance of BER. This
result indicated that glucose might be a microbe
growth substrate to enhance microbe activity.
Meanwhile, X-3B would possess higher biodegradability due to the enhancement of microbe activity
in the growth medium when induced by glucose.
However, once the glucose concentration exceeded
a certain range, the decolourization efficiency of X-
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dominant group in the community. The different
strip brightness values correspond to the density of
each sequence (Fig. 6). The similarity between the
two systems was high (86.6%) indicating that the
effect of micro-current on the microorganism had
little effects on the population structure.

'$ 
221/>=92161/><901=:-/5839801/969?<5C->598
1225/518/B-80/?<<18>3181<->5988 
&416-.16=981-/4/96?78<1:<1=18>57:10-8/1
92>41$

-/>1<5-6/977?85>B-8-6B=5=92/->490158
$ =B=>17 According to the FISH results, the
densities of bacteria in BER electrode carbon
(2.56×107/cm2) were 1.3-fold higher in BER (1 V)
than that in the microbial control carbon felt
(1.98×107/cm2) . Matsumoto et al. [30] found that a
period of logarithmic growth with electrolysis stimulation was three fold longer than that without electrolysis stimulation. In addition, the final cell density was a 50-fold increase over conventional batch
culture. The results indicated that applying microcurrent in BER system promoting microorganism
growth. This subsequently led to an increase in biomass in the reactor.
It has been found that 21 and 19 bands were
detected in the DGGE images of the two samples
collected from cathode biofilm of BER (1 V) sys'$
tem and microbial control system (0 V), respec&4157-3192>41$=B=>17 (-80
tively. Electrolysis of water may not occur when
75/<9.5-6/98><96=B=>1712>57-31
the voltage was 1 V, so the direct current stimula$534>57-3101-6A5>4.B;?-8>5>B981$
tion was the only factor affecting microbial com=B=>1775/<9.5-6/98><96=B=>17
munities. Each band roughly corresponded to a


& 
"4B693181>5/5018>525/->59892:<975818>.-80=.-=1098>41( $1359892>41
$<$ 18158$=B=>17


No
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Further bacterial community identification of
the BER system was seen with 16S rRNA gene
analysis. The obtained sequences were aligned in
the GeneBank, and the sequences with the maximum similarity are listed in Table 1.
The phylogenetic tree was constructed in Fig.
7. The detected sequences were mainly from four
phyla: , " , " $ $", and
& $". In accordance with the function, the
bacteria in table 1 could be divided into organic
matter anaerobic fermentation bacteria, azo dye-degrading bacteria, and aromatic metabolite-degrading bacteria.
Anaerobic fermentation bacteria were mainly
seen in bands 3, 4, 5, 8, 12, and 13. In this study,
the degradation of glucose was mainly a function of
anaerobic fermentation. The dominant sequences in
bands 2 and 11 belong to  $" sp., which is a
dissimilatory metal reduction bacteria that could
transfer electrons to the solid electron acceptor during degradation process. The  $" sp might
involve the bioelectrochemical reduction of X-3B
via an electron transfer chain on the cell membrane
as mentioned. Band 9 and 21 are affiliated with 
& $"% sp. The & $"% sp. could
break the azo bonds and produce specific azo reductase [31, 32]. Moreover, it could degrade the
azo dye in the extracellular region via a redox mediator from the intracellular metabolites. In addition, & $"% sp. could use aromatic compounds as an electron acceptor similar to%"
sp. detected in band 18. As shown in Fig.1C, the
existence of these strains provided a possibility for
further degradation intermediates of X-3B in the
BER system. The microorganisms contacted the
cathode closely. Effective electrical communication between microbes and electrodes has enhanced
the growth rate. In addition, in virtue of small-bubble generation at the electrodes, a gas-liquid-solid
layer formed at the interface, which resulted in the

larger contact surface area between the microbes
and electrodes, thus the electron transfer rate accelerated.
! '%! 
Our study revealed that the X-3B decolourization efficiency in BER was significantly improved
relative to a microbial control system. We evaluated a set of conditions for X-3B degradation in X3B. As the current increased, the decolourization
efficiency rapidly increased (=0.7351). The UVvis results showed that the decolourization of X-3B
is attributed to the destruction of azo bonds, and the
intermediate further degraded into lower molecular
weight organics in BER with higher voltage. Furthermore, operating conditions to influence decolourization efficiency such as varying concentrations of X-3B and glucose as well as electrode spacing were investigated. Finally, based on the FISH
and DGGE results, it was confirmed that the microcurrent could affected the microbial density rather
than the structure of the population. Meanwhile, the
microbial community of the cathode in the BER
was illuminated. These findings confirmed the
bright prospect of BER in treating many kinds of
refractory azo dye wastewater.
 !) &%
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can also accumulate in near urban living areas, potentially threatening citizens’ health [2]. Thus, scientists have paid attention to approaches to treating or
reducing PAHs existing in the environment. Previous methods include using nanoscale adsorbents [36], treated activated carbons [7-9] and biochars derived from various organic matters [10-12]. Among
these methods, treating organic wasted biomasses
such as orange wastes and coconut wastes [13] as adsorbents has been a heated topic in corresponding
field [14, 15]. Despite common fruits and vegetables, agricultural products, wheat straws had also
been investigated [10, 16-18]. However, in China,
little attention has been paid to another common agricultural residue—potato straws.
China has been the largest producer of potatoes
in the world, yielding around 100 million tons every
year [19]. If these straws cannot be treated appropriately, there will be a serious waste and potential environmental threat.
To save wasted resources of potato straws and
to find a new direction for adsorption of PAHs, this
study chose potato straws as raw materials to produce biochars. In order to determine the best pyrolyzed temperature to produce biochar, potato straws
were treated at the temperature of 300, 500 and
700°C, respectively. Main objectives of this research
are: 1. understand kinetics and isotherms of PSBC on
PHE adsorption behavior; 2. characterize the mechanism of adsorption on PHE. This study should provide future with references of utilization of wasted
potato straws to treat PAHs in waste water.

Biochar, which is a novel manufactured material obtained from biomass, has gained much attention in environmental fields. However, the sorption
of polycyclic aromatic hydrocarbons (PAHs) by biochar of potato straws (PSBC) remains poorly understood. The objective of this study was to investigate the mechanisms of PAHs sorption onto PSBC
in aqueous solution. Three groups of pyrolyzed biochars from potato straws at 300, 500, 700°C
(PSBC300, PSBC500 and PSBC700) were characterized via elemental analysis. The sorption behaviors of PSBC with phenanthrene (PHE) were investigated through batch equilibrium experiments. The
results indicated that the physicochemical properties
(carbonation, hydrophobicity, acromaticity, and polarity) of PSBC were strongly influenced by pyrolyzed temperature, which obviously affected the
sorption behaviors of the biochar with PHE. With the
increase of pyrolyzed temperature, the sorption capacity and sorption ability rose in the order of
PSBC700 >PSBC500 >PSBC300, with PHE at a
given equilibrium concentration. The sorption kinetics of PHE might be best described by pseudo-second-order kinetics model, while the sorption isotherms followed Freundlich, and Langmuir-Freundlich isothermal models. These results revealed that
the sorption mechanisms of PSBC with PHE in aqueous solution might involve π-π EDA interaction, hydrophobic partition, and pore-filling. The high sorption affinity of PSBC for PHE implied that it is a
promising and valuable absorbent to remove hydrophobic organic contaminants (HOCs) from contaminated water.



   

-*1.(&06 &2) 1&7*5.&06 Potato straw was
obtained from a test field in Dingxi City, Gansu
Province, China. The feedstock was firstly washed
with tap water three times to remove dust before the
use. After air-dried for 2 d and subsequently cut off
into 25 cm pieces, then were put into drying oven of
50°C for 24 h. The treated straws were ground with
a grinder and then passed through a 0.425-mm sieve.
The potato straw powder was placed in a ceramic
crucible with pressed state, covered with a fitting lid.
Under oxygen-limited condition, put the power of
feedstock into muffle furnace (SX2 series, Shanghai

$" 
Biochar, potato straw, phenanthrene, sorption, mechanism

 ! 
Polycyclic aromatic hydrocarbons (PAHs),
composed by two or more condensed aromatic rings,
have been tested to have strong carcinogenicity and
mutagenicity to humans’ bodies [1]. These matters
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Jiazhan Instrument Co., Ltd., China) to pyrolyze at
temperature of 300, 500, 700°C for 6 h, respectively,
then cool it down till room temperature. In order to
remove inorganic carbon and ash, the resulting
charred residues were washed with a 1 mol/L HCl
for 8 h and separated by vacuum filtration to remove
the supernatants. The residues were rinsed with deionized water until the aqueous phase became neutral and the possible desorption of organic matter
from biochars was negligible. The biochars were
oven-dried overnight at 80°C, and then ground,
passed through a 0.180-mm sieve, and finally, stored
the biochar into brown bottles to use for subsequent
experiments. The biochars are hereafter referred to
as PSBC300, PSBC500, and PSBC700, respectively,
where the suffix number represents pyrolytic temperature.

.3(-&5(-&5&(7*5.=&7.32 Ash content of biochar was determined by heating sample at a temperature of 750°C for 4h to remove organic matter, and
then the ash contents of biochar samples were calculated by mass difference. The bulk organic carbon
(OC, the carbonate-free basis), H, N contents of biochar were measured with an elemental analyzer (Elementar Vario ELIII, Germany) via complete combustion. The content of O element was determined
by subducting the mass of elements C, H, and N from
total mass of biochar. Besides, calculate out the ratio
of the atom numbers of H to C, O to C, and (O +N)
to C, respectively. The H/C and (O + N)/C atomic
ratios calculated are used to evaluate the aromaticity
and polarity, respectively. Elemental compositions
and atomic ratios were on an ash-free basis.

&7(- &)63547.32 *;4*5.1*276 Batch sorption experiments were conducted to test the effects
of pyrolytic temperature, contact time, initial concentration of phenanthrene using single factor
method. Initial aqueous phase concentration of PHE
was obtained by diluting the stock solution containing PHE. To avoid cosolvent effect, the volume fraction of methanol in solution was kept below 0.1%. A
series of 1mg PSBC were placed in 250-mL Erlenmeyer flasks containing 200 mL phenanthrene aqueous solution. The Erlenmeyer flasks were sealed
with parafilm and then agitated on a rotary shaker
(THZ-82, Shanghai, China) at 180rpm and 25°C.
Then, the flasks were removed, the suspension was
filtered through a 0.22 m membrane and the phenanthrene concentration in filtrate was determined
through high performance liquid chromatography
(Finnigan Surveyor, USA). The contact time, initial
phenanthrene concentration, temperature or solution
pH value was kept as 24 h, 1 mg/L, 25°C or 7 unless
it was tested as a factor. For kinetic experiments,
contact time ranged from 0 to 48 h. In isotherm sorption, initial concentration of PHE was set as 0-1
mg/L. Other procedures were the same as the above
experimental procedures. All experiments including

the blanks were run in triplicate and results came
from average measurements. In addition, the control
samples showed that the loss of PHE in both systems
was negligible. Hence, sorbate uptake by biochar
was calculated by mass balance. Finally, collect
samples and calculate the amount of sorption by employing the formulas (1).
3 9 ! 6 .   ; <
Where 3 (mg/kg) is the amount of sorbate that
was sorbed by the biochar, ! (mg/L) represents the
initial concentration of PHE in the solutions,
3 (mg/L) is the concentration of PHE in the solutions
at time  (h), (mL) is the volume of solution, and
(g) is the mass of biochar.

&7&&2&0<6.6 The chemical kinetics describes
reaction pathways in a relationship with reaction
time to reach the equilibrium. In this study, non-linear kinetics models were applied to the experimental
data due to discrepancies of linear models. It is reported that in cases, where the experimental data are
tentatively fitted to specific linearized kinetic equations, it is statistically inaccurate to compare the
goodness of fitting based on 2 values, applying nonlinear regression would always produce accurate and
efficient estimates of the experimental data. To investigate the adsorption kinetics and mechanism of
PHE on PSBC, pseudo-first-order, pseudo-secondorder order, Elovich, and intra-particle diffusion kinetic models were employed to fit the PHE sorption
data onto PSBC to describe the kinetic process. The
pseudo-first-order kinetic model is generally expressed as eq. (2), which is based on the assumption
that rate of sorption is proportional to the number of
free binding sites.
3 9 0 6 %143 ; <
where * (mg/g) and 3 (mg/g) are the amounts
adsorbed at equilibrium and at time  (h), respectively; " (1/h) is the apparent sorption rate constant
for the pseudo-first-order.
The pseudo-second-order kinetic model can be
written as eq. (3), which is based on the assumption
that rate of sorption is proportional to the square of
the number of unoccupied sites.
0# # 
; <
3 9
5 0 # 
where # ; ;  << is the rate constant for
the pseudo-second-order reaction.
Elovich model can be written as Eq. (4), which
is based on the assumption that the sorbent surface is
energetically heterogeneous.
3 9 ; <  

5 ; <; <

where; ; 8 << is the initial sorption rate,
; <is the extent of surface coverage, the value
of 1/  available number of adsorption site,
<   indicates the adsorpwhereas that of ;
tion quantity when ln=0.
Weber–Morris intra-particle diffusion model
can be written as Eq. (5), which assumes that intra-
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yields, ash, elemental composition and atomic ratio
of PSBC produced from 300 to 700°C are presented
in Table 1. As can be seen from the table, the properties of PSBC are highly temperature-dependent.
The yield decreases, and ash increases dramatically
with increasing pyrolyzed temperature, suggesting
violent decomposition of biomass in this temperature
range [21]. The primary elemental compositions also
vary with pyrolyzed temperature. The carbon (C)
content increases with an increase in pyrolyzed temperature, whereas hydrogen (H) and oxygen (O) contents exhibit a reverse trend, indicating high carbonization at a high temperature. Similar phenomena
have also been seen in past researches [22-24]. The
increase in carbon and the decrease in hydrogen and
oxygen could be attributed to loss of oxygen containing functional groups, such as hydroxyl, carboxyl on
the surface of biomass, by dehydration, decarboxylation, and decarbonylation under high pyrolyzed
temperature [25, 26], which make the surface of
high-temperature biochar more nonpolar, hydrophobic and aromatic [27-30]. The molar ratios of H/C,
O/C and (O+N)/C are crucial physicochemical properties of biochars, which can be used to describe the
degree of carbonization, polarity (O/C, (O+N)/C),
hydrophobicity, and aromaticity (H/C) for biochar.
The H/C atomic ratio decreases with increasing pyrolyzed temperature. The lower H/C ratio for
PSBC700 indicates that PSBC700 is more carbonized and highly thermally altered and exhibits higher
aromaticity [31]. Conversely, the relatively higher
H/C ratio forPSBC300 implies that a substantial
fraction of organic residues like cellulose, lignin and
other polymeric compounds originally present in
feedstock is reserved [10, 13, 32]. In addition, the
polarity index indicator (O/C and (O+N)/C rations)
varies inversely with increasing pyrolytic temperature, indicating a reduction of the polar functional
groups and an increase in hydrophobicity. The ratios
of O/C and (O+N)/C for PSBC300 are the highest,
reflecting that it has considerable amounts of polar
and hydrophilic functional groups, while the polarity
index indicator of PSBC700 are the lowest, indicating that PSBC700 becomes more non-polar, hydrophobic and aromatic. This may be due to the formation of aromatic structures by a higher degree of
carbonization of organic matters and the reduction of

particle diffusion is the rate-limiting step [20].
3 9 ),+  !$ 5 ;<
where ),+ is the intra-particle diffusion rate
constant;mg ;g 8 h1 2 <<,  (mg/g) is the intercept,
which represents the thickness of the boundary layer
effects. The larger the value of  is, the greater the
boundary layer effect. The values of kinetic model
parameters along with the corresponding coefficients of determination can be derived using Origin
Pro9.0 (Microcal Software, Inc.). The regression results are presented in Table 2.
Langmuir, Freundlich, Langmuir-Freundlich,
and Henry models were used for the equilibrium of
the liquid-solid systems to fit the data for PHE sorption onto biochar. The non-linear regression to isothermal experimental data was performed using
OriginPro. 9.0. The Langmuir model assumes monolayer sorption onto a homogeneous surface with no
interactions between the adsorbed molecules. The
Freundlich model is an empirical equation commonly used for heterogeneous surfaces in the low- to
intermediate-concentration-ranged adsorption system. The Langmuir, Freundlich, Langmuir-Freundlich and Henry isotherm models are expressed as
formulas (6) - (9), respectively:
- ( *
;<
* 9
5 ( *
* 9 & *" 2 ;<
- ;(& * <2
* 9
;<
5 ;(& * <2
2
* 9 ' * ;<
where, - (mg/g) is the maximum amount of
adsorption,* (mg/g) is amount of PHE adsorbed per
unit weight of biochar samples, ( (L/mg) is the
Langmuir model constant, * (mg/L) is the concentration of contaminant in the solution, & (L/mg) is
the Freundlich affinity, and  is Freundlich linearity
index, relating to the strength of adsorption.

*7*(7.323+The concentrations of PHE
were determined by HPLC with a Photodiode Array
Detectors (PDA, Finnigan Surveyor, USA). A
Thermo scientific Carbon-18 reversed phase column
(100mm74.6, 1.9um, Hypersil GOLD, USA) was
used for the separation. Isocratic elution was performed at a flow rate of 0.2ml/min with methanolwater (80:20, V/V) as the mobile phase. The injection volume was 10uL, the column temperature was
30°C, and the detector wavelength was at 250 nm.



6-(327*276<.*0)6*0*1*27&0(31436.7.326&731.(5&7.363+'.3(-&56

Biochar

Ash
(%)

Yield
(%)

PSBC300
PSBC500
PSBC700

25.4
33.2
38.2

56.4
47.8
29.5

C
49.1
51.2
54.8

Content of Elements%
H
O
N
4.07
18.8
2.23
2.59
10.6
1.87
1.56
3.05
1.66
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S
0.36
0.45
0.64

O/C
0.38
0.21
0.06

Ratio of Elements
H/C
(O+N)/C
0.08
0.43
0.05
0.24
0.03
0.09
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models. The fitted parameters along with the coefficients of determination (2) are listed in Table 2. According to the values of 2 in Table 2, the pseudosecond-order kinetic model is the best fitted experimental data, with a highest coefficient of determination (2>0.999). The goodness of the fitting of experimental data to pseudo-second-order non-linear
model was further proven by equilibrium adsorption
capacity (* ) obtained from kinetic models, which
are very close to the experimental values. The *
values of predicted by the pseudo-second-order
model for PSBC300, PSBC500 and PSBC700 are
140.74, 140.82 and 142.67 mg/g, which agreed fairly
well with the experimental equilibrium adsorption
capacities of 138.90, 139.75 and 141.48 mg/g.
Similarly, based on the higher 2 (2>0.99), the
pseudo-first-order model can also better describe the
sorption kinetic data of PHE. The * values of predicted by the pseudo-first-order model for PSBC300,
PSBC500 and PSBC700 are 138.55, 139.33 and
141.15 mg/g, which are also very close to the experimental data. Better fitted experimental data to the
pseudo-first-order model implies that the sorption of
PHE onto the PSBC could be more inclined toward
physisorption [37]. Overall, kinetic modelling indicated that the experimental data are highly consistent
with the fitted values of the non-linear kinetic models of pseudo-first-order and pseudo-second-order,
and the processes of sorption for PHE onto PSBC
may be controlled by interaction between PHE molecules and the surface of the adsorbents [34, 36, 38].
However, since the pseudo-second-order model explains the external liquid film diffusion, surface adsorption, and intra-particle diffusion processes, this
model provided a more comprehensive and accurate
reflection of the adsorption mechanism of PHE onto
the PSBC than did the pseudo-first-order model. The
best-fitted pseudo-second-order model in current
study suggests that the sorption of PHE on PSBC
was functional to availability of surface sorption
sites [39]. However, some papers reported that the

polar surface functional groups, similar to the past
studies [24, 32]. In view of foregoing facts, it is expected that the amount of organic carbon (OC) and
polarity of PSBC decrease with increasing pyrolyzed
temperature, while the aromaticity, the pore volume
and surface area of PSBC appear a reverse trend with
pyrolyzed temperature ascending [33, 34].Thus, the
above-mentioned characteristics of high temperature
PSBC are favorable to adsorption for hydrophobic
organic compounds (HOCs) [30, 34, 35] .
)63547.32.2*7.(6 In order to study the sorption properties of PSBC with PHE, sorption kinetics
experiments were carried out and the kinetic curves
are presented in Fig. 1. It can be seen that the sorption processes exhibit some similar characteristics:
from the beginning of the experiment to 5h, the adsorption occurs relatively quickly; from 5h to 12h,
adsorption process occurs gradually slower; from
12h to 24h, adsorption rate keeps relatively constant;
thereafter, adsorption basically approaches equilibrium and keeps constant. The initial faster stage
might be attributed to the occupation of easily accessible external surface sorption sites via physical adsorption [34, 36]. After that, the available active sites
on adsorbents tend to be progressively saturated as
time lapses, thereby resulting in a slower adsorption
process. In addition, the curves of the three PSBC
samples also have their own distinctive features. As
pyrolyzed temperature rises, the adsorptive capacity
of PSBC onto PHE gradually increases, which could
be attributed to the higher surface area after the pyrolyzed process and/or greater structural similarity of
the adsorbent and adsorbate [33].
To better have an insight to the kinetic features
and the possible mechanisms of rate-controlling step
in the sorption process of PHE onto PSBC, the experimental data was fitted to four kinetic models,
which are pseudo-first-order, pseudo-second-order,
Elovich, and Weber-Morris intra-particle diffusion
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pseudo-second-order kinetic model cannot validate
the diffusion mechanism [40]. In a solid/liquid adsorption system, solute transfer is characterized by
boundary layer diffusion and intra-particle diffusion.
Therefore, the intra-particle diffusion model was further employed to analyze the adsorption kinetics
data. The intra-particle diffusion model describes the
progress of adsorption process into two main steps,
including the transport of solute molecules from the
aqueous solution to the surface of adsorption particles, which is followed by diffusion of the adsorbate
molecules into the interior pores of adsorbent [41].
As can be seen in table 2, the amount of adsorbed on
PSBC versus 1/2 showed a good linear relationship
(2>0.86), which indicated that intra-particle diffusion may be involved in the adsorption process.
However, the lines of plots not pass through the
origin (:0). This finding confirmed that the ratecontrolling step did not only involve intra-particle
diffusion, but also boundary layer diffusion as well
as other mechanisms [37]. Karunanithi et al. [42]

suggested that there is a sudden initial increase in diffusion, followed by a gradual diffusion, indicating
that intra-particle diffusion was not the only ratelimiting steps and other mechanisms were operating
there as well. The values of  in table 2 provide information about the thickness of the boundary layer,
whereas the resistance to the external mass transfer
increases with the increase of concentration and this
behavior may be attributed to the increase in thickness of boundary. Low- values generally indicate
less resistance to mass transfer, thereby facilitating
the intra-particle diffusion into the micropores of biochar [43]. In conclusion, intra-particle diffusion
process may play a significant role in the sorption of
PHE by PSBC.
Elovich model could be used to study the adsorption on energetic surface [42]. The kinetic data
was well fitted to the model (2>0.93). The initial
rate constant ( ) derived from Elovich model increased with increasing pyrolyzed temperature, indicating greater PHE adsorption onto PSBC.




.2*7.(&5&1*7*563+ )63547.32+3532

Parameters
PSBC300
PSBC500
-1
0.4924
0.5404
" h 
138.55
139.33
0 mg/g
2
0.9988
0.9988
0.0109
0.0136
# g/mg·h
140.74
140.82
0 mg/g
2
0.9994
0.9994
(mg/(g·h)
8.27×108
3.73×1010
0.16
0.19
(mg/g)
0.9509
0.9483
 2
5.12
4.37
),+ (mg/(g·h0.5)

109.00
114.10
0.8687
0.8655
 2

Kinetic Model
Pseudo-first-order

pseudo-second-order

Elovich
Weber-Morris intraparticle diffusion
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Langmuir-Freundlich

  

  

PSBC700
0.5506
141.15
0.9988
0.0133
142.67
0.9994
4.73×1011
0.21
0.9397
4.14
116.81
0.9168
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Model
Freundlich

Langmuir

Langmuir-Freundlich

Henry

Parameters
 
1/
2 
m
L
2
m
LM

2
H
2

PSBC300
4201
1.66
0.9990
-103.34
-5.11
0.9880
483.59
5.20
1.91
0.9998
1281.1
0.9892

PSBC500
4935
1.59
0.9994
-115.16
-5.38
0.9935
5575.0
0.98
1.61
0.9994
1378.2
0.9850

PSBC700
5064
1.46
0.9990
-174.04
-4.65
0.9918
595.48
4.98
1.66
0.9997
1543.3
0.9913


)63547.32.637-*516 The sorption isotherms
of PHE onto three PSBC sorbents are shown in Fig.
2. It can be seen from the figure that the sorption capacity of PHE by PSBC increases with the increase
of PHE equilibrium concentration. At a given equilibrium concentration, the sorption capacity increases with the increase of pyrolyzed temperature,
namely, PSBC700>PSBC500>PSBC300. This is
consistent with degrees of carbonation, hydrophobicity, aromaticity, and polarity of PSBC, indicating
the sorption behavior of PSBC for PHE depends on
physical and chemical property of PSBC [27, 44].
The sorption capacity is negatively correlated with
the oxygen content of PSBC. The low oxygen content results in the increasing hydrophobicity of
PSBC because of the deduction of oxygen-containing functional groups, which favor the sorption of
hydrophobic organic compounds (HOCs) [32]. The
molar ratio of H/C, as an indicator of aromaticity [32, 39], is negatively correlated with the sorption
capacity of PSBC for PHE. Sorption of organic contaminants generally increases with the increase of aromaticity of carbonization materials [27]. Similar to
H/C, the low molar ratios of O/C, (O+N)/C promote
the PHE sorption onto PSBCs. The polarity, as indicated by O/C and (O+N)/C of BCs [39], greatly influence HOCs sorption onto PSBCs. The polarity of
the PSBC surface is critical to determine the interaction between carbon and water molecule. Polar sites
hinder the sorption of HOCs via formation of water
clusters [33]. The oxygen-containing functional
groups (-OH, -COOH) adsorb water, as a result of
hydrogen bonding to prevent the access of HOCs to
hydrophobic sites on the PSBCs surface. The low
oxygen content PSBC700 hinders the formation of
water clusters and facilitated PHE sorption. Chen et
al. [32] and Ahmad et al. [24] argued that the positive correlation between the sorption capacity of BCs
and surface area indicated their interdependence.
The removal of volatile matter from BCs at high temperature (700°C) would have resulted in the development of micropores, causing increased surface
area leading to greater diffusion of PHE into these
micropores. Wang al et [33] pointed out that the

sorption of HOCs onto BCs were not only related
with above mentioned the mechanisms, but also depended on π 6 π electron donor-acceptor (EDA) interaction, a kind of electron transfer interaction between aromatic rings. The aromatic ring of PHE is
rich in electron density, while aromatic rings on the
BCs surface is deficient in electron density.
PSBC700 exhibited a greater sorption affinity to
PHE than PSBC500 and PSBC300, attributed this to
the enhanced EDA interaction.
In order to further reveal sorption mechanisms,
four isothermal models, such as Freundlich, Langmuir, Langmuir-Freundlich, and Henry were used to
fit isothermal experimental data. The respective fitting parameters and corresponding coefficients of
determination are presented in Table 3. The fitted
curves of Freundlich and Langmuir-Freundlich to
the isothermal sorption data of PHE on PSBC are
displayed in Figure 2 as examples. Through comparison and analysis of corresponding fitted parameters
and coefficients of determination, the Freundlich and
Langmuir-Freundlich models best described the isotherm sorption data with highest coefficients of determination (2>0.999). The / in the Freundlich
model increases when the pyrolyzed temperature increased from 300 to 700 (Table 3). This could be
because that the biochars produced at relatively low
temperature (300) still largely retained the original
structures with abundant hydrophilic functionalities.
Much higher H/C ratios and lower carbon contents
(Table 1) of the biochars produced at low temperature (e.g. 300) relative to those at high temperatures (e.g. 500 and 700  ) demonstrated that
PSBC300 was less carbonized and had lower aromatic components [31, 32, 45]. In addition, the biochars produced at low pyrolyzed temperature generally have relatively low porosity and specified surface areas (SSAs), thus low sorption affinity for
PHE [25]. On the contrary, with increased pyrolyzed
temperature, the H/C ratio decreased, while carbonization, aromatic structure, porosity and SSAs of the
biochars were enhanced. The substantial pores and
SSAs were created to provided new accessible sites
for HOCs sorption [39], thus promoted the sorption
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affected the sorption behaviors of the biochar with
PHE. With the increase of pyrolyzed temperature,
the sorption capacity and sorption ability also rose in
the order of PSBC700 >PSBC500 >PSBC300 for
PHE. The sorption kinetics of PHE onto PSBC can
be accurately described by using a pseudo-secondorder kinetics model, whereas the Freundlich best
described the isotherm sorption process. The mechanisms of PSBC with PHE might be attributed to ππ EDA interaction, hydrophobic partition, and porefilling. Therefore, PSBC is a promising and valuable
absorbent to remove PHE or HOCs from contaminated water.

for PHE onto PSBC. Zhang et al [45] showed that
/ values of PAHs by the biochars were positively
correlated with their SSAs and total porosity, indicating that the sorption of the tested biochars was a
surface-dominant (both external and pore porosity
surfaces) adsorption. Few researches indicated that
except for SSAs and porosity, other factors could
jointly affect sorption of HOCs.
The isotherms of PHE sorption on PSBC are
nonlinear, with n of the Freundlich model ranging
from 0.60 to 0.68. The isotherms’ nonlinearity indicated uneven energy distribution of sorption
sites [46], suggesting that the well-developed micropores and greater aromaticity in PSBC provided
more heterogeneous high-energy sorption sites [33].
The n values obtained for PHE on PSBC positively
correlated with hydrophobicity. The sorption’s nonlinearity of PHE was the strongest on PSBC300
(=0.60), followed by PSBC500 (0.63) and
PSBC700 (0.68). These results indicated that the
sorption of PHE on PSBC300 might occur via multiple processes with a specific interaction involved.
Wang et al [33] suggested that hydrophobic partition
and pore-filling were the main sorption mechanism
of PAHs on high temperature pyrolyzing biochar. At
the same time, they argued that sorption of PHE on
PSBC300 was not controlled by hydrophobicity. In
contrast, π 6 π EDA interaction between aromatic
rings with rich electron and aromatic rings with deficient electron density on the biochar surface is the
main mechanism of sorption. Similarly, Chen et
al. [32] attributed PAHs sorption on carbonaceous
nonmaterial to π 6 π EDA interaction between the
sorbate and the π-electron-depleted regions in the
carbonaceous nanomaterial.
The sorption affinity of PHE on PSBC700 was
much greater compared to that on PSBC300, indicating that hydrophobic partition was one of the driving
forces for the sorption on PSBC700. In accord to previous reported researches [47, 48], pore-filling may
be a dominant mechanism for the sorption on
PSBC700, because those investigations showed that
the sorption affinity was related to the molecular volume of the sorbate, indicating that pore-filling
played a major role in the sorption on BCs.
Langmuir model didn’t fit the adsorption isothermal data of PHE on PSBC, based on a significant
difference between real sorption capacity and simulated sorption by Langmuir model, indicating that
the sorption of PHE on these biochar samples was
not a monolayer coverage process of adsorbate on
planar surfaces of adsorbents [24].
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primary productivity, reduce oxygen in water, clog
gills, interfere with feeding, reduce water quality and
inhibit water abstraction [1], especially in hyperconcentrated rivers as Yellow River in China. According to the statistics, Yellow River basin contributes approximately 6% of the sediment loads from
all river systems globally [2]. Long-term mean annual sediment load measured at Sanmenxia station is
1.6 billion t, ranking first of all the world's rivers.
This huge sediment quantity brings many ecological
and social problems in the Yellow River basin.
Yellow River has a drainage area of 752000
km2 and a length of 5464 km, and it is the second
largest river in China (Figure 1). The lower Yellow
River (LYR) is commonly divided into three geomorphologically distinct reaches. The upper reach,
from Tiexie to Gaocun station, with a length of 299
km, has a typical braided channel pattern. The lower
reach, from Taochengpu to Lijin station, with a
length of 300 km, is a well-defined and stable meandering river reach. The river reach lying between
Gaocun and Taochengpu station, with a length of
165 km, has a transitional channel pattern from
braided to meandering. In the lower river reach, the
riverbed is rising continuously as a result of severe
sediment deposition in the river channel. It is now up
to 10 meters higher than the surrounding land in
some places ("suspended river" or "perched river"),
threatening both the lives and livelihoods of residents on the floodplain and on the populated flat regions along both sides of the river channel.
In order to mitigate the sedimentation state in
the LYR, an integration method of ³blocking, discharging, relocating, regulating and dredging´ has
been carried out by Yellow River Conservation
Commission [3]. As the understanding of sediment
systems has evolved, it has becoming increasingly
clear that effective and sustainable management
strategies must focus on the entire sediment cycle,
rather on one unit of sediment at a time as sediment
cycle is a dynamic continuum from sources such as
soil, through streams and rivers and ultimately to estuaries and the sea [4]. More recently, sediment quality has become the dominating factor, in response to
growing environmental and human health concerns.

ABSTRACT
Serious sediment related problems, such as soil
and water erosion, reservoir sedimentation, river
channel siltation, shortage of estuarine sediment and
pollution of sediments have occurred in the Yellow
River basin. In order to integrally solve these problems, integrated sediment quantity and quality management is carried out in this study. Combined with
current management methods for sediment management, water-sediment separation is proposed and
studied. Results indicate that water-sediment separation can be established as an effective way to sediment management in the Yellow River basin. It
should be integrated with other management methods, such as soil and water conservation projects,
pollution regulation projects, water and sediment
regulation engineering, and local dredging and relocation. Based on the sediment status in the Yellow
River basin, sediment management framework is established. The work in this study is aimed at providing reference for sediment management in the Yellow River.

KEYWORDS:
Sediment, Yellow River, Sediment management framework, Water-sediment separation

INTRODUCTION
A natural river tends to be in a state of dynamic
equilibrium, where small variation in the flow of water and sediment, riverbed is autonomously regulated. Sediment dynamics (erosion and sedimentation) and gradients form favorable conditions for a
varied environment (biodiversity) from the river
source to the coastal zone. Sediment is important
from an ecological point of view, because it is one of
the key components of the aquatic ecosystem. Sediment gives the habitat and food resources for many
organisms and through interaction with the overlying
waters, it plays an essential role in the aquatic ecosystems. Meanwhile, excess sediment suspended in
the river column (turbidity) can block light, inhibit
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FIGURE 1
Yellow River Basin
sedimentation. Due to limited sedimentary capacity,
sediment detention by reservoirs is not effective in
the long run, and sedimentation will affect flood control and normal use of reservoirs. Moreover, reservoir sedimentation shouldn¶t be the substitute for
sediment reduction in the LYR. Taking into account
of the above issues, sediment management, consisting of sediment quantity and quality management,
should be constructed in the Yellow River basin to
integrally solve sediment related issues.

Much of the thinking on sediment management and
sediment risk assessment assumes that sediment
quality is the issue currently. In the European countries, SedNet has been established to be a European
network for environmentally, socially and economically viable practices of sediment quantity and quality management at the river basin scale [5]. About
sediment management in the Yellow River basin, optimal spatial allocation of sediment in the river channel has studied by Hu [6], and sediment detention by
reservoirs has been established as the most optimal
allocation method. Two potential problems must be
noted: (1) Sediment quality management. Since the
beginning of the industrial revolution, hazardous
chemicals were emitted to land areas and surface waters in the Yellow River basin. In the land areas, sediment will act as the carrier of pollutants, and sediments and the associated contaminants will be discharged into the river channel under the action of external forces (wind, gravity erosion, hydraulic erosion), which makes up most of the non-point sources
of pollutants into the river channel [7]. Lots of these
chemicals do not readily dissolve in water but rather
adhere or accumulate into the sediment. Therefore,
sediment will act as a sink for contaminants, and
consequently sediment quality also deteriorated because several chemicals do not readily degrade but
accumulate in sediments, which will cause secondary pollution to the ecology system. Thus, except for
sediment quantity management, sediment management in the Yellow River basin should inevitably
consider sediment quality conditions; (2) Reservoir

MATERIALS AND METHODS
Sediment status consists of sediment quality,
quantity, transport and location, which was proposed
by Apitz [1]. In this study, aimed at proving reference for integrated sediment management in the Yellow River basin, sediment status is researched.
Sediment quantity. In the middle reach of Yellow River, it is located the extensive Loess Plateau,
one of the largest regions of thick (up to 300 m) aeolian deposits in the world. In this plateau, an area of
454000 km2 suffers from severe soil erosion due to
the special geological, topographic and climatic conditions, as well as human activities. These sediments
mainly came from such tributaries as Huangpu,
Kuye, Wuding and others from the Loess Plateau,
and suspended sediment load is relatively coarse,
and thus this area is often called ³coarse sediment
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SURGXFLQJDUHD´. In the lower reach, water and sediment are basically not produced, and the channel is
a huge sedimentary site. Due to severe sedimentation, the main channel has gradually elevated, and
³suspended river´ has formed, leading to severe social and security problems. In general, total annual
sediment quantity into the river basin is 16h108 t,
and these sediments mainly come from the middle
reach (90%), and the upper reach contributes the
other 10%.

is the crux of sediment management in the Yellow
River basin.
Contaminants load of these sediments have
been studied by many researchers. Xu [9] analyzed
14 surface sediment samples collected from Lanzhou
Reach of Yellow River, and found that total concentrations of the polycyclic aromatic hydrocarbons
ranged from 464 to 2621 ng g-1. Liu [10] monitored
the heavy metal pollution and their fractionations in
the surface sediments of Yellow River in Lanzhou
Reach, and found that the mean sediment concentraWLRQV LQȝJ g-1 dry weight) ranged from 13.68±48.11
for arsenic, 26.39±77.66 for lead, 89.80±201.88 for
Zinc, 41.49±128.30 for chromium, 29.72±102.22 for
copper, and 773.23±1459.69 for manganese.
Pollution sources mainly consist of pointsources and non-point sources. Among the flux of
chemical oxygen demand (COD) and ammonia into
the river channel, point-sources account for 60% and
87%, and non-point sources account the other 40%
and 13%, and thus point-sources are the dominant
pollution sources in the river basin. In the pointsources, COD effluents from Shanxi Province account for 20% of the total due to its intensive urban
population and large industrial output; ammonia effluents from Shanxi Province account for the main
body of the total due to its multiple coke making and
petrochemical enterprises. In general, point-sources
mainly concentrate on major cities along the river,
such as provincial capital cities (Xining, Lanzhou,
Yinchuan, Xi¶an and Taiyuan), and industrialized
and population centralized cities as Baiyin,
Wuzhong, Baotou and Linfen. In the non-point
sources, COD effluents from Shanxi Province account for the main body of the total due to its intensive soil erosion; ammonia effluents from Inner Mongolia account for the main part of the total
due to its large agricultural irrigation area. Detailed
categories of the pollution sources can be seen in Table 2 [11].

Sediment quality. Sediment in the Yellow
River can be divided into three categories: coarse
sediment (d>0.05 mm), medium sediment (0.025
mm<d<0.05 mm) and fine sediment (d<0.025 mm).
Particle size of suspended sediment in some stations
in the middle Yellow River can be seen in Table 1.
It can be figured out that clay (d<0.007 mm) and silt
(0.007 mm<d<0.05 mm) account for 56.8-71.4%,
and sand (d>0.1 mm) only accounts for 3.7-11%,
which indicates that suspended sediment in the middle Yellow River has fine particle size.
It is the coarse sediment that leads to the siltation of the LYR. Chien [8] proved that siltation of
the LYR was caused by the so called harmful particles with diameter larger than 0.05mm. These sediments mainly came from such tributaries as
Huangpu, Kuye, Wuding and others in the middle
Yellow River. The areas of coarse sediment (d>0.05
mm) in the Middle Yellow River are 78600 km2.
Such coarse sediment silted primarily in the main
channels and 76.61% of such coarse sediment from
the areas of coarse sediment deposited in the LYR.
At Huayuankou and Gaocun station, the proportion
of coarse sediment in riverbed is in excess of 6070%. The coarse sediment alone can raise the elevation of the main channel 7-8 cm per year if all were
silted in the main channel in the LYR. Thus, sedimentary materials in the river channel are mainly
coarse particles, and management of these sediments

TABLE 1
Particle size of suspended sediment in the middle Yellow River (%)
Station

<0.007mm

Longmen
Tongguan
Sanmenxia
Huayuankou

14.7
16.2
21.2
19.6

0.0070.01mm
3.6
4.4
5.8
5.5

0.01-0.025mm

0.025-0.05mm

0.05-0.10mm

13.5
15.5
17.7
16.8

25
26.4
24.1
25.4

32.2
31.2
25.1
28.2

0.100.25mm
8.1
5.6
5.7
4.3

>0.25mm

TABLE 2
Detailed categories of the pollution sources (10 4 t)
Sources
point-sources

non-point sources

Categories
Industrial wastewater
urban municipal wastewater
rural municipal wastewater
agricultural runoff
decentralized livestock
soil erosion
urban runoff

COD
99.29
36.36
1.66
2.53
16.95
45.74
2.06
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Ammonia
9.05
4.01
0.12
0.63
0.37
0.43
0.01

2.9
0.7
0.4
0.2
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abundant sediment, siltation of the Yellow River
cannot be resolved fundamentally.

Sediment transport. From sediment sources in
the middle Yellow River to sediment siltation sites
in the LYR, there existed two large reservoirs (Sanmenxia and Xiaolangdi Reservoir). Sediment
transport in this section is interrupted. Until 2005,
siltation capacity in Sanmenxia Reservoir has
reached 9.51h109 m3, 26.9% of its storage capacity;
and till 2008, siltation capacity in Xiaolangdi Reservoir has reached 2.4h109 m3, 19% of its storage capacity [2]. The siltation of the LYR is mainly caused
by the disproportion of water and sediment. Fei [12]
pointed out that only with very favorable incoming
water and sediment condition (the ratio of sediment
concentration and flow discharge is less than 0.006),
erosion of the LYR can be obtained. However, for a
large part of the floods, the ratio of sediment concentration and flow discharge in Huayuankou station is
larger than 0.016. The condition of small discharge
with large sediment concentration will deteriorate
sediment transport in the river channel. Meanwhile,
with the improvement of production levels and development of economics in the Yellow River basin,
industrial and agricultural water diversion quantity
has increased rapidly. However, the associated sediment diversion quantity has not increased simultaneously (Figure 2), which will deteriorate sediment
transport and increase sedimentation in the river
channel. In general, sediment transport in the Yellow
River is extremely ineffective. Without the improvement of the condition with insufficient water and

Sediment location. About sediment location in
the river basin, six stages can be subdivided considering the construction of reservoirs and transform of
scheduling mode: stage 1 (1950-1959), the river was
unregulated, and there were no reservoirs and basic
soil conservation measures; stage 2 (1960-1964),
³water storage and sediment detention´ by Sanmenxia Reservoir; stage 3 (1965-1972), ³retaining flood
and releasing sediment´ by Sanmenxia Reservoir;
stage 4 (1973-1985), ³storing clear and releasing
muddy´ by Sanmenxia Reservoir; stage 5 (19861998), construction of Longyangxia Reservoir, and
its put into operation; stage 6 (1999-2005), construction of Xiaolangdi Reservoir, and its put into operation. The statistical sediment location in the river basin can be seen in Table 3.
It is worth noting that the above sediment quantity is the gross sediment quantity into the river channel excluding sediment detention by soil and water
conservation projects in the middle Yellow River.
Considering sediment detention by soil and water
conservation projects (annual mean sediment detention quantity 2.51h108t, average sediment distribution proportion in the river basin during the period
1950-2005 can be obtained (Figure 3).

FIGURE 2
Variation of water and sediment diversion quantity
TABLE 3
Detailed statistics of sediment distribution in the river basin
Stage

Annual mean
water quantity
(108m3)

Annual mean
sediment
quantity (108t)

Sediment
detention by
reservoirs (108t)

Water and sediment
diversion (108t)

1
2
3
4
5
6

552
706
528
537
392
311

19.98
16.72
17.11
12.49
10.30
5.13

0
8.61
0.88
0.77
0.79
3.48

1.56
1.11
1.37
1.97
1.84
0.95
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River
channel
sedimentation
(108t)
+5.14
-3.24
+4.06
+0.76
+3.35
-0.97

Sediment into
the estuary
(108t)
13.04
10.07
10.36
8.67
4.15
1.50
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FIGURE 3
Sediment distribution proportion in the Yellow River basin
However, its sediment detention effect in storm period is unconspicuous, and sediment production in
storm period plays a major role in total sediment production. Meanwhile, soil and water conservation
projects are large social engineering, and it is difficult to have significant effect in the short term. If
check-dams are filled with sediments, and they are
destroyed by floods, all the impounded sediments
will once be discharged into the river channel, and
huge disaster will arrive at a time.
Water and sediment regulation can mitigate siltation state in the LYR. With the increase of bankfull
discharge, flow discharging capacity in the river
channel has been intensified, which will benefit
flood control in the LYR. However, with the sedimentation in Xiaolangdi reservoir, it is becoming
harder to carry out water and sediment regulation.
Meanwhile, water and sediment regulation is mainly
concentrated on sediment transport within the river
system based on the natural incoming water and sediment conditions, and it can¶t fundamentally change
the condition of ³LQDGHTXDWH water and abundant
sediment´ in the boundary, crux of sediment related
problems in the Yellow River.
Sediment relocation and local dredging, auxiliary measures of sediment management in the river
basin, can be used to deal with local sedimentation
in river channels and reservoirs, and they can immediately decrease sediment siltation.
It is indicated that till 2030, sediment reduction
by soil and water conservation projects can reach 6.0
h108 t, and sediment quantity into the river channel
still has 10.0h108 t [6]. Sedimentation of reservoirs
and river channel is inevitable, and management of
this huge sediment quantity within the river system
is so difficult. Thus, the thought of ³water and sediment separation and sediment utilization´ in the
boundary is proposed. It is aimed at reorganizing water and sediment conditions in the river boundary,
and separating sediment out of the river system. It
can fundamentally solve the problem of ³insufficient
water and abundant sediment´ in the Yellow River,
which will mitigate reservoir sedimentation, and siltation in the LYR.

Sediment quantity and quality management
in the Yellow River basin. Recent population
growth, economic development, reclamation, deforestation and other human-related activities have led
to serious and widespread soil erosion, especially in
the Yellow River basin. Huge sediment quantity has
led to severe reservoir sedimentation, such as Sanmenxia and Xiaolangdi Reservoir, and river channel
siltation in the LYR. ³6econdary suspended river´
seriously threatened security of residents lived in the
floodplain once flood due to channel siltation took
place. Pollution of sediments and deterioration of
water quality has made water crisis in the Yellow
River basin more serious. The decrease of sediment
flux to the estuary directly influences the land accretion process of the Yellow River delta and oil extraction of the second largest oil field of China, the Shengli Oil Field. Meanwhile, it is required to treat huge
sediment quantity in urban water supply and agricultural irrigation engineering. In order to integrally resolve these sediment related problems, holistic sediment management framework should be constructed
in the Yellow River basin.
Current methods for sediment quantity
management. Source control is the prerequisite to
reach the sediment quality and quantity standard
which does not pose a risk to aquatic systems or upland use. Investments in source control are often
more economical than other treatment projects in
river basins and it can always be considered as sustainable and important to improve the sediment quality and reduce sediment quantity. In the Yellow
River basin, source control measures mainly consist
of soil and water conservation projects for sediment
quantity management. In addition, based on source
control, water and sediment regulation in Xiaolangdi
reservoir, sediment relocation and local dredging
have been carried out.
Soil and water conservation engineering can
fundamentally decrease sediment flux into the river
channel, and it has been widely applied in the middle
Yellow River. A certain progress has been made.
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are available, such as contaminant separation methods (chemical extraction and thermal desorption),
contaminant destruction methods (biological reduction, chemical oxidation and thermal oxidation) and
contaminant immobilization methods (chemical immobilization and thermal immobilization) [13].
Once contaminants are processed, separation of
coarse sediment using the methods under the favorable quality conditions can be achieved. Contaminants are treated simultaneously with coarse sediment being separated, which will bring ecological,
social and economic benefits.

Water and sediment separation and sediment utilization. The condition of ³insufficient water and abundant sediment´ will inevitably cause the
siltation of the Yellow River. However, if the incoming water and sediment condition in the Yellow
River can be reorganized, and sediment can be removed out from the river system, river channel siltation and reservoir sedimentation can be eased. Thus,
based on the experience of silt treatment in rivers and
lakes in recent years, from the perspective of river
dynamics, solid-liquid separation and sustainable
sediment management in the river basin, the thought
of ³water and sediment separation and sediment utilization´ in the boundary is proposed. The coarse
sediment can be separated out from the river system
in the separating station, and burden-reduction of the
flow will greatly relieve the regime of siltation in the
Yellow River and large reservoirs. According to our
design, several separating stations will be established in the midstream and downstream of the Yellow River, especially the source areas of the coarse
sediment.

Separation process and sediment utilization.
The process of separating the coarse sediment
mainly consists of three sections: water diversion
system, separation system and sediment processing
system (Figure 4). In the water diversion system, water in the Yellow River will be intercepted and flow
into the separation system. Quality conditions of sediment-laden flow will be measured utilizing automatic detector and appropriate methods can be chosen to firstly separate contaminants. Flocculants and
curing agents will be utilized in the processing system. The curing agent mainly consists of lime, cement and fly ash. It will solidify the separated sediment and make it convenient for transportation.
Coarse sediment will be rapidly separated in the separation system with filter press machinery, and sediment-cake with low water content and certain intensity can be obtained.
Reasonable disposal and utilization of the sediment-cakes should be carried out. The ways for the
follow-up utilization consist: river training and river
channel maintenance, soil improvement, reinforcement of embankments, road foundation and gardening vegetation soil. It can be used as building material to replace the need of sand that used to mine from
farmland and to make bricks. It can also be delivered
to lay up low-lying ancient flood-plains along the upper Yellow River and fill up ravines in the Loess Plateau.

