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INVESTIGATION OF INHIBITORY EFFECT OF HUMIC
ACID ON ACETYLCHOLINESTERASE AND
BUTYRYLCHOLINESTERASE ENZYMES
Hulya Akincioglu1,*, Ilhami Gulcin2,3 Saleh H Alwasel3
1
Agri Ibrahim Cecen University, Central Researching Laboratory, Agri, Turkey
Faculty of Sciences, Department of Chemistry, Atatürk University, Erzurum-Turkey
3
King Saud University, Department Zoology, College of Science, Riyad-Saudi Arabia
2

ABSTRACT

INTRODUCTION

Humic acid is a principal component of humic
substances, which is the major organic constituents
of soil, coal, peat, many upland streams, dystrophic
lakes, and ocean water. It is produced by the biodegradation of dead organic matters. Humic substances
contain major groups for chemistry, such as polyphenols, polycarboxylic acids, carbonyl groups, and peroxides. The presence of carboxylate and phenolate
groups gives the humic acids the ability to form complexes with ions such as, Fe2+, Fe3+, Mg2+, and Ca2+.
Acetylcholinesterase (AChE, E.C.3.1.1.7), also
known as AChE, is a hydrolase that hydrolyses the
neurotransmitter acetylcholine. AChE is found at
mainly neuromuscular junctions and cholinergic
brain synapses, where its activity serves to terminate
synaptic transmission. Reduction in the activity of
the cholinergic neurons is a well-known property of
Alzheimer's disease. Acetylcholinesterase inhibitors
are employed to reduce the rate at which acetylcholine (ACh) is broken down, so that increasing the
concentration of ACh in the brain and fighting the
loss of ACh caused by the death of cholinergic neurons. Natural compounds are very important for Alzheimer's disease. Humic substances are the major
natural bio-polyelectrolyte and contain major groups
for chemistry.
In this study, the effect of humic acid was investigated on acetylcholinesterase (AChE) and butyrylcholinesterase (BChE, E.C.3.1.1.8) enzymes.
AChE and BChE inhibition studies were performed
according to Ellman method. IC50 and Ki values were
calculated for humic acid. These values were found
0.474 and 0.181 nM for AChE and 20.83 and 0.208
nM for BChE, respectively. The inhibition type was
determined as competitive.

In recent times, natural compounds have attracted important scientific and public interest due to
their versatile health-promoting effects. Natural
compounds are very important for many diseases.
Natural compounds can be found in nature, in many
plants, vegetables and including eatable fruits. Humic substances are the major natural bio-polyelectrolyte and contain major groups for chemistry such as
polyphenols, polycarboxylic acids, carbonyl groups
and peroxides. Organic matters in the soil are mainly
two parts. These are humin substances and nonhumin substances. Non-humin substances are
formed from residues of plant and animal organism.
The humin substances cover most of brown colour,
resistant polymer materials. These are re-occurring
substances and mainly classified as fulvic acid, humic acid, or humin, depending on their solubility.
Humic substances contain wide variety functional
groups [1]. Dissolved humic substances generally
contain 50-80 per cent of the dissolved organic carbon in aquatic ecosystems [2]. Humic acids are heterogeneous mixtures of oxidized organic material
having various functional groups (Figure 1).
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FIGURE 1
Chemical structure of humic acid
KEYWORD:
Humic acid; Acetylcholinesterase; Butyrylcholinesterase;
Enzyme inhibition; Acetylcholine; Butrylcholine
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FIGURE 2
Standard compounds were used for acetylcholinesterase and butyrylcholinesterase inhibitors
Such as organophosphorus and carbamate derivatives are known as the best inhibitors for AChE catalytic activity [12].
)RUWKHWUHDWPHQWRI$O]KHLPHU¶VGLVHDVHVRPH
drugs such as Tacrine, Rivastigmine, Galantamine
and Donepezil are used as AChE and BChE inhibitors (Figure 2). These drugs can cause serious problems. Thus, the development and utilization of new
effective natural products are desired for treatment
of AD [7]. In this study, we identify the potential inhibition profile of AChE, which is widely used in the
medical and pharmaceutical industries.

The average molecular weight of humic acids
is reported to range from 2 to 5 KDa. Molecular
weight of humic acid can be a few hundred thousands (2-300 KDa) according to the source obtained.
Schnitzer and Khan determined that giving humic
acid substances have positive effect on plants. of giving to plants of humic substances. They reported that
the humic acid directly or indirectly influences the
development of plants [3]. Humic acid has a favourable effect of on the physical and chemical properties
of soil. The usefulness of humic acids is discussed
for many years [4]. Recently, it was used in many
industries because of its great importance for agriculture. Humic acids prevent uptake by plants of
mercury, lead, cadmium, and other harmful heavy
metals present in the soil [5]. Humic acids create
complexes with metal ions, whereby, the soil become enriched as micronutrients [6].
$O]KHLPHU¶VGLVHDVH $' LVQHXURGHJHQHUDWLYH
diseases and the most common form of dementia.
AD is a chronic neurological disorder characterized
by memory impairment, cognitive dysfunction [7].
AD was firstly defined by German neuropathologist
Alois Alzheimer [8], but pathogenesis of AD has not
been entirely clarified since 1906 and on this issue
research is rapidly continuing. AD can be treated by
the use of pharmaceuticals, which restore the level
of acetylcholine through the inhibition of AChE.
Acetylcholinesterase (AChE, E.C.3.1.1.7) is a
hydrolase that plays a key role in cholinergic transmission by catalysing the rapid hydrolysis of the
neurotransmitter acetylcholine (ACh). It is a special
carboxylic ester hydrolase that knocks down the esters of choline [7]. AChE is found in high concentrations in the brain and in red blood cells [9]. It is a
necessary enzyme for the nervous system and used
for the treatment of several neuromuscular diseases,
and was studied for the treatment of AD [7,10,11].

EXPERIMENTAL
Anticholinesterase and Butyrylcholinesterase Inhibition Assays. The AChE or BChE inhibition assays were carried out according to Ellman
method [13] described previously [14,15]. Acetyl
thiocholine iodide and butyrylthiocholine iodide
(ATChI/BTChI) were used as the substrates of the
reactions.
5,5-Dithiobis(2-nitrobenzioc)
acid
(DTNB) was used for measurement of AChE/BChE
activities. BriefO\  ȝ/ RI VRGLXP SKRVSKDWH
buffer (0.1 M, pH 8 ȝ/WHVWFRPSRXQGVROXWLRQ
(humic acid)DQGȝ/RIHQ]\PHs solutions (0.09
U/mL) were mixed and incubated for 15 min at 25
°C [16]. Then, ȝ/RI'71% P0 ZDVDGGHG
and reactions were initiated by the addition of subVWUDWH  ȝ/ RI ATChI/BTChI, 14 mM solution).
The hydrolysis of both substrates was measured by
the formation of the product, 5-thio-2-nitrobenzoate.
A coloured anion formed by the reaction of DTNB
and ATChI/BTChI, which is released by AChE or
BChE hydrolysis, respectively. After 10 min, the absorbance was measured at 412 nm (Bechman Coulter
DU 730, UV Spectrophotometer). The percentage of
3734
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medicine for treatment of neuropsychiatric symptoms of some diseases such as AD and Parkinson.
AChEIs are primarily used to treat the significant
cognitive symptoms of dementia [30-32]. At the
same manner, these drugs have undesirable side effects such as gastrointestinal disturbances and hepatotoxicity [33,34]. Also, AChEIs are used to treat
cognitive impairments in patients with schizophrenia
[35,36]. In addition, AChEIs are frequently used for
the treatment of myasthenia gravis, a neuromuscular
disease that leads to fluctuating muscle weakness
and fatigue [37]. Effective AChE inhibitors can be
used for AD treatment. Most of the currently available drugs on the market including Tacrine, Rivastigmine, Donepezil, and Galantamine intended to treat
AD are AChE inhibitors [38]. However, during the
progression of AD, brain AChE levels decline while
BChE activity increases, suggesting that ACh hydrolysis may occur to a greater extent via BChE catalysis. In this regard, it has been reported that highly
selective inhibition of BChE is important in raising
ACh levels and improving cognition [39]. The inhibition effects of some humic acid against
AChE/BChE activities were measured according to
spectrophotometric
Ellman
method
[13].
AChI/BChI was used as substrates of the reactions.
This method is based on the amount of thiocholine
released when the enzyme AChE/BChE hydrolyses
the AChI/BChI to thiocholine and acetate/butyrate.
The product thiocholine reacts with DTNB to produce a yellow compound (5-Thio-2-nitrobenzoate)
anion, which can be detected in a wavelength of 412
nm [40].
We have achieved significant and meaningful
results in our study. As can be seen in Table 1 and
Figures 3 and 4, humic acid effectively inhibited
AChE and BChE. The concentration of a humic acid
that is required IC50 was found as 0.474 nM (r2:
0.9843) for AChE and 0.181 nM (r2: 0.9531) for
BChE, respectively (Figures 3A and 4A). This quantitative measure indicates how much of a particular
humic acid is needed to inhibit a given AChE and
BChE by half. On the other hand inhibition constants
(Ki) were calculated as 0.208±0.024 and
0.112±0.094 nM for AChE and BChE, respectively
obtained from Lineweaver-Burk graph (Figures 3B
and 4B, Table 1) [41,42].

ATChI/BTChI inhibitions was calculated using the
following equation:
Inhibition (%) í>$S/AC] × 100
where AS is Absorbance of the sample solution
and AC is Absorbance of the control solution.
The enzyme activity (%)-[Humic acid] graphs
were drawn and the half maximal inhibitory concentration (IC50) values of humic acid demonstrated
50% inhibition of AChE or BChE were calculated
after suitable dilutions [17-19]. On the other hand,
Ki values for humic acid were determined for both
AChE and BChE. Ki is defined as the binding affinity constant of the Humic acid to AChE/BChE. To
determine the Ki values, each humic acid was tested
at three different concentrations [20]. LineweaverBurk curves were drawn in detail as described previously [21,22]. For descriptions of inhibitory effects,
researchers often used an IC50 value; however, Ki
constant is a more suitable parameter. Ki values were
calculated from Lineweaver-Burk graphs. In this
study, both the IC50 and Ki parameters of humic acid
were calculated [23,24].

RESULTS AND DISCUSSION
Humic acids are polycondense molecules produced by the decomposition of plant and animal residues. Plants use low molecular weight humic acids.
These substances increase the cell membrane permeability and have been determined to have hormonelike activity [25]. Humic acids are used not only in
the agricultural field, but also in chemical technology such as environmental technologies, drilling
technologies, glue, paints, and printing inks. In addition, humic acid is an important part in solving problems especially AIDS, bronchitis, flu, stomach disorders, kidney stones blocking, the formation of
haemorrhoids, skin cancer, blood coagulants, anaemia and excessive sleeps [26].
AChE is found in the brain and in erythrocytes
with high concentrations and it is a crucial enzyme
for the nervous system. AChE inhibitors are used in
the treatment of several neuromuscular diseases, and
in the treatment of AD [27]. AChE is a metabolic
serine hydrolase that catalyses the hydrolysis of ACh
to acetate and choline, thus regulating cholinergic
neurotransmission. Therefore, in disorders such as
AD, where there is diminished cholinergic activity,
inhibition of AChE has been employed to treat some
of the symptoms attributed to decreased ACh levels
[28,29]. AChE inhibitors (AChEIs) are used in many
areas. AChEIs occur naturally as venoms and poisons. They are used as insecticides and also used in

TABLE 1
The inhibition profiles of humic acid on acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE) enzymes
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Kinetic parameters

IC50
(nM)

R2

Ki (nM)

AChE
BChE

0.474
0.181

0.9843
0.9531

0.208±0.024
0.112±0.094
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FIGURE 3.
A. The effects of different concentrations of humic acid on acetylcholinesterase (AChE).
B. Determination of Ki value of humic acid for acetylcholinesterase (AChE) by Lineweaver-Burk plots
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FIGURE 4.
A. The effects of different concentrations of humic acid on butyrylcholinesterase (BChE).
B. Determination of Ki value of humic acid for butyrylcholinesterase (BChE) by Lineweaver-Burk plots

molecular forms and active sites despite being products of different genes on the human chromosomes.
Both cholinesterases participate in cholinergic neurotransmission by hydrolysing ACh in the central
and peripheral nervous system. Also, they play an
important role in the development of AD [44]. AD is
a neurodegenerative disease of the central nervous
system associated with progressive memory loss resulting in dementia. Gradual loss of ACh has been
demonstrated to impair memory, especially in the
progression of AD [45]. The increased AChE reactivity has been shown to be closely associated with
neurofibrillary tangle pathology in AD. Also, AChE
inhibitors are thought to be promising therapeutic
drugs for the treatment of neurodegenerative disease
characterized with ACh deficiency, such as senile
dementia or AD [14].

Our results were compared with donepezil hydrochloride, which used for the treatment of mild-tomoderate AD and various other memory impairments, had been shown to lower AChE inhibition activity with IC50 value of 55.0 nM [43]. Also, Tacrine,
a first centrally acting cholinesterase inhibitor approved for the treatment of AD, was used as a standard AChE with Ki values of 5.70±1.09 nM. It was
reported that galantamine, which is another standard
inhibitor for AChE has Ki value of 253.0 nM [17].
On the other hand it was found that humic acid
strongly inhibited BChE with IC50 and Ki values of
0.181 nM (r2: 0.9531) and 0.112 nM, respectively
(Table 1). On the other hand, Tacrine was used as a
standard AChE and BChE inhibitors and had Ki
value of 209.21±15.02 nM for BChE. This cholinergic enzyme has a higher activity in liver, intestine,
heart, lung, and kidney. AChE and BChE share 65%
amino acid sequence homology and have similar
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substances-Part 2: Interactions with organisms.
Environ. Sci. Poll. Res. 15, 128-135.
[3] Schnitzer, M. Khan, S.U. (1978). Soil Organic
Matter. Academic Press, New York.
[4] Vaughan, D. and Linehan, D.J. (1976). The
growth of wheat plants in humic acid solutions
under axenic conditions. Plant and Soil, 44, 448449.
[5] Bozkurt, M. (2005) $\UÕúPD GHUHFHOHUL IDUNOÕ
SHDWOHULQKXPLNDVLWNDSVDPODUÕQÕQLNLD\UÕ\|QW
HPOHNDUúÕODúWÕUÕOPDVÕ$QNDUDhQLYHUVLWHVL)HQ
Bilimleri Enstitüsü, Toprak ABD Yüksek
Lisans Tezi, Ankara.
[6] Schnitzer, M. (1992). Significance of soil organic matter in soil formation, transport processes in soils and in the formation of soil structure. Soil Utilization and Soil Fertility, 4, Humus Budget, 206, 63-81.
[7] $NÕQFÕR÷OX$, Topal, M., *OoLQø, Göksu, S.
(2014). Novel sulfamides and sulfonamides incorporating tetralin scaffold as carbonic anhydrase and acetylcholine esterase inhibitors.
Arch. Pharm., 347, 68-76.
[8] Berchtold, N.C. Cotman, C.W. (1998). Evolution in the conceptualization of dementia and
$O]KHLPHU¶V GLVHDVH *UHFR-Roman period to
the 1960s. Neurobiol. Aging, 19, 173-189.
[9] Allam, A.R., Sridhar, G.R., Das, U.N. (2007).
Elevated butyrylcholinesterase and acetylcholinesterase may predict the development of type
2 diabetes mellitus DQG $O]KHLPHU¶V GLVHDVH
Med. Hypoth., 69, 1272-1276.
[10] *|oHU+$NÕQFÕR÷OX$g]WDúNÕQ1*|NVX
6*OoLQø (2013). Synthesis, antioxidant and
antiacetylcholinesterase activities of sulfonamide derivatives of dopamine related compounds. Arch. Pharm. 346, 783-792.
[11] Greenblatt, H.M.; Dvir, H.; Silman, I.; Sussman,
J.L. (2003). Acetylcholinesterase: A multifaceted target for structure-based drug design of anticholinesterase agents for the treatment of AlzKHLPHU¶V GLVHDVH -. Mol. Neurosci., 20, 369383.
[12] Hobbiger, F. (1961). The inhibition of acetylcholinesterase by organophosphorus compounds and its reversal. Proc. Royal Soc. Med.,
54, 403-405.
[13] Ellman, G.L., Courtney, K.D., Andres, V. Jr,
Feather-Stone, R.M. (1961). A new and rapid
colorimetric determination of acetylcholinesterase activity. Biochem. Pharmacol., 7, 88-95.
[14] Polat Köse, L., Gloin, ø *|UHQ, A.C., Namiesnik, J., Martinez-Ayala, A.L., Gorinstein,
S., (2015). LC-MS/MS analysis, antioxidant
and anticholinergic properties of galanga (Alpinia officinarum Hance) rhizomes. Ind. Crops
Prod., 74, 712-721.
[15] Topal, M., Gocer, H., Topal, F., Kalin, P., Polat
.|VH3*OoLQødDNPDN.&.oN0
Durmaz, L., Gören, A.C., Alwasel, S.H. (2016).

Considering the previous studies, AChE and
BChE were inhibited by a large spectrum of compounds. Recently, some studies have shown that
AChE and BChE were very effectively inhibited by
novel tetrahydropyrimidine-5-carboxylates with Ki
values in the range of 68.48-97.19 nM for AChE and
104.70-214.15 nM for BChE [45]. In another study,
Scozzafava et al. demonstrated that hydroquinone,
which is an aromatic organic compound that is a type
of phenol, had Ki value of 1.22 nM against AChE
[46]. Also, AChE was effectively inhibited by some
phenolic sulfonamides, with Ki values in the range
of 33.04 to 131.68 nM [10]. In a recent study, some
carbamates inhibited both cholinergic enzymes with
Ki values in ranging of 4.94-7.66 and 0.209-0.291
nM, respectively [47]. Some similar results were observed for the isatin Mannich bases, which had Ki
values in low nanomolar range of 0.42-1.11 nM [48].
On the contrary, some novel sulphamides and sulphonamides incorporating the tetralin scaffold had
been shown to be micromolar inhibition with Ki values between 56.7-ȝ0[7]. In this study, we determined the potential inhibition profile and mechanism for AChE and BChE, which are widely used in
the medical and pharmaceutical industries. It is wellknown that one of the best primary pharmacological
strategies for the treatment of AD is to improve cholinergic neurotransmission by decreasing the rate of
decomposition of ACh at synapses in the brain with
the use of AChEIs [49,50].

CONCLUSIONS
Humic acid demonstrated unique inhibition
profiles against AChE and BChE. In this study, nanomolar levels of Ki and IC50 values were observed
for humic acid. Humic acid clearly indicates the potential use for natural bio-polyelectrolyte humic acid
in identifying more AChE and BChE. Humic acid
can be a good inhibitor or the treatment of mild-tomoderate AD and various other memory impairments.
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BIOMONITORING STUDY OF HEAVY METALS IN WATER,
SEDIMENTS AND MUGIL CEPHALUS OF
GHAZAOUET HARBOUR, ALGERIA
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and many studies have been published on heavy metals in aquatic environment [1-4]. The contaminants
are introduces through water way into the harbour.
Sediments act as metal reservoirs [5]. Fish are often
at the top of the aquatic food chain and may concentrate large amounts of some metals from water [6, 7].
Essentially, fish assimilate metals by digestion of
particle material suspended in water, ingestion of
food, ion exchange of dissolved metals across lipophilic membrane, e.g.; the gills, mucus, and adsorption on tissue and membrane surface. Metal distribution between the different tissues depends on the
mode of exposure, i.e. dietary or aqueous exposure
and can sever as pollution indicator. Fish is considered to be one of the main protein sources of human
food. Furthermore, fish is one of the most indicative
factors in aquatic system, for the estimation of trace
metal pollution and risk potential of human
consumption [8-10].
Mugil cephalus, Flathead mullet, is a
cosmopolitan in coastal waters of the tropical and
subtropical zones of all seas that often enters estuaries and rivers. Mainly diurnal, feed on zooplankton,
benthic organisms and detritus. Ghazaouet harbour
knows a significant degradation due to urban and
especially industrial discharges from complex of
zinc electrolysis (Alzinc) located within the Western
extension and adjacent to the harhour of Ghazaouet,
wilaya of Tlemcen. Some pollutants such as heavy
metals are deposited and concentrates in sediments
and pose a danger to the quality of water in the event
of re-suspension. At present, several projects are
underway to establish a baseline data on the presence
of metals in this environment. The objective of our
study is to estimate the harbour sediment toxicity and
bioavailability of metals that their associated on the
bio-indicator species, along a gradient of sediment
metal contamination under different seasonal conditions. The selected bio-indicator is Mugil cephalus
(Linnaeus, 1758). It covers the sampling period. It
belongs to the family of the Mugilides. These species
are widely exploited by artisanal fishery.

ABSTRACT
Marine pollution is a major problem affecting
our environment. The quality of coastal waters in the
Ghazaouet town was studied seasonally between
winter and autumn 2007. The accumulation of heavy
metals such as Cd, Zn, Fe, Cu, Pb and Co were determined in water, sediment, and organs (gonads, muscles and gills) of Mugil cephalus, which were collected from Ghazaouet harbour (Western part of
Algerian coast). The metal concentrations showed a
general trend of Pb > Co > Zn > Fe > Cd > Cu in
water and Fe > Zn > Pb > Cu > Co > Cd in sediment
samples while Zn > Fe > Pb > Cu > Cd > Co were in
gonads and Zn > Fe > Pb > Cu > Co > Cd were in
muscle and gill tissues. The highest metal concentrations were found in spring for sediments and in
winter for fishes. The calculation of pollution index
(PI) revealed an abnormal situation for Cd, Zn, Cu,
and Pb. The accumulation of heavy metals in
sediments was derived using enrichment factor (EF).
The enrichment factors showed that Cd, Zn, Cu, Pb
and Co are enriched. Zn and Fe have the highest
bioconcentration factors (BCF) in all tissues while
the least was Co. For water, the concentrations of Cu
were significant differences, and the concentrations
of Cd, Fe, Pb and Co were significantly higher. The
concentrations of Fe for sediments, and Cd and Cu
for Mugil cephalus, were significant differences.

KEYWORDS:
Algeria, Harbour of Ghazaouet, Heavy Metals, Mugil
cephalus, Sediments, Water.

INTRODUCTION
Harbour areas play important roles in the
economy worldwide through the transport and storage of traded goods. Harbour activities are often
associated with aquatic pollution and spreading of
contaminants along the different environmental
compartments such as water, sediments and biota.
Contamination of aquatic ecosystems with heavy
metals has seriously increased worldwide attention,

3740

Volume 26 ± No. 6/2017 pages 3740-3747

© by PSP

polyethylene bottles (washes with detergent, then
with deionized water, 2 M nitric acid (Merck), then
deionized again, and finally with surface water).
Samples were acidified with 10% HNO3. Surficial
sediments (5 cm) were collected. 12 specimens of
fish species (Mugil cephalus) (27.5 ± 2.5 cm and
13.6 ± 2.4 g) were provided to us by the fishermen
from Ghazaouet harbour. Water, sediments and
fishes were kept in a cooler and transported to the
laboratory. In laboratory waters were filtered.
Sediments were dried in ambient air for a few days,
and crushed using a porcelain mortar to obtain a fine
powder, followed by separation through a sieve to
obtain the lower fraction (i.e.: < 63μm). This fraction
represents more than 95% of the sediments. For
fishes, their total body length and total wet weight
were recorded. Three parts, gonads, muscles, and
gills were removed by plastic knife, weighted, and
kept in polyethylene bags, closed and labeled at low
temperature until digestion.
The lower fraction of sediments is kept and
mineralized with a mixture of acids of (HF + HCl +
HNO3) (volume ratio of 1:3:1) in Teflon flasks at
120°C. This protocol of mineralization was proposed
by Agemien [11]. All the samples of fish went
through dry mineralization. One to two grams of organic matter were placed in an oven at 110°C for 3
hours. For ash reduction, they were placed in a muffle furnace for 15 min at 450°C, next moistened with
HNO3 and then put back in the furnace at 350°C for
1h 30 min. The ashes were adjusted with nitric acid
solution (1%). Both the resulting solutions were filtered with a 0.45 μm filter (natural absorbing membrane), filled to 20 ml with bi-distilled water and
kept at 4 °C until analysis. Acids exhibiting high purity were employed, i.e. HF, HCl and HNO3, from
Merck Suprapur quality [12]. A flame atomic
absorption spectrophotometer type IA AURORA
1200 was used to determine the six metals Cd, Zn,
Fe, Cu, Pb and Co. For water, the data were computed on a milligram per litre. For sediments and
fishes, the data were computed on a milligram per
kilogram dry weight basis. A blank was added to
each digestion series to determine the exogenous
contamination. The validity and reproducibility of
the method were verified by analysing the certified
standards MESS (1) for sediments and DORM-2 for
fish, provided by the National Research Council of
Canada. This was analysed under the same experimental conditions. Replicate analysis of these reference materials showed good accuracy with recovery
rates for metals around 96 %. The absorption wavelengths were respectively 228.8 nm for Cd, 213.9 nm
for Zn, 248.3 nm for Fe, 324.7 nm for Cu, 283.3 nm
for Pb, and 240.7 nm for Co. For each season, three
total digestions were performed and the overall value
was recorded as the average of these tests with their
respective standard deviations.
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FIGURE 1
Map of studied area showing the Ghazaouet
harbour where samples were collected

MATERIALS AND METHODS
Description of study area. Ghazaouet is
situated in the western part of Algerian coast, about
80 km north far from Tlemcen, integrates the hillside
North of the Traras mountains. Coordinates lambert
of the Ghazaouet city at the level of the harbour are
as follows: Latitude 35 ° 06' 00 "N and Longitude 1°
52' 21" W (Fig. 1). Ghazaouet hosts an important
harbour which is an anchoring point on the coast for
the entire North Western region of Algeria.
Sampling, Treatment and Analysis. Concentrations of heavy metals (Cd, Zn, Fe, Cu, Pb and Co
were measured in water, sediments and tissues
(gonads, muscles, gills) of Mugil cephalus. The selected specie is popular with amateur sport fishermen; the flesh is of mediocre quality. It is omnivorous, feeding on detritus of others animals, as well
as phytoplankton. Sampling was carried out
seasonally between winter and autumn 2007. The
sampling point were selected in harbour of
Ghazaouet in front of the complex of zinc
electrolysis (Fig.1). Water samples were collected in
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TABLE 1
Pollution Index (PI) and Enrichment factor (EF)

Range

PI (Pollution Index)
Scale

PI < 3
3  PI < 9
PI  9

Range
<1
1-3
3-5
5-10
10-25
25-50
>50

Normal situation
Suspicious situation
Certain pollution

EF (Enrichment factor)
Scale
Natural
Minor anthropogenic
Moderate
Moderately severe
Severe
Very severe
Extremely severe

TABLE 2
Average concentrations (± S.D) (mg/l) of Cd, Zn, Fe, Cu, Pb and Co in water at Ghazaouet harbour and
Water quality criteria [25]
Metals
Winter
Spring
Summer
Autumn
Water Quality
Criteria

Cd
0.110 ± 0.01
0.089 ± 0.007
0.108 ± 0.005
0.102 ± 0.016
0.0043

Zn
0.488 ± 0.125
0.636 ± 0.285
0.464 ± 0.110
0.596 ± 0.304
0.12

Fe
0.634 ± 0.033
0.426 ± 0.068
0.570 ± 0.053
0.247 ± 0.214
-

Cu
0.081 ± 0.008
0.075 ± 0.008
0.085 ± 0.008
0.063 ± 0.019
0.013

Pb
0.844 ± 0.145
0.682 ± 0.129
0.862 ± 0.107
1.222 ± 0.213
0.065

Co
0.548 ± 0.039
0.478 ± 0.043
1.224 ± 0.072
1.148 ± 0.451
-

(Table 1). This technique has been well applied in
several studies to assess metal contamination in marine sediments [20-23].

Pollution index and enrichment factors.
After the concentrations of metals were obtained an
index of pollution (PI) was applied to determine the
levels of contamination of sediments. This index was
proposed by literature [13] (Table 1) and is defined
as the following:
Csample / C Background
(1)
Where Csample is the concentration measured of
the sample, and CBackground is the background concentration of metal. PI values below 3 represent a
normal situation, values between 3 and 9 can be attributed to a slight contamination, and values higher
than 9 are considered as high pollution. The PI values used in this work were calculated using Turekian
and Wedepohl background [14]. It is common to
estimate the anthropogenic impact on sediments by
calculating a normalized enrichment factor (EF) for
metal concentrations above uncontaminated background levels [15, 16]. This method consists in using
a reference element of terrigenous origin, mainly Fe
(known as terrigenous metals) to determine the terrigenous portion of metal contribution [17, 18]. If the
EF is higher than one, it may be indicative that the
sediment is of an anthropogenic source and can be
used for assessing the degree of pollution. Thus, EF
is computed using the relationship below:
EF = (Me / Fe)Sample / (Me / Fe)Background
(2)
Where EF is the enrichment factor,
(Me/Fe)Sample is the ratio of metal and Fe concentration of sample, and (Me/Fe)Background is the ratio of
metal and Fe concentration of a background (Table
1). Many authors prefer to express the metal contamination with respect to average shale to quantify
the extent and degree of metal pollution [5, 19]. In
this study, the background concentrations of Cd, Zn,
Fe, Cu, Pb, and Co were taken from literature [14]

Bioconcentration factors (BCF). The bioconcentration factor (BCF) allows to highlight the active
organ by metal bioaccumulation [24]. Defined as the
net result of the absorption, distribution and elimination of substance in any organism after exposure via
water. It is defined as following:
BCF = Cfish/Cwater
(3)
Where,
Cfish is the concentration in fish (mg/kg dry wt)
Cwater is the concentration in water (mg/l).
Statistical procedures. Statistical analysis of
data was carried out using XLSTAT statistical package programs. ANOVA test was used to compare the
data among seasons and organs at the level of 0.05.
A multivariate analysis of the results was done using
principal component analysis (ACP).

RESULTS AND DISCUSSION
Table 2 shows the average concentrations of
Cd, Zn, Fe, Cu, Pb, and Co with standard deviation
values (mg/l) measured in water, during the four seasons and the guidelines. Average levels of Cd, Zn,
Fe, Pb and Co are important and exceed the guidelines [25]. Concentrations in water of Ghazaouet harbour ranged from 0.089 to 0.110 mg/l, from 0.464 to
0.634 mg/l, from 0.247 to 0.634 mg/l, from 0.063 to
0.085 mg/l, from 0.682 to 1.222 mg/l and from 0.478
to 1.148 mg/l for Cd, Zn, Fe, Cu, Pb, and Co respec-
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tively (Table 2). The highest Cd and Fe concentrations were recorded in winter. The highest Zn concentration was recorded in spring. Cu and Co
concentrations were found highest during summer
and the highest Pb concentration was found in
autumn. For all seasons, we found cadmium, zinc,
copper and lead concentrations higher than the Water Quality Criteria values [25], Cd: 0.0043 mg/l, Zn:
0.12 mg/l, Cu: 0.013 mg/l, Pb: 0.065 mg/l. The
accumulation order of heavy metals in water samples
was found to be Pb > Co > Zn > Fe > Cd > Cu. Statistical results of ANOVA 1 show that the copper
concentrations were significantly different and cadmium, iron, lead, and cobalt concentrations were significantly high (P < 0.005) from one season to another. Table 3 shows the average concentrations of
Cd, Zn, Fe, Cu, Pb, and Co with standard deviation
values measured in sediment during the four seasons
with the background values from Turekian and
Wedepohl [14], pollution index (PI) and enrichment
factors (EF). Concentrations in sediments ranged
from 26.66 to 39.29 mg/kg, from 315.7 to 669.8
mg/kg, from 23.59 to 41.19 g/kg, 96 to 214.4 mg/kg,
from 189.4 to 401.5 mg/kg, and from 31.20 to 41.09
mg/kg for Cd, Zn, Fe, Cu, Pb, and Co respectively
(Table 3). The summer season exhibited the highest
iron concentration. This concentration recorded do
not exceed the background values 47 g/kg [14]. This
is due to the nature of the background geochemical
of the region. The highest cadmium, zinc copper,
lead and cobalt concentrations were recorded in
spring. For all seasons, we found cadmium, zinc,
copper, lead and cobalt concentrations higher than
the background values [14]. Mean concentrations in
sediments followed the sequences: Fe > Zn > Pb >
Cu > Co > Cd. Statistical tests (ANOVA 1) show that
the iron concentrations in sediments were
significantly different among seasons but others
metal levels in sediments were not significant
differences (P > 0.05).
Table 4 shows the average concentrations of
Cd, Zn, Fe, Cu, Pb, and Co with standard deviation
values measured in gonads, muscles and gills of
Mugil cephalus during the study period with BCF
and the tolerable values [26]. All data were computed on a milligram per kilogram dry weight basis.
Different tissues showed different capacities for
accumulation of heavy metals [10]. The heavy metal
concentrations were highest in the gills, and lowest
in the muscles. Cadmium concentrations of Mugil
cephalus ranged from 0.16 to 2.73 mg/kg, from
0.206 to 0.485 mg/kg, and from 0.23 to 1.96 mg/kg
in gonads, muscles, and gills respectively (Table 4)
and reached the highest concentration in gonads in
winter. These average concentrations in organs
exceed the tolerable value (0.1 mg/kg) throughout
the study period. Zinc levels ranged from 8.73 to
212.81 mg/kg, from 22.98 to 164.67 mg/kg and from
15.78 to 299.94 mg/kg in gonads, muscles, and gills
respectively (Table 4). Zinc concentrations exceed
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the recommended value 50 mg/kg [26]. The highest
Zn concentration was recorded in gills in winter. Iron
levels in gonads, muscles, and gills of mullet ranged
from 4.88 to 225 mg/kg, from 4.12 to 82.61 mg/kg,
and from 15.98 mg/kg to 68.36 mg/kg respectively
(Table 4) and reached the highest concentration in
gonads in autumn. Copper levels ranged from 1.12
to 13.96 mg/kg, from 0.68 to 2.62 mg/kg, and from
0.75 to 10.68 mg/kg in gonads, muscles, and gills,
respectively (Table 4). The highest copper
concentration was found in gonads in winter. The
concentrations recorded in gonads and gills in winter
exceed the tolerable value (10 mg/kg) [26].
Concentrations of lead ranged from 4.82 to 13.96
mg/kg, from 2.12 to 7.93 mg/kg, and from 4.24 to
20.08 mg/kg in gonads, muscles, and gills respectively (Table 4). Lead concentrations exceed the
recommended value (0.5 mg/kg) [26]. Cobalt levels
ranged from 0.062 to 1.50 mg/kg, from 0.061 to 2.74
mg/kg, from 0.75 to 3.27 mg/kg in organs
respectively (Table 4). The highest lead and cobalt
concentrations were found in gills in winter.
All tested metal levels of mullets samples were
found to be insignificant (P > 0.005) from organ to
another and were significant for Cd and Cu between
seasons (ANOVA 2). Mean concentrations followed
the sequences Zn > Fe > Pb > Cu > Cd > Co in
gonads and Zn > Fe > Pb > Cu > Co > Cd in both
gills and muscles. The metal accumulation in
different fishes depends on their physiological role,
behaviour and feeding habitats [27]. It was also
aimed to investigate whether metal concentrations
varied seasonally in the study. The target organs,
such as gills have tendency to accumulate heavy
metals in high values, as shown in many species of
fishes in different areas [27]. In this study, highest
concentrations were observed in gills, followed by
gonads and by muscle. The metal concentrations in
gills reflect the metal concentrations in waters where
the fish species live [27]. Metal concentrations in
gills could be due to element complexion with the
mucus. The adsorption of metals onto the gills
surface, the first target for pollutants in water, may
also influence the total metal levels of the gill [28].
Heavy metal concentrations were lower in the
muscle compared to gonads and gills. Similar results
were reported from a number of fish species that the
muscle is not an active tissue in accumulating heavy
metals [29]. The maximum concentrations of
cadmium, zinc, copper, lead and cobalt were reached
in winter. The increase of heavy metal levels in
winter could be related to decreasing in wastewater
from agricultural activities during this season.
According to Al Shukry et al. [13], for all
seasons, the PI of Cd and Pb are classed greater than
9, corresponding to heavy contaminated. Then, they
are subjected to polluting effects. Fe and Co exhibit
average PI values that correspond to an unpolluted
situation (PI < 3) and Zn and Cu exhibit average PI
values that correspond to a suspicious situation (3
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PI <9). For Cd (108) and Pb (14) can be considered
as a certain pollution (PI  9). For all seasons, the
results of the present study show a high Cd index (EF
> 50) confirming the extremely severe enrichment,
(Table 3). Zn and Pb vary from severe to very severe
enrichment, and Co and Cu vary from moderate to
moderately severe enrichment. These findings are
consistent with the remarks made earlier about these
elements. The highest average EF is seen for Cd with
a value of 217.86. Lead has the second highest EF
with an average value of 26.41, followed by zinc
with an average value of 10.47, followed by copper
(6.88) and by cobalt (3.75) (Table 3). This suggests
that Cd, Pb, Zn, Cu and Co originate from
anthropogenic discharges. The difference in EF
values may be due to the difference in the magnitude
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of input for each metal in the sediment and/or the
difference in the removal rate of each metal from the
sediment. The calculated BCF values were
summarized in Table 4. The muscles and the gills
showed descending order of BCF as Zn > Fe > Cu >
Pb > Cd > Co. The gonads showed: Fe > Zn > Cu >
Pb > Cd > Co. According to the results, Fe was
revealed the highest BCF of 172.93 in gonads and
Zn were of 143.85 and 172.80 in muscles and gills
respectively. The muscle is not an active tissue for
bioaccumulation; this is in agreement with the
literature [27, 28].
All these results were agreed with the situation
in Ghazaouet Bay (industrial complex of electrolyse
of zinc boarding the harbour of Ghazaouet).

TABLE 3
Average concentrations (± S.D) of) (mg/kg dry weight) of Cd, Zn, Fe, Cu, Pb and Co in sediments with
pollution index (PI), enrichment factors (EF) at Ghazaouet harbour and background levels [14]
Metals
Winter
Spring
Summer
Autumn
Turekian and
Wedepohl shale
PI
Winter
Spring
Summer
Autumn
Average
EF
Winter
Spring
Summer
Autumn
Average

Cd
26.66 ± 2.01
39.29 ± 14.42
32.51 ± 5.47
31.20 ± 6.99
0.3

Zn
546.2 ± 100.2
669.8 ± 389.8
641.5 ± 275.6
315.7 ± 56.9
95

Fe
2993 ±10000
23591 ±11008
41196 ± 22078
14071 ± 11567
47000

Cu
96 ±20
214.4 ±165.6
151.4± 102.7
145.9 ± 79.4
45

Pb
227.5 ± 50.0
401.5 ± 344.6
283.4 ±194.5
189.4 ± 69.4
20

Co
36.7 ± 10.0
41.09 ± 2.40
36.49 ± 8.61
31.20 ± 6.99
19

Cd
89
131
108
104
108
Cd
139.55
260.90
123.63
347.35
217.86
extremely severe
enrichment

Zn
6
7
7
3
6
Zn
9.03
14.05
7.70
11.10
10.47
severe
enrichment

Fe
1
1
1
0
1
Fe
-

Cu
2
5
3
3
3
Cu
3.34
9.49
3.84
10.83
6.88
moderately
severe enrichment

Pb
11
20
14
9
14
Pb
17.86
40.00
16.16
31.62
26.41
very severe
enrichment

Co
2
2
2
2
2
Co
3.03
4.31
2.19
5.48
3.75
moderate
enrichment

TABLE 4
Average concentrations (± S.D) of Cd, Cu, Zn and Pb in organs of Mugil cephalus (mg/kg dry weight) with
bioconcentration factors (BCF) and Tolerable values [26]
Mugil Cephalus
Gonads

Muscles

Gills

Seasons
Winter
Spring
Summer
Autumn
BCF
Winter
Spring
Summer
Autumn
BCF
Winter
Spring
Summer
Autumn
BCF
FAO/WHO

Cd
2.73 ± 0.53
0.47 ± 0.047
0.16 ± 0.02
0.69 ± 0.07
9.89
0.485 ± 0.048
0.206 ± 0.027
0.196 ± 0.020
0.485 ± 0.0485
3.35
1.96 ± 0.6
0.39 ± 0.04
0.23 ± 0.02
0.49 ± 0.05
7.50
0.1

Zn
125.03 ± 25.03
23.93 ± 3.93
8.73 ± 0.73
212.81 ± 12.81
169.64
37.93 ± 7.93
22.98 ± 2.98
88.59 ± 8.59
164.67 ± 64.67
143.85
299.94 ±9.94
30.896 ± 0.896
30.79 ± 0.79
15.78 ± 5.78
172.80
50
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Fe
43.89 ± 3.89
50.79 ± 0.79
4.88 ± 0.88
225 ± 25
172.93
12.87 ± 2.87
4.12 ± 0.12
41.96 ± 1.96
82.61 ± 2.61
75.43
68.36 ± 8.36
25.4 ± 5.4
15.98 ± 5.98
39.12 ± 9.12
79.32
-

Cu
13.96 ± 1.96
1.12 ± 0.12
1.40 ± 0.40
5.18 ± 0.18
71.08
2.62 ± 0.62
0.68 ± 0.08
1.47 ± 0.47
1.12 ± 0.12
19.32
10.68 ± 0.68
1.18 ± 0.18
0.75 ± 0.05
1.24 ± 0.24
45.43
10

Pb
13.96 ± 3.96
5.06 ± 0.16
4.82 ± 0.82
12.25 ± 2.25
10.00
2.12 ± 0.12
4.05 ± 0.15
2.57 ± 0.57
7.93 ± 0.93
4.62
20.08 ± 0.18
4.24 ± 0.24
9.11 ± 0.11
6.06 ± 0.93
10.94
0.5

Co
0.665 ± 0.065
0.462 ± 0.062
0.062 ± 0.012
1.5 ± 0.5
0.79
0.062 ± 0.020
0.99 ± 0.19
0.061 ± 0.011
2.74 ± 0.39
1.13
3.27 ± 0.17
1.373 ± 0.373
0.75 ± 0.05
0.87 ± 0.07
1.84
-
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FIGURE 2
Biplots for first and second axis of the PAC bases on mean values of metal concentrations
(Cd, Zn, Fe, Cu, Pb, and Co) in each season in Ghazaouet harbour
values. The pollution indices (PI) are distinctly
variable and suggest that sediments in Ghazaouet
harbour range from normal to certain pollution. The
enrichment factor showed higher average EF values
for Cd (217.86), followed by Pb (26.41), Zn (10.47),
Cu (6.88) and Co (3.75). Overall, the average
enrichment factor (EF) was between 3 and 220,
which confirms the case of extremely severe enrichment. The metal levels in fish gonads, and gills were
considerably higher than in muscles for all seasons.
In general, the BCF calculation confirmed the
highest mean concentrations for metals in gills.
Consequently, gills may be the indicator organ for
heavy metal accumulation in tissues of Mugil
cephalus. High significant seasonal differences of
concentrations of Cd, Fe, Pb and Co were detected
in water. Significant seasonal differences of
concentrations of Cu in water, Fe in sediment, and
Cd and Cu in fishes were detected. From the legal
standpoint, the muscle of Mugil cephalus is not
suitable for human consumption, because the
tolerance levels of metals, permitted were exceeded
in the edible parts of fish. A high concentrations of
heavy metals are observed in Ghazaouet harbour.

Factor analysis. PCA was applied using as
variables the mean of the metal concentrations in water, sediments and organs of Mugil cephalus caught
seasonally, in order to verify possible bioaccumulation patterns and to detect possible different contamination levels among seasons in the study area
(Fig 2). In this case, two components were extracted,
since these two components had eigenvalues equal
to 5.68. Together they account for 97.63 % of
variability in the original data. The first component,
including Cd, Zn, Fe, Cu, Pb, Co accounted for 94.68
% of total variability. Figure 2 shows that the variables have high positive loadings on factor 1. The
migration and sources metals could be the same, and
they were important for Fe and Zn. The second
component accounted for 2.95 % of total variability
was related.

CONCLUSION
This investigation was concerned with a
detailed analysis of the concentrations on Cd, Zn, Fe,
Cu, Pb and Co in water, sediment and fishes in
Ghazaouet harbour in western part of Algerian coast.
The water, sediments and tissue samples of Mugil
cephalus showed high concentrations of most of the
metals. Undoubtedly, it is to be noted that this harbour is affected by contamination of industrial pollutants. Most of heavy metal concentrations in sediments were generally higher than the background
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HYDROTHERMAL AND ULTRASONICATION
PREPARATION OF CoS2-GRAPHENE HYBRID WITH HIGH
PERFORMANCE IN PHOTOCATALYTIC DEGRADATION
Ze-Da Meng*, Tao Zhou, Yixuan Han, Qian Shen, Shouqing Liu
Jiangsu Key Laboratory of Environmental Functional Materials, College of Chemistry and Bioengineering, Suzhou University of Science and
Technology, Suzhou 215009, China

such as ion doping, noble metal loading, metal ionimplantation, dye sensitization, and conjugated polymer modification. The other is the development of
new oxide photocatalysts with visible light-driven
activity [5].
Transition metal dichalcogenide compounds
with pyrite structure, MX2 (M= Mn, Fe, Co, Ni; X=S,
Se, Te), show various magnetic and electronic properties. Among them, CoS2 is an itinerant ferro-magnet with the Curie temperature of Tc =120 K. The
crystal structure is pyrite-type cubic and repre-sented
by the space group T6h (Pa3). The Co atom is octahedrally surrounded by six covalently-bonded S-S
pairs. The Co 3d electrons are in the low spin state
with the nominal t62ge1g configuration. The electronic
structures of the pyrites have been stu-died by photoemission and band calculations. Some transitionmetal dichalcogenides are semiconductor materials
with narrow band gap, high sunlight utilization efficiency. They have been proven to be efficient in the
degradation of pollutants and/or the production of
photocatalytic hydrogen [6].
Carbon-based materials, such as graphite, carbon nanotubes, graphene sheets and fullerene have
been widely studied. Two-dimensional (2-D) graphene has emerged as high potential material and increasingly attracted attention owing to its fascinating physical properties including quantum electronic transport, extremely high mobility, high elasticity, and electromechanical modulation. As a simple and facile method, hydrothermal method has
shown its advantages in the preparation of nano-materials [7].
In this study, CoS2-graphene has been prepared via sonochemical and hydrothermal method
using cobalt chloride and anhydrous purified sodium
thiosulphate. Interesting phenomena were also found
in which the enhancement of photoactivity was attributed the photosensitization of graphene and the
enhanced interfacial charge separation between graphene and CoS2 particles.

ABSTRACT
CoS2 and CoS2-graphene composite was synthesized by a facile sonochemical and hydro-thermal
method. The as-prepared products were characterized by X-ray diffraction (XRD), Scanning electron
microscopy (SEM) with energy dispersive X-ray
(EDX) analysis, transmission electron microscopy
(TEM) and UV-vis diffuse reflectance spectrophotometer. During the reaction, the reduc-tion of graphene oxide and loading of CoS2 and TiO2 particles
were achieved. The as-prepared Co S2-graphene
composites possessed great adsorpti-vity of dyes, extended light absorption range, and efficient charge
separation properties simultane-ously. Hence, in the
photodegradation of methylene blue (MB), a significant enhancement in the re-action rate was observed
with CoS2-graphene com-posites, compared to the
pure CoS2. The high acti-vity can be attributed to the
synergetic effects of high charge mobility, and red
shift in absorption edge of CoS2-graphene composites.

KEYWORDS:
CoS2-graphene, Raman, visible light, FT-IR, MB

INTRODUCTION
As a low-cost, environmentally friendly, and
sustainable treatment technology, semiconductor
photocatalysis has been proven to be effective in
treating wastewater pollution, hydrogen generation
and air purification and has received much attention.
Photocatalysis is based on the reactive properties of
photogenerated electron±hole pairs; thus, the performance of the used photocatalyst is the most important factor influencing catalytic efficiency. TiO 2
can only absorb UV light (Ȝ < 387 nm), which accounts for less than 5% of sunlight, thus restrict-ing
its practical applications [1-4].
Two strategies have been employed to improve
the sunlight utilization efficiency. One is the use of
modification techniques on TiO2 to shift its light absorption capacity toward visible light wavelengths,
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in aqueous media under visible-light irra-diation. For
visible-light irradiation, the reaction beaker was located axially and held in a visible lamp box (8 W,
halogen lamp, KLD-08L/P/N, Korea). The luminous
efficacy of the lamp was 80 lm/W, and the wavelength was 400 nm±790 nm. The lamp was located
at a distance of 100 mm from the aqueous solution in
a dark box. The initial concentration of the dyes was
set at 1×10-5 mol/L in all experiments. The amount
of photocatalytic com-posite used was 0.05 g/(50 ml
solution). The reactor was placed for two hours in the
dark box to make the photocatalytic composite particles adsorb as many dye molecules as possible. After the ad-sorption phase, the visible-light irradiation
was re-started to make the degradation reaction proceed. To perform dye degradation, a glass reactor
(dia-meter=4 cm, height=6 cm) was used, and the reactor was placed on the magnetic churn dasher. The
suspension was then irradiated with visible light for
a set irradiation time. Visible-light irra-diation of the
reactor was performed for 90 min. Samples were
withdrawn regularly from the reactor, and dispersed
powders were removed in a centri-fuge. The clean
transparent solution was analyzed by a UV-vis spectrophotometer (Optizen POP, Mecasys Co., Ltd.,
Korea). The dye concentration in the solution was
determined as a function of the irradiation time.

EXPERIMENTAL
Materials. Graphene oxide which was prepared by a Hummers-Offeman method in our pre-vious works was used as another carbon nano-material.
For the oxidization of carbon material, 3-chloroperoxybenzoic acid (TCPBA) was chosen as the oxidizing agent and was purchased from Acros Organics,
New Jersey, U.S.A. Benzene (99.5%) was used as
the organic solvent and was purchased from Samchun Pure Chemical Co., Ltd., Seoul, Korea. Cobalt
chloride (CoCl2) was purchased from DaeJung
Chemicals & Metal Co., Ltd., Korea. Anhydrous purified sodium thiosulphate (Na2S2O3, 95%) was purchased from Duksan Pharmaceutical Co., Ltd., Korea. Methylene blue (MB C16H18N3 S.Cl) was purchased from Samchun Pure Chemical Co., Ltd, (Korea). All chemicals were used without further purification, and all experiments were carried out using
distilled water.
Synthesis of CoS2-graphene composite. Graphene nanosheets were discovered in our pre-vious
works [7]. The graphene nanosheets (54 mg) were
under ultrasonication 1 hour. After then added to
CoCl2 and Na2S2O3 mixture solutions, after ultrasonication the mixture was added into a 100 ml Teflon-line autoclave and maintained at 423 K for 12 hr.
The solvent was evaporated and the CoS2-graphene
powders were obtained after being dried.

Circle use for CoS2-graphene composites.
The used CoS2-graphene composites were immersion in ethanol for 6 hours and rinsed with de-ionized
water, and then dried at 353 K. After this, the cleaned
CoS2-graphene composites were reused for remove
dyes, and the circle experiment is doing several
times.

Characterization. XRD (Shimadzu XD-D1,
Uki, Kumamoto, Japan) was used to identify the
crystallinity of the composite with monochromatic
high-LQWHQVLW\&X.ĮUDGLDWLRQ O c 6(0
(JSM-5600, JEOL Ltd., Tokyo, Japan) was used to
observe the surface state and structure of the prepared composite. Transmission electron microscopy
(TEM, JEOL, JEM-2010, Japan) was used to determine the state and particle size of the prepared composite. TEM at an acceleration voltage of 200 kV
was used to investigate the number and the stacking
state of graphene layers on the various samples.
TEM specimens were prepared by placing a few
drops of sample solution on a carbon grid. The elemental mapping over the desired region of the prepared composite was determined by an EDX analyzer attached to the SEM. Raman spectra were recorded at room temperature using amicro-Raman
spectrometer (Renishaw InVia) in the backscattering geometry with a 514.5 nm Ar + laser as an excitation source. UV-vis diffuse reflectance spectra
were obtained using an UV-vis spectrophotometer
(Neosys-2000, Scinco Co. Ltd., Seoul, Korea) using
BaSO4 as a reference at room temperature and were
converted from reflection to absorbance spectra by
the Kubelka-Munk method.

(a)

(b)
FIGURE 1
EDX elemental microanalysis of samples: CoS2
(a), CoS2-graphene(b).

Photocatalytic degradation of dyes. Photocatalytic activity was evaluated by dye degra-dation
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phase in the two products. It is found that CoS 2
shows more crystallinity than prepared CoS2±graphene nanocomposite. This is attributed to the adverse environments created during sonication and facilitating faster reaction, not allowing the nucleation
and crystal growth to occur fully. The peaks intensity
in case of prepared CoS2±graphene nanocomposite is
more than that of CoS2 nano-composite which is an
indication of the presence of larger CoS2 particles on
graphene nanosheets for prepared CoS2 nanocomposite.

RESULTS AND DISCUSSION
Elemental analysis of the composites. Fig. 1
shows the energy dispersive X-ray spectra of the surface of the CoS2 and CoS2-graphene compounds.
The elemental composition of these samples was analyzed and the characteristic elements were identified using an EDX detection spectrometer. Fig. 1
shows that strong peaks from the Co and S element,
respectively. In addition to the above peaks, C element was also found. In Fig. 1, quantitative microanalyses of C, Co and S, as the major elements for
the composites were performed by EDX. From the
EDX data, the main elements, such as C, Co and S,
were observed.
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FIGURE 2
XRD patterns of composites.
XRD analysis of CoS2 and CoS2-graphene
composite. The structural properties of the sonochemically and hydrothermal method synthesized
CoS2±graphene nanocomposite were characterized
and compared to the CoS2 by XRD analysis (Fig. 2).
The graphene diffraction peaks observed at 12.5 and
23.29ƕ were attributed to short-range order in stacked
graphene sheets. The XRD pattern of sonochemically and hydrothermal method synthe-sized CoS2Graphene nanocomposite is presented in Fig. 2. The
characteristics peaks of CoS2 at 2ș = 27.85, 32.30,
36.32, 39.83, 46.36 and 54.97 º were assigned to the
(111), (200), (210), (211), (220) and (311) planes of
the crystallize structure of CoS2 (JCPDS Card No.
41-1445) were observed [8]. From the XRD patterns
(Fig. 2), it is also possible to compute the % crystallinity and crystallite size. The amorphous phase fraction o the sample may be determined by taking the
ratio of the amorphous area (area not under the peaks)
of the X-ray diffrac-togram to the total area. A
method for estimation of amorphous phase fraction
from XRD patterns have been reported by Prasad et
al.