Separation methods. Based on quality conditions of sediment-laden flow, separation methods
can be divided into two categories. Under favorable
quality conditions, direct separation of coarse sediment using mechanical separation such as classification and sorting is feasible [13]. Coarse sediment
will firstly sort and settle down in the sedimentation
tank due to its fast settling velocity. Dewatering
methods, such as evaporation and mechanical dewatering methods, also can be used [13]. Filtration
method is another kind of separating method. Coarse
sediment can be retained in the filter mesh when the
sediment-laden water flows through the filter mesh.
Water and fine sediment will be filtered out and return back to the river system. And the separated
coarse sediment will be processed further and finally
be used in various engineering projects. Under poor
quality conditions, contaminants should be processed firstly. Many methods for pollution disposal

FIGURE 4
Process of water and sediment separation
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TABLE 4
Sediment gradation of these two floods (%)
Date
July in 1977
August in 1977
1992

<0.01mm
27
29
26

0.01-0.025mm
21
16
24

0.025-0.05mm
26
22
23

0.05-0.1mm
22
23
20

>0.1mm
3
10
7

TABLE 5
Comparison of the computed and measured riverbed erosion and siltation for these three floods
(µ+¶ means siltation)
Flood
1977

1992

The calculated amount of degradation
The measured amount of degradation
Deviation (%)

HuayuankouJiahetan
+3.20
+3.14
1.91

JiahetanGaocun
+1.82
+1.89
3.7

GaocunSunkou
+0.39
+0.38
2.63

The calculated amount of degradation
The measured amount of degradation
Deviation (%)

+2.07
+1.99
4.02

+1.16
+1.21
4.13

+0.03
+0.02

River reach

1992.
The sediment gradation for these two floods
can be seen in Table 4. The proportion of the coarse,
medium and fine sediment is respectively 46%, 25%
and 29% for the flood in 1977, and 50%, 23% and
27% for the flood in 1992. Serious siltation has happened in the LYR in these two floods. The siltation
sites were primarily in the wandering reach above
Gaocun station. The comparison of the computed
and measured riverbed degradation and siltation for
these two floods can be seen in Table 5. It can be
clearly seen that the deviation of the model for the
flood in 1977 is between 1.91%̚3.70%. Thus, the
model can well meet the accuracy requirement and
can be used to simulate sediment transport process in
the LYR.
Separation of the coarse and medium sediment
is carried out in this section with Huayuankou being
the separating station. Boundary condition of sediment in Huayuankou station has been altered with
coarse and medium sediment is separated respectively. Sediment gradation in Huayuankou station
has been revised simultaneously. The amount of erosion and siltation is predicted using the above model,
as can be seen in Figure 5 and Figure 6. Siltation in
the LYR can be mitigated to a great extent with
coarse sediment being separated especially in the
river reach between Gaocun and Sunkou of flood in
1992. And, with sediment reduction in the LYR, sediment flux into the estuary has increased, which will
benefit land accretion process and oil extraction of
the Yellow River delta.
Here, sediment reduction efficiency is defined
as the ration between sediment reduction ratio and
corresponding sediment proportion. The proportion,
ratios of sediment reduction and sediment reduction
efficiency for coarse and medium sediment of these
two floods can be seen in Table 6. The average sediment reduction efficiency for the separation of the

RESULTS AND DISCUSSION
Coarse sediments mainly came from such tributaries as Huangpu, Kuye, Wuding and others, located between Hekou town and Longmen in the middle Yellow River. Thus, Longmen, established as a
separating station can intercept the most sediment
from the middle Yellow River. In the LYR,
Huayuankou station can be selected as another separating station.
Sediment separation at Longmen. Hao [14]
indicated that if 1.0 h 108 t of sediment was decreased at Longmen, 0.2̚0.46h107 t of sediment
would be reduced in the LYR. Meanwhile, separation of coarse sediment will reduce sediment siltation in the fluctuating backwater area in Sanmenxia
and Xiaolangdi Reservoir. In general, if sediment
separation can be established in the middle Yellow
River, effective sediment reduction in reservoirs and
the LYR can be achieved.
Sediment separation at Huayuankou. One
dimensional model of unsteady water and sediment
transport is adopted to simulate the effect of separating the coarse sediment on sediment reduction in the
LYR. Massive siltation would occur when the hyperconcentrated flood passed through the main channel
in the LYR especially the wandering channel with
wide and shallow riverbed. The amount of siltation
is larger than a general flood. The amount of siltation
of eleven hyper-concentrated flood accounted 75%
of the total amount of siltation during 1969 and 1980.
The amount of siltation of hyper-concentrated flood
is the main part in the siltation of the LYR. Then, the
process of separating the coarse sediment is mainly
concentrated on the period of flood, especially hyper-concentrated flood. The study calculated the sedimentation process of two typical floods in 1977 and
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coarse and medium sediment in these two floods is
2.95 and 1.19. It can be obtained that effect of the
separation of the coarse sediment on sediment reduction in the LYR is 2.5 times of the separation of the
medium sediment. Separation of coarse sedi ment
can significantly ease siltation state in the LYR. And,
if sediment separation in Longmen and Huayuankou

Fresenius Environmental Bulletin

can be integrated with Longmen separating coarse
sediment from Loess Plateau and Huayuankou separating coarse sediment from Sanmenxia to
Huayuankou, sediment reduction efficiency and
quantity can be greatly improved in the Yellow
River.

TABLE 6
Proportion, ratios of sediment reduction and sediment reduction efficiency for coarse and
medium sediment of these two floods
Flood
1977
1992

Sediment classification
coarse sediment
medium sediment
coarse sediment
medium sediment

Proportion (%)
29
25
27
23

Sediment reduction ratio (%)
84
29
81
28

Sediment reduction efficiency
2.90
1.16
3.00
1.22

FIGURE 5
Sediment siltation amount in the LYR with coarse and medium sediment being separated
respectively of flood in 1977

FIGURE 6
Sediment siltation amount in the LYR with coarse and medium sediment being separated
respectively of flood in 1992
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Pollution regulation. Currently, ³keeping
healthy life of the Yellow River´ has been proposed
by the Yellow River Conservancy Commission, and
pollution regulation is just at the beginning. In
Shanxi Province, due to its poor infrastructure, such
as rain sewage diversion system and sewage treatment plants, water quality conditions are unoptimistic. It becomes an upstream/downstream problem
when one factors in the necessity of implementing
basin-wide remediation planning so that the range of
point and nonpoint sources impact within the basin
are considered in the process of determining an optimal pollution control strategy and minimum investment strategy to achieve remediation goals. About
pollution regulation in the Yellow River basin, there
are some points worthy of attention: (1) pollution
control regulations and management system in the
river basin should be established and improved, and
on the basis of managing sources, it should be executed strictly that whoever causes pollution is responsible for its treatment; (2) publicity and education of local residents along the river basin should be
widely carried out, and municipal sewage and garbage should be processed rather than directly discharged into the river basin; (3) pollution sources are
mainly focused on highly-populated and major cities, and then engineering measures for regulating
point-sources, such as sewage treatment plants,
should be widely carried out. Sewage intercepting
engineering for regulating non-point sources should
be put into effect in the river basin.

Fresenius Environmental Bulletin

Directed against sediment related issues caused
by sediment quantity and quality, holistic sediment
quantity and quality management is established in
the Yellow River basin. In the upper reach, due to its
low sediment input, sediment management should
focus on sediment quality control, and pollution control projects should be improved. In the middle
reach, due to its serious soil erosion and huge sediment input, soil and water conservation projects and
sediment relocation have been carried out to manage
this huge sediment quantity. And, pollution control
projects should be improved in major cities. Water
and sediment separation projects can be established
in Longmen station, separate coarse sediment out
from the river system, and mitigate siltation in reservoirs and the LYR. In the lower reach, due to its severe sedimentation, water and sediment regulation in
Xiaolangdi Reservoir has been carried out to intensify sediment transport in the river channel, and local
dredging has been used to manage highly sedimentary reaches. And, pollution control projects should
be improved. Water and sediment separation projects can be established in Huayuankou station, reorganize incoming water and sediment condition into
the lower reach, and mitigate siltation in the LYR
and increase sediment flux into the estuary. Meanwhile, small water and sediment separation projects
can be established in intakes for urban water supply
and agricultural irrigation along the Yellow River, to
treat these extracted sediments. In general, soil and
water conservation projects can control ³surface´
erosion in the middle Yellow River, water and sediment separation can control sediments upstream of
the separating station (³point´), and water and sediment regulation engineering can control sediment
transport in the LYR (³line´). With pollution control
measures and local dredging and relocation, a ³VXU
face-line-point´ sediment management system can
be constructed.

Framework for sediment management in the
Yellow River basin. Learning from the experience
of sediment quantity and quality management in Europe, combining natural characteristics (sediment
status) and management methods of Yellow River,
framework for sediment management is established
in the Yellow River basin (Figure 7).

FIGURE 7
Framework for sediment management at the river basin scale
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[6] Hu, C.H., Chen, X.J., Chen, J.G. and Guo Q.C.
(2010) Research on optimal spatial allocation of
sediment in main channel of Yellow River (1)theory and model. ShuiLi XueBao. 3, 253-263.
[7] Zeng, Y., Zhou, Y.L., Li, Q. and Jiang, S.L.
(2006) Study on sediment and pollutant migration and conversion relationship in the Yellow
River. Yellow River. 28, 29-32.
[8] Chien, N., Wang, K., Yan, L. and Fu, R. (1980)
The source of coarse sediment in the middle
reaches of Yellow River and its effect on the siltation of the Lower Yellow River. Proceeding of
the International Symposium on River Sedimentation, Beijing. 1, 53-62.
[9] Xu, J., Yu, Y., Wang, P., Guo, W., Dai, S., Sun,
H. (2007) Polycyclic aromatic hydrocarbons in
the surface sediments from Yellow River,
China. Chemosphere. 67, 1408-1414.
[10] Liu, C.B., Xu, J. and Liu, C.G. (2009) Heavy
Metals in the Surface Sediments in Lanzhou
Reach of Yellow River, China. Bulletin of Environmental Contamination and Toxicology. 82,
26-30.
[11] Zhang, S.K., Huang, J.H., Yang, C.H., Peng, B.,
Liu, H.-T., Tian, Y.-L. (2011) Survey and analysis of pollution sources in the Yellow River basin. Yellow River. 33, 45-47.
[12] Fei, X.J., Fu, X.D., Zhang, R. (2009) Study on
sediment delivery ration, rate of silting and
characteristic of sediment transport of the
Lower Yellow River channel. Yellow River. 11,
6-8.
[13] Bortone, G. (2007) Sustainable management of
sediment resources: sediment and dredged material treatment. Elsevier Press, Amsterdam.
[14] Hao, X.H., Gao, Y.J., Li, X.Y. and Xu, J.H,
(2008) Sedimentation impacts of incoming sediment from different areas of the middle reaches
of the Yellow River on Sanmenxia reservoir and
its downstream area. Bulletin of Soil and Water
Conservation. 28, 86-89.

CONCLUSIONS
Serious sediment related problems, such as soil
and water erosion, reservoir sedimentation, river
channel siltation and shortage of estuarine sediment
have occurred in the Yellow River basin. Directed
against sediment related issues caused by sediment
quantity and quality, holistic sediment quantity and
quality management is established in the Yellow
River basin. In the upper reach, sediment management should focus on sediment quality control, and
pollution control projects should be improved. In the
middle reach, soil and water conservation projects,
sediment relocation, pollution control projects, and
water and sediment separation projects should be integrated. In the lower reach, water and sediment regulation in Xiaolangdi Reservoir, local dredging, pollution control projects, and water and sediment separation projects can be integrated. In general, soil
and water conservation projects can control ³surface´ erosion in the middle Yellow River, water and
sediment separation can control sediments upstream
of the separating station (³point´), and water and
sediment regulation engineering can control sediment transport in the LYR (³line´). With pollution
control measures and local dredging and relocation,
a ³VXUIDFH-line-point´ sediment management system
can be constructed.
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requiring total hip replacement [3]. Early diagnosis
provides better results with nonsurgical treatment.
Nevertheless, in spite of the recommendation to examine newborns for DDH, it is usually identified
later in life. This causes a delay in treatment, as well
as complications in outcomes [4, 5].
The integrity of cell structures and standard cell
functions may be changed through the significant reactivity of reactive oxygen species (ROS). ROS are
responsible for the pathogenesis of numerous diseases. ROS induce oxidative damage of cellular
macromolecules (lipids, proteins and nucleic acids)
in tissues. Humans have enzymes, such as superoxide dismutase (SOD) and catalase (CAT), and nonenzymatic factors, such as glutathione (GSH), that
work as scavengers for harmful ROS, [6] Malondialdehyde (MDA) is the final breakdown product of
peroxidized polyunsaturated fatty acids [7].
This study was conducted based on the hypothesis that serum antioxidant activity (AA) and oxidative stress (OS) could be associated with DDH. The
purpose of this study was to investigate prospectively the relationship between serum antioxidant
levels and DDH.

ABSTRACT
This study was conducted based on the hypothesis that serum antioxidant activity and oxidative
stress could be associated with developmental dysplasia of the hip. The purpose of this study was to
investigate prospectively the relationship between
serum antioxidant levels and developmental dysplasia of the hip.
This study included 27 patients with developmental dysplasia of the hip (18 females, 9 males;
mean age 24.3 ± 6.3 months, range 18±36 months)
and 26 healthy controls (15 females, 11 males; mean
age 23.8 ± 5.4 months, range 18-36 months) who
were free of symptoms. Venous blood samples were
taken all of the participants and serum superoxide
dismutase, malondialdehyde, glutathione, and catalase levels were evaluated.
The serum malondialdehyde level was found to
be statistically significantly higher in patients with
developmental dysplasia of the hip than controls. Serum superoxide dismutase, glutathione and catalase
levels were found to be statistically significantly
lower in patients with developmental dysplasia of
the hip than controls.
Our results may show that serum antioxidant
activity and oxidative stress parameters may be adjunctive tools for the diagnosis in patients with developmental dysplasia of the hip. This is a preliminary study, and further prospective randomized clinical studies with larger sample sizes are needed to
elucidate whether these alterations are consistent and
clinically relevant.

PATIENTS AND METHODS
Study population. This prospective randomized controlled study was carried out in the Department of Orthopaedics and Traumatology and Chemistry at Yuzuncu Yil University between June 2013
and May 2014. This study was approved by the local
ethics committee, and informed consent was obtained from all the partLFLSDQWV¶IDPLOLHV7KLVVWXG\
protocol was carried out in accordance with the Helsinki Declaration.
This study included 27 patients with DDH (18
females, 9 males; mean age 24.3 ± 6.3 months, range
18±36 months) and 26 healthy controls (15 females,
11 males; mean age 23.8 ± 5.4 months, range 18-36
months) who were free of symptoms. Inclusion criteria included the following: age between 12 and
18 months, isolated DDH, abnormal physical examination findings, no previous treatment, positive dynamic hip ultrasound findings and/or presence of

KEYWORDS:
Developmental dysplasia of the hip, reactive oxygen species, antioxidant activity and oxidative stress

INTRODUCTION
Developmental dysplasia of the hip (DDH) is
observed in 1±3% of newborns. A clinical or ultrasonographic examination is used to make a diagnosis
of DDH, [1, 2] and it is a main cause of early arthritis
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Biochemical analysis. Measurement of MDA
levels. Serum lipid peroxide level was measured by
estimating MDA levels from serum as described by
Yoshioka et al. The results are expressed as nmol/ml
[9].

risk factors for DDH. Abnormal physical examination findings are given in Table 1. Risk factors for
DDH included breech presentation, female sex,
firstborn status, family history of DDH, and intrauterine packaging abnormalities, such as twins or oligohydramnios. Determination of risk factors and recordings were performed by the same person (SIG).
Exclusion criteria included normal findings on physical examination and/or absence of risk factors, previous treatment with a Pavlik harness and patients
classified as Tönnis 1 [8].

Measurement of SOD levels. SOD was measured spectrophotometrically according to the GSH400 and SOD-525 methods and assay conditions developed by the Bioxytech S.A. Company (Cedex,
France). SOD activation was measured with the Randox-Ransod enzyme kit with autoanalyzer at 505 nm
at 37°C and determined using red blood cells. Blood
samples of 0.1 ml were hemolyzed in 0.9 ml of icecold water (0±4°C). The hemoglobin was removed
by adding 0.25 ml of chloroform and 0.5 ml of ethanol followed by vigorous mixing. The mixture was
then centrifuged at 18,000 rpm for 60 min. The rate
of inhibition of the superoxide reaction by SOD was
calculated according to the definition of McCord and
Fridovich [10].

TABLE 1
Abnormal physical examination findings.
Abnormal physical examination findings
Unstable findings on Barlow and Ortolani maneuvers
Decreased abduction
Leg length discrepancy
Asymmetric thigh folds

Clinical and Radiological assessment. Physical examination of the hip was performed by the
same orthopedic surgeon. Barlow and Ortolani maneuvers were performed for determination of hip stability. We used the Tönnis classification [8] to evaluate the radiographic results (Figure 1). All radiographs of the patients were evaluated by a single observer (SIG).

Measurement of GSH levels. The GSH level
was measured spectrophotometrically at 412 nm by
a glutathione disulfide reductase recycling method at
room temperature. The reference rate was established using a freshly prepared GSH standard (30
mmol) [11].
Measurement of CAT levels. Serum CAT activity was measured using hydrogen peroxide as a
substrate [12]. The degradation of hydrogen peroxide was monitored at 240 nm for 5 min using a spectrophotometer, and enzyme activity was expressed in
units per liter of serum (U/L) at 25°C.
Statistical Analysis. Descriptive statistics for
studied variables (characteristics) are presented as
the mean, standard deviation, and minimum and
PD[LPXPYDOXHV6WXGHQW¶VWWHVWZDVXVHGWRFRP
SDUH ³&RQWURO´ DQG ³3DWLHQW´ JURXS PHDQV IRU WKH
studied variables. For determination of the linear relationships among the variables, a Pearson correlation analysis was carried out in each group. The statistical significance level was set at 5%, and the
SPSS (ver: 13) statistical program was used for all
statistical computations.

FIGURE 1
Tönnis classification
Collection of blood samples. Venous blood
samples were taken in the morning, collected into
unfilled tubes, and immediately kept on ice at 4°C
following a 12 h fasting period. Then, the serum was
isolated from the cells by centrifugation at 3000 rpm
for 10 min. Serum samples for measurement of SOD,
MDA, GSH, and CAT levels were kept at -20°C until they were used.

RESULTS
There was no statistically significant difference
between the patients and controls with regard to age
RUVH[ S ޒ2QFODVVLI\LQJWKHVHYHULW\RIGLVOR
cation on the basis of Tönnis, there were 17 hips
grade II, eight hips grade III, and two hips with a
grade IV dislocation.
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TABLE 2
Descriptive statics and comparison results according to the groups for specifications.

SOD, EU/ml
GSH, EU/ml
MDA, EU/ml
CAT, EU/ml

Mean
90,963
,09267
,26487
,16011

Controls
St. Dev.
3,4435
,0771
,0787
,1970

Min.
84,6600
,0113
,1200
,0037

Max.
95,9700
,1900
,3990
,5100

Mean
46,420
,06577
,85611
,01340

St. Dev
7,1589
,0317
,2213
,0098

Patients
Min.
33,1300
,0026
,6410
,0002

Max.
53,5880
,1400
1,4740
,0332

p
,001
,118
,001
,001

SOD: superoxide dismutase; GSH: glutathione; MDA: malondialdehyde; CAT: catalase.
The increased production of ROS and decreased antioxidant defense is described as OS,
which is well known as an important cause of many
diseases. The decrease of antioxidant enzyme levels
can occur because of their use against free radical inhibition and/or their destruction by free radical species [20].
CAT and SOD are cellular antioxidants, which
defend cells from OS. CAT catalyzes the decomposition of hydrogen peroxide to water, and SOD catalyzes the dismutation of the superoxide anion radical
to hydrogen peroxide. GSH is easily oxidized to glutathione disulfide by the glutathione peroxidase reaction [21]. Glutathione disulfide can be reduced by
the NADPH- dependent reaction catalyzed by glutathione reductase. The decrease of CAT, SOD and
GSH enzyme levels can be due to a backlog of superoxide anion, hydrogen peroxide and reactive hydroxyl radicals. Hydroxyl radicals react with DNA,
proteins and lipids. Hydroxyl radicals cause a loss of
cellular integrity, enzyme function, and genomic stability [22]. In our study, MDA enzyme levels are significantly higher, and SOD, CAT, and GSH enzyme
levels are significantly lower in patients with DDH.
We hypothesized that AA and OS may be associated with DDH. This is the first report in the English literature to reveal serum AA and OS parameters
to be statistically significantly different in patients
with DDH compared with controls. In the present
study, we found that patients with DDH had significantly higher serum MDA levels than healthy controls.

The serum MDA level was found to be statistically significantly higher in patients with DDH than
controls. Serum SOD, GSH and CAT levels were
found to be statistically significantly lower in patients with DDH than controls (Table 2). Statistical
results showed that serum MDA levels were positively correlated with GSH (r=0.402, p<0.05) and
CAT (r=0.471, p<0.05) in patients with DDH. However, there was no statistically significant correlation
between the SOD level and other characteristics in
patients with DDH.

DISCUSSION
DDH is observed in 1±2% of newborns. Clinical or sonographic examination is used in diagnosis,
[13, 14] and DDH is an important reason for early
arthritis requiring total hip replacement [15]. Earlier
treatment provides a better remodeling capacity of
the femoral head and acetabulum. Therefore, early
diagnosis leads to a more successful outcome [16].
Achieving a stable concentric reduction between the
femoral head and the acetabulum is the primary goal
of treatment of DDH. Most unstable hips spontaneously heal by two to six weeks after birth without any
treatment, and >90% of stable acetabular dysplasias
are normalized without any specific treatment in 9±
12 weeks after birth [17].
ROS occurs during normal cellular function.
Hydroxyl radicals, superoxide anion, hydrogen peroxide and nitric oxide are examples of ROS. There
are numerous temporary species due to their extreme
chemical reactivity that leads to oxidation and lipid
peroxidation of proteins and DNA. Antioxidant systems of the cell reduce the perturbations caused by
ROS under normal situations. However, when ROS
production is increased to an extent that it overwhelms cellular antioxidants, the outcome is OS
[18].
A number of antioxidant protection systems
prevent the formation of very reactive and toxic oxygen species. These include CAT, SOD and GSH.
Lipid peroxidation (LPO) is the most important indicator of OS induced by ROS. MDA is an indicator
of LPO, and it increases in many diseases [19]. OS
has been reported in various diseases/disorders, such
as cancer, diabetes, ageing, cardiovascular disease,
neurological disorders, and ischemia/reperfusion
[18].

CONCLUSION
We conclude that serum AA and OS parameters
may be adjunctive tools in the diagnosis of DDH. Increased OS activity may play a partial role in the
pathogenesis of DDH. It is believed that the administration of antioxidant vitamins may be useful in
preventing and treating DDH.
This is a preliminary study, and further prospective, randomized, clinical studies with larger
sample sizes are needed to elucidate whether these
alterations are consistent and clinically relevant.
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2

of sugary honeydew on the leaves, making them susceptible to sooty molds, Fumago vagans Pers. which
reduces leaves quality and also become susceptible
to sun scaled [4]. The GPA is also one of the most
important vectors of several viruses that causes series of losses in tobacco and other crops [5, 40, 41].
This species behaves as a pest, because of its distribution, mechanisms of plant damage, life cycle, host
range, capacity of disperse and ability to evolve resistance to insecticides [6, 40, 41]. Resistance in
GPA has been reported to 74 insecticides from various chemical groups as organochlorines, organophosphates, carbamates, neonicotinoids, and pyrethroids [7]. It has been reported in Jordan that, the
GPA has developed resistance to the commonly used
insecticides from organophosphates and carbamates,
particularly, in Jerash district and Jordan Valley regions [8].
Plants synthesize a wide range of chemicals for
defense against colonization by insects and other
herbivores [9]. Six thousands plant species have
been screened over the years and more than 2500
plant species belonging to 235 families possessed biological activity against various categories of pests
[10]. Some plant extracts are toxic to aphids [11, 40,
41]. Different types of secondary metabolites produced by plants which are believed to be the core in
the natural plant defense, such as monoterpenes, sesquiterpene lactons and triterpenes have been already
commercialized [12]. The (Black locust), Robinia
pseudoacacia (Fabaceae) is a member of the subfamily Papilionoidae, which is a North American genus of the deciduous trees and shrubs. It is a perennial plant; medium sized and may reach 25m. R.
pseudoacacia is acquiring increasing spread in the
European continent and is considered as an invasive
species and listed as the most dangerous invasive
species because of its ability to spread quickly and
its high growth rate forming mono-dominant forests
[13]. It had allelopathic effect due to robinetin, myricetin and quercetin [14].

ABSTRACT
Bioassay guided fractionation of the Robinia
pseudoacacia ethanol leaf crude extract using Liquid-Solid Chromatography through silica gel and Sephadex columns had led to the determination of the
most effective fractions and separation of most important compounds. Gas Chromatography and Mass
Spectrometry (GC-MS) screening of R. pseudoacacia ethanol leaf crude extract and two of the effective
fractions were conducted. GC-MS screening of R.
pseudoacacia showed fourteen compounds in the
crude extract with different percent, among these:
pentanoic acid 2-ethyl-methyl ester with 10.65%,
linolenic acid with 9.77%, phytol with 8.87%, sterols
such as beta sitosterol with 6.77% and other compounds. 1H NMR,13C NMR and mass spectral data
revealed the presence of luteolin (3',4',5,7- tetrahydroxyflavone) and acacetin -7-O-glycoside. These
results indicated the potential of R. pseudoacacia
ethanol leaf extract as a promising aphicide for controlling GPA.

KEYWORDS:
Robinia pseudo acacia, Bio fractionation, Aphicidal activity, Myzus persica

INTRODUCTION
Myzus persicae (Sulzer) (1776) (Homoptera:
Aphididae), the green peach aphid (GPA) is the most
economic aphid crop pest all over the world [1]. The
GPA is an outstanding in distribution infesting major
hosts such as beans, sugar beets, sugar cane, brassicas, potatoes, tobacco and citrus [2]. M. persicae
causes direct injury to crops which is apparent on
many crops, estimated at over 875 plant species including a number of vegetable crops and stonefruits.
The direct injury includes curling and distortion of
new foliage at the growing points and retarded
growth of young peach shoots [3]. Severe infestation
by GPA causes injury by removing large volumes of
sap from plants and depriving them of nutrients. This
aphid also causes indirect damage by the production
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the 1-butanol layer in the top. The last layer was
placed under the fume hood to evaporate the 1-butanol to get the extract (F04). The aqueous layer was
kept in a dark bottle after adding 30 ml of 95% ethaQRO +RZHYHUWKHUH ZDVD SUHFLSLWDWH ZKLFKGLGQ¶W
dissolve in either part. This was filtered by gravity
filtration using filter paper. Bioassay for the three
parts or fractions, chloroform, aqueous layer, and the
precipitated one, were tested against the GPA. The
net weight of the chloroform fraction (F02) was
82.1g which significantly retained bioactivity or the
aphicidal activity. This fraction was partitioned once
between 10% aqueous methanol (675 ml methanol
and 75 ml water) and hexane 750 ml in (1:1 ratio).
The mixture was gradually added with continuous
stirring until the residues diluted completely in 2 liters separatory funnel which was shacked and left for
three days. Two layers were formed and then separated. The upper layer was the hexane fraction and
the lower layer was the aqueous methanol layer. The
aqueous methanol layer was concentrated by the rotary evaporator and was placed in a weighed glass
plate. The plate was placed under the fume hood to
evaporate the residual solvent. The hexane layer was
concentrated by the rotary evaporator and placed in
a weighed glass container under the fume hood to get
rid of hexane. The net weight of the hexane fraction
(F05) was 37.0 g and the net weight of the aqueous
methanol fraction (F06) was 35.0 g. Bioassay tests
were conducted for both the hexane and the aqueous
methanol fractions (F05) and (F06).

MATERIALS AND METHODS
Green peach aphids cultures. Two stock cultures of green peach aphid (GPA) were reared and
maintained, one at the greenhouse where sweet pepper plants as the host were continuously produced
under 25-35 ɨC with 40-60% relative humidity (RH)
conditions. The other stock culture was reared under
laboratory conditions which were 25±1ɨC, 35-60 RH
and 16:8 hours (L:D) photoperiod regime at Rabba
center for agricultural research and extension
(NCARE). These reared for ten generations to get
susceptible populations before being used in the bioassays [15].
Extraction of the most active plant material.
Fractionation of the effective extract was conducted
at the Natural Product Chemistry lab., Chemistry
Department, Faculty of Science, the University of
Jordan. The effective plant extract against GPA was
for R. pseudoacacia L. (Black locust) Fabaceae, according to Madanat et al. [16], and was collected
from Alwasiah area in the uplands of Karak with (N
31° 12.942' E 35° 44.258') GPS and it was chosen for
bioassay fractionation. The plant leaves were dried
on the benches at the Field Crops Laboratory under
room temperature until the leaves became dry to be
easily pulverized. The leaves were finely ground using Thomas Wiley laboratory mill.
Two kilograms of the finely powdered plant
leaves material were placed in cotton bag and soaked
in 10 liters of 95% AG ethanol for one week. The
extraction was repeated three times at one week interval. Thirty liters of the 95% AG ethanol were
used. The extract was then filtered by using filter paper in a big container. The filtered extract was concentrated by using rotary evaporator at 50 ɨC. The
extract was placed in a weighed large glass plate under the fume hood until a black residue of 317g (F01)
was formed and a sample of the extract was tested
against the GPA. It was dissolved in acetone and diluted with distilled water to 35% concentration
reaching 1,867 ppm concentration and found significantly effective against GPA.

Fractionation of the extracts. The hexane extract (F05) 37.0 g was adsorbed on 40 g silica gel 60
(0.06-0.2 mm), 70-230 mesh size and subjected to
column chromatography (CC), 400 g silica gel 60
(0.06-0.2 mm), 70-230 mesh size, which was packed
in a column of 4.5 cm in diameter and 120cm length.
The elution solvent that was used was hexane at the
beginning, then acetone was added in a gradient system to increase polarity gradually starting with 2.5
%, 5 %, 7.5 %,10 %,20 %, 30 % 40 %, 50 %, 60
%,70 %,80 %, until 100 % acetone was used. The
fractions collected from 400-500 ml were concentrated using rotary evaporator. The fractions collected were grouped according to the thin-layer chromatography (TLC) similarity pattern into ten groups
of which seven were tested in the bioassay against
GPA, and then one of the active groups of fractions
F(13-14) was analyzed by GC-MS at the Royal Scientific Society chromatography Laboratory.
The methanol (MeOH) fraction 35g (F06) was
also adsorbed on 40 g silica gel 60, and subjected to
CC, 350 g silica gel packed in a column of 6.5 cm in
diameter and 100 cm length. Chloroform has been
used as an elution solvent, beginning with chloroform only, and then MeOH was used in a gradient
system to increase the polarity gradually starting
from 1.25 %, 2 %, 3 %, 5 %, 7.5 %, 10 %, 20 %, 25
%, 30 % 40 %, 50 %, 70 % and 100 % methanol.

Extract partitioning. The extract residue
(F01) was partitioned once in 1:1 chloroform and
water mixture (750:750 ml) into a 2L beaker and
mixed until it was homogenous. The mixture was
transferred into a two liters separatory funnel,
shacked slowly and left to separate into two layers.
The choloroform layer was in the bottom, and the
aqueous layer was on the top. These were separated
into two fractions. The choloroform fraction was
concentrated by the rotary evaporator at 50 ɨC and
then placed under the fumehood to evaporate the remaining solvent (chloroform) to get an extract (F02).
The aqueous fraction (F03) was extracted with 1-butanol (four times, 500 ml each time), also two layers
were formed. The aqueous layer in the bottom and
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Fractions collected from 400-500 ml were concentrated in a rotary evaporator and grouped according
to the TLC similarity behavior to be tested in the bioassay. One effective group of the fractions F (2729) which caused 93% mortality rate of GPA was
analyzed by GC-MS at the Royal Scientific Society
chromatography Laboratory.
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dissolved in dichloromethane and a sample of the
ethanol crude extract was dissolved in n-hexane GC
grade. The samples were injected under the following conditions. Helium was used as carrier gas at approximately 1.0 ml/min., pulsed split less mode. The
LQMHFWLRQVL]HZDVȝODQGWKHVROYHQWGHOD\ZDV
four minutes. The mass spectrometric detector was
operated in electron impact ionization mode with an
ionizing energy of 70 e.v. scanning from m/z 50 to
500.The ion source temperature was 230 °C and the
quadruple temperature 150 °C. The electron multiplier voltage was maintained at 1050 v above auto
tune. The GC temperature program was started at
80°C (3 min) then elevated to 270°C, at rate of
8°C/min. and held for 10 min. Then it was elevated
to 280°C at a rate of 10°C/min. and held for 15 min.
The injector and detector temperatures were set at
250°C and 280°C, respectively. NIST mass spectral
data base and compound mass spectral data were
used in the identification of the separated peaks [17].
1
H NMR spectra of the isolated compounds
from the active fraction F(27-29) were recorded by
Bruker DPX-300MHz spectrometer using tetramethylsilane (TMS) as internal standard. Bruker DPX300MHz spectrometer was also used for C13-NMR
spectra which were recorded at 75.5MHz. Bruker
Daltonics Apex IV, 70 T Ultra Shield Plus was used
for Electrospray Ionization mass spectra for confirming the elucidated compounds. The UV spectra
were recorded on spectrcam D double beam UV-visible spectrum.

Bioassay of the fractions against GPA. For
the column 1 hexane fraction F (05), there were
seven groups of fractions in the first experiment that
were tested in the bioassay against GPA. 100 mg of
each group were used to prepare the stock solution
in 10ml acetone, then diluted by distilled water to
50% percent by adding 10 ml distilled water (DW)
this was equivalent to 5000 ppm. Acetone of 50%
concentration was used as a control too. CRD design
was used with five replicates for each group. Sweet
pepper leaf disks infested with GPA were dipped in
each solution for 10 seconds and placed on moisten
cotton in 5.5 cm Petri dishes under 25 ɨC and 3560% RH, and 18:6 L:D conditions. Nine groups of
fractions were tested for column two in the second
experiment by using the same procedure mentioned
previously to prepare 5000 ppm from each group. A
third experiment was conducted in which fractions
from column one F(16), F(20) used at 2000 ppm and
2500 ppm concentrations respectively, were tested.
Group F(48-52) which was the last group of fractions
from column two was tested using 5000 ppm concentration. The conditions were the same as the previous bioassay conditions. Results were taken 24
hours after treatment, and LSD was used for means
separation at 0.05 probability level.

Detection of compounds. Detection of compounds on the silica plates was achieved by using
UV 254 nm radiation chamber. The silica gel plates
were sprayed by anisaldehyde reagent, and then followed by heating on an electric hot plate. A stock
solution of the flavone F(20-27) was prepared by dissolving small amount (8.0 mg) of the flavone in 50
ml of spectroscopic methanol. Sodium methoxide
(NaOMe) solution was prepared by adding 2.5g of
freshly piece of metallic sodium in 36ml of distilled
methanol. The UV-visible spectrum of the methanol
solution was measured in the beginning, then the NaOMe spectrum was measured immediately after the
addition of three drops of the NaOMe solution to the
methanol solution of the flavone F(20-27). Acetylation was performed by dissolving 15mg of the F(2027) in 7ml of pyridine, then 10ml of acetic anhydride
were added and left for 24 hours under the fume
hood to be dry. The product of the reaction was purified by TLC plates 0.25 mm with the solvent system (49:1) chloroform: methanol. NMR spectra of
the reaction products were recorded.

Fractionation of the active F (27-29) fraction. Sub column of Sephadex of 2.5 cm in diameter
and 120 cm in length, and 2.92 g of the active F(2729) fraction from column two (the methanol extract)
from experiment three was dissolved in small
amount of 1:1 distilled methanol and chloroform
which was loaded to the surface of the Sephadex
layer slowly and gently by a dropper and 48 g of the
sephadex were used in the column. The solvent system was 1:1 distilled chloroform and methanol
(200:200 ml). Forty five fractions were collected in
100 ml small flasks. Each fraction was of 4-5 ml size.
Fractions were collected until the solution became
colorless. These fractions were collected into seven
groups according to the TLC similarity behavior (110), (11-19), (20-27), (28-29), (30-32), (33-39) and
(40-45).
Instrumentation. Separation of the R. pseudoacacia crude leaf extract and its fractions was accomplished on GC-MS (QP 2010 Shimadzu Gas
Chromatograph) equipped with a mass spectrometric
detector, with a direct capillary interface and fused
silica capillary column HP-5M6 P [ ȝP [
ȝP ILOP WKLFNQHVV  6DPSOHV RI IUDctions were

RESULTS
Bio-fractionation of the extract. Fifty two
fractions were collected from the hexane part F(05)
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from column one. These fractions were grouped into
eleven groups according to the similarity of the TLC
tests. The first seven groups were tested against
GPA. Table 1 shows results of the bioassay test conducted against GPA for the first experiment of the
seven groups. Results were taken 24 hours after
treatment, mortality % (MP) were calculated for the
GPA under the same laboratory conditions as mentioned previously.
While for the methanol part in column two, 43
fractions were collected and grouped according to
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the similarity of the TLC tests. Nine groups were
tested in the second bioassay experiment against
GPA. Results were taken 24 after treatment under
the same laboratory conditions, results are summarized in Table 2.
Results for the third bioassay experiment were
summarized in Table 3. In this experiment, fractions
from column one F(16), F(20) and F(48-52), in addition to groups from column two fractions were
tested as shown in Table 3.

TABLE 1
Bioassay test results for column 1 fractions groups against the green peach aphid under
laboratory conditions.
Fraction number
1
2
3
4
5
6
7
Control

Mortality % means ± SE*
71.6±4.03 B
65.5±0.96 B
23±8.58 E
50.3±6.14 C
92.7±2.34 A
32.1±8.04 DE
33.4±10.11 D
3.4±0.69 F

Fractions collected
F(34-38)
F(21-26)
F(27-33)
F(13-14)
F(39-45)
F(15,17)
F(18-19)
50% Acetone

Weight of the groups (g)
2,04
2,7
5,02
6,85
0,93
1,57
0,81
-

0HDQVLQWKHFROXPQVKDULQJWKHVDPHOHWWHUVGRQ¶WGLIIHUVLJQLILFDQWO\XVLQJ/6'WHVWDWSUREDELOLW\OHYHO
TABLE 2
Bioassay test results for column2 fractions groups against the green peach aphid under
laboratory conditions.
Fraction number
1
2
3
4
5
6
7
8
9
Control

Mortality % means ± SE*
43.24±8.21 B
17.92±1.40 CD
27.58±4.42 C
53.74±4.33 B
76.20±4.15 A
78.52±4.78 A
47.24±6.5 B
78.34±5.89 A
42.28±2.54 B
4.42±1.55 D

Fraction collected
F(1-6)
F(7-8)
F(9-10)
F(11-14)
F(15-16)
F(17-18)
F(19-24)
F(25-26)
F(0)
50% Acetone

Weight of the groups (g)
2,43
3,67
0,82
0,72
0,73
0,93
2,09
0,83
2
-

0HDQVLQWKHFROXPQVKDULQJWKHVDPHOHWWHUVGRQ¶WGiffer significantly using LSD test at 5% probability level.
TABLE 3
Bioassay test results for experiment 3 against the green peach aphid under laboratory conditions.
Fraction number
1
2
3
4
5
6
7
8
Control

Mortality % means ± SE*
93.01±1.82 AB
86.00±3.53 BC
82.9±2.00 C
43.42±2.89 D
6.72±3.00 E
3.16±1.38 E
99.42±0.58 A
43.28±7.28 D
5.16±1.25 E

Fraction collected
F(27-29)
F(30-31)
F(32-35)
F(36-40)
F(41-43)
F(16) column1
F(48-52) column1
F(20) column1
Acetone 50%

Weight of the groups (g)
3,5
2,08
1,87
1,38
2,04
0,15
0,61
0,15
-

*Means LQWKHFROXPQVKDULQJWKHVDPHOHWWHUVGRQ¶WGLIIHUVLJQLILFDQWO\XVLQJ/6'WHVWDWSUREDELOLW\OHYHO
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TABLE 4
Chemical constituents of group four F (13-14) from column1 of F(05) hexane part
as analyzed by the GC-MS.
Compounds
Phytol (acyclic diterpenealcohol)
Hexadecanoic acid methyl ester
(Palmatic acid ester)
Dibutyl phthalate
9,12,15-Octadecatrienoic acid methyl ester (Z,Z,Z)
(linolenic acid ester)
Linoleic acid ethyl ester
1,2-Benzendicarboxylic acid, diisooctyl ester

Retention time.
(Minutes)
31,43
32.027

3,78

Molecular
weight
296

Chemical
formula
C20H40O

3,86

270

C17H34O2

% area

32.390

4,38

278

C16H22O4

33.295

2,38

292

C19H32O2

33,68
36.134

2,47
25,64

308
390

C20H34O2
C24H38O4

For the third bioassay experiment as illustrated
in Table 3, the most effective group was group seven
which contained fractions F(48-52) taken from column one, that caused 99.42% but had 0.61 g weight
only. Group one followed which contained fractions
F(27-29) and caused 93.0% and had 3.5 g weight and
they were not significantly different; F(27-29) group
was selected to be analyzed by solid liquid chromatography and GC-MS and to be fractionated by a sub
column of Sephadex. Then group two came after that
and caused 86% and contained fractions F(30-31),
followed by group three which contained fractions
F(32-35) and caused 82.9% and were not significantly different from each other. Group four which
contained fractions F(36-40) caused 43.42% , and
group eight which contained F(20) from column one
caused 43.28%, they were not significantly different
from each other. Group five followed and contained
fractions F(41-43) that caused 6.7% and group six
that contained fraction F(16) from column one
caused 3.16%, they were not significantly different
from the control which had 5.16% mortality.

As shown in Table 1, all the fractions groups
were significantly different from the negative control which had 3.4%. The most effective group was
number five that contained fractions F(39-45) and
caused 92.7% MP, followed by group one containing
fractions F(34-38) which caused 71.6%. They differed significantly from each other. Group two containing fractions F(21-26) came which were not significantly different from the previous one and caused
65.5%. Group four came after that contained fractions F(13-14) and causing 50.3%. Group six and
seven caused 32.1% and 33.4%, respectively, which
were not significantly different from each other and
contained fractions F(15,17) and F(18-19) respectively. Group three which showed 23% and contained fractions F (27-33). All the results of the second bioassay experiment also differed significantly
from the negative control which was 50% acetone
and had 4.42% as shown in Table 2. The most effective groups of fractions were groups six, eight, and
five which caused 78.5%, 78.3%, and 76.2%, respectively, and contained fractions F(17-18), F(25-26),
and F(15-16), respectively. They were not significantly different from each other. Group four followed after that causing 53.74% and contained fractions F(11-14), groups seven, one, and nine which
caused 47.2%, 43.2% and 42.3%, respectively and
contained fractions F(19-24), F(1-6), and F(0). They
were not significantly different from each other.
Group three caused 27.58% and group two caused
17.9% respectively and contained fractions F(9-10)
and F(7-8), respectively. They were not significantly
different from each other.

sugar

FIGURE 2
Chemical structures of Acacetin-7-O-glycoside
Gas Chromatography Mass Spectrometry
(GC-MS). (1) GC-MS of active fractions. Two effective groups of fractions were analyzed by GCMS. Table 4 shows the phytochemical analysis of
group four that was fractions F(13-14) from F(05)
which caused 50.3% MP, and had oily texture. The
volatile constituents were listed in Table 4, taken
from 26 compounds forming about 42.51% of the total volatile compounds detected by GC-MS. 1,2benzenedicarboxylic acid diisooctyl ester formed
25.64%, followed by dibutyl phthalate

FIGURE 1
Chemical structures of Luteolin
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TABLE 5
Chemical constituents of group one F(27-29) from column 2 of F(06) aqueous methanol as analyzed by the
GC-MS.
Compound
n-Hexadecanoic acid (Palmatic acid)
9,12,15,Octadeca trienoic acid (Z,Z,Z)
(Linolenic acid)
Hexadecanoic acid, 1-(hydroxyl methyl) -1,2 ethanediyl ester
1,2- Benzene dicarboxylic acid diisooctyl ester
6-beta,17-beta-dihydroxy-6-alpha-pentyl-5.alpha-Androstan-3-one
Cholestan-22(26)- isoepoxy-3,16-dione

Retention Time
(Minutes)
32.288

3,94

Molecular
weight
256

33.543

4,02

278

C18H30O2

35.826
36.099
39.201
39.813

5,97
3,27
2,15
4,46

568
390
376
414

C35H68O5
C24H38O4
C33H54O6
C27H42O3

% area

Chemical
formula
C16H32O2

TABLE 6
Chemical constituents of the ethanol crude extract of the R. pseudoacacia leaves as analyzed by GC-MS.
Compound
Pentanoic acid 2-ethyl-methyl ester
alpha-d-Mannofuranoside methyl
n-Hexadecanoic acid (palmatic acid)
Phytol (acyclic diterpenealcohol)
9,12,15 octadecatrienoic acid (Z,Z,Z) (linolenic acid)
9-Octadecenamide (Z)
Squalene (Triterpene)
Vitamin E
Campesterol
Stigmasterol
Beta-sitosterol
Alpha-amyrin

Retention time. Minuts
16.062
16.189
19.206
21.008
21.330
23.689
29.020
35.822
37.618
38,25
39.450
41,1

4.38%, then hexadecanoic acid methyl ester 3.86%,
after that phytol 3.78%, followed by, linoleic acid
ethyl ester 2.47%, and 9,12,15 Octadecatrienoic acid
methyl ester (Z,Z,Z) 2.38%.
Table 5 shows chemical constituents of F(2729) from of the aqueous methanol part F(06), forming 23.81% of the list of volatile compounds detected by GC-MS. Hexadecanoic acid 1-1-(hydroxyl
methyl) 1,2 ethanediyl ester formed 5.97%, cholestan-22(26)-isoepoxy-3,16-dione
4.46%,
then
9,12,15 Octadecatrienoic acid (Z,Z,Z)
(Linolenic acid) 4.02%, n-hexadecanoic acid (palmatic acid) 3.94%, 1,2- benzene dicarboxylic acid
diisooctyl ester 3.27%, 6.beta,17beta-dihydroxy6alpha-pentyl-5.alpha-androstan-3-one 2.15%. The
identified constituents were identified by using the
data base of the National Institute of Standards and
Technology (NIST) from (US), which had more than
62,000 patterns, spectrum of the unknown constituents were compared with the spectrum of the known
components stored in the NIST library; molecular
weight and structure of the constituents of the analyzed fractions were ascertained [18].

% area
10,65
7,13
5,5
8,87
9,77
2,99
1,93
5,62
2,52
2,27
6,77
5,68

Molecular weight
144
194
256
296
278
281
410
430
400
412
414
426

Chemical formula
C8H16O2
C7H14O6
C16H32O2
C20H40O
C18H30O2
C18H35NO
C30H50
C29H50O2
C28H48O
C29H48O
C29H50O
C30H50O

(Z,Z,Z) (linolenic acid) came with 9.77%. Then phytol had 8.87%, alpha-d-mannofuranoside methyl
7.13%, beta-VLWRVWHUROȐ-amyrin 5.68%, vitamin E 5.62%, n-hexadecanoic acid (palmatic acid)
5.5%, octadecenamide (Z) 2.99%, campesterol
2.52%, stigmasterol 2.27%, and squalene 1.93%.
Isolation, spectral and physical data of the
F(27-29) constituents. Fractions group F(40-45)
separated from the sephadex column showed UV active spot on the silica gel plates upon testing by TLC
illustrating a yellow precipitate. NMR 300 Brucker
spectroscopy showed that this spot was luteolin (3',
¶  -tetrahydroxyflavone). Figures (1) illustrate
the structure of luteolin. This was confirmed by mass
spectrometry as shown in Figure (3), which showed
the parent ion peak at m/z=287 corresponding to the
correct molecular formula C15H10O6. Fractions
group F (20-27) from the Sephadex column also
showed a major UV active spot. This group afforded
an impure solid. Methanol washing of this solid followed by crystallization from the same solvent
(methanol) afforded a yellowish solid identified as
acacetin (5,7 dihydroxy-4'-methoxy flavone which
occurs as di or tri glycosides in the leaves of R. pseudoacacia [19], Figure 2. TLC tests illustrated the
presence of two separated spots that were UV active,
after the acetylation of the F(20-27). The UV-visible
spectra of the F(20-27) fraction before acetylation
indicated two absorption bands at 354nm (red colored curve) and 272 nm (blue colored curve) for
band I and II, respectively (Figure 4).

(2) GC-MS for the ethanol crude extract of
Robinia pseudoacacia. GC-MS for the crude extract
is shown in Table 6, which showed the major and
important chemical constituents formed 69.7% of
the total volatile constituents that were revealed by
the GC-MS. Pentanoic acid 2-ethyl-methyl ester
formed 10.65%, 9,12,15 octadecatrienoic acid
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9), 162.95(C-¶   &-¶ &-¶   &¶  &¶&¶   &-10), 101.03(C-3),
100.44(C-6), 95.21(C-8).

NMR data. (1) Luteolin NMR Data. 1H
NMR (300 M Hz), DMSO-'   į  V+ OH), 7.37(m, 2H, H-¶¶  GM +]++¶   V+ +-3), 6.39(d,j=2.0 Hz.1H, H-8),
6.14(d,j=2 Hz,1H, H-6).
&105 0+]'062 į &-4),
164.9(C-7), 164.36(C-2), 162(C-5), 157.81(C-9),
150(C-¶   &-¶   &-¶   &¶   &-¶   &-¶   &-10),
103.24(C-3), 99.41(C-6), 94.35(C-8).

DISCUSSION
Bioassay guided fractionation. Meyer et al.
[20], were the first who developed the brine shrimp
test (BST). The brine shrimp is a simple and tiny
crustacean. Broad spectrum of bioactivity present in
the plant crude extracts can be detected by a general
bioassay which is the Brine Shrimp (Artemia sp.)
Lethality Assay BSLA that can be used as an indicator for general toxicity and as a guide for the detection of antitumor and pesticide compounds.

(2) Acacetin -7-o- glycoside NMR Data. 1H
105 0+]'062' į V+-OH),
8.00(m, 2H, H-¶¶   GM  +] 1H,H-¶¶ 
6.91(s,1H, H-3), 6.75(d,j=2 Hz, 1H,H-8),
6.42(d,j=2.0 Hz,1H,H-6), 8.27(s, 1H,7-OH) with
sugar.
&105 0+]'062' į &4), 164.47(C-7), 163.4(C-2), 161.6(C-5), 157.5(C-

FIGURE 3
Mass spectrum of isolated luteolin

FIGURE 4
UV-VIS absorption spectra of Acacetin-7-O-glycoside in MeOH (red curve) and in presence of NaOMe
(blue curve)
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suitable prey for H. axyridis (Coccinellidae) larvae.
This was due to cynamide which exhibited 10-100
times toxicity than the other suspected compounds
canavinine, and 2-aminoethanol in the bioassay tests
conducted against H. axyridis (Coccinellidae) larvae. [24] found that cynamide was detected by GCMS in the extract of the Aphis craccivora that infested R. pseudoacacia and these results also agree
with the aphicidal results against the GPA in this
study. On the contrary of the GPA, A. craccivora
was not affected by these toxic metabolites, because
it absorbed them and used them in defense against
the natural enemy.