(c)
FIGURE 3
SEM images of composites: CoS2 (a), graphene
(b), CoS2-graphene (c).
The typical micro-surface structures and morphologies of the as-prepared composites were characterized by SEM and TEM. In Fig. 3 (a), the CoS2
particles are subsphaeroidal particles and have a
good dispersion. The morphology of graphene is obVHUYHGWRKDYHÀDNe WH[WXUHUHÀHFWLQJLWVOD\HUHGPL
crostructure, as shown in Fig. 3 (b). The larger interspaces of the layer and the thinner layer edges of graphene can be clearly observed. Simultan-eously, it is
worth noting that when we used sono-chemical
method to synthesize control sample and CoS2±graphene composite, it was clear that the prepared nanoscale CoS2 observed in Fig. 3 (c) shows a favorable morphology but a little tendency to agglomerate.
And the typical TEM image of as-obtained graphene and CoS2±graphene composite was dis-played
in Fig. 4. The morphology of graphene, consisting of
WKLQ VWDFNHG ÀDNHV DQG having a well-GH¿QHG IHZlayer structure at the edge, can be clearly seen in Fig.
4 (a). Nanoscale CoS2 displayed well-dispersed nanoparticles with an average size of around 30 to 45

SEM and TEM analysis of CoS2±grapheme
nanocomposite. Also the peaks at different crystal
planes of CoS2±graphene nanocomposite matches
exactly with that of CoS2 indicating essentially no
difference with respect to the type of crystalline
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between 650-1000 cm-1, and the peak at 806 cm-1
were assigned to aromatic symmetric stretch-ing
modes, which occur in the range 690-900 cm-1.
Strong C±O bands at approximately 1102 cm-1 and a
strong C=C band at 1538 cm-1 were observed. The
functional groups, C=O and C-OH, were indicated in
the spectrum at approximately 1685, and 1091 cm-1.
Meanwhile, -OH was also observed at approximately
1407 cm-1.
This confirms that artificial ageing is actually
occurring in the surface, and that the types of structural changes inferred from the spectra are consistent with the mechanism proposed in the literature:
the formation of O-H bonds resulting from the oxidation of the hydrocarbon triterperpenic mole-cules
by the direct binding of O· and O-O radicals, followed by further oxidation to carbonylic functional
groups [9, 10].
In Fig. 5 (b), the weak peaks at 1052 cm-1 was
assigned to the C-OH bands, respectively. The C-O
and C=C functional groups were observed at approximately 1427 and 1549 cm-1, respectively, while
C=O was indicated in the spectrum at approximately 1712 cm-1. Compared to the spectrum curves (a) and (b), the peak intensity of the functional
group on oxidized graphene was weak and decreased. This is because some of the functional
groups had combined with CoS2 particles. The CoS2
particles were bound to graphene with different functional groups [11].

nm, can be clearly seen in Fig. 5 (b). The formation
mechanism of CoS2 particles itself and the exact role
of graphene sheets in this process still await further
studies.

FIGURE 4
TEM image of the composites: graphene (a),
CoS2-graphene (b).
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FIGURE 5
FT-IR spectra of oxidation graphene and CoS2graphene composite.






FIGURE 6
UV-vis absorption spectra of the photocatalysts.

FT-IR spectrum of graphene and CoS2±graphene composite. The FT-IR spectrum of graphene
was rather simple and suggested extensive oxidation.
The spectra of the crystalline material showed well
distinguished and sharp bands, where-as the amorphous spectra were less resolved. The hydration results established the importance of defined conditions for FT-IR (Fig. 5). They also suggested that this
type of study can be performed on oxidized graphene.
Fig. 5 (a), 5 and (b) show the FT-IR spectra of oxidized graphene, and CoS2±graphene composite respectively.
From Fig. 5 (a), the peak at 995 cm-1 was assigned to the alkane bending vibration, which occurs

UV-vis diffuse reflectance spectroscopy. Fig.
6 shows the UV-Vis absorption spectra of the samples. In the visible region, the CoS2, and CoS2±graphene composites showed has good absorption,
which means that these composites have great photocatalytic activity under visible light irra-diation.
Because CoS2 has a smaller band gap so it can be
used to induce photocatalysis. When CoS2 coupled
graphene, graphene acted as a photo-sensitizer,
which could be excited to inject electrons into the
conduction band of CoS2. This rather suggests that
the absorption in the visible region is due to the well
3751
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D band is correlated with structural disorder of graphene, which originates from the defects inclu-ding
disordered materials, poor graphitization, functionalized carbon, and the amorphous carbon on the sidewall of nanotubes [14-16]. The intensity ratio of the
D band to the G band (ID/IG) can be a measure for
the crystallinity of graphite layers [17]. This suggests
that the graphite layers inclined slightly with respect
to the fiber axis, exposing the graphite edges which
serve as anchors for metal particles. The defects on
the surface of the graphene as suggested by the larger
ID/IG ratio, can also mediate the deposition of CoS2
particles.
The overlay of the measurement result of Raman spectra for the sample is presented in Fig. 7.
CoS2-graphene was found to exhibit the larger value
of ID/IG ratio. It is suggested that the ID/IG ratio is
closely associated with the defect density on the suraface of the graphene nanosheets were found to exhibit the larger value of ID/IG ratio, indicating that
the samples were saturated with the highest amount
of defects. For Raman measurements, the commercial CoS2 powder showed characteristic peaks at 389
cmí1 and 410 cmí1. This is in close agreement with a
report for CoS2 single crystal [18].

dispersed graphene nanosheets and not to any modification of the band gap of the CoS2 [12, 13].
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FIGURE 7
Raman spectra of CoS2-graphene.
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Photocatalytic activity of samples. The photocatalytic activities of CoS2 and CoS2-graphene
composites were investigated by degradation of MB
dye as model reaction in water solution to demonstrate the degradation ability of organic dyes. The
photodegradation processes were recorded by the
temporal evolution of the UV±vis spectra and all of
the samples were processed in the similar procedure.
Take pure CoS2 and CoS2-graphene composites samples as examples. The corres-ponding temporal evolutions of the spectral changes of MB solution photodegradation process are shown in Fig. 8. During
the photodegradation pro-cess of MB dye solution
under the visible light irradiation, the peak intensity
of MB is gradually weakened as the exposure time
extended. Besides, the maximum absorption peaks at
660 nm corres-ponding to MB gradually with an absorption band shift to shorter wavelengths as extending the exposure time. Similar hypsochromic shifts
have been found in our previous work. Two steps are
involved in the photocatalytic decomposition of dyes:
the physic adsorption of dye molecules and degradation. After physic adsorption in the dark for 30 min
with magnetic stirring, the samples reached adsorption-desorption equilibrium [19]. In the physic adsorption step, different composites show-ed different
physic adsorption effects, with CoS2-graphene having the best physic adsorption effect. The MB solution is degraded within 120 min in the presence of
pure CoS2 photocatalyst (shown in Fig 8 a), while the
MB solution is completely degraded with just about
90 min in the presence of CoS2-graphene composites
(shown in Fig 8 b), which greatly shortens the photodegradation time. The adsorption effect of CoS2-
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FIGURE 8
Degradation of MB under visible light for omposite (a) CoS2 and (b) CoS2-graphene.
Raman spectra of CoS2±graphene composite. Fig. 7 is the Raman spectra (taken with the 532
nm Nd: YAG laser) of both the typical D band and
G band for graphene appeared. There were two typical bands for graphitic materials: the so-called G
band located at 1593 cmí1and D band located at
about 1350 cmí1. The D-line corresponded to sp3
bonding responding to the defects of graphene such
as pentagon and heptagon and the G-line corresponded to sp2 bonding of crystalline graphite sheets.
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graphene was better than that of CoS2 because the
added graphene can enhance the BET surface area
which can increase the adsorption effect [20]. CoS2graphene has the largest BET surface area, which enhances the adsorption effect. In the degradation step,
the CoS2-graphene composites showed a good degradation effect, as shown in the UV-vis absorption
spectra. A comparison of the decoloration effects of
the different catalysts showed that the degradation
effect can be increased by an increase in the adsorption capacity.
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practical application in environment purification.
Graphene modification can not only improve the
photocatalytic performance but also long-term stability of CoS2 nanocrystals. This result is significant
from the viewpoint of practical application, as the
enhanced photocatalytic activity and prevention of
catalyst deactivation will lead to more cost-effective
operation.
CoS2 has a relativity smaller band gap and can
be used to induce photocatalysis with visible light irradiation. We propose that the hydroxyl radical on
the surface of nanoparticle CoS2 was easily generated. This means that the organic pollutants, which
have already been adsorbed on the photo-catalysts,
have a chance to be degraded due to the appearance
of hydroxyl radical, resulting in the enhancement of
photodegradation performance [21].
At graphene modified CoS2 system, graphene
acting as electron sensitizers and donators in the
composite. They may accept the electron (e) photoinduced by light irradiation. It is considered that
photo-induced charge transfer occurs in the electronic interaction between the carbon layers of the
graphene and CoS2. The electrons on the surface of
graphene migrate to the surface of the CoS2 and thus
lead to a higher rate of reduction in the e/h+ pair recombination. Thus graphene modified CoS2 can increase of the photon efficiency, which reduces the
quantum yield of the CoS2 catalyst. These graphene
also can enhance the adsorption effect during the discoloration processes [22, 23]. Fig. 10 shows a schematic diagram of the catalyst growth machanism,
separation of photogenerated electrons and holes on
the CoS2- graphene interface.
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FIGURE 9
Cycling runs in the photocatalytic degradation
of MB with sample under visible light irradiation

CONCLUSION
In this study, the photocatalytic properties of
CoS2- graphene composites were investigated. The
XRD results illuminated that the phase type was
acanthite CoS2 phase. The FT-IR results illuminated
that the CoS2 band transfers electrons to graphene
with functional groups attached. The adsorption and
surface properties as structural and chemical composition of the CoS2-graphene composites were investigated. For Raman measurements, the commercial
CoS2 powder showed characteristic peaks. The defects on the surface of the graphene as suggested by
the larger ID/IG ratio, can also mediate the deposition of CoS2 particles. UV-vis patterns indicated that
both CoS2 and CoS2-graphene have good photoinduction effects in the visible light region. In comparison with the separate effects of CoS2 and CoS2-graphene nanoparticles, the photochemically effect of
the fullerene photosensitized CoS2 composites is increased significantly due to the synergetic effect between the graphene and the CoS2 nanoparticles.

FIGURE 10
Schematic diagram of the catalyst growth mechanism, separation of photogenerated electrons
and holes on the CoS2-graphene interface.
In order to further demonstrate the photo-stability and cycle performance of the CoS2-graph-ene
composite photocatalyst, the circulating runs in the
photocatalytic degradation of MB in the pre-sence of
CoS2-graphene under visible light were conducted.
As shown in Fig. 9 the photocatalyst do not exhibit
any significant loss of photocatalytic activity after
four runs of MB degradation, which indicates that
the CoS2-graphene photocatalyst has high stability
and cannot be photocorroded during the photocatalytic oxidation of the MB molecules. Thus, the CoS2graphene composite photocatalyst is promising for
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DETERMINATION OF TOXIC METALS IN MARINE
BIO-MONITORS BY MULTIVARIATE ANALYSIS OF
VOLTAMMETRIC AND SPECTROSCOPIC DATA.
APPLICATION TO MUSSELS, ALGAE AND FISHES OF THE
NORTHERN ADRIATIC SEA
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2

This fact allows to employ these organisms as biological monitors for traces of polluting metals in a
determinate ecosystem [6-9].
Indeed, the levels of accumulation large change
a lot from species to species and from tissues to tissues in marine bio-monitors [10]. This is the reason
why performing analytical techniques and very effective data-processing methods are required to
study the accumulation of metals in bio-monitors living in the marine environment [11-16].
In this sense:
- spectroscopic techniques and voltammetric
techniques are widely employed [17-23];
- chemometrics was applied in order to explore and interpret the huge amount of collected
data. Principal components analysis (PCA) was chosen as a very performing and easy-to-use data-processing technique, able to effectively explore the
multivariate structure of data with a particular reference to study the similarities among samples and the
role of variables in the multivariate problem here
faced. A multivariate modelling was also performed,
using SIMCA (Soft Independent Models of Class
Analogy), which is a very effective classification
tool based on PCA analysis.

ABSTRACT
An analytical procedure regarding the sequential voltammetric determination of mercury(II), copper(II), lead(II), cadmium(II) and zinc(II) at trace
levels by square wave anodic stripping voltammetry
is proposed, and validated by standard reference materials through comparison with spectroscopic analytical methods.
The validated analytical procedure was transferred and applied to fishes, mussels, and algae as
possible biological monitors. Five sampling sites
were chosen, located in the Adriatic Sea (Italy) between the Goro Bay and the Ravenna Lagoon. Multivariate analysis of data by Principal components
analysis (PCA) and Soft Independent Models of
Class Analogy (SIMCA) allowed to explore data:
similarities among samples and correlation of variables was evidenced.

KEYWORDS:
Toxic Metals, SWASV, AAS, Marine Biomonitors,
Chemometrics.

INTRODUCTION
MATERIALS AND METHODS
Anthropic activities produce unsustainable accumulation of metals in the environment. Some of
them tend to accumulate in environmental matrices,
and in particular those involved in the food chain.
Some polluting metals are hazardous as such, some
others become toxic at high quantities. In any case,
human health undergoes risks of irreversible damages [1-3].
The path that dangerous metals follow in matrices involved in food chain is a well known ecological issue. Some marine living beings, such as mussels, algae and fishes, are especially able to filter and
concentrate various elements in their aqueous environment: heavy metals are among the species that
these organisms preferentially accumulate [4, 5].

Apparatus. Voltammetric measurements were
carried out by Multipolarograph AMEL (Milan, Italy) Mod. 433. Two conventional three electrode
measuring cells were used. In both cases the reference electrode was Ag°AgCl°KClsatd. and the auxiliary electrode was a platinum wire. The working
electrodes were: a gold electrode (GE) (0.785-mm2
surface area, AMEL, Milan) and a hanging mercury
drop electrode (HMDE). The procedure suggested
by Bonfil et al. [24] was applied to activate the gold
electrode before its use, and to clean it after each
measurement.
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solutions, by a Teflon-coated magnetic bar, was
acted in the purge step.
The AAS measurements were performed by
Atomic Absorption Spectrometer Perkin-Elmer
Mod. A-Analyst 100, performing background correction by a deuterium lamp; Autosampler AS-72
was used, and the atomization device was a HGA
800 graphite furnace. Single-element hollow-cathode lamps by Lumina (Perkin-Elmer) were the light
sources. For each element, the proper ashing and atomization curves were applied [26]. CV-AAS measurements of Hg(II) were carried out by a PerkinElmer Mod. FIAS 100, in recirculation mode [26];
the reducing agent was stannous chloride. The working wavelength was 253.7 nm. A 0.7-nm band-width
was selected. All spectroscopic experimental conditions are reported in Table 2.

The supporting electrolyte was a solution containing: EDTA-Na2 (0.01 M, that is 0.01 mol L-1); NaCl
(0.2 M); HClO4 (0.1 M). The experimental conditions
for both electrodes are reported in Table 1.
A very important issue concerns the possible
presence of anions in the solution: they always give
problems with GE. Indeed, anions strongly adsorbed
on gold surfaces, and this phenomenon is dependent
of the electrode potential and the chemical nature of
the anion. Salaun and van den Berg [25] indicated
how to minimize this adsorption, thus achieving intense voltammetric peaks and flat baseline: a negative desorption potential Edes of -0.8 V/
Ag°AgCl°KClsatd. was applied for 30 s after the deposition and before the stripping step (tdes, see Table
1). At this negative potential, chloride, bromide, iodide and sulphate do not adsorb on the gold electrode. To prevent contamination, the Teflon voltammetric cell was rinsed (with suprapure con-centrated
1:1 HNO3 and then many times with Milli-Q water)
prior to start measurements. Before analyses, the solutions were thermostated at 20°C (0.5°C tolerance)
and deaerated for 5 min using pure nitrogen saturated
with deionized water; during the experiments, the solutions were kept in a nitrogen blanket. Stirring of

Reagents and reference solutions. Chemicals
at suprapure grade were always employed (Merck,
Germany). Reference solutions at various concentrations were prepared from stock acidic metal solutions (1000 mg/L, Merck, Darmstadt, Germany).
Milli-Q demineralized water was employed as a solvent.

TABLE 1
Instrumental parameters for SWASV measurements
[a]
Ei
Ed
Edes
Ef
td
tdes
tr
dE/dt

'E
W
Q
K
r

GE
[Hg(II)-Cu(II)]
+0.200
-0.050
-0.800
+0.750
240
30
10
100
50

HMDE
[Cu(II)-Pb(II)-Cd(II)-Zn(II)]
-1.150
-1.150
+0.100
210
10
100
50

0.010

0.010

0.100

0.100

10
600

10
600

[a]
Ei: initial potential (V/ Ag~AgCl~KCl(sat)); Ed: deposition potential (V/ Ag~AgCl~KCl(sat)); Edes: desorption
potential (V/ Ag~AgCl~KCl(sat)); Ef: final potential (V/ Ag~AgCl~KCl(sat)); td: electrodeposition time (s); tdes:
desorption time (s) tr: delay time before the potential sweep (s); dE/dt: potential scan rate (mV/s); 'E: step amplitude (mV); W: sampling time (s); Q: wave period (s); K: wave increment (mV); r: stirring rate (r.p.m.).

TABLE 2
Instrumental parameters for AAS measurements

Wavelength (nm)
Slit (nm)
Drying Temperature (°C)
Charring Temperature (°C)
Atomization Temperature (°C)
Matrix Modifiers

Cu(II)
324.8
0.7
110
1350
2500
0.015 mg Pd + 0.03
mg Mg(NO3)2

Pb(II)
283.3
0.7
110
950
1900
0.3 mg NH4H2PO4 +
0.01 mg Mg(NO3)2

3757

Cd(II)
228.8
0.5
110
1000
1750
0.3 mg NH4H2PO4 +
0.03 mg Mg(NO3)2

Zn(II)
213.9
0.5
110
850
1950
0.07 mg Mg(NO3)2
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TABLE 3
Experimental peak potentials (Ep, V, Ag~
~AgCl~KClsat.) in the supporting electrolyte and in the standard
reference material solutions. Working Electrodes (WE): GE (a); HMDE (b).

Supporting electrolyte
BCR-CRM 278
(Mussels)
BCR-CRM 060
(Algae)
BCR-CRM 422
(Fishes)

WE
a
b
a
b
a
b
a
b

Hg(II)
0.521r0.010
0.549r0.015
0.577r0.015
0.543r0.015

Cu(II)
0.358r0.015
-0.075r0.015
0.369r0.015
-0.096r0.010
0.401r0.010
-0.081r0.015
0.367r0.015
-0.103r0.015

Pb(II)

Cd(II)

Zn(II)

-0.443r0.015

-0.661r0.015

-0.995r0.010

-0.457r0.010

-0.677r0.010

-0.991r0.015

-0.429r0.015

-0.701r0.015

-1.007r0.015

-0.451r0.015

-0.665r0.010

-1.013r0.015

with the digested sample. Then the digestion tube,
without the condenser, was put again into the hotblock for a 30-min further boiling. Finally, the digested solution was cooled and diluted in a 50-mL
calibrated flask.

Potassium dichromate underwent a special pretreatment to eliminate mercury impurities: after a 4days continuous heating at 350 °C, the temperature
was increased up to 410°C; the sample was kept in
melting one day long. Finally the salt was solidified
in granulated form, and transformed in a fine homogeneous powder by a corundum-ball mill.
25 %w/w SnCl2 in 10 %w/w H2SO4 was used as
reducing agent; eventual residues of Hg and O2 were
stripped away by 20-min bubbling with N2.
Mussel Tissue BCR-CRM 278 (for Mussels),
Lagarosiphon Major BCR-CRM 060 (for Algae) and
Cod Muscle BCR-CRM 422 (for Fishes) were employed as standard reference materials in the set-up
and optimization steps.

Total voltammetric analytical procedure.
Voltammertric measurements were carried out on
10-mL solution aliquots, pipetted into the voltammetric cell. The aliquots were either supporting electrolyte (aqueous reference solution), or solutions obtained by mineralisation and subsequent dilution; the
mineralized matter came either from standard reference material or from real samples.
The voltammetric measurement was preceded
by 5-min de-aeration using water-saturated pure nitrogen, then the experimental conditions of Table 1
were applied and SWAS determinations of Hg(II)Cu(II) and of Cu(II)-Pb(II)-Cd(II)-Zn(II) were carried out on the proper working electrode (GE and
HDME, respectively). Table 3 shows the experimental peak potentials of each element, which were
different in the aqueous reference solutions with respect to the solutions obtained from standard reference material. It was necessary to use two working
electrodes because of the strongly irreversible electrodic processes that Pb(II), Cd(II) and Zn(II) show
when a GE is employed: irreversibility implies voltammetric signals which may be scarcely defined or
even completely absent in the case of ultra-trace concentration levels. The problem does not exist in the
case of Cu(II): for this element, good reversibility of
the electrodic process is observed both on GE and on
HMDE, so they can be indifferently chosen as working electrodes.

Sample preparation before instrumental
measurements. About 1 g of sample was accurately
weighed and transferred, together with 3 mL 69 %
(w/w) HNO3 + 3 mL 37 % (w/w) HCl + 7 mL 96 %
(w/w) H2SO4, into a 25-mL calibrated Pyrex tube
for the digestion step, during which it was connected
with a Vigreux column condenser. The same procedure was applied both to reference materials and to
real matrices sampled in the Adriatic Sea (the latter
were previously lyophilised). The tube was heated
by a home-made block digester in which suitable
holes had been drilled; temperature was slowly increased up to 150°C. The final temperature was kept
for 2 h, to achieve mineralisation. After complete
cooling, the digest was filtered by filter papers
(Whatman N. 541), then it was allowed to evaporate
to dryness, and finally it was mixed with 50 mL of
supporting electrolyte to dissolve the soluble salts.
For the spectroscopic determination of Hg(II),
the preparation procedure was different [27].
About 1 g of sample was accurately weighed
and placed in a digestion tube; 20 mL of water and
1.2 g of potassium dichromate were added. The digestion tube was equipped with a condenser, and 20
mL of H2SO4 were slowly added. The digestion tube
was located in a hole of the block, preheated at 180
°C. The digestion was carried out for 60 min and
went to completion. The condenser was removed,
cooled at room temperature, rinsed three times with
5-mL aliquots of H2O, and the washings were mixed

Data processing. Five chemical species analysed (Hg, Cu, Pb, Cd, Zn) by two different techniques (voltammetry and spectroscopy, the first using two different electrodes) in three different types
of bio-monitors (mussels, algae and fishes) sampled
in five different geographical sites in Italy (the
mouths of two rivers flowing into the northern Adriatic Sea, two cities on the cost, the lagoon of Ravenna) inevitably produce a multivariate structure of
experimental data.
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Calibration was carried out by standard addition method (SAM) within the linear range.
For both voltammetric and spectroscopic methods, five SAM models were created for each metal.
For each model, five additions were performed. For
each addition, the measurement was repeated in triplicate. Moreover, for each SAM regression line, a
different aliquot of the sample was analysed; finally,
the average concentration was calculated from the
five extrapolated values. In other words, for each
metal the final concentration was the average of five
independent determinations carried out by as many
SAM models.
Limits of detection (LOD) were calculated by
the equation LOD = (K sy/x)/b [28], where sy/x and b
are the regression standard deviation and the slope of
the calibration function, respectively. The value K =
3 was correspond to a confidence level of 99.9%
[29]. The standard addition method allowed to bypass the strong matrix effect which frequently affects
real matrices.
PCA and SIMCA models were created by the
software The Unscrambler (CAMO, Norway).

Fresenius Environmental Bulletin

Voltammetry or spectroscopy: critical comparison. Table 4 and Table 5 report the comparison
between the analytical performances of SWASV and
AAS. The two techniques show equivalent analytical
performance (precision, trueness and limits of detection): good results can be observed in all cases with
both the techniques. Voltammetry has the advantage
of allowing inexpensive simultaneous determinations of various metals. In fact, spectroscopic techniques like Inductively Coupled Plasma (ICP) and
Inductively Coupled Plasma-Mass Spectrometry
(ICP-MS) allow a multi-element determination but
they are extremely more expensive (up to 25-30
times).
Real samples. The validated method was applied to the determination of mercury(II), copper(II),
lead(II), cadmium(II) and zinc(II) in the marine organisms under study, namely:
x MUSSELS: Mytilus galloprovincialis (MG)
and Tapes philippinarum (TP)
x ALGAE: Ulva rigida (UR) and Gracilaria
rhodophita (GR)
x FISHES: Engraulis encrasicholus (EE).
All real marine organisms were sampled in August 2015 in five sites located in the northern Adriatic Sea (Italy) between the Goro Bay and the Ravenna Lagoon:
1. Goro Bay, Po River Mouth
2. Porto Garibaldi
3. Reno River Mouth
4. Casal Borsetti
5. Ravenna Lagoon.

RESULTS AND DISCUSSION
Aqueous reference solutions. The supporting
electrolyte was preliminarily subjected to voltammetric determinations of Hg(II) and Cu(II) at GE,
and of Cu(II), Pb(II), Cd(II), Zn(II) at HMDE. The
blank concentrations for all the elements were lower
than the respective LOD.
The calibration models were created for each
individual element in the aqueous reference solution,
relevant experimental conditions are reported in Table 1. In the investigated range of concentrations, linearity for current vs. metal concentration relationship was assessed in all cases, and the determination
coefficients were always higher than 0.9990.
Relevant experimental peak potentials are reported in Table 3.

Sampling and sample pre-treatment. Few
kilograms of the marine organisms were collected in
August 2015: Mytilus galloprovincialis (8 kg),
Tapes philippinarum (8 kg), Ulva rigida (5 kg),
Gracilaria rhodophita (5 kg), Engraulis encrasicholus (3 kg). The latter is an ubiquitary anchovy in the
Adriatic Sea, hugely marketed either fresh or preserved (in oil and in salt). Samples were immediately
transported to the laboratory and prepared for the
analyses.

Standard reference materials. The previously set-up method in the case of aqueous reference
solution was applied to standard reference materials:
BCR-CRM 278, BCR-CRM 060 and BCR-CRM
422 (Institute for Reference Materials and Measurements, European Commission, Joint Research Centre, Belgium), in order to validate the analytical procedure and also to evaluate its performance (accuracy and detectability). Repeatability [28], expressed
as relative standard deviation (sr %) on five independent determinations, was always lower than 5%;
hence, precision was good. Trueness, expressed as
relative error (e %), was good (generally in the order
of 5-7 %).
All the results are reported in Table 4.

(1) Mytilus galloprovincialis and Tapes philippinarum. The organisms were carefully managed
by a plastic appliance. They were placed in polyethylene containers, previously filled of suprapure
HNO3 (1:1 diluted with water) for 48 h, and then repeatedly rinsed with Milli-Q water: so, any con-tamination was avoided. Samples were frozen, and then
they were lyophilised for 30 h. Low temperatures in
drying the samples avoided loss of volatile analytes
like mercury(II) and methyl mercury.
Finally, the samples were totally homogenized
in agate mortar. An aliquot of about 0.5-1.0 g was
accurately weighed, digested and analyzed as described in the sHFWLRQ³6DPSOH3UHSDUDWLRQ´
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TABLE 4
Accuracy and limits of detection. (a): Results at GE; (b): results at HMDE.
Sample

Element

SWASV
e (%)

AAS
e (%)

SWASV
sr (%)

AAS
sr (%)

Hg(II)
Cu(II)
Supporting electrolyte
Pb(II)
Cd (II)
Zn (II)
Hg(II)
Cu(II)
BCR-CRM 278
(mussels)

BCR-CRM 060
(algae)

BCR-CRM 422
(fishes)

Pb(II)
Cd (II)
Zn (II)
Hg(II)
Cu(II)
Pb(II)
Cd (II)
Zn (II)
Hg(II)
Cu(II)
Pb(II)
Cd (II)
Zn (II)

5.3
-4.7 a
-3.9 b
4.7
-5.9
5.3
-5.9
4.5 a
-5.3 b
4.9
5.0
-5.1
-4.3
5.7 a
-6.7 b
-5.9
5.9
-6.6

4.9
3.6

4.3
5.2 a
4.5 b
4.8
4.6
4.9
4.7
5.1 a
4.9 b
4.6
4.3
5.0
4.9
5.5 a
5.0 b
4.7
4.6
5.1

-5.8
8.8
-6.6
-8.8
5.5
4.7
5.5
-5.4
4.7
-7.6
7.1
5.9
6.1

4.5
5.3
4.9
5.0
5.1
4.9
5.0
4.5
4.7
5.2
5.3
5.1
4.9
5.0
5.2

SWASV
LOD*
0.19
0.27 a
0.31 b
0.25
0.37
0.77
0.031
0.058 a
0.063 b
0.049
0.038
0.096
0.041
0.061 a
0.069 b
0.058
0.043
0.075
0.040
0.071 a
0.077 b
0.063
0.047
0.089

AAS
LOD
0.83
0.99
0.73
0.58
1.2

The limits of detection (LOD) are calculated in Pg L-1 in the supporting electrolyte and expressed in μg g-1 in the
Standard Reference Materials.
*

TABLE 5
Comparison of general performances between SWASV and AAS.