The n-hexane fraction F(05) which caused
97.6% MP and the aqueous methanol fraction F(06)
which caused 90% mortality. Both were active
against GPA. This might be attributed to partitioning
the chloroform part F(02) between 10% aqueous
methanol and hexane only once. On the contrary,
Tian [21] partitioned the dichloromethane layer
F(03), which was further partitioned between hexane
: 10% water in methanol three times. This gave brine
shrimp test (BST) active methanol extract and no active BST hexane extract.
From Table 1, it is shown that all the groups
had aphicidal activity against GPA compared to the
negative control. They were significantly different
from it. The same could be noticed in Table 2. All
the groups of fractions had aphicidal activity against
GPA and differed significantly from the negative
control, Table 3 shows that not all the groups of fractions were significantly different from the negative
control. In this regard, Tian [21] subjected the methanol extract to open column chromatography as it retained BST activity, and groups which retained BST
activity were (1-7), (9-18) and (20-28) forming 66%
of all the groups of the column fractions. This confirmed the aphicidal activity against GPA that has
been found in the fractionated and collected groups
in the two columns in this study. Also, Tian [21]
found that all flavonoids isolated from the ethanol
extract of R. pseudoacacia demonstrated potent BST
activities and acacetin was one of them.
Tian et al. [22] found that bioactivity directed
fractionation of the ethanol extract of R. pseudoacacia afforded robinlin which is a novel homo-monoterpene which showed a strong bioactivity in the
BST. These results concerning BST activities of several compounds of R. pseudoacacia might confirm
the aphicidal activity against GPA obtained in this
study and go parallel with its bioactivity results.
Mitchell et al. [23] found that the plant flavonoids such as: chrysin, apigenin, kaempferol, morin,
quercetin, myricetin, and phloretin inhibited in a
dose dependent manner the cytochrome P-450 dependent ecdysone 20-monooxygenase activity associated with adult female of Aedes aegypti (Culicidae). The wandering stage last instar larvae of
Drosophila melanogaster (Drosophilidae), and fat
body, mid gut from prewandering and the wandering
stage last instar larvae of Manduca sexta (Sphingidae) and the concentrations of these flavonoids required to elicit a 50% inhibition of the steroid hydroxylase activity in all insects ranged from ca 1x105
to 1x10-3M. These results might interpret the aphicidal activity that was observed in this study against
GPA.
There were other compounds, which found to
be toxic. [24] found that the cowpea aphids, Aphis
craccivora (Aphididae) that infested R. pseudoacacia showed toxicity to its predator, Harmonia
axyridis (Coccinellidae), while the same aphid that
infested the common vetch, Vicia angustifolia was

Phytochemical analysis. Since volatile constituents such as fatty acids, hydrocarbons either
branched or long chained, esters and other compounds are best identified by GC-MS technique, and
most of peaks shown in Table 4 appeared in the last
10 minutes of the GC MS analysis, many of the non
volatile constituents that had aphicidal effect on
GPA such as flavonoids should be isolated by a different method to be detected. Many of the flavonoids
were isolated by liquid-solid chromatography from
the ethanol extract of R. pseudoacacia by Tian [21].
The volatile constituents represented in Tables 4, 5
and 6 also had certain bioactivities and might have
aphicidal activity against GPA too. The bioactivities
discussed based on Phytochemical and Ethnobotanical Online Database [25] that was produced by Dr.
Jim Duke at USDA, Agricultural Research Service.
As shown in Table 4, 1, 2- Benzene dicarboxylic acid diisooctyl ester formed 25.64% peak area
as the largest peak, it was considered as a plasticizer
compound and had antimicrobial and antifouling bioactivities. [26] also found that 1,2- Benzene dicarboxylic acid diisooctyl ester formed 45.4% of the
volatiles in Ficus sycomorus L. leaves extract that
was toxic to three pests namely: Sitophilus oryzae,
Tetranychus urticae and Aphis craccivora and the
extract had a contact toxicity effect. Dibutyl
phthalate 4.38% also had antibacterial and antifouling bioactivities [18]. Hexadecanoic acid methyl ester 3.86% which was an ester compound of palmatic
acid had bioactivities as nematicide, pesticide, lubricant, antiandogenic, hemolytic, 5- alpha reductase
inhibitor, antioxidant, flavor, and hypocholesterolemic, it was detected with other constituent by
Maruthupandianand and Mohan [18]. 9,12,15-octadecatrienoic acid methyl ester (Z,Z,Z) which was
linolenic acid ester had also many bioactivities as
anti-inflammatory, hypocholesterolemic, hepatoprotective, nematicide, insectifuge, antihistaminic, antiarthritic, antienzymatic, antiacne, 5- alpha reductase
inhibitor, antiandogenic. Phytol, a diterpene which
had many bioactivities as antimicrobial, anticancer,
cancerpreventive, diuretic, antiinfammatory [27].
All these compounds worked altogether to have
aphicidal activity on the GPA.
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toxic) LC50 value of 0.511 mg/ml. The four compounds might be potential botanical acaricides.
These results were in agreement with the findings in
this study.
Bergaou et al. [32] conducted bio-guided fractionation of chloroform extract from flower heads of
Tunisian Anacyclus cyrtolepidiodes (Asteraceae)
against Triboluim confusum (Coleoptera: Tenebrionidae) for insecticidal bioactivity followed by GCMS analysis. They found that the percentages of larval mortality caused by fractions (1-7) were less than
35% during the 4th day, and it began to increase on
the 8th day reaching 100% during the 12th day. GCMS analysis of sample from the active fractions
A(F6) identified six sterols, beta sitosterol 73%,
campesterol 11.74%, stigmasterol 11.02%, cholesWHUROį-VWLJPDVWHURODQGį-5-avenosterol 1.38%. Their results were in the same direction
of the findings in this study. Duke [24] reported the
following compounds from R. pseudoacacia: Tannins from wood and bark, phytosterols from bark,
linolenic, lenoleic, oleic, palmatic, and stearic acids
from the seeds, while beta sitosterol from the flowers. [33] analyzed the ethanol extract of the heartwood of R. pseudoacacia either before or after extraction with hexane. They found that the minor
components were: hexadecanoic acid, campesterol,
stigmasterol, hexadecanoic acid ethyl ester, linolenic
acid, linolenic acid ethyl ester, and other components.
According to the fraction F (40-45) that was
isolated by Sephadex column, contained luteolin.
The data of its NMR were compared with that of literature and was found to be confirmed luteoline [34].
Veitch et.al. [34] used an aqueous extract to determine the flavonoids constituents from R. pseudoacacia leaves and isolated several compounds among
ZKLFKZDVOXWHROLQ ¶¶-tetrahydro-xyflanove).
Regnault-Roger et al. [35] found by chromatographic analysis that caffeic and ferulic acids, vanillin, and luteolin-7- glucoside induced a knockdown
effect on the first day against Acanthoscelides obtectus (Say) (Coleoptera: Bruchidae) in a study conducted on the Mediterranean aromatic plants with insecticidal properties. Wang et.al. [36] studied the effect of luteolin on the phenoloxidase (PO) from
Spodoptera exigua (Lepidoptera: Noctuidae) larvae.
They found that the relative enzymatic activity decreased in proportion with increasing concentration;
it was 67.21% at 0.15 m.mol/l decreased to 45.34%
at 0.45 m.mol/l and the IC50 was estimated to be
0.47 m.mol/l. It was also found that, luteolin could
possess toxicity to the larvae in the third instar or
smaller. The mortality increased with time after
treatment at the same concentration and increased
with the concentration of lutleolin. The mortality
was 15% after 5th day and became 64% at 11th day at
2g/l, while for the 16g/l concentration it was 60.6%
at the 5th day and became 90.48% at 11th day. Also it

Table 5 shows different volatile constituents
with small peaks percentages ranging from 2.15% to
5.97%. From the volatile compounds detected by
GC-MS was linolenic acid, 9, 12, 15, octadecatrienoicacid (Z, Z, Z) 4.02% was proved to have a bioactivity. [28] found that the composition of the hexane
leaf extract of R. communis was determined by GCMS and contained four fatty acids, linolenic acid
47.76%, linoleic acid 15.28%, palmatic acid
13.01%, and stearic acid 1.73%. They found that linolenic and linoleic acids had insectistatic and insecticidal activities. The insectistatic activity of the linolenic acid started to manifest at 160 ppm. The duration of larval stage increased 2.6 days and at 1600
ppm and the pupal stage increased 1.9 days. The insecticidal activity was also observed at 400 ppm;
62.5% larval viability (37.5% mortality) and 73.3%
pupal viability and the LV50 of this acid was
849ppm against Spodoptera frugiperda [28]. It is
shown in Table 5 that there were two phytosterols
which might have aphicidal activity against GPA. At
least a hundred different sterols have been isolated
from plants and in many cases anti insect activity has
been found on some sterols. From these, Sitosterol is
probably, the most common sterol in plants was considered active against M. persicae [29].
Table 6 shows some constituents that were in
common with the others, such as linolenic acid
which formed 9.77% peak area, and the phytol
(diterpene) which formed 8.87% peak area. These
formed 18.64% of the total list that was detected by
the GC-MS and their insecticidal bioactivities were
mentioned. Pentanoic acid 2-ethyl-methyl ester and
n hexadecanoic acid (palmatic acid) formed 10.65%
and 5.5% concentrations, respectively. Kannathasan
et al [30] studied the larvicidal activity of the fatty
acids methyl esters (FAME) of Vitex species against
the 4th larval stage of Culex quinquefasciatus and
found that the highest percentage of lauric acid, palmatic acid, stearic acid, oleic acid, and linolenic acid
was recorded in V. negundo. Its FAME extract had
18.64 ppm LC50 larvicidal activity, and the high percentage of linolenic acid was recorded for V. trifolia.
Its FAME extract had the highest larvicidal activity
of 9.25 ppm LC50. They identified fatty acid composition by using GC-MS.
Duan et al. [31] identified the acaricidal compounds in Inula japonica Thunberg, (Asteraceae)
that were effective against the carmine spider mite,
Tetranychus cinnabarinus, and used silica gel column chromatography to separate the acaricidal components. The major volatile constituents in the bioactive fraction groups were identified by GC-MS.
They found that the following phytosterols: beta-sitosterols, stigmasterol, lupeol, and the pentacyclic
triterpene alpha amyrin were present in I. japonica
petroleum-ether extracts. The four compounds were
found to have acaricidal activity against T. cinnabarinus. The alpha amyrin had the lowest (more
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with each other showing a potential aphicidal activity against GPA. Luteolin and Acacetin-7-O-glycoside flavonoids were separated by liquid-solid chromatography, using Sephadex, silica gel columns and
silica gel plates purification in one of the effective
fractions F(27-29) that caused high mortality rate
and these flavoniods may be responsible for aphicidal effect on GPA.

was found that, both pupation and eclosion were evidently decreased compared to the control. Golawska
and Lukasik [37] found that by using electrical penetration graphs to monitor feeding of the pea aphid,
Acyrothosiphon pisum Harris (Homoptera: Aphididae) exposed to flavonoids luteolin and genistein in
artificial diet, detrimental effect on feeding behavior
of aphid by prolonging the period of stylet probing,
reducing salivation and passive ingestion and at
KLJKHUFRQFHQWUDWLRQVJFP3 for luteolin and
JFP3 for genistein. The salivation and passive ingestion were completely stopped. Concerning
the other identified compound which was isolated
from fraction group F (20-27) by the Shephdex column, which was acacetin -7-O- glycoside are shown
by the NMR data. The UV-visible absorption spectra
of flavones in methanol exhibits two major absorption peaks in the range of 240-400 nm. Band I (300380 nm) which is considered to be due to the B ring
of the flavones, and band II (240-280 nm) which is
associated with A ring [38]. The UV-visible absorption spectra of the F(20-27) confirmed the finding of
acacetin -7-O glycoside, because the absence of the
bathochromic shift in band I upon the addition of NaOMe confirmed the methylation of C-4' as shown in
Figure(4).
Veitch et al. [19], isolated four flavones glycosides from 50% methanol leaves extract of R. pseudoacacia and were identified as acacetin glycosides,
apigenin, diosmetin, luteolin, and 3-O-rutinoside of
quercetin. Huang et al. [39] found that luteolin, stigmasterol, acacetin, 20-hydroxyecdy-sone and fraction 1 showed significant antifeedant activity against
3td instar larvae of Plutella xylostella (diamondback
moth) which were isolated from Ajuga nipponensis
(Labiatae). Tian [21] found that acacetin had a potent
BST activity. The presence of the sugar groups may
add insecticidal activity for the acacetin which was
isolated as the acacetin-7-O-glycoside from the most
effective fractions of the R. pseudoacacia ethanol
leaves extract that had high insecticidal (aphicidal)
activity. Their results were in agreement with what
has been found in this study as luteolin and acacetin
-7-O-glycoside from flavonoids were found in one
of the analyzed effective extracts F (27-29) from column 2 which might have aphicidal effect on GPA.
The main constituents of the secondary metabolites
of R. pseudoacacia such as flavonoids, terpenoids,
and the other minor phytochemicals as those listed
in Tables 4, 5 and 6 had a synergistic effect that
caused a promising aphicidal effect on GPA.
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ABSTRACT

INTRODUCTION

The satisfaction of patients in each hospital can
reflect the ability of the medical service staff and the
extent to which patients' rights are respected. The
aim of this study was to "assess patients' satisfaction
with the quality of health services provided after implementation of health system reform in Kermanshah city in 2017".
This is a descriptive cross sectional study. In
this study, 303 patients hospitalized from 7 hospitals
implementing the Health System Development Plan
participated in the study. Data were collected
through a researcher-made questionnaire.
The results of this study showed that satisfaction rate of patients from the total services of educational hospitals in Kermanshah after implementation
of the health care reform plan has been, 45.5% high
satisfaction, 51.5% moderate satisfaction and 3%
low satisfaction respectively. Among the hospital
services that were questioned wards cleaning, welfare facilities, quality and time of food distribution
show a relatively less satisfaction than other services.
The findings indicate that after implementation
of the health system development plan, an appropriate level of services has been provided to patients
which has led to more patient satisfaction. However,
more attention from authorities and practitioners
concerned with this issue is urgently required to improve the quality of services and create more favorable welfare conditions.

In the past, in order to promote health services,
paying attention to the views of specialists in this
area was one of the main factors for changing the
way services were provided. However, in recent research patient comments in relation to the services
provided to them, as an important component of service Quality Indicators, has attracted the attention of
researchers. A view that may or may not be in line
with the opinions of experts in the field of health.
Thus, patients' views concerning the way of providing health services, has been recognized as a determinative indicator for evaluating and improving the
quality of service providers [1-3]. The importance of
this issue is so great that patient satisfaction with the
services they receive, is recognized as one of the five
quality service delivery indicators by the World
Health Organization [4]. One of the reasons for this
can be that the level of patient satisfaction can show
the quality of health care in a country [5]. On the
other hand, it can be said that improving work processes and improving the quality of hospital services
is not possible without considering the needs, expectations and satisfaction of patients [6, 7]. Dissatisfaction with health care has bad consequences. People's
dissatisfaction leads to their disconnection with the
health system or minimizes their participation in the
use of services provided. In addition, people's dissatisfaction leads to insufficiency feeling and dissatisfaction of the staff, thereby reducing the efficiency
of the health system [8]. The beginning of the notion
of satisfaction in the world dates back to the 1950s,
when sociologists such as Parsons and Holand carried out research on the relationship between doctor
and patient [9]. It should be noted that in the field of
patient satisfaction in Iran and in the world, several
studies have been done and in various studies, patient satisfaction has been examined from different
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Satisfaction, Hospitalized patients, Health system reform,
Hospital, Kermanshah
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perspectives. These views included the patient's access to the services, information on how patients
were admitted, the attitude of people present and
working in treatment centers toward referred patients paying fees, and other items [10]. It has even
been reported that the patient's first visit to the treatment centers has been investigated, which is very effective in treating the patient's stress. And, if appropriate, increases the satisfaction of the individual
[11]. Considering the importance of patient satisfaction from the medical staff and its important role in
the quality of health care, Ministry of Health of Iran
by providing a plan for the development of the health
system as a comprehensive plan is trying to satisfy
people raise the level of community health and
achieving this goal. The programs presented in this
national plan include the presence of specialist physicians residing in affiliated hospitals reduced payment for hospitalized patients, improving the quality
of visit services, support for the retention of doctors
in deprived areas, financial support of incurable patients, patients with special needs and improving the
quality of hoteling, the promotion of vaginal delivery, and increasing the monitoring of the good performance of the services provided [12]. Based on the
above, the present study has been designed with the
aim of assessing the satisfaction of patients admitted
to hospitals affiliated to KUMS about the quality of
health services provided after the implementation of
the health system reform plan in 2017 to know the
status quo and to identify the strengths and weaknesses of the adjuvant treatment system in order to
improve the quality of hospital services and to further improve the health system development plan.

The present study is a descriptive cross-sectional study. using stratified sampling and according
to the number of active beds of hospitals implementing the health system reform plan of KUMS. The
sample size was 303 people. Data collection tool in
this study was a researcher-made questionnaire designed to measure patient satisfaction. Which has
been prepared by using similar studies and questionnaires in this field and its reliability was 0.86 with
Cronbach's alpha. After approving the proposal and
obtaining the code of ethics (3003365) from the
Deputy of Research and Technology of KUMS, and
obtaining consent from the patients participating in
the study, the data was collected. The questionnaire
consisted of demographic information and 9 sections
of 37 items (physicians, nursing staff, operation
room, guardianship, information, reception, personal
services, ward environment and services, hospital
management) and there is a final question that
measures the willingness of individuals to refer to
the hospital. The scoring method was designed as a
five-point Likert in such a way: I fully satisfied = 5,
I'm satisfied with = 4, Somewhat unhappy = 3, Dissatisfied = 2, and totally dissatisfied = 1. Total score
of 37-86 Low satisfaction, 87-135 moderate satisfaction, 136-185 High satisfaction was considered. In
general, the questions raised in the questionnaire include how to deal with and behave in each ward, introducing personnel to patients on time presence of
staff, respecting privacy, the observance of religious
matters, how to transfer between different parts of
the hospital, the availability of prescription drugs,
cleanliness, the quality and how to change the sheets,
blankets and clothes, the availability of welfare

TABLE 1
Comparison of the mean of satisfaction in terms of demographic data
Variables
Sex
Level of education

Age categories
Residency
Previous hospitalization
Being admitted to the hospital by
Insurance

Kind of insurance

Supplementary insurance

female
male
illiterate
Under the diploma
Diploma
Academic
Less than 30 years
31 to 50 years
Older than 50 years
City
Village
yes
no
Referred by a doctor
Emergency
Transition from other centers
Clinic
has it
does not have
Health Service
Rural Insurance
Social Security
Armed Forces
Aid Committee
Others
Has it
Does not have

Frequency (percent)
188(62)
118(38)
117(38.6)
95(31.4)
50(16.5)
41(13.5)
94(31)
79(26.1)
130(42.9)
232(76.6)
71(23.4)
101(33.3)
202(66.7)
124(40.9)
160(52.8)
13(4.3)
6(2)
297(98)
6(2)
73(24.1)
73(24.1)
107(35.3)
21(6.9)
12(4)
17(5)
53(17.5)
250(82.5)

1851

Mean ± standard deviation
134.39±25
132.47±26.27
132.71±26.05
137.29±27.57
133.16±23.20
128.58±20.48
131.27±25.41
140.02±23.54
131.53±26.14
133.53±23.85
134.09±30.32
132.32±29.71
134.33±23.10
137.86±25.73
130.90±24.98
131.07±23.32
126.16±30.66
138.13±26.56
132.72±25.17
133.91±20.39
134.98±29.81
134±25.90
127.47±25.78
138±18.47
129.35±27.62
138.13±26.56
132.72±25.17

P-value
0.526
0.291

0.136
0.871
0.518
0.116
0.160

0.809

0.160
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TABLE 2
Frequency Distribution of Patients Satisfaction with Educational Hospitals in Kermanshah
Variables
Medical practitioners
Nursing staff
Operation room
Guard
Information
The reception
Diagnostic services
Environment and ward Services
Hospital Management

High satisfaction
Frequency (percent)
220(72.6)
209(69)
116(71.1)
245(80.9)
229(75.6)
206(68)
236(77.9)
157(51.8)
130(42.9)

Moderate satisfaction
Frequency (percent)
57(18.8)
78(25.7)
30(18.4)
41(13.5)
60(19.8)
78(25.7)
59(19.5)
125(41.3)
161(53.1)

Low satisfaction
Frequency (percent)
26(8.6)
16(5.3)
17(10.5)
17(5.6)
14(4.6)
19(6.3)
8(2.6)
21(6.9)
12(4)

information was 75.6%, the admissions 68%, the diagnostic services 77.9% was high. In the area of the
environment and ward services, 51.8% and the hospital management 42.9%, the satisfaction was relatively lower (Table 2).

facilities, quality and time of food distribution, handling complaints and protests in the hospital and
similar questions in these areas. To describe the
quantitative variables, the mean and standard deviation and for qualitative variables, a frequency table
were used. To compare the data from this study,
standard deviation, t single sample, Mann-Whitney
and Kruskal-Wallis test were used. SPSS software
version 16 was applied in this study.

FINDINGS
In this study, the satisfaction rate of 303 patients admitted to hospitals affiliated to KUMS was
evaluated on the quality of health services provided
after the implementation of the health system reform
plan in 2017. The mean age of the patients was
45.02±23.01and 62% of them were women. The
mean duration of admission was 5.08±3.98 with the
range of 1 to 21 days. 38.6% of the participants were
illiterate and 76.6% were urban residents. 33.3% of
the patients had previous hospitalization history,
40.9% were hospitalized by urgency department,
98% had insurance and 17.5% had supplementary
insurance. The type of patient insurance was different (Table 1). Other respondent information to the
questionnaire is given in Table 1. According to Table
1, comparing the mean of patient satisfaction with
demographic characteristics in Kermanshah teaching hospitals, according to the Mann-Whitney test,
there was not a significant difference between the
degree of satisfaction according to gender, habitate,
previous hospitalization, having insurance and supplementary insurance variables. Also, results of
Kruskal-Wallis test showed that there was no significant difference in the mean of satisfaction of patients according to the variables of education, age
group, the way of being admitted and type of insurance (Table 1).
Overall, 45.5% of the participants in the study
had a complete satisfaction with hospital services
(Diagram 1). Also, 73.6% of the people acknowledged that they were willing to visit the hospital if
they needed to be re-admitted. The satisfaction rate
of medical services 72.6%, the nursing staff 69%, the
operation room 71.1%, the guardianship 80.9%, the

DIAGRAM 1
Frequency distribution of patient satisfaction
with hospital services

DISCUSSION
In the present study, 45.5% had high satisfaction, 51.5% had moderate satisfaction, 3% had low
satisfaction from the total services of educational
hospitals in Kermanshah after the implementation of
the health system reform plan. In the study of
Goodarzian et al., with the same title "Assessment of
satisfaction rate of patients admitted to educational
hospitals in Mazandaran province and its related factors of the health system development plan" performed in 1394, 66.7% had excellent or good satisfaction, 30.5 had moderate satisfaction, 2.8 had a
low satisfaction from the total services provided,
which had more satisfaction than the results of this
study [14]. Comparing the results of this study with
similar studies in the field of medical service satisfaction (72.6% high satisfaction) in other provinces
shows that the satisfaction of patients in Shahid Beheshti and Yahya Nejad hospitals in Babol (94%
high level of satisfaction) [15], Ilam University of
Medical Sciences (95.2% high satisfaction) [16] and
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of this may be the difference between food preparation companies and the type of Commodities.

hospitals of Tehran University (83.8% high satisfaction) were suitable and were consistent with the results of our study [17]. The study by Ethan et al.
(2004) shows that satisfaction of patients is 53.7%,
which is less satisfactory than the present study [18].
The results of Khamis study in assessing patients'
satisfaction with the quality of health care in Tanzania showed that a high percentage of patients were
not satisfied with the quality of the services provided, which is not consistent with the current research [19]. This difference may be due to the difference in the quantity and quality of service in these
two areas, or the difference in the expectations of patients from the services provided. It can also be attributed to the difference in the type of personnel, the
environment of the hospital, and cultural factors,
which greatly affects the quality of personnel work
and consequently satisfaction. It can be concluded
that this difference in the level of satisfaction is due
to the implementation of a health care reform plan in
Iran that has been able to create the appropriate motivation for communication between physicians and
patients. As Leite Curvo et al. study shows that, the
main reason for the satisfaction of medical services
is proper communication skills [20].
Considering the crucial role of nurses in the
field of treatment, due to the close relationship between nurses and their hospitalized patients, they
have a crucial role in obtaining patients' satisfaction.
In the present study, 69% of hospitalized patients
had complete satisfaction with nursing services. As
in the present study, the nursing staff had a high degree of satisfaction. Goodarzian et al study with the
same title showed that the highest level of satisfaction was obtained by nursing staff with 62.8% satisfaction [12]. The results of the Boev study in the
United States showed that patients are highly satisfied with the management and overall quality of
nursing which was fully consistent with the results
of the present study [21]. In a study by DeVore et al.
in 2017 the pain management training to nurses and
its effect on patients' satisfaction was applied and it
was observed that after participating in training
courses on pain management, nurses used this
knowledge both in caring for their patients and in
training them. Patients' satisfaction increased significantly (before the nursing education, the mean score
of satisfaction was 55.5% and afterwards 62%) [22].
Therefore, in order to increase the satisfaction and
welfare of patients, it is possible to propose relevant
training classes for hospital staff. Of the hospital services that were inquired, services such as cleaning
the wards, the quality and the way of replacements,
blankets and clothes, etc., welfare facilities, quality
and time of food distribution show a relatively less
satisfaction than other services. The results of the
study were consistent with Godarzian et al. [14]. In
a study by Messina et al. in Italy, patients were satisfied with the quality of food that was not consistent
with the results of our study [23]. The probable cause

CONCLUSION
According to the findings of this study, patients' satisfaction level was appropriate from the
health care reform parameters in hospitals affiliated
to KUMS. The results of this study indicate that public service authorities, health policy managers and
policy makers have paid more attention to the provision of public services. In the first stage, it can play
a role in increasing the health of the community, and
in the next step, increasing the satisfaction of people
with the treatment system. It is also necessary to take
steps to strengthen the quality of interventions and
services in educational and health centers (including
food quality, improvement of welfare facilities), as
well as increasing the quality of medical and nursing
care and increasing incentives for hospital staff with
appropriate motivational or encouraging methods).
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filtration process [9]. Membranes are made of different materials; for instance polysaccharide, polysulfone, and cellulose derivatives [10-12]. Cellulose is
a large polymer and contains hydroxyl groups but
has low mechanical and chemical properties. For developing its properties, composite membranes have
been formed. Advantages of some polymers are
combined in composite membranes for developing
their good mechanical and chemical properties [13].
For example; L. Yang and et al. made chitosan / cellulose composite membranes for this purpose [14].
Porous membranes are generally prepared by
immersion precipitation process. In this process, polymer firstly dissolved in its appropriate solutions
then casting solution is poured in container and immersed into a nonsolvent. The liquid phase evaporated after a drying process, and porous membrane is
formed. The properties of the membrane can be adjusted and changed by changing experimental conditions such as choosing another casting temperature
and nonsolvent [15].
Big complexes are obtained by binding of
metal ions and complexing agents. Hence, as the
noncomplexed ions pass through the membrane,
these big complexes are retained [16, 17]. For example, Alginic Acid (AA) has carboxyl groups and can
be form big complexes with metal ions [18].
In this study, new Poly(methyl methacrylateco-ethyl acrylate) P(MMA-co-EA)/ poly(vinyl alcohol)-cellulose composite membranes were prepared
and used in ultrafiltration for removal of Fe(III) and
Co(II) ions from aqueous solutions in the presence
of AA as complexing agent. The effects of pH of solutions, pressure, concentration of solutions and content of membranes on the percent retention and the
permeate flux were studied.

ABSTRACT
The removal of Fe(III) and Co(II) ions from
aqueous solutions was studied by polymer-enhanced
ultrafiltration technique. In the filtration of metal ion
solutions the effects of pH of solutions, pressure,
concentration of solutions and content of membranes
on the percent retention and the permeate flux were
examined. The maximum percent retention was
found as 94.2% for 0.5x10-4 M Fe(III) solution at the
pH of 4.0, pressure of 30 psi and stirred velocity of
400 rpm in the presence of alginic acid as complexing agent using 0.75 (w/v)% Poly(methyl methacrylate-co-ethyl acrylate)/0.75 (w/v)% poly(vinyl alcohol)-cellulose II membrane. For Co(II) solutions the
maximum percent retentions was found as 80% using 0.75 (w/v)% Poly(methyl methacrylate-co-ethyl
acrylate)/1 (w/v)% poly(vinyl alcohol)-cellulose I
membrane when the filtration was carried out in the
presence of alginic acid at the pH of 4.0, pressure of
30 psi, stirred velocity of 400 rpm and concentration
of Co(II) solution of 0.4x10-4 M.

KEYWORDS:
Poly(methyl methacrylate-co-ethyl acrylate)/poly(vinyl
alcohol)-cellulose membranes, complexing agents, retention of metal ions, ultrafiltration

INTRODUCTION
Heavy metals pollute the environment seriously. At high exposure levels, heavy metals cause
serious health problems [1, 2]. There are different
chemical and physical treatments; for instance
chemical precipitation, adsorption, and membrane
technology for removal of heavy metals from aqueous solutions [3-6].
Membranes are used in many separation processes. Nanofiltration and reverse osmosis membranes were used in the dirty water treatment containing Mn(II) and Fe(II) [7, 8]. Polysulfone membranes were used to remove chromium(VI) in ultra-

MATERIALS AND METHODS

Materials. P(MMA-co-EA) with molecular
weight of 101.000 was supplied from Sigma-Aldrich. FeCl3.6H2O, Alginic Acid (AA) as sodium
salt, Glutaricdialdehyde (GA) (25 wt % content in
water) and NH3 were all Sigma-Aldrich products.
TABLE 1
Physical Properties of the Filter Papers Used as Support
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Machery-Nagel (MN) grade
MN 640 de
MN 616 md
MN 640 m

Membrane name
Membrane I
Membrane II
Membrane III
Membrane IV

Named as
Cellulose I
Cellulose II
Cellulose III

Fresenius Environmental Bulletin

Thickness (mm)
0.2
0.2
0.2

Average retention capacity(μm)
1-2
4-7
4-12

TABLE 2
Nomenclature and Content of Membranes
Content
0.75 (w/v)%P(MMA-co-EA)/0.75 (w/v)% PVA-cellulose I
0.75 (w/v)% P(MMA-co-EA)/1 (w/v)% PVA-cellulose I
0.75 (w/v)% P(MMA-co-EA)/0.75 (w/v)% PVA-cellulose II
0.75 (w/v)% P(MMA-co-EA)/0.75 (w/v)% PVA-cellulose III
on percent retention and the permeate flux were investigated.

HCl and KSCN were Riedel products and
CoCl2.2H2O was Surechem product. Poly(vinyl alcohol) PVA with molecular weight of 72,000 g/mol
was supplied from Fluke. Cellulose filter papers
were purchased from Machery-Nagel and the physical properties are listed in Table 1.

Analysis. The concentrations of Fe(III) and
Co(II) were determined spectrophotometrically
(Shimadzu, UV 1700 Pharma). 0.1 M KSCN was
used for colouring in metal analyses.

Preparation of membranes. Membranes were
prepared in 2 steps. At first step; aqueous solutions
with 0.75, and 1 (w/v)% PVA were prepared. Then
10 ml of these solutions were poured onto the filter
papers (7.6 cm, diameter) placed in Petri dish (9 cm,
diameter). The casting solvent (water) was evaporated completely at 60 0C in an oven. Membranes
were then crosslinked at room temperature by crosslinking solution. After that membranes were immersed in a bath of pure water at room temperature
firstly, and then washed with pure water for removing the residual solution. The crosslinking solution
includes of 60 (w/v)% of acetone in water containing
10 (w/v)% of GA as crosslinking agent and 0.02
(w/v)% of HCl as catalyst (18).
At second step; solution with 0.75 (w/v)% of
P(MMA-co-EA) was prepared in DMF. Then 10 mL
of this solution was poured onto the prepared membranes (obtained at first step) placed in a Petri dish
(9 cm, diameter). Then casting solvent (DMF) was
evaporate completely at 60 0C in an oven. These
membranes also were immersed in a bath of pure water at room temperature firstly, and then washed with
pure water for removing the residual solution. Nomenclature and P(AN-co-MA) contents of membranes are given in Table 2.

Scanning electron microscopy. The morphology of the prepared new composite membranes was
observed by scanning electron microscopy (SEM)
(LEO 1430VP).
Measurement of the permeate flux and percent retention. Percent retention values (R%) were
calculated from the formula:
R%=(1-Cp/Cf)x100
(1)
where Cp and Cf are metal ion concentrations of
the permeate and the feed solutions, respectively.
The permeate flux was calculated from the formula:
- 4 $[ǻW
(2)
Q (permeate volume, L), A (area of membrane,
m2 ǻW VDPSOLQJWLPHK in this formula.

RESULTS AND DISCUSSION
Characterization of the membranes. Figure
1,2 and 3 presents the morphologies of composite
membranes made by solutions of different contents.
As it is seen from Figure 1, when concentration of
PVA solutions increased, a large amount of PVA is
coated on the cellulose filter then small pour size of
membranes occurred. Also, as pour size of the cellulose decreased small pour size of membranes occurred as seen from Figure 2 and Figure 3. The effects of applied pressure on the water flux of membranes are shown in Figure 4 for the membrane I, II,
III, and IV. These figures show clearly that as the
pressure increases the water flux increases.

Experimental apparatus and the filtration of
solutions. A batch stirred ultrafiltration cell (Millipore, Amicon 8400) was used in this study. Membranes were placed into the filtration cell and the applied pressure was adjusted with nitrogen gas. In the
filtration process, the volume of 300 ml of feed solutions which adjusted with desired metal ion and
complexing agent (AA) concentration were used at
different pH values. NH3 and HCl solutions were
used for adjustment of pH. For filtration of solutions
the effects of pH of solution, applied pressure, concentration of solutions, and contents of membranes

1856

© by PSP

Volume 27 ± No. 3/2018 pages 1855-1861

Fresenius Environmental Bulletin

FIGURE 2
SEM micrographys of the composite membranes
(a) Cellulose II, and (b) Membrane III.
Magnification: 3000x for a, and b

FIGURE 1
SEM micrographys of the composite membranes
(a) Cellulose I, (b) Membrane I, and
(c) Membrane II. Magnification: 3000x for a, b
and c

FIGURE 3
SEM micrographys of the composite membranes
(a) Cellulose III, (b) Membrane IV.
Magnification: 3000x for a, and b
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As it is seen from Figure 6 that when the applied pressure increases the permeate flux increases.
Also, shown in this figure that the percent retention
ratio of Fe(III) ions is high at pressure of 30 psi. At
this pressure probably occurred high cake formation
on surface of membrane and caused to high retention.

FIGURE 4
Effect of applied pressure on water flux of
membranes
Filtration of Fe(III) solutions in the presence
of AA. AA is a hydrophilic, complexing agent polymer and it was used for the retention of the ions. The
effect of pH was studied by using pH values as 3, 4,
5 and 6. As it is reflected from the Figure 5, as the
pH increases the permeate flux decreases and percent retention of metal ions increases firstly to pH of
4. The retention percentage of metal ions are low at
low pH values, since the high H+ ions repel positively charged Fe(III) ions and then prevent the binding of metals to AA. Decreasing of percent retention
at pH of 5 and 6 can be probably due to the increasing in hydrolyses of Fe(III) ions. Similar results were
reported in literature. Asman and Sanli studied ultrafiltration of Fe(III) ions by complexing with PVA using modified poly(methyl methacrylate-co-methacrylic acid) membranes [19]. They concluded that
retention was low at low pH values.

FIGURE 6
Effect of pressure on percent retention and flux
of Fe(III) solutions (CFe(III)=0.3x10-4 M,
CAA=0.3x10-4 g/L, pH=4, stirring rate=400 rpm,
Membrane IV)
Figure 7 shows metal percent retention at different initial concentrations for Fe(III) in the presence of AA. From this figure it is obtained that as the
initial concentrations of metal ions increased, retention also increased and flux decreased. The higher
initial metal concentration caused higher cake formation on the membrane. This cake formation also
caused decreasing in flux and increasing in retention.

FIGURE 7
Effect of concentration on percent retention and
flux of Fe(III) solutions (P=30 psi, pH=4, stirring
rate=400 rpm, Membrane IV, CFe(III)=0.3x10-4 M
with CAA=0.3x10-4 g/L, CFe(III)=0.4x10-4 M with
CAA=0.4 x10-4 g/L, CFe(III)=0.5x10-4 M with
CAA=0.5x10-4 g/L)

FIGURE 5
Effect of pH on percent retention and flux of
Fe(III) solutions (CFe(III)=0.3x10-4 M, CAA=0.3x104
g/L, P=50 psi, stirring rate=400 rpm, Membrane IV)
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The effect of content of the membrane on the
percent retention of Fe(III) and the permeate flux are
shown in Figure 8 in the presence of AA. Membrane
III and membrane IV were used in this part of study.
As pour size of the cellulose decreased small pour
size of membranes occurred and resulted decreasing
in flux and increasing in retention.

Fresenius Environmental Bulletin

The effect of pressure on the percent retention
of Co(II) and the permeate flux are shown in Figure
10 in the presence of AA. As it is seen from this figure, the permeate flux increases with increasing applied pressure. Also, shown in this figure that the
percent retention ratio of Co(II) ions is high at pressure of 30 psi probably due to the high cake formation on surface of membrane.

FIGURE 8
Effect of content of membrane on percent retention and flux of Fe(III) solutions (CFe(III)=0.5x10-4
M, CAA=0.5x10-4 g/L, pH=4, stirring rate=400
rpm, P=30 psi)

FIGURE 10
Effect of pressure on percent retention and flux
of Co(II) solutions (CCo(II) =0.4x10-4 M,
CAA=0.4x10-4 g/L, pH=5, stirring rate=400 rpm,
Membrane II)

Filtration of Co(II) solutions in the presence
of AA. The permeate flux and percent retention as a
function of pH were studied at pH of 4, 5 and 6 as
shown in Figure 9. This figure shows that, as the pH
increases the permeate flux decreases and percent retention increases firstly and at seen decreasing in retention at pH of 6. The retention percent increased
with increasing the pH of metal ions solution in the
presence of complexing agents due to the result of
the high binding of metals to AA. The permeate flux
decreased at high pH values due to high cake formation on the surface of membrane. Slight decreasing at pH of 6 can be probably due to hydrolyses.

Figure 11 shows metal percent retention at different initial concentrations for Co(II) in the presence of AA. From this figure it is obtained that as the
initial concentrations of metal ions increased, retention also increased and flux decreased due to the high
cake formation.

FIGURE 11
Effect of concentration on percent retention and
flux of Co(II) solutions (pH=5, P=50 psi, stirring
rate=400 rpm, Membrane II, CCo(II)=0.3x10-4 M
with CAA=0.3x10-4 g/L, CCo(II)=0.4x10-4 M with
CAA=0.4 x10-4 g/L, CCo(II)=0.5x10-4 M with
CAA=0.5x10-4 g/L)

FIGURE 9
Effect of pH on percent retention and flux of
Co(II) solutions (CCo(II) =0.5x10-4 M, CAA=0.5x10-4
g/L, P=50 psi, stirring rate=400 rpm, Membrane
II)
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[2] Vazquez - Palma, D.E., Netzahuatl - Munoz,
A.R., Pineda-Camacho, G., Cristiani-Urbina, E.
(2017) Biosorptive removal of nickel(II) ions
from aqueous solutions by hass avocado (persea
americana mill. Var. Hass) shell as an effective
and low-cost biosorbent. Fresen. Environ. Bull.
26, 3501-3513.
[3] Bayhan, Y.K., Keskinler, B., Cakici, A., Levent,
M., Akay, G. (2001) Removal of divalent heavy
metal mixtures from water by saccharomyces
cerevisiae using crossflow microfiltration. Wat.
Res. 35(9), 2191-2200.
[4] Hymavathi, D. and Prabhakar, G. (2017) Optimization, equilibrium, and kinetic studies of adsorptive removal of cobalt(II) from aqueous solutions using Cocos nucifera L. Chem. Eng.
Commun. 204, 1094-1104.
[5] Song, H.L., Yang, X.L., Chen, T.Q. (2017) Adsorption behavior of 17a-ethinylestradiol onto
activated sludge derived from membrane bioreactor. Fresen. Environ. Bull. 26, 5789-5796.
[6] Han, J.G., Fan, D.W., Li, X.Z., Zhu, Y.L., Sajjad, A. (2016) Mechanism of Cr6+, Mn2+, Cu2+
and Cd2+ adsorption by a low-cost rice husk-derived
biochar
in
aqueous
solutions.
Fresen. Environ. Bull. 25, 2736-2744.
[7] Molinari, R., Arguiro, P., Romeo, L. (2001)
Studies on interactions between membranes
(RO and NF) and pollutants (SiO2, NO3í, Mn++
and humic acid) in water. Desalination. 138,
271-281.
[8] Lastra. A., Gomez, D., Romero, J., Francisco,
J.L., Luque, S., Alvarez, J.R. (2004) Removal of
metal complexes by nanofiltration in a TCF pulp
mill: technical and economic feasibility. J.
Membr. Sci. 242, 97-105.
[9] Gzara, L. and Dhahbi, M. (2001) Removal of
chromate anions by micellar-enhanced ultrafiltration using cationic surfactants. Desalination.
137, 241-250.
[10] Huang, R.Y.M., Pal, R., Moon, G.Y.J. (1999)
Characteristics of sodium alginate membranes
for the pervaporation dehydration of ethanol±
water and isopropanol±water mixtures. Membr.
Sci. 160, 101-113.
[11] Kim, K.S., Lee, K.H., Cho, K., Park, C.E.
(2002) Surface modification of polysulfone ultrafiltration membrane by oxygen plasma treatment. J. Membr. Sci.199, 135-145.
[12] Spricigo, C.H., Bolzan, A., Machada, R.A.,
Carlson, L.H.C., Petrus, J.C.C. (2001) Separation of nutmeg essential oil and dense CO2 with
a cellulose acetate reverse osmosis membrane.
J. Membr. Sci. 188(2), 173-179.
[13] Hajighahremanzadeh, P., Abbaszadeh, M.,
Mousavi, S.A., Soltanieh, M., Bakhshi, H.J.
(2016) Polyamide/polyacrylonitrile thin film
composites as forward osmosis membranes. J.
Appl. Polym. Sci. 133(42), 44130.

The effect of content of the membrane on the
percent retention of Co(II) and the permeate flux are
shown in Figure 12 in the presence of AA. Membrane I and membrane II were used in this part of
study. It is seen that as the PVA content of membrane increased, retention increases and flux decreases. When content of PVA increases at preparation of membrane, a large amount of PVA is coated
on the cellulose filter then small pour size of membranes occurred. This small pour size also caused
low flux and high retention.

FIGURE 12
Effect of content of membrane on percent retention and flux of Co(II) solutions (CCo(II) =0.4x10-4
M, CAA=0.4x10-4 g/L, P=30 psi, stirring rate=400
rpm, pH=5)

CONCLUSION
In this study, removal of Fe(III), Co(II) ions
from aqueous solutions by polymer-enhanced ultrafiltration was investigated. Alginic acid polymer was
used as complexing agent polymers. P(MMA-coEA)/PVA-cellulose composite membranes were
used in the filtration. The effects of content of membrane, pressure, concentration of solution and pH on
permeate flux and percent retention were studied for
Fe(III) and Co(II) in the presence of AA. The maximum retention of metals was found as 94.2% for
0.5x10-4 M Fe(III) solution at the pH of 4.0, pressure
of 30 psi and stirred velocity of 400 rpm in the presence of alginic acid as complexing agent using 0.75
(w/v)% Poly P(MMA-co-EA)/0.75 (w/v)% PVAcellulose II membrane.

REFERENCES
[1] Qdaisa, H.T. and Moussa, H. (2004) Removal
of heavy metals from wastewater by membrane
processes: a comparative study. Desalination.
164, 105-110.

1860

© by PSP

Volume 27 ± No. 3/2018 pages 1855-1861

[14] Yang L.; Hsiao W.W.; Chen P. J. (2002) Chitosan-cellulose composite membrane for affinity purification of biopolymers and immunoadsorption. Membr. Sci. 197, 185-197.
[15] Lin, D.J., Chang, C.L., Lee, C.K., Cheng, L.P.
(2006) membranes prepared by phase inversion
in the water/formic acid/Nylon 66 system. Eur.
Polym. J., 42, 356-367.
[16] Juang, R.S. and Chen, M.N. (1996) Retention of
copper (II)- EDTA chelates from dilute aqueous
solutions by a polyelectrolyte-enhanced ultrafiltration process. J. Membr. Sci. 119, 25-37.
[17] Juang, R.S. and Shiav, R.C. (2000) Metal removal from aqueous solutions using chitosanenhanced membrane filtration. J. Membr. Sci.
165, 159-167.
[18] Jeon, C., Park, J.Y., Yoo Y.J. (2002) Characteristics of metal removal using carboxylated alginic acid. Wat. Res. 36, 1814-1824.
[19] Asman, G. and Sanli, O. (1997) Ultrafiltration
of Fe(III) solutions in the presence of poly (viny
alcohol) using modified poly (methyl methacrylate-co-methhacrylic acid) membranes. J. Appl.
Polym. Sci. 64, 1115-1121.

Received:
Accepted:

16.10.2017
12.12.2017

CORRESPONDING AUTHOR
Cemal Cifci
Afyon Kocatepe University,
Faculty of Engineering,
Department of Chemical Engineering,
03200 Afyonkarahisar ± Turkey
e-mail: cifcicemal@aku.edu.tr

1861

Fresenius Environmental Bulletin

#"

  $ 









  !






!($"! !&$%%"!!%&
 ! )#"!&%$ #
    " " #"%&"!
"'&!"*&(%&$%%
,80800.3053,-  !9>;0//480%96=,84


2



1
Department of Biology, Faculty of Sciences, Chadli Benjdid University, 36000-El Tarf, Algeria
Laboratory of Applied Animal Biology, Faculty of Sciences, Badji Mokhtar University, 23000-Annaba, Algeria



%&$&

The present study aimed to assess, under laboratory conditions, the side effects of a trade formulation of diflubenzuron (Dimilin# 25 WP), a chitin
synthesis inhibitor (CSI), on the biochemical composition of the cuticle and on the level of the biomarker of environmental stress glutathione (GSH),
in a non-target species    (Rathke,
1837) (Crustacea, Decapoda). The insecticide was
added to the shrimps’ rearing water at two concentrations: 16 ng of active ingredient/L and 1 μg/L. The
shrimps were exposed to Dimilin from stage A
(newly molted shrimp) to Stage C (Intermolt), where
mineralization and deposition of the cuticular layers
are completed. The results show a significant decrease (p < 0.05) in the amounts of chitin in the
treated batches as compared to controls for both assays. Moreover, there was a significant difference
(p< 0.05) in the cuticular proteins between treated
and control individuals. However, the compound
had no significant effect on the amounts of calcium
salts. Regarding GSH level, there was a significant
inhibition (p< 0.05) in treated individuals as compared to controls. Our results show an induction of
the detoxification system and confirm the mechanism of action of Dimilin on chitin biosynthesis. and
indicate that this product can pose side-effects on
non-target Arthropod organism like shrimps.



are applied directly to aquatic systems to reduce
numbers of mosquito larvae (larvicides) and thereby
reduce transmission of pathogens that mosquitoes
vector to humans and wildlife [6]. Environmental
imperatives [7] have pushed research towards the
use of natural pesticides or biopesticides [8, 9, 10]
and prompted the phytosanitary industry to develop
more selective molecules with high metabolic and
environmental stability [11, 12], acting on biochemical processes specific to the target organisms [13].
These new products are the insect growth disruptors
(IGDs). These include the inhibitors of chitin synthesis which interferes in the formation of the cuticle
[14, 15].
Dimilin (25% WP) is a trade formulation of
diflubenzuron, a benzoylurea derivative and inhibitor of the synthesis of chitin [16, 17, 18, 19], one of
the major compounds of the Arthropod cuticle. It is
an approved insecticide in Algeria and is used on a
large scale to fight forest defoliating insects. In addition, DFB was found a potent insecticide for controlling mosquito pullulations [20]. It was also Its leaching by rains contaminates the aquatic ecosystem including the sediments in which all stages of the life
cycle of a crustacean take place. This prompted to
study the degradation of the insecticide (DFB) in
seawater [21].
In this study, we used the shrimp   
 (Rathke, 1837), a very abundant shrimp in
the Northeastern region of Algeria and is of a relatively important interest to the local fishing industry.
This shrimp was used as a bioindicator species in order to assess the quality of the water from the Mellah
lagoon (Northeast, Algeria) [22] and as well as a
model organism to test the effects of Novaluron, another chtin synthesis inhibitor (CSI), on chitin and
cuticular proteins [23]. The Crustaceans from the
gulf of Annaba have been the subject of several studies on the physiological [22-25] and toxicological aspects [23, 26, 27, 28, 29]. Within this context, the
current study is a continuation of the previous research conducted by [23] who determined the
amount of chitin and cuticular proteins of the same
species when exposed to another molecule (Novaluron). This research adds to the latter in that it shows

+)"$%
Crustacea,
  , Insecticides, Diflubenzuron, Cuticle, Chitin, Calcium salts, Glutathione.
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Human actions are one of the main factors affecting the quality of the environment and water [1].
Pollution of the aquatic ecosystem is due to human
development and its side effects such as radioactive
discharges, organic matter, heavy metals [2, 3], industrial and domestic discharges, and the intensive
use of pesticides by farmers [4, 5]. Some pesticides
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to the LC50 determined against fourth instar larvae of
the most abundant mosquito species ! 
[20]. Newly molted adult shrimps (0-8 h old) were
continuously exposed to treatment up to intermolt.
Control shrimps were reared in seawater alone.

49.3074.,6 :;9.0/>;0 Shrimps were sampled at the beginning of the inter-molt and killed by
freezing. The entire carapace was removed and the
cuticle was separated from adhering tissue, washed
and dried at 60°C to constant weight and decalcified
by means of 10% trichloroacid acetic (TCA) according to [29]. The decalcified cuticle was extracted in
2 N NaOH at 110°C for 3-4 h. The colorless residues
were washed in distilled water and dried at 60°C to
constant weight. The weight loss was supposed to be
due to removal of proteins, and the residue to be chitin.

the amount of calcium salts content of the cuticle and
also measures the level of glutathione (GSH), a biomarker that plays a central role in intracellular antioxidant defense processes.


&$%! &"%

%3;47: .9660.=498   (Decapoda,
Palaemonidae) is a common shrimp in Norwegian
coast and South of the Baltic Sea to the Mediterranean. This species is transparent, fairly uniform with
yellow strips at the level of articulations and presents
dark chromatophores on the ventral half of the rostrum. The shrimps (length: 8-10 cm; weight: 12-16
g) were collected from the lagoon of El Mellah
(Northeast, Algeria) and transported to the laboratory. They were reared in aquariums (100 × 60 cm)
filled with sea water under laboratory conditions (salinity 37 psu; temperature 24-27°C; photoperiod 14h
light). They were daily fed with fresh mussels administered in the afternoon.

6>=,=34980,<<,@The glutathione was determined according to the method of [32] previously
described [33]. The flesh of the shrimp was homogenized in 1 ml EDTA solution (0.02M; pH 6) and
subjected to a deproteinisation with sulfosalysilic
acid (SSA) at 0.025%. Then the homogenates were
maintained for 15 min on ice and centrifuged
(3000g, 15 min). The mixture was vortexed, left for
15 minutes in an ice bath and centrifuged (1000
rpm/min for 5 min). The supernatant (0.5 mL) was
taken and then 1 mL of Tris-EDTA buffer (0.02 M,
pH 9.6) and 0.025 mL of DTNB (0.01 M) were
added. The mixture was then left for 5 min at room
temperature. The optical density was measured at a
wavelength of 412 nm after 5 min. GSH levels are
expressed in μM /mg proteins.

%3;47:/,=,=498In crustaceans, the molt cycle, corresponding to the modifications that occur
between two successive molts, is subdivided into
five stages: A (early post-molt), B (late post-molt),
C (intermolt) and D (pre-molt) and molting (E). Molt
stages were determined according to [30] by microscopic examination of the uropod setae Under these
conditions,   has a molt cycle of 20 ± 2
days, and the relative duration of each stage is 9%
for A+B, 36% for C, and 59% for D.
8<0.=4.4/0,8/=;0,=708=Dimilin® (Wettable powder, 25% active ingredient, a.i.), a trade formulation of diflubenzuron, is an insecticide belonging to the benzoylphenylurea derivatives. It was
kindly provided by Pr. G. Smagghe (Ghent University, Belgium). Dimilin was added to the rearing seawater at a final concentration of 1 μg active ingredient/L according to concentrations tested on several
shrimp species [27, 28] and 16 ng/L corresponding

#;9=048,<<,@The protein assay was prepared
according to the method of [34] described previously
[27]. This uses the Coomassie brilliant blue (BBC)
G 250 as a reagent and a solution of bovine serum
albumin (BSA) as a standard. The absorbance was
read by the spectrophotometer at a wavelength of
595 nm.

'$ 
960.>6,;<=;>.=>;091/416>-08A>;98
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110.=91474648 C2 ,8/ 82 98.>=4.60.34=4860?06<91 ,=48=0;796=<=,20
48.98=;96,8/=;0,=0/<0;40<70,8B%8
&;0,=708=
Control
DFB 16 ng/L
0?06
58.46 ± 13.41 a
45.76 ± 8.47 b
Values followed by a different letter are significantly different (p < 0.05).

DFB 1 μg/L
30.68 ± 10.55 b

p
0.003

& 
110.=91474648 C2 ,8/ 82 98.>=4.60:;9=04860?06<91 ,=48=0;796=<=,20
48.98=;96,8/=;0,=0/<0;40<70,8B%8

&;0,=708=
Control
DFB 16 ng/L
DFB 1 μg/L
p
0?06
41.54 ± 13.41 a
69.31 ± 10.55 b
69.17 ± 7.26 b
0.001
Values followed by a different letter are significantly different (p < 0.05).

& 
110.=91474648 C2 ,8/ 82 98.>=4.60.,6.4>7<,6=60?06<91 ,=48=0;796=<=,20
48.98=;96,8/=;0,=0/<0;40<70,8B%8
&;0,=708=
Control
DFB 16 ng/L
DFB 1 μg/L
p
0?06
42.26 ± 6.21 a
49.40 ± 13.04 a
30.83 ± 7.26 a
0.065
Values followed by a different letter are significantly different (p < 0.05).

&
110.=91474648 C2 ,8/ 82 98%,79>8=<D 72:;9=048 48=30160<391 
,=48=0;796=<=,2048.98=;96,8/=;0,=0/<0;40<70,8B%8
&;0,=708=
Control
DFB 16 ng/L
79>8=<
0.14 ± 0.02 a
0.13 ± 0.01a
Values followed by a different letter are significantly different (p < 0.05).
%=,=4<=4.,6 ,8,6@<4<. Data are expressed as
mean ± standard deviation (m ± SD) and were subjected to one-way analysis of variance (ANOVA)
followed by Tukey test. All statistical analyses were
performed using Minitab software (version 16, PA,
State College, USA). With p 0.05 considered as a
statistically significant difference.


$%'&%

DFB 1 μg/L
0.09 ± 0.04 a

P
0.026

110.=98.,6.4>7<,6=60?06<The result for the
calcium salt level in controls was 42.26 ± 6.21%. As
for the treated series, it was noted that the level of
calcium salts did not vary significantly (p = 0.065)
compared to the levels in the control series (Table 3).

110.=9826>=,=34980,79>8=<For the treated
series, the GSH amounts recorded in stage C decreased
significantly (0.13 ± 0.01 μM/mg proteins for the dose
of 16 ng/L and 0.09 ± 0.04 for the dose of 1 μg/L) compared to the control series (0.14 ± 0.02 μM/mg proteins)
(Table 4). The comparison of the mean values in the control and treated series shows that there was a significant
difference in the GSH level (p < 0.05).

110.=98.34=4860?06<The amount of cuticular chitin noted in the control series was 58.46 ±
13.41%. The treatment with Dimilin led to a significant decrease (p = 0.003) in the chitin level (Table 1).
The lowest level was observed in individuals exposed to a dose of 1 μg/L (30.68 ± 10.55%) compared with the dose of 16 ng/L (45.76 ± 8, 47%).

%'%%"!

Crustaceans have an exoskeleton or cuticle
which acts as a selective barrier between the internal
and external environments [35, 36]. This non-extensible exoskeleton is periodically disposed of and replaced by a new cuticle during molting. The cuticle
is a complex macromolecular structure. It is mainly
composed of chitin fibers to which proteins bind.

110.=98:;9=04860?06<Under normal conditions, the protein level at the intermolt is (41.54 ±
13.41%). In the treated series, there was a significant
increase (p ≤ 0.001) in the level of proteins for both
doses: 69.31 ± 10.55% for the dose of 16 ng/L, and
69.17 ± 7.26% for the dose of 1 μg/L (Table 2).
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These fibres are in turn associated to a protein matrix
[37] and impregnated with limestone [38].
Regarding the effect of Dimilin on the amount
of chitin at the intermolt, the compound was found
to significantly reduce the level of chitin in the
treated series as compared to controls. Our findings
are consistent with those commonly reported and
which assert that benzoylphenylurea derivatives interfere with the molting process by disrupting cuticular secretion via chitin synthesis [27, 39, 40, 41].
According to [42], diflubenzuron interferes with enzymes that contribute to the synthesis of chitin in
crustacean species such as the benthic copepod 
   . Our results confirm previous studies using the same product on another shrimp species, 
  [27]. It was also reported that Novaluron, another inhibitor of chitin synthesis, caused
a decrease in the level of cuticular chitin of  
[23].
The proteins play a fundamental role within the
organism of all living biological species [43]. Our
results show a significant increase in their levels in
the treated series compared to the control series. This
is reflected in the composition of the cuticle, which
consists of chitin which binds to proteins. Thus, there
is a strong correlation between the two components
[44]. Similar results have been reported by [26] and
concluded that treatment with diflubenzuron causes
an increase in the level of cuticular proteins in 
 . The same effect was observed in the
treatment of   with Novaluron [23].
Finally, regarding the effect of this xenobiotic
on the calcium salt content, it is noted that Dimilin
has no effect on the calcium salt levels. The same
results were obtained in    following
treatment with Dimilin [26]. Similarly, the work of
[22] states that calcium salts in   are not
affected.
During the environmental stress caused by the
presence of pollutants, biochemical responses are
immediate in exposed organisms [45]. Little work
has been done on the detoxification system in crustaceans. GSH is considered as one of the most important antioxidant agents involved in the protection
of cell membranes against free radicals damage [46,
47, 48]. So in the treated series, our experiments
show that Dimilin causes a decrease in GSH amounts
measured at the intermolt (Stage C). In the work of
[49], it was noted that the exposition of marbled
crayfish (     !  ) to Cyperkill 25 EC (Pyrethroid insecticide) in concentration
of 0.05 µg/L caused significant increase in GSH
amounts (p< 0.05). Other research [50] shows that in
shrimp  and after 96-h exposure
to phenothrin at five concentrations, the sublethal biomarkers glutathione were examined and there were
no statistically significant differences in these levels
in adults or larvae compared to controls.

Our experiments assessed the impacts of an inhibitor of chitin synthesis, Dimilin, on a non-target
aquatic Arthropod  . The obtained results confirm its mechanism of action on chitin biosynthesis. This compound can show secondary effects even at low doses on this edible shrimp species.
!") !&%
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INTRODUCTION

7KH LQFUHDVLQJ LQFLGHQFH RI PHWKLFLOOLQUH
VLVWDQW6WDSK\ORFRFFXVDXUHXVHVSHFLDOO\LQEXUQSD
WLHQWVKDVEHFRPHDVHULRXVFOLQLFDOFRQFHUQ2SHURQ
RIJHQHVUHODWHGWR LFD$%&' DQGDGKHVLRQIDFWRUV
SOD\DQLPSRUWDQWUROHLQELRILOPIRUPDWLRQDQGLQ
IHFWLRQVFDXVHGE\WKLVEDFWHULXP7KHUHIRUHWKHDLP
RIWKLVVWXG\LVWRFRPSDUHWKHSUHYDOHQFHRIELRILOPV
DQGWKHDGKHVLRQIDFWRUVDPRQJPHWKLFLOOLQUHVLVWDQW
6WDSK\ORFRFFXVDXUHXVLVRODWHV,QWKLVVWXG\6
DXUHXVLVRODWHVIURPSDWLHQWVLQGLIIHUHQWSDUWVRI6KL
UD]WHDFKLQJKRVSLWDOVDQGKRVSLWDOVZLWKEXUQVZHUH
LGHQWLILHG ELRFKHPLFDO PHWKRGV 6SHFLHV 056$ 
ZHUHLGHQWLILHGXVLQJFHIRF\VWGLVFUHVLVWDQFHPHWK
RGVDQGSUHVHQFHRIWKHJHQH PHFD 7KHDELOLW\WR
IRUPELRILOPVXVLQJWKUHHPHWKRGVWXEHPHWKRGDQG
&RQJRUHGDJDU 073 ZHUHLQYHVWLJDWHG8VLQJWKH
3&5PHWKRGWKHSUHVHQFHRIJHQHV LFD$%&' DQG
DGKHVLRQJHQHVRIILEFDQEDSPHF$ZHUHVWXGLHG
LQDOOLVRODWHVDQGWKHUROHRIVRPHRIWKHVHJHQHVLQ
WKH DELOLW\ WR ELRILOP SURGXFWLRQ ZDV HYDOXDWHG ,Q
WKLVVWXG\LVRODWHVRI6WDSK\ORFRFFXVDXUHXVLVR
ODWHGIURPWKH056$IUHTXHQF\WKHSUHVHQFHRIWKH
PHF$ JHQH  $QG WKH IUHTXHQF\ RI ,FD$
,FD' EDS ILE FDQ JHQHV UHVSHFWLYHO\  
        DQG    
   KDYH EHHQ ,Q WHUPV RI WKH DELOLW\ WR
SURGXFH ELRILOPV E\ XVLQJ WKH &RQJRQG PHWKRG
DQGLQWKHPLFURWLWHUSODWLQJPHWKRG
KDGDELRILOPSURGXFWLRQFDSDFLW\RI
7KHUHVXOWVVKRZHGWKDWELRILOPIRUPDWLRQLQPHWKL
FLOOLQUHVLVWDQW 6WDSK\ORFRFFXV DXUHXV LVRODWHV ZDV
QRWDVVRFLDWHGZLWKWKHSUHVHQFHRILFDDQGWKHSUHV
HQFHRIDGKHVLRQJHQHFRXOGDOVRSOD\DVLJQLILFDQW
UROHLQELRILOPSURGXFWLRQ

Infection is the invasion of an organism's body
tissues by disease-causing agents, their multiplication, and the reaction of host tissues to the infectious
agents and the toxins they produce [1-3]. Staphylococcus aureus is one of the most important human
and animal pathogens and is one of the most common causes of acquired and acquired hospital infections that can produce a wide range of diseases, such
as osteomyelitis endocarditis, and many soft tissue
infections and other infections [4, 5]. Infections
caused by this bacterium have risen in recent years
and have been associated with many deaths [5].
Methicillin-resistant staphylococci (MRSA) have
been identified as one of the major pathogens ever
since [6]. Chronic infections caused by gram-positive bacteria and associated with the use of artificial
means have increased [5, 4]. The prevalent strains of
these infections are Staphylococcus epidermidis and
Staphylococcus aureus [7, 6, 8]. Connection and colonization is the first stage of killing the disease in
this bacterium Colonization and infections caused by
(MRSA) interactions are associated with the treatment of diseases caused by these bacteria and this
colonization can be considered as a risk factor for infections [8]. One of the main mechanisms for the development of hospital infections is the ability to form
biofilms, which facilitates adhesion to various levels
of medical devices [9]. The initial identification of
the ability to produce biofilms in infections caused
by Staphylococcus aureus bacteria can be one of the
important steps in the policy of treating infections
associated with medical devices [9, 6]. ABCD is responsible for the second phase of biofilm production,
namely the binding of bacterial cells to each other
and the production of PIA [7, 10, 6, 11]. In some
strains, the destruction of the genes of the Operon
(ica ADBC) causes no biofilm production [7, 12].

KEYWORDS:
Staphylococcus aureus, Biofilm, Adhesion genes, Operon
MRSA, ICA.
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Quantitative and qualitative tests for biofilm
detection. A. Qualitative methods. 1-Tube
method TM. One of the two qualitative methods
used in this study is tube method. In this method, a
loop filled with microorganisms in ml of fluid medium (TSB) was cultured and incubated for 24 hours
at 37 ° C. After 24 hours, the contents of the tubes
were discarded and washed with buffer (PBS: 1X)
and dried in the laboratory at 25 ° C. Then the pipes
with Safranin 1% and were stained for 20 minutes
(Figure 1). Then the results based on the amount of
residual color, a sign of the ability of bacteria in biofilm formation by (1 + 2 + 3 +) were reported.

METHODS
This cross-sectional study was carried out on
294 isolates isolated from clinical samples of patients referred to burning and educational hospitals
in Shiraz during the first 6 months and between
2016-2017. Samples were transferred to the Microbiology Laboratory of Shiraz University of Medical
Sciences and were first incubated on Blad Agar and
Mannitol Salt Agar at 37 ° C for 24-18 h. Grown colonies were identified on mannitol salt agar media by
biochemical tests such as coagulase urease catalase
and DNase, and cefoxitin disc resistance. To isolate
methicillin-resistant Staphylococcus aureus, molecular confirmation of the presence of the gene (MecA)
was also used. Finally, evaluated the frequency of
adhesion genes and their relationship with the ability
to produce biofilms in this bacterium.

2-Congo Aggressive CRA Method. In this
method, the bacteria were first cultured in Congo
agar containing sucrose for 24 hours at 37 ° C. And
colonies with black appearance and rough and rusty
terms of their ability to produce biofilm was considered positive. In this respect, the ability of bacteria
into three categories: high, medium, and poor and the
powerless were divided in biofilm formation (Figure
2).

FIGURE 1
Ability to produce strong biofilm by TM

FIGURE 2
Comparison of the ability and inability to produce biofilms
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FIGURE 3
A view of polystyrene plates with the ability to produce biofilms

was added the same volume of isopropanol and
placed at -20 ° C overnight, centrifuged the suspension for 14 minutes at 3 minutes and added to the
SUHFLSLWDWH RI  ȝO RI  HWKDQRO 7KUHH WLPHV DW
3000 rpm, centrifugation was performed for 3
minutes, and the solution was discharged and the micro tube containing the DNA in the presence of air
and dried for 10 to 12 hours. 45 ml tris added microtubes for 24 hours at 37 ° C in a shaking incubator
incubated to dissolve completely done.

B: Quantitative method. Micro Titer-Plate
(MtP). Quantitative method (MTP) was used to determine the numerical capability of biofilm producWLRQ,QWKLVPHWKRGILUVWȝORIFRORQ\EDFWHULD
was diluted in a TSB medium diluted 1/100 in a 96pot series and incubated for 24 hours at 37 ° C. After
three washings with physiological saline, the plate
ZDVGULHGLQDIUHHVSDFHIROORZHGE\ȝORIHWK
anol 70%. (To fix the bacteria). The plates were dried
at 25 ° C for 18 minutes. 200 ml crystal violet diluted
to 1/100 ratio was added for 20 minutes and then
ZDVKHGZLWKZDWHUZHOOVȝORIDFHWLFDFLGJODFLDO
33% was also added. It was incubated for 15 minutes
at 37 ° C, after which light absorption was read at
550 watts. Absorbance of more than 0.12 was attributed to high-tech bacteria in biofilm production
(Figure 3).

The abundance of genes. The detection of
opron genes (icaABCD and adhesion factors such as
bap, can, fib of the isolates of methicillin-resistant
Staphylococcus aureus (MRSA) isolates was used
by PCR molecular method. In this study, annealing
was used for 5 minutes at a temperature of 94 ° C for
decontamination and for 30 seconds at 95 ° C for 45
seconds for annealing. This temperature varies with
the genes used in the case of ica-a gene at temperatures of 58 ° C, and for the bap gene of 56 ° C or for
the fib gene, 58 ° CNA and 58 ° CNA, and ica-d at
56 ° C. And then for 1 minute at annealing temperature of 72 ° C. To prepare the electrophoresis, place
the 1.5% agarose gel and place it in a TE-buffer elecWURSKRUHVLV WDQN  ȝO RI WKH SURGXFW 3&5  ZDV
PL[HGZLWKȝORIWKH/RDGLQJ%XIIHUVROXWLRQDQG
ZDVKHG WR WKH IRUHKHDG ,Q RQH RI WKH PLQHV  ȝO
(DNA ladder 100) and 50 bp were used to identify
the length of the bands, followed by electrophoresis
at 75 volts for one and a half hours. After that, take
5 mg / ml of ethydium for 15 minutes and take a
photo of the gel.

Extracting genomic DNA. At first genomic
DNA extraction was performed using phenol-chloroform method as follows [13]. First, a colony of the
isolates was identified in 5 ml BHI broth and cultured for 18-24 hours in a shaking incubator and bacteria were separated by centrifugation at 800 rpm for
5 minutes. Then the resulting precipitate was added
ȝ/RI7(EXIIHUDQGthen added to the suspension (for lysis of the cell and release of its contents)
0.1 ml of 10% SDS solution and then incubated for
30 minutes at 56 ° C. Saturated phenol and chloroform in equal proportions and size of the suspension
was added to the tube and centrifuged for 10 minutes
at a range of 12,000-13,000 per minute. The top solution is slowly transferred to a new tube Then 0.1
volume of 3M sodium acetate was added and then
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FIGURE 4
Frequency of biofilm production ability in three applied methods in methicillin-resistant MRSA-resistant
Staphylococcus aureus isolates in Nemazi and Qotboddin Shahr hospitals in 2016
For urine samples, the highest frequency
(91.6%) was observed for ica-an and (ica-d) genes,
and in the throat sample, the highest percentage
(100%) was observed for fib, bap, cna, and ica-d
genes. In the case of wound specimens, the highest
frequency was observed for the ica-a, ica-d gene. In
the case of the most abundant samples for fib, ica-d
and in the case of subcutaneous samples, the most
frequent was the bap gene (Figure 4).
The result of the present project shows in addition to the presence of opron (ica ABCD), some
adhocin factors, such as fib-bap-cna genes, can also
play a significant role in biofilm production. In fact,
the presence of Opéron ica alone cannot be effective
in biofilm production. In fact, the role of the bap
gene and its association with the genes ica-d, ica-a,
can, fib in biofilm production plays a significant role.
While the simultaneous presence of ica-a, ica-d, fib
is essential for biofilm production. On the other
hand, the lack of simultaneous FIB, ICA-A leads to
the lack of biofilms production and then the genes
ica-D, can, ica-A, fib, respectively, are less important in the ability to produce biofilms. The most
potent strains of biofilm Staphylococcus aureus were
found in isolated samples, respectively, in blood,
nose, sore urine, hands, underarm and sputum respectively.
This study showed that among 294 isolates
from 134 isolates of Staphylococcus aureus, a frequency (% 89.59) icaD, (% 80.59) icaA respectively.
The frequency of adhesion genes (78.35%) fib (%
50.74) bap, (82.08%), cna, was also found to be due
to the ability to produce biofilms in both tubular
(31.34%) and congested agar (53.73%) But in the
microfiber Plot method, 31.34% were able to do this.
As a result, it seems that the Microtiter Plate method

RESULTS
In the present study, 294 samples collected
from Staphylococcus aureus were 134 isolates of
Staphylococcus aureus that were resistant to methicillin. Among these, the frequency of nasal specimens (18.02%), ulcer samples (18.70%), urine
(10.88%), blood (31.29%), phlegm (5.10%), chest
secretion (2.04%),), Abscess (1.02%), abdomen
(1.36%), eye discharge 1.70%The cerebrospinal
fluid 1.2%, the tip of the hands were 4.08%, the lung
fluid, 1.36%, the axillary sample (1.02%), and the
frequency of peritoneal fluid samples was 0.34%. Of
these (45.57%), the samples were resistant to methicillin. In this study, the highest proportion was observed in women aged 21 to 40, and the highest levels of adhesion genes were seen in blood samples of
the nose and urine, respectively (Table 1).
TABLE 1
Frequency of biofilm production ability in three
methods in methicillin-resistant Staphylococcus
aureus isolates in Nemazi and Qotboddin Shahr
hospitals in 2016
type

 nose
 wound
 urine
 blood
Sputum
 hand
 eye
 Axillary
 throut
 Total

 NO
MRSA
 30
 42
 12
 28
4
 12
3
2
1
 134

TM
 10
 12
7
2
2
4
0
2
1
 57

 Biofilm Formation
 MTP
 CRA
 15
20
 10
 20
3
6
7
 16
2
1
3
5
1
4
1
0
0
0
 42
 72
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FIGURE 5
Staphylococcus aureus abnormalities in men and women based on age

is far superior to the accuracy of the action, due to
the ability of this method to remove harmful agents
and to assess the color produced by biofilm production (Figure 5).
The result of the present project is to show in
addition to the presence of opron (ica ABCD), some
genes, such as fib-bap cna genes, can play a significant role in biofilm production. In fact, the presence
of the gene ica alone cannot be effective in biofilm
production and in fact, the role of the gene (bap) in
the production of biofilms from the rest and then the
genes (ica-d, can, icaa, fib) are less important in the
ability to produce biofilms. On the other hand, the
simultaneous presence of genes icaa, icad, fib, cna
plays an important role in the production of biofilms
and the absence of bap gene is largely due to the lack
of biofilm production. This issue has also been
proven in the absence of simultaneous genes (bapicad and cna-icad) and (can-bap- icaa).

of other genes in the production of biofilms. And on
the other hand, considering the modest use of antibiotics arbitrarily and the increase in drug resistance in
Matthew-resistant resistant Staphylococcus aureus
species, and especially on drugs such as erythromycin, further study is recommended.
Due to the increasing incidence of methicillinresistant Staphylococcus aureus, it has become a serious clinical concern. Optical genes (icaABCD) and
sticky factors that play an important role in the formation of biofilms and infections caused by this bacterium. The purpose of this study is to compare the
frequency of biofilm production and (adhezine) factors among clinical isolates of methicillin-resistant
staphylococci. In this study, 134 isolates of Staphylococcus aureus were identified by common biochemical methods. The ability to form a biofilm using three methods (Congo agar, tubular method and
MTP) was then investigated using the PCR method
for the presence of Ica ABCD and the fibers-canbap-mecA genes in all isolates. The results showed
that, according to other studies, the biofilm formation in methicillin-resistant Staphylococcus aureus isolates was not associated with the presence of
opron ica alone and the presence of adherents of
genes can also play a significant role in biofilm production.
Nowadays, to determine the biofilm's ability to
determine the presence of the gene (ica
MSCRAMMS), using phenotypic methods such as
congestion agar and tubular method and quantitative
testing (MTP) are used. The present study showed
that the isolate (294) isolates isolated from Staphylococcus aureus (89.49%) had icaD (80.59%), icaA
frequency (89.59%).Frequency of adhesion genes
(78.35%) fib (% 50.74) bap, (82.08%) cna On the
other hand, the results of the ability to produce biofilm were shown in two tubes (31.34%) and Concord
Agar (53.73%) [14]. In studies conducted in Tehran
to identify the genes encoding the sticky factors in
22 isolates of Staphylococcus aureus in 2015 by

DISCUSSION
Based on our finding, the high prevalence of
genes (ica) and adhocin genes in the studied biofilm
species. According to the results of this study, it is
recommended the formation of biofilms in staphylococcal species may be associated with the presence
of other genes in addition to (ica) and andidicin
genes. While the presence of this opron and adhesion
genes in biofilm production may be important, but
the role of other factors, and their cooperation is not
yet completely clear. Because of high genetic variation and, on the other hand, different sources of contamination and different patients among isolated
staphylococci collected from clinical specimens, it is
suggested that similar to the current study on staphylococcal species other than methicillin-resistant
Staphylococcus aureus species other than burn patients to further confirm this biofilm-related gene are
also to be considered, in order to determine the role
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than burn patients to further confirm this biofilm-related gene should also be investigated in order to
study the role of other genes in biofilm production.
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ENHANCING EFFECT OF OLIVE LEAVES EXTRACT ON
LIPID PROFILE AND ENZYMES ACTIVITY IN
STREPTOZOTOCIN INDUCED DIABETIC RATS
Abd El-Moneim M R Afify, Hossam S El-Beltagi*, Sayed A Fayed, Abeer E El-Ansary
Biochemistry Department, Faculty of Agriculture, Cairo University, P. Box 12613, Gamma st., Giza, Cairo, Egypt

play a vital role in the etiology and development of
T2DM and hypertension. Therefore, combating
oxidative stress could be a useful way to ensure
holistic management of T2DM and hypertension.
There are strong correlations between the phenolics
contents and the biological activities where, the
antidiabetic, antihypertensive and antioxidant properties of the fruits part were strongly correlated to
the phenolic contents [3]. Therefore, phenolics may
be part of the active compound responsible for the
antioxidant, antidiabetic and antihypertensive that
may provide a scientific basis of their use in folklore medicine [3-5].
Olive leaves extract has been used for its antiinflammatory, immunomodulatory, gastrointestinal,
respiratory, autonomic, central nervous system,
anticancerous, chemopreventive and cardiovascular
activities besides, against metabolic disorders [6-8]
The hypocholesterolemic effect of oleuropein,
oleuropein aglycone and hydroxytyrosol rich extracts have been demonstrated to be due to their
abilities to decrease serum TC, TG and low density
lipoprotein-cholesterol (LDL) levels as well as
slowing the lipid peroxidation process and enhancing antioxidant enzyme activity [9].
Hence, the current study was carried out to investigate the impact of treating STZ-induced diabetLF LQ UDWV ZLWK ROLYH OHDYHV H[WUDFW RQ Į-amylase,
lipid profile and heart function.

ABSTRACT
One of the main causes of morbidity and mortality worldwide is diabetes mellitus. The present
study aims to evaluate the effect of olive leaf extract on lipid profile and heart function enzymes in
model type two diabetes mellitus (T2DM) induced
by streptozotocin (STZ) in rats. Healthy Wistar
male adult rats were randomly divided into four
equal groups; normal control, diabetic control (45
mg/kg STZ), normal rats treated with olive leaf
extract (17.8 mg/kg b.wt.) and diabetic rats treated
with olive leaf extract. Olive leaves extract was
orally administrated for 10 weeks. Total cholesterol
(TC), triglycerides (TG), high density lipoprotein
(HDL), low density lipoprotein (LDL), lactate dehyGURJHQDVH /'+ FUHDWLQHNLQDVHDQGĮ-amylase
were analyzed at zero time and after 10 weeks.
Olive leaf extract exerted a positive effect on lipid
profile via reducing TC, TG and LDL in addition,
significantly preventing of the decrease in HDL.
LDH and creatine kinase were also kept close to
normal in diabetic rats that received olive leaves
H[WUDFW3UHYHQWLRQRIĮ-amylase reduction was also
observed. The present study suggests that, olive
leaves extract could be used safely to prevent
T2DM complications such as cardiovascular diseases through ameliorating glycemic state and lipids
profile.

MATERIALS AND METHODS

KEYWORDS:
Olive leaves extract, type 2 diabetes mellitus, Į-amylase,
lipid profile, heart function

Materials. STZ were acquired from Sigma
chemicals (St Louis, Mo, USA), in 97% purity. All
other reagents used were of analytical grade.

INTRODUCTION

Methods. Preparation of olive aqueous extract. Olive leaf extract was prepared as follows:
leaves were cleaned, washed, and then cut into
small pieces with a blender, then put 25 g of blended olive leaves, in 200 ml of distilled water. The
mixture was boiled for three minutes. The fluid was
collected and put in a dark glass container [10].
Then, freeze drying was initiated on the same day.

Diabetes mellitus is a complex disorder that is
categorized into two large types; insulin-dependent
diabetes mellitus (type 1 diabetes) and non-insulindependent diabetes mellitus (type 2 diabetes) [1].
T2DM represents the core state of diabetes around
the world that is attributed to different parameters
such as, unhealthy practices; sedentary lifestyle and
obesity increase [2]. One of the risk elements in
T2DM and its cardiovascular complication is oxidative stress. Oxidative stress has been reported to

Diabetes induction. T2DM was induced by
intraperitoneally injection of a single dose of STZ
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(45 mg/kg b.wt.) dissolved in 0.01 M citrate buffer
(pH 4.5) immediately before use [11]. Then, rats
had free access to food, water and were given 5%
glucose solution to drink overnight to encounter
hypoglycaemic shock. Rats were checked daily for
the presence of glycosuria. Rats were considered to
be diabetic if glycosuria was present for 3 consecutive days. Three days after STZ injection, fasting
blood samples were obtained and blood sugar was
GHWHUPLQHG PJGO 

Prencipe [15].

Animals. Twenty-four male Wistar rats (120
±10 g) were purchased from animal house of
Helwan station for experimental animals, Helwan,
Egypt. Rats were retained in polyethylene cages in
groups of 6 rats per cage in a controlled environment (25±2 ºC, 50-60% relative humidity and 12hour light-dark cycle) for two weeks for adaptation.
Rats were divided into four equal groups of 6 rats
each. All experimental treatments were approved by
Cairo University Ethics Committee for the Care and
Use of Experimental Animals in Education and
Scientific Research (CU-IACUC) and the approval
number was CUIIS1616.

Determination of LDH activity. LDH enzyme activity was determined in plasma with T80
PG UV/VIS Spectrophotometer at a wavelength of
340 nm and at 37°C using kits, Stanbio LDH LiquiUV Procedure No. 2940 USA for the quantitative
determination of lactate dehydrogenase in serum
and EDTA plasma [18].

Determination of HDL level. HDL level was
determined using the method of Stein [16].
Determination of LDL content. LDLcholesterol was calculated according to Friedewald
et al. [17] as follows:
LDL-cholesterol (mg/dl) = Total cholesterol HDL-cholesterol (mg/dl) ± (Triglycerides/5).

Determination of CK activity. CK activity
was determined in plasma using Centronic GmbHGermany Kit following the method described by
Chemintz [19].
'HWHUPLQDWLRQRIĮ-amylase activity. The activity of Į-amylase was determined in serum by
colorimetric assay method according to Henry and
Chiamori [20].

Experimental animal design. The animals
were randomly allocated into four groups as follows:
Group 1: represented normal control.
Group 2: represented diabetic control (45
mg/kg STZ).
Group 3: represented normal rats treated with
olive leaves extract (17.8 mg/kg b.wt.).
Group 4: represented diabetic rats treated with
olive leaves extract (17.8 mg/kg b.wt.). Olive leaves
extract was dissolved in distilled water and then
given by oral gavage administration five days a
week during the study period. The dose was calculated as 20 mg oleuropein/kg b.wt. according to AlAzzawie and Alhamdani [12]. Throughout this
period, the rats were fed on a diet (TD.94045 AIN93G Purified Diet) and water. The vitamin mix
(AIN-93-VX) (1%) and mineral mix (AIN-93GMX] (3.5%) [13].

Statistical analysis. All values are presented
as means ± SEM. Statistical analysis was carried
RXW E\ XVLQJ WKH ³FRVWDW´ VWDWLVWLF FRPSXWHU SUR
gram. Statistical analysis was based on One-way
analysis of variance ANOVA followed by studentNewman Keuls test, and least significant difference
(LSD) at P<0.05. A Pearson product-moment correlation coefficient was used to describe the relationships between lipid profile and heart function parameters.

RESULTS AND DISCUSSION
Effect of olive leaves extract on TC and TG
levels in normal and diabetic rats. The findings in
Table (1) clearly showed that, diabetes induction
affected TC level in diabetic rats to increase significantly (277.94 mg/dl) when compared to normal
control rats (103.92 mg/dL). At the same time, olive
leaves extract exerted an improvement in TC level
(200.74mg/dL). Also, TG level in diabetic rats was
very high to reach five folds at the end of the experiment. Olive leaves extract prevented triglycerides
elevation to give the value 301.28 mg/dL so, it was
significantly lower than diabetic group level but it
was also much higher than the normal control triglyceride (97.44mg/dL).
The results showed significant increase in TC,
and TG in diabetic rats. These results are in agreement with the results of Mohan et al., [21] and

Blood samples preparation. Blood samples
were collected from orbital sinus under anesthesia
as follows: 3 ml in EDTA-coated tubes and 2 ml in
plain tubes, centrifuged at 3000 rpm for 10 min at
4Cº to get plasma and serum respectively. Rats
were sacrificed by cervical dislocation at the end of
the study period.
Biochemical analysis. Determination of TC
level. The estimation of serum TC level was carried out as illustrated by the method of Allain et al.
[14].
Determination of TG level. TG level was estimated according to the method of Fossati and
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TABLE 1
TC and TG levels in normal, diabetic and treated groups
Groups

TC (mg/dl)
TG (mg/dl)
Zero time
70 days
Zero time
70 days
Normal control
105.88±6.37aA
103.92±8.13bA
100.85±8.15aA
97.44±6.78cA
277.94±13.62aA
135.90±14.80aB
487.14±42.68aA
Diabetic control
100.25±8.50aB
96.57±4.96bA
108.97±1.28aA
90.60±10.08cA
Normal treated with OLE
111.40±5.51aA
Diabetic treated with OLE
103.31±8.46aB
200.74±17.90bA
134.80±13.86aB
301.28±22.24bA
LSD 0.05
19.76
39.82
13.41
23.12
Values are mean ±SEM. Each group contains 6 rats. The mean values with different small letter within a column indicate significant
differences (p<0.05). The mean values with different capital letter within a row indicates significant differences (p<0.05).

TABLE 2
HDL and LDL levels in normal, diabetic and treated groups
Groups

HDL (mg/dl)
LDL (mg/dl)
Zero time
70 days
Zero time
70 days
Normal control
45.35±4.61 aA
46.17 ±4.04 aA
40.36±
8.52aA 38.26± 8.04cA
25.65 ±3.02bB
30.50±9.48aB
154.86±10.05aA
Diabetic control
42.56±3.36aA
Normal treated with OLE
43.04±2.00aA
48.20±4.86aA
46.57±2.18aA
30.25±3.12 cB
41.61±2.81aA
35.88±2.47aA
98.87±12.62 bB
Diabetic treated with OLE
40.47±4.56aA
LSD 0.05
15.84
12.31
18.42
29.82
Values are mean ±SEM. Each group contains 6 rats. The mean values with different small letter within a column indicate significant
differences (p<0.05). The mean values with different capital letter within a row indicates significant differences (p<0.05).

results of Al-Attar and Alsalmi [22] who stated
that,significant increase in TC, TG obtained. The
present increase in the levels of triglycerides, cholesterol, and LDL with the decrease in the level of
HDL indicate disturbances in lipid metabolism in
diabetic rats. Dyslipidemia, characterized by abnormally raised plasma triglycerides and cholesterol
levels, is a well-known risk factor in the development of coronary heart disease [23]. So, maintaining a normal blood lipid profile helps in preventing
complications, and OLE exhibited to decrease total
cholesterol and triglyceride levels, and is considered to help avert or improve diabetes-related complications [24].
In the diabetic rats treated with olive leaf extract, the levels of TC, and TG decreased significantly. These results indicate that olive leaf extract
may be effective in improving dyslipidemia caused
by DM. These results are consistent with the results
of Liu et al. [24] who found a decrease in total
cholesterol and triglycerides in diabetic OLE supplemented group. Oral administration of OLE decreased the levels of triglycerides and total cholesterol in STZ diabetic male rats [25]. Polyphenols of
olive leaves, mainly oleuropein, have interesting
impact on the human body such as antioxidant
capacity, hypoglycemic, antihypertensive, hypocholesterolemic factors [26].

significant increase that reached to 154.86 mg/dl.
However, olive leaves extract decreased this level
to reach 98.87 mg/dl.
The results of LDL levels in diabetic rats
showed significant increase in however, significant
decrease in HDL level was observed. These results
are in agreement with the results of Mohan et al.,
[21] who stated that, significant increase in LDL
was obtained while HDL level significantly decreased. Sakr et al. [27] also showed that injection
of STZ triggered a significant increase in LDL,
while the level of HDL was significantly decreased
in rats. Dyslipidemia is one of the most common
complications of diabetes mellitus [28]. The increase in the total cholesterol, TG in the diabetic
rats is mainly due to increased mobilization of free
fatty acids from peripheral deposits, as insulin inhibits the hormone-sensitive lipase [28].
Laaboudi et al. [25] verified that the oral administration of OLE decreased the levels of LDL,
and improved the level of HDL in STZ diabetic
male rats. Olive leaves extract improves lipid profile because of high concentration of phenolics
having a lipid depressing action and stopped LDLcholesterol oxidation [25].
On the other hand, olive leaves extract improved the levels of LDL and HDL. Olive leaf
lowers blood pressure, blood glucose and increases
blood flow by relaxing the arteries [29]. Moreover,
it is good for the heart as it reduces LDL or bad
cholesterol [30]. Phenolic compounds of olive
leaves and olive oils in the Mediterranean diet have
been associated with a reduced incidence of heart
disease [31]. Accordingly, these antioxidant rich
diets might prevent the deleterious effects of oxidative metabolism by scavenging free radicals, thus
inhibiting oxidation and delaying atherosclerosis
[32] The cardiovascular effects of olive leaf extracts
have been well studied and they attributed to the

Effect of olive leaves extract on HDL and
LDL levels in normal and diabetic rats. The results of HDL and LDL levels in different groups are
showed in Table (2). The results revealed that, HDL
level in diabetic rats significantly decreased after 70
days of injection with STZ where it reached to
25.65mg/dl compare to normal group. Treatment of
diabetic rats with olive leaves extract improved the
decrease in HDL and increased it to 41.61 mg/dl.
Respecting to LDL level, diabetic rats showed a
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main components of the European cultivar leaves,
glutaryl-CoA-reductase). In humans, a recent study
oleuropein and oleacein [33]. The secoiridoid derevealed an upregulation of the expression of cholesterol efflux related genes such as ABCA1, SRrivatives (oleuropeoside) in olive leaves are respon%33$5%333$5Į33$5Ȗ33$5į&'DQG
sible for the vasodilating and relaxing properties of
COX-1 in human blood cells after ingestion of
their extracts [34]. In addition, the phenolic compounds of olive leaves and olive oil in the Mediterpolyphenol rich olive oil [41]. From the above menranean diet are associated with a reduced incidence
tioned studies it can be concluded that, the lowering
effect of olive leaves extract may be related to the
of cardiovascular diseases, as antioxidants minimize
the deleterious effects of free radicals in the body
fact of oleuropein had potential hypolipidaemic
activity.
[35]. The beneficial effects of polyphenols of the
olive leaves on the lipid profile such as TC, lowEffect of olive leaves extract on LDH and
density lipoprotein cholesterol (LDL) and TG have
&.OHYHOVDQGĮDP\ODVHDFWLYLW\LQQRUPDOGLD
been reported [36]. Respecting to the present rebetic and treated groups. The present study indisults, olive leaves extract improved the disturbance
cated that, LDH level significantly elevated in the
of TC, TG, HDL and LDL levels in diabetic rats.
diabetic group about two folds at the end of the
The application of extracts rich in phenolic comexperiment (Table 3). Though, the treatment of
pounds was able to restore the lipid profile, espediabetic rats with olive leaves extract led to an obcially in the groups that received oleuropein and
served significant decrease of the LDH level. While
hydroxytyrosol in a concentration of 16 mg/kg of
CK had the same tendency as LDH, diabetic group
body weight, showing that, oleuropein and hygot a very high CK value (198.21 U/l) when comdroxytyrosol-containing olive leaf extract can impared to normal control (75.20 U/l) at the end of the
prove significantly hypercholesterolemia coupled
experiment. However, olive leaves extract treated
with hyperglycemia [37]. In the study of Pignatelli
diabetic group exhibited a lower CK value (96.64
et al. [38], oleuropein and hydroxytyrosol inhibited
U/l) than diabetic control group. The results in
the phorbol 12-myristate 13-acetate-induced respir7DEOH  VKRZHGD VLJQLILFDQWGHFUHDVHLQĮDP\O
atory burst of human neutrophils in a dosease level in the diabetic group (9.69 U/l), while the
dependent fashion. The authors suggested that, the
normal control was 17.34 U/l at the end of the exeffect was due to their capacity to scavenge H2O2,
periment. Although, the olive leaf extract stopped
which produced during the arachidonic acid metabWKH GHFUHDVH RI Į DP\ODVH LQ ROLYH OHDYHV H[WUDFW
olism cascade and leads to platelet aggregation.
treated diabetic group to reach the level 14.15 U/l.
This claim refers mainly to the effects of oleuropein
complex and tyrosol derivatives on the protection of
According to the current results of diabetic
low-density lipoproteins (LDL) from oxidation.
group, STZ resulted in an increase in the activity of
The lipid-lowering property of oleuropein was
LDH and CK. On the other hand, insignificant
attributed to its potential down regulation of the
alterations were observed in the levels of LDH and
CK in normal rats, normal rats treated with OLE
expression of the adipogenesis transcription factors
(Peroxisome proliferators activated receptor
diabetic rats treated with OLE. These results are
compatible with those of Al-Attar and Alsalmi [22]
33$5 Ȗ &&$$7-/enhancer-binding
protein
&(%3Į  DQG 6WHURO UHJXODWRU\ HOHPHQW-binding
who found that the LDH level was significantly
transcription factor (SREBP-1c) and their downincreased in diabetic rats, while the level of LDH
stream target genes (GLUT4, CD36 and FASN) as
was unchanged diabetic rats treated with OLE comobserved in the preadipocytes cell line 3T3-L1 [39].
pared to normal rats.
Recently, Priore et al., [40] attributed the lipidThe observed increase in the serum CK and
lowering property of oleuropein to its inhibitory
LDH levels of diabetic rats are related to cardiac
muscular damage caused by the disease [42]. Morepotential on the activity of the key enzymes inover, the quantity of CK and LDH released is a
volved in (i) fatty acid biosynthesis (Acetyl-CoA
measure of the state of necrosis in these tissues
carboxylase and fatty acid synthase), (ii) triglycerduring diabetes [43].
ide synthesis (diacylglycerol acyltransferase) and
(iii)
cholesterogenesis
(3-hydroxy-3-methylTABLE 3
/'+DQG&.OHYHOVDQGĮDP\ODVHDFWLYLW\LQQRUPDOGLDEHWLFDQGWUHDWHGJURXSV
Groups

LDH (U/L)
Zero time
36.85±3.74aA
35.75±1.77aB
35.03±1.83aA
36.18±2.98aA

70 days
38.77±2.86bA
68.36±5.04aA
36.72±1.36bA
28.13±1.13bB

CK (U/L)
Zero time
73.60±1.59aA
75.66±6.56aB
72.22±1.12aA
74.74±6.58aA

70 days
75.20±7.45bA
198.21±16.94aA
75.43±6.77bA
96.64±6.16bA

Į-amylase (U/L)
Zero time
70 days
22.95±2.69aA
17.34±1.55abA
18.11±1.35 aA
9.69±0.92cB
20.27±0.38aA
19.64±0.96aA
17.98±1.91aA
14.15±1.23bA

Normal control
Diabetic control
Normal treated with OLE
Diabetic treated with
OLE
LSD 0.05
11.48
9.87
18.74
33.67
8.35
3.99
Values are mean ±SEM. Each group contains 6 rats. The mean values with different small letter within a column indicate significant differences (p<0.05). The mean values with different capital letter within a row indicates significant differences (p<0.05).
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which is an important marker of gravity of the cardiac injury and of oxidized glutathione, which is a
sensitive marker of heart¶s exposure to oxidative
stress [26]. Also, the improvement of the cardiac
function may be due to the reduction of the infarction size and the cardiac injury, including improvement in the serum levels of creatin kinase, and LDH
[51].
The potential of oleuropein against LDL oxidation that may promote cholesterol efflux from
cells, including lipid-laden macrophages in the
arterial wall, leading to a better prevention against
coronary artery diseases and enhanced atheroprotective effects [52]. As postulated by authors,
oleuropein restores the endothelial functions that
are impaired by anoxia by regulating the expression
of genes involved in proteolysis, angiogenesis and
inflammation which make it a powerful tool for the
treatment and chemoprevention of endothelial dysfunction-associated vascular diseases [53].

CK has since become a key clinical marker for
myocardial damage. Increased level of LDH is
commonly found in cellular death and/or leakage
from cells or in some cases it is a suitable marker of
myocardial or pulmonary infarction [44]. However,
GLDEHWLFJURXSVKRZHGGHFUHDVHLQWKHDFWLYLW\RIĮamylase. This may be rely on, the inhibition of
pancreatic amylase delay carbohydrate digestion
and elongate their digestion times, resulting in reduce of glucose absorption rate consequently; result
in dulling the plasma glucose rise [45].
Though, the present high activity of CK and
LDH showed that the cellular membranes safety of
myocardial tissues may be disturbed. Furthermore,
several studies indicated that the levels of CK and
LDH were significantly elevated in diabetic rats
[46-48]. Although, olive leaves extract lead to decreasing the activity of LDH and CK enzymes beVLGHV LW LQFUHDVHG WKH DFWLYLW\ RI Į-amylase. From
previous studies, it appears that the role of OLE on
hyperglycemia may be ascribed to many factors
which include the inhibition of oligosaccharides and
polysaccharides digestion with depressing secretion
RIĮ-amylase [49, 50].
A study that evaluated the effects of oleuropein on myocardial injury showed that the administration of oleuropein prior the induction of ischemia in rats resulted in decreased release of CK,

Pearson correlation between lipid profile
and heart function parameters. A Pearson product-moment correlation coefficient was computed
to evaluate the relationship between different lipid
profile and heart function parameters. The results
suggest that that 13 out of 21 correlations were
statistically significant.

FIGURE 1
Correlation between: A. TC (mg/dl) and CK (U/ml), B. TG (mg/dl) and CK (U/ml),C LDL (mg/dl)
and CK (U/ml), D LDH (U/ml) and CK (U/ml).

1879

© by PSP

Volume 27 ± No. 3/2018 pages 1875-1883

Fresenius Environmental Bulletin

FIGURE 2
Correlation between: A. TC (mg/dl) and Į-amylase (U/ml), B. TG (mg/dl) and Į-amylase (U/ml), C. LDL
(mg/dl) and Į-amylase (U/ml), D. CK (U/ml) and Į-amylase (U/ml).

Statistical analysis confirmed these results, indicating a significant positive correlation between
both TC and CK (r2 = 0.813 DQGEHWZHHQ
TG and CK (r2 = 0.833  )LJ$DQG% ,Q
addition, LDL elevation could have exerted a positive feedback on CK level. Statistical analysis indicated a significant positive correlation between
LDL and CK (r2 = 0.78 3    DQG EHWZHHQ
LDH and CK (r2 = 0.623  )LJ&DQG' 
Results of Mohammed et al. [47], also confirmed
the three positive correlations between TC, TG,
/'/ DQG &. EXW WKHUH UHVXOWV GLGQ¶W GLVSOD\ D
correlation between LDH and CK.
Furthermore, the latest findings are harmonious with those of Al-Attar and Alsalmi [22] who
found a positive correlation between TC and CK,
TG and CK, LDL and CK, LDH and CK. At the
same time, the present study showed a strong significant negative correlation between TC and Įamylase (r2 = 0.693 DQGEHWZHHQ7*DQG
Į-amylase (r2 = 0.623  )LJ$DQG% $
strong negative correlation was also specified
among LDL and Į-amylase (r2 = 0.72 3   
and among CK and Į-amylase (r2 = 0.523 
(Fig2 C and D). Ebrahimi et al. [54] also found a
FRUUHODWLRQ EHWZHHQ &. DQG Į-amylase. On the
other hand, in this research, we found a very weak
correlation of LDH with other measures were not
significant.

CONCLUSION
From this study it could be concluded that, olive leaves extract improved the levels of TC, TG,
HDL, LDL levels besides, it enhanced the enzymes
DFWLYLW\ RI /'+ &. DQG Į-amylase. This may be
due to olive contains phenolic compounds such as
oleuropein that has a potential effect on diabetic rats
throughout its impact on lipid profile and enzymes
activity. However the nature of the molecule(s)
responsible for this effect requires further investigation.
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analysis, are usually bound to clays or organics too
tightly to exceed the limitations. Most contamination associated with waste drilling fluids involves
high salt content from produced waters and/or salt
formations, lead contamination from pipe dope, or
poorly designed pits, Chromium in the Cr 3+ state
and aromatic hydrocarbons from additives, which
are among the most toxic to organisms and destructive to soils and groundwater [7].
Supercritical water oxidation (SCWO) is an
advanced oxidation process to destroy organic pollutants in a reaction medium of supercritical water
(SCW, Tc = 374 °C, Pc = 22.1 MPa) [8-10]. SCW
exhibits very different physical properties from
those of ambient liquid water, including high diffusivity and low viscosity, density and dielectric constant [11]. Small organic pollutants and oxygen can
be completely miscible with SCW to form a single
reaction phase [12]. As a result, the SCWO can
eliminate a wide range of organic pollutants to environmentally acceptable in-organics within a short
time [13]. Following three decades of research,
SCWO is now known to be an excellent
end-of-pipe technology capable of handling various
recalcitrant organic wastes [14]. Moreover, SCWO
equipment is a compact and mobile unit that can
achieve the on-site treatment of wastes [15-17].
Hence, SCWO may be a potential candidate for
waste drilling fluid treatment.
In this study, waste drilling fluid sampled from
an oil field is degraded in SCW for the first time.
The effects of oxidation coefficient (OC), temperature and residence time are studied in a batch reactor. All of the gaseous, liquid and solid products are
analyzed and discussed in detail. The information
contained in this paper is helpful for future research
into the treatment of waste drilling fluid. The
methodology is also an optional reference for investigating the degradation of solid or solid-like
waste in SCW.