Sample mineralisation
Time of sample preparation (h)
Matrix modifier
Simultaneous determination
Signal interference
Accuracy (e, %)
Precision (sr, %)
Equipment and maintenance cost
R2, signal vs. metal concentration

SWASV
Yes
2.0-2.5
No
Yes
Possible
Generally < 6
Generally < 6
Lower
> 0.9990

AAS
Yes
2.0-2.5
Yes
No
No
Generally < 7
Generally < 6
Higher
>0.9985

were generated by five measurements (one for each
of the five site) executed on each of the five samples
(MG, TP, UR, GR, EE), structured in three categories (mussels MG and TP, algae UR and GR, fish
EE). The 11 variables were: Hg by GE; Cu by GE;
Cu by HMDE; Pb, Cd and Zn by HMDE; Hg, Cu,
Pb, Cd and Zn by AAS.
The dataset was processed by PCA. The scores
plot relevant to the first and the second PC Principal
Component (PC1 and PC2, respectively) is reported
in Fig. 1. The corresponding loadings plot is reported
in Fig. 2. The total variance explained by the PCA
model (scores plot and loadings plot) is 94%. Moreover, after applying a full cross validation (CV) by
leave-one-out (LOO), the total explained variance in
prediction was 89%. These very good results correspond to a very high reliability of comments coming
from this plot, which are the following.

(2) Ulva rigida and Gracilaria rhodophita.
The samples were accurately rinsed with Milli-Q
water, frozen, lyophilised for 30 h and finally thoroughly homogenized in agate mortar. Them, the
same procedure described for Mytilus galloprovincialis and Tapes philippinarum (sample preparation
and instrumental analysis) was applied.
(3) Engraulis encrasicholus. Again, the samples were accurately rinsed with water. The edible
parts were carefully managed by a plastic appliance,
immediately frozen, lyophilised for 30 h and completely homogenized in agate mortar. Then, the same
procedure was applied as in the case of MG, TP, UR,
GR.
Discussion of the results. All results were collected in a dataset, a matrix made of 25 rows (the
objects) and 11 columns (the variables). The 25 rows
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FIGURE 1
Scores plot. Text labels indicate the type of sample, numeric labels indicate the sites.
See par. 3.4. Explained variance: 80% along the
first PC, 14% along the second PC.

Fresenius Environmental Bulletin

FIGURE 2
Loadings plot. Explained variance: 80% along the
first PC, 14% along the second PC.

MUSSELS
(TP and MG)

FISHES
(EE)

ALGAE
(GR and UR)

FIGURE 3
SIMCA model. Abscissa: distance from mussels model. Ordinate: distance from algae model. Prediction is operated on fishes samples. Significance level: 25%.
x For all the three main toxic metals (Hg, Cd
and Pb), in all cases the sites 1, 2 and 3 correspond
to the highest scores, indicating that the rivers
mouths (Po and Reno rivers) and the lagoon of Ravenna are especially affected by pollution from these
metals.
The examination of the loadings plot adds the
following important considerations.
x For all the studied metals, voltammetry and
spectroscopy give non-significantly different results.
x The results relevant to Cu clearly show that
there is no significant difference between voltammetric results obtained with GE and HMDE, res-pectively.
To make the discrimination between classes
(mussels, algae and fishes) more effective with respect to what evinced by the scores plot, a SIMCA
PRGHO ZDV FUHDWHG 7KH FRUUHVSRQGLQJ &RRPDQV¶
plRWLVUHSRUWHGLQ)LJ,QWKLV&RRPDQV¶SORWWKH
abscissa is the distance with respect to the PCA

The five samples MG, TP, UR, GR and EE are
represented by five corresponding clusters, which
are evidenced by ellipses delimiting the relevant
spaces. The three categories of samples (mussels, algae, fishes) are very well discriminated and located
in three different quadrants of the PCA space: mussels are located at positive scores with respect both
to PC1 and to PC2; algae are located at negative
scores with respect both to PC1 and to PC2; fishes
are located at negative scores with respect to PC1
and positive scores with respect to PC2.
The comparison of scores plot with loadings
plot indicates that:
x Positive PC2 is correlated with high content
of mercury, zinc and cadmium: mussels and fishes
are particularly affected by pollution from Hg and
Cd; besides, negative PC2 is related to high content
of lead and copper: so this polluting metal particularly affects algae.
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- Even if the legislative aspect is beyond the
aim of this study, short comments may be done about
the metal content determined in mussels and algae
sampled in the Adriatic Sea. The current legislation
cites only the Hg(II), Cu(II) and Pb(II) content in
mussels [30] without considering algae: in fact, also
these bio-monitors should be considered. In any case, the metal concentrations determined here empirically appear too high for all the elements and for all
the considered matrices.

model created by samples of category mussels, and
the ordinate is the distance with respect to the PCA
model created on samples of category algae, while
samples of category fishes have been used as unknown. At very high significance level (25%), which
corresponds to high capability of discriminating unknown samples, the 100% of samples of the three
categories are correctly located in the relevant quadrant.
It should be emphasized that all data relevant to
Figs. 1-3 are referred to the year 2015. The same
sampling, i.e. the same matrices and the same sites,
was also carried out in August 2014 and 2013. Both
sampling campaigns showed an evident continuous
increase in metals concentrations for all sampling
sites, even if in a different degree depending on the
matrix (mussels, algae and fishes). The reason for
this fact lays beyond the scope of the present paper;
however, the following qualitative observations may
arise from the highlighted increasing metal-concentration trends:
a) the studied ecosystems show a persistent increasing trend in pollution grade, even if the significance of this effect changes from site to site.
b) proper monitoring procedures to monitor
pollution are strongly recommendable, both in long
and in short periods.
In this context, mussels, algae and fishes are
suitable to bio-monitor the long-time evolution of
pollution. Accurate and timely analyses are need to
understand the possible causes of pollution in order
to implement strategies aiming to preserve ecosystems.
Finally, the validity of using of bio-monitors to
control the "state of health" of the investigated ecosystem is supported by the following evidence. The
sampling sites 1, 3 and 5 have always shown constantly higher concentration levels, for all the metals
and for all the considered matrices. This experimental evidence is coherent with the fact that the
sites 1 and 3 are located at the mouth of two important rivers, while the site 5 is located in front of
the great port area of Ravenna.
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TRICLOSAN STIMULATES THE ACTIVITY OF THE MOLTING ENZYME N-ACETYL-Ǻ-GLUCOSAMINIDASE IN THE
EPIDERMIS OF THE FIDDLER CRAB, UCA PUGILATOR
Abigail Hagen, Enmin Zou*
Department of Biological Sciences, Nicholls State University, Thibodaux, LA 70310, U. S. A.

as inhibiting estrogen sulfotransferase, responsible
for regulating estrogen activity in sheep placenta,
which supplies necessary estrogen to the fetus [5]. In
the Japanese rice fish, TCS at 20 and 100 μg/L was
found to increase hepatic vitellogenin concentrations
in male fish, suggesting that TCS is estrogenic [6].
In male Wistar rats, TCS at 30, 100, 200, and 300
mg/kg was shown to reduce thyroxine levels, which
can lead to decreased gamete production if induced
in fetal or postnatal rats [7,8].
Crustaceans occupy important niches in aquatic
ecosystems, and many species are commercially important. However, information on the adverse effects
of TCS on hormonally-regulated processes in crustaceans is scarce. Peng et al. [9], in a 21-day toxicity
test, documented a biphasic effect of TCS on growth
and reproduction in Daphnia magna, wherein TCS
at 4 ± 16 μg/L increases both the body length and the
total number of neonates per female while 128 μg/L
TCS inhibits both parameters. Additionally, TCS administered at 16 ± 128 μg/L was found to reduce the
number of molts per adult Daphnia magna.

ABSTRACT
Triclosan (TCS), an antimicrobial agent frequently found in aquatic environments, has recently
been shown to inhibit crustacean molting. The present investigation sought to understand whether the
molt-disrupting effect of TCS arises from disruption
of molting hormone signaling. Because of the structural resemblance of TCS to polychlorinated biphenyls (PCBs) and polybrominated diphenyl ethers
(PBDEs) capable of disrupting molting hormone signaling, it was hypothesized that TCS would also act
through disrupting molting hormone signaling in
Crustacea. Exposure of fiddler crabs, Uca pugilator,
to TCS at 10 - 250 μg/L for six days had no effect on
activity of epidermal N-acetyl-ȕ-glucosaminidase
(NAG), also known as chitobiase, a biomarker for
molting hormone signaling. However, TCS at 2500
μg/L significantly increased enzymatic activity, suggesting that TCS at this environmentally unrealistic
concentration is capable of enhancing ecdysteroid
signaling in vivo. The underlying mechanism for this
stimulating effect on epidermal NAG activity needs
to be investigated.

KEYWORDS:
triclosan, crustacean, molting, endocrine disruption, N-acetyl-ȕ-glucosaminidase, Uca pugilator

INTRODUCTION
Triclosan (TCS), a chlorinated diphenyl ether
(Fig. 1), is widely used as an antimicrobial product
and is contained in many items, such as FKLOGUHQ¶V
toys, hosiery, and kitchen utensils [1]. Entering
through sewage and runoff waterways, TCS has been
found at concentrations up to 40 μg/L in aquatic environments [2].
Because of 7&6¶ structural similarity to polychlorinated biphenyls (PCBs), several of which are
known to disrupt endocrine processes in vertebrates
[3,4], much research attention has been attracted to
the possibility that TCS is also capable of disrupting
hormonal processes in vertebrates. TCS at concentrations of 0.1 ± 2.5 nM was reported to have inhibitory effects on vertebrate endocrine functions, such

FIGURE 1
Structures of triclosan, polychlorinated biphenyl
and polybrominated diphenyl ether.
Molting is an important physiological process
for crustaceans because it allows for growth and development of these animals, which bear a rigid, confining exoskeleton. It is of interest to understand
whether 7&6¶ disrupting effect on crustacean molting stems from this SHVWLFLGH¶V interference with
molting hormone signaling. Molting is regulated by
a multihormonal system but is under immediate con3764
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differing concentrations of TCS (purity 100%, AccuStandard, New Haven, CT): 10, 50, 250 and 2500
μg/L, respectively. A TCS stock solution of 25
mg/mL was prepared by weighing out TCS using an
analytical balance and dissolving it in an appropriate
amount of absolute ethanol. The 25 mg/mL TCS was
diluted with ethanol to prepare the other three TCS
stock solutions, 2.5 mg/mL, 0.5 mg/mL and 0.1
mg/mL. These four TCS stock solutions were then
used to make the four exposure mediums by adding
100 μL of a stock solution to the corresponding bin
containing 1 L seawater. Crabs were exposed for six
days at room temperatures of 19-21°C and under a
light cycle of 14 hr light/10 hr dark. Crabs were not
fed during exposure, and exposure mediums were renewed every two days. After exposure for six days,
the carapaces with attached epidermal tissues were
harvested from all the survivors, snap-frozen with
liquid nitrogen, and stored at -80°C until the enzymatic assays. Over a six-day period, control mortality rate was 15% while a mortality rate ranging from
zero to 20% was registered for TCS-treated groups.
NAG activity was quantified using an assay described by Zou [20]. Briefly, harvested epidermal tissue was homogenized in 0.15 M pH 5.5 citrate-phosphate buffer with 5 ȝ/ 0.04% v/v EDTA-free (100x)
Halt Proteinase Inhibitor Cocktail (Thermo Scientific, Rockford, IL). The mixture was centrifuged at
10,000g for 3 minutes with an Eppendorf Centrifuge
5415 D (Hamburg, Germany). To measure NAG activity, a 20 ȝ/ portion of the supernatant was incubated with 100 ȝ/ of 1$*¶V substrate, 2 mM 4-nitrophenyl N-acetyl-ȕ-D-glucosaminide (Sigma, St.
Louis, MO), in microcentrifuge tubes with an Eppendorf ThermoStat plus incubator (Hamburg, Germany), at 25°C for 15 minutes. To stop the reaction,
0.9 mL 0.5 M NaOH was added to each sample reaction. The amount of nitrophenol liberated in each
reaction was measured at 405 nm with a Bio-Rad
Benchmark Plus spectrophotometer against a nitrophenol standard curve. The Bradford method was
used to determine sample protein content. NAG activity was expressed in nmol nitrophenol liberated 
ȝg protein)-1  (15 min)-1. The data was transformed
using a log10 function for normalization, and a oneway analysis of variance (ANOVA) and the post-hoc
Tukey¶s test (IBM SPSS Statistics Version 21) were
used to determine the significant difference in enzyme activity between TCS-exposed and control
groups. A probability value of less than 0.05% was
considered significant.

trol of ecdysteroid molting hormones [10]. In decapods, ecdysteroids are produced in the Y-organs
whose activity is held in acquiescence during the intermolt stage by molt-inhibiting hormone (MIH)
from the X-organ-sinus gland complexes. When the
animal enters premolt stage, this inhibition of Y-organ activity by the MIH stops and ecdysteroidogenesis in the Y-organs intensifies. As a result, ecdysteroid titer in the hemolymph is elevated. In epidermal
cells, ecdysteroids regulate gene activities at the transcriptional level through interaction with the ecdysteroid receptor (EcR), which then heterodimerizes
with crustacean retinoid X receptor (RXR) [11,12].
This EcR/crustacean RXR dimer binds to the DNA
response elements of the genes regulated by the
molting hormones. Among the products of the genes
regulated by the molting hormones are enzymes responsible for degradation of the old exoskeleton,
such as the chitinolytic enzyme N-acetyl-ȕ-glucosaminidase (NAG), also known as chitobiase.
Since epidermal NAG is the terminal product of endocrine cascades, this enzyme is the biomarker for
molting hormone signaling [13].
In view of the structural resemblance of TCS to
PCB and polybrominated diphenyl ether (PBDE)
(Fig. 1) and the reports that molt-inhibiting PCBs
[14] and PBDEs [15] act by inhibiting epidermal
NAG activity [16,17,18], it was hypothesized that
TCS would disrupt molting hormone signaling,
thereby altering epidermal NAG activity in Crustacea. We tested this hypothesis using the fiddler crab,
Uca pugilator, as the model crustacean.

MATERIALS AND METHODS
Female fiddler crabs, Uca pugilator, were purchased from Gulf Specimen Marine Laboratories
(Panacea, FL) and stored in artificial seawater made
with Instant Ocean synthetic sea salt (Aquarium Systems, Mentor, OH) at room temperatures and under
the natural light regime of approximately 14 hr
light/10 hr dark. Crabs were allowed to acclimate to
the laboratory conditions for at least a week prior to
use in the exposure experiment. Molt-staging was
performed according to the method and criteria developed by Vigh and Fingerman [19]. Only intermolt
(Stage C) crabs were used in the exposure experiment. This molt-staging method is based on setogenesis and epidermal retraction in female pleopods.
Since the pleopods in male crabs are modified into
gonopods, which are not suitable for observation of
setogenesis and epidermal retraction, only female
crabs were used.
Five groups of 20 crabs each (~1.5 cm in carapace width and ~ 3 g in wet weight) were placed into
clean polyethylene bins, each containing 1 L artificial seawater. The control group was exposed to
0.01% v/v ethanol since ethanol was used to dissolve
TCS, and the remaining four groups were exposed to

RESULTS AND DISCUSSION
Exposure of Uca pugilator to TCS at 10, 50,
and 250 μg/L had no effect on epidermal NAG activity (Fig. 2). As aforementioned, the highest TCS
concentration measured in aquatic environments is
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7&6¶ stimulating effect on molting hormone signaling can actually translate into increased molting frequency, along with the underlying mechanisms,
awaits future investigations.

40 μg/L [2]. Our data show that TCS at environmentally realistic concentrations does not impact ecdysteroid signaling as reflected by epidermal NAG activity in fiddler crabs. Interestingly, epidermal NAG
activity in crabs treated with TCS at 2500 μg/L was
significantly higher than that in control crabs (P =
0.002), suggesting that TCS at this environmentally
unrealistic concentration is capable of enhancing
molting hormone signaling in vivo.

CONCLUSION
Triclosan, a prevalent aquatic contaminant capable of disrupting endocrine functions in vertebrates, has recently been shown to inhibit crustacean
molting. The present investigation sought to understand whether triclosan¶V molt-disrupting effect
arises from its interference with molting hormone
signaling in the epidermis. Using the activity of the
molting enzyme NAG in the epidermis of Uca pugilator as the biomarker for ecdysteroid molting hormone signaling, we found that exposure to triclosan
at 10 ± 250 μg/L had no effect on epidermal NAG
activity. Interestingly, triclosan at an environmentally unrealistic concentration of 2500 μg/L significantly increased epidermal NAG activity, suggesting
that this agent is capable of enhancing crustacean
molting hormone signaling in vivo. Whether such a
stimulating effect on NAG activity can translate into
an increased molting frequency, together with the
underlying mechanism, needs to be investigated.

FIGURE 2
Effect of triclosan on N-acetyl-ȕ-glucosaminidase
(NAG) activity in the epidermis of the fiddler
crab, Uca pugilator. Enzymatic activity is expressed in nmol nitrophenol liberated  (15 min)1
 ȝg protein)-1. Error bars represent standard
deviation. Sample sizes are shown in brackets.
*P = 0.002 relative to control.
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ABSTRACT

INTRODUCTION

The aim of this study is to investigate sub-lethal
disrupting effects of fluoxetine-HCl (FLX) on catalase (CAT) activity and malondialdehyde (MDA)
levels of liver tissue and whole body in zebrafish
(Danio rerio). FLX is the active compound of the anWLGHSUHVVDQW3UR]DFDQGDFWVDVDVHOHFtive serotonin reuptake inhibitor (SSRI) in humans. Zebrafish
are well-characterized model organism especially for
the antioxidant enzyme activities for humans. Our
study was planned as a model to investigate the effects of daily intake doses of FLX, which adapted
from human proportionally to weight, on liver tissue
of zebrafish. CAT, MDA and total protein levels
were detected using spectrophotometric methods.
The six experiment study groups were composed as;
150 ng fluoxetine-HCl exposed to each aquarium
tank and five zebrafish were studied at 15 min., 30
min., 60 min., 4 days and 8 days of exposure and the
last group was composed as the control group. In our
study, it is determined that the activity of CAT increases in two experimental group after exposure
FLX (15 min. and 30 min.) in liver tissue. Following
one hour FLX treatment, it was observed that CAT
activity decreased, whereas after four days treatment
it was re-increased. Once for all, following 8 days
treatment of FLX, it was observed that CAT activity
significantly decreased. Likewise we found that the
MDA levels decreases in all experimental groups after exposure FLX in liver tissue definitely. In whole
body groups, MDA levels was firstly decreased after
exposure FLX but MDA levels was increased subsequently compared to the control group in this study.
In conclusion, building on the framework surrounding drug metabolism in fish, it is apparent that the
capacity of fish liver to metabolize FLX in vitro is
variable.

In 1987, Fluoxetine-HCl (FLX) was the first
SSRI (Selective Serotonin Reuptake Inhibitor) to be
marketed and it has been used by more than 40 million patients worldwide under the patent name Pro]DF > @ )/; LV SUHVFULEHG DV D WUHDWPHQW IRU
several mental illness, including depression, anxiety
etc. FLX is metabolized by first-pass metabolism in
the liver.
Antioxidants are compounds that control the redox-balance in biological systems [3, 4, 5]. Even in
small concentrations they prevent the oxidation of
instable substrates and/or eliminate the reactive oxygen species (ROS). Antioxidant enzymes such as
CAT and SOD are vital first-step of defence against
oxidative toxicity. Inhibition of these enzymes may
lead to accumulation of hydrogen peroxide or its decomposition products [6]. Catalase (CAT) is one of
the important intracellular antioxidant enzymes in
the defence mechanism in living organisms.
Malondialdehyde (MDA) is well-known product of
lipid peroxidation. MDA is a harmful molecule for
living cells. Adult zebrafish provide substantial homology to higher vertebrates in biological studies [7,
8, 9, 10].
Zebrafish liver provides greater similarities to
human system than popular invertebrate models,
such as Drosophila melanogaster and Caenorhabditis elegans [11, 12]. Although zebrafish embryos and
larva were first used as a model in biological and biomedical research, adult zebrafish are a candidate for
a novel model system. Especially, we wanted to
show how FLX effects on catalase activity and MDA
levels on liver and whole body of zebrafish in our
study.

MATERIALS AND METHODS
KEYWORDS:
Fluoxetine-HCl, oxidative stress, zebrafish





Animals. Zebrafish (Danio rerio) are a member of Cyprinidae which represents one of the largest
vertebrate groups counting approximately 2000 species. Zebrafish have been used in
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TABLE 1
The mean levels of CAT activity, MDA and total protein levels of liver
and whole body of zebrafish (n=100)
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hydrogen peroxide decomposition by the CAT.
Briefly, the activity was determined by measuring
the decrease in absorbance at 240 nm of a reaction
mixture consisting of H2O2, in phosphate buffer, pH
7.0, and requisite volume of serum sample.

physiological research as a model teleost species in
particular to the study of metabolism. The zebrafish
is a powerful model organism for the study of human
biology and diseases [6, 13, 14].
Experimental design. The present study was
planned as a model to investigate the effects of daily
intake doses of FLX, which adapted from human
proportionally to weight, on liver tissue of zebrafish.
Zebrafish were acclimatized for two weeks in stock
tanks under laboratory conditions. Tap water free
from chlorine was used. During the acclimatization
period, fish were fed ad libitum with pellet twice a
day and with a photoperiod consisting of 14h
light/10h dark period during experiment. The six experiment study groups were composed as; 150 ng
fluoxetine-HCl exposed to each aquarium tank and
twenty five zebrafish were studied at 15 min., 30
min., 60 min., 4 days and 8 days of exposure and the
last group was composed as the control group
(n=100). Fish were sacrificed on ice cold and liver
were dissected.
The liver tissue of fish were removed with aseptic conditions, cold 0.1 M phosphate buffer (pH 7.4)
were added to the liver tissue samples and the samples were homogenized by using glass tissue homogenizers under ice-bath cooling. Then homogenates
were centrifuged at 10.000 g for 30 min at 4°C to
obtain the supernatant for analysing the enzyme activities. The supernatants were performed under icebath cooling to keep the enzyme activities stable.
CAT, MDA and total protein levels were detected
using spectrophotometric methods. The experiment
was repeated 3 times.

Measurements of malondialdehyde (MDA)
level. The MDA content was measured after incubation at 95°C with thiobarbituric acid in aerobic conditions. The pink colour produced by the reactions
was measured with spectrophotometer at 532 nm
[16]. Specific activity was defined as the unit of activity per milligram protein.
Measurements of total protein (TP) level.
Total protein levels were analysed for liver tissue of
zebrafish. Soluble protein concentration was measured with the Comassie Brilliant blue G-250 using
bovine serum albumin as a standard [17].
Statistical analysis. The SPSS 23.0 package
program was used for analysis, results of study were
given as arithmetic means and standard deviations.
The one way analysis of variance and student t-test
were used for the determination of the significance
of the differences between the groups. A value of
p<0,05 was considered statistically significant.

RESULTS AND DISCUSSION
In this study, we aimed to explain the sub-lethal
disrupting effects of FLX on antioxidant system on
liver tissue and whole body of zebrafish, as a vertebrate model. FLX is metabolized in the liver. Furthermore FLX was shown to create ROS in liver tissues of fish [18, 19, 20]. In the liver FLX is demethylated to several metabolites. Nor-fluoxetine is the
only known active metabolite, which in the blockade

Measurements of catalase (CAT) activity.
Catalase enzyme activity was determined according
to the method of Aebi [15]. The principle of the assay
is based on the determination of the rate constant of
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of serotonin reuptake appears to be as effective as its
parents [18, 21]. After chronic FLX administration
the elimination half-life is four to six days and sixteen days for nor-fluoxetine [3, 5, 22]. Zebrafish
liver provides greater similarities to human system.
Numerous studies has been reported the disrupting
effects of FLX in various organisms and confirmed
the liver as one of the target organ [5, 13, 21, 23, 24].
Antioxidants are compounds that control the redox-balance in biological systems. Even in small
concentrations they prevent the oxidation of instable
substrates and/or eliminate the reactive oxygen species (ROS) [6]. Catalase is one of the important intracellular antioxidant enzymes in the defence mechanism in living organisms. This is the first work to
demonstrate that the effect of FLX on catalase activity and LPO parameters (MDA) in liver and whole
body of zebrafish. In our study, it is determined that
the activity of catalase increases in two experimental
group after exposure FLX (15 min. and 30 min.) in
liver tissue (Figure1). Following one hour FLX treatment, it was observed that CAT activity decreased,
whereas after four days treatment it was re-increased. Once for all, following 8 days treatment of
FLX, it was observed that CAT activity significantly
decreased.
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of fish. The predominant role of catalase is the conversion of hydrogen peroxide into water and oxygen.
CAT has been studying in almost aquatic toxicological researches in about fish. Several scientist state
that, antioxidant enzyme activities in the living organisms could increase or decrease due to the density
and the action time of the chemical stress [7, 26]. Increase in the CAT activity plays an important role for
protecting cells against H2O2. On the other hand decrease in the CAT activities shows that, in the high
production situations, it inhibits the enzyme activity
[27]. The induction of the antioxidant systems indicates the adaptation of the organisms [8, 28]. Furthermore, decrease in the CAT activity shows, the
decreased competency of protection of the cells
against hydrogen peroxide [29].
MDA (Malondialdehyde) is well known product of lipid peroxidation. MDA is a harmful molecule for living cells. Increasing numbers of researches represented to that free radicals act a role in
diseases such as anxiety and depression.

FIGURE 2
The mean malondialdehyde (MDA) levels
(nmol/g) in liver (left) and whole body (right)
We found that the MDA levels decreases in all
experimental groups after exposure FLX in liver tissue definitely (Figure2). In whole body groups,
MDA levels was firstly decreased after exposure
FLX but malondialdehyde levels was increased subsequently compared to the control group in this study
(Table1). Some antidepressants may inhibit LPO activity in the liver of fish. These results recommended
that FLX interfered with stress-induced trails of oxidative stress in the liver of zebrafish.