ABSTRACT
In this paper, supercritical water oxidation
(SCWO) is applied to treat waste drilling fluid. Effect of different reaction conditions on chemical
oxygen demand (COD) removal are examined. in a
high-pressure reactor under the following conditions: 480°C to 570°C; oxidation coefficient (OC),
0.5 to 3.5; initial COD concentration, 5000 mg/L to
20000 mg/L; and residence time,5 min to 20 min.
The effects of the given experimental conditions
and NaOH concentration on the removal efficiency
of waste drilling fluid were investigated with laboratory bench-scale experiments. The results indicated that NaOH addition improved COD removal.
The optimum COD removal reached 99.93% under
the experimental conditions. BOD5/COD ratio is
0.54.
KEYWORDS:
Waste drilling fluid, Supercritical water oxidation, NaOH,
COD Removal

INTRODUCTION
Developments in petroleum exploration and
production have resulted in increased discharge of
operational materials, such as water-based drilling
fluids and mud cuttings, into the environment [1].
Waste drilling fluids (WDF) is a complex mixture
of different additives with different chemical and
biologic properties, which have no biodegradability
and seriously pollute the soil system without any
disposal [2]. After the later stage treatments, like
landfill and solidification, waste drilling fluids also
have potential detrimental to the environment and
health. Their associated wastes that are created
during every day oilfield activities have been conventionally perceived as unavoidable. There¶s the
added pressure of limited storage space and the
need to transport it back to land for treatment and
disposal [3-6]. Analyses shown that water-soluble
heavy metals (Cr, Pb, Zn and Mn) in oilfield pits
were generally undetectable or, if found in the total

EXPERIMENTAL AND METHODS
The waste drilling fluid sample was obtained
from an oil production plant. The basic characteris-
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temperature markedly influences the oxidation of
waste drilling fluid. Zhang et al. reported that as
temperature increases, XCOD also increases. When
the
temperature
reached
600°C,
XCOD
reached >93.50%. This phenomenon was due to the
accelerated reaction rate induced by the increase in
temperature. Eventually, the oxidation rates of organic matter degradation of waste drilling fluid also
increased. Therefore, COD removal from waste
based drilling fluid increases when temperature
increases.

tics of waste drilling fluid are shown in Table 1.
SCWO experiments are performed in a
high-pressure reactor system. The oxidant feed
stream is prepared by dissolving hydrogen peroxide
with deionized water in a feed tank. Another feed
tank was loaded with the waste drilling fluid. The
two feed streams are pressurized in two different
lines using two high-pressure pumps, and then they
are separately pre-heated, until the reactor temperature reaches the desired value (±0.1°C). After
pre-heating, the two lines are mixed at the reactor
inlet using a mixing tee. Upon exiting the reactor,
the waste drilling fluid flowed through a heat exchanger, which cool the fluid rapidly. Then, particles formed during the process are filtered out by a
0.5 m in-line filter before the waste drilling fluid
was depressurized by a back-pressure regulator.
Flow rates of the oxidant and wastewater ranged
from 1 mL/min to 5 mL/min at pump conditions.
System pressure was maintained at desired pressures (±0.1 MPa) by a back-pressure regulator. The
product stream was then separated into liquid and
vapor phases. The liquid products are collected in a
graduated cylinder.

TABLE 1
Basic characteristics of waste drilling fluid
Index

COD
(mg/l)

pH

Ammonia
(mg/l)

Suspended
solid (mg/l)

Oil
(mg/l)

Val
ue

1000070000

8-8
.3

28-35

100-140

10-18

Figure 1 shows the COD removal for SCWO
of waste drilling fluid at different temperatures. The
results indicate that residence time has a significant
effect on COD removal from waste drilling fluid.
Effect of OC on COD removal. Figure 2
shows that COD removal from waste drilling fluid
is affected by OC. The COD removal increases with
increasing OC. A gentle increasing COD removal
rate is observed when OC was >2.5, so the desired
OC is 2.5.
The enhanced COD removal is due to the formation of strong oxidation species (O2-, HO2) that
is facilitated by the increased OC. Therefore, high
OC can accelerate the oxidation of the organic pollutant in waste drilling fluid.

RESULTS AND DISCUSSION
Effect of temperature and residence time on
COD removal. Both the temperature and residence
time are key parameters for SCWO, thus we performed a comprehensive study at a consistent OC
of 2.5. The result is shown in Figure 1 that shows
that increasing the temperature resulted in increased
COD removal. COD removal from waste drilling
fluid reached approximately 82.6% and 94.3% after
5 and 20 min, respectively, at 570°C. Therefore,

FIGURE 1
Effect of temperature and residence time on COD removal
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FIGURE 2
Effect of OC on COD removal

FIGURE 3
Effect of NaOH on COD removal.
Effect of NaOH on COD removal. Figure 3
shows the effect of temperatures from 480°C to
570°C on COD removal through SCWO with or
without NaOH. The addition of a small amount of
NaOH enhanced COD removal. When 50 mg/L of
NaOH is added, the COD removal shows an 11.1%
increase from 68.9% to 81%. When 300 mg/L of
NaOH is added at 570°C, with residence time of 20
min and OC of 2.5, the high NaOH concentration
resulted in a 17.33% increase in the COD removal
from 82.6% without NaOH to 99.93%.

initial COD increases. When initial COD of waste
drilling fluid reaches 5000 mg/l, the COD removal
reaches 69.7%. When initial COD of waste drilling
fluid reaches 20000 mg/l, the COD removal reaches
98.9%.
BOD5/COD. The BOD5/COD ratio is a very
important index for any waste to be biodegradable.
Normally, an industrial wastewater with a
BOD5/COD ratio of about 0.5 or above is considered as a biodegradable waste. Therefore, in this
study, the BOD5/COD ratios of some reactor effluents were determined. Initial BOD5 and COD values of the waste drilling fluid in the present study

Effect of initial COD on COD removal. For
Fig. 4, it is seen that COD removal increases when
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FIGURE 4
Effect of initial COD concentration on SCWO of waste drilling fluid

are 400 and 2500 mg/l, respectively. Thus, the initial BOD5/COD ratio is about 0.16. This result indicates that the current study¶s waste drilling fluid
is not suitable for biological treatment. After the
SCWO process, at a temperature of 570°C for 20
min, the BOD5 and COD of the effluent were found
to be 162 and 300 mg/l, respectively. Therefore, the
BOD5/COD ratio then became 0.54. This ratio is
sufficient in many cases for biological treatment.
To sum up, SCWO was a far more effective
pretreatment method for removing organic compounds from waste drilling fluid.
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beekeepers. The composition depends on the flora
and vegetation, weather conditions, the environment
of the apiaries and health of the colonies with processing, manipulation, packaging and storage time
[4].
Honey has various nutritional, medicinal, and
prophylactic (preventative) properties contributed
by its various chemical constituents [5]. Therefore,
quality control is necessary to verify the presence of
health-beneficial properties of honey [6].
In the European Union (EU) the honey regulation 110/2001 states that both botanical and geographical origins of the product must be declared on
the package label [7]. These kinds of regulations aim
to guarantee product quality, authenticity and to protect consumers from product adulteration [8]. Melissopalynologycal analyses are used to determine the
geographical origin of honey [1] but the reliability of
the results depends on knowledge and experience of
the analyst. That is for combination with melissopalynology, chemical markers have been used for the
same purpose [8].
Kars province is located in Northeast Turkey
and part of the Irano-Turanian phytogeographical region. The area is a pass between Caucasia and Anatolia, and a large part of this territory is on a plateau
with an altitude ranging from 1500 to 2000 m [9]. A
semi-arid and wet climate condition, which is defined as terrestrial, is dominant in this area [10]. A
long period of winter season and a short and rainy
summer season are key characteristics of this climate. Kars supplies 0.8 % of Turkish honey production [9].
The goal of this work is to characterize Kars
honey in terms of some physical and chemical properties to determine geographical markers that may
help to distinguish honeys of this region from those
of different geographical origin.

ABSTRACT
This study was undertaken to determine some
chemical parameters (moisture, fructose/glucose ratio, hydroxymethylfurfural value, volatile compounds) of honey samples obtained from Kars. 100
honey samples from eight districts of Kars were evaluated. The chemical characterizations were as follows: average moisture (15,5±1,11%), HMF (0,77
ppm ±0.9 ppm), F/G ratio (1,02±0,16). As a result of
the gas chromatography±mass spectrometry (GC±
MS) analyses, some volatile compounds in honey
samples such as alcohols (1,15±1,84%), aldehydes
(4,66±6,33%), aliphatic acids and their esters
(1,86±4,5%), hydrocarbons (2,32±3,1%), flavonoids
(4,34±1,63%), carboxylic acids and their esters
(0,24±0,96%), ketones (6,05±6,35%), sugars (15,79
± 10,74%),vitamins (0,59±2,66%) were determined
and quantitative variations of chemical components
in different samples were reported.

KEYWORDS:
Kars Honey, chemical characterization, volatile compound, GC-MS, vitamin D3

INTRODUCTION
Honey is a natural sweet substance produced by
bees from the nectar of flowers or secretions of living parts of plants or waste, caused by sucking insects (aphids), and plants are part of the live material
that honeybees collect, and transport materials and
combine them with specific materials from their own
bodies and store it in honey combs, so that is processed and matures [1].
Honey is composed of free amino acids, phenolic compounds, protein, organic acids, minerals,
vitamins, water and sugar [2]. However,80-90% of
the composition is consisting of mainly sugars and
water [3].
It is well known that micro and macro habitats
of the honeybees significantly influence the chemical composition of the honey. Micro habitats of the
bees are the hives and macro habitats are including
the environment of the apiaries and attitudes of the

MATERIALS AND METHODS
Honey samples. 100 honey samples were collected from Kars province in the summer season of
2013. The samples were stored at 22±2°C until the
time of analyses.
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Determination hydroxyl methyl furfural
(HMF) by High Performance Liquid Chromatography (HPLC). HMF analyses were performed according to the harmonized methods of the International Honey Commission [1]. Initially, 10 g of
honey was weighed in a 50-mL beaker. Then, 25 mL
of water was added and transferred quantitatively to
a 50-mL volumetric flask. The solution was diluted
with 50 mL water. After mixing the solution, it was
filtered through a 0.45-ȝPPHPbrane filter to make
a sample solution ready for liquid chromatography.
The samples were analyzed by HPLC (Agilent Technologies 1200 Series, Germany with UV detector
and C18-reversed phase column (ACE Hplc Column, ACE 5 C18, Scotland).

Moisture. Moisture content of honey was determined as in the studies Bogdanov and Devillers et
al. by using a portable refractometer [11, 12].
Headspace-solid phase microextraction
(HS-SPME). The HS-SPME method was used to
determine the volatile compounds of honey samples.
The main advantages of SPME are its simplicity,
high sensitivity, small sample volume, and lower
cost per analysis [13].
In a 20-mL vial, 5 g honey and 5 mL bidistilled
water were mixed and allowed to equilibrate at 50
°C for 15 min by magnetic stirring. The vial was conditioned at 50 °C for 15 min in a water bath prior to
SPME headspace sampling. Then, the SPME needle
was introduced through the septum, and the fiber
was exposed in the vial headspace for 40 min. The
temperature was maintained at 50 °C during headspace sampling. The SPME device (Supelco Co,
Bellefonte, PA, USA) used was equipped with a
divinylbenzene fiber coated with polydimethylsiloxane. The fiber was retracted into the needle, and the
SPME holder was used for GC injection.

RESULTS
HMF, fructose/glucose ratio, moisture and volatile compounds (by GC-MS) of 100 honey samples
were determined and results are given in Table 1.
The HMF values of honey samples were between 0.1
ppm and 7.5 ppm. This value was the highest in sample 9. Additionally, it was found that F/G ratio and
moisture contents of different honey samples were
changing between the ranges of 0.7 - 1.35 and 13%
- 18.9% respectively.
In addition to, more than 250 compounds were
identified as a result of GC-MS analyzes of honey
samples. Thus, the results are presented as the main
classes of compounds identified, not as a percentage
of individual compounds. In our study, the compounds belonging to the alcohols, aldehydes, aliphatic acids and their esters, flavonoids, hydrocarbons, carboxylic acids and their esters, ketones, sugars and vitamin groups were determined at different
ratios by GC-MS analyzes in the samples (Table 1.).
A total of 35 individual compounds belonging to the
alcohol group were detected in honey samples. Alcohol group compounds were between 0.05% and
10.25% in the samples. The following compounds
were detected in more than 5 honey samples; 1,4 anhydro-d-galactitol (in 18 samples), 2-furanmethanol (in 6 samples), polygalitol (in 16 samples), benzenemethanol, 3- fluoro (in 12 samples), 1,3,5(10)Oestratrien-ȕ-ol (in 11 samples), 1-butanol (in 13
samples), galactitol (in 15 samples), 4- fluorobenzyl
alcohol (in 6 samples), phenol, 2,4-bis(1,1- dimethylethyl (in 4 samples). Other compounds belonging to the alcohol group were found in minor
amounts in one sample.
Aldehydes were detected between 0.55% and
35.35%. From this group, the compounds dl- glyceraldehyde (in 72 samples), propanal, 2,3- dihydroxy
(in 68 samples), dl- glyceraldehyde dimer (in 21
samples), 2-hexenal (in 14 samples), furfural (in 12
samples), 2-hexenal, 2-ethyl (in 12 samples), 2- heptenal, 2-methyl (in 5 samples), propanal, 2,3- dihy-

Gas chromatography-mass spectrometry
(GC-MS) analysis. A GC (Agilent 6890N-USA)
combined with a mass selective detector (Agilent
5973 M S D -USA) was used for the chemical analysis of honey samples. Helium (He) is used as a carrier gas in a DB 5MS column (30 m × 0.25 mm, 0.25
ȝP  IRU separation of volatile chemical species by
GC. The flow rate of the carrier gas was set at 1
mL/min. In the GC part, the initial oven temperature
was 35 °C for 8 min, and the final temperature was
set at 200 °C [14].
Volatile organic compounds in the honey samples were identified by using NIST and Wiley mass
spectral libraries. The values of the identified compounds in the honey extracts were reported as percentages to quantify most of the organic compounds
in the samples.
Sugar analysis by high-performance liquid
chromatography (HPLC). Sugar analyses were
performed according to the harmonized methods of
the International Honey Commission [1]. Initially, 5
g of honey was weighed into a beaker and dissolved
in 40 mL water. Then, 25 mL of methanol was added
into a 100-mL volumetric flask, and the honey solution was transferred quantitatively to the flask. The
flask was filled up to the 100-mL mark with water,
and the solution was poured through a 0. 45 μm
membrane filter and collected in sample vials. The
prepared solutions were analyzed by HPLC (Agilent
Technologies 1200 Series, Germany) with a refractive index detector (HPLC-RID) using a carbohydrate column (Agilent Technologies Carbonhydrate
5 μm ,4,6x 250 mm, USA) [1].
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droxy ± ( in 5 samples), 9- acetoxynonanal (in 4 samples), 2-6-heptadienal (in 1 samples), 8-octadecenal
(in 1 samples), e-15-heptadecenal (in 1 samples), furan, 2,3,5-trimethyl (in 1 samples), 3-furaldehyde (in
1 samples), 2,6-heptadienal,2,4-dimethyl- (in 1 samples), hexenal,2-ethyl- (in 1 samples), 2,6-heptadienal (in 1 samples), hexenal (in 1 samples) were detected at different ratios in the samples.
32 individual compounds of aliphatic acids and
their esters were determined in the samples, between
0.04% and 22.5%. Among these compounds, heptanoic acid; octadecanoic acid, 2-hydroxy-1-(hydroxymethyl) ester; octanoic acid; n-hexadecanoic
acid; hexadecanoic acid, 2,3-dihydroxypropyl ester;
oleic acid; octadecenoic acid, 2,3-dihydroxypropyl
ester were found in more than 2 honey samples.
GC-MS analysis revealed 13 total compounds
(0.04 %- 6.83%) belonging to carboxylic acids and
esters. None of these compounds were observed in

more than 5 honey samples. Another group of compounds, ketones was represented by 31 compounds
in honey samples. From this group, compounds dihydroxyacetone; 1,3 - dihydroxyacetone dimer; 2butanone, 4-hydroxy -3- methyl; glucuronolactone;
2-cyclopenten -1- one, 2-hydroxy; furyl hydroxymethyl ketone; cyclopentanone, dimethylhydrazone
were common in more than 5 samples. From flavonoids, only 2,3-Dihydro-3,5-dihydroxy-6-methyl4h-pyran-4-one compound was detected at different
ratios in many samples (in 96 samples).
When the hydrocarbon group was examined,
the total of 82 compounds belonging to this group in
the honey samples was between 0.09% and 14.71%.
Only 23 of these compounds were found in more
than 2 samples. In addition, the largest number of individual compounds (95 compounds) belonged to
the sugar group. On the other side, vitamin d3 was
detected in some samples.

TABLE 1
Chemical analysis results of the 100 honey samples from Kars (mean values ± standard deviations)

Akyaka
(n=4)
Arpaçay
(n=5)
Digor
(n=4)
.D÷Õ]PDQ
(n=31)
Kars-Merkez
(n=25)
6DUÕNDPÕú
(n=14)
Selim
(n=11)
Susuz
(n=6)
Akyaka
(n=4)
Arpaçay
(n=5)
Digor
(n=4)
.D÷Õ]PDQ
(n=31)
Kars-Merkez
(n=25)
6DUÕNDPÕú
(n=14)
Selim
(n=11)
Susuz
(n=6)

a

b

c

d

e

f

g

14.98±1.14

1.08±0.05

0.93±1.11

2.90±1.37

10.35±13.23

0.09±0.17

0.0

16.2±1.09

1.04±0.17

2.2±2.99

0.94±1.12

3.23±2.1

3.98±3.9

0.75±1.6

15.47±0.86

1.06±0.26

0.65±0.47

1.11±1.2

2.64±3

5.39±9.5

1.69±2.3

14.9±1.08

0.9±0.17

0.47±0.36

0.58±0.92

6.06±8.4

2.27±5.1

0.04±0.1

15.69±0.83

1.11±0.12

0.87±0.73

1.84±±2.83

3.35±2.5

0.41±0.94

0.30±1.36

15.82±1.12

0.9±0.09

0.44±0.49

0.74±1.37

4.33±6.61

1.08±2.46

0.05±0.19

15.54±1.14

1.04±0.15

1.08±0.61

1.28±1.84

4.19±4.6

2.80±6.83

0.271±0.61

16.36±1.54

1.01±0.14

0.88±0.76

0.9±0.98

3.25±3.16

2.97±5.44

0

h

i

j

k

l

m

2.99±2.9

4.30±2.8

1.41±2.25

24.35±16

3.86±4.57

3.30±2.31

8.91±5.57

4.57±1.49

1.16±0.79

13.18±4.88

0.21±0.27

3.47±2.4

4.68±5.2

3.66±1.23

6.61±5.68

18.4±2.32

1.31±1.82

1.04±0.69

7.68±8.4

3.01±1.4

1.56±2.6

17.4±9.2

0.9±4.3

7.65±7.7

5.65±5.7

5.05±1.42

3.23±3.2

17.55±13.08

0.16±0.63

5.26±9.7

4.53±4.79

2.82±2.25

1.33±1.61

12.96±11.83

0.282±0.99

5.92±7.53

5.45±5.1

3.21±1.29

3.36±4.14

10.1±3.67

0

3.95±4.88

4.42±4.42

4.57±1.26

1.52±2.22

11.7±11.9

0.23±0.27

5.72±9.5

a. Moisture (water %); b. F/G; c. HMF (ppm); d. Alcohol (%); e. Aldehydes (%); f. Aliphatic acids & their esters
(%); g. Carboxylic acid and their esters (%); h. Ketones (%); i. Flavonoids (%); j. Hydrocarbons (%); k. Sugars
(%); l. Vitamins (%); m. Others (%)
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which is out of standards . There have been many
studies investigating the HMF content of different
honey samples [25-27].
The basic composition of honey is mainly comprises of glucose, fructose and sucrose. The sugar
content also varies depending on the regional and
floral origin [28]. Fructose/glucose (F/G) ratio indicates the ability of honey to crystallize. Moreover,
honey crystallization is slower when F/G ratio exceeds 1.3, and it is faster when the ratio is below 1.
00 [17]. We found the F/G ratio of honey samples as
0.7-1.7 g/100g. These results indicate that 8 samples
(65, 10, 55, 4, 67, 68, 69, 32), whose F/G ratio is
higher than the other samples (1.3 and above), crystallizes slower than other honey samples. Differences in the F/G ratios of the samples may be depending on the herbal source of honey samples. Similarly, Manzanares et al. reported that they observed
F/G ratio as between 1.13 g/100g and 1.50 g/100g in
honey samples collected from Spain [25]. Can et al.
(2015) determined the F/G ratio as 1.16-2.44 g/100g
as a result of the sugar analyses carried out in honey
samples from different regions of Turkey [29]. In
general, our the results can be considered as low
when compared with the other studies. However, our
findings showed similarity with the results of previous studies [30-32]. On the other hand, as a result of
the analyzes made on 20 honey samples that were for
sale in Kars province, it was reported that some of
the samples were out of the standards set in the literature regarding sugar content [24].
Finally, more than 300 volatile compounds
have been identified in honeys compounds such as
acids, alcohols, ketones, aldehydes, terpenes, esters
[33] using GC-MS. Among these compounds, alcohols were detected in the range of 0.05 %-10.25 %
in 71 samples. Alcohols could be produced by lipid
oxidative degradation or by aldehyde reduction processes catalyzed by reductases that came from bees
or contaminant microorganisms [34]. They were the
highest in sample 14. In this honey, 3-buten-1-ol
(5.51%) from alcohols was found in high ratio. 1,4 anhydro-D-galactitol (in 18 samples), galactitol (in
15 samples), 1-butanol (in 13 samples) benzenemethanol, 3- fluoro (in 12 samples) and
1,3,5(10)-Oestratrien-ȕ-ol (in 11 samples) from
alcohols were the most frequently detected compounds in honey samples. No information was found
in the literature on plant sources of these compounds.
Similarly, it has been reported that different compounds belonging to the alcohol group are detected
in honey samples in different studies [33, 35, 36].
We have found compounds of the aldehyde
group in 93 of 100 honey samples. From aldehydes,
DL- Glyceraldehyde (in 72 samples), 2,3- dihydroxypropanal (in 68 samples) were the compounds most
frequently found in the honey samples of Kars. Also,
DL- glyceraldehyde dimer (in sample 21), 2-hexenal
(in sample 14), furfural (in sample 12) compounds
were detected in samples. Uckun and Selli (2017)

DISCUSSION
Moisture content is a good criterion for evaluating honey quality. Having high moisture content
during storage may cause honey fermentation leading a sour taste in the honey. Therefore, there are numerous studies presenting moisture content of honey
from various regions [15-17]. The physical, chemical and microbiological stability of honey depends
primarily on the moisture content. According to
Turkish Food Codex Honey Communique, the water
content of honey should be less than 20% [18]. In
our study, the moisture content of honey samples
from Kars province was observed between 13%18.9%. These results indicate that the moisture content of all honey samples analyzed within the scope
of this study is in compliance with the standards.
Similarly, %DúR÷OX et al. reported that the moisture
content of honey taken from Kars was 16.4%;
Kahraman et. al. reported that the moisture content
of the Marmara Region (Istanbul, Bursa, BalÕkesir,
Çanakkale, Bilecik, Sakarya, Yalova) honey samples (average 15.3%) was significantly lower than
the moisture content of the Eastern Anatolia Region
.DUV (U]XUXP $UGDKDQ $÷UÕ ,÷GÕU honey samples (average 16.9%) [19, 20]. Similarly, Silici determined the moisture content of two honey samples
from Kars province as 16.6%, 15.0% respectively
[21]. These different results were aroused due to factors such as the geographical location of the region,
harvest time of honey and herbal source of honey.
HMF formation in honey varies depending on
the chemical properties of honey (sugar, pH, total
acidity, mineral matter), honey processing procedure, temperature and duration of storage conditions
[15, 22]. Thus, HMF content is one of the commonly
used parameters for determining the freshness of
honey. High HMF formation may occur due to overheating, exposure to high temperatures or the type of
sugar present in the honey, as well as the fructose/glucose ratio [23]. The European Union [(EU
Directive 110/2001)] established that the highest allowed amount of HMF in honey should be 40 mg/kg,
with the exception of honeys of tropical origin (80
mg/kg) [7]. In our study, HMF values were determined as ranging from 0.1 to 7.5 mg/kg. Overall, the
low HMF concentrations of the tested Kars honey
samples indicate that these samples are of good quality. As a result of the analysis of 25 honey samples
(one of the samples from Kars region) collected from
several parts of Turkey, it has determined that the
HMF ratio in all the honey samples is in compliance
with the standards [19]. Similarly, Kahraman et. al
reported that HMF value in the honey samples obtained from the Eastern Anatolia Region (Kars, Er]XUXP $UGDKDQ $÷UÕ ,÷GÕU  was between 31.8
mg/kg on average and 30.05 mg/kg in Marmara region [20]. In contrast to our study, Duman-$\GÕQ et
al. detected that a honey that is for sale in Kars province had an HMF ratio of 205.152 (mg/kg) [24],
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found esters and aldehydes as predominant aroma
compounds for astragalus honey [34]. Radovic et al.
(2001) identified 110 volatile compounds in 43 samples of honey and they found the presence in the majority of studied samples of the following: linear and
branched aldehydes, ketones and short-chain alcohols [37]. Our results indicate that DL- glyceraldehyde and 2,3- dihydroxypropanal compounds, which
are detected in more than half of the samples, may
be distinguishing compounds for Kars honey.
As aliphatic acids and their esters, we found the
compounds of this group in 0.04%-22.5% in 49 samples. The highest rates were found to be 22.55%,
19.63%, 19.55%, 19.17%, 13.6% and 10.99% in the
samples 41, 46, 47, 42, 40 and 39, respectively. Heptanoic acid (in 12 samples), octadecanoic acid, 2-hydroxy-1-(hydroxymethyl) ester (in 8 samples), octanoic acid (in 7 samples), hexadecanoic acid (in 5
samples) and oleic acid (in 4 samples) were among
the compounds identified in honey samples. Similar
to our work, heptanoic acid, octanoic acid and hexadecanoic acid were detected in rosemary honey [33].
On the other hand, Wolski et al. (2006) reported that
octanoic acid (caprylic acid) was detected in four different honey samples (multifloral, heather, buckwheat and lime-honeydew) [36].
Carboxylic acids and their esters were detected
in minor proportions (0.03% -6.83%) in a small
number of samples (in 18 samples). From this group,
tetrahydropyrrole-3-ol-5-carboxylic acid, 1-acetyl- ,
methyl ester (in 5 samples) was the most frequently
detected compound.
When the ketones were examined, this group of
compounds was found to be 0.06 %-35.3% in 92 of
100 honey samples. They were identified at the highest level for sample 55. From this group, compouns,
1,3-dihydroxy-2-Propanone (in 50 samples), 1,3 Dihydroxyacetone dimer (in 44 samples) and 4-hydroxy-3-methyl-2-butanone, (in 43 samples) were
the most common. Similarly, Uckun and Selli (2017)
detected odor-active ketone compounds in honey
samples.[34].
Phenolic compounds, including phenolic acids
and flavonoids, are vital components in honey. In the
honey samples examined, compound 2,3-Dihydro3,5-dihydroxy-6-methyl-4h-pyran-4-one was detected in 0.30%-8.86% in 96 of 100 samples. The
highest rate was found in sample 6 (8.86%). In this
sample, however, no compounds belong to alcohols,
aliphatic acids and their esters, carboxylic acids and
their esters and vitamins groups compounds had
been identified. Phenolic compounds and flavonoids
are responsible for the coloration, sensory properties
and biological activity of honey, and indicate that
these compounds of honey samples have better qualities [25]. Beppu et al. (2012) isolated 2,3-dihydro3,5-dihydroxy-6-methyl-4H-pyran-4-one (DDMP)
from Lactobacillus pentosus strain culture supernatants and they observed that intraduodenal injection
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of DDMP increased brown adipose tissue sympathetic nerve activity, whereas intraoral injection of
DDMP increased the body temperature above the interscapular brown adipose tissue in rats [38].
Similar to our study, there are many studies that
present the flavonoid content of honey samples collected from different origins [39-41].
We have identified more than 80 hydrocarbons
on a total of 72 honey samples. They were found to
be highest (14.71%) in sample 46 and lowest
(0.09%) in sample 3. The compounds belonging to
this group were found usually found in minor ratios
in the samples. Similarly, different studies have
shown that hydrocarbons are found in honey samples
obtained from different origins [33, 36]. In addition
to, we found 13 individual compounds belong to carboxylic acids and their esters at minor proportion
(0.03% - 6.83%) in 18 honey samples. These results
indicate that there is no distinguishing compound
from hydrocarbons and carboxylic acids and esters
for honey samples of this region.
As sugar group, the compounds belonging to
this group were detected in all honey samples in different ratios (samples (3.34% -52.27%), except for
sample 83, 85, 8, 31. This group of compounds was
highest in sample 13. A total of 96 compounds were
detected for group. The most common compounds in
the samples were sucrose (in sample 70), D- Glucose, 4-0- .alpha. -D- glucopyra nosyl (in sample 50)
and D- Ribose (in sample 48) and sorbitol (in sample
44) respectively. On the other hand, vitamins were
determined in the ratio of 0.04-21.36 in 30 of 100
samples. No other compound belonging to this
group, except vitamin D3 was identified. Vitamin
D3 was detected at the highest in sample 58
(21.36%). And also our study is the first record of
finding vitamin D3 in honey. The main function of
vitamin D is maintenance and regulation of calcium
levels in the body and vitamin D is, therefore, critically important for the development of a healthy
skeleton. Thus, vitamin D insufficiency increases the
risk of osteoporosis, but has also been linked to an
increased risk of hypertension, autoimmune diseases, diabetes, and cancer vitamin D3 determined in
various plants (Solanum lycopersicum, S.tuberosum,
Cucurbita pepo, S. glaucophyllum, Nicotiana
glauca, Cestrum diurnum, Medicago sativa, Trisetum flavescens, Capsicum annuum) [42].
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rock bottom, causing the floor in a certain depth
range and the deformation and failure of rock formation [1-7].
Zhai Xin-xian et al. studied the pressure
change of the movable support and the propagation
law of the fixed abutment pressure on the floor in
the multi seam mining, and discussed the reasonable width of the protection coal pillar and the reasonable position of the uphill coal mining in the
multi coal seam mining area[8]. Luo Xue-feng
through the simulation of near distance coal seam
group mining working face mining roadway influence on their own, under the impact of roadway on
coal seam, and the working face under the coal
seam to its own roadway two times, for close distance coal seam group mining provides a reference
for reasonable arrangement of each working face of
coal layer [9].
Wang Guang-hui through the close comparison of roadway layout in different mining coal
seam mining conditions and the coal pillar abutment pressure distribution and the width of coal
pillar, the reasonable layout of coal seam combined
mining roadway and the coal roadway reasonable
size of coal pillar [10].Yan Guo-chao proposed a
very short distance thin coal seam group mining
combined with conventional staggered distance
mining model, and simulate the theoretical analysis
and experimental study of physics, theoretically
close working group under the combined mining of
thin coal seam face of conventional staggered distance calculation formula, and theoretical solutions
[11]. Zhang Hua-lei et al. combined with the theory
of elastic mechanics and methods, by use of the
additional stress calculation method of stope floor
should set up mechanical model of stress distribution and mechanical model supporting dynamic
pressure transmission, the floor areanalyzed in the
process of mining mining stress distribution and
propagation, the abutment pressure induced by the
process of work mining under a fixed point of the
stress variation [12-14].
According to the 106 coal mining area I 1 coal
face replacement problem, using the numerical
theoretical calculation and FLAC3DC simulation
calculation of coal seam floor rock stress and deformation and failure characteristics of stress field,

ABSTRACT
The bottom stress distribution of close arrangement slicing in thick coal seam under the
effect, according to the actual conditions of working face of Geology and production, using FLAC3D
numerical simulation software on the 106 floor of 6
#
coal mining area I1 coal seam stress is analyzed,
and the results are compared with the theoretical
calculation. The results show that the floor lithology and structure, mining technology is the main
factor affecting the floor failure, the failure depth of
the floor was 7.0m; the lower edge of the goaf of
coal pillar under the pressure range is greater than
the upper mining goaf pressurization area, decompression range under the goaf is lower to expand, is
"spoon" distribution; Replace scheme 603 working
face with the proposed abolition of 701 working
face, the coal mining strata movement and the
stress redistribution and the stress concentration
caused by, will further increase the cost of roadway
support and maintenance, but also increase the
occurrence of mine mine power disaster risks.
KEYWORDS:
Close distance thick coal seam, floor stress, numerical
simulation, slicing mining

INTRODUCTION
It is generally considered that the close distance coal seam refers to the coal seam with small
distance between layers, and has great influence on
each other when mining. When the seam spacing is
small to a certain extent, the mutual influence between adjacent coal seams will be very significant,
which will seriously affect the safe and efficient
production of coal mine.
After close distance coal seam mining, the
rock mass above the goaf has lost the original balance, and the surrounding rock stress will redistribute, resulting in deformation and failure of the overlying strata, resulting in rock fall, rupture and bending. At the same time, the support pressure deformation of the overlying strata have spread in the
base, the redistribution of internal force caused by
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so as to provide a theoretical basis for the roadway
layout of the lower coal seam mining.
TABLE 1
Physical and mechanical parameters of rock
Stratum
Coarse sandston
5# coal seam
Sandy mudstone
Fine sandstone
Sandy mudstone
6# coal seam
Sandy mudston
Siltstone
Mudstone
Siltstone
7# coal seam
Sandy mudstone
Coarse sandstone
Sandy mudstone
Coarse sandstone
8# coal seam
Sandy mudstone
Medium sandstone

Thickness
/m
13.5
0.8
1.8
5.8
3.1
3.4
3.0
2.5
1.0
6.7
9.6
3.3
8.6
6.7
4.2
5.8
3.6
6.9

Cohesion
/MPa
6
2.5
5
7
5
2.5
5
5
5
5
2.5
5
6
5
6
2.5
5
5

Internal friction
angle /(°)
43
29
43
35
43
29
43
32
35
32
29
43
39
43
43
29
43
43

Bulk modulus /MPa
4500
7570
6250
8750
6250
7570
6250
1400
6250
1400
7570
6250
4500
6250
4500
7570
6250
5400

Shear modulus /MPa
1950
514
4890
4050
4890
514
4890
4630
3570
4630
514
4890
1950
4890
1950
514
4890
4900

Tensile
strength /MPa
5.5
1.5
2.5
2.5
2.5
1.5
2.5
3.2
2.3
3.2
1.5
2.5
5.5
2.5
5.5
1.5
2.5
2.3

Density
kg/m3
2650
1600
2600
2660
2600
1600
2600
2760
2600
2660
1600
2600
2650
2600
2650
1600
2600
2650

FIGURE 1
Stratigraphy of coal seams
General situation of I1 mining area in coal
mine. Xinjiang Tianshan coal coal limited liability
company 106 mine I1 mining area is located in the
Hutubi River on the eastern side, east-west northsouth tilt length of 2100m, width of 1200m, an area
of about 2.0km2, is always North monocline area

east tilt, tilt angle from 15 degrees to 17 degrees,
coal seam 6#, 7# and 8# coal seam, average distance
were 18.82m and 23.24m, which belongs to short
distance coal seams, coal mining sequence for
downward mining. 6# coal seam design three working face, respectively 601602603 working face, 601

1897

© by PSP

Volume 27 ± No. 3/2018 pages 1896-1905

head mining face, replace 601 of the 603 working
face, jump mining replacement.
The thickness of 6# coal seam is 0.10 ̚
8.74m, with an average 2.73m. Has the advantages
of simple structure, without parting or containing 3
layers of gangue, gangue layer maximum thickness
of 0.21m and lithology of carbonaceous mudstone,
carbonaceous mudstone and coal seam roof for fine
sandstone, coarse sandstone, coal seam floor lithology of coarse sandstone, fine sandstone, carbonaceous mudstone. Under the 7# coal seam is located
in the Middle Jurassic Xishanyao Formation in the
first coal bearing member in the lower part of 6 #
coal seam, the thickness variation of 5.67̚11.71m,
average 9.24m, simple structure, without parting or
containing 4 layers of gangue, gangue thickness of
0.05̚0.77m, the lithology is carbonaceous mudstone and silty mudstone. The coal seam roof is
carbonaceous mudstone, argillaceous siltstone and
coarse sand rock, and the coal seam floor rock is
carbonaceous mudstone, fine sandstone and coarse
sand rock. Under the lower part of 8 # coal seam in
the Middle Jurassic Xishanyao Formation in the
first section of the 7# coal seam, the thickness variation of 1.97̚7.14m, average 5.03m, simple structure, without parting or containing 1 layers of
gangue, gangue thickness 0.44m, the lithology is
high carbon mudstone and coal seam roof for
coarse sandstone, sandstone, fine sandstone, coal
seam floor lithology is fine and coarse sandstones.
The rock physical and mechanical parameters of
coal field are shown in table 1.
According to the drilling data, to meet the calculation model is accurate and effective under the
premise of calculating rock hierarchical model
within the scope of the merger is simplified, the
physical properties of similar rocks, are combined
into a single rock, coal seam comprehensive column as shown in Figure 1.
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state of limit equilibrium model, as shown in Figure
2, ABCD diagram for the limit equilibrium area.
K¦ H
Ã

y
¦Ò
y
A

B
¦Ó
xy

o

px

¦Ò
x

m/2
m/2

C

x

D

x0

FIGURE 2
Calculation model of vertical stress of coal pillar
(without considering inclination angle)
Whereˈ
ı x² The average value of the horizontal
stress ıx at x=x0 in the whole thickness of coal
seam;
Px²The support resistance of the support to
the coal wall.
According to the mechanical model shown in
Fig. 2, the coal ABCD in the whole limit equilibrium zone is taken as the separating body:
c ·
§
KJ H  0 ¸
¨
tgM0
mE
(1)
¸
x0
ln ¨
2tgM0 ¨ c0  Px ¸
¨ tgM
E ¸¹
0
©
Where,
m²Thickness of coal seam, m;
ȕ²Side pressure coefficient;
ĳ0²Internal friction angle of coal seam interface,˄°˅;
c0²Cohesion of coal seam interface,MPa;
K²Stress concentration factor;
H²Buried depth of coal seam, m;
Ȗ²Average bulk density of overlying strata,kN/m3;
Px²Support resistance of supports to coal
supports, the value is 0 in the goaf side, MPa.
6# coal seam average uniaxial compressive
strength is 14.8 MPa, the lateral support stress concentration coefficient is 2.0, peak stress is 12.8MPa,
thickness is 3m, the lateral pressure coefficient ȕ
is0.35, angle of friction interface in coal seam ĳ0 is
25°, coal seam interface cohesion c0 is 0.4MPa, the
stress concentration factor K is 2.0, buried depth of
coal seam H is 255m, overburden density Ȗ is 25
kN/m3, support coal support resistance Pxis
0.02MPa.
The width of the lateral plastic zone is calculated as 3.1m by formula (1).

Theoretical analysis of floor stress variation
of 6# coal mining in 106 coal mine. The variation
of the bottom stress along the tendency is mainly
caused by the lateral support pressure spreading in
the floor. Firstly, the distribution law of the lateral
abutment pressure of the I1601 working face is
analyzed.
Distribution of lateral abutment pressure
on I1601 working face. Calculation of lateral
abutment pressure when coal seam dip angle is
small and coal seam angle is neglected.
Under high stress, the coal body around the
goaf will appear plastic zone, elastic zone and original rock stress zone from the edge of coal body to
the deep part[15-17]. After mining, the stress redistribution of surrounding rock of stope, in high
stress, coal roadway lateral edge destruction, and
gradually extended to the deep, until the elastic
stress zone boundary, this part of the coal in the

x0

c0
ª
« KJH  tgM
mE
0
ln «
Px
2tgM 0 « c 0

« tgM
E
0
¬

º
»
»
»
»
¼

0.4 º
ª
2 u 25 u 255 
3 u 0.35 «
tg 25 »
»
ln «
0.4 0.02
2tg 25 «
»

»¼
«¬
tg 25 0.35

3.1m

Calculation of lateral abutment pressure
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calculated to be 2.4m, and the distance between the
peak value of the support pressure at the bottom of
the goaf x2 is 2.6m.

considering dip angle of coal seam.Considering
the angle of coal seam, in order to obtain the peak
value of abutment pressure from the drift distance,
the coal is regarded as a homogeneous continuum,
the entire range in the ultimate strength of coal as
the research object, the mechanics model is established and the coordinate system as shown in Figure
3.
Where,
Px²Binding force of roadway support to coal
wall along X direction, MPa;
Ĳxy²Shear stress at the interface between coal
seam and roof and floor, MPa;
m²Thickness of coal seam, m;
x1²Distance between side roadway support
distance and peak value of goaf pressure, m.

Characteristics of floor stress distribution
in inclined coal seam along inclined direction of
coal seam. The inclined coal seam working face
along the tilt direction of coal seam floor is simplified as a semi infinite space, the lateral abutment
pressure on both sides of the working face is divided into transverse force perpendicular to and parallel to the longitudinal force of coal seam, which is
simplified to the linear load to a semi infinite space.
According to the distribution characteristics of the
lateral abutment pressure on both sides of the working face along the inclined seam along the inclined
seam, the mechanical model of the working face
along the inclined seam direction is established (the
longwall face is used for longwall mining), as
shown in Figure 4.
Where,
D ²Dip angle of coal seam, o;
H²Buried depth of coal seam on inclined
coal seam working face, m;
H m ²Height of caving zone, m;

K¦ Ã
H

y
¦Ò
y
A

B
¦Ó
xy

o

px

¦Ò
x

¦Á

m/2
x

m/2
C

x1

D

J ²Rock mass density of working face,

FIGURE 3
Calculation model of vertical stress of coal pillar
(considering inclination angle)

KN/m3;
a, b, c, d, e, f, g ²The vertical projection
point of the inflection point of the linear distributed
load on the x axis;
s1, s2, s3, s4, s5, s6, s7²The distance between
the vertical projection points of two adjacent inflection points;
k1 ˈk2ˈk3ˈk4²Lateral abutment pressure
concentration factor, and k1>k2>1>k3>k4
ķ,ĸ,Ĺ,ĺ,Ļ,ļ,Ľ²The lateral force of the
simplified abutment pressure in the direction perpendicular to the seam;
ľ , Ŀ , ŀ ,ᬏᬐᬑᬒ²The longitudinal
component force of the simplified abutment pressure parallel to the coal seam;
ĺ,ᬏ²Location of working face.
The transverse load produced by caving zone

The inclination of inclined coal seam is Į,
when the goaf below by the plastic zone of the
interface stress balance equation and the limit equilibrium zone in x direction can be obtained by force
equal to 0, the width of plastic zone of upper coal
pillar (lane distance to the peak abutment pressure
at the distance) is:
ª E (V y cos D tan M0  2c0  mJ 0 sin D ) º (2)
mE
x1

2 tan M0

ln «
¬

1

E (2c0  mJ 0 sin D )  2 Px tan M0

»
¼

When the mined out area is above, the width
of the plastic zone in the lower pillar (the distance
between the roadway and the peak of the abutment
pressure) can be obtained as well:
x2
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q

ª E (V y1 cos D tan M0  2c0  mJ 0 sin D ) º (3)
mE
ln «
»
2 tan M0 ¬ E (2c0  mJ 0 sin D )  2 Px tan M0 ¼

J H cos D

m
in the mining face is 4
, longitudinal load is q11 J H m sin D ; ķ,ĸ,ľ,Ŀ and ŀ

The lateral pressure coefficient ȕ is 0.35, ȕ=Ȟ
 íȞ  Ȟ LV SRLVVRQ UDWLR FRDO VHDP LQFOLQDWLRQ
angle Į is 17°; ıy1 is the peak value of abutment
pressure, above side is 12.8MPa (stress concentration coefficient is 2.0), lower is 15.9MPa (stress
concentration coefficient is 2.5); The binding of
roadway of coal wall along the x direction Px is
0.02MPa, coal seam thickness of coal seam m is
3m; the top plate and the bottom interface cohesion
c0 is 0.4MPa, coal seam roof and floor friction at
the interface angle ĳ0 is 25°.
By formula (2) and (3), the distance of the
peak value of the support pressure on the goafx1 is

area located on the upper side of inclined coal seam
working face, ĸ,Ĺ,Ŀ and ŀ are the upper lateral
support pressure rise zone, ķ and ľ area are the
stress area of the upper side of the protolith. The
lateral load increases linearly from the o point of
the upper edge of the working face to the a point,
and then decreases to the original rock stress at the
b point; Ļ,ļ,Ľ,ᬏᬐᬑ  ᬒ are located at
the lower side of the inclined coal seam, Ļļᬐ
 ᬑ are the lateral support pressure rise zones,
Ľ and ᬒ are the stress areas of the lower lateral
rocks, the lateral load increases linearly from the d
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FIGURE 4
Mechanical model of working face floor along inclined direction
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FIGURE 5
Trend map of floor stress after horizontal coal seam mining
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rock stress at the fpoint, while the longitudinal load
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edge of the working face to the e point, and then
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Using the theory of elasticity, the expression
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of the stress component V y of any point in the bottom slate of the inclined coal seam along the inclined direction of coal seam can be obtained:
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s4ˈs5ˈs6ˈs7 and the stress concentration coefficient k1ˈk2ˈk3ˈk4, under the condition of some
special points by formula (4) calculated after interpolation, can draw the inclined seam along the tilt
direction of coal seam floor vertical stress isoline.
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6

250m , H m 15m , J

H

,k1=2.5, k2=2.0,k3=0.2,k4=0.1, s5=s6=s1=s2=4m,
s3=s7=12m, s4=L=220m. Figure 5 is the trend map
of floor stress after horizontal coal seam mining,
and Figure 6 is the stress trend map of coal seam
floor after coal seam mining in I1601 section, Figure 7 is the stress trend map of floor after mining in
I1601 section and I1603 section.

In the known depth of coal seam H, caving
zone height H m , angle of coal seam D , floor rock
GHQVLW\LQFRDOVHDPȖDQGWKHVL]HRIV1ˈs2ˈs3ˈ
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FIGURE 6
Trend map of coal seam floor stress after coal seam mining in I 1601 section
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FIGURE 7
Trend map of floor stress after mining in I1601 section and I1603 section

creases with the depth, and finally restores to the
original rock stress. The mined out area on both
sides of the edge of coal pillar under stress increasing region, the stress concentration coefficient is
greater than 1, and the stress size decreases with the
depth of the bottom left, eventually return to the
original rock stress. The lower stress area and
boundary stress rising areas not in gob edge bounded range.
2) Without considering the dip angle of coal
seam, in the inclined direction, the pressurized area
is symmetrical in the shape of "two ears" under the
edge of the coal pillar at both sides of the goaf.
Considering the dip angle of coal seam, the area
under the coal pillar at the lower edge of the goaf is
larger than that of the upper side of the goaf. The
distribution area of the relief zone under the goaf
also extends to the lower side, and shows a "spoon
like" distribution.
3) When uVLQJ ³WKH ,1601 section and I1603
section mining reserves I1602 section "plan, by
I1601 and I1603 mining influence, in the I1602 part
of the floor strata area will produce pressure area,
resulting in I1602 floor area of stress concentration,
at this time, in the lower part of 7# coal seam (including the 8# coal seam in mining and excavation
replacement) ready, once the roadway location
selection is not reasonable, will cause the tunnel
maintenance difficulty, and there are security risks
occurred in mine power disaster.

Numerical simulation of stress variation in
stope floor.Computational model. FLAC3D software is used to simulate the mining stress distribution law and floor failure characteristics of No. 6
coal seam mining floor. Considering both sides of
coal pillar, the model is 770m long, 335m wide,
based on the constitutive relation of Mohr-Coulumb
model, the actual mine working face of rock mechanics characteristics and similar mining rock
mechanics parameters of the physical and mechanical properties of surrounding rock reference model,
the boundary conditions are taken as the displacement boundary conditions, when only considering
gravity, on both sides of the model adopts horizontal fixed vertical free boundary; bottom fixed; the
top surface by overburden stress, surface load applied in the model above, simulation in mining field
rock weight above the uniformly distributed load is
2.5MPa, numerical calculation the model in Figure
8.
Simulation data analysis. From the Figures
5-7 and 9-11, it can be seen that the stress concentration in the floor shows the sectional stress concentration and failure mode during the mining period, and the stress distribution and failure characteristics are as follows:
1) After mining in I1601 section, along the inclined direction of coal seam, the stress reduction
area is below the mined out area, the stress concentration coefficient is less than 1, and the stress in-
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FLAC3D 3.00
Step 79684 Model Perspective
11:08:21 Sun Apr 19 2015
Center:
Rotation:
X: 3.850e+002 X: 0.000
Y: 5.000e-001
Y: 0.000
Z: 1.127e+002 Z: 330.000
Dist: 2.130e+003 Mag.: 1
Ang.: 22.500

Block Group
zsy
szny6
8m
csy3
szny5
csy2
szny4
7m
fsy2
ny
fsy1
szny3
6m
szny2
xsy
szny1
5m
csy1
jy1
jy2
Itasca Consulting Group, Inc.
Minneapolis, MN USA

FIGURE8
Numerical calculation model
seam is all lower than the original rock stress. In a
sense, the whole area in 6# coal mine all, equivalent
to the following 7 and 8# coal seam of pressure
relief; and a large area of 6# coal seam mining can
4) After the I1602 mining in the island face,
cause overburden full collapse, 7# and 8# coal seam
the floor pressurization area in the I1 mining area
in the process of dynamic load control provide
disappears, and the floor stress in the goaf of 6# coal
conditions.
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FLAC3D 3.00
Step 138649 Model Perspective
15:10:08 Sun Apr 19 2015
Center:
X: 3.850e+002
Y: 5.000e-001
Z: 1.127e+002
Dist: 2.130e+003

Rotation:
X: 0.000
Y: 0.000
Z: 0.000
Mag.:
1
Ang.: 22.500

Contour of SZZ
Magfac = 1.000e+000
Gradient Calculation
-2.6681e+007 to -2.5000e+007
-2.5000e+007 to -2.0000e+007
-2.0000e+007 to -1.5000e+007
-1.5000e+007 to -1.0000e+007
-1.0000e+007 to -5.0000e+006
-5.0000e+006 to 0.0000e+000
0.0000e+000 to 1.0267e+006
Interval = 5.0e+006

11601

Itasca Consulting Group, Inc.
Minneapolis, MN USA

FIGURE9
Vertical stress of floor after I1601 mining
FLAC3D 3.00
Step 151886 Model Perspective
15:11:28 Sun Apr 19 2015
Center:
X: 3.850e+002
Y: 5.000e-001
Z: 1.127e+002
Dist: 2.130e+003

Rotation:
X: 0.000
Y: 0.000
Z: 0.000
Mag.:
1
Ang.: 22.500

11603

Contour of SZZ
Magfac = 1.000e+000
Gradient Calculation
-2.6685e+007 to -2.5000e+007
-2.5000e+007 to -2.0000e+007
-2.0000e+007 to -1.5000e+007
-1.5000e+007 to -1.0000e+007
-1.0000e+007 to -5.0000e+006
-5.0000e+006 to 0.0000e+000
0.0000e+000 to 9.8568e+005
Interval = 5.0e+006

11601

Itasca Consulting Group, Inc.
Minneapolis, MN USA

FIGURE10
Vertical stress of floor after mining with I1601 and I1603
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FLAC3D 3.00
Step 48616 Model Perspective
18:03:05 Sun Apr 19 2015
Center:
X: 3.850e+002
Y: 5.000e-001
Z: 1.127e+002
Dist: 2.130e+003

Rotation:
X: 0.000
Y: 0.000
Z: 0.000
Mag.:
1
Ang.: 22.500

Contour of SZZ

goaf of 6ਧ➔䟷オ४
6# coal seam

Magfac = 1.000e+000
Gradient Calculation
-1.8607e+007 to -1.8000e+007
-1.8000e+007 to -1.6000e+007
-1.6000e+007 to -1.4000e+007
-1.4000e+007 to -1.2000e+007
-1.2000e+007 to -1.0000e+007
-1.0000e+007 to -8.0000e+006
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FIGURE11
Vertical stress of floor after 6# coal mining
problems occurred in mine power disaster.
4) After the I1602 mining in the island face,
the I1602 floor pressurization area disappears, and
the floor stress in the goaf of 6# coal seam is all
lower than the original rock stress. In a sense, the
whole area in 6# coal mine all, equivalent to the
following 7# and 8# coal seam of pressure relief;
and a large area of 6# coal seam mining can cause
overburden full collapse, 7# and 8# coal seam in the
process of dynamic load control provide conditions.
In addition, after 6# coal is fully extracted, there is
no support of isolated coal body, roof 6 # can be
fully activated, so as to ensure that the 6 coal mined
out area can have sufficient compaction time, and
ease the influence of 7# coal mining.
Therefore, with I1701 working face replacement I1603 working face, the upper and lower two
layers of coal production at the same time, not only
will cause complex ventilation, transportation systems and other production, the difficulty of organization; moreover, concentration of strata movement
and the stress redistribution and the stress caused by
coal mining, not only further increases the cost of
roadway support and the maintenance, but also
increase the occurrence of mine mine power disaster risks. Therefore, the existing scheme of replacing the I1603 working face with I1701 working face
is recommended to be abandoned. In addition, the
mining area in 6# coal mining all it can to overburden full time, so that the whole roof can be fully
caving, resulting in the lower part of the mining of
7# and 8# coal seam, mining activities to maximize
from the mining effect.
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ABSTRACT

INTRODUCTION

Benthic macroinvertebrate fauna of Istranca
stream were investigated in 18 stations which belong
to Istranca Stream by six times sampling from September 2011 to August 2012. 6066 individuals belonging to Bivalvia (5 taxa), Gastropoda (11 taxa),
Malacostraca (1 taxon), Ephemeroptera (17 taxa),
Odonata (11 taxa), Plecoptera (6 taxa), Hemiptera (9
taxa), Coleoptera (15 taxa), Megaloptera (2 taxa),
Trichoptera (7 taxa) and Diptera (15 taxa) were determined. Dominancy (%) of Taxa according to
specimen number were calculated. In terms of water
quality, Criteria of Regulation on the Management of
Surface Water Quality (2016) indicate that water
quality constitutes to the 1st and 2nd water quality.
The study is the first and detailed study is to determine benthic macroinvertebrate fauna on Istranca
Stream.

The easily spotted benthic organisms possessing a wide distribution respond differently to different stress conditions and react quickly and they
are very sensitive to the changes in their environment, thus are considered as indicator organisms
[1;2]. In addition, they are an important food source
for the aquatic vertebrates in aquatic environments.
Istranca (Durusu) stream is almost completely
within Istanbul-7HNLUGD÷ SURYLQFH¶V ERUGHUV 7KH
VWUHDPVSULQJVIURP<ÕOGÕ]0RXQWDLQVDQGFRQQHFWV
to the Terkos Lake, which is one of IstanbuO¶VPDLQ
drinking water sources [3].
Despite some existing studies on the benthic
macroinvertebrates of the Terkos Lake [4; 5], no
study were focused on Istranca stream which is not
surrounded by facilities or dense buildings, except
for one study aiming to define its Ostracoda [6] and
Mollusca [7].
The aim of the study is to acquire knowledge
about ecological and biological features of Istranca
Stream, using the faunal pattern of benthic macroinvertebrates with physico-chemical variables.

KEYWORDS:
Istanbul, Istranca, invertebrate, macrobenthic fauna, water
quality.

FIGURE 1
Istranca (Durusu) basin and study stations on the stream and its tributaries.
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TABLE 1
Station numbers and coordinates in Istranca (Durusu) basin.
Stations
1
2
3
4
5
6
7
8
9

Coordinates
N 41.33462° W 28.29089°
N 41.32975° W 28.26322°
N 41.32997° W 28.25646°
N 41.28878° W 28.23157°
N 41.31415° W 28.24893°
N 41.35748° W 28.22774°
N 41.39901° W 28.19366°
N 41.41175° W 28.17310°
N 41.40430° W 28.17036°

Stations
10
11
12
13
14
15
16
17
18

Coordinates
N 41.40049° W 28.16553°
N 41.41750° W 28.13845°
N 41.40391° W 28.20745°
N 41.39171° W 28.21515°
N 41.37920° W 28.29610°
N 41.37974° W 28.31460°
N 41.39103° W 28.33630°
N 41.39946° W 28.38352°
N 41.37614° W 28.38546°

FIGURE 2
Family numbers of all groups.

FIGURE 3
Dominancy of classes and orders (%)
MATERIALS AND METHODS

stations and acquired species are summarized in Table 1.
All of the materials from the streams were collected by a special hand net of Müller fabric which
0.25 mm mesh size. The water flow was reversescreened using an area unit of 1 m2. The bottom sediment was collected in plastic bottles and fixed with
4% formaldehyde. Sediment was washed under

Istranca stream spreads over approximately 458
km2 (Figure 1). In total, seasonal sampling was made
from 18 stations on September-October 2011, December 2011, March 2012, April 2012, June 2012
and August 2012. Station numbers, coordinates of
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TABLE 2
The minimum and maximum values for the physical and chemical qualities of the Stations in Istranca
stream (S: Stabil)
St
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.
Min.
Max.

Temperature
°C

pH

3.4
21.3
6.2
22.2
1.9
18.7
5.9
18.1
6.6
25.4
5
21.5
4.8
22.8
5.2
21.5
5.7
20.7
4.9
20.5
7.5
19
5.4
21.1
5.9
20.8
5.9
23.4
6.9
25.3
7
22.9
7.8
27.8
8.4
24

7.26
8.47
6.6
8.3
7.35
8.3
6.38
8.2
6.4
8
6.39
8.05
6.41
8.91
6.4
8,25
6.4
8.47
6.57
7.89
6.39
8.51
6.38
7.89
6.4
7.93
6.42
8.64
6.43
8.49
6.27
8.37
6.44
8.45
6.42
8.06

Electrical
DissolvedOxygen
Conductivity
(mg/L)
(μS/cm)
527
770.7
371
680.3
349
750
209.3
682
399
690.8
493
695
300
701.3
151.5
387.1
226
522
407
680
221.5
620.6
126.7
229.6
289.3
499
278.5
498.8
286.9
568.6
95.9
126.1
264.7
474
302
457.2

5.44
12.6
6.57
12,25
6.51
12.05
7.43
11.83
6.13
12.24
6.35
11,3
3.36
11.82
1.85
9.17
6.28
9.08
3.99
9.75
5.36
10.86
6.61
10.79
4.75
9.5
6.37
12.28
6.97
10.29
4.79
9.24
7.94
8.72
5.83
11.05

Flow
rate
(m/s)

Depth
(cm)

Width
(cm)

Phosphate
PO4-P
(mg/L)

Nitrite
NO2-N
(mg/L)

Nitrate
NO3-N
(mg/L)

0.03
0.14
0,06
0.16
S
0.03
0.11
0.16
0.2
0.56
0.01
0.23
0.04
0.12
0.01
0,04
0.03
0.12
S
S
0.05
0.34
0.02
0.05
S
0.09
0.04
0.28
0.07
0.32
S
0.4
0.2
0.73
0.13
0.17

3.5
14.7
15.83
41.7
24
64
9
40
6.17
30
6.67
25
19.75
150
34.5
50
29.7
50
30
52.17
15
36
19.17
36.5
20
77
32
100
28.5
71
10.7
70
22.5
70
10
30

300
471
400
898
200
500
300
600
200
744
194
300
500
1535
400
920
800
1537
200
450
130
500
500
1200
600
1500
115
1500
800
1700
200
500
700
1600
350
830

0.73
28.77
6.09
82.22
2.11
3.22
1.24
12.83
7.11
19.56
7.33
57.21
15.97
446.99
2.75
48.75
3.06
17.23
3.11
9.67
0.44
9.67
14.55
37.01
14.87
99.42
0.28
19.56
0.75
13.09
0.60
56.53
2.79
16.54
1.07
6.23

0.32
3.24
0.09
1.01
0.16
1.05
0.03
5.21
0.06
4.03
0.03
2.36
0.09
0.97
0.06
2.33
0.03
0.40
0.15
0.28
0.01
0.19
0.03
0.45
0.06
4.29
0.16
0.32
0.03
0.29
0.00
0.24
0.11
0.35
0.04
0.16

1.15
4.73
0.24
3.70
0.00
0.13
0.02
0.12
0.41
1.80
0.35
2.79
0.01
1.86
0.00
0.89
0.02
0.47
0.05
0.35
0.01
0.52
0.00
0.10
0.04
1.88
0.01
5.12
0.02
1.31
0.03
0.67
0.00
1.91
0.05
0.79

of the identified classes and orders at the each stations [Dominancy=(NA/Nn)*100; NA: Specimen
number of each Taxa; Nn: Total specimen numbers
of each station). Distributions of the recorded macroinvertebrate fauna are given with a detailed list at
Appendix 1.

high-pressure water, through measured sieves (1;
0.25; 0.16 mm) and preserved in 70% ethyl alcohol
in the laboratory.
The macroinvertebrates sorted into as soon as
possible taxonomic level [8-21].
Physico-chemical parameters (water temperature,
pH, dissolved oxygen, salinity and conductivity)
were measured with field parameter devices during
sampling.
The width was measured as the distance between two sides that constitute the border between
water and the earth and the depth was measured with
a wood ruler. Measurements for flow rate were made
with a digital stream speed measure connected to a
propeller. The levels of NO2--N (mg/L), NO3--N
(mg/L) and PO4-P (mg/L) were measured in the laboratory by standard methods [22].
During the statistical calculation, two different
dominancies were calculated in Excel. Figure 3
shows the dominancy (%) of classes and orders in
total [Dominancy=(NA/Nn)*100; NA: Specimen
number of Taxa; Nn: Total specimen number of Istranca (6066)] and Table 3 shows the dominancy (%)

RESULTS AND DISCUSSION
As a result, 81 species were identified. 6066 individuals belonging to Bivalvia (5 taxa), Gastropoda
(11 taxa), Malacostraca (1 taxon), Ephemeroptera
(17 taxa), Odonata (11 taxa), Plecoptera (6 taxa), Hemiptera (9 taxa), Coleoptera (15 taxa), Megaloptera
(2 taxa), Trichoptera (7 taxa) and Diptera (15 taxa)
were collected. Family number of determined taxa
are given at Figure 2. 12 genera (Agnetina, Eoperla,
Rhabdiopteryx, Capnia, Leuctra (Plecoptera); Hydrochus, Hydaticus, Elmis, Hygrotus (Coleoptera);
Leptocerus, Oecetis, Halesus (Trichoptera)) and 8
species (Siphlonurus lacustris (Ephemeroptera); Libellula quadrimaculata (Odonata); Nepa cinerea,
Aquarius najas, Gerris gibbifer (Hemiptera);
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TABLE 3
Dominancy (%) of orders and classes of macroinvertebrates at the stations
(B: Bivalvia; G: Gastropoda; M: Malacostraca; E: Ephemeroptera; O: Odonata; P: Plecoptera;
H: Hemiptera; C: Coleoptera; Me: Megaloptera; T: Trichoptera; D: Diptera)
ST
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

B
0.19
1.09
0.31
3.14
1.69
0.09
0.30
-

G
0.58
40.37
50.91
0.31
0.50
0.78
2.24
27.27
1.89
1.41
8.47
69.94
68.63
68.42
2.99
3.16

M
21.66
19.44
37.93
1.82
34.57
56.58
3.77
1.41
16.67
0.28
1.50
0.30
0.53

E
16.63
2.22
10.34
3.10
14.89
4.34
1.12
4.96
3.77
23.94
10.71
5.08
1.69
2.94
3.76
6.57
4.74

O
1.55
0.93
5.17
1.82
2.79
1.74
1.24
5.61
4.96
11.27
10.17
1.69
1.96
6.02
2.09
-

P
0,19
5.17
21.82
0.16
0.45
1.41
5.95
0.19
-

Gyrinus (Gyrinus) urinator (Coleoptera); Sialis fuliginosa (Megaloptera); Ecnomus tenellus (Trichoptera)) are new records for Turkey Thrace region.
Both B. pesicii, an endemic, and O. cecilia are
recorded in Turkey for the second time [23] . Thus,
the range of these species have been expanded. Other
species belong to their general distribution range.
According to species distribution, B. tentaculata has been found at 13th and C. luctuosa, Baetis
sp2, P. pennipes, A. najas have been found at 12th
stations having the widest range inside Istranca basin. On the other hand, Chironomidae and Gammaridae have been found in largest numbers in stations
18 and 13 (Appendix 1).
According to the dominancy (%) of each
groups, the insects are more dominant than others
(Bivalvia 0.45%; Gastropoda 26.43%; Malacostraca
11.82%; Ephemeroptera 5.41%; Odonata 2.41%;
Plecoptera 0.45%; Hemiptera 1.09%; Coleoptera
0.56%; Megaloptera 0.13%; Trichoptera 2.18%;
Diptera 49.09%) (Figure 3).
The highest dominancy rate (92.71%) are noted
at St. 7 due to Chironomidae. However the maximum number of individuals are found in St. 14 with
747 gastropods but the dominancy rate (69.94 %) is
lower than Diptera.
Diptera¶V family number is 15, while Malacostraca and Megaloptera¶V are 1: Sialidae and Gammaridae (Figure 2). With 2978 individuals belonging
to Diptera is the first major group within all groups
cause of Chironomidae. Especially at the seventh
station 541 chironomids were collected. 1603 individuals belonging to Gastropoda is the second major
group. Especially at the fourteen and fifteen station,
a total of 409 individuals of B. tentaculata have been
observed. The third one is Malacostraca comprised
of 717 individuals belonging to Gammaridae is a
cosmopolitan family. Especially at the fifth and sixth
stations, in April and in June, 451 gammarids have
been observed in total.
Some physico-chemical parameters¶ results
were listed in Table 2. In terms of water quality, both

H
1.35
0.37
10.34
10.91
2.02
1.74
0.31
0.22
5.66
2.82
3.39
0.47
0.39
1.50
0.30
1.58

C
1.35
0.19
1.82
0.50
0.45
0.83
3.77
1.41
4.76
0.28
0.59
1.79
0.53

Me
0.16
0.45
7.55
0.20
-

T
0.19
3.70
13.79
13.02
0.99
1.19
0.56
0.78
1.19
-

D
56.48
32.59
17.24
10.91
43.10
23.08
92.71
86.32
61.98
73.58
56.34
60.71
71.19
24.81
24.51
18.80
84.48
89.47

biological indicators and Criteria of Regulation on
the Management of Surface Water Quality (2016) indicate that water quality constitutes to the 1st and 2nd
water quality.
According to physico-chemical measurements,
the widest station is St. 15 (1700 cm) and the narrowest is St. 14 (115 cm). The deepest station is St.
7 (150 cm) and the most shallow is St. 1 (3.5 cm).
Water temperature result is between 1.9 and
27.8 °C. The coldest station is St.3 and as high St.
17. According to the Criteria of Regulation on the
Management of Surface Water Quality (2016),
stream water quality is Class I in terms of water temperature.
pH range results is between 6.27 (St. 16) and
8.91 (St. 7). Conductivity is the lowest in St. 16 (95.9
μs/cm) and the highest in St. 1 (770.7 μs/cm). It has
been examined that conductivity is low in winter and
higher in summer. It is natural since in summer
months intense evaporation results in increase of dissolved ions and increased conductivity. The amount
of dissolved oxygen, on the other hand, is lowest in
St. 8 in August sampling, with 1.85 mg/L and this is
according to the Criteria of Regulation on the Management of Surface Water Quality (2016) indicates
that the station has 4th level of water quality in terms
of dissolved oxygen value (<3). St. 1 had the highest
value, 12.6 mg/L and thus has 1st water quality (>8).
6DOLQLW\YDOXHVZHUHEHWZHHQDQGÅLQDOOVWD
tions.
Flow rate varied among stations, with rather
stagnant stations (St. 3, 10, 13, 16) and more rapid
ones (St. 17; 0.73 m/s) (Table 2). Flow depends on
the slope of the stream bed and the gravity which is
proportional to that very slope [24]. In summer
months, decreasing precitipiation and increasing
evaporation results in decreased amount of water,
and this was seen to be as effective on the flow as the
slope of the stream bed. The acquired physical and
chemical data point out that as the amount of water
changes between summer and winter, the chemical
and physical qualities of the water also change.
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The phosphate levels were the lowest in the 14th
station as 0.28, the highest in the 7th station as 446.99
mg/L. The highest value, is much different from the
other stations. It is 4.5 times larger than the second
station (St. 13) with the highest amount of phosphate. According to phosphate measurements, sewage could have been being pumped into this part of
stream.
The highest nitrite level was in the 4th station
(5.21 mg/L) and the highest NO3-N was at St. 14
(5.12 mg/L). Even if the water is Class II, high levels
of nitrate are dangerous.
It is concluded that Istranca stream and its tributaries are very rich in benthic macroinvertebrate
species. In terms of water quality, both biological in-

dicators and Criteria of Regulation on the Management of Surface Water Quality (2016) indicate that
water quality constitutes to the 1st and 2nd water quality.
The constructions for the third Bosphorus
Bridge and the third airport of Istanbul, some of
which have begun and some will soon, are situated
within the basin where the fauna study has been conducted [25]. Thus, this study will be a main source in
understanding human impact on water resources in
the future biodiversity studies. In addition, this study
will come into prominence owing to the scarcity of
research about bentic macrofauna in the lotic systems; the fact that this is situates in the European
Fauna and the stream being within Istanbul Province.

APPENDIX 1
Benthic macroinvertebrate fauna of Istranca Stream.
Stations
Classes/
Orders
Mollusca

Family

Bivalvia

Sphaeriidae

Unionidae

Neritidae

Gastropoda

Bithyniidae

Valvatidae

Lymnaeidae

Physidae
Planorbidae
Succineidae
Arthopoda
Malacostraca
Insecta

Pisidium
casertanum (Poli,
1791)
Anodonta
cygnea (Linnaeus,
1758)
Anodonta sp.
Unio
pictorum (Linnaeus,
1758)
Theodoxus (Theodoxus) fluviatilis (Linnaeus, 1758)
Bithynia tentaculata (Linnaeus,
1758)
Bithynia pesicii Glöer &
<ÕOGÕUÕP
Bithynia
pseudemmerica
Schütt, 1964
Valvata naticina Menke, 1845
Valvata
piscinalis (Müller,
1774)
Valvata sp.
Galba (Galba) truncatula (O.F.
Muller, 1774)
Radix
labiata (Rossmassler,
1835)
Physella acuta (Draparnaud,
1805)
Planorbis (Planorbis) planorbis (Linnaeus, 1758)
Oxyloma elegans (Risso, 1826)

Gammaridae

Leptophlebiidae
Caenidae
Ephemerellidae
Ephemeridae
Ephemeroptera

Species List

Siphlonuridae

Baetidae

Heptageniidae

1

3

4

5

6

+

7

8

9

10

11

12

13

+

14

15

16

+

+

17

18

+

+

+
+

+

+

+

+
+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
+

+

+

+

+

+
+

+

+

+
+

+

+

+

+
+

+

+

+

+
+

+

+

+

+

+

+

+

+

+

+

+
+

Leptophlebia marginata (Linnaeus, 1767)
Paraleptophlebia sp.
Caenis luctuosa (Burmeister,
1839)
Serratella ignita (Poda, 1761)
Ephemera lineata Eaton, 1870
Ephemera sp.
Siphlonurus aestivalis Eaton,
1903
Siphlonurus lacustris (Eaton,
1870)
Baetis rhodani (Pictet, 1843)
Baetis sp1.
Baetis sp2.
Baetis sp3.
Centroptilum sp.
Cloeon dipterum (Linnaeus,
1761)
Cloeon sp.
Ecdyonurus sp.
Heptagenia sp.

2

+

+

+

+

+

+

+

+

+

+

+

+

+

+
+
+
+
+
+

+

+

+
+

+
+

+
+
+

+

+

+

+
+

+

+
+

+

+

+
+

+
+
+
+

+
+

+

+
+
+

+
+

+
+

+
+
+

+

+

+

+

+

+

+

+

+

+

+

+
+
+
+
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Stations
Classes/
Orders
Mollusca

Family

Species List

1

2

Calopterygidae

Calopteryx sp.
Ischnura pumilio (Charpentier,
1825)
Platycnemis pennipes (Pallas,
1771)
Gomphus vulgatissimus (Linnaeus, 1758)
Gomphus sp.
Onychogomphus
forcipatus
(Linnaeus,1758)
Ophiogomphus cecilia (Fourcroy, 1785)
Somatochlora
metallica
(Vander Linden, 1825)
Libellula fulva Müller, 1764
Libellula quadrimaculata Linnaeus, 1758
Orthetrum brunneum (Fonscolombe, 1837)
Eoperla sp.
Agnetina sp.
Capnia sp.
Leuctra sp.
Nemoura sp.
Rhabdiopteryx sp.
Nepa cinerea Linnaeus, 1758
Ranatra linearis (Linnaeus,
1758)
Notonecta obliqua Thunberg
1787
Sigara sp.
Aquarius najas (De Geer, 1773)
Gerris
gibbifer Schummel,
1832
Gerris argentatus Schummel
1832
Gerris sp1.
Gerris sp2.
Gyrinus (Gyrinus) colymbus Erichson, 1837
Gyrinus (Gyrinus) urinator Illiger, 1807
Gyrinus sp.
Hygrotus sp.
Hydroporus sp.
Platambus sp.
Ilybius sp.
Hydaticus sp1.
Hydaticus sp2.
Hydraena sp1.
Hydraena sp2.
Helophorus sp.
Hydrochus sp.
Laccobius sp.
Elmis sp.
Sialis lutaria (Linnaeus, 1758)
Sialis fuliginosa Pictet, 1836
Ecnomus
tenellus (Rambur,
1842)
Hydropsyche sp.
Agapetus sp.
Leptocerus sp.
Oecetis sp.
Helicopsyche sp.
Halesus sp.

+

+

Coenagrionidae

Odonata

Platycnemididae

Gomphidae

Corduliidae

Plecoptera

Libellulidae

Perlidae
Capniidae
Leuctridae
Nemouridae
Taeniopterygidae
Nepidae

Hemiptera

Notonectidae
Corixidae

Gerridae

Coleoptera

Gyrinidae

Dytiscidae

Hydraenidae
Helophoridae
Hydrochidae
Hydrophilidae
Elmidae
Megaloptera

Sialidae

Diptera

Trichoptera

Ecnomidae
Hydropsychidae
Glossosomatidae
Leptoceridae
Helicopsychidae
Limnephilidae
Pediciidae
Limoniidae
Tipulidae
Psychodidae
Dixidae
Culicidae
Simuliidae
Ceratopogonidae
Chironomidae
Stratiomyidae
Athericidae
Tabanidae

3

4
+

5

6

+

+

7

9

10

+

11

13

14

15

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

16

17

+

+

18

+

+

+

+

+

+
+

+

+
+

+

+

+

+

+
+

+
+
+
+
+
+
+
+

+
+
+

+
+

+

+

+
+

+
+

+
+
+

+

+

+
+

+

+

+

+

+
+

+

+

+

+

+

+

+
+

+

+
+

+

+

+

+

+

+

+
+
+

+

+

+
+

+
+
+

+

+
+

+
+

+

+
+
+
+

+
+
+

+
+
+

+

+

+
+

+

+

+

+
+
+

+

+

+

+
+

+
+

+
+

+

+
+

+
+

+
+

+
+
+

+

+

+
+

+
+

+

Dixa sp.

+
+

+
+
+
+

+
+

+

+

+
+
+
+

+
+
+

+
+
+
+

+
+
+
+

+
+
+

+
Haematopota sp.

12

+

+

+
+

+

+
+
+

+
+

+
+
+

+

+

+

Dolichopodidae
Empididae

8

+
+

Wiedemannia sp.

+

Syrphidae

+

1911

+
+
+

+
+
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[13] Nilsson, A. (ed.) (1996) Aquatic Insects of
North Europe. A taxonomic handbook. Vol.1:
Ephemeroptera. Plecoptera, Heteroptera, Megaloptera, Neuroptera, Coleoptera, Trichoptera
and Lepidoptera, Apollo Books, Denmark,
ISBN 87-88757-09-9, 274p.
[14] Nilsson, A. (ed.) (1997) Aquatic Insects of
Northern Europe. A taxonomic handbook, Vol.
2: Odonata. Diptera, Apollo Books, Denmark,
ISBN 87-88757-15-3, 440p.
[15] Gloer, P. (2002) Mollusca Süâwassergastro-poden Nord-und Mitteleuropas, Bestimmungsschlüssel, Lebensweise, Verbreitung. 73. Teil,
Conch Books, 327p.
[16] Zwick, P. (2004) Key to the West Palaearctic
genera of stoneflies (Plecoptera) in the larval
stage. Limnologica. 34, 315-348.
[17] Demirsoy, A. (2005) <DúDPÕQ7HPHO.XUDOODUÕ
2PXUJDVÕ]ODU ,QYHUWHErata ± %|FHNOHU'ÕúÕQda, Meteksan Press. Ankara. ISBN: 975-774626-6, 1210p.
[18] Demirsoy, A. (2006) <DúDPÕQ7HPHO.XUDOODUÕ
2PXUJDVÕ]ODU%|FHNOHU (QWRPRORML, Meteksan
Press., Ankara. ISBN: 975-7746-02-9, 941p.
[19] Oscoz, J., Galicia D. and Miranda R. (eds.)
(2011) Identification Guide of Freshwater Macroinver-tebrates of Spain, Springer, London.
ISBN: 978-94-007-1553-0, 153p.
[20] Bouchard, R.W. Jr. (ed.) (2012) Guide to
Aquatic Invertebrate Families of Mongolia
Identification Manual for Students, Citizen
Monitors, and Aquatic Resource Professionals.
Available Online. 218p.
[21] Zhang, Z.-Q. (ed.) (2011) Animal biodiversity:
An outline of higher-level classification and survey of taxonomic richness, Zootaxa, Magnolia
Press, Auckland- New Zealand, 3148: 1-237.
ISSN: 1175-5334 (online edition).
[22] Boyd, C.E. and Tucker., C.S. (1992). Water
Quality and Pond Soil Analyses for Aquaculture. Alabama Agricultural Experiment Station,
Auburn University, Alabama. 183, 71-107.
[23] Hacet, N. and Aktaç, N. (2009) Contribution to
the knowledge of Odonata fauna of Southern
Marmara Region of Turkey. Türk. Entomol.
Derg. 33(3), 171-178.
[24] Tanyolaç, J. (2011) Limnoloji-7DWOÕ 6X %LOLPL,
+DWLSR÷OX<D\ÕQODUÕ$OS2IVHW0DWEDDFÕOÕN
/WGùWL, $QNDUD%DVNÕISBN 975-7527-467, 294p.
[25] WWF-Turkey, (World Wide Fund for Nature)
(2015) Ya .DQDO<DøVWDQEXO5HSRUW$YDLODEOH
from: http://awsassets.wwftr.panda.org/ downloads/kanalistanbul170915.pdf
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The performance of a three-dimensional electrochemical (3D-EC) system for degradation of tetracycline (TC) in aqueous solution was investigated
within the framework of a three-factor, three-level
Box–Behnken (BBD) experimental design-based response surface methodology (RSM). Three independent variables (namely TC initial concentration
ranging from 20 to 100 mg/L, pH ranging from 3.0
to 9.0, and current density (CD) ranging from 1.02 to
15.38 mA/cm2) were coded as A, B, and C at three
levels (–1, 0, and 1), respectively. A second-order
(quadratic) polynomial regression equation was developed to estimate responses. The significance of
independent variables and their interactions were assessed using analysis of variance (ANOVA) at 95%
confidence interval. The results of the statistical
analysis demonstrated that three main effective factors and reactor performance were satisfactorily described by the derived quadratic polynomial model
(2 = 0.87, -value = 21.73, #-value < 0.0001). The
model adequacy was further examined using residual
plots. The results showed that the applied current
density had a significant positive effect, while the initial pH imposed a negative effect, and the effect for
TC was insignificantly negative. Based on the applied desirability function methodology, it could be
possible to obtain a TC removal efficiency of
89.22% under optimum conditions for the present
process-related variables (TC concentration = 28.9
mg/L, pH = 3.0, and CD = 15.38 mA/cm2).



Veterinary antibiotics (e.g., tetracycline) are
widely administered for the treatment of bacterial infections in human and to improve animal growth and
feeding. However, most of the ingested antibiotics
are excreted into the environment due to poor absorption, low metabolism, misuse and overuse. Conventional water/wastewater treatment units are not
able to adequately degrade these substances. Consequently, the widespread occurrence of pharmaceutical contaminants has emerged as a new serious challenge, due to their adverse effects on both human
health and ecosystems [1–3]. Tetracycline (TC) occurrence in water at high concentrations may lead to
severe diseases such as gastrointestinal irritation,
vomiting, diarrhea, and renal failure. Absorption of
TC into bones, is likely to alter the formation of stable calcium complex structures, resulting in decreased bone growth rate. Toxic effects of TC on developing fetus have been reported in animal-based
studies [4]. Due to its potential risks and ineffective
removal by conventional water treatment methods, it
is of great importance to explore efficient and low
cost treatment technologies for TC removal [5].
Various techniques, including chemical oxidation, catalytic degradation, membrane filtration, and
adsorption, have been established for the treatment
of antibiotics-containing solutions [6]. Among these
methods, advanced oxidation processes (AOPs) appear to be the most promising and popular option.
AOPs involve generation of highly reactive oxidation agents, such as hydroxyl radical (OH•), to degrade a target compound that cannot be oxidized by
a conventional oxidant [7, 8]. Among AOPs, electrochemical methods (ECs) have drawn significant attentions as alternatives for remediation of organically polluted wastewater [9–17]. On the other hand,

*(!#$
Three-Dimensional Electrochemical System, Tetracycline
Removal, Response Surface Methodology, Box–Behnken
Experimental Design, Modeling
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wastewater. For each experiment, a 200 mL of
freshly prepared TC solution was subjected to the
electrochemical process at initial concentrations
ranging from 20 to 100 mg/L. A synthetic solution
was used in this study to simulate real wastewater
samples by providing more experimental conditions’
reproducibility, more consistency characteristics,
and the possibility to achieve a reliable kinetic database [25, 26]. Na2SO4 (Merck-Millipore, USA) was
added to the solution as supporting electrode (SE) to
supply conductivity in the predetermined concentration of 1 g/200 mL. Afterwards, the solution pH was
adjusted to a given amount (3.0–9.0) using NaOH or
HNO3 1 N (Merck, Germany), and the process was
run at a desired current density (1.025–15.38
mA/cm2) at the fixed time of 20 min. Following this,
samples were taken from 2 cm of the solution surface, filtered by a 0.45 µm Whatman filter paper and
measured for TC concentration using an HPLC apparatus (Agilent Technologies Co. Ltd., USA), as detailed in our previous work [1]. The TC removal efficiency was calculated as stated elsewhere [27]. All
of the batch experiments were performed at the laboratory temperature and at agitation speed of 250
rpm.

their constraints –such as the short lifetime of electrode materials, low current efficiency, mass transfer
limitation, small space-time yield, low area-to-volume ratio, and increasing of temperature during the
process– could be overcome by coupling them with
a third dimension that simultaneously plays anode
and cathode roles. In a such reactor, called a threedimensional electrochemical (3D-EC) system, microelectrodes (generally consisting of carbon particles) are loaded between the two main electrodes as
the three- dimensional electrode [18–20]. Incorporation of a third dimension into the system results in a
high specific surface area as well as more reactive
sites and electrons. This in turn can improve the
elimination and/or reduction rate of the target pollutant [21].
Determining the relationship between variables
in a given process through multivariate statistical
strategies design methods such as factorial designs,
response surface methodology (RSM) and Taguchi
methods has generally been preferred over the onefactor-at-a-time (OFAT) approach for a variety of
reasons, including greater reliability, time and costeffectiveness, simplicity, and the development of a
model to predict new conditions, etc. [22]. Box–
Behnken design (BBD) is one of the most powerful
and efficient experimental designs of response surface designs, due to its capability of describing the
quadratic model, the building of sequential designs,
detection of lack of fit of the model, and using of
blocks. Moreover, it requires fewer experimental
runs and has specific positioning of the design points
[23]. More recently, RSM and artificial intelligencebased methods (i.e., artificial neural networks) have
been used jointly for solving problems, modeling
and optimization in environmental-related systems
[24].
This study aimed to investigate the performance of a 3D-EC system for TC removal from
wastewater. A second-order (quadratic) polynomial
regression within the framework of three-factor
three-level BBD-based response surface methodology (RSM) was developed to predict system behavior in TC removal. To the best of the authors’
knowledge, this is the first study that reports the application of 3D-EC system in a specific antibiotic removal and tests its performance using RSM. The results predicted by the RSM strategy were analyzed
for its predictive and generalization capabilities on
the process regarding the coefficient of determination (2), root mean square error (RMSE), and absolute average deviation (AAD).

A:0;4708=,6$0=>:The electrochemical experiments were conducted in a Plexiglas reactor with
a total volume of 300 mL and a working volume of
200 mL. Two stainless electrodes of 40 meshes were
purchased from a local market, and placed in a fixed
gap at 5 cm from each other as both cathode and anode electrodes, and each with a geometric surface
area of 29.25 cm2. The space between them was
filled with 10 g/200 mL granular activated carbon
(GAC, Sigma Aldrich, USA) that its characteristics
have been reported elsewhere [28]. GAC was selected as the particle micro-electrodes owing to its
superior features including low cost and high chemical stability [29]. Current density was supplied by a
DC power source (Dazheng PS-305D, China).
9A–0385080<428The influence of three
main effective factors, namely of TC initial concentration (mg/L), pH and current density (mA/cm2),
was explored on the 3D-EC process in terms of TC
removal efficiency (%). The factor values and the
corresponding ranges are given in Table 1. A Box–
Behnken design (BBD) was used to develop an experimental matrix, and to then evaluate the performance of the proposed system. As such, 17 experimental sets were conducted to assess the effects of
the independent variables at three levels of low (-1),
center (0) and high (+1) on the response (TC removal, %) as shown in Table 2.
The following second-order (quadratic) model
structure was used to analyze TC removal data according to the BBD matrix [30–33]:


%#$ %!$

3074.,6<,8/A:0;4708=,6,=0;4,6<All
of the used chemicals were supplied at analytical
grade. TC powder (purity ≥ 98%, Sigma-Aldrich
Co., USA) was used to simulate TC-containing
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where  is the process response or output (dependent
variable);  is the number of the independent factors;
 and  are the index numbers for pattern;  and 
define the natural (uncoded) independent factors; -i,
-ii, and -ij represent coefficients of first-order (linear); second-order terms (quadratic or squared), and
interaction terms, respectively; -0 indicates free or
offset term (also referred as intercept term); and ,
represents the random error or allows for discrepancies or uncertainties between predicted and measured values.



Variable

Symbol

Unit

TC initial
concentration
pH
Current
density

A

mg/L

20

Range and levels
CenHigh
ter
level
level
(+1)
(0)
60
100

B
C

mA/cm2

3.0
1.02

6.0
8.20

9.0
15.38

Step
change
value
(Δi)
40

3.0
7.18

=1

=

,

 

∑ ∑ (

−  

,

)2

( − )

−  , )2 (  −  )

=1 =1

(   ) /
=
(   ) /

(   ) / 1
(   −   ) /

1=
2



2

→  = ∑
=1

(2)

where # is the number of parameters in the model; 
is an index of each of the ! distinct ) values;  is an
index of the response variable observations for a
given ) value; !i as the number of  values associated
with the th ) value; ij is the experimental response
of run  and replicate ; pred,i is the response obtained
from using the proposed polynomial at run ; mean,i
is the observed mean of all the replicates at run ;
LOF is sum of squares due to lack of fit (LOF) ; PE
is sum of squares due to pure error (PE) ; E is the
total sum of squares due to error (E = PE +
LOF); 1 = (! – #) and 2 = ( – #) are the degrees
of freedom; and is the total number of observations.
In the present analysis,  and adj values are
determined by the following equations:

% 
A:0;4708=,6;,820,8/60?06<91=30<=>/40/48
/0:08/08=?,;4,-60<
Low
level
(–1)

∑  (

$=,=4<=4.,6 8,6B<4< Analysis of variance
(ANOVA) was performed using to obtain interactions between the dependent () and independent (A:
TC, B: pH, and C: CD) variables, as well as to test
the significance of the derived second-order model
for TC removal. For this purpose, a solution script
was written in the M-file Editor within the framework of MATLAB® R2009b software (V7.9.0.529,
The MathWorks, Inc., Natick, MA, US) to perform a
multi-way (!-way) ANOVA on the vector of the dependent variable.
Models were evaluated by an alpha (+) at 95%
confidence level (# = 0.05) to appraise the statistical
significance. It is noted that for any parameter to be
a significant model component its -value should be
higher and #-value (probability value) should be less
than 0.05. Additionally, the significance of any process-related parameter can also be analyzed using the
sum of square () value, and its higher value implies
more importance of the corresponding variable [33].
In the present analysis, non-significant terms (#
≥ 0.05) were eliminated from the initial model, unless a quadratic or interaction effect including that
factor would be significant. The quality of regression
equation was determined by the coefficient of determination (2), and its significance was judged by
Fisher’s statistical test ( -test). The number of significant terms and #-value of lack of fit (LOF) were
also used for judging quality or goodness of the fitted
quadratic model. Also, the  value should also be in
close agreement with the adjusted , which is denoted as a2.
The -statistic calculated within the scope of
ANOVA is expressed as follows:
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where tot is the total sum of squares (proportional
to the variance of the data), res is the sum of squares
of residuals (also referred as the residual sum of
squares), reg is the regression sum of squares (also
referred as the explained sum of squares), # is the total number of explanatory variables in the model
(without including the constant term); and ! is the
size of the sample, t is the degrees of freedom (! –
1) of the estimate of the population variance of the
dependent variable, and e is the degrees of freedom
(! – # – 1) of the estimate of the population error
variance.
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that the developed model was statistically significant
#$&%$ $&$$! 
for removal of TC. The studied variables’ effective
ness can be visualized in Pareto chart (Figure 1).
8,6B<4< 91  To determine the most important effects and interactions of variables, analysis
of variance was calculated from the obtained responses using a Design Expert 10.0.4 (Stat-Ease,
USA), running on a CPU N280 (Intel® Atom™ Processor 1.66 GHz, 0.99 GB of RAM) PC. The BBDbased experimental design matrix, as well as the obtained and predicted values, are all presented in Table 2. The ANOVA results of the model are given in
Table 3. A confidence level of 95% was used to determine whether a term is statistically significant.
The -test and #-value were used to measure the
significance of the coefficients, in which a greater
&# 
absolute -value and a smaller #-value result in a
",;0=9.3,;=91=30?,;4,-60<0110.=<98%
term to be more significant [34]. The -value 21.73
;079?,601E.408.B
and a very low of #-value (< 0.0001) corroborated

% 
9AD038508/0<4287,=;4A@4=3=3;0048/0:08/08=?,;4,-60<0A:;0<<0/488,=>;,6>8.9/0/>84=<
19;%;079?,6-B <B<=07
TC removal efficiency
Error
(%)
Standard order
Run
Leverage
A: TC
B: pH
C: CD
Actual
Predicted
,(%)
9
1
0.31
60
3.0
1.025
35.58
35.30
0.28
5
2
0.31
20
6.0
1.025
20.3
29.4
–9.10
12
3
0.31
60
9.0
15.38
69.69
69.97
–0.28
13
4
0.06
60
6.0
8.2025
50.5
53.66
–3.16
17
5
0.06
60
6.0
8.2025
55.83
53.66
2.16
2
6
0.31
100
3.0
8.2025
65.23
60.60
4.63
16
7
0.06
60
6.0
8.2025
45.25
53.66
–8.41
6
8
0.31
100
6.0
1.025
7.69
12.60
–4.91
14
9
0.06
60
6.0
8.2025
59.88
53.66
6.21
8
10
0.31
100
6.0
15.38
80.37
71.27
9.10
15
11
0.06
60
6.0
8.2025
56.86
53.66
3.19
3
12
0.31
20
9.0
8.2025
48.77
53.40
–4.63
4
13
0.31
100
9.0
8.2025
36.04
44.86
–8.82
1
14
0.31
20
3.0
8.2025
80.45
71.63
8.82
11
15
0.31
60
3.0
15.38
74.72
88.45
–13.73
7
16
0.31
20
6.0
15.38
78.95
74.04
4.91
10
17
0.31
60
9.0
1.025
33.54
19.81
13.73
% 
8,6B<4<91?,;4,8.0 !'19;%;079?,6-B <B<=07
Factors





Model
A: TC
B: pH
C: CD
Residual
Lack of Fit
Pure Error
Cor Total

6104.95
191.49
576.98
5336.48
1217.38
1083.02
134.35
7322.33

 

2adj

0.87

0.80

  
      

 


 

$" >

Status

3
2034.98
21.73
1
191.49
2.04
1
576.98
6.16
1
5336.48
56.99
13
93.64
9
120.34
3.58
4
33.59
16
'$&%' $*%&&%&%$%#"!%

< 0.0001
0.1763
0.0275
< 0.0001

Significant

0.1158

Not significant

2predicted

CV%

Std. Dev.

PRESS

BIC

AICc

0.67

18.29

9.68

2416.05

132.19

132.19

-2 Log Likelihood
120.85

 = Sum of squares,  = Degrees of freedom,  = Mean sum of squares,  is the subscript indicating the error,
and# values < 0.05 were considered to be significant.
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According to Figure 1, first-order (linear) terms
of current density and pH, and initial TC concentration showed the strongest effect on the removal of
TC by the studied 3D-EC reactor. However, the effects of second-order terms (quadratic or squared)
were found to be statistically insignificant. The interaction terms were not included in the table, due to
their insignificant impact on the process. The value of 3.58 for LOF implies a good fit of the
model, thus confirming the suitability of the linear
model for predicting the real behavior of the 3D-EC
process. The values of 0.87 and 0.80 for 2 and adjusted 2, respectively, indicate that this model could
satisfactorily predict the system performance of the
studied design space for various conditions. Adequate precision (AP) is a measure of the range in the
predicted result relative to its corresponding error (in
other words, a signal-to-noise ratio). An AP ≥ 4 is
preferred for a good model [35]. The ratio of 14.62
indicates the model signal is sufficient and could be
used to navigate the design space. The analyses gave
the following semi-empirical expression for the removal of TC:

is another applied visual tool for verifying the
model’s adequacy. In this plot, the residuals should
not follow a recognizable pattern (i.e., an increasing
or decreasing trend). As shown in Figure 2b, a random scatter of the residuals across the middle red
line indicates that the model behaves well, and that
the constant variance assumption is satisfied.
The residual versus observation order plot is
useful for finding time-related lurking variables
which could affect the response during the experiment [36, 37]. No observable trend in Figure 2d
demonstrates independence of the residuals of time
or any other considered parameter(s). Overall, the residual plots also corroborate that the proposed model
could adequately predict the removal TC by the proposed 3D-EC system.

!:=474C,=498 &<482 0<4;,-464=B >8.=498
The optimization of the present 3D-EC system was
implemented using the desirability function approach to identify the optimum values of TC removal
efficiency. Thus, the response (TC removal) was targeted as “maximum” to achieve the highest performance or desirability value, and the desired targets
for the operational parameters (i.e., TC concentration, pH, and current density) were selected as within
the studied experimental range. This methodology
was used to optimize (and hence maximization) the
overall desirability function based on the response
objective. The results of regression analysis indicated that the optimum values of selected variables
were obtained as TC concentration = 28.9 mg/L, pH
= 3.0, and CD = 15.38 mA/cm2 (Figure 3). Approximately 89% TC removal rate was estimated by the
derived model under optimized operational conditions (Figure 3).

  "(  = 65.5 – (0.156 × ) – (9.87 × # )
+ (4.84 × ) – (0.00081 × 2) + (0.584 × # 2) – (0.108
× 2) + (0.0052 ×  × # ) + (0.0122 ×  × )
(6)
– (0.035 × # × )

Model adequacy was further investigated
through residual plots (Figure 2). Residual plots,
which describe the difference between the obtained
predicted values for a response, are considered as an
important tool to examine the adequacy of the model.
For example, normal probability plot of residuals is
graphical tools to specify whether the residuals are
normally distributed. Figure 2a shows no substantial
residuals’ departure from the straight red line, indicating that normality assumption is valid for the defined model. The plot of residuals versus fitted value

&# 
#0<4/>,6:69=<19;%;079?,60114.408.B,89;7,6:;9-,-464=B-;,8/97<.,==0;
.34<=92;,7/9-<0;?,=4989;/0;
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the TC molecule, and the improvement of their reactivity to the highly nucleophilic OH● [41].

The desirability function was found to be 1.0
for these optimum conditions. It should be noted that
this removal efficiency value was predicted for the
system where a 5 cm gap between the electrodes had
been employed.



816>08.091=30$428414.,8=110.=4?0",;,7
0=0;<98=30";9.0<<As stated in the previous section, the linear terms have significant effect on the
process. To gain a deep understanding of their effect,
three dimensional plots (which are also called surface plots) can be helpful as presented in Figure 4.
The order of main effects influence, which can be
visualized with the Pareto chart (Figure 1) found to
be as current density, pH, TC concentration, respectively. On the other hand, the negative effect for TC
initial concentration and pH, as well as the positive
effect for current density are presented in Eq. (6).
The effect of current density on the studied process
can be enhanced through the dominance of electrooxidation reactions in TC degradation [19]. No substantial change in the applied voltage during the experiments (data are not shown) indicates that electrodes were not affected by a significant deterioration or passivation phenomena [38]. The negative effect of initial TC concentration on its removal could
be ascribed to the competitive consumption of limit
oxidizing hydroxyl radicals (OH●) by TC molecules
and the introduced intermediates [39].
Various charges are dictated on the surface sites
of TC molecules under different pH values of the solution. At pH values below 3.3, for example, TC
molecule convert into a cation form (i.e., TCH3+) that
results from the protonation of dimethyl ammonium
(C2H8N) group. At high pH values (> 7.7), an anion
form of TC molcoule (TCH− or TC2−) will be dominant because of the loss of active protons from the
tri-carbonyl system and phenolic-diketone moiety.
At the pH values between 3.3 to 7.7, on the other
hand, a zwitterion form, (i.e., a neutral molecule having positive and negative electrical charges simultaneously), such as TCH20, may be formed [40]. Therefore, the rate of TC removal at low pH values can be
enhanced through protonation of amino groups on





&# 
#0<:98<0<>;1,.0:69=<<39@482=300110.=91.>;
;08=/08<4=B%484=4,6.98.08=;,=498,8/:98
=30;0<:98<0?,;4,-60

/08=4E.,=4989102;,/,=4988=0;70/4,=0<
To clarify changes in structural and characteristics of
TC, its decomposition by the 3D-EC process was
monitored by representative UV–vis spectra variations in the solution at different reaction times (Figure 5). Two major characteristic peaks at 288 and
359 are attributed to aromatic ring A, including the
adjoining acylamino and hydroxyl and aromatic ring
B-D comprising the extended chromophores in the
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pects are beyond the scope of the present study, future investigations may potentially provide new insights.

molecule, respectively [42]. As depicted in Figure 5,
the intensity of the absorption peaks decreases as the
EC process goes forward. The absorption peak of TC
at 359 nm significantly disappeared after 20 min, and
the peak at 288 nm decreased with the electrolysis
time. A slight hypsochromic shift that was detected
in the system indicated that, simultaneously to the
consumption of tetracycline, intermediates with
chemical structures similar to TC could be continuously produced [43].

 !( %$
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in Jordan [1, 7].
Maggots in eyes rare in both developing and
developed areas due to awareness and relatively easy
access to ophthalmic facility as compared to past.
However, this entity is still present and sometime
ophthalmologist come across such type of cases [5,
2, 3].
The aim of this investigation is to highlight the
proper way for extracting eye parasitic larvae and
mounting them on the right temporary media for and
taxonomical study. In addition to identify and diagnose human eyes injures caused by the sheep Botfly
   L. This might help physicians to successfully treat patients' eyes from this fly maggot
which rarely occurs in Jordan, despite being common in Asia, Africa and North America.

The definition of myiasis is the infestation of
the tissues or organs of animals or man by fly larvae.
In this report study, two cases of Ophthalmomyiasis
externa were caused by the sheep nasal botfly, 
  . The objective is to highlight the importance of bearing this differential in mind when
coming to examining patients with conjunctivitis,
beside the usual and more common types such as viral and allergic conjunctivitis especially in developing countries. In addition, to know the importance of
prompt diagnosis and management of this entity, one
should know how to preserve the larvae for identification by the entomology specialist.
&$ 
Jordan, Larvae,   Ophthalmomyiasis, Sheep
nasal botfly

  !!
A thirty five year-old male patient presented to
the Emergency Department (ED) at Ibn Al Haytham
Hospital, Amman the capital of Jordan in Oct., 2013
(early rainy fall season) complaining of foreign body
sensation in the right eye that has started 4 hours ago.
This occurred after he noticed that a fly hit him in
the eye while driving to the Dead Sea (417 meters
under sea level) 104 km away from Amman. The foreign body sensation has begun, which was associated with redness, lacrimation, mild itching and mild
swelling. The other patient was a 40 year-old male
patient who came to the ED in Nov., 2013, complaining of foreign body sensation, swelling, lacrimation,
and discomfort in his left eye. These symptoms have
begun to appear 5 hours prior to presentation, while
he was walking in a street in Amman. On examination of both patients, there were mild periorbital
swelling, conjunctival hyperemia, chemosis, punctuate epithelial erosions and transparent, moving maggots (1 mm) in the fornix, bulbar conjunctiva, and
under the upper eyelid. The maggots were segmented and had two large dark oral hooks connected
to a white skeleton with translucent bodies. Fifteen
maggots were extracted from the first patient eye and
eighteen from the second patient eye (Plates 1 and
2).

!"!
The term myiasis is used for the invasion of living, dead, or necrotic animal or human tissues by larvae (maggots) by Dipterious (two-winged) flies [1,
2, 3]. An ocular involvement occurs in about less
than 5% of all the cases of human myiasis [4]. Ocular
myiasis is divided into orbital, internal or external,
based on site of larval infestation. Larva with invading habits causes orbital and internal ophthalmic
manifestation leading to destructive ophthalmic
manifestation. External ophthalmic myiasis refers to
superficial infestation, specifically to infestation that
involves the lids and conjunctiva in man [5]. The
sheep nasal botfly,    L. (Diptera:
Oestridae) is responsible for most cases of external
ophthalmomyiasis and was described for the first
time in 1947 [6, 2, 3], while the human botfly
(   
 is the most common cause of
cutaneous myiasis [5, 8, 9], ophthalmic myiasis has
been reported from different parts of the world
[9,5,6, 2, 3]. Several reports on sheep nasal botfly
infesting human eyes in south East Asian countries
[9, 5, 10, 2, 3], Africa [6] and North America [9].
Very few reports on this parasite have been recorded
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The maggots avoided the slit lamp beam, as
they were photophobic. Their mobility did not slow
after instillation of oxybuprocaine (0.4%). The maggots were removed from the two patients' eyes using
forceps. The maggots from the first patient were divided into 2 groups; the first group was placed in a
sterile c cup on a piece of gauze and closed tightly.
The second group was placed in 74% ethanol alcohol
cup and closed tightly. These preserved maggot samples were sent to the entomologist next day for identification. The entomologist reported that the maggots' bodies were analyzed and about to disappear
due to the ethanol for the second group. The maggots
of the first group on the gauze also disappeared and
nothing appeared to identify. He could barley identify them and depended mostly on the initial description on the label as    larvae. The maggots

from the other patient were also removed by forceps,
but this time they were preserved in oily liquid glycerin as recommended by the entomologist. Next day,
the entomologist report came back strongly positive
and confirmed as   . The two patients had
a thorough anterior segment examination looking for
sites of penetration or signs of internal involvement
(including dilated fundus examination) which was
all negative. Then they were discharged on Apisal
(sodium chloride, AP) eye ointment and Tobradex
(tobramycin dexamethasone, Alcon) eye ointment
four times daily. On follow up examination, two
days later of patients, no remained maggots nor their
debris could be found and the patients were happily
free of symptoms.