FIGURE 1
The mean catalase (CAT) activity (U/mg) levels
in liver (left) and whole body (right)
According to Liu et al. (2015), decreased CAT
activity indicates that anti-oxidative system is damaged and oxidative balance is degenerated [25]. In
addition, CAT activity was increased in all whole
body test groups used to FLX compared to the control group in this study (Table1). The higher activity
of CAT might be a compensatory mechanism to excessive production of ROS in FLX treatment groups
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in Japanese medaka (Oryzias latipes): acute toxicity in fish larvae and bioaccumulation in juvenile fish. Chemosphere 70, 865-873.
[4] Ramirez, A.J. (2009) Occurrence of pharmaceuticals and personal care products in fish: results
of a national pilot study in the United States. Environmental and Toxicological Chemistry 28,
2587-2597.
[5] Sander de Abreu, M., Koakoski, G., Ferreira, D.,
Oliveira, T.A., Santos da Rosa, J.G., Gusso, D.,
Giacomini, A.C.V., Piato, A.L., Barcellos,
L.J.G. (2014) Diazepam and fluoxetine decrease
the stress response in zebrafish. PLoS ONE 9
(7), e103232.
[6] Yang, M., Qiu, W., Chen, J., Zhan, J., Pan, C.,
Lei, X., Wu, M. (2014) Growth inhibition and
coordinated physiological regulations of
zebrafish (Danio rerio) embryos upon sub-lethal exposure to antidepressant amitriptyline.
Aquatic Toxicology 151, 68-76.
[7] Connors, K.A,, Valenti, T.W., Lawless, K.,
Sackerman, J., Onaivi, E.S., Brooks, B.W,,
Gould, G.G. (2014) Similar anxiolytic effects of
agonists targeting serotonin 5-+7Õଶ or cannabinoid CB receptor on zebrafish behaviour in
novel environments. Aquatic Toxicology 151,
105-113.
[8] Galus, M., Rangaranjan, S., Lai, A., Shaya, L.,
Balshine, S., Wilson, J.Y. (2014) Effects of
chronic, parental pharmaceutical exposure on
zebrafish (Danio rerio) offspring. Aquatic Toxicology 151, 124-134.
[9] Grabicova, K., Lindberg, R., Ostman, M.,
Grabic, R., Randak, T., Joakim Larsson, D.G.,
Fick, J. (2014) Tissue specific bioconcentration
of antidepressants in fish exposed to effluent
from a municipal sewage treatment plant. Science of the Total Environment 488, 46-50.
[10] Giacomini, A.C., Abrou, S., Giacomini, M.,
Siebel, L.V., Zimerman, A.M., Rambo, F.F.,
Mocelin, C.L., Bonan, R., Piato, C.D., Barcellos, L. (2016) Fluoxetine and diazepam acutely
modulate stress induced behaviour. Behavioural
Brain Research 296, 301-310.
[11] Guo, S. (2004) Linking genes to brain, behaviour and neurological diseases: What can we
learn from zebrafish? Genes Brain Behaviour 3,
63-74.
[12] Sumper, J.P., Donnachie, R.L., Johnson, A.C.
(2014) The apparent very variable potency of
the anti-depressant. Aquatic Toxicology 151,
57-60.
[13] Stewart, A.M,, Cachat, J., Gaikwad, S., Robinson, K.S.L., Gebhart, M., Kalueff, A. (2013)
Perspectives on experimental models of serotonin syndrome in zebrafish. Neurochemistry International 62, 893-902.
[14] Pavlidis, M., Theoridi, A., Tsalafouta, A. (2015)
Neuroendocrine regulation of the stress response in adult zebrafish: Danio rerio, Prog.

FIGURE 3
The mean total protein levels (μg/μl) in liver
(left) and whole body (right)
The protein levels nearly did not show any significant alterations after FLX treatment to fish in all
experimental groups (Figure3). The findings of this
research point to the idea that zebrafish may provide
a unique model for studying the metabolic system in
aquatic species. Building on the framework surrounding drug metabolism in fish, it is apparent that
the capacity of fish liver to metabolize FLX in vitro
is minimal and variable. More studies are needed on
the intrinsic ability of fish to metabolize pharmaceutical contaminants.
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face soil in the city is strongly polluted particularly
by Pb, Zn and Hg [6, 7]. It was previously shown
that metal contamination in adjacent estuarine sediment correlated with urban activity, particularly
pavement reconstruction, which increases the flux
of soil material to the estuary [8]. The aim of this
study was therefore to determine the transformation
of metal speciation as a consequence of polluted
urban soil relocation in aquatic environments.

ABSTRACT
Urban soil highly polluted with heavy metals
has been subjected to bath experiments to follow
the change in metal speciation within the aquatic
environment. It was found that labile fractions of
Cu, Zn and Ni were reduced, while Cd and Pb bioavailability increased during the experiment. High
levels of pollution and changes in speciation leading to urban soil redeposition in fluviolacustrian
environments are a serious threat to aquatic organisms.

MATERIALS AND METHODS
As the city of Rio Grande lies in lowlands and
is prone to flooding, landfilling has been undertaken periodically throughout its history. During more
than 200 years of urban growth, urban soil cover
gradually invaded surrounding wetlands and floodplains for domestic buildings and industrial and
port construction.
The landfilled area chosen for the collection of
soil used in the experiments was the public square.
This location was free of construction and has been
KLJKO\LPSDFWHGWKURXJKRXWWKHFLW\¶VGHYHORSPHQW
Open areas such as the public square are important
sources of anthropogenic particulate matter for
sediments in the estuary.
Several kilograms of surface soil (0-15 cm)
were collected for the experiment. Air-dried soil
samples were sifted through a 63-μm mesh. This
fraction normally is deposited in ditches and channels and, through runoff, and is eventually transported to the estuary of the Patos Lagoon.
The bath experiment with soil samples was
performed in three glass tanks of 50x50 cm. Briefly, 2.0 kg of soil (<63 μm) was placed into each
tank, and 10.0 L of water from the town drainage
system was added. These tanks were placed in an
open area to share the conditions of drainage
trenches. The experiment lasted 60 days, and besides the analysis of the initial sample, aliquots
were collected from each tank on the 30th and 60th
day. The sediment samples were collected at 10
uniformly distributed points in each tank and then
pooled for further analysis.
For metals analysis, approximately 1.0 g of
each sample was used. Both total metal content and
sequential extract analysis were performed on the

KEYWORDS:
speciation; metal; soil; environment; geoaccumulation
index

INTRODUCTION
Understanding metal speciation in soil and
sediment aids in the assessment of their bioavailability and toxicity [1]. Metal speciation is not a
static parameter but is subject to variation in relation to ambient geochemical parameters [2]. Likewise, soil or sediment relocation can lead to increases in the labile species of metals, thus transmuting non-hazardous material into pollution. Soil
cover in urban and industrial areas is usually contaminated with heavy metals [2]. Urban soil material therefore serves as a source of pollution for adjacent environments [3]. The suspended material in
runoff from urban areas consists mostly of fine soil
cover that is normally enriched in heavy metals [4].
This soil material transforms into sediments in local
fluviolacustrine or marine systems and potentially
threatens aquatic system health. However, information on heavy metal speciation transformation as
a consequence of urban soil relocation in aquatic
systems is lacking [5].
Rio Grande is the second largest Brazilian port
situated on the banks of an estuary of the Patos
Lagoon. Petrochemical and fertilizer industries are
GRPLQDQWLQWKHFLW\¶VLQGXVWULDOSDUN6RLOFRYHUin
Rio Grande contains high quantities of heavy metals that are a result of these industrial and domestic
activities and inefficient waste management. Sur3773
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Pb = 3.4 mg.kg-1, Zn = 35.3 mg.kg-1, Ni = 13.9
mg.kg-1, Cr = 58.7 mg.kg-1, and Cd = 0.2 mg.kg-1.
Results for Igeo are presented in Table 1. It can
be noted that Cr and Ni were present at only background levels. However, the sampled soil was moderately to highly polluted with Cd, highly to very
highly polluted with Cu, and highly polluted with
zinc. The highest levels of pollution in the sampled
soil were found for Pb.
Urban dust and industrial waste are likely the
main sources of heavy metals in the studied soil, as
demonstrated for other sites across the world, including Hong Kong [11], Seville [12], and Stockholm [13]. Soil pollution by Cd in the city of Rio
Grande was most likely associated with emission
from fertilizer factories situated around the city
perimeter. This result was consistent with previous
data demonstrating cadmium contamination originating from this type of factory [7].
The high content of Pb in Rio Grande soil is
historically caused by lead-based paint used on
houses [6]. The high levels of Cu in the soils of Rio
Grande were comparable with polluted soils from
other urbanized environments [14, 15]. The level of
Zn pollution in the studied soil was similar to that
found in other cities [16].
In other regions, Igeo varies for soil metal pollution. Lu and Bai [5] showed soils in Hangzhou,
China, to be moderately polluted with Cd, Pb, Zn
and Cu (Cd > Pb > Zn = Cu). Wei and Yang [14]
reported that urban soil in Chinese cities was highly
polluted with Pb and moderately to highly polluted
with Cu, Cd and Zn. The results for China were
similar to those reported for Tijuana, Mexico [15].
Metal fractionation data are presented in Table
2. The sum of labile fractions according to Kersten
and Forstner [17] includes exchangeable, carbonate,
reducible and organic fractions. Exchangeable and
carbonate fractions of metals are considered the
most labile because they can be easily remobilized
by environmental fluctuations, such as pH [18].
Metals of the reducible fraction may also be released into the system by decreasing Eh, and metals
bound to the organic fraction are normally released
under oxidizing conditions.

samples according to the method described by
Tessier et al. [9]. The selective extractions were
realized in centrifuge tubes (polyethylene) to minimize loss of solid material. Successive extracts
were separated by centrifugation at 4,000 rpm for
30 min. After decanting, liquid fractions were
stored in polypropylene bottles in the refrigerator
for later chemical analysis. The solid residue was
washed with 5 mL of Milli-Q water and then centrifuged to remove the wash water, which was added
to the previously collected liquid fractions. The
remaining residue was subjected to another extraction. Throughout the extraction process, reagent
quality control was ensured. The following fractions were extracted and separated: exchangeable,
carbonate, reducible, organic and residual [9].
Cu, Pb, Zn, Cr, Ni and Cd were analyzed in
bulk samples by flame atomic absorption spectrophotometry (GBC 932), and electrothermic atomization mode (Perkin-Elmer 800) was used for metal
analysis in extracts. The maximal relative standard
deviation for three replicate analyses of an individual sample was less than 4%.
The accuracy of analyses for the total content
of metals was ensured by sequential digestion and
analysis of Certified Reference Materials (CRM),
PACS-2. Recoveries for analyzed metals were
found to be within the 95% confidence limits for
the CRM, confirming sufficient accuracy for the
reported data.

RESULTS AND DISCUSSION
To quantify the level of pollution in the soil
samples of interest, the index of geoaccumulation
(Igeo) was determined using I geo = log2[Cn(1.5Bn)-1],
where Cn is the measured concentration of metal n
and Bn is the "background" of this metal in the soil
of the study area [10]. The background values of
metals were obtained through the analysis of surface soil horizon samples in a remote area free of
industrial, urban and agricultural influence. The B n
values of the studied metals were Cu = 6.7 mg.kg-1,

TABLE 1
Geoaccumulation index, Igeo, and classes of pollution for heavy metals in soils of Rio Grande.
Metals
Cr
Ni

Cd
Zn
Cu
Pb

Igeo (This study)
-1.3
-0.4

2.1
3.5
4.1
10.1

Igeo
<0

Igeo Class
0

0-1
1-2
2-3
3-4
4-5
>5

1
2
3
4
5
6
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Contamination Level
Uncontaminated
Uncontaminated to moderately contaminated
Moderately polluted
Moderately to highly polluted
Highly polluted
Highly to very highly polluted
Very seriously polluted
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TABLE 2
Metal speciation distribution (%) during the bath experiment
(day 1 corresponds to metal speciation in subaerial soil).

Cu

Pb

Zn

Ni

Cr

Cd

Day
1
30
60
1
30
60
1
30
60
1
30
60
1
30
60
1
30
60

Exchangeable
0.4
0.6
1.2
0.1
0.1
0.1
5.0
1.5
2.2
5.1
4.5
2.1
0.2
0.5
0.6
30.0
32.4
40.0

Carbonate
2.5
3.1
3.6
2.1
4.4
4.8
14.3
14.5
12.8
1.9
7.1
6.2
0
1.1
0.9
14.2
12.4
9.5

Reducible
8.0
8.6
6.2
3.0
6.7
6.9
34.6
36.5
35.2
18.6
21.8
20.0
6.8
7.6
7.0
19.2
27.6
26.3

Organic
54.0
47.6
49.2
6.3
12.4
13.6
18.4
19.2
17.3
32.7
26.3
27.6
35.3
31.5
31.2
15.0
13.3
13.7

Residual
35.0
40.1
39.7
88.5
76.4
74.6
27.7
28.3
32.5
41.7
40.4
44.1
57.8
59.2
60.3
21.7
14.3
10.5

Sum of labile fractions
64.9
59.9
60.2
11.5
23.5
25.4
72.3
71.7
67.5
58.3
59.7
55.9
42.2
40.8
39.7
78.3
85.7
89.5

proportion change, with the only increase being
registered for the residual phase (5%).
Nickel was demonstrated to have a relative
distribution of phases similar to lead (i.e., residual
>> organic > reducible > carbonate > exchangeable). However, the organic phase was the most
abundant labile phase of Ni, in contrast to Pb,
which underwent significant reduction in the aquatic environment.
The organic phase was also the principal labile
component of Cr, which slightly (4%) decreased in
subaqueous circumstances. The residual fraction of
Cr increased (2.5%) during the experiment, probably due to oxidation of organic matter in the soil.
The distribution of Cr fractionations was in the
order: residual > organic > reducible > phase exchangeable = phase carbonate. This trend corresponded to metal speciation already reported for Cr
by Brayner et al. [24].
The exchangeable fraction was the principal
residence of Cd, which also significantly increased
(10%) during the experiment. Considering this
increasing mobility and the high toxicity of Cd,
incremental changes in urban soil redeposition can
threaten aquatic systems.

Our data showed that more than 50% of Cu,
Zn, Ni and Cd were associated with labile fractions
(Table 2). Therefore, these metals are potentially
more mobile. However, within an aquatic environment, Cu, Zn and Ni labile fraction content was
reduced to 5, 13 and 16%, respectively. In contrast
to these metals, Cd demonstrated a significant
(12%) increase in labile fractions in an aquatic
environment, leading to a content as high as 90% in
mobile fractions. The high mobility of Cd is likely
related to the distinct source of this metal in Rio
Grande. Specifically, high solubility of Cd from
emissions from fertilizer factories and elevated
concentrations in rainwater of the region have already been reported [19, 20].
More than 47.0% of Cu was bound in the organic phase, matching widely reported results for
this element [21]. During the experiment, the percentage of exchangeable and carbonate fractions of
Cu increased from 0.4 to 1.2% and from 2.5 to
3.6%, respectively. This increase was likely due to
compensation for the decreasing organic fraction
content.
The residual phase was dominated by Pb
(74%) during the experiment, which has been widely reported for this metal [22]. The high percentage
of lead in the residual fraction in our soil sample
could be explained by the principal source of lead
in the city being lead oxide in paints used for building painting [6]. However, the residual fraction of
Pb decreased from 88 to 74% in an aquatic environment, increasing the labile fraction of this metal
up to 25%. Considering the high level of Pb soil
pollution, increases in its labile fraction can threaten aquatic environments.
The principal fraction (approximately 35%)
for Zn was found to be reducible, which was also
reported in other studies [9, 23]. Within the experiment, Zn did not demonstrate any trend in phase

CONCLUSIONS
Our study demonstrated that urban soil highly
polluted by metals could change its toxic potential
in an aquatic environment due to changes in metal
speciation. For the metals with high (>50%) labile
fractions (Cu, Zn and Ni), their relative content in
labile fractions decreased during the experiment
(i.e., the potential toxicity of these metals from
polluted soils decreased in an aquatic environment).
However, the potential bioavailability of Cd in
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of Hong Kong. Environmental Pollution 96,
61±68.
[12] Thuy, H.T.T., Tobschall, H.J. and An, P.V.
(2000) Distribution of heavy metals in urban
soils-a case study of Danany-Hoian Area (Vietnam). Environmental Geology 39, 603±610.
[13] Linde, M., Bengtsson, H. and Oborn, I. (2001)
Concentrations and pools of heavy metals in
urban soils in Stockholm, Sweden. Water Air
Soil Pollution (Focus) 1, 83±101.
[14] Wei, B. and Yang, L. (2010) A review of
heavy metal contaminations in urban soils, urban road dusts and agricultural soils from China. Microchemical Journal 94, 99-107.
[15] Nava-Martinez, E.C., Flores-Garcia, E., Espinoza-Gomez, H. and Wakida, F.T. (2011)
Heavy metals pollution in the soil of an irregular urban settlement built on a former dumpsite
in the city of Tijuana, Mexico. Environmental
Earth Sciences.
[16] Odewande, A.A. and Abimbola, A.F. (2008)
Contamination indices and heavy metal concentrations in urban soil of Ibadan metropolis,
southwestern Nigeria. Environmental Geochemical Health 30, 243-254.
[17] Kersten, M. and Forstner, U. (1986) Chemical
fractionation of heavy metals in anoxic estuarine and coastal sediments. Water Science and
Technology 18, 121-130.
[18] Perez, M., Usero, J. and Garcia, I. (1991)
Trace metals in sediments from the Ria de
Huelva. Toxicology and Environmental Chemistry 31-32, 275-283.
[19] Mirlean, N. and Roisenberg, A. (2006) The
effect of emissions of fertilizer production on
the environment contamination by cadmium
and arsenic in southern Brazil. Environmental
Pollution 143, 335-340.
[20] Bento, D.M., Mirlean, N. and Baisch, P.
(2013) Metal Speciation Urban-Industrial Effluents: Impact Assessment for an Estuary in
Southern Brazil. Fresen. Environ. Bull., 22, 4b,
1296-1303.
[21] Jingchun, L., Chongling, Y., Macnair, M.R.,
Jun, H. and Yuhong, L. (2006) Distribution and
speciation of some metals in mangrove sediments from Jiulong river estuary, People's Republic of China. Bulletin of Environmental
Contamination and Toxicology 76, 815-822.
[22] Dong, D., Nelson, Y.M., Lion, L.W., Shuler,
M.L. and Ghiorse, W.C. (2000) Adsorption of
Pb and Cd onto metal oxides and organic material in natural surface coatings as determined
by selective extractions: new evidence for the
importance of Mn and Fe oxides. Water Research 34, 427-436.
[23] Li, Q.S., Wu, Z.F., Chu, B., Zhang, N., Cai,
D.D. and Fang, J.H. (2007) Heavy metals in
coastal wetland sediments of the Pearl River

aquatic environments increased. Lead content in
labile fractions also increased in an aquatic environment, strongly increasing its risk to health.
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ODUJH QXPEHU RI HYDOXDWLRQ LQGH[HV LQYROYHG LW LV
GLIILFXOW WR DVVHVV ZDWHU UHVRXUFHV REMHFWLYHO\ DQG
FRPSUHKHQVLYHO\ XVLQJ D WUDGLWLRQDO VLQJOH ZDWHU
TXDOLW\IDFWRUHYDOXDWLRQ PHWKRG>@,QDGGLWLRQ
ZKLOHVRPHXUEDQGULQNLQJZDWHUVRXUFHVKDYHEHHQ
SROOXWHGLQYDU\LQJGHJUHHVWKHPDLQSROOXWDQWVFDQ
QRWEHHIIHFWLYHO\LGHQWLILHGE\JHQHUDOZDWHUFODVVL
ILFDWLRQPHDQV>@7KHUHIRUHKRZWRHVWDEOLVKD
VFLHQWLILFDQGREMHFWLYHPHWKRGWRUDQNVRXUFHZDWHU
ZLWKDJXLGH IRUIROORZLQJWUHDWPHQWSURFHVVHVKDV
EHFRPHDPDMRUFKDOOHQJHLQWKHLQWHOOLJHQWPDQDJH
PHQWDQGSURWHFWLRQRIZDWHUUHVRXUFHV
7KHIX]]\PDWKHPDWLFVPHWKRGFDQWUDQVIRUP
TXDOLWDWLYHDVVHVVPHQWLQWRTXDQWLWDWLYHRQHEDVHGRQ
WKH PHPEHUVKLS GHJUHH WKHRU\ UHVXOWLQJ LQ D FRP
SUHKHQVLYH HYDOXDWLRQ RQ REMHFWLRQV UHVWULFWHG E\
PDQ\ IDFWRUV >@ 7KLV DOWHUQDWLYH LV VXLWDEOH IRU
QRQGHWHUPLQLVWLF DQG QRQTXDQWLWDWLYH SUREOHPV
DQGFDQJHQHUDWHFOHDUDQGV\VWHPDWLFUHVXOWV>@
&RQVLGHULQJWKDWUDZVRXUFHZDWHULVDFRPSOLFDWHG
PXOWLIDFWRUV\VWHPZLWKJUHDWXQFHUWDLQW\DQGUDQ
GRPQHVVLWLVSRVVLEOHWRK\SRWKHVL]HWKHDSSOLFDWLRQ
RIIX]]\PDWKHPDWLFVPHWKRGLQDQDO\VLVDQGDVVHVV
PHQW RI LWV TXDOLW\ FRXOG SURYLGH LQVLJKWV RI LP
SRUWDQFH>@
;LMLX ZDWHU LV D UHVHUYH RI GULQNLQJ ZDWHU IRU
<L[LQJFLW\-LDQJVXSURYLQFH'XHWRWKHFLW\H[SDQ
VLRQ LQ UHFHQW \HDUV WKH SULPDU\ +HQJVKDQ DQG
<RXFKH UHVHUYRLUV DUH QR ORQJHU VXIILFLHQW IRU WKH
JURZLQJGHPDQGVRI<L[LQJ 0HDQZKLOHWKH ZDWHU
TXDOLW\RI;LMLX5LYHUH[KLELWVFHUWDLQVHDVRQDOYDUL
DWLRQDQGGHWHULRUDWLRQLVREVHUYHGLQZLQWHUVZLWK
WKHSUHVHQFHRIKLJKFRQFHQWUDWLRQVRIQXWULHQWV 1
DQG3 DVZHOODVVRPHRUJDQLFSROOXWDQWV,QRUGHUWR
HQVXUH WKH SXEOLF ZDWHU VHFXULW\ ZH DSSOLHG IX]]\
PDWKHPDWLFVPHWKRGWRUDQN;LMLXZDWHU&RQVLGHUD
WLRQVZHUHDOVRJLYHQWRFRPSDULQJDQGDQDO\]LQJWKH
GLIIHUHQFHVLQWKHXVHRIVHYHUDOZHLJKWLQJPHWKRGV
DQG HYDOXDWLRQ SULQFLSOHV 7KH RYHUDUFKLQJ JRDO RI
WKLVVWXG\LVWKHUHIRUHWRSURYLGHVFLHQWLILFLQWHOOL
JHQFHIRUWKHUHOHYDQWGHSDUWPHQWVRI<L[LQJPXQLF
LSDOJRYHUQPHQWDQGWRRIIHUFUXFLDOLQIRUPDWLRQRQ
WHFKQRORJ\VHOHFWLRQIRUVRXUFHZDWHUWUHDWPHQWDQG
KHDGVWUHDPSURWHFWLRQ

ABSTRACT
,Q RUGHU WR LGHQWLI\ WKH SULPDU\ SROOXWDQWV LQ
UDZ ZDWHU DQG VHOHFW DQ DSSURSULDWH SXULILFDWLRQ
WUHDWPHQW SURFHVV IRU -LXELQ ZDWHUZRUNV LQ<L[LQJ
&KLQDLWLVQHFHVVDU\WRSURYLGHDUHDVRQDEOHHYDOX
DWLRQDQGUDQNIRUWKH ZDWHUTXDOLW\RI;LMLX5LYHU
%DVHGRQWKHKLVWRULFDOGDWDRI;LMLX5LYHUIURP-DQ
XDU\WR-XO\FRQYHQWLRQDOZDWHUTXDO
LW\LQGLFDWRUVZHUHFKRVHQDFFRUGLQJWRWKH6XUIDFH
:DWHU (QYLURQPHQW 4XDOLW\ 6WDQGDUG *%
  ZLWK WKH DSSOLFDWLRQ RI IX]]\ PDWKHPDWLFV
PHWKRG IRU TXDQWLWDWLYH FDOFXODWLRQ DQG DQDO\VLV
7ZR ZHLJKW FDOFXODWLRQ PHWKRGV DQG HYDOXDWLRQ
SULQFLSOHVZHUHXVHGZLWKIRXUHYDOXDWLRQUHVXOWVRE
WDLQHGVXJJHVWLQJWKDW;LMLX5LYHULVLGHQWLILHGDVD
FODVV,,,ZDWHUDQGUHDFKHVWKHPLQLPXPVWDQGDUGIRU
GULQNLQJ ZDWHU 6SHFLILFDOO\ WKH SDUDPHWHU RI WRWDO
QLWURJHQ 71 LVDVVLJQHGWRFODVV9ZLWKDPPRQLD
QLWURJHQ 1+1 DQGWRWDOSKRVSKRUXV 73 UDQNHG
EHWZHHQFODVV9DQGFODVV,,,SHUPDQJDQDWHWRFODVV
,,,GLVVROYHGR[\JHQWRFODVV,,DQGRWKHULQGH[HV
WRFODVV,7KHUHIRUHZDWHUSXULILFDWLRQSURFHVVIRU
-LXELQZDWHUZRUNVVKRXOGEHIRFXVHGRQUHPRYDORI
SULPDU\ SROOXWDQWV FRPSULVLQJ QXWULHQWV 1 DQG 3 
DQG RUJDQLF FRPSRXQGV 'HWHFWLRQ DQG FRQWURO RI
WKHVHFRQWDPLQDQWVLQWKHKHDGVWUHDPRI;LMLXZDWHU
RXJKWWRDURXVHPRUHDWWHQWLRQV
.(<:25'6
:DWHUTXDOLW\HYDOXDWLRQ:DWHUTXDOLW\LQGLFDWRUV)X]]\
PDWKHPDWLFVPHWKRG$QDO\WLFKLHUDUFK\SURFHVVPHWKRG
*UDGHFKDUDFWHULVWLFYDOXH5DZZDWHUWUHDWPHQWSURFHVV

INTRODUCTION
'ULQNLQJ ZDWHUVRXUFHLVD YLWDOSDUWRIXUEDQ
ZDWHUVXSSO\V\VWHPWKHTXDOLW\RIZKLFKKDVDQLP
SRUWDQW LPSDFW RQ WKH IROORZLQJ WUHDWPHQW SURFHVV
WKDWZDWHUZRUNVFKRRVHDQGZKHWKHUWKHWUHDWHGZD
WHU FRXOG UHDFK UHOHYDQW VWDQGDUGV >@ &XUUHQWO\
WKH FULWHULD RI 6XUIDFH :DWHU (QYLURQPHQW 4XDOLW\
6WDQGDUGV *% DUHZLGHO\XVHGWRHYDOX
DWHDQGUDQNZDWHUTXDOLW\LQ&KLQD%HFDXVHRIWKH
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:REM ;X>@DQG+DQHWDO>@DSSOLHGWKHSROOX
WDQW FRQFHQWUDWLRQ ZHLJKWHG PHWKRG LQ REMHFWLYH
ZHLJKWLQJPHWKRGDVVKRZQLQ(T  

MATERIALS AND METHODS
(YDOXDWLRQ PDWHULDOV ,Q WKH SUHVHQW ZRUN
6XUIDFH:DWHU(QYLURQPHQW4XDOLW\6WDQGDUGV *%
 ZDVXVHGDVWKHEDVLVLQWKHIX]]\PDWK
HPDWLFV PRGHO ZLWK  LQGH[HV VHOHFWHG DV HYDOXD
WLRQIDFWRUVFRPSULVLQJGLVVROYHGR[\JHQSHUPDQ
JDQDWH LQGH[ FKHPLFDO R[\JHQ GHPDQG &2'&U 
ILYHGD\ELRFKHPLFDOR[\JHQGHPDQG %2' DP
PRQLD 1+1  WRWDO SKRVSKRUXV 73  WRWDO QLWUR
JHQ 71 FRSSHU]LQFIOXRULGHVHOHQLXPDUVHQLF
PHUFXU\ FDGPLXP FKURPLXP 9,  OHDG F\DQLGH
YRODWLOH SKHQRO SHWUROHXP DQLRQLF VXUIDFH DFWLYH
DJHQWDQGVXOILGH,QSXWGDWDZHUHGHULYHGIURPWKH
KLVWRULFDOGDWDRI;LMLX5LYHUIURP-DQXDU\WR
-XO\  DQG LV VKRZQ LQ7DEOH 6 DQG 6 LQ WKH
6XSSRUWLQJ,QIRUPDWLRQ

[L
ൗE
L
Q
σL  [LൗE
L

ZL

 L «Q             

:KHUH[L VWDQGVIRUPHDVXUHGYDOXHRIHYDOXD
WLRQIDFWRULDQGELWKHDYHUDJHRIDOOFODVVOLPLWYDO
XHVRIHYDOXDWLRQIDFWRUL7KXV:REM  ZZ«ZQ 
,QWKLVSDSHUQ QDPHO\:REMLVDîPDWUL[
(b) $QDO\WLF KLHUDUFK\ SURFHVV :VXE  ;X HW
DO >@ GHYHORSHG WKH DQDO\WLF KLHUDUFK\ SURFHVV
ZKLFKJUDQWHGHDFKHYDOXDWLRQIDFWRUDFRUUHVSRQG
LQJZHLJKWDFFRUGLQJWRWKHLUFKDUDFWHULVWLFVDQGLQ
GLYLGXDO PHDVXUHG YDOXHV ZKLFK LV DOVR NQRZQ DV
WKH VXEMHFWLYH ZHLJKW PHWKRG ,I D IDFWRU KDV D
JUHDWHULPSDFWRQWKHZDWHUTXDOLW\RULWVPHDVXUHG
YDOXHLVPRUHVHULRXVWKHQLWZLOOEHJLYHQDJUHDWHU
ZHLJKW$FFRUGLQJWRWKHVFDOHPHWKRG VKRZQLQ
7DEOH WKHMXGJPHQWPDWUL[$LM LM Q FDQ
EHREWDLQHGZLWKWKHFRPELQDWLRQRIWKHH[SHUWRSLQ
LRQVDQGWKHPHDVXUHGYDOXHV,QWKLVVWXG\Q 
VXJJHVWLQJWKDW$LMLVDîPDWUL[ GHWDLOVFDQEH
IRXQG LQ 7DEOH 6 LQ WKH 6XSSRUWLQJ ,QIRUPDWLRQ
ZKHUHDEFXUHSUHVHQWWKHZDWHUTXDOLW\LQGL
FDWRUVUHVSHFWLYHO\ 
6XEMHFWLYH ZHLJKW YHFWRU PDWUL[ :VXE ZLOO EH
REWDLQHG DIWHU WKH MXGJPHQW PDWUL[ $LM >DLM@  WDNHV
ZHLJKWFDOFXODWLRQ (T )LQDOO\ WKHFRQVLVWHQF\
WHVW (TVDQG LVFDUULHGRXWWRYHULI\ZKHWKHUWKH
VXEMHFWLYH ZHLJKW YHFWRU PDWUL[ :VXE FRXOG EH DF
FHSWHG

(YDOXDWLRQ PHWKRGV :X >@ LQWURGXFHG DQ
HYDOXDWLRQPHWKRGXVLQJIX]]\PDWKHPDWLFVZKLFK
FDQ EDODQFH WKH LQIOXHQFH RI DOO DVVHVVPHQW IDFWRUV
DGHTXDWHO\7KLVPHWKRGRORJ\FRPPHQFHVZLWKWKH
GHWHUPLQDWLRQ RI WKH PHPEHUVKLS GHJUHH RI HDFK
HYDOXDWLRQ LQGH[ ZLWK LQGXFWLRQ RI FRUUHVSRQGLQJ
ZHLJKW 6XEVHTXHQWO\ FRPSUHKHQVLYH PHPEHUVKLS
GHJUHHPDWUL[FDQEHREWDLQHGE\PDWUL[RSHUDWLRQ
7KHILQDOHYDOXDWLRQUHVXOWVDUHJHQHUDWHGE\HYDOXD
WLRQ DQG DQDO\VLV $ SUHYDLOLQJ FRPSXWDWLRQDO IRU
PXOD (T WRHYDOXDWHWKHZDWHUTXDOLW\LVJLYHQDV
IROORZV>@
8 :5                  
:KHUH 8UHSUHVHQWVWKHFRPSUHKHQVLYH PHP
EHUVKLS PDWUL[ :WKH ZHLJKWYHFWRU PDWUL[DQG 5
WKHPHPEHUVKLSPDWUL[

Q

YL

σQM  QටςQM  DLM

ȜPD[

:HLJKWYHFWRUPDWUL[:7KHZHLJKWRIHYDO
XDWLRQ IDFWRU LV DQ LPSRUWDQW SDUDPHWHU LQ IX]]\
PDWKHPDWLFV HYDOXDWLRQ7KH UDWLRQDOLW\ DQG REMHF
WLYLW\ RI ZHLJKW YDOXH GLUHFWO\ DIIHFWV WKH DFFXUDF\
DQGUHOLDELOLW\RIWKHUHVXOW<DQJHWDO>@SURSRVHG
DQ REMHFWLYH ZHLJKWLQJ PHWKRG DQG D VXEMHFWLYH
ZHLJKWLQJ PHWKRG FRUUHVSRQGLQJ WR WKH SROOXWDQW
FRQFHQWUDWLRQZHLJKWHGPHWKRGDQGWKHDQDO\WLFKL
HUDUFK\SURFHVVUHVSHFWLYHO\+HUHLQDIWHUUHVXOWVHV
WLPDWHG E\ WKHVH WZR PHWKRGV ZHUH UHSUHVHQWHG DV
:REMDQG:VXE
(a) 3ROOXWDQWFRQFHQWUDWLRQZHLJKWHGPHWKRG

Q

ටςM  DLM

&5

 LM «Q        

$L
σQ

Q L  :L
ȜPD[ Q


Q

 L «Q        

Τ5,                  

:KHUH:VXE  YY«YQ DQGȜPD[UHSUHVHQWV
WKHPD[LPXPFKDUDFWHULVWLFURRWRIMXGJPHQWPDWUL[
$DQG&5WKHFDOFXODWHFRQVLVWHQF\UDWLR$FFRUG
LQJWR3HQJDQG=KDQJ>@LI&5MXGJPHQW
PDWUL[$WDNHVVDWLVIDFWRU\FRQVLVWHQF\DQGVXEMHF
WLYHZHLJKWYHFWRUPDWUL[:VXEFDQEHDFFHSWHG5,
LQ(TLVWKHDYHUDJHUDQGRPFRQVLVWHQF\LQGH[,Q
WKLVSDSHU5,LV Q  >@

7$%/(
7KHVFDOHPHWKRG
6FDOH







5HODWLYHFRPSDULVRQ
7ZRIDFWRUVDUHHTXDOO\LPSRUWDQW
2QHIDFWRULVDOLWWOHPRUHLPSRUWDQWWKDQWKHRWKHU
2QHIDFWRULVPRUHLPSRUWDQWWKDQWKHRWKHU
2QHIDFWRULVVHULRXVO\PRUHLPSRUWDQWWKDQWKHRWKHU
2QHIDFWRULVDEVROXWHO\PRUHLPSRUWDQWWKDQWKHRWKHU
,PSRUWDQWGHJUHHLVEHWZHHQ
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FRQGXFWHG VLPLODUO\ :REM FDQ WKHQ EH REWDLQHG DF
FRUGLQJWR(TWKDWLV:REM  
      
     
 :REMIURP)HEUX
DU\WR-XO\ZHUHREWDLQHGDVWKHSURFHGXUH
GHVFULEHGDERYH

0HPEHUVKLS GHJUHH PDWUL[ 5 0HPEHUVKLS
GHJUHHLVDSDUDPHWHUWRGHVFULEHWKHIX]]\GHJUHHRI
HYDOXDWLRQIDFWRUZKLFKFDQEHVROYHGE\PHPEHU
VKLS IXQFWLRQ JHQHUDOO\ $W SUHVHQW FRPSDUDWLYHO\
PDWXUHPHPEHUVKLSIXQFWLRQLVDORZVHPLWUDSH]RL
GDOGLVWULEXWLRQIXQFWLRQGHYHORSHGE\4LDQG6RQJ
>@$FFRUGLQJWR6XUIDFH:DWHU(QYLURQPHQW4XDO
LW\6WDQGDUG *% ZHFDQHVWDEOLVKILYH
DVVHVVPHQW FODVVHV FRUUHVSRQGLQJ WR VXUIDFH ZDWHU
FODVVI II III IVV DQGPDNH[L L « DQG
ELM L «M  DVWKHPHDVXUHGYDO
XHVRIZDWHUTXDOLW\LQGH[DQGZDWHUTXDOLW\VWDQGDUG
OLPLWVUHVSHFWLYHO\7KHPHPEHUVKLSPDWUL[5LM L 
«M  FDQVXEVHTXHQWO\EHREWDLQHG
E\DSSO\LQJIXQFWLRQVDVVKRZQLQ7DEOH

6ROXWLRQRIWKHZHLJKWYHFWRUPDWUL[:VXEXV
LQJVXEMHFWLYHZHLJKWLQJPHWKRG:VXEFDQEHJHQ
HUDWHG ZLWK(T PHQWLRQHG DERYHQDPHO\ :VXE 
     
     
     
 $FFRUGLQJWR(TVDQG
ZHFDQJHWWKHUHVXOWRIȜPD[ 21.28 and &5 
6LQFH&5 MXGJPHQWPDWUL[$SRVHG
ZLWK VDWLVIDFWRU\ FRQVLVWHQF\ DQG WKH VXEMHFWLYH
ZHLJKWYHFWRUPDWUL[:VXEFDQEHDFFHSWHG

(YDOXDWLRQSULQFLSOH,QWKHSUHVHQWZRUN
PD[LPXPPHPEHUVKLSGHJUHHSULQFLSOHDQGJUDGH
FKDUDFWHULVWLFYDOXHSULQFLSOHZHUHDSSOLHG$VIRU
WKHPD[LPXPPHPEHUVKLSGHJUHHSULQFLSOHWKH
PHPEHUVKLSOHYHOLVUHJDUGHGDVWKHHYDOXDWLRQUH
VXOWZKRVHGHJUHHLVPD[LPXPLQFRPSUHKHQVLYH
PHPEHUVKLSPDWUL[8$OWHUQDWLYHO\+DQHWDO>@
LQWURGXFHGWKHSDUDPHWHU-LQWKHJUDGHFKDUDFWHULV
WLFYDOXHSULQFLSOHZKLFKLVDQDOJHEUDLFVXPRIDOO
PHPEHUVKLSGHJUHHVLQ8DVVKRZQLQ(T>-@
WKHODUJHVWLQWHJHUDQGOHVVWKDQ-LVVSHFLILHGDVWKH
HYDOXDWLRQUHVXOW

6ROXWLRQRIWKHPHPEHUVKLSGHJUHHPDWUL[5
7DNLQJ;LMLX5LYHULQ-DQXDU\DVDQH[DPSOH
ZH H[SODLQHG WKH SURFHVV RI PHPEHUVKLS IXQFWLRQ
VROXWLRQLQEULHIWKHPHDVXUHGYDOXHRI&2' &UZDV
PJ/OHVVWKDQZDWHUOLPLWPJ/RIFODVV,$VD
UHVXOW&2'&UEHORQJHGWRFODVV,7KXVPHPEHUVKLS
GHJUHH PDWUL[ 5RI&2'&U ZDV  7KH
PHDVXUHG YDOXH RI SHUPDQJDQDWH LQGH[ ZDV 
PJ/EHWZHHQZDWHUOLPLWRIFODVV,, PJ/ DQG
FODVV ,,,  PJ/  VR WKH SHUPDQJDQDWH LQGH[ ZDV
FRQVLGHUHG DV FODVV ,, 7KHUHIRUH WKH PHPEHUVKLS


GHJUHHPDWUL[5RISHUPDQJDQDWHLQGH[ZDV 

- σQM  MUM  M «N          
:KHUH - LV OHYHO YDOXH RI ILYH ZDWHU TXDOLW\
FODVVHV WKDWLVN  DQGUMVWDQGVIRUWKHFRUUHVSRQG
LQJPHPEHUVKLSRI-





 QDPHO\  7KHPHDV

XUHGYDOXHRIWRWDOQLWURJHQ71ZDVPJ/PRUH
WKDQZDWHUOLPLWPJ/RIFODVV97KXVWKHWRWDOQL
WURJHQ 71 ZDV DWWULEXWHG WR FODVV VXE9 ZLWK WKH
PHPEHUVKLSGHJUHHPDWUL[5RIWRWDOQLWURJHQ71 
 6LPLODUO\RWKHUZDWHUTXDOLW\LQGH[HV
ZHUHFDOFXODWHG

RESULTS
6ROXWLRQRIWKHZHLJKWYHFWRUPDWUL[:REMXV
LQJ REMHFWLYH ZHLJKWLQJ PHWKRG 7DNH GLVVROYHG
R[\JHQRI;LMLX5LYHULQ-DQXDU\DVDQH[DPSOH
$V VKRZQ LQ 7DEOH 6 WKH PHDVXUHG YDOXH [ ZDV

PJ/ E FDQ EH FDOFXODWHG DV
 

PJ/EHFDXVHILYHFODVVOLPLWVRIZDWHUTXDOLW\ZHUH
PJ/DFFRUGLQJWR6XUIDFH:DWHU(Q
YLURQPHQWDO 4XDOLW\ 6WDQGDUG *%  UH
VSHFWLYHO\&DOFXODWLRQIRUWKHRWKHULQGH[HVZDV

6ROXWLRQRIWKHFRPSUHKHQVLYHPHPEHUVKLS
PDWUL[ 8 7DNH ;LMLX 5LYHU LQ -DQXDU\  DV DQ
H[DPSOH 8REM 8 RQ EDVLV RI WKH REMHFWLYH ZHLJKW
PHWKRG  DQG 8VXE 8 RQ EDVLV RI WKH VXEMHFWLYH
ZHLJKWPHWKRG FDQEHFDOFXODWHGDV 
 DQG 
 UHVSHFWLYHO\DFFRUGLQJWR(T8REM






[L ିEL
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),*85(
(YDOXDWLRQUHVXOWVRI;LMLX5LYHUXVLQJWKHREMHFWLYHZHLJKWLQJPHWKRG

),*85(
(YDOXDWLRQUHVXOWVRI;LMLX5LYHUXVLQJWKHVXEMHFWLYHZHLJKWLQJPHWKRG
DQG8VXEIURP)HEUXDU\WR-XO\ZHUHFDO
FXODWHGDVWKHSURFHGXUHGHVFULEHGDERYH

DISCUSSIONS

(YDOXDWLRQUHVXOW$FFRUGLQJWRWKHPD[LPXP
PHPEHUVKLSGHJUHHSULQFLSOHDQGJUDGH
FKDUDFWHULVWLFYDOXHSULQFLSOHIRXUHYDOXDWLRQUHVXOWV
FDQEHREWDLQHG,QWHUPVRI 8REMIRU-DQXDU\
WKHILIWKPHPEHUVKLSGHJUHHRILVWKHPD[L
PXPVR ZDWHUTXDOLW\ ZDVUHJDUGHGDVFODVV9UH
IHUUHGWRWKHPD[LPXPPHPEHUVKLSGHJUHHSULQFLSOH
2QWKH RWKHU KDQGLWSURYHG FODVV,,, E\WKH JUDGH
FKDUDFWHULVWLF YDOXH SULQFLSOH EHFDXVH RI WKH JUDGH
FKDUDFWHULVWLFYDOXH-EHLQJ$OOUHVXOWVZHUH
SURYLGHGLQ)LJXUHDQGEHORZLQGHWDLO
$VIRUWKHHYDOXDWLRQUHVXOWVRQEDVLVRIWKHRE
MHFWLYH ZHLJKWLQJ PHWKRG VKRZQ LQ )LJXUH   WKH
PD[LPXP PHPEHUVKLS GHJUHHV ZHUH WKH ILIWK RQHV
PRVWO\WKHILUVWWKLUGIRXUWKRQHVRFFDVLRQDOO\WKHQ
WKHRYHUDOOZDWHUTXDOLW\VKRXOGEHFODVVLILHGDVFODVV
9DFFRUGLQJWRPD[LPXPPHPEHUVKLSGHJUHHSULQ
FLSOH$OWHUQDWLYHO\LWFRXOGEHDVVLJQHGWRFODVV,,,
EHFDXVHWKHJUDGHFKDUDFWHULVWLFYDOXHVUDQJHGIURP
WRPRVWO\,Q)LJXUHZLWKUHJDUGWRWKHHYDOXD
WLRQUHVXOWVXVLQJVXEMHFWLYHZHLJKWLQJPHWKRGVLPL
ODUWRWKH DERYH LGHDVZH FDQREWDLQWKH UHVXOWVRI
FODVV,DQGFODVV,,DFFRUGLQJWRWKHPD[LPXPPHP
EHUVKLS GHJUHH SULQFLSOH DQG JUDGH FKDUDFWHULVWLF
YDOXHSULQFLSOHUHVSHFWLYHO\

:KHQ EDODQFLQJ WKH IRXU SUHOLPLQDU\ HYDOXD
WLRQ UHVXOWV ZLWK FRQVLGHUDWLRQV JLYHQ WR WKH PHDV
XUHGYDOXHVRIZDWHUTXDOLW\LQGH[DPRUHDFFXUDWH
FRQYLQFLQJFRQFOXVLRQZRXOGEHUHDFKHG,QDOOLQ
GH[HVSHUPDQJDQDWHLQGH[DPPRQLD 1+1 WRWDO
QLWURJHQ 71 DQGWRWDOSKRVSKRUXV 73 ZHUHFRQ
VLGHUHGDVWKHNH\RQHVEHFDXVHRI WKHLUVLJQLILFDQW
LQIOXHQFHRQWKHRYHUDOOZDWHUTXDOLW\DQGKLJKFRQ
FHQWUDWLRQV7HPSRUDOYDULDWLRQRIWKHVHIRXUSDUDP
HWHUVLVSUHVHQWHGLQ)LJXUHDQGLQWXUQ

),*85(
0HDVXUHGYDOXHVRISHUPDQJDQDWHLQGH[
-DQ-XO
,Q)LJXUHFRQFHQWUDWLRQVRISHUPDQJDQDWHLQ
GH[IORDWHGDURXQGFODVV,,,ZDWHUOLPLWPJ/VRLW
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),*85(
0HDVXUHGYDOXHVRIDPPRQLDQLWURJHQ -DQ-XO

),*85(
0HDVXUHGYDOXHVRIWRWDOQLWURJHQ -DQ-XO

),*85(
0HDVXUHGYDOXHVRIWRWDOSKRVSKRUXV -DQ-XO

),*85(
*UDGHFKDUDFWHULVWLFYDOXHV- -DQ-XO
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,QDGGLWLRQWKHPDJQLWXGHRIWKHJUDGHFKDUDF
WHULVWLFYDOXH-FDQUHIOHFWWKHZDWHUTXDOLW\>@
ZKHQ - YDOXH LV ELJJHU WKH ZDWHU TXDOLW\ LV ZRUVH
$OOJUDGHFKDUDFWHULVWLFYDOXHV-RI;LMLX5LYHUIURP
-DQXDU\WR-XO\ZHUHGHPRQVWUDWHGLQ)LJ
XUH$VFDQEHVHHQIURP)LJXUHWKHUHZDVDFHU
WDLQWUHQGLQDQGVXJJHVWLQJWKDW-YDOXH
ZDVODUJHLQZLQWHUVDQGZDWHUTXDOLW\EHFDPHZRUVH
$VLPLODUFRQFOXVLRQFRXOGEHGUDZQZLWKUHJDUGWR
1+1'XHWRWKHORZWHPSHUDWXUHVDQGPLFURELDO
DFWLYLW\ LQ ZLQWHUV ELRORJLFDO UHPRYDO RI QXWULHQWV
HJ1DQG3 ZDVGHFOLQHGUHVXOWLQJLQWKHLUFRQ
FHQWUDWLRQV LQFUHDVHG +RZHYHU WKH WUHQG LQ 
FRPSOLHG ZLWKWKH UHJXODUSDWWHUQRUUHODWHGWRDE
QRUPDOSKHQRPHQRQRIWRWDOSKRVSKRUXV73

EHORQJHGWRWKHFODVV,,,LQGH[JHQHUDOO\$VWR1+
1DQG71WKH\GHPRQVWUDWHGREYLRXVVHDVRQDOYDU
LDWLRQZLWKPHDVXUHGYDOXHVEHLQJKLJKHULQZLQWHUV
DQGORZHULQVXPPHUV,QJHQHUDOWKHPHDVXUHGYDO
XHVRIDPPRQLD1+1UDQJHGIURPFODVV,,,DQG9
ZKLOH WKDW IRU 71 H[FHHGHG FODVV 9 ZDWHU OLPLW
0RUHRYHU73DOVRH[KLELWHGFHUWDLQVHDVRQDOYDULD
WLRQH[FHSWDQGPRVWPHDVXUHGYDOXHVORFDWHG
EHWZHHQFODVV,,,DQG9
$VIRUWKHRWKHUZDWHUTXDOLW\LQGH[HVPHDV
XUHGYDOXHVRIGLVVROYHGR[\JHQZHUHLQWKHYLFLQLW\
RIFODVV,,VRLWZDVFODVVLILHGWRFODVV,,0HDVXUHG
YDOXHVRIWKHRWKHULQGH[HVZHUHJHQHUDOO\EHORZ
FODVV,RIZDWHUOLPLWVRWKH\EHORQJHGWRFODVV,
7KHUHIRUHWKH IRXUSUHOLPLQDU\HYDOXDWLRQUH
VXOWVZHUHDQDO\]HGDQGFRPSDUHGFRPSUHKHQVLYHO\
ZLWKWKHIROORZLQJFRQFOXVLRQVGUDZQ

CONCLUSIONS

 5HVXOWVRIWKHREMHFWLYHZHLJKWLQJPHWKRG
ZLWKWKHFRPELQDWLRQRIWKHPD[LPXPPHPEHUVKLS
GHJUHHSULQFLSOHVXJJHVWHGWKDWWKHZDWHUTXDOLW\RI
;LMLX5LYHUVKRXOGEHDVVLJQHGWRFODVV97KHLQIOX
HQFH RI 71 LQGH[ EHORQJLQJ WR FODVV VXE9 ZDV
SURPLQHQWDQGRWKHULQGH[HVEHORQJLQJFODVV,DQG,,
ZHUH QRWWDNHQLQWRFRQVLGHUDWLRQ,QVXPPDU\WKH
HYDOXDWLRQ UHVXOW FODVV9  ZDV WRR SHVVLPLVWLF DQG
ZLWK SRRU SHUVXDVLRQ DQG VKRXOG QRW EH DGRSWHG
>@
 $VIRUWKHUHVXOWRIFODVV,XVLQJVXEMHFWLYH
ZHLJKWLQJ PHWKRG FRPELQHG ZLWK WKH PD[LPXP
PHPEHUVKLS GHJUHH SULQFLSOH WKH HIIHFWV RI  LQ
GH[HV DWWULEXWHG WR FODVV , ZDV DPSOLILHG ZLWK WKH
IRXUNH\RQHVLJQRUHG$VDUHVXOWWKDWWKHH[FHVVLYH
VLWXDWLRQRIFODVV,,,DQGVXE9ZDVQRWZHOOHYDOX
DWHG7KLVHYDOXDWLRQUHVXOW FODVV, LVWRRRSWLPLVWLF
DQGVKRXOGEHHOLPLQDWHG>@
 ,QWHUPVRIWKHWKLUGUHVXOWRIFODVV,,WDNLQJ
PHDVXUHGYDOXHVLQWRDFFRXQWWKHIRXUNH\RQHVLQ
SDUWLFXODU FRPSULVLQJ 71 DVVLJQHG WR FODVV VXE9
DPPRQLD1+1DQGWRWDOSKRVSKRUXV73ZHUHOR
FDWHG LQ FODVV ,,, DQG 9 SHUPDQJDQDWH LQGH[ EH
ORQJHGWRFODVV,,,GLVVROYHGR[\JHQZDVDWWULEXWHG
WRFODVV,,RWKHULQGH[HVZHUHXQGHUFODVV,OLPLWYDO
XHV5HVXOWFODVV,,ZDVVXVSHFWHGDOLWWOHRSWLPLVWLF
&RQFHUQLQJDQDO\VLVRIVXEMHFWLYHZHLJKWYDOXHGH
WHUPLQDWLRQSURFHVVZDWHUTXDOLW\LQGH[HVRI
RQHVEHORQJHGWRFODVV,WKHZHLJKWSURSRUWLRQZDV
VWLOOFORVHWRDQGWRRODUJHHYHQLIIRXUNH\RQHV
ZHUH FKRVHQ WKH PD[LPXP VFDOH ³´ FRPSDUHG WR
WKHPUHIHUUHGWRVFDOHPHWKRGWKHQWKLVUHVXOWHG
LQVPDOOJUDGHFKDUDFWHULVWLFYDOXHDQGSDUWLDOO\RSWL
PLVWLFUHVXOW>@
 :LWK UHJDUGVWRWKHILQDOUHVXOWRIFODVV,,,
EDVHGRQWKHDQDO\VLVRIWKHWKLUGUHVXOWDERYHLWEDO
DQFHGWKHDFWXDOPHDVXUHGVLWXDWLRQRILQGLFDWRUV
DQG UHIOHFWHG WKH RYHUDOO ZDWHU TXDOLW\ FRPSUHKHQ
VLYHO\&RQVHTXHQWO\WKHUHVXOWRIFODVV,,,FDQEHDF
FHSWHG

 :LWKWKHDSSOLFDWLRQRIIX]]\PDWKHPDWLFV
PHWKRGRQEDVLVRIWZRZHLJKWFDOFXODWLRQPHWKRGV
DQGHYDOXDWLRQSULQFLSOHVWKHZDWHUTXDOLW\RI;LMLX
5LYHULVLGHQWLILHGDVFODVV,,,ZDWHULQV\QWKHVLVRI
WKHIRXUSRVVLEOHUHVXOWVLQGLFDWLQJWKDWWKHUHVHUYH
SUREDEO\UHDFKHVWKHPLQLPXPVWDQGDUGIRUGULQNLQJ
ZDWHU
 $VIRUWKH;LMLX5LYHUWKHLQGH[RIWRWDOQL
WURJHQ 71  LV DVVLJQHG WR FODVV VXE9 DPPRQLD
1+1 DQGWRWDOSKRVSKRUXV 73 WRFODVV,,,DQG
9SHUPDQJDQDWHLQGH[WRFODVV,,,DQGGLVVROYHGR[
\JHQWRFODVV,,ZLWKRWKHULQGH[HVXQGHUFODVV,OLPLW
YDOXHV 7KHUHIRUH SXULILFDWLRQ WUHDWPHQW SURFHVV
VKRXOGSD\DWWHQWLRQWRWKHUHPRYDORI13DQGRU
JDQLF PDWWHU 0RUHRYHU IRU WKH ZDWHU KHDGVWUHDP
GHWHFWLRQDQGSUHYHQWLRQRI13DQGRUJDQLFPDWWHU
VKRXOGEH HPSKDVL]HGWRUHGXFHDQGSUHYHQW ZDWHU
SROOXWLRQ DV ZHOO DV WR GHFUHDVH WKH RSHUDWLRQ H[
SHQGLWXUH RI WKH IROORZLQJ UDZ ZDWHU SXULILFDWLRQ
WUHDWPHQWSODQW(VSHFLDOO\LQZLQWHUEHFDXVHRIWKH
ORZ WHPSHUDWXUHV SRRU DTXDWLF PLFURELDO DFWLYLW\
DQG ZHDN VHOISXULILFDWLRQ FDSDFLW\ SODQW VKRXOG
VWUHQJWKHQ WKH UHPRYDO HIILFLHQF\ IRU 1 3 GXH WR
WKHLUKLJKLQIOXHQWFRQFHQWUDWLRQV