! 
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2nd and the 3rd instars. When the 3rd instar reaches
its maximum size (20 mm), it will move back to the
nasal passage and then the animal sneezes it to drop
down to pupate in puparium in about 2.5 cm depth in
the ground [12 ,2, 3]. It needs three weeks in a warm
weather and up to one year to complete the life cycle.
The sheep botfly is distributed in several countries in
the world. It has been documented in the Mediterranean countries, Middle East, North America, Central
America, Australia, South America, South Europe
and South Africa [8, 13, 2, 3]. The sheep botfly has
been recorded to infest humans' eyes, less frequently
than the nose[14, 8, 9] but not a normal host.
However, the placed first larval instar in the human eye is unable to develop more [11]. The 
  larvae have no bite organisms and are unable to
secrete proteolytic enzymes, so that they are mostly
confined to the outer membranes of the eye [7].

Larvae of sheep botfly adult is considered to be
an endoparasite of animals, it is a honeybee like with
10-12 mm length, with a dark yellow legs and head,
and the body is slightly hairy and banded with dark
grey color [11, 2, 3]. The ovarieoles develop to complete mature eggs on the two ovaries inside the abdomen of the fertilized insect female and then hatch
the 1st larval instar in the insect body. The larva has
three instars, of which live in the animal body. The
insect all female adult gives birth of the 1st larval
instar into the nearest animal, particularly sheep. It
drops the larva from the nearest distance (0.5 meter
or less) to animal nose. The dropped tiny mucous
larva penetrate its way through the nasal passage to
the sinuses and then to the head [12, 2, 3]. In these
animals' parts, the larva will develop and make the
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However, small conjunctival hemorrhages may be
apparent at sites where the larva clings with its
mouth claws. In man, the larvae cannot survive beyond the first larval instar and are believed to die
within ten days if not removed. In the human conjunctiva, they can cause a great deal of irritation, lacrimation, pain and inflammation, which should be
differentiated from an allergic reaction or viral conjunctivitis. As the larvae are small [7] quickly avoiding the slit lamp beam, they can be easily overlooked. Exact taxonomic classification of dipterous
larvae that have been removed from superficial parts
of the eye is important for estimating the potential
penetration of possibly remaining larvae not found
during slit lamp examination. Removed larvae
should be preserved in liquid glycerin on a glass
slide (which might be covered with a cover slip), although the literature states that it should be preserved
in 70% alcohol [14] (which did not work with us)
and sent to for examination. Besides the mechanical
removal, it is said that the patient may be treated by
systemic antifungal medications like mebendazole
[15]. In contrast, to the present experience, topical
anesthetics are said to paralyze the larvae. Topical
steroids relieve symptoms on both of the patients.
Topical antibiotics are useful in preventing secondary infection by bacteria. Hypertonic saline may be
used to dehydrate the remaining invisible maggots
[7]. Follow-up examination is recommended to
avoid the possible complication of internal Ophthalmomyiasis.
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" 
Depending on the investigation of this research
several points could be concluded as follows; Patients presented with unilateral conjunctivitis originally from developing countries coming back from a
tour from African, Asian or North American countries, larval infestation with sheep nasal botfly
should be ruled out. Taxonomic differentiation is important. It’s advisable to mount the removed larvae
from infested human eyes in liquid glycerin as temporary media rather than 70% alcohol solution.
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TOWARD LOCAL WHEAT VARIETIES:
THE CASE OF AEGEAN REGION
Havva Ece Salali*, Ela Atis
Ege University, Faculty of Agriculture, Department of Agricultural Economics, 35100, Izmir, Turkey

meaningful in terms of discussing the subject both
LQSURGXFHUV¶DQGFRQVXPHUV¶GLPHQVLRQ Turkey is
the center of many important cultural plants and
other plant species, furthermore cultivated types
showing more than 100 variation. As stated in the
VWXG\ ZKLFK KDYH GRQH E\ ùHKLUDOL HWDO [1], it is
observed that the gene centers of wheat in Turkey
are in Thrace and Aegean Region. In this study,
considering this property of the wheat, Afyon,
.WDK\D0DQLVDDQG8úDNSURYLQFHVZHUHVHOHFWHG
as a research area. The study covers the area of
Aegean Region. As producer dimension, two towns
and villages which connected to the provinces of
Afyon, Kütahya 0DQLVD DQG 8úDN ZHUH LQFOXGHG
in the study. In the research area, in terms of conservation of local wheat varieties, data of the producers were obtained by survey method. The original data for the consumers used to determine the
sensitivity of selected FRQVXPHUVLQø]PLUSURYLQFH
also has been obtained with the interviews of survey method.
In this study, both willingness to accept of the
producers and willingness to pay of the consumers
have been tried to determine with the contingent
valuation method. There are many studies that contingent valuation method used in the conservation
of biodiversity. In a study conducted by Ninan et al.
[2]; the conservation of the global gene pool also
mean conservation of global public goods while the
conservation of many ecosystem services has also
been recognized as conservation of local goods.
Also, for the conservation of biodiversity and wildlife, the assessment related to ³ZLOOLQJQHVV WR SD\´
DQG ³ZLOOLQJQHVV WRDFFHSW´ was analyzed. Surveys
were conducted with 305 households whom located
in various villages, for these analyzes.
Loureiro and Hine [3]; assessed consumer
preferences in order to explore potential niche markets for local, organic and non-GMO potatoes.
They compared, different qualitative with the effects of consumers¶ willingness to pay and determined consumer preferences affected by sociodemographic characteristics. As a result of the
study, for Colorado grown; local potato varieties
appeared a higher willingness to pay for the products which are organic and GMO-free.

ABSTRACT
Turkey can use the very least of existing potential in breeding, cultivation and production for
various reasons despite the wealth of agricultural
resources that constitutes a very important economLF SRWHQWLDO 7KHUHIRUH LW¶V YHU\ LPSRUWDQW WR SUR
tect agricultural biodiversity and provide the susWDLQDELOLW\,QWKLVUHVSHFWSURGXFHU¶VZLOOLQJQHVVWR
accept for the overpayment due to the production of
local varieties is important. Therefore, the amount
RI SD\PHQW ZKLFK WKH SURGXFHUV¶ ZLOOLQJ WR DFFHSW
was determined against producing local wheat varieties. A certain price was offered to the producers
for both registered and local varieties and asked
how much they want to produce in addition to the
H[LVWLQJ ZKHDW SURGXFWLRQ 7KH SURGXFHUV¶ DFFHSW
has been formed by probit model under contingent
valuation scenario. Also, the value of the consumHUV¶ZLOOLQJQHVVWRSD\IRUWKHEUHDGREWDLQHGIURP
the local wheat variety has been identified. The
relationship between the acquisition of amount
payment within the context of contingent valuation
scenario and other explanatory variables were creDWHG ZKHWKHU WKH FRQVXPHUV¶ ZLOOLQJQHVV WR SD\
amount obtained by probit model. It was detected
that producers agreed to produce the local wheat
variety in the case that they got additional 0.50.- TL
premiums. According to another model result, the
value of consumers' willingness to pay was determined as 2.00 TL.

KEYWORDS:
Contingent Valuation, Local Varieties, Willingness to
Pay, Willingness to Accept

INTRODUCTION
In conjunction with the increase in environmental problems, issues such as conservation of
natural resources, economic valuation of biodiversity, the conservation of local varieties have become
important. Many studies have been conducted in
different points of view and in different methods in
this field. Incurred studies considered either the
producers or consumers only. This study is
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TABLE 1
Distribution of total sample volume for the producers according to the villages
Province
AFYON
KÜTAHYA
0$1ø6$
8ù$.

District

Village

Zone

Bolvadin
Çobanlar
Simav
$OWÕQWDú
Akhisar
Kula
Merkez
Banaz

'LúOL
Kocaöz
.XúX
%HúNDUÕú
+DQSDúD
Gökçeören
Susuzören
Büyükoturak

Lowland
Hillside
Hillside
Lowland
Mountain
Lowland
Lowland
Hillside

TOTAL

%
16.48
9.13
15.52
10.45
8.82
16.27
10.75
12.58
100.00

p) were taken as 0.50. Villages are proportionally
distributed according to the number of farms that
will create the sample, in selected eight villages
(Table 1). Accordingly, the surveys are conducted
with 124 producers in selected eight villages.

MATERIALS AND METHODS
The main material of this study consists of the
data obtained from the surveys conducted with
producers in selected villages of the districts of
Afyon, Kütahya, 0DQLVD DQG 8úDN DQG FRQVXPHUV
LQ ø]PLU SURYLQFH WKH GLVWULFW RI %RUQRYD All producers who grow wheat in the area have been the
main population. To determine the main population,
a preliminary study has been carried out in Afyon,
.WDK\D 0DQLVD DQG 8úDN Srovince basis. Within
the results of the preliminary study, two districts
where has the highest wheat cultivation area in the
Aegean Region, of the province were selected.
$FFRUGLQJ WR ZKHDW SURGXFWLRQ TXDQWLWLHV¶ IURP
Afyon province of Bolvadin and Çobanlar districts,
.WDK\D SURYLQFH RI 6LPDY DQG $OWÕQWDú GLVWULFWV
Manisa province of Akhisar and Kula districts and
8úDN SURYLQFH RI 0HUNH] DQG %DQD] GLVWULFWV DUH
determined. A village has been selected from each
district. The geographical location of the selected
districts and villages is given in Table 1.
The consumer part of the study was conducted
LQø]PLUSURYLQFHRI%RUQRYDGLVWULFW When, having
a large district in terms of settlement, being different educational and income level of people, taking
place of some university campus, also the characteristics such as being too many commercial activity besides the industrial activities taken into account, it is thought that being carried out the consumer part of the research in the Bornova district
would be appropriate.

Selection of consumers. As stated above,
consumers have been selected from the province of
ø]PLURI%RUQRYDGLVWULFWGXHWRWKHIHDWXUHVVXFKDV
intensive cultural activities, developed in terms of
residential areas including several universities.
Population of all neighborhoods of Bornova district
ZHUH GHWHUPLQHG DFFRUGLQJ WR ³ \HDUV RI DG
GUHVVEDVHGSRSXODWLRQUHJLVWUDWLRQV\VWHP´DQGE\
proportioning the total population of Bornova, the
first 10 neighborhoods which were having the most
population, taken in the research. Accordingly,
neighborhoods of (U]HQH .D]ÕPGLULN <HúLORYD
$WDWUN øQ|Q, 'R÷DQODU 0HYODQD 5DIHWSDúD
Evka 3 and .Õ]ÕOD\were selected. In the study, the
number of consumers interviewed with was calculated by the proportional sample size formula. In
the same formula, n: sample size, N: population of
Bornova district, P: ratio of consumers who know
local wheat varieties. To reach the maximum sample size; p and (1-p) were taken as 0.50. Considering the population of 409.009 of Bornova district,
face to face surveys conducted with 120 consumers.
All the streets in the district, determined randomly
with the help of 3D City Guide which is updated
continuously by Izmir Metropolitan Municipality.
Likewise, the election of households in all the
streets was carried out randomly.
The study, deals with analyzing the willingness of the producers and consumers to participate
in a hypothetical biodiversity protection program
for local wheat species in specified provinces located in the Aegean Region. Hypothetical protection
programs are presented to the producers and the
consumers in the form of alternative scenarios. For
this purpose, based on the contingent valuation
method, the producers were asked their willingness
to accept and the consumers were asked their willingness to pay for the products. We utilized the
contingent valuation method which is a non-market
valuation method and used where it is impossible to
benefit from market data, in valuation of the local
wheat varieties. The contingent valuation method is

Selection of producers. When selected eight
villages from the identified districts existing number of farms in wheat production is 1972 placed in a
proportional sample size formula given below, the
total number of surveys is minimum 124 [4; 5].
According to this;

n

Sample Size
Number
24
12
20
10
9
22
13
14
124

Np (1  p)
( N  1)V p2Ö x  p(1  p)

n: Sample size
N: Total number of farms producing wheat in
designated villages
p: The ratio represents the farmers produce local varieties.
To reach the maximum sample size; p and (1-
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this scenario. The producers were asked how much
additional area they would be willing to use to
produce wheat in addition to their existing wheat
production areas by offering them, prices within
different price sets for both the registered species
and the local species. The price sets are as follow;

recognized as the best approach in valuation of
endangered species [6]. In cases where preferences
of individuals for factors such as environmental
quality, natural resources and healthy food are not
observed in the market and reflected in the market
prices, it is impossible to determine monetary values of such characteristics. The method recommended to be used in such cases is the contingent
valuation method [7; 8].
The contingent valuation method, being a stated preference method, is based on the stated, i.e. the
directly and specifically expressed, demands of
individuals in respect and for the purpose of the
valuation of environmental products and services.
Surveys addressing this try to determine how much
the individuals would be willing to pay for the
improvement or enhancement of such a factor (willingness to pay) or how much they would compensate if such a factor runs short or loses value (willingness to accept), if an environmental factor was
marketable [9]. This method has been developed for
the purpose of determining the values of products
and services without a market price [10].
In the contingent valuation method, the individuals are directly asked questions about their
preferences. For example, the questions asked to
consumers are about the amount of money individuals are willing to pay in order to benefit or continue to benefit from the advantages provided by
healthy food. One of the most important factors of
the contingent valuation scenario is about how to
ask the questions. The survey presents a certain
monetary value to a respondent. In this study, we
primarily asked the following question to the consumers along with the following explanation in the
questionnaire;
"The bread loaf you buy every day bears the
VWDWHPHQW UHDGLQJ ³the flour used in the production of this bread has been derived from local
wheat varieties´ on it. Accordingly, the price of
this bread is 2.50.-TLേ (2.50.-TL=1.60 $ (2010
Exchange Rate; 1$=1,56.-TL)
Would you buy this bread which is sold for
2.50.-T/േ per loaf and guaranteed to be produced
from local wheat varieties?
In order to measure the consumer's demand
against different prices, the consumer was primarily
asked whether he/she would be willing to pay the
initial price given in the question above using an
auction method. While a consumer who accepted
the price is provided with a higher price offer, the
consumer who didn't accept it was offered a lower
price. The auction was finalized when the willingness to pay was reached at a certain point and the
consumer was asked "What final price would you
like to pay?".
Within the survey, a contingent valuation scenario was also designed for the producer and the
payment amount the producers would accept for
their production of the local wheat varieties within

Offered Price Sets
Registered (0.60); (0.55); (0.50); (0.45); (0.40)
variety
Local
(0.73); (0.72); (0.57); (0.53); (0.52)
variety

Area (daa)
-

Accordingly, the payment amount the producers accepted was obtained by creating a probit
model within the contingent valuation scenario
based on the evaluation of their responses. The data
organized in accordance with the contingent valuation method was analyzed using the probit model.
The probit model is one of the models developed in
order to eliminate the problem of "deviation of
estimated probability values from the range of 0
and 1" which is the most significant problem in a
linear probability model [11].
The probit model used to determine the tendency of the consumers to buy the bread guaranteed
to be produced from the local wheat species and to
determine the amount of payment the producers
would accept for producing such local wheat varieties is a discrete selection model whose parameters
are nonlinear. As one of the regression models
where dependent variables or response variables are
0-1, in other words bipolar, the probit model is
based on the Utility Theory developed by Mc Fadden [12]. Accordingly, individuals select the one
which will provide the maximum benefit for them
among the alternatives they encounter with a rational selection approach.
In the probit model, estimators are obtained
using the ML (maximum likelihood) method. In
limited dependent variable models like probit, it is
assumed that the state of accepting or rejecting the
price offered to the producers depends on a nonobserved utility index, i.e., Ii. The utility index is
dependent on the independent variable set (X) representing the characteristics of the producer. The
probability of accepting the offered price increases
to the extent that the utility index present positive
values [12].
Ii index can be expressed in the form of,
Ii ;ǯȕ ȕȠ + ȕi Xi
The willingness to accept the stated increase in
production divides into two response categories
depending on the acceptance or rejection of the
offered price by the producers. Those who accepted
the offered price are coded with 1 and those who
didn't are coded with 0 [13]. The contingent valuation questions of the consumers were asked in form
of an auction. The probit analysis is organized according to the responses obtained against the
amount of increased or reduced prices as applied to
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tion scenario, the amount which the producers willing to accept is calculated by a simple comparison
based on a demographic variables (Table 3). According to the results, while the youngest of the
producers accepting the highest average price for
local variety, the older ones are accepted the highest average price for registered varieties. Considering the education category, while the ones whom
are primary school graduated accepting the highest
average price for registered varieties, university
graduated ones are accepted the highest average
price for local varieties. When determining income
category, the producers who are in the lowest income group were accepted the highest average
price for local varieties. This is an expected result.
The association between the obtained payment
amount under contingent valuation scenario and
other explanatory variables being put forward to by
forming probit model and generated consXPHUV¶
willingness to pay amount.

the consumers. The probit analysis enables estimation of the effect of an independent variable required to achieve a certain percentage of dependent
variables.

RESULTS

Dependent and independent variables were
used while the probit model created. According to
the model, it is determined that quoted price variable generating a positive impact on willingness to
accept premium. 3URGXFHU¶V HGXFDWLRQ OHYHO DQG
RWKHU YDULDEOHV VXFK DV DJH GLGQ¶W KDYH any effect
on willingness to accept of the quoted price.
$FFRUGLQJO\SURGXFHUV¶ ZLOOLQJQHVVWRDFFHSW
premium to produce local wheat varieties is calculated as 0.50 TL/kg. (Table 2). This result shows
that if the producers receive additional 0.50 TL/kg.
premium they accept the local wheat production.
In addition the scope of the contingent valuaTABLE 2
Probit model estimation for producers
Variable
Constant
Quoted price (TL)
3URGXFHU¶VHGXFDWLRQOHYHO \HDU
Number of family members
3URGXFHU¶VDJH
Total wheat growing year
Total cultivated land (daa)
Dependent Variable
Number of observations
Log likelihood function
Number of parameters
Restricted log likelihood
McFadden Pseudo R-squared
Chi-squared
Degrees of freedom
Hosmer-Lemeshow chi-squared
P value
WTA
* (significant)

Coefficient

St.Error

b/St.Error

P[|Z|>z]

Mean of X

-0,70553293
2,25294145
-0,03326736
0,00171987
-0,00252191
-0,00598169
0,00086661

0,70011284
0,82552069
0,03691869
0,01946438
0,01120229
0,00888662
0,00073974

-1,008
2,729
-0,901
0,088
-0,225
-0,673
1,172

0,3136
*0,0064
0,3675
0,9296
0,8219
0,5009
0,2414

0,560
6,298
5,572
51,920
32,258
109,596

Acceptance of the quoted price
248
-164,7883
7
-170,7374
0,0348433
11,89812
6
14,49150
0,06982
0,503518
Į 

TABLE 3
0HDQRIZLOOLQJQHVVWRDFFHSWRIWKHSURGXFHUV¶DFFRUGLQJWRGHPRJUDSKLFYDULDEOHV

Age category

Education category

Income category

30<
30-39
40-49
50-59
60-69
70>
<6
<9
<12
<16
<2500
2500-5000
5000-7500
7500-10000
10000-12500
>12500

Accepted Average Price for Registered Type
0,52
0,53
0,51
0,49
0,48
0,57
0,51
0,49
0,50
0,50
0,45
0,51
0,50
0,50
0,49
0,51

1931

Accepted Average Price for Local Type
0,64
0,63
0,63
0,63
0,61
0,62
0,63
0,59
0,61
0,66
0,69
0,64
0,62
0,61
0,64
0,60
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TABLE 4
Probit model estimation for consumers
Variable
Constant
Whether purchase from the price of
the bread produced from local wheat
variety
Age
Educational level
Household income
Amount of daily bread consumption
Knowledge about local wheat
variety
Food safety factor affecting purchase decision
Importance of wheat generating
from local varieties of seed

Coefficient
0.064

St.Error
0.477

b/St.Er.
0.135

P[|Z|>z]
0.8922

Mean of X

-0.715

0.041

-17.143

*0.0000

2.495

-0.001
-0.093
0.191
-0.118

0.003
0.046
0.056
0.023

-0.331
-2.017
3.370
-5.136

0.7404
*0.0437
*0.0008
*0.0000

41.981
4.010
1.851
2.975

0.231

0.065

3.533

*0.0004

1.461

0.202

0.082

2.472

*0.0134

4.649

0.123

0.057

2.151

*0.0315

4.075

Number of observations
Log likelihood function

Whether purchase for the bread
which is guaranteed to be produced
from local wheat variety
1093
-525.2260

Number of parameters

9

Restricted log likelihood
Mc Fadden Psuedo R-squared
Chi-squared

-735.5206
0.2859126
420.5892

Degrees of freedom

8

Hosmer-Lemeshow chi-squared
P- value(deg.fr.8)
Willingness to pay (TL)
* (significant)

9.09432
0.33440
2.003154
Į 

Dependent Variable

of the bread will be measured by the amount of the
cake that he will afford to give up to get a bit more
bread. The extent of how much an individual will
pay for a good is, at the same time, an extent of
how much this person will sacrifice from all other
goods and services to get this good. This is called
as willingness to pay. When people buy a marketed
good, they compare the price they are willingness
to pay for that good with the market price. Most
people are willing to pay more than the market
price for particular goods and thus the value of the
goods according to these people is greater than the
market price. Also in this study, the fact that consumers are willing to pay 2.00 TL for the bread
obtained from local wheat variety actually shows
more willingness to pay beyond the actual price
they pay for white bread. Thus, the result that the
consumer's willingness to pay for 1 kg wheat is
observed as 0,65.-TL/kg. When it is considered that
the producer consents to 0,50 TL/kg to produce
local wheat variety, it is seen that the consumer's
willingness to pay is higher and he can afford the
price demanded by the producer.

According to obtained model (Table 4),
household income has a positive effect on the
amount that consumers are willing to pay for the
bread which is guaranteed to be produced from
local wheat variety. As the household income increases, willingness to pay is also on the rise. As it
is expected, while the price of the bread produced
from local wheat variety increases, willingness to
pay decreases. Likewise, as the amount of daily
bread consumption increases, the demand for payment decreases. When looking at the relationship
between educational status and willingness to pay,
it is observed that willingness to pay decreases as
the educational levels of the consumers increase.
However, as the number of those who have
knowledge about local wheat variety increases,
willingness to pay also increases. It is seen that the
consumers, who give particular importance on food
safety from the factors affecting their decisions
while buying bread, have a high willingness to pay.
According to the model results, consumers' willingness to pay value was determined as 2.00 TL per
bread made from local wheat variety.
People express their preferences through
choices and evaluations they make within certain
constraints such as income or time. For example,
the economic value of the bread is measured with
the maximum amount of other things that the person in question will give up to get this bread. So, if
we oversimplify to just two goods like bread and
cake that the person has to make a choice, the value

DISCUSSION AND CONCLUSION
Price, which is one of the important issues of
economics, is important in the sense that it provides
guidance for the producers, and the consumers'
preferences are formed. During agricultural activi-
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ty, producers have ideas about the issues such as
how much production can be made with the prices
of the inputs or how much profit can be achieved.
At this point, the price is an important factor in
making right decisions for the producers. When
FRQVLGHUHG IURP FRQVXPHUV¶ VWDQGSRLQW SULFH DI
fects both the amount of the production and the
demand amount. For instance, if the price of X
goods decreased compared to Y goods, the demand
for the X goods is expected to be increased or the
cheapening of the price of X goods means the increase in real income while the income is fixed. So,
changes in the prices directly affect the demand
amount. Also, how it is determined is important as
well as the price of goods. Therefore, both the producer and the consumer's requests must be perceived correctly. Also in this study, it is thought
that the data obtained as a result of the producer and
consumer oriented contingent valuation method
will be instructive. Accordingly, by the conditional
evaluation analysis results, it was detected that
producers agreed to produce the local wheat variety
in the case that they got additional 0.50 TL premiums. According to another model result, the value
of consumers' willingness to pay was determined as
2.00 TL. It is considered that product-specific price
premiums will encourage producers to produce
local variety. Also, economic incentives have a
significant effect on the sustainability of agricultural production. In this case, it will contribute to the
protection of agricultural biodiversity. The fact that
consumers are willing to pay 2.00 TL for the bread
which is the most fundamental nutrient is promising
on the marketing of products to be obtained from
local wheat varieties.
When considered within the context of food
security and meeting the nutritional needs, the protection of local wheat varieties in existing production areas and increase of the production is of great
importance. In order to increase agricultural production, firstly, the use of plant genetic resources is
required identification, preservation, conservation
and sustainability. Accordingly, the most important
issues are the identification, collection and protection of the genetic resources especially local varieties and supporting the sharing of knowledge and
experience by meeting with the producers. For this
purpose, primarily, determining the needs, requests
and objectives of the people in agricultural activities, and then, it is required to do the consciousnessraising of the consumers which are the important
dynamics of the market. At this point, the identification of socio-economic status of consumers is of
great importance in the creation of a permanent
market in which the goods obtained from local
wheat variety will be marketed. Because of its importance in terms of both the producer and the consumer dimension, the production of wheat must be
evaluated in terms of agricultural biodiversity and
sustainability.

This article is based on a research project
funded by Scientific Research Projects Directorate,
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ABSTRACT
Three basic populations of Reid population
(PH6WC) × Non-Reid population (PH4CV), Reid
population (PH6WC) × DOM population (M5972),
Non-Reid population (PH4CV) × DOM population
(M5972) were constructed. Haploid technique was
used to obtain haploid populations, whose distorted
segregation were detected by SSR markers. The populations of PH6WC × PH4CV, PH6WC × M5972,
PH4CV × M5972 obtained 45, 40, and 34 diversity
markers, respectively. Segregation distortion results
showed that three markers were skewed in the haploid population based on PH6WC × PH4CV and
PH6WC × M5972, both of which were biased toward maternal PH6WC with segregation distortions
frequencies at 6.67% and 7.50%, respectively.
PH4CV × M5972 based haploid population did not
detect distorted segregation sites.
KEYWORDS:
Maize, SSR, haploid population, segregation distortion

INTRODUCTION
Segregation distortion refers to the phenomenon of gene frequency or genotype frequency from
parents in the process of sexual reproduction will
significantly deviate from Mendelian inheritance
rules in the offspring [1]. As early as 1870, when
studying the sex ratio of Silene latifolia, Mendel
found that the female-male ratio was close to 3: 1[2].
In 1926, Mangels-dorf et al. found for the first time
in maize that the genotype segregation ratio deviated
from Mendelian inheritance [3]. In recent years, with
the development and application of molecular markers, segregation distortion has been found in many
species of plants, such as rice [4], corn [5-7], barley
[8-9], tomato [10]. Segregation distortion, considered as one of the driving forces of biological evolution, is a common phenomenon in nature [11]. For
now, the researches on distorted segregation of
plants are still at the primary stage, the segregation
distortion of maize parthenogenesis haploid population is even less. In this study, SSR markers were
hired to analyze the genetic segregation characteris-

 















































1935

tics of maize haploid populations from different heterotic groups. More favorable segregation distortion
loci were found and accumulated, which can provide
the basis for quick access to excellent inbred lines
(DH lines).

EXPERIMENTAL
In the summer of 2015, PH6WC × PH4CV,
PH6WC × M5972, PH4CV × M5972 were constructed in maize breeding base of Jilin Agricultural
University with three groups of inbred lines,
PH6WC of Reid group, PH4CV of Non-Reid group
and M5972 of DOM group. The basic groups of
three different heterosis patterns.
In the winter of 2015, the cross breeding of
three populations was conducted at the Hainan
Breeding Base of Jilin Agricultural University using
JS96 as the induce line.
In the summer of 2016, the quasi-haploid seeds
obtained were planted and combined with field identification in the maize breeding base of Jilin Agricultural University [12] to obtain 96, 83 and 86 haploid
plants based on PH6WC × PH4CV, PH6WC ×
M5972, PH4CV × M5972, respectively.
DNA preparation. The haploid plant leaves
were collected during the seedling stage of maize.
After grinding, the samples were extracted with SDS
micro-extraction method. The quality and concentration of DNA were determined using a NanoDrop
2000 micro-spectrophotometer. The working solution was prepared according to the measured values.
Primer screening. 160 pairs of primers were
selected as SSR markers, of which 40 pairs were selected from the Beijing Academy of Agriculture and
Forestry Maize Research Center reported for the
consistency of corn varieties in China, the authenticity test and the construction of the genetic map of the
core primers [13]. Remaining 120 pairs of primers
were from MaizeGDB database and evenly distributed on 10 random primers on maize
(http://www.maizegdb.org).
160 pairs of primers were used to screen the
parents inbred lines PH6WC, PH4CV, M5972 for
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TABLE 1
F2 test of 96 haploid plants based on PH6WC × PH4CV

Total















 
 
 
 
 





 
 
 
 
 




PH6WC

PH4CV

|O-E|

F2

Markers

Band counts (A)
41
42
43
44
45
47
48
50
51
52
53
54
55
56
57
59
60
65
66
67

Band counts (B)
55
54
53
52
51
49
48
46
45
44
43
42
41
40
39
37
36
31
30
29

7
6
5
4
3
1
0
2
3
4
5
6
7
8
9
11
12
17
18
19

0.88
0.63
0.42
0.26
0.13
0.01
0.01
0.05
0.13
0.26
0.42
0.63
0.88
1.17
1.51
2.30
2.76
5.67
6.38
7.13

umc1029 umc1429
umc1125 umc1422 phi047
bnlg1662
umc1149
umc2112 bnlg1025
bnlg1520k1 umc1016
umc1359 umc1196 phi112 bnlg249k2 phi065k9
umc1161 umc1009 umc1999
umc1590 umc1829 umc1859
bnlg1132 phi062 umc1797
umc1993
umc1016 nc012 phi328175 bnlg1662
bnlg1175
bnlg1452
umc2077 umc1657
umc1525 umc1741
umc2122 bnlg589
bnlg1863
bnlg2235
umc1386

2268

2052

108

5.35

polymorphism. There were 45 pairs of polymorphic
primers for PH6WC and PH4CV, 40 pairs of polymorphic primers for PH6WC and M5972, and 34
pairs of polymorphic primers for PH4CV and
M5972. These polymorphic primers were used for
segregation distortion analysis.
Statistical analysis method. By using the selected primers, skewed direction of three haploid
populations based on PH6WC × PH4CV, PH6WC ×
M5972 and PH4CV × M5972 were analyzed. Bands
consistent with the female genotype were counted as
"A" and bands consistent with the paternal genotype
were counted as "B". The statistical results of F2
tests.
F2 ˄|O-E|-1/2˅2/E
In the formula, O represents the counts of observations, E represents theoretical counts.
According to the results of the F2 tests, whether
there is a segregation distortion of the tested loci is
determined; the direction of distorted segregation is
determined according to the genotypes of the parents.

RESULTS AND DISCUSSION
96 haploid plants¶ segregation based on
PH6WC × PH4CV. 160 pairs of SSR primers were
used to screen, 45 pairs of them with clear amplification polymorphism in PH6WC and PH4CV, distributed on 10 chromosomes, received 4320 bands.
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Among them, 2268 came from maternal PH6WC,
accounting for 52.5% of the total observed value;
2052 from the paternal PH4CV, accounting for
47.5% of the total observed value. F2 test showed up
results with F2=5.21, >F20.05=3.84, haploid distorted
segregation based on PH6WC×PH4CV was existed.
F2 test values of 96 haploid plants were shown
in Table 1, with theoretical E value 48, | O-E | values
ranged from 0-19. When | O-E | values were between
0 and 12, values of F2 were less than 3.84 and no
segregation sites were detected. When | O-E | values
are between 17 and 19, the values of F2 were 5.67,
6.38 and 7.13, respectively, which were greater than
3.84, with significant differences. Three of 45 pairs
of primers were detected with segregation distortion,
and the frequency was 6.67%. The primers were
bnlg1863, bnlg2235, umc1386, respectively.
Showed that segregation distortion occurred. The
maternal PH6WC received more counts, indicated a
skewed direction towards it.
83 haploid plants¶ segregation based on
PH6WC × M5972. 40 pairs of SSR primers were
selected for PH6WC, M5972 and 3320 bands were
received. Among them, 1783 from the maternal
PH6WC accounted for 53.7% of the total observations; 1537 from the paternal M5972, accounted for
46.30% of the total observations. Results showed
that haploid population distorted segregation existed
based on PH6WC × M5972 (F2 = 9.04, > F20.05=
3.84).
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TABLE 2
F2 test of 83 haploid plants based on PH6WC × M5972

Total

PH6WC

M5972

Band counts(A)

Band counts (B)

38
40
41
42
44
45
46
47
48
50
51
52
53
56
58
59
1783

45
43
42
41
39
38
37
36
35
33
32
31
30
27
25
24
1537

|O-E|

F2

Markers

3.5
1.5
0.5
0.5
2.5
3.5
4.5
5.5
6.5
8.5
9.5
10.5
11.5
14.5
16.5
17.5
123

0.22
0.02
0.00
0.00
0.10
0.22
0.39
0.60
0.87
1.54
1.95
2.41
2.92
4.72
6.17
6.96
9.04

umc1829 umc2050 umc1143
bnlg1662 umc1115 umc1125
bnlg249k2 umc1149
bnlg2335 umc1359 umc1035
bnlg1025 umc1009 umc2077
bnlg589 bnlg1647
umc2214 phi086 umc2122
umc1230 umc1999y3 umc1492y13 bnlg161k8
umc1207 bnlg1805 umc1298
bnlg1064 phi049
phi114 umc1422
bnlg244 umc1797
bnlg1505 umc1550
bnlg1671y17
umc1386
umc1016

TABLE 3
F2 test of 86 haploid plants based on PH4CV × M5972

Total

|O-E|

F2



54
52
51
50
48
46
45
44
43
42
41
39
38
37
36

7
6
2
1
0
1
2
3
5
6
7
8
9
10
11

0.98
0.70
0.05
0.01
0.01
0.01
0.05
0.15
0.47
0.70
0.98
1.31
1.68
2.10
2.56

umc1386 phi086 phi092
umc2122 phi076 umc2025
umc1359 phi099
umc1149 umc1127
umc2077 bnlg1702
umc1829 phi062 phi041y6
umc1009 umc1006 umc1225
bnlg1662 bnlg1007
bnlg1025 bnlg125
bnlg249k2 umc1006
umc1797 bnlg1452
umc1125 umc1006
umc1016 phi022
umc1065 umc1429 umc2160
umc1422

1530

99

3.12

PH4CV

M5972

Band counts (A)

Band counts (B)

32
34
35
36
38
40
41
42
43
44
45
47
48
49
50
1394

F2 test values of 83 haploid plants were shown
in Table 2. With theoretical value E at 41.5, | O-E |
values ranged from 0-17.5. When | O-E | values varied between 0-11.5 and values of F2 were less than
3.84, no segregation distortions were detected. When
| O-E | values were between 14.5 and 17.5, the values
of F2 were 4.72, 6.17 and 6.96, respectively, which
were greater than 3.84, with significant difference.
Segregation distortion was detected at frequency of
7.5% with primers nlg1671y17, umc1386 and
umc1016, respectively. More counts of PH6WC, indicated a skewed direction towards it.

PH4CV, accounting for 47.67% of the total, 1530
from paternal M5972, accounting for 52.33%. F2 test
values of 86 haploid plants were shown in Table 3.
Theoretical value E was 43, the value of | O-E | was
in the range of 0-11, the value of F2 was less than
3.84. Results show that distorted haploid population
segregation based on PH4WC × M5972 was not detected (F2=3.12, <F20.05=3.84).
Previous studies on distorted segregation of different crops such as rice, corn, wheat and soybean
reported that 116 segregation markers found in F2
population based on 1000-grain rice × Nipponbare
by Xiang-yang Zhang [14]. 15 SSR markers were
found to segregate in hybrid F8 of wheat 6044 and
01-35 by Jia-hui Chen [15]. Recombinant inbred
lines, F2 population, DH population and haploid

86 haploid plants¶ segregation based on
PH4CV × M5972. For PH4CV × M5972, 34 pairs
of primers were screened resulting in 2924 band
counts. Among them, 1394 came from maternal
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DH population based on PH6WC × PH4CV. In excluding size of the group, types and quantity of
markers and other factors, it may be related to the
formation of haploid and DH population. Treatments and formation of DH population is a complex
process. Studies shown that types of germplasms,
ecological environments, duration of drug treatment all had effects on haploid doubling [24-25].
Homozygous of lethal genes occurred during haploid doubling potentially contributed to serious partial separation phenomenon.

population were used as materials for maize segregation distortion researches. Jian-bing Yan reported
49 distorted segregation markers in F2 population of
maize zong3 × 97-1 and 14 distorted segregation hot
spots [16-17]. Lashermes used a method that took
the isozyme as marker to study the DH population of
parthenogenetic offspring of maize without any segregation detected [18]. Wei-li Song, using the
"Nongdan5" DH population for QTL mapping, revealed that there were 3 biased segregation sites on
chromosome 2 that favored maternal [19]. Li-mei
Zou by using the genetic mapping of 240 DH populations from Xiangyu 335 (PH6WC × PH4CV) revealed that 50% of the 130 markers showed segregation distortion [20]. In 2015, Li-wen Xu used 3072
SNP markers to study the DH population of Xiangyu
335, indicating that 38.6% of 1337 SNPs were segregated and 10 distorted segregation hotspot regions
were found [21].
In this study, PH6WC of Reid population,
PH4CV of Non-Reid population and M5972 of
DOM population were hired to construct the basic
population of three heterosis groups (PH6WC ×
PH4CV, PH6WC × M5972, PH4CV × M5972) for
researching haploid population segregation distortion phenomenon. Haploid segregation markers
were not detected in the haploid population based
on PH4CV × M5972, similar to the studies on haploid in Ke Wen [22]. Three distorted segregation
markers were detected respectively in two haploid
populations based on PH6WC × PH4CV and
PH6WC × M5972. The distorted segregation sites
detected in haploid population of PH6WC × M5972
were consistent with the distorted segregation sites
detected by Xue-yu Cui in maize DH population
[23]. In present study, two haploid populations segregated with segregation distortion markers accounting for 6.67% and 7.5%, respectively, were
lower than those of Li-mei Zou using SSR markers
and Li-wen Xu using SNP in maize DH population
for segregation research. There may be the following reasons for the phenomenon:
(1) Materials, size of constructed population,
the genetic loci in different genetic backgrounds
may be accounted for the results differences.
(2) Types and amounts of genetic markers
were different. Molecular markers hired in this
study were more than studies made by Ke Wen but
less than studies conducted by Jian-bing Yan (174
molecular markers) and Li-wen Xu (1337 SNP
markers). Changes of molecular markers amounts
lead the distribution density of markers varied on
chromosomes. May it have some impact on the results.
(3) Test results of different groups with the
same genetic background may also be different.
Distorted segregation results of the haploid population based on the PH6WC × PH4CV in this study
are greatly different from the results of Li-wen Xu¶s

CONCLUSIONS
In this study, three groups were conducted
based on Reid population (PH6WC) × Non-Reid
population (PH4CV), Reid population (PH6WC) ×
DOM population (M5972), Non-Reid population
(PH4CV) × DOM population (M5972). Results
showed that there were distorted segregation in 96
haploids plants based on PH6WC × PH4CV and 83
haploids plants based on PH6WC × M5972. Three
pairs of distorted segregation markers were detected
in both groups, the markers were bnlg1863,
bnlg2235, umc1386, and nlg1671y17, umc1386 and
umc1016, respectively, which were skewed in the direction of maternal. However, there were no distorted segregation detected in 86 haploid plants
based on PH4CV × M5972.
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peroxide, and hydroxyl radicals, all of which contains oxygen [1]. ROS are the product of normal cellular metabolism, and they are thought to be originated from electron transport chain (ETC) in inner
mitochondrial membrane [2, 3]. The ROS are removed from the body by means of special mechanisms known as antioxidant system [4]. If the balance between ROS and antioxidant system is shifted
in the favor of ROS, oxidative stress occurs. The increased ROS, resulting in oxidative stress, are seriously associated with many conditions such as cancer, diabetes mellitus, and neurological disorders [57]. ROS may affect the structure of body lipids, proteins, carbohydrates, and DNA [8].
When the ROS attack the lipids, lipid peroxidation occurs, resulting in aldehyde products. The most
abundant aldehyde product is malondialdehyde
[MDA) [9]. Thus, the MDA is used as marker of lipid peroxidation in the body [10]. ROS cause breaking-off and base modification in DNA string. The
predominant base modification is in guanine, which
is, upon oxidation, converted into 8-hydroxy-2-deoxyguanosine (8-OHdG). The resultant molecule is
used as a marker for DNA damage [11,12].
Nitric oxide (NO) is synthesized from arginine
in the presence of NO synthase (NOS). It is well
known by several studies that NO may play role in
immune system, vasodilatation, and neuroprotective
pathways [13, 14]. In addition, NO may exhibit free
radical property [15].
Superoxide dismutase (SOD) and glutathione
peroxidase (GPx) are two important enzymes in antioxidant defense mechanism. SOD catalyzes the dismutation of superoxide (O2.-) into hydrogen peroxide
(H2O2), which is the first line of the anti-oxidant defense. GPx, a selenoprotein, is an enzyme which catalyzes the reduction of oxidized glutathione (GSSG)
into reduced glutathione (GSH), with the latter being
used in reduction of lipid- and non-lipid hydro peroxides and H2O2 [16-18]. For this reason, the two enzymes, SOD and GPx, are used in evaluation of antioxidant defense system.
It is beyond the dispute that a regularly-performed exercise is very critical for human health.
The exercise is well known to diminish the risk of

ABSTRACT
This study aimed in sedentary subjected to progressive relaxation training (PRT) for determination
of the effect of this exercise on MDA, OHdG, and
NO levels and SOD and GPx activities. Experimental design was used in this research. Seven
healthy, sedentary volunteers were included in the
study. All subjects were male and within 15 to 18
\HDUVRIDJH-DFDEVRQ¶V3URJUHVVLYH0XVFOH5HOD[
ation Training was applied to the volunteers for 6 six
weeks. Before and after the chronic and acute exercise, blood samples were taken from the subjects,
and K-Related Samples Friedman test was used for
the analysis of repeated measurements and for the
comparison of pre- and post-exercise data and
chronic and acute mode data. In addition, 2-Related
Samples Wilcoxon test was used in the evaluation of
the groups as pairs. Our findings showed increases in
MDA PRT, and no statistically significant increase
in NO levels after PRT in sedentary volunteers.
When the effect of relaxation exercise on the antioxidant system is considered, both SOD and GPx activities increased. The effect of PRT on 8-OHdG has
been found to exhibit significant increase after PRT.
It can easily be said that PRT may be helpful in patients with chronic disease, especially for obtaining
a healing and a high quality sleep. In addition, in order for the athletes to feel well and to use their muscles actively, PRT may be helpful. We can conclude
that, with respect to human health and physiology,
no controversy may be seen in progressive muscle
relaxation training.
KEYWORDS:
Progressive Relaxation Training, Oxidative Stress, Antioxidant, 8-OHdG

INTRODUCTION
Free radicals are the molecules having lone
electrons in their outer shells. Thanks to these electrons, these species are very reactive. Reactive oxygen species (ROS] include superoxide, hydrogen
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and emission at 551 nm. MDA-TBA product peaks
were calibrated by using 1,1,3,3-tetraethoxypropane
standard treated similar to the samples. The results
obtained were stated as μM.

such diseases as cancer, diabetes mellitus, and cardiovascular disorders [19-21]. However, in the last
three decades it has become clear that an oxidative
stress may be caused by exercise [22]. Some studies
[23-25] have reported that although the ROS produced during exercise may be harmful for many cellular components, the low to moderate levels of oxidants may be helpful in skeletal muscle modulation,
cellular signaling pathways, and gene expression
regulation.
The present study has been conducted in sedentary subjected to progressive relaxation training
(PRT) for determination of the effect of this exercise
on MDA, OHdG, and NO levels and SOD and GPx
activities.

DNA isolation and hydrolization. DNA isolation from white blood cells in whole blood was made
with the method defined by Adel et al. and Miller et
al. [27, 28]. The isolated DNA samples were stored
at -20C up to analysis day. For the 8-OHdG analysis,
the dissolved DNA samples were hydrolyzed with
IRUPLFDFLGXVLQJ.DXUDQG+DOOLZHOO¶VPHWKRG @
The hydrolyzed samples were dissolved in HPLC
elution (final volume being 1 ml). EC detector was
used for 8-OHdG determination in HPLC using 20
μl of final hydrolysate. A reverse phase- C-18 (RPC18) analytical column was used (250 mm × 4.6 mm
× 4.0 ȝP 3KHQRPHQH[ &$  $ PL[WXUH RI SRWDV
sium phosphate (0.05 M; pH 5.5) and acetonitrile
(97:3; v/v) was used as mobile phase, and flow rate
was adjusted as 1 ml/min. The level of 8-OHdG was
determined in ECD of HPLC adjusted to 600 mV
(30) using a 8-OHdG standard (sigma Aldrich Company).

MATERIALS AND METHODS
Seven healthy, sedentary volunteers were included in the study. All subjects were male and
ZLWKLQWR\HDUVRIDJH-DFDEVRQ¶VSURJUHVVLYH
muscle relaxation training (lit.) was applied to the
volunteers for 6 six weeks. Before and after the
chronic and acute exercise, blood samples were
taken from the subjects, and the separated sera were
stored at -80C for the analyses of MDA, OHdG, and
NO levels and SOD and GPx activities.

NO analysis. Determination of NO levels was
made using the Griess reagent as previously described [31]. Griess reagent consists of sulphanilamide and N-(1-napthyl) ethylenediamine. In this
method, nitrate is first converted to nitrite using nitrate reductase. The second step is the addition of
Griess reagent, which converts nitrite to a deep purple azocompound. Photometric measurement of the
absorbance of 540 nm determines the nitrite concentration (sodium nitrate was used as a standard). NO
levels were expressed as nmol/mg protein

Statistical Analyses. Statistical analysis was
made using SPSS 15.0. The data were not distributed
symmetrically. Thus, K-Related Samples Friedman
test was used for the analysis of repeated measurements and for the comparison of pre- and post-exercise data and chronic and acute mode data. In addition, 2-Related Samples Wilcoxon test was used in
the evaluation of the groups as pairs. The results
were evaluated on the basis of meaningfulness of
0.01 and 0.05.

GPx analysis. GPx activity was measured by
coupled spectrophotometric assay at 340 nm from
the oxidation of NADPH in the presence of H2O2
used as substrate. [32]. GPx catalyses the oxidation
of glutathione in the presence of tert-butyl hydroperoxide (tBH). Oxidized glutathione is converted to the
reduced form in the presence of glutathione reductase and NADPH, while NADPH is oxidized to
NADP. Reduction in the absorbance of NADPH at
340 nm is measured. By measuring the absorbance
change per min and using the molar extinction coefficient of NADPH, GPx activity is calculated and expressed as IU/mL.