ACKNOWLEDGEMENTS
7KLVZRUNZDVVXSSRUWHGE\1DWLRQDO1DWXUDO
6FLHQFH)RXQGDWLRQRI&KLQD  1DWLRQDO
0DMRU 3URMHFW RI &KLQHVH 0LQLVWU\ RI 6FLHQFH DQG
7HFKQRORJ\ =; =;
 =;  DQG 'RFWRUDO 5HVHDUFK
IRXQGDWLRQRI+LJKHU(GXFDWLRQ  




© by PSP

Volume 26 ± No. 6/2017 pages 3778-3787

Fresenius Environmental Bulletin

7$%/(6
4XDOLW\PRQLWRULQJGDWD D RI;LMLXZDWHU  8QLWPJ/
Year-

dissolved

permanganate

CODCr

BOD5

ammonia

TP

TN

copper

zinc

2012-1

8.47

5.89

8

2

1.45

0.456

4.09

0.05

2012-2

8.37

5.75

5

2

1.76

0.516

4.66

0.05

2012-3

7.69

5.45

12.2

2

1.25

0.111

6.18

2012-4

7.44

6.54

12

2

1.06

0.433

4.7

2012-5

5.55

6.23

12

2

0.99

0.378

2012-6

4.78

5.89

8

2

0.57

0.214

2012-7

3.90

7.48

20.2

2

0.67

2012-8

4.23

6.59

12

2

0.54

2012-9

4.69

5.43

5

2

2012-10

5.55

5.72

12

2

2012-11

6.75

5.66

10

2

fluoride

selenium

0.016

0.6

0.0006

0.05

0.57

0.0006

0.05

0.05

0.42

0.0004

0.05

0.05

0.53

0.0006

5.24

0.05

0.05

0.73

0.0007

2.04

0.05

0.05

0.73

0.0007

0.349

2.18

0.05

0.05

0.81

0.0004

0.317

1.44

0.05

0.05

0.84

0.0007

0.45

0.192

1.85

0.05

0.05

0.56

0.0007

0.51

0.227

2.99

0.05

0.05

0.65

0.0013

0.85

0.173

2.79

0.05

0.05

0.69

0.0044

2012-12

8.26

5.60

11.6

2

1.04

0.18

7.32

0.05

0.05

0.87

0.0004

2013-1

9.67

5.21

10.8

2

1.22

0.135

3.96

0.05

0.05

0.72

0.001

2013-2

8.85

5.40

9.9

2

1.53

0.176

4.20

0.05

0.05

0.63

0.0007

2013-3

7.40

5.13

5

2

0.97

0.141

5.61

0.05

0.05

0.66

0.0009

2013-4

6.25

6.44

12

2

0.68

0.075

3.45

0.05

0.05

0.74

0.0006

2013-5

4.44

6.14

38.7

14.2

0.76

0.393

3.28

0.05

0.05

0.71

0.0009

2013-6

3.53

6.13

14

2

0.71

0.134

3.82

0.05

0.05

0.79

0.0013

2013-7

4.13

6.42

21.2

8

0.68

0.225

4.20

0.05

0.05

0.69

0.0008

2013-8

3.95

6.26

18.2

6.5

0.59

0.536

2.08

0.05

0.05

0.9

0.0007

2013-9

5.57

5.95

12.6

2

0.67

0.351

2.18

0.05

0.05

0.75

0.0025

2013-10

5.82

6.15

6.78

2

0.50

0.193

4.48

0.05

0.05

0.66

0.0016

2013-11

8.86

6.37

19.4

5.46

0.53

0.202

3.61

0.05

0.05

0.78

0.0008

2013-12

8.84

6.93

13.5

2

0.99

0.401

3.05

0.05

0.05

0.92

0.0021

2014-1

9.35

6.86

19.4

4.7

1.31

0.425

3.32

0.05

0.05

0.91

0.0007

2014-2

9.64

6.77

20.7

5.6

1.77

0.193

4.73

0.05

0.05

0.97

0.0004

2014-3

7.81

6.64

18.2

3.9

1.20

0.243

6.29

0.05

0.05

0.73

0.0005

2014-4

6.60

5.95

20.4

2

0.60

0.098

4.48

0.068

0.069

0.72

0.0005

2014-5

4.76

5.36

14.5

2

0.37

0.234

3.1

0.05

0.05

0.71

0.0004

2014-6

4.45

5.36

19

4.7

0.47

0.184

2.45

0.05

0.05

0.85

0.0004

2014-7

4.31

5.90

13.6

2

0.91

0.122

3.22

0.05

0.05

0.75

0.0004

7$%/(6
4XDOLW\PRQLWRULQJGDWD E RI;LMLXZDWHU  8QLWPJ/
Year-

arse-

mer-

cad-

chro-

lead

cyanide

volatile

petro-

anionic surface

sulfide

2012-1

0.002

0.0006

0.0005

0.014

0.0025

0.002

0.002

0.02

0.065

0.02

2012-2

0.002

0.0006

0.0005

0.013

0.0025

0.002

0.002

0.01

0.057

0.02

2012-3

0.001

0.0002

0.0005

0.013

0.0025

0.002

0.002

0.002

0.05

0.02

2012-4

0.003

0.0008

0.0005

0.009

0.0025

0.002

0.003

0.02

0.05

0.02

2012-5

0.002

0.0007

0.0005

0.034

0.0025

0.002

0.002

0.04

0.05

0.02

2012-6

0.001

0.0015

0.0005

0.02

0.0025

0.002

0.002

0.04

0.05

0.02

2012-7

0.002

0.0001

0.0005

0.004

0.0025

0.002

0.002

0.026

0.05

0.02

2012-8

0.004

0.0006

0.0005

0.022

0.0025

0.002

0.002

0.037

0.05

0.02

2012-9

0.002

0.0008

0.0005

0.016

0.0025

0.002

0.002

0.031

0.05

0.02

2012-10

0.002

0.0003

0.0005

0.013

0.0025

0.002

0.002

0.027

0.05

0.02

2012-11

0.002

9E-05

0.0005

0.023

0.0025

0.002

0.002

0.019

0.05

0.02
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0.001

0.0004

0.0005

0.02

0.0025

0.002

0.002

0.036

0.05

0.02

2013-1

0.001

5E-05

0.0005

0.019

0.0025

0.002

0.002

0.023

0.05

0.02

2013-2

0.002

5E-05

0.0007

0.016

0.0028

0.002

0.002

0.011

0.05

0.02

2013-3

0.001

5E-05

0.0005

0.025

0.0025

0.002

0.002

0.011

0.05

0.02

2013-4

0.001

0.0006

0.0005

0.027

0.0025

0.002

0.003

0.019

0.05

0.02

2013-5

0.004

5E-05

0.0005

0.014

0.0025

0.002

0.002

0.023

0.05

0.02

2013-6

0.002

5E-05

0.0005

0.021

0.0025

0.002

0.002

0.021

0.05

0.02

2013-7

0.001

6E-05

0.0005

0.034

0.0025

0.002

0.002

0.026

0.05

0.02

2013-8

0.005

4E-05

0.0005

0.021

0.0025

0.002

0.002

0.021

0.05

0.02

2013-9

0.004

4E-05

0.0005

0.022

0.0025

0.002

0.002

0.023

0.05

0.02

2013-10

0.003

4E-05

0.0005

0.02

0.0025

0.002

0.002

0.026

0.05

0.02

2013-11

0.001

4E-05

0.0005

0.028

0.0025

0.002

0.002

0.027

0.05

0.02

2013-12

0.002

0.0004

0.0005

0.042

0.0025

0.002

0.002

0.029

0.05

0.02

2014-1

0.001

7E-05

0.0005

0.047

0.0025

0.002

0.002

0.014

0.05

0.02

2014-2

0.001

4E-05

0.0007

0.036

0.0025

0.002

0.002

0.03

0.05

0.02

2014-3

0.001

4E-05

0.0005

0.037

0.0025

0.002

0.002

0.031

0.05

0.02

2014-4

0.001

4E-05

0.0005

0.013

0.0025

0.002

0.002

0.029

0.05

0.02

2014-5

0.001

4E-05

0.0005

0.031

0.0025

0.002

0.002

0.033

0.05

0.02

2014-6

0.003

4E-05

0.0005

0.028

0.0025

0.002

0.002

0.031

0.067

0.02

2014-7

0.003

4E-05

0.0005

0.038

0.0025

0.002

0.002

0.031

0.05

0.02

7$%/(6
-XGJPHQWPDWUL[$DQGUHODWHGFRPSXWLQJGHWDLOV
Line product
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Prokletije, Sar planina, etc. [1]. This community occupies significantly large areas of the Illyrian province, where it mainly occurs in cold aspects, at a
wide range of altitudes on a scale from 300 to 1300
m, and in positions sheltered from the impact of the
Pannonian climate [2]. However, in Serbia it occurs
sporadically, except on Mt. Goc where it builds a
large regional belt, which has so far been investigated in detail in several studies [3, 4]. In addition to
that, beech and fir forests with typical species of
monodominant beech forests without alpine elements in their floristic composition can also be found
on lower mountains, including Maljen, Jastrebac,
Suva planina, Rtanj, etc. [1]. This forest community
occurs on different bedrock types ranging from
acidic to ultrabasic ones and on a wide variety of
soils, including humus-accumulative (mull-rankers),
brown (eutric), lessive and diluvial soils.
In the site of Divcibare, located in the central
part of Mt. Maljen, beech and fir forests occur sporadically. Divcibare and Mt. Maljen constitute the
central part of the Valjevo Mountain Range whose
northern part stretches to the Pannonian Basin. Although its bedrock is quite diverse, the mountain
massif of Maljen is predominantly composed of serpentinite and peridotite of Jurassic age [5]. This bedrock combined with climate characteristics and anthropogenic factors has given rise to specific flora
and vegetation of 'LYþLEDUH ZKRVH PRVW FRPPRQ
vegetation types are meadows and pastures. Although Scots pine and Austrian pine forests make
most of the forest vegetation, it should ne noted that
smaller areas are occupied by the forests of Hungarian oak and Turkey oak, beech forests, beech and fir
forests, etc.

ABSTRACT
This paper presents the results of a research of
the ecology of beech and fir forests in the area of Mt.
Maljen. Compared to their distribution in the
Moesian province, beech and fir forests cover a
much larger surface area in the Illyrian province.
However, in Serbia this association is mainly distributed sporadically, except on Mt. Goc where it builds
a large regional belt. The association of beech and fir
occurs on different types of bedrock, ranging from
acidic to ultrabasic ones and on a wide variety of
soils, including humus-accumulative (mull-rankers)
soils, brown (eutric), lessive and diluvial soils. In the
site of Divcibare, located in the central part of Mt.
Maljen, beech and fir forests occur sporadically. The
Maljen mountain massif is predominantly composed
of serpentinite and peridotite of Jurassic age, which
is a highly specific bedrock in terms of chemical
composition, crystal structure, decomposition and
other properties, while it also has a strong impact on
the genesis and properties of soil. Numerous rock
cracks cause rapid water infiltration, leading to dry
and warm soils formed on them, especially at the initial stages of soil formation. In addition to that, serpentinite is characterized by calcium deficiency and
high concentrations of magnesium, iron, nickel, cobalt and chromium, which has an impact on soil
properties and subsequently on the floristic composition. Another property of serpentinite is that it is
home to diverse flora and vegetation, with beech and
fir forests as one of its segments. The three soil types
studied on the serpentinite of Mt. Maljen in this research are illimerized, pseudogleyic and eutric
brown soils.

MATERIALS AND METHODS

KEYWORDS:
ecology, beech and fir forests, serpentine, soil, Mt. Maljen

Vegetation sampling. The field research in
this study was carried out in three sites of the natural
well-preserved stands of beech and fir on Mt. Maljen
(Fig. 1). The phytosociological classification of the
study stands was performed by the standard relevé
method of sampling for vegetation classification according to the Zurich-Montpellier school of phytosociology [6]. A total of three relevés were taken in

INTRODUCTION
Beech and fir forests make a regional vegetation belt in Serbia occurring on the mountains of
Goc, Kopaonik, Stara Planina, Tara, Zlatar,
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in cmol*kg -1). Total cation-exchange capacity (T in
cmol*kg -1) was obtained by calculation, and the sum
of acidic cations (T - S u cmol*kg -1) was calculated
from the hydrolytic acidity. Soil base saturation was
calculated after Hissink (%), and total nitrogen in the
soil was determined by the Kjeldahl method (%). In
addition, carbon to nitrogen ratio (C:N) was calculated, and the availability of P2O5 and K2O (mg/100
g soil) was determined by the Al method.
The analytical procedures of the methods used
in the laboratory soil investigations are described in
the Soil testing manuals of JDPZ. The field study of
this research was carried out according to [9], using
the methods described in the `Soil testing manual,
Book IV`. The mechanical composition of the soil
was determined after [10], using the methodological
procedures described in the `Soil testing manual,
Book V`, (1997), while the study of chemical soil
properties applied the methodology described in the
`Soil testing manual, Book I` [11]. The classification
of the studied soil types was based on the `Classification of soils in Yugoslavia` [12].

the research area, and plant species were determined
on the basis of literature sources [7] and [8].
Soil sampling. Both field and laboratory investigations were undertaken to determine the edaphic
conditions in the communities of beech and fir on
Mt. Maljen (Fig. 1). The field research involved a
study of morphogenesis in three soil profiles, an investigation of environmental conditions and an analysis of disturbed soil samples to determine the standard physical and chemical properties of the soil.

RESULTS
Vegetation analysis. The site of beech and fir
forests on Mt. Maljen is syntaxonomically classified
as Abieti-Fagetum serpentinicum Beus 1980., which
belongs to the Abieti-Fagenion moesiacae Jov.
1976. suballiance and the Fagion moesiacae Blec et.
Laks. 1976. alliance. This association (Fig. 1) can be
found at a variety of altitudes between 960 and 1079
m in sheltered, north or northeast facing slopes of 1217°. The association in the study area is characterized by floristic poverty, since only 20 species were
recorded in three relevés (Table 1). The canopy closure degree in the tree layer varies from 0.5 to 0.7,
while the average distance among the trees ranges
between three and four meters.
The tree layer comprises only beech (Fagus
moesiaca) and fir (Abies alba), which has a slightly
higher abundance and cover. Similarly, the shrub
layer is also poor, comprising only the offspring of
edifying species, while fir shows higher regeneration
capacity in this layer.
The herb layer whose cover ranges from 0.5 to
0.7 is medium developed, with the highest cover recorded for blueberry (Vaccinium myrtillus). Whereas
one relevé points to a high cover of Brachypodium
silvaticum, others have shown a high degree of presence of species such as Fagus moesiaca, Abies alba,
Sorbus aucuparia and Rubus hirtus.

FIGURE 1
Community Abieti-Fagetum serpentinicum
Beus 1980, on Maljen mt.
Laboratory analyses. The laboratory testing
included a diverse range of standard physical and
chemical analyses. While hygroscopic moisture content was determined by oven-drying of soil samples
at a temperature of 105qC for 6 to 8 hours, particle
size distribution was tested by treating the samples
with sodium pyrophosphate. In addition, soil particle
sizing was performed by combining the pipette
method and the elutriation method using Atterberg
sieves to determine the percentages of the following
fractions: 2 to 0.2 mm, 0.2 to 0.06 mm, 0.06 to 0.02
mm, 0.02 to 0.006 mm, 0.006 to 0.002 mm and less
than 0.002 mm. Soil texture was also determined using the texture triangle of the Soil Science Society of
America. Active acidity (pH in H2O) was determined
electrometrically using a pH meter apparatus, and
the same device was used to test exchangeable acidity (pH in a 0.01M CaCl2) electrometrically. Hydrolytic acidity was determined by the Kappen method,
as well as the amount of adsorbed alkaline cations (S

Soil analysis. Serpentinite bedrock is widely
distributed in Serbia, particularly in its western and
partly central areas (Kopaonik, Maljen, Tara, Suvobor, Zlatibor, Pester, Crni Vrh near Priboj, etc.). Serpentinite is characterized by calcium deficiency and

3789

© by PSP

Volume 26 ± No. 6/2017 pages 3788-3794

Fresenius Environmental Bulletin

TABLE 1
Phytosociological data
Association
Subassociation
Locality
Relevé number
Elevation (m)
Aspect
6ORSH ƕ
LAYER I
Degree of canopy closure
Mean height (m)
Mean diameter (cm)
Mean distance (m)
Abies alba
Fagus moesiaca
LAYER II
Degree of canopy closure
Mean height (m)
Abies alba
Fagus moesiaca
LAYER III
Cover
Abies alba
Fagus moesiaca
Sorbus aucuparia
Vaccinium myrtillus
Rubus hirtus
Symphytum tuberosum
Daphne blagayana
Brachypodium silvaticum
Musci ssp.
Dryopteris filix-mas
Glechoma hirsuta
Epimedium alpinum
Prunus avium
Geum urbanum
Pteridium aquilinum
Silene vulgaris
Anemone nemorosa
Festuca drymeia
Quercus dalechampii
Galium schultesii

Abieti-Fagetum serpentinicum Beus 1980
sorbetosum
drymetosum
Maljen
Maljen
Maljen
17/12
16/12
20/12
1045
1079
960
N
N
NE
12
12
17
0.7
18

0.6
20

0.5
14

3
2.2
3.2

3
2.2
2.2

4
1.2
2.2

V
V

0.2
1.5
+.2
+

0.1
1
+
+

0.3
2
2.2
+

V
V

0.5
1.2
+
1.2
1.3
+.2
+
+.3
+.2
+.3
+.2

0.7
+
+
+.2
1.2
+
+.2

0.7
+.2
+
+
3.3
+.2
+
+.2

Degree of presence

3.3
+.3
+
+.2
+.2

+.2

+
+
+.2
+
+
2.1
+
+.2

V
V
V
V
V
V
IV
IV
IV
IV
IV
II
II
II
II
II
II
II
II
II

and is of typical variety and skeletal form. A thick
Olfh horizon is formed on the surface of the soil
(8cm), while the fermentation layer consists of undecayed leaf litter of beech and fir. The humification
layer is highly distinct (about 2 cm), strongly intertwined with blueberry roots and belongs to the semiraw to raw type. The Oh layer is strongly acid, while
(B) horizon has a weak acid reaction. The soil is
shallow and belongs to the textural class of silty clay
(Table 2), with indistinct structural aggregates. It is
also poor in plant-available phosphorus and potassium, while large broken fragments and blocks of
serpentinite can be found in the profile.
The illimerized soil belongs to the class of eluvial-illuvial soils, the subtype on silica parent rock
and is of typical variety. The profile structure is Olfh
- E ± Bt, and single broken fragments of serpentinite
can be found on the face of the profile. The thickness
of the Olfh horizon is 5 cm, and of the Oh layer 2
cm. The E horizon is yellowish brown in colour, interwoven with fine roots and characterized by irregular illimerization. The Bt horizon is brown, granular

high concentrations of magnesium, iron, nickel, cobalt and chromium, which affects soil properties and
consequently the floristic composition. In addition to
that, it is home to diverse flora and vegetation, with
beech and fir forests as only one of its segments.
The edaphic conditions show specific characteristics in the study area, since they are strongly influenced by the serpentine parent material and suitable for the growth of beech and fir forests. The soil
study in the association of beech and fir on the serpentinite of Mt. Maljen involved an analysis of three
soil types, i.e. illimerized, pseudogleyic and eutric
brown soils. Due to its chemical composition, crystal
structure, decomposition and other features, serpentinite is a highly specific bedrock with a very strong
impact on the genesis and properties of soil. A large
number of rock cracks cause rapid water drainage,
leading to dry and warm soils formed on them, especially at the initial stages of soil formation.
The studied soils belong to automorphic and
hydromorphic soil series [12]. The eutric brown soil
in the study area belongs to the cambic soil class, and
the subtype occurring on peridotite and serpentinite,
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TABLE 2
Basic physical properties of the soil
Granulometric composition (in %)
Number
of profile

Depth of the
profil (cm)

Hydroscopic
Moisture %

Coarse
sand
2,0-0,2
mm

16/12

0-10
10-30

4,23
4,53

4,40
5,20

17/12

0-10/13
10-30
30-50

5,83
2,75
3,68

1,30
4,20
10,70

20/12

0-8
8-35

4,27
2,62

2,70
6,20

Fine
sand

Coarse
silt

0,20,060,06
0,02
mm
mm
illimerized soil
11,30
17,10
11,20
13,70
pseudogleyic
15,80
22,50
11,10
14,70
18,00
17,40
eutric brown soil
24,60
21,30
18,40
14,90

Medium
silt

Find silt

Clay

0,020,006
mm

0,0060,002
mm

< 0,002
mm

Sand >
0,02 mm

Clay <
0,02 mm

37,70
31,60

13,70
16,50

15,80
21,80

32,80
30,10

67,20
69,90

33,80
38,40
24,00

12,10
15,50
9,70

14,50
16,10
20,20

39,60
30,00
46,10

60,40
70,00
53,90

23,20
36,30

10,30
12,30

17,90
11,90

48,60
39,50

51,40
60,50

Total

TABLE 3
Basic chemical properties of the soil
Number of
profile

Depth
of the
profil
(cm)

pH
H2O

CaCl2

Y1 mL
NaOH/50g

adsorptive complex
(T-S)
S
T

V

cmol/kg

16/12

0-10
10-30

5,71
6,45

4,79
5,35

25,62
13,75

16,65
8,94

17/12

0-10/13
10-30
30-50

6,34
6,86
7,04

5,76
5,54
6,09

20,22
9,00
7,25

13,14
5,85
4,71

20/12

0-8
8-35

4,72
6,36

3,73
5,45

87,50
13,25

56,88
8,61

illimerized soil
16,80 33,45
23,20 32,14
pseudogley
43,30 56,44
19,80 25,65
24,50 29,21
eutric brown soil
15,12 72,00
19,20 27,81

FIGURE 2
Pseudogley
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Humus

C

N
C/N

(%)

available
P2O5
K2O
mg/100g

50,22
72,19

4,80
3,99

2,78
2,31

0,25
0,21

11,14
11,02

0,00
0,76

4,90
5,40

76,71
77,19
83,87

14,72
2,86
1,19

8,54
1,66
0,69

0,71
0,15
0,00

12,02
11,06
0,00

1,28
0,00
0,05

12,30
4,90
3,60

21,00
69,03

34,05
3,62

19,75
2,10

2,83
0,19

6,98
11,05

2,45
0,00

19,80
4,10
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one in other beech and fir sites on serpentine bedrock
in Serbia. Similarly, this association on Mt. Suvobor
is characterized by poor floristic composition, with
the same species recorded as on Mt. Maljen, i.e.
Daphne blagayana, Sorbus aucuparia, Rubus hirtus,
Dryopteris filix-mas, Quercus dalechampii, etc.
[14].
The Mt. Maljen forests of beech and fir are
fairly degraded, which is evidenced by the presence
of blackberry (Rubus hirtus) and Balkan sessile oak
(Quercus dalechampii). This suggests a syndinamical relation between this association and the
association of Balkan sessile oak, which belongs to
basiphilous pine forests Erico-Pinetalia Ht 1959.
Degradation of forest communities is a common
phenomenon nowadays, given that floristic diversity
is declining from day to day in spite of sustainable
forest management based on integrity of forests [15].
Beside that, biological invasions are seen as a mayor
threat to a biodiversity on global level, while the
number of new invasions is increasing at an alarming
rate [16].
Sustainable forest exploitation requires detailed mapping of the forest cover and estimation of
recreation suitability [17], because sustainable exploitation also means multifunctional use. Mt.
Maljen is known for its numerous, diverse forest and
meadow communities. Due to large number of plant
species, this mountain is in bloom almost throughout
the year. In March, when the snow starts melting, the
first to bloom are Daphne blagayana Freyer, Erica
carnea L. and Orchis mascula L.; then narcissus in
May, Lilium martagon L. in June and throughout
July, Colchicum autumnale L. and other plant species in August. Beautiful landscapes and easily accessible recreation areas cause Mt. Maljen to have
not only protective-regulatory, but also very important touristic-recreational function.
In addition, the forests of beech and fir on serpentine in Bosnia and Serbia show high floristic similarity [2], with the species of Abies alba, Anemone
nemorosa, Galium rotundifolium, Rubus hirtus,
Festuca drymeia, Dryopteris filix-mas and Vaccinium myrtillus commonly occurring in both localities.
Correspondingly, the same species were recorded in
the research on Mt. Maljen.
The formation of raw or semi-raw humus on
the surface of eutric brown soil (relevé 20/12) gives
rise to the occurrence of a growing number of acidophilus species (Vaccinium myrtillus, Musci ssp.,
Pteridium aquilinum). However, in some cases the
state of humus in the soil modifies and/or eliminates
the impact of soil reaction on the floristic composition of the herb layer vegetation [18]. This author observed that phenomenon on both silicate and carbonate rocks, i.e. on the soils formed on them, and
suggested a strong correlation between humus balance and floristic composition of the herb layer vegetation.

in structure and of favourable physical characteristics. The depth of the soil is about 35 cm, and according to the soil texture classification it belongs to the
silty loam soil class. In addition to being moderately
to weakly acid, it is saturated with alkali cations
throughout the whole depth of the profile (Table 3).
The humus content is moderate to strong, and the
C/N ratio points to mull humus formation, while it is
poor in plant-available phosphorus and potassium.
The pseudogley soil (Fig. 2) is formed as a result of stagnating water accumulated on the weakly
permeable surface layer of the profile. By soil type it
belongs to the pseudogley class of hydromorphic
soils. In addition, the pseudogley studied in the forests of beech and fir on Mt. Maljen [13] belongs to
the subtype of pseudogley on slopes, and is of medium deep variety and eutric form. There is a 4-cm
thick Olfh horizon on the surface, which is mainly
composed of partly decomposed and undecayed
plant residues of beech and fir. The profile structure
is Olfh - Aoh - gBt ± BtC, and the The A horizon is
dark brown, loose, of coarse-grained to pea-shaped
structure and strongly intertwined with roots. The A
portion of humic substance is not bound with organic
matter and the gBt horizon is gray with brown
patches, powdery, structureless and compact. The
BtC horizon is dominated by decomposing serpentinite (80%), and it is weakly to moderately acid. The
soil is saturated with alkali cations, while the topsoil
has a very high humus content (14.75%). The mineralization of humus is very weak, so that the C/N
ratio gets wider in this horizon (12.02), and it is poor
in plant-available phosphorus and potassium.
The two ecological units that can be distinguished in the area of Mt. Maljen are the association
of beech and fir with rowan (Abieti-Fagetum serpentinicum subass. sorbetosum) on shallow and bottomskeletal, illimerised and pseudogleyic soil and the
association of beech and fir with fescue (AbietiFagetum serpentinicum subass. drymetosum) on
shallow, skeletal and eutric brown soil.