Plasma MDA measurement. Plasma MDA
measurement was carried out by HPLC method defined by Khoschsorur and co-workers (26). For this
purpose, 50 μL of plasma was mixed with 750 μL of
0.44 mol/L H3PO4, 250 μL of 42 mmol/L thiobarbituric acid and 450 μL twice distilled H2O. The mixture was incubated in boiling water bath for 60
minutes. After incubation, the tubes were cooled in
water-ice bath immediately. 1,5 ml of alkaline methanol was added to each tube. The tubes were centrifuged at 3,000 rpm for 3 min., and 200 μL of supernatant of each tube was placed in a vial. RP-C18
(5μm, 4.6x150 mm) (EclipseVDB-C18; Agilent)
column was used for determination. For making elution, a solution of ethanol plus phosphate buffer (50
mmol/L) at a ratio of 40:60 (v/v) was used. Flow rate
was adjusted as 0.8 ml/min. From the samples prepared previously in vials, 20 μl was put in HPLC vials and placed on the machine. A FL detector determination was made by taking excitation at 527 nm

SOD analysis. The SOD activity was detected
according to Sun and co-workers [33]. In this
method, xanthine-xanthine oxidase complex produces super oxide radicals, which react with nitrobluetetrazolium (NBT) to form the farmasone compound. The SOD activity was measured at 560 nm
by detecting the inhibition of this reaction. SOD activity is calculated and expressed as IU/mL.
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muscle may be caused by strenuous exercise of long
duration [22, 34, 35]. Although a regular exercise
may be useful for the body, that the oxidative stress
produced during exercise may be harmful for many
cellular components is a paradox, on which many
studies have been conducted, and this discrepancy
has not become clear.
Progressive Muscle Relaxation Training was
developed in 1920s by Edmund Jacabson, which includes the contraction and relaxation of all body
muscle groups. This process is carried out by the person voluntarily. If PRT is made regularly, many
physical and mental benefits can be achieved [36].
Some beneficial results may be obtained by prt in
some chronic medical situations such as psychiatric
diseases, multiple sclerosis, diabetes mellitus, and
cancer [37-40]. By PRT, several studies have been
able to achieve a high-quality sleep and improved fatigue index in some chronic patients. While these
goals are achieved in the patients, the effects of PRT
on oxidative stress have been missed. This is because
of that we tried to illuminate the relationship between
PRT and lipid peroxidation, DNA damage, and antioxidant enzymes.
MDA, a lipid peroxidation marker, was determined in the samples obtained from the volunteers
before and after acute PRT and before and after
chronic PRT. Post-chronic PRT MDA levels were
statistically higher than those of pre-chronic PRT
(p<0.005). As for pre- and post-acute PRT MDA levels, the similar higher MDA levels were determined
for post-acute PRT (p<0.005). Liu and co-workers
[41] determined high MDA levels in rats in post-exercise phase. Similarly, Nie and co-workers [42] instructed an experimental model in which the rats
having a weigh in their tail made a swimming exercise for 3 hours and determined higher levels of
hearth tissue MDA than in non-swimming rats. Marzatico and co-workers [43] reported high MDA levels in sprinters and runners in the post-exercise
phase. The results of the reports mentioned above are
in concord with those of the present study.
In order to determine the effect of PRT on oxidative DNA damage, after DNA isolation, 8-OHdG
levels were measured in the samples obtained from
the volunteers before and after acute PRTand before
and after chronic PRT, with the post PRT values being high for both acute and chronic modes
(P<0.001). The 8-OHdG may occur in normal situations. However, 8-oxoguanine glycosylase (OGG1),
a DNA-mending enzyme, can repair by breaking the
oxidized bases [44], which can be removed via urine.
Thus, 8-OHdG can be analyzed in both serum and
urine. The determination of 8-OHdG in both sample
types can yield the oxidative DNA damage. However, 8-OHdG on DNA can provide a measure for an
extra oxidation which cannot be compensated by
DNA-repairing enzymes. This extra oxidation may
cause many disorders [45, 46]. Because the determi-

RESULTS
Some characteristics of the subjects were summarized in Table 1. Figure 1 and Table 2 show the
results obtained and their statistical evaluation. Our
findings showed increases in MDA levels (P<0.05)
after chronic and acute PRT, and no statistically significant increase in NO levels (P>0.05) after chronic
and acute PRT in sedentary volunteers. When the effect of relaxation exercise on the antioxidant system
is considered, both SOD and GPx activities (after
chronic and acute PRT) increased (P<0.05). The effect of PRT on 8-OHdG has been found to exhibit
statistically significant increase after chronic and
acute PRT (P<0.05).
TABLE 1
Some characteristics of the subjects

Age (years)
Height (cm)
Weight (kg)
BMI (Kkg/m2)

N
7
7
7
7

Minimum
15
165
50
17.51

Maximum
18
180
63
20.57

TABLE 2
Statistical analysis of the results obtained
for the subjects

MDA
NO
SOD
GPx
8-OHdG

Before
Acute
Exercise
(Mean±SD)
4,6±0,55
5,52±1,14
6,11±0,94
5,57±3,6
0,43±0,2

After
Acute
Exercise
(Mean±SD)
6,16±0,94
6,54±1,19
9,57±3,14
10,81±2,84
0,83±0,12

After
Chronic
Exercise

P

(Mean±SD)

5,8±0,57
7,28±2,59
9,76±2,36
30,17±9,41
1,28±0,83
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,002
,216
,014
,001
,001

MDA (μM), NO (μM), SOD (IU/mL), GPx (IU/mL), 8-OHdG (pg/mL)

FIGURE 1
The acute and chronic effects of relaxation
exercises on MDA, NO, SOD, GPx, and 8-OHdG
in sedentary volunteers.
DISCUSSION
It is well known that a regularly-performed exercise is useful for human health. However, it has
been reported that an oxidative damage in skeletal

1942

© by PSP

Volume 27 ± No. 3/2018 pages 1940-1945

Fresenius Environmental Bulletin

may be helpful in patients with chronic disease, especially for obtaining a healing and a high quality
sleep. In addition, in order for the athletes to feel well
and to use their muscles actively, PRE may be helpful. We can conclude that, with respect to human
health and physiology, no controversy may be seen
in progressive muscle relaxation training.

nation of 8-OHdG on DNA is more valuable in predicting the pathologic DNA oxidation, we measured
8-OHdG on DNA. Tsakiris and co-workers [47] determined 8-OHdG on DNA in basketball players before and after forced training and reported higher levels for post-training period. In this study, 8-OHdG
was tested in serum samples with ELISA method. In
spite of this, their results support our results. Hamid
and co-workers [48] showed a DNA damage in rats
exercising for 8 weeks.
It is well known that NO has vasodilator effect
and hormonal action. On the other hand, NO is also
a major precursor of nitrogen-containing free radicals. It is still discussed that the regular exercise may
have some positive effects on cardiac and cardiovascular diseases by means of NO action [49]. NO levels were measured in samples before and after acute
PRT and before and after chronic PRT, and no statistically significant difference in NO was detected
for pre- and post-PRT, showing no net effect of PRT
on NO levels.
As mentioned earlier, a regularly-performed
exercise is very important for human health. However, this exercise may cause an oxidative stress,
which is a discrepancy. We can try to explain this
paradox by thinking any possible useful effect of regular exercise on antioxidant system of the body.
Many studies have been conducted on the effect of
regular exercise on SOD and GPx, and different results have been reported. For instance, Tong and coworkers [50] determined SOD activities in professional runners after applying a one-year exercise program. They found a significant decrease in SOD after
exercise. Ohishi and co-workers [51] made an experimental model from the rats, applied them an exercise program of 8 weeks, and found insignificant
changes in SOD activities. The increased GPx activities were observed by Kinnunen and co-workers
[52] in horses after 83-km walking exercise. On the
other hand, Braakhuis and co-workers [53] found unchanged GPx activities in 62 rowers after exercise.
Many factors may be effective in obtaining the different results in different studies. The factors may include the type of exercise, the duration of exercise,
the antioxidant capacity of biologic sample investigated, nutritional status of the subjects, and timing of
the samples after exercise. In present study, SOD and
GPx activities were found increased after acute and
chronic PRT (p<0.05), showing a useful effect of
PRT on SOD and GPx activities.
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oxidative stress several health problems such as neurological and cardiologic disorders, cirrhosis, diabetes, leukemia, aging and necrosis could occur [8-13].
Antioxidant compounds are used to reduce the
oxidative damage caused by environmental and constitutional effects and the free radical formation in
living organisms. These compounds are produced in
the living organism to suppress free radicals. Where
the constitutional antioxidant compounds are inadequate, it is important to provide exogenous antioxidant supplements to reduce and prevent oxidative
damage [14-16]. Examination of antioxidant activity
and oxidative stress index of mushrooms that are natural antioxidant sources is very important to determine novel antioxidant sources.
The mushrooms are exposed to several microorganisms in the substrate medium where they exist.
Thanks to this mutual relationship, they gain immunity against microorganisms and synthesize compounds that are effective against other microorganisms. These synthesized compounds could be used
as a natural source against resistant microorganisms.
Therefore, identification of antimicrobial potentials
of mushrooms is very important to identify new natural substances [17-19].
In addition to their nutritional and medicinal
properties, mushrooms are used as natural pollution
indicators due to the element levels accumulated in
their bodies based on the substrate content as a result
of their role in the degradation of organic matter in
natural life [20, 21]. Although living organisms require trace amounts of heavy metals such as Fe, Co,
Cu, Mn, Mo, Sr, V and Zn, these elements could accumulate over time causing serious diseases in living
organisms [22]. Thus, determination of the levels of
these elements in natural mushrooms used for nutritional and medical purposes is important to avoid
problems caused by their consumption. This would
also help the assessment of the heavy metal pollution
in the area where the mushrooms are collected.
In the present study, antioxidant, antimicrobial
and DNA protective activity in the edible $ "%#
#% %"%# (Bull.) Murrill mushroom was determined. The study also aimed to determine total anti-

Since ancient times, people consumed mushrooms as nutrients, especially during the rainy season. The present study aimed to determine the therapeutic potential of an edible mushroom, $ "%#
#% %"%# (Bull.) Murrill. Thus, its antioxidant activity was determined by DPPH method and antimicrobial activity was determined with modified agar
dilution method. TAS (total antioxidant status), TOS
(total oxidant status) and OSI (oxidative stress index) values were determined using Rel Assay kits.
PBR 322 supercoiled DNA was used to identify the
DNA protective activity. Heavy metal content was
determined with atomic absorption spectrophotometry using the wet decomposition method. In conclusion, it was determined that  #% %"%# demonstrated high biological activity and it was considered
that the mushroom can be used as a natural resource
in alternative medicine.

(&!"
$ "%##% %"%#, Antioxidant, Antimicrobial, DNA
protection, Oxidative stress, Heavy metal
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Mushrooms that are indigenous to almost every
region in the world have been used both as nutrients
and medicinal purposes throughout the human history [1]. Studies on mushrooms that have nutrition
properties as well as medicinal significance are still
very limited [2]. Nevertheless, previous studies
demonstrated that several mushrooms have antimicrobial, antiviral, antitumor, antioxidant, anti-inflammatory, anticoagulant, cytotoxic, anti-allergic,
hypoglycemic and immune system enhancing properties [3-7].
Use of mushrooms that have significant biologic activity properties help to reduce the effects of
oxidative stress on living organisms thanks to their
antioxidant properties. Due to free radical induced
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oxidant status (TAS), total oxidant status (TOS), oxidative stress index (OSI) and heavy metal content
(Fe, Zn, Cu, Pb and Ni) of the same.


#!"#"

*+79*;79? ";<-2.:. Edible $ "%# #%
%"%# (Bull.) Murrill samples used in the study
were collected at Yedigöller National Park
(Bolu/Turkey). The mushrooms collected from the
field were dried in an incubator at 40 °C in the laboratory environment. Following the drying process,
the samples were pulverized by a mechanical
grinder. Then 30 g sample was weighed and extracted with ethanol in a soxhlet apparatus at 50 °C
for approximately 6 hours (BUCHI Extraction System Model B-811). The extracts were concentrated
under pressure in a rotary evaporator and stored at
+4 °C until the assays were conducted (BUCHI Rotavapor Model R-144).

were conducted with distilled water. The test compound concentrations were 800, 400, 200, 100, 50,
25, 12.5 and 6.25 μg/mL. For fluconazole fungi,
Ampicillin and Ciprofloxacin were used as standard
bacteria medicine. Standard bacteria and fungi inoculums (106 CFUs/mL) were seeded on agar plates
with a sterile plastic ring nose loop (0.01 mL). All
seeded plaques were evaluated at 35 °C after a storage period of 16-20 hours for the bacteria and 48
hours for the fungi. The minimum bacteria and fungi
concentrations that prevent proliferation were accepted as minimal inhibitor concentrations (MIC)
[25, 26]. 
897;.,;2=.*,;2=2;?The DNA protective
activities of mushroom ethanol extracts were determined with pBR 322 supercoiled DNA. 100 and 200
μg/ml standard solutions were prepared using the
mushroom extracts. 0.5 μg plasmid pBR322 was
added to supercoiled DNA Eppendorf tubes and 10
μl standard mushroom extract solution was added.
10 μL Fenton agent (30 mM H2O2, 50 μM ascorbic
acid and 80 μM FeCl3) was added to the prepared
solution and it was incubated for 10 minutes at room
temperature. The final volume of the mixture was
adjusted to 20 ml and incubated at 37 °C for 30
minutes. The DNA was then analyzed by electrophoresis on a 1% agarose gel with ethidium bromide
[27].

6;27>2-*6; *,;2=2;? Mushroom antioxidant
activity was identified with DPPH [23]. DPPH (1,1diphenyl-2-picrylhydrazyl) (Sigma, Aldrich) is a stable free radical with the highest optical absorbance
at 517 nm. It is characterized by the transition of the
violet-purple color into light yellow when an antioxidant molecule is present in the radical medium.
Stock solutions with a concentration of 1 mg/mL
were prepared with DMSO. 50μL of the resulting solution was added to 160μL 0.039% DPPH. Incubation was conducted at ambient temperature in the
dark for 30 minutes. The absorbance was read at 517
nm. The procedures were repeated for all solution
concentrations. Caffeic acid and rosmarinic acid
were used as reference antioxidants. DPPH free radical scavenging rates were determined with the following formula:
Scavenging activity (%) = [(ADPPH-AExample) /
(ADPPH)] x100.

.;.9526*;276 7/ #" #" *6- " %*4
<.: The TAS value of the mushroom was determined using Trolox as a calibrator and Rel Assay
brand commercial kit (Rel Assay Kit Diagnostics,
Turkey). The results are shown in mmol Trolox
equiv./L [28]. TOS values were determined with Rel
Assay brand commercial kits using hydrogen peroxide as calibrator. The results are shown as μmol H2O2
equiv./L [29]. OSI was calculated with the following
formula [29]:

6;252,97+2*4*,;2=2;?Mushroom sample antimicrobial activities were determined using the agar
dilution method as recommended by the Clinical and
Laboratory Standards Institute (CLSI). Bacterial
strains $ '%#%"%# ATCC 29213, $"
%# # ATCC 29212, #" 
ATCC 25922, #%# "%# ATCC
27853, fungal strains  # ATCC
10231 and  $" # ATCC 13803 were
developed by American Type Culture Collection
(ATCC) Rockville, Md. Bacterial strains were precultured in Muller Hinton broth (Merck) medium,
and fungal strains were pre-cultured in RPMI 1640
broth (Sigma-Aldrich Chemie GmbH, Taufkirchen,
Germany). Bacteria and fungi turbidity was prepared
according to the McFarland scale no. 0.5 to obtain
standard inoculum [24]. All extract solutions were
prepared using 50% diluted DMSO. All dilutions

.;.9526*;2767/.*=?.;*476;.6;The
mushrooms were dried at 40 °C in the incubator and
then pulverized in a mortar. Three 1 gram samples
were weighed and placed in 50 mL glass beakers. 10
ml HNO3 was added. The beakers were stored for 24
to 48 hours at room temperature, and then the beakers were warmed up using a heat-adjustable hot plate
until the solution became clear. Then, 10 mL concentrated HCI was added to the beakers and the
burning process was repeated. After the burning process, 20 ml diluted HCl was added to the solution
and the solution was prepared for the analysis by filtration [30]. The element concentrations in the prepared solutions were determined using a Perkin
Elmer (AAnalyst 400) instrument.
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# 
/9..9*-2,*4:,*=.602608.9,.6;*0.7/2612+2;276



*//.2,*,2-
!7:5*9262,*,2-



54.47±0.05
61.92±0.15
66.33±1.01


38.39±0.66
35.09±7.96
56.44±1.98

 
21.34±0.66
7.00±0.41
47.72±0.76


8.62±0.91
6.03±0.15
28.6±0.91

Values are presented as mean±S.D.; n=6 (Experiments were made as 3 parallel)
# 
#"#"*6-"%*4<.:7/
TAS
2.195±0.150

#% %"%#

TOS
1.303±0.065

OSİ
0.059±0.001

Values are presented as mean±S.D.; n=6 (Experiments were made as 5 parallel)
# 
2625*4612+2;7976,.6;9*;276%*4<.:7/

#% %"%#
Flukonazole
Ampicillin
Ciprofloxacin

%"%#
(µg/mL)
200
3.12
0.78

#
(µg/mL)
200
1.56
0.78


(µg/mL)
100
3.12
1.56

"%#
(µg/mL)
200
3.12

#
(µg/mL)
100
1.56
-

$" #
(µg/mL)
100
3.12
-

* 200 and 100 (μg / mL) indicate concentrations of extracts affecting microorganisms.
!"$#""$""

6;27>2-*6;*,;2=2;?The antioxidant activity
of the ethanol extract of  #% %"%# was determined using DPPH. The findings are presented in
Table 1.
It was determined that the DPPH free radical
scavenging activity of the mushroom ethanol extract
increased with the increase in extract concentration
#% %"%# activity was found to be higher at all
concentrations when compared to that of the rosmarinic acid and caffeic acid used as standard antioxidants. It was previously reported that #% %"%#
could be used as a potential antioxidant source in
studies on antioxidant activities [7, 13, 31]. Consistent with these studies, it is considered that #%
%"%# ethanol extracts could be used as an antioxidant source due to its high DPPH free radical scavenging achievement.

mushroom "$""% (Schaeff.) P. Kumm
collected at Mugla provincial center was 0.38, TOS
value of the same was 16.76 and OSI value was 4.41
[30]. Furthermore, the TAS value of %"$%#
"' (DC.) Quél. was determined as 1.93 and the
TAS value of %"%" '$" (Mont.) Sacc.
was determined as 0.93 [32, 33]. The TAS value of
 #% %"%# was determined to be higher when
compared to the abovementioned studies. This was
considered to be due to the fact that the mushroom
was better at producing antioxidant compounds.
Furthermore, the TOS value of  #% %"%# was
much lower than that of  $""%. It could be
argued that Yedigöller National Park, where 
#% %"%# was collected, is a more suitable
environment for the growth of mushroom in terms of
oxidative stress when compared to Mugla-Center,
where  $""% was collected. The higher TAS
value of #% %"%# indicated that this mushroom
could be used as a natural antioxidant source.

#"#"*6-"%*4<.: TAS (mmol/L),
TOS (μmol/L) and OSI values of the ethanol extract
of  #% %"%# collected at Yedigöller National
Park were determined by Rel Assay kits and are presented in Table 2.
The TAS value for  #% %"%# collected
from Yedigöller National Park was 2.195 mmol
Trolox equiv./L and the TOS value of the same was
1.303 μmol H2O2 equiv./L. OSI, which indicates the
percentage of oxidant compounds formed in vivo by
the antioxidant compounds, was 0.059. In previous
studies, it was reported that TAS value for the edible

6;252,97+2*4 *,;2=2;? /26-260:  #% %
"%# ethanol extracts were studied using the agar dilution method as recommended by the CLSI and the
obtained findings are presented in Table 3.
The negative effects of microorganisms and
chemical drugs used against microorganisms that are
resistant against antimicrobial drugs led individuals
to use natural resources. #% %"%# extracts were
reported to exhibit antimicrobial activities [34, 36].
The antimicrobial activity tests demonstrated that 
#% %"%# had different effects on microorganisms
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on which the extracts were applied. As presented in
Table 3, it was determined that  was effective
against # and $" # at 100 (μg/mL)
extract concentration. It was active against %"%#
# and "%# at an extract concentration of 200 (μg/mL). In previous studies conducted on #% %"%#, it was found to be effective
against gram-positive (%#"%#%##%
$# $ '%# %"%# "%# &%#
 "%#%$%#) and gram-negative (#
"  " " "$%# &%"#
#%# "%#  $"$#
"#$"$) bacteria [37]. In the present study, #% %"%# ethanol extracts were found
to be effective against gram-positive, gram-negative
and fungal strains. It was determined that the applied
extracts were more effective against fungal strains.

against the hydroxyl radical, one of the most dangerous known radical species. If the hydroxyl radical is
not removed from the medium, it binds to the sugar
phosphate backbone and breaks the DNA in these regions [38, 39]. Previous studies demonstrated that
&%# had DNA-protecting activity [40].
$%#!%%# was reported to have natural antioxidant and potential DNA protective activities [41,
42]. It was also determined that "%%
(Curtis) P. Karst. had a protective effect against
DNA damage [43]. In the present study, we attempted to determine the DNA protection activity of
the  #% %"%# ethanol extract. The findings
demonstrated the damaging effect of the generated
hydroxyl radical on DNA (when negative control is
examined). In the negative control, the linear DNA
form completely disappeared. However, when compared to the negative control, it was clear that all applied doses demonstrated DNA protection activity. It
was considered that the  #% %"%# ethanol extracts may be an antioxidant protective agent, protective against DNA damage by inhibiting oxygen radicals.

 97;.,;2=.,;2=2;2.:The DNA protective activities of the mushroom ethanol extracts were
determined using pBR 322 supercoiled DNA. The
findings are presented in Figure 1.
DNA protection activity refers to the protection
of DNA by the presence of antioxidant compounds

$! 
897;.,;2=.*,;2=2;?7/




# 
.*=?5.;*44.=.4:7/

#% %"%#

Fe
138.44±21.22

Zn
47.42±6.60

Cu
1.90±1.22

Values are presented as mean±S.D.; n=3 (Experiments were made as 3 parallel)
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Pb
1.73±0.89

Ni
0.00±0.0
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.*=?.;*476;.6;The Fe, Zn, Cu, Pb and
Ni content accumulated in #% %"%# were determined in mg.kg-1. The heavy metal content are presented in Table 4 as mean ± S.D.
Mushrooms could be used as pollution indicators by observing the elements they accumulate in
different levels based on the substrate they utilize
[19]. Heavy metal analysis showed no Ni content in
#% %"%#. The reason for this was considered to
depend on the substrate content that the mushrooms
utilize. The lowest and highest element content in
mushroom heavy metal analysis were determined as
14.6-835 for Fe, 29.8-158 for Zn, 71-95 for Cu and
2.86-6.88 mg.kg-1 for Pb [44]. Compared the findings in the literature, Fe and Zn content were found
similar to the ranges reported in the literature and Cu
and Pb contents were lower when compared to the
previous findings. Based on the study data, it could
be argued that the heavy metal pollution in the region
was at acceptable levels. It is considered that consumption of  #% %"%# collected in Yedigöller
national park would not cause any problems due to
its heavy metal content.


$"

[3] Barros, L., Calhelha, R.C., Vaz, J.A., Ferreira,
I.C.F.R., Baptista, P. Estevinho, L.M. (2007)
Antimicrobial activity and bioactive compounds
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It could be argued that the heavy metal content
and oxidative stress status of the #% %"%# samples collected in Yedigöller national park were acceptable. Furthermore, high DPPH and TAS values
of #% %"%# suggested that this mushroom could
be consumed as an alternative antioxidant source. It
was determined that #% %"%# might be utilized
as an alternative natural antibiotic against microorganisms. It was also suggested that it could be used
as a dietary supplement or traditional medicine to
prevent or treat DNA damage caused by oxidative
damage or hydroxyl radicals. It was generally considered that the biological activity of #% %"%#
was high and it could be utilized as a natural source
in alternative medicine.
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body may be lost, biochemical activities can be affected. Most importantly, the electrical structure,
which is important in the functioning of cells and tissues may be damaged. There may be some disorder
connected to it in the heart, the circulatory system,
and the immune and nervous system. It is the agenda
that the weakening of the immune system of the body
will have an effect that increases or triggers the formation of cancer. There are studies in children that
increase the risk of blood cancer, change blood
charts, increase the number of headaches to electromagnetic fields [3, 4, 5, 6].
Electromagnetic waves consist of small packets
of energy called photons. It is proportional to the
frequency of the photon energy. As frequency increases, the amount of energy of the photon increases.
Low-frequency electromagnetic waves are called
"electromagnetic fields" and the high-frequency
waves are called "electromagnetic radiation". In addition, electromagnetic waves are classified as ionizing radiation (nuclear radiation) or non-ionizing radiation (electromagnetic radiation) according to their
frequency and energy. There are many experimental
and computer simulations to show the effects of
electromagnetic radiation [7, 8, 9].
The fields are close to 50 Hz from power transmission lines and electrical installation at homes and
they generate non-ionizing radiation electromagnetic fields. The most important sources of ELF (Extremely Low Frequency), EMF (Electromagnetic Field)
is energy transmission lines. While the surface
energy transmission lines create both electricity and
EMF, underground power lines do not create an
electrical field on the surface, but they generate the
magnetic fields. Cables that pass through walls in
buildings and have not been installed according to
the guidelines and electronic devices are the major
EMF sources of living spaces.
In this study, a survey will be prepared on EMF
effects that power conduits and their components
create and on current applications, and it will be done
to clarify possible effects of electromagnetic fields
on living creatures.

The basic purpose of this study is the possible
health problems of the employees who are exposed
to time-varying electromagnetic fields. The study
consists of the male employees' exposure to the
transformer-sourced electromagnetic effect that they
work in an electricity distribution company and the
determining possible health effects that electromagnetic field creates them. So exposure groups with 60
people that they were exposed to the transformer and
a control group with 20 people that they were not
exposed to transformer were chosen. The research
surveys were applied to nothing of exposure and
control group. The results of the survey of the experimental and control groups among the diseases diagnosed, only there is a significant difference in
terms of incidence of a migraine. (P<0,05)
(X2=7,951, P=0,004). No significant differences
were found between the groups for diabetes, hypertension, kidney disease, lung disease, cancer, allergic
disease, infertility and other disease types. (P> 0.05).

*(!#$
Electromagnetic field (EMF), 50 Hz, Occupational health
and safety.
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Many natural and artificial sources radiate
electromagnetic energy into electromagnetic waves.
These waves consist of electrical and magnetic resonance fields. Biological systems such as plants, animals, and human cells are affected by these areas in
various forms. For a better understanding of this interaction, it is necessary to know the physical properties of the waves that produce an electromagnetic
spectrum. Electromagnetic waves are characterized
by wavelength, frequency, and energy and these
three parameters are linked to each other [1, 2].
Electromagnetic waves can cause a great deal
of confusion in the human organism. For example,
the balance between the molecules and atoms of the
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ses, diabetes, hypertension, cancer, infertility, migraine).
• The existence of various complaints (a headache, blurred vision, prick, itching, dilution, earache, tinnitus, fever feeling, hearing scantiness,
tachycardia, languor, prostration, skin eruption, stomach problem, gasping, dizziness, nervousness, amnesia, sexual anorexia)

The necessary permissions were gotten in terms
of doing a survey with measurements as negotiations
at levels of human resource' authorized person or director were done before the application which was
done by Akdeniz electricity distribution company
using in the study. Moreover, determinations which
were done during the company visits and suggestions and views related to the improvements which
would be done will be shared with those who are relevant. The research surveys were applied to an
exposure group with 60 male people who were exposed to transformers and to a control group of 20 male
people who were not exposed to transformers (secretarial, storehouse, etc.).
Dependent and independent variables belonging to the research have been ordered at the following.

7./9/7./7='+;3+,5/<
• Work in place with EMF / not work
• Working time, daily working time
• Distance between working place and transformer
In January 2016 permission was taken to participate in the questionnaire for employees (experimental group) and those who did not work (control
group) for health status evaluation. Afterwards, a
questionnaire consisting of questions about age,
duty, disease, personal characteristics, working time
and occupational characteristics was applied. The
survey forms were given to employees and they were
asked to fill them under the observation. Participant'
disease which had been diagnosed by the doctors
were asked, they were asked to mark on available
one of their complaints.

% 
/681;+923-9;89/;=3/<,/5871371=8=2//A9/;3
6/7=+51;8>9=2+=+==/7./.37=2/;/</+;-2
/7./;

8

Male

60

Total

60

1/

8

"/;-/7=+1/
100
100
"/;-/7=+1/

30 aged and below

20

33,30

31-35

14

23,30

36-40

9

15,00

41-45

4

6,70

46 aged and over

13

21,70

Total

60

!-->9+=387

8

100

44

73,3

Electrician

16

26,7

Total

60
8

100
"/;-/7=+1/

Lighting Directorship

13

21,7

Measurement Systems

17

28,3

Defect Repair Maintenance

30

50,0

Total

60

>=B

8

Electrical Technician

44

Electrician

16

According to findings belonging to an experimental group at Table 1., it was determined that all
of the participants were males. It was determined
that 33,3 of participants were 30 years old and below,
23,3 % of them were 31-35 years old, 15,0 % of them
were 36-40 years old, 6,7 % of them were 41-45 years old and 21,7 % of them were 46 years old and
over, 73,3 % of them have been working in the department of electrician, 26,7 % of them have been
working in electrical technician, 21,7 % of them
have been working in lighting directorship, 28,3 %
of them have been working in measurement systems,
50,0 % of them have been working in defect repair
and maintenance, while 88,3 % of experimental
group participants have been working in these departments and these duties between 1-20 years, 11,7
of them have been working in these departments for
21 years and over.
According to findings belonging to control
group at Table 2., it was determined that all of the
participants were males. 65,0 % of participants is 30
years old and below, 25,0 % of them were 31-35 years old, 10,0 % of them were 36-40 years old, 5,0 %
of them have been working as an electrician, 75,0 %
of them have been working as an electrical technician, 5,0 % of them have been working as a technician, 15,0 % of them have been working as an engineer, 10,0 % of them have been working in the department of lighting directorship, 5,0 % of them have

"/;-/7=+1/

Electrical Technician

/9+;=6/7=+7.&73=

#$&%$

100
"/;-/7=+1/
73,3
26,7

Total
60
(8;4371 %36/ 37 %23< /
8
9+;=6/7=+7.>=B
1-20 year
53

100
"/;-/7=+1/

21 year and above

7

11,7

Total

60

100

88,3

/9/7./7='+;3+,5/<
• The existence of diagnosed disease (allergic
disease, lung diseases, kidney diseases, heart disea-
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pants are considered, it was seen that 1,7 % of experimental group participants use ACNOR, ASPIRIN,
and RISPERDAL while 5,0 % of control groups use
the drug with the name of NOVARAPID.

been working in measurement systems 20,0 % of
them have been working in call center, 35,0 % of
them have been working in commercial field directorship, 10,0 % of them have been working in OHS
unit, 20,0 % of them have been working in index reading. While 10,0 % of control groups have duty as
an electrical technician, 10,0 % of them have duty as
a technician, 65,0 % of them have duty as an office
staff, 10,0 % of them have duty as an occupational
safety specialist, 5,0 % of them have duty as an engineer, all of the control groups have been working
in these departments and duties between 1-20 years.

%
%2//A9/;36/7=+5+7.-87=;851;8>9<.;>17+
6/<
;/:>/7-B!0
&</;>1
NOVARAPID
ACNOR
ASPIRIN
RISPERDAL

% 
/681;+923-9;89/;=3/<,/5871371=8=2/-87=;85
1;8>9=2+=+==/7./.37=2/;/</+;-2
/7./;
Male
Total
1/
30 aged and below
31-35
36-40
Total
!-->9+=387
Electrician
Electrical Technician
Technician
Engineer
Total
/9+;=6/7=+7.&73=
Lighting Directorship
Measurement Systems
Call Center
Commercial Field Directorship
The Unit of OHS
Index Reading
Total
>=B
Electrical Technician
Electrician
Office Staff
Occupational Safety
Specialist
Engineer
Total

8
20
20
8
13
5
2
20
8
1
15
1
3
20
8
2
1
4

"/;-/7=+1/
100
100
"/;-/7=+1/
65,0
25,0
10,0
100
"/;-/7=+1/
5,0
75,0
5,0
15,0
100
"/;-/7=+1/
10,0
5,0
20,0

7

35,0

2
4
20
8
2
2
13

10,0
20,0
100
"/;-/7=+1/
10,0
10,0
65,0

2
1
20

10,0
5,0
100

(8;4371 %36/ 37
%23</9+;=6/7=+7. 8 
>=B
20
1-20 year
Total
20

Less than one
year
5 year and
over

1,7

87=;85
"/;-/7=
+1/
8



)

"

Diabetes

1

1,7

1

5,0

-

0,440

Hyper
tension

1

1,7

-

-

-

0,750

Kidney Di1
sease

1,7

-

-

-

0,750

Lung Dise1
ase

1,7

-

-

-

0,750

Cancer

1

1,7

-

-

-

0,750

Allergic Di2
sease

3,3

1

5,0

-

0,583

A Migraine

45,0

2

10,0

7,95 0,004*

27

Infertility

1

1,7

-

-

-

0,750

Other

1

1,7

-

-

-

0,750

*P<0,05

H0: Diagnosis there was no significant difference between control and experimental groups according to the subject has the disease.
H1: Diagnosis there was a significant difference
between the experimental and control groups according to the subject has the disease.
When the findings in Table 5. were reviewed,
there was a significant difference seen between the
diagnosed diseases of experimental and control
groups only in terms of the prevalence of migraine
diseases. (P<0,05) (X2=7,951, P=0,004). Migraine
disease prevalence in the experimental group (45,0
%) is higher than the control group (10,0 %). It was
seen that there is a significant difference between
groups for diabetes, hypertension, kidney diseases,
lung diseases, cancer, allergic disease, infertility and
other disease types. (P>0,05)
When the findings at Table 6. were reviewed,
there was a significant difference between the complaint situations of experimental and control groups in
terms of eye disease prevalence (P<0,05) (X2=2,500

"/;-/7=+1/
100
100

1

A9/;36/7=+5
"/;-/7=
+1/
8



%2/3+1
78</.
3</+</<

A9/;36/7=+5
87=;85
8
"/;-/7=+1/
8  "/;-/7=+1/


2
3,3
1

87=;85
"/;-/7=+1/
8

1
5,0
-

%
%2/-869+;3<8780.3</+</<3=>+=387<@23-2@/;/
.3+178</.08;=2//A9/;36/7=+5+7.-87=;851;8
>9<

% 
%2/6/.3-+=387<3=>+=387,/5871371=8=2//A9/
;36/7=+5+7.-87=;851;8>9<

;/:>/7-B
!0&</;>1

A9/;36/7=+5
"/;-/7=+1/
8

1
1,7
1
1,7
1
1,7

5,0

Table 3. was given medication situation belonging to the experimental and control groups. When
Table 4. was reviewed, and drug names of partici-
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P=0,026). The nervousness prevalence in the experimental group (48,3 %) was higher than the control
group (20,0 %).
There was a significant difference in terms of
fatigue prevalence (P<0,05) (X2=6,667, P=0,010).
The fatigue prevalence in the experimental group
(58,3 %) was higher than the control group (25,0 %).
There was a significant difference in terms of
forgetfulness prevalence (P<0,05) (X2=12,798,
P=0,000). The forgetfulness prevalence in the experimental group (50,0 %) was higher than the control
group (5,0 %).
There was a significant difference in terms of
the drowsiness prevalence (P<0,05) (X2=13,858,
P=0,000). The drowsiness prevalence in the experimental group (45,0 %) was higher than the control
group.
There was a significant difference in terms of
hearing loss prevalence (P<0,05) (X2=5,689,
P=0,017). The hearing loss prevalence in the experimental group (31,7 %) was higher than the control
group (5,0 %).
There was a significant difference in terms of
sexual aversion prevalence (P<0,05) (P=0,033). The
sexual aversion prevalence in the experimental
group (18,3 %) was higher than the control group.
There was a significant difference in terms of
psychological disorder prevalence (P<0,05)
(P=0,000). The psychological disorder prevalence in
the experimental group (56,7 %) was higher than the
control group.
There was a significant difference in terms of
dizziness prevalence (P<0,05) (P=0,000). The
drowsiness prevalence in the experimental group
(40,0 %) was higher than the control group.
There was a significant difference in terms of
anorexia prevalence (P<0,05) (X2=2,886, P=0,080).
The anorexia prevalence in the experimental group
(21,7 %) was higher than the control group (5,0 %).
There was not seen a significant difference
between complaint types such as eye disease, heartburn, gasping and blood disorder (P>0,05).
The survey was analyzed with statistical methods with the usage of SPSS 20 (Statistical Package
Social Science) Package to assess it and then, it was
interpreted. Chi-Square test tests whether there is a
significant relation between two-categorized (categorical) variables. Chi-Square test tests whether values which are observed values which occur by twocategorized variable's level (line number x column
number) and values which are expected differ significantly. Accordingly, as the difference between
these two values increase, the possibility that the relationship between variables occurs significantly
increases. In this study, the relation between independent groups was reviewed by this method.
P<0,05 was accepted as different statistically.

P=0,001). The eye disease prevalence in the experimental group (45,0 %) was higher than the control
group (20,0 %).
%
%2/-869+;3<8780-8695+37=<3=>+=387<08;=2/
/A9/;36/7=+5+7.-87=;851;8>9<23$:>+;/
7+5B<3<
A9/;36/7=+5

3</+</<
"/;-/7=
@3=2
8
+1/
8695+ 

37=$=+=><

87=;85

Eye Disease
Ear Disease
A Headache
Languor
Nervousness
Fatigue
Forgetfulness
Drowsiness
Hearing
Loss
Stomach
Complaints
Shortness
of Breath
Sexual
Aversion
Psychological Disorder
Dizziness
Anorexia
Blood Disorder

8


"/;-/7=
+1/
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"

27

45,0

4

20,0

2,500

0,114

26

43,3

1

5,0

9,858

0,001*

38

63,3

4

20,0

11,29

0,001*

30
29

50,0
48,3

3
4

15,0
20,0

7,582
4,969

0,006*
0,026*

35
30

58,3
50,0

5
1

25,0
5,0

6,667
12,79

0,010*
0,000*

27

45,0

-

-

13,85

0,000*

19

31,7

1

5,0

5,689

0,017*

11

18,3

1

5,0

2,092

0,137

1

1,7

1

5,0

0,684

0,440

11

18,3

-

-

-

0,033*

26

56,7

-

-

-

0,000*

24
13
3

40,0
21,7
5,0

1
-

5,0
-

2,886
-

0,000*
0,080
0,417

*P<0,05

H0: According to the complaint situations, there
was not a significant difference between the experimental and control groups.
H1: According to the complaint situations, there
was a significant difference between the experimental and control groups.
There was a significant difference in terms of
ear disease prevalence (P<0,05) (X2=9,858,
P=0,001). The ear disease prevalence in the experimental group (43,3 %) was higher than the control
group (5,0 %).
There was a significant difference in terms of
headache prevalence (P<0,05) (X2=11,295,
P=0,001). The headache prevalence in the experimental group (63,3 %) was higher than the control
group (20,0 %).
There was a significant difference in terms of
languor prevalence (P<0,05) (X2=7,582, P=0,006).
The languor prevalence in the experimental group
(50,0 %) was higher than the control group (15,0 %).
There was a significant difference in terms of
nervousness prevalence (P<0,05) (X2=4,969,
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line directions with the high and low current; working subjects' effects to a magnetic field with 60 Hz
in 40-meter areas from their homes. Magnetic field
measurements were done around power lines. It was
found that homes of patients with cancer were significantly closer than the homes of the control subjects. The homes of 128 control subjects and 109
cases that they were only in a place were seen from
birth to death as the most remarkable difference. It
was found that leukemia, lymphoma and neural system were much more at two to the third-rate [10].
Neural system diseases and brain functions
have been focused on in terms of health effects. According to those who live more than 500 meters to
high energy lines; It has been reported that living nearer than 100 meters increases the risk of severe depression by 4.7 fold [11]. Contrary to this study, a
cross-sectional study of 223 women aged 25-53 years in Japan did not reveal a significant relationship
with the mental health of living near homes with
high voltage lines [12].
It was shown in another study that the relation
between suicide and occupational-increased EMF
exposure was significant and especially, the risk was
much greater for electricians, conduit workers, and
males under 50 ages [13]. The cross-sectional study
which was done in Sweden showed that electromagnetic hypersensitivity frequency was 5 %; the most
common complaints slept disorder and headache, the
exposure sourced mostly from power lines and cell
phones [14]. Electromagnetic hypersensitivity rate
which was sourced from power conduits, electrical
devices, and computers was 3,2 % in a study which
was done in California.
Electromagnetic hypersensitivity has changed
at the rate of 3-5 % in societies as these two studies
showed. Electromagnetic hypersensitivity stands as
a health problem which would not be noticed due to
its symptoms which affect a great part of society and
do not indicate especially a disease.
Elhasoglu prepared a survey with 11 questions
in order to determine the health problems of people
who were exposed to the electromagnetic field; for a
long time in 2006. The following cases have been
assessed and reviewed whether there is difference
between people who dwell closely up to 30 meters to
high tension line and who dwell more distantly; a
headache, joint pain, neurotic disorder, heart disorder, upper airway infections, tension disorders and
sleep disorders, and their age and dwelling duration
were assessed by descriptive variables and their rates
were reviewed statistically [15].
Although a significant relationship between
high tension line exposure and testicular cancer was
not determined in the study which was done on
males at 15-69 age group in Germany between the
years of 1995-1997, it was informed that a soft increase was on males under the age of 40 [16].
In another study which was done in Iran, it was
informed that it increased the acute leukemia risk at

After the introduction, which was made for effects of electromagnetic fields on employees in an
electrical distribution company the research survey
was applied to an exposure group with 60 male people who are exposed to transformer-sourced electromagnetic effect and to a control group of 20 male
people who are not exposed to a transformer and
work in the same institution.
As a result of the survey, there is a significant
difference only in terms of migraine disease prevalence in the comparison of the diagnosed diseases
belonging to the experimental and control groups.
(P<0,05) (X2=7,951, P=0,004). A significant difference was not seen between groups for diabetes, hypertension, kidney diseases, lung diseases, cancer,
allergic disease, infertility and other disease types
(P>0,05).
In the comparison of complaints belonging to
the experimental and control groups; there is a significant difference in terms of ear disease prevalence
(P<0,05) (X2=9,858, P=0,001), headache prevalence
(P<0,05) (X2 =11,295, P=0,001), languor prevalence
(P<0,05) (X2= 7,582, P=0,006), nervousness prevalence (P<0,05) (X2=4,969, P=0,026), fatigue prevalence (P<0,05) (X2= 6,667, P=0,010), forgetfulness
prevalence (P<0,05) (X2=12,798, P=0,000), drowsiness prevalence (P<0,05) (X2=13,858, P=0,000),
hearing loss prevalence (P<0,05) (X2=5,689,
P=0,017), sexual aversion prevalence (P<0,05)
P=0,033), psychological disorder prevalence
(P<0,05) P=0,000), dizziness prevalence (P<0,05)
P=0,000) and anorexia prevalence (P<0,05)
(X2=2,886, P=0,080).
No significant difference between groups for
eye disease, heartburn, gasping and blood disorder
complaint types were observed (P>0,05).
It is possible to summarize the results of some
of the epidemiological and experimental studies
which have been done, as the following. In the report
with the issue on the effects of electric and magnetic
fields generated by conduits on people's health, USA
Technology Assessment Office states that the interaction between electric-magnetic fields and cells occur in cell membrane, and it would be enough for
critically important biochemical changes to run cell
that electromagnetic fields change even small sign
that they would create an electrical system of body.
Moreover, electromagnetic fields destroy properties
of cells which perform the normal growing operation
as affecting them.
The study of Wertheimer and Leeper includes
a people who died from cancer that was born in Colorado and lived in Denver and were 19 years old in
Colorado between 1950 and 1973 years. The working group consists of 344 cancer deaths and 355 control subjects that their birthday and place were
marked. 472 control units and cancer patients' 491
residences were compared. In various high tension
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8,8 times for children who lived more closely to high
tension lines than 500 meters (95 % confidence interval 1,74-58,4) the exposure which was more than
the average 0,45 μT increased the risk at 3,6 times
(95 % confidence interval 1,11-12,39) [17, 18].
These studies show that living close to power
conduits is a significant risk, especially for human
health. Interaction of electromagnetic fields in biological tissues what are the mechanisms that occur in
vivo studies in the near future is among our plans.

[5] Fard, M.S., Nasiri, P., Monazzam, M.R. (2011)
Measurement of the magnetic fields of high-voltage substations (230kV) in Tehran (Iran) and
comparison with the ACGIH threshold limit values. Radiation Protection Dosimetry. 145, 421–
425.
[6] Korpinen, L., Kuisti, H., Pääkkönen, R., Vanhala, P., Elovaara, J. (2011) Occupational exposure to electric and magnetic fields while working at switching and transforming stations of
110kV. The Annals of Occupational Hygiene.
55, 526–536.
[7] Kahriman, M., Cerezci, O., Demir, Z. (2001)
Measurement and comparison of electromagnetic fields created by mobile phones. Graduate
School of Natural and Applied Sciences, Sakarya University. 5(1), 7-12.
[8] Polat, L.N., Kahriman, M., Comlekci, S. (2010)
Creating a head model by using 3-D pattern and
evaluation of SAR mapping with numerical
methods. 15th National Biomedical Engineering Meeting (BIYOMUT 2010). 1, 6–8.
[9] Seker, S., Cerezci, O. (1997) Use of risk analysis of electromagnetic energy. Electrical Engineering 5. National Congress. 2, 386-391.
[10]Wertheimer, N., Leeper, E. (1982) Adult cancer
related to electrical wires near the home. International Journal of Epidemiology. 11(4), 345355.
[11]Verkasalo, P.K., Kaprio, J., Varjonen, J., Romanov, K., Heikkilä, K., Koskenvuo, K.M. (1997)
Magnetic fields of transmission lines and depression. American Journal of Epidemiology.
146(12), 1037-45.
[12]Yamazaki, S., Sokejima, S., Mizoue, T., Eboshida, A., Kabuto, M., Yamaguchi, N., Nitta, H.
(2006) Association between high voltage overhead transmission lines and mental health: A
crosssectional study. Bioelectromagnetics.
27(6), 473-478.
[13]Van Wijngaarden, E., Savitz, D.A. (2000) Occupational sunlight exposure in relation to suicide among electric utility workers. Ameri-can
Journal of Industrial Medicine. 38(2), 149-154.
[14]Schreier, N., Huss, A., Röösli, M. (2006) The
prevalence of symptoms attributed to electromagnetic field exposure: a cross-sectional representative survey in Switzerland. Sozial-und
Präventivmedizin. 51(4), 202-209.
[15]Elhasoglu, D. (2006) Harmful effects of electromagnetic pollution. Cukurova University Graduate School of Natural and Applied Sciences.
7-11.

! &$! 
The possibilities offered by electrical energy
for working life are quite large, but these possibilities should be used by paying attention to EMF exposure limits. It should be noted; separating the toxic
that is used is the amount of the dose of the drug.
Devices, tools, and equipment which make EMF
emission should be used at maximum-level efficiency, but it should be passed to EMF level to harm
on employees' health.
In the workplace, EMF measurements should
be done first and risk assessment should be prepared
considering the limit values. Employees should be
trained on EMF risks, preventive measures, and health effects of the EMF that they may encounter in
the workplace. As a result of the conclusions which
will be obtained, conscious precautions should be taken. Continued research in this regard is important
for scientific and community health.
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salt stress
Salvia
Satisfaction
Scotch pine
SDS-PAGE
Sediment
Sediment accumulation
Sediment management framework
seed germination
segregation distortion
SEM
Sheep nasal botfly
slicing mining
small watershed
soil
soil erodibility by wind

1695
1618
1424, 1618
1545
1695
1850
1613
1411
1552, 1627, 1824
1437
1824
1345
1935
1574
1923
1896
1532
1319
1604

T
Target specific bio-herbicides
7DúN|SU
Tayzhuzgen deposit
Temperature
Teratogenic effect
Tetracycline Removal
Thermal drying

1778
1613
1372
1639
1764
1914
1786

U
ultrafiltration

soil horizons
1353
Soil properties
1613
sorption
1353, 1372, 1814
soybean
1618
1532
Spatial interpolation method
spring barley
1772
SSR
1935
Staphylococcus aureus
1868
Stem Protein
1449
Street dust
1707
Strength
1363
submerged macrophytes
1583
Submerged plant
1627
Substrate
1424
suitability mapping
1656
Sulfur oxide
1634
1884
Supercritical water oxidation
support vector machine
1563
Synthetic Aperture Radar (SAR)
1688

tillage
trace metals
Turkey
type 2 diabetes mellitus

1486
1914
1604
1319
1656
1875

1855

UV/H2O2 process

1404

V
visible light assisted
vitamin D3

1681
1889

volatile compound

1889

W
WaSim
Waste
Waste drilling fluid
wastewater treatment
Water
water masses

1338
1363
1884
1404
1627
1726

water quality
Water vapor pressure
water-salt balance
Water-sediment separation
Willingness to Accept
Willingness to Pay

1906
1639
1338
1824
1928
1928

Y
Yellow River

1824

Z
Zeolite
Zero-valent iron

1372
1379

Ziziphus jujube

1742

«
2-chlorophenol
50 Hz

1486
1953

8-OHdG

1940

1967

thermodynamic parameter
Three-Dimensional Electrochemical System
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FEB ± GUIDE FOR AUTHORS
few brief sentences (one-fourth to one page)
particularly significant findings. Short articles by
relative newcomers to the chemical innovation
arena highlight the key elements of their Master and
PhD-works in about I page.
Book Reviews are normally written in-house, but
suggestions for books to review are welcome.

General
FEB accepts original papers, review articles, short
communications, research abstracts from the entire
sphere
of
environmental-chemistry,-biology,microbiology,- technology, -biotechnology andmanagement, furthermore, about residue analysis/
and ecotoxicology of contaminants.
Acceptance or no acceptance of a contribution will
be decided, as in the case of other scientific
journals, by a board of reviewers. Papers are
processed with the understanding that they have not
been published before (except in form of an abstract
or as a part of a published lecture, review or
thesis);that they are not under consideration for
publication elsewhere; that their publication has
been approved by all co-authors, if any, as well astacitly or explicitly- by the responsible authorities
at the institute where the work has been carried out
and that, if accepted, it will not be published
elsewhere in the same form, in either the same or
another language, without the consent of the
copyright holders.

Preparation of manuscript
Dear authors,
FEB is available both as printed journal and as
online journal on the web. You can now e-mail
your manuscripts with an attached file. Save both
time and money. To avoid any problems handling
your text please follow the instructions given
below:
When preparing your manuscripts have the formula
K/SS (Keep It Simple and Stupid) in mind. Most
word processing programs such as MS-Word offer
a lot of features. Some of them can do serious harm
to our layout. So please do not insert hyperlinks
and/or automatic cross-references, tables of
contents, references, footnotes, etc.
1. Please use the standard format features of your
word processor (such as standard.dot for MS
Word).
2. Please do not insert automatisms or secret linkups between your text and your figures or tables.
These features will drive our graphic department
sometimes mad.
3. Please only use two fonts for text or tables
"Times New Roman" and for graphical
presentations "Arial".
4. Stylesheets, text, tables and graphics in shade of
grey
5. Turn on the automatic language detection in
English (American or British)
6. Please - check your files for viruses before you
send them to us!!
Manuscripts should send to:parlar@wzw.tum.de
or:parlar@prt-parlar.de

Language
Papers must be written in English. Spelling may
either follow American (Webster) or British
(Oxford) usage but must be consistent. Authors
who are less familiar with the English language
should seek assistance from proficient colleagues in
order to produce manuscripts that are
grammatically and linguistically correct.
Size of manuscript
Review articles should not exceed 30 typewritten
pages. In addition up to 5 figures may be included.
Original papers must not exceed 14 typewritten
pages. In addition up to 5 figures may be included.
Short-Communications should be limited to 4
typewritten pages plus not more than 1 illustration.
Short descriptions of the authors, presentation of
their groups and their research activities (with
photo) should together not exceed I typewritten
page. Short research abstracts should report in a

Thank you very much!
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STRUCTURE OF THE MANUSCRIPT
ORIGINALPAPERS:
l. Author, N.N. and Author, N.N. (Year) Full title of
the article. Journal and Volume, first and last page.
BOOK OR PROCEEDING:
2. Author, N.N. and Author, N.N. (Year) Title of
the contribution. In: Title of the book or
proceeding. Volume (Edition of klitor-s, ed-s)
Publisher, City, first and last page

Title page: The first page of the manuscript should
contain the following items in the sequence given:
A concise title of the paper (no abbreviations). The
names of all authors with at least one first name
spelled out for every author. The names of
Universities with Faculty, City and Country of all
authors.
Abstracts: The second page of the manuscript
should start with an abstract that summarizes
briefly the contents of the paper (except short
communications). Its length should not exceed 150200 words. The abstract should be as informative as
possible. An extended repetition of the paper's title
is not considered to be an abstract.

DOCTORAL THESIS:
3. Author, N.N. (Year) Title of the thesis,
University and Faculty, City
UNPUBLISHED WORK:
Papers that are unpublished but have been
submitted to a journal may be cited with the
journal's name followed by "in press". However,
this practice is acceptable only if the author has at
least received galley proofs of his paper. In all other
FDVHV UHIHUHQFH PXVW EH PDGH WR ³XQSXEOLVKHG
work" or "personal communication".

Keywords: Below the Summary up to 6 key words
have to be provided which will assist indexers in
cross-indexing your article.
Introduction: This should define the problem and,
if possible, the frame of existing knowledge. Please
ensure that people not working in that particular
field will be able to understand the intention. The
word length of the introduction should be 150 to
300 words.

Discussion and Conclusion: This part should
interpret the results in reference to the problem
outlined in the introduction and of related
observations by the author/s or others. Implications
for further studies or application may be discussed.
A conclusion should be added if results and
discussion are combined.

Materials and methods:
Please be as precise as possible to enable other
scientists to repeat the work.

Corresponding author: The name of the
corresponding author with complete postal address

Results: Only material pertinent to the subject must
be included. Data must not be repeated in figures
and tables.

Precondition for publishing:
A minimum number of 25 reprints must be ordered
and prepaid.
1 - 4 pp.: 200,- EURO + postage/handling
5 - 8 pp.: 250,- EURO + postage/ handling
More than 8pp: 1.50 EURO/page x number of
reprints +postage/ handling.
The prices are based upon the number of pages in
our journal layout (not on the page numbers of the
submitted manuscript).
Postage/ Handling: The current freight rate is
*HUPDQ\¼(XURSH¼,QWHUQDWLRQDO¼
VAT: In certain circumstances (if no VAT
registration number exists) we may be obliged to
charge 7% VAT on sales to other EU member
countries.MESAEP and SECOTOX members get a
further discountof 20% (postage/ handling full).

Acknowledgements:
Acknowledgements
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should be given at the end of the text under the
heading "Acknowledgements". The names of
funding organisations should be written in full.
References: Responsibility for the accuracy of
references rests with the authors. References are to
be limited in number to those absolutely necessary.
References should appear in numerical order in
brackets and in order of their citation in the text.
They should be grouped at the end of the paper in
numerical order of appearance. Abbreviated titles of
periodicals are to be used according to Chemical or
Biological Abstracts, but names of lesser known
journals should be typed in full. References should
be styled and punctuated according to the following
examples:
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