DISCUSSION
In accordance with the findings of prior research, this study shows that beech and fir forests on
serpentinite have poorer floristic composition than
the same association on other bedrock types. However, the presence of some mesophilic species justifies its syntaxonomic classification into the alliance
of beech forests [1]. This association on serpentine
bedrock includes some species which usually do not
occur in this association on silicate bedrock (Daphne
blagayana, Epimedium alpinum, etc.), which can be
attributed to specific soil conditions. According to
the new syntaxonomy, this association is classified
as Epimedio alpini-Abietetum B. Jovanovic 79 [1].
The beech and fir association on Mt. Maljen
has a floristic composition, which is similar to the
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The association of beech and fir with rowan
(Abieti-Fagetum serpentinicum subass. sorbetosum)
in the area of Mt. Goc, defined as a slope association,
was studied on deeper, lower part-skeletal and typical mull-rankers on serpentinite [19]. The depth of
these soils ranges from 50 to 60 cm. The A horizon
is about 30 cm thick and the AC or AR horizon about
20-30 cm. Sufficient depth and minimal skeleton
presence, together with favorable physical and
chemical soil properties enable high productivity of
this ecological unit.
In the area of Mt. Maljen, this association occurs on developed soils (illimerized and
pseudogleyic soils, profiles: 17/2012, 16/2012). The
study soils are the most productive serpentinite soils,
although their productivity reduces with depth. The
illimerized soil is only 35 cm deep, while the depth
of the pseudogleyic soil amounts to about 50 cm. The
drymetosum subassociation on Mt. Goc occurs on
drier, shallower and more skeletal soils compared to
the sorbetosum subassociation, which is also the
case on Mt. Maljen.
The climate conditions prevailing on Mt.
Maljen and Mt. Goc are very similar. Actually, their
average annual rainfall totals are similar amounting
to 1010 mm per year on Mt. Goc [20], and 1054 mm
on Mt. Maljen [5]. According to these authors, both
Mt. Goc and Mt. Maljen have humid climate after
Thornthweite.
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PHOTOCATALYSIS BEHAVIOR OF AZINPHOS-METHYL
AT THE SURFACE OF MODIFIED MONTMORILLONITE
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2
Institute of geological and mining engineering of Xinjiang university, Urumqi, Xinjiang 830000, China

[2] designed a simulant water system with purple
medic to remove AZPM, after 20 d, the initial concentration (10 mg·L-1) of this system lowered to detection limit. [3] extracted chloride peroxide enzyme
from caldariomyces fumago to remove pollutants,
the results showed that guthion was not mineralized
completely, but turned into the sulfide derivatives.
However, solid soil particles, such as Montmorillonite with its unique property of ex-changeable
ion, swelling and adsorption, is the main form of
bentonite minerals, not only adsorb pollutants, but
can speed up the surface active sites and pollutant
molecules of electron transfer and to a large extent
affect the outcome of pollutant molecules in the soil
[4]. Benzene and phenol are adsorbed on the surface
of Fe (III)-M or Cu (II)-M, and generate higher molecular weight products [5]. In the process of the
transformation, smectite interlayer exchangeable
cations characteristics plays a vital role; on the other
hand, the surface of montmorillonite can form photoactive oxidant such as H2O2 and ·OH, O2·- [6] and
promote the degradation of pesticide molecules.
Modified montmorillonite as heterogeneous
photocatalysis has attracted the public widespread
attention. It not only degrades PAHs, but also has a
good degradation effect to the herbicide, drugs, dyes
etc. For example, KSF montmorillonite as a catalyst
under light ,the efficiency is up to 93.5% in 30 min
[7].[8] researched the process of photocatalysis of
phenanthrene at the surface of Fe(III)-M under visible light , suggesting that phenanthrene at the surface
of modified smectite can degrade into small molecule hydrocarbons that are aromatic hydrocarbon
compounds and aliphatic hydrocarbons, and the organic compounds are mineralized finally.
It is researched that with different layer charge
of montmorillonite has catalytic hydrolysis to
AZPM, and in acidic medium it generates the 4-oxygen,3 hydrogen- 1,2,3 phentriazine ,whereas it generates hydroxymethyl derivatives in alkaline medium. The catalytic hydrolysis of AZPM at smectite
surface because of its entering the interlayer domains, and forming bidentate ligands complexes
with interlayer cations, which can promote the electrophilicity of phosphorus atoms and lead to fracture

ABSTRACT
The use of pesticide such as azinphos-methyl
(AZPM) is rapidly increasing around the world,
which has posed critical effects on humans and home
environment. In the present study, azinphos-methyl
was employed as a model to explore the photocatalysis effect of various cation-modified montmorillonite in the soil under visible-light irradiation. For six
types of cation-modified montmorillonite(M), the
photodegradation rates of AZPM follow the order:
Fe3+ >Al3+ >Mg2+ >Ca2+>K+ >Na+, which is similar
to the photo-Fenton-like degradation. To further
study the effect of clay type, four types of clays were
paralleled, and Fe(III)-montmorilloniteodified smectite shows the highest photodegradation rate followed by Al(III)-modified smectite, suggesting that
Fe3+ content plays a key role in photocatalysis degradation of AZPM. Moreover, O,O,S-trimethyl
phosphorodithioate and methyl 2-aminobenzoate
were determined by GC-MS analyses as the main intermediate compounds, which was degraded into
small molecular products, and speculated the catalytic mechanism of AZPM at Fe(III)-montmorillonite surface. In addition, ·OH (free radical) that
measured by electron paramagnetic resonance is
formed on Fe(III)-montmorillonite under light with
H2O, and it accelerates the photodegradation process
of AZPM.

KEYWORDS:
azinphos-methyl, cation-modified montmorillonite, photodegradation, degradation products, free radical

INTRODUCTION
The widespread occurrence of Azinphos-Methyl with its persistence and toxicity are a cause of
environmental concern, which has presented challenges to flora and fauna. In this regard, many researchers have been exploring the pathways and
methods of degradation of gusathion. [1] studied the
photodegradation behavior of Azinphos-methyl, and
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80 mesh sieves. Modified method was operated according to a previously described method [10].

of the P-S attacked by -OH [9] .
Therefore, in this experiment six different types
of modify montmorillonite were used, studied the
photocatalytic degradation behavior of AZPM on
modified clay surfaces, and discussed the effect of
photodagradation of AZPM at the surface of modified clays.

Preparation of modified montmorillonite.
Adding 10 g purified montmorillonite to 0.033 M
NaCl solution, the mixture was shaken at 30 ć,120
r·min-1 for 8 h in thermostat oscillator and then centrifuged at 4500 r·min-1 for 10 min, the super-natant
was poured and repeat these steps three times. In
similar method prepare Ca-M, K-M, Mg-M, Fe-M,
Al-M, other steps are same as 2.2.

MATERIALS AND METHODS
Chemicals and minerals. Azinphos-Methyl,
Acetonitrile and methanol (>99% purity) were purchased from the Sigma Aldrich for Pesticide Products.Clay minerals used in this study are mont-morillonite, which was collected from northwest of
China, chemical and physical properties are shown
in table 1-1 and 1-2.

Photodagradation experiment. The concentration of 1 mg·mL-1 of 1 ml AZPM methanol solution added to 1 g of each modified montmorillonite
mineral, it was natural dried in the fume hood, according to method [11], the sample evenly paving in
glass plate with 4 cm inner diameter PTFE gasket,
then placed in the xenon lamp beneath the effective
lighting area, and kept the distance 5 cm between
glass plate and xenon lamp. In this experiment, keeping the temperature of the reaction system about 25
ć and setting control.

TABLE 1-1
Chemical composition of bentonite
Chemical composition contents
SiO2
Al2O3
CaO
MgO
K 2O
Na2O
Fe2O3
FeO
TiO2
Ignition loss

55.63%
15.57%
1.35%
3.80%
0.93%
2.40%
5.20%
0.21%
0.60%
9.98%

Extraction and detection. Approximately 6ml
of methanol extraction solution was added, the suspensions were extracted in an ultrasonic bath for 20
min, and the centrifuged at 8000 rpm for 5min to separate the supernatants from clays. The pellets were
extracted thrice by using methanol, which can recover about 100% of AZPM from mineral surface.
The supernatant was then for analysis by performance liquid chromatograph ( HPLC) [12].
AZPM was detected using HPLC with a 25 cm
× 4.6 mm Cosmosil C18 column. A 65:35(v/v) mixture of acetonitrile-water was used as mobile effluent. The flow rate was 1.0 mL/min, the injection volume was 20 ul, and the detector wavelength was set
at 282 nm. The AZPM and intermediate products
were identified by the gas chromatography mass
spectrometry detector (GC-MS), where a HP-5MS
capillary column (30 mm × 0.25 mm × ȝP ZDV
emSOR\HG WKH LQMHFWLRQ YROXPH ZDV ȝ/ WKH VSOLW
ratio was 30:1. The oventemperature was promoted
IURP&WR& &PLQí 7KHIUHHUDGLFDO
was identified by Bruker ELEXSYS E500 electron
spin spectrometer, where a shqe-1c-1005 resonant
cavity was employed, the center field was 3200 G,
sweep width was 5000 G, attenuation was 20 dB, receiver gain was 60 dB, conversion time was 20 ms.

TABLE 1-2
Ore type
CEC(cmol(+)kg-1)

78.58

Iron content (%)

K+
Na+
Ca2+
Mg2+

Alkaline
cient

1.52

Na+/CEC
Ore type

coeffi-

0.79
67.43
1.43
3.06

0.86
Na-M

Minerals purification. This mineral 10g was
suspended in doubly deionized ˄DDI˅water with
200 ml and its pH was adjusted to 6.8 with 0.5 M
CH3COONa buffer solution, and then put 3.0 g NaCl
into suspension stirring for 5min, then centrifuged at
4500 r/min for 20min,the supernatant was abandoned, then washed with DDI water to remove Cland dried at 60 ć. This material was ground to pass

RESULTS AND DISCUSSION
Effect of photodagradaton of AZPM. The
montmorillonite saturated with inorganic metalions
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search suggested that Fe(III)-M can form Fenton reaction system without adding H2O2 so as to enhance
the degradation rate of organic pollutants under the
visible light[13].

would perform high reactivity, after 10 h, approximately 13.0%, 19.5%, 26.3%, 31.2%, 50.4% and
62.8% of initially added AZPM are degraded associated with K+, Na+, Ca2+, Mg2+, Al3+ and Fe3+ respectively(Fig. 1). Data fitting suggests that AZPM degradation follows a pseudo-first order kinetic model
in these reaction systems, it is concluded that the relevant photocatalysis rate follows the order: FeM>Al-M>Mg-M>Ca-M>K-M>Na-M. It is proved
that the existence of inorganic cations between smectite layers can promote the photocatalysis rate of
AZPM.

(a)

(b)

(c)

FIGURE 1
The evolution of AZPM as a function of reaction time in the reaction system of
(a) montmorillonite modified by various
cations; (b) pseudo first order kinetics fitting.

(d)

The photodegradation of AZPM at the surface
of Fe(III)-M is highest, this is because the Fe3+ exists
variable valence state and produces Fe3+/Fe2+ active
site on montmorillonite surface, which can enhance
the REDOX activity of mineral surface, thus improving the electron transfer and catalytic conversion
process of the organic pollutant molecules on the surface of the montmorillonite [25].[26]. Some re-
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ORQLWH FDQ IRUP GLIIHUHQW NLQGV RI µFDWLRQ-ʌ¶ VWUXF
ture[14]. In general, the stronger the ability to accept
electron, the more charge and energy, the greater
photodegradation rate of AZPM.

(e)

Degradation products analysis. Based on different cation-modified clay materials on the photodegradation of AZPM, it showed that the photodegradation efficiency of AZPM on Fe-M surface was
the highest. In order to investigate the photocatalysis
products of the reaction and its pathway, GC-MS
chromatograms (Fig. 2) is an efficient way to measure the supernatant extracted from the Fe-M surface
after 10 h irradiation by methanol. The characteristics of other main peaks are shown in Table 2.
After 10h, the AZPM molecules at Fe(III)-M
surface can be degraded into a series of small molecular products, suggesting that Fe(III)-M is a good
photodegradation material for AZPM. Com-bined
with GC-MS chromatograms, presumably the
AZPM possible degradation pathway in reaction as
follows (Fig.3).

(f)

TABLE 2
Identification of intermediates produced during
degradation of AZPM based on GC-MS detection.

FIGURE 2
GC-MS chromatograms of extracting of the
Fe(III)-montmorilloniteodified mont- morillonite/AZPM photolysis reaction mixture after 10h
retention time, figure(a)GC-MS; Mass spectra of
relevant products: (b)product A (8.371min); (c)
product B(8.449min);
(d) product C (9.549min); (e) product D
(11.225min); (f) product E(12.002min)

Reaction

Retention

time

time(min)

Peak

Empirical
m/z

A

8.371

Product
formula

136

C7H8N2O

benzohydrazide
O,O,S-trimethyl

B

8.449

156

C3H9O3PS

phosphorothioate

The interaction between AZPM and smectite
saturated with inorganic metalions can affect the stability of AZPM and transformation [14]. Exchangeable cations within interlayer may change the physical and chemical properties of mont-motillonite surface, such as the activity sites and type etc. thus affecting adsorption and retention of AZPM molecules
at the surface of montmorillonite. It is known that
AZPM molecules has something to do with the metal
ions force and its polarization [15]. In addition, the
existence of AZPM into the montmorillonite interlayer can be used as electron donor and exchangeaEOH FDWLRQV VR WKDW LW FDQ GHYHORS µFDWLRQ-ʌ¶ bonding[16], thereby promoting the adsorption ability of
AZPM on montmorillonite surface[15]. This complexation process is often along with the transfer of
charge, which can have an advantage effect on
AZPM catalytic conversion. Influenced by radius of
metal cations, electronic valence, capacity of accepting electron and effective ionic radius, in the present
of exchangeable cations at the surface of montmoril-

O,O,S-tri-

C

172

C3H9O2PS
2

methyl
phosphorodithioate
S-methyl

10h

phosphenothioite com-

D

11.225

202

C5H15O2P
S2

pound
with

di-

methylsulfane
and methoxymethane
methyl 2-

E

12.002

151

C8H9NO2

aminobenzoate
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therefore, the ·OH detected by EPR may be disproportionate from O2·-.

FIGURE 3
Proposed pathway for the photocatalysis of
AZPM with Fe(III)-M

FIGURE 4
Free radicals detected by EPR of Fe(III)-M and
Na(I)-M after light

Catalytic mechanism. The mechanism of photodegradation of AZPM at Fe(III)-M surface is that
Fe3+/Fe2+ in the absence of H2O2 may develop Fenton-like system in the reaction forming O2·- or ·OH,
it is reported in [25].[27], which could enhance the
photocatalytic ability via light irradiation. However,
it is difficult to measure the O2·- and ·OH because of
its high reactivity and short life, there being several
techniques to detect these groups, such as electron
paramagnetic resonance(EPR) [17], HPLC [18] , fluorescence spectroscopy [19] and Chemiluminescence [20] , one of the effective ways to determine
the free electron is using Electron Sp in Resonance.
Due to the free radical O2·- and ·OH existing short
life-time, adding free radical scavengers such as
DMPO and TEMPO, which can be effectively combined with O2·- or ·OH when captured by scavenger,
so that generate a relatively stable free radicals and
promote its detection accuracy. Compared DMPO
with TEMPO, the DMPO radical agent is widely applicable, high resolution, combined with a variety of
active free radicals and generate stable free radicals,
which has great significance to distinguish free radical type. A further study about the mechanism of
photocatalysis reaction of AZPM on Fe(III)-M surface, the DMPO was selected as free radical scavenger, the solution extracted from Fe(III)-M surface after irradiation for the EPR.
The EPR spectra of Fe(III)-M (Fig. 4) was
1:2:2:1 isometric quad peak, and the g score was
2.00536, the graph was·OH DMPO EPR spectrum
from typical water medium[21]. Therefore, in the
presence of H2O, Fe(III)-M can generate ·OH when
light. However, Fe(III)-M system while light can
easily react with O2 in air forming O2·-, and the oxidation process may proceed by one electron transfer
leading to the degradation of AZPM, but the O2·- is
easily disproportionate to ·OH in water system,

In combine with photodegradation products
(Fig.2), the possible reaction mechanism of AZPM
on the surface of Fe(III)-montmorillonite was: there
counld EH IRUPHG µFDWLRQ-ʌ¶ EHWZHHQ $=30 DQG
Fe2+ in montmorillonite interlaye[14] (equation (1));
DIWHUYLVLEOHOLJKWWKHHOHFWURQLQµFDWLRQ-ʌ¶ bonding
may transfer, the AZPM molecules as electron donor
may lose one electron and become AZPM+, and Fe3+
as electron acceptor get one electronic, which could
form Fe2+ (equation [22](2)); Fe2+ could react with
O2 in the air generating O2·-, at the same time Fe2+
could lose one electron forming Fe3+ [22] (equation
(3)); in the presence of H2O (in air or montmorillonite interlayer), in further reaction O2·- would generate ·OH with H2O [23](equation (4)); under the action of O2·- or ·OH, AZPM+ would oxidized and degraded [24](equation (5)).
Fe(ϩ)-0$=30ĺ)H Ϫ)-0««$=30  
Fe(Ϫ)-0««$=30ĺ)H ϩ)-M+AZPM+(irradiation) (2)
Fe(ϩ)-M+O2ĺ2ā-+Fe(Ϫ)-M
(3)
O2·-+2ĺā2+ 
AZPM++·OH㸦or O2·-㸧ĺGHJUDGDWLRQSURGXFWV 

CONCLUSION
In the process of photodegradation AZPM on
modified montmorillonite surfaces, due to AZPM
and exchangeable cations can form cation-ʌEHWZHHQ
clay mineral interlayer, therefore, the existence of
six kinds of metal cations such as K+, Na+, Ca2+,
Mg2+, Al3+ and Fe3+ in clay interlayer can have different effects on photodegradation of AZPM, especially the Fe(ċ)-M has the highest photocatalysis
rate and efficiency. Intermediate products deter-
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ULOORQLWH.6)DVFDWDO\VWIRUGHJUDGDWLRQRIDF
HWDPLQRSKHQ ZLWK KHWHURJHQHRXV )HQWRQ UHDF
WLRQV 5HDFWLRQ .LQHWLFV0HFKDQLVPVDQG&D
WDO\VLV
[8] +-LD//L;)DQ0/LX:'HQJ&:DQJ
  9LVLEOH OLJKW SKRWRGHJUDGDWLRQ RI SKH
QDQWKUHQHFDWDO\]HGE\)H ,,, VPHFWLWH5ROHRI
VRLORUJDQLFPDWWHU-RXUQDORI+D]DUGRXV0D
WHULDOV
[9] 3:X=/LDR  (QYLURQPHQWDOFKHPLV
WU\EHKDYLRURIKHUELFLGHPRQWPRULOORQLWHLQWHU
OD\HU$GYDQFHLQ(QYLURQPHQWDO6FLHQFH

[10] /- $UUR\R + /L %- 7HSSHQ 6$ %R\G
 $VLPSOHPHWKRGIRUSDUWLDOSXULILFDWLRQ
RIUHIHUHQFHFOD\V&OD\VDQG&OD\0LQHUDOV

[11] 0(%DOPHU.8*RVV536FKZDU]HQEDFK
 3KRWRO\WLFWUDQVIRUPDWLRQRIRUJDQLFSRO
OXWDQWV RQ VRLO VXUIDFHV$Q H[SHULPHQWDO DS
SURDFK(QYLURQPHQWDO6FLHQFH 7HFKQRORJ\

[12] *=KDR4+XDQJ;5RQJ3&DL:/LDQJ
. 'DL   ,QWHUIDFLDO LQWHUDFWLRQ EHWZHHQ
PHWK\OSDUDWKLRQGHJUDGLQJEDFWHULDDQGPLQHU
DOVLVLPSRUWDQWLQELRGHJUDGDWLRQ%LRGHJUDGD
WLRQ
[13] +-LD-=KDR;)DQ.'LOLPXODWL&:DQJ
  3KRWRGHJUDGDWLRQ RI SKHQDQWKUHQH RQ
FDWLRQPRGLILHG FOD\V XQGHU YLVLEOH OLJKW $S
SOLHG&DWDO\VLV%(QYLURQPHQWDO
[14] '4=KX%(+HUEHUW0$6FKODXWPDQ(5
&DUUDZD\-+XU  &DWLRQSLERQGLQJ$
QHZ SHUVSHFWLYH RQ WKH VRUSWLRQ RI SRO\F\FOLF
DURPDWLF K\GURFDUERQV WR PLQHUDO VXUIDFHV
-RXUQDO RI (QYLURQPHQWDO 4XDOLW\  

[15] 59DQEODGHO$0RUHDOH  $GVRUSWLRQ2I
)HQXURQ$QG 0RQXURQ 6XEVWLWXWHG8UHDV %\
0RQWPRULOORQLWH&OD\V6RLO6FLHQFH 6RFLHW\
RI$PHULFD-RXUQDO
[16] &DWLRQSLERQGLQJB$QHZSHUVSHFWLYHRQWKH
VRUSWLRQRISRO\F\FOLFDURPDWLFK\GURFDUERQVWR
K\GUDWHGPLQHUDOVXUIDFHVSGI!
[17] -..LP,60HWFDOIH  ,QYHVWLJDWLRQRI
WKHJHQHUDWLRQRIK\GUR[\OUDGLFDOVDQGWKHLUR[
LGDWLYH UROH LQ WKH SUHVHQFH RI KHWHURJHQHRXV
FRSSHUFDWDO\VWV&KHPRVSKHUH
[18] ':X0/LX''RQJ;=KRX  (I
IHFWV RI VRPH IDFWRUV GXULQJ HOHFWURFKHPLFDO
GHJUDGDWLRQRISKHQROE\K\GUR[\OUDGLFDOV0L
FURFKHPLFDO-RXUQDO
[19] 4;LDR=6L-=KDQJ&;LDR;7DQ  
3KRWRLQGXFHG K\GUR[\O UDGLFDO DQG SKRWRFDWD
O\WLF DFWLYLW\ RI VDPDULXPGRSHG 7L2 QDQR
FU\VWDOOLQH-RXUQDORI+D]DUGRXV0DWHULDOV

[20] +<+DQ=.+H<(=HQJ  5X 

mined by GC-MS chromatograms, the AZPM molecules on Fe(ċ)-M surface could be degraded and
formed a series of small molecular products, suggesting that Fe(ċ)-M had the highest photodegradation for AZPM. The EPR data indicated that it may
produce ·OH on the Fe(ċ)-M surface in the presence of water system under irradiation, the production of free radicals may be derived from the disproportionation of O2·-, which could promote the degradation reaction of AZPM on Fe(ċ)-M surface.
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RUJDQRSKRVSKRUXV SHVWLFLGHV 3HVWLFLGH %LR
FKHPLVWU\DQG3K\VLRORJ\
[4] /6+XQGDO0/7KRPSVRQ'$/DLUG$0
&DUPR  6RUSWLRQRISKHQDQWKUHQHE\UHI
HUHQFH VPHFWLWLHV (QYLURQPHQWDO 6FLHQFH 
7HFKQRORJ\
[5] 000RUWODQG/-+DOORUDQ  3RO\PHU
L]DWLRQRIDURPDWLFPROHFXOHVRQVPHFWLWH6RLO
6FLHQFH 6RFLHW\ RI$PHULFD -RXUQDO  

[6] +1LVKLPXUD<6X]XNL01LVKL\DPD7)X
MLVDZD 7 .DWDJL   3KRWRGHJUDGDWLRQ RI
LQVHFWLFLGH PHWRIOXWKULQRQVRLOFOD\PLQHUDOV
DQGJODVVVXUIDFHV-RXUQDORI3HVWLFLGH6FLHQFH

[7] &'HQJ&5HQ):X1'HQJ(0*OHERY
,33R]GQ\DNRY9)3O\XVQLQ  0RQWPR
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SKHQDQWKUROLQH    FRXSOHG FKHPLOXPLQHV
FHQFH IRU GHWHUPLQDWLRQ RI K\GUR[\O UDGLFDOV
&KLQHVH -RXUQDO RI $QDO\WLFDO &KHPLVWU\ 

[21] +' %XUURZV 0 &DQOH -$ 6DQWDEDOOD 6
6WHHQNHQ  5HDFWLRQSDWKZD\VDQGPHFK
DQLVPVRISKRWRGHJUDGDWLRQRISHVWLFLGHV-RXU
QDORI3KRWRFKHPLVWU\DQG3KRWRELRORJ\%%L
RORJ\
[22] -60LOOHU'2OHMQLN  3KRWRO\VLVRISRO
\F\FOLFDURPDWLF K\GURFDUERQVLQ ZDWHU:DWHU
5HVHDUFK
[23] &/<DS6*DQ+.1J  )HQWRQEDVHG
UHPHGLDWLRQ RI SRO\F\FOLF DURPDWLF K\GURFDU
ERQVFRQWDPLQDWHG VRLOV &KHPRVSKHUH 

[24] - 6\NRUD   3KRWRFKHPLVWU\ RI FRSSHU
FRPSOH[HVDQGWKHLUHQYLURQPHQWDODVSHFWV&R
RUGLQDWLRQ&KHPLVWU\5HYLHZV
[25] 6KRNUL.0DKDQSRRU'6RRGEDU  'HJ
UDGDWLRQ RI QLWURSKHQRO IURP SHWURFKHPLFDO
ZDVWHZDWHU E\ 891L)H2 &OLQRSWLOROLWH
SURFHVV)UHVHQ(QYLURQ%XOO
[26] <$WWD %< -LEULO 7 .$O:DKHLEL  
0LFURZDYHHQKDQFHG FDWDO\WLF GHJUDGDWLRQ RI
QLWURSKHQRORQDOXPLQDVXSSRUWHGFRSSHUR[
LGHV&DWDO\VLV&RPPXQLFDWLRQV
[27] -L;-LQJ<;X-<DQ+;X+/L  
6\QWKHVLVRIPDJQHWLF%L2%U1L)H2K\EULGV
DQGWKHHIILFLHQWSKRWRFDWDO\WLFDFWLYLW\)UHVHQ
(QYLURQ%XOO
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perature and calcination time [10]. In literature, different calcination temperature and time were used
for different metal doped TiO2 [11-12]. However,
none of them has evaluated the effect of the calcination temperature and time together.
The aim of this study was to evaluate paracetamol degradation by metal doped (Zn, Ag, Fe)
TiO2/UV photocatalytic process and also determine
of the optimum metal/TiO2 ratio and metal doped
TiO2 preparation process parameters such as calcination temperature and calcination time on paracetamol degradation.

ABSTRACT
The aim of this study was to evaluate paracetamol photodegradation by metal (Zn, Ag, Fe) doped
TiO2 process and also examine the effects of
metal/TiO2 ratio and catalyst preparation parameters
on paracetamol degradation. Metal doped TiO2 nanoparticles were prepared by sol±gel method and all
metal doped particles were affected both of calcination temperature and time. The photocatalytic activity of Ag/TiO2, Zn/TiO2 and Fe/TiO2 were found to
be higher than that of pure TiO2. The results showed
that Ag/TiO2 had the strong ability to degrade paracetamol, and the optimum ratio of Ag was 1% (as
weight ratio). Moreover, all the photocatalysts could
be reused for six times without remarkable loss of its
activity. The by-products of paracetamol under the
optimum conditions of Ag/TiO2 catalyst were also
proposed by LC-MS-MS analysis.

MATERIALS AND METHODS
Chemicals and analytical methods. The determination of paracetamol concentration was analyzed by UV±vis spectroscopy (Shimadzu UV-2401
PC) in quartz cells. TOC was analyzed by TOC-L
CPH/CPN SSM 5000A model.
Pure TiO2 and metal doped TiO2 catalysts were
characterized by scanning electron microscope
(SEM)-energy dispersive X-ray analyzer (EDX) and
Fourier Transform Infrared Spectroscopy (FTIR).
7KH SDUWLFOH PRUSKRORJ\ ZDV REVHUYHG E\ )(øQUANTA FEG 250 with the secondary electron detector (Everhardt Thornley ETD detector) operated
at 5 kV, 2.5 spot and 60000x mag and equipped with
an attachment for the Energy dispersive X-ray spectroscopy (EDX) were used for analysis of elemental
compositions of the photocatalysts. FT-IR was performed on a Bruker VERTEX 70 ATR and it was
used to evaluate and identify the formation of functional groups formed during the synthesis of the photocatalyst. The pHpzc of the samples was determined
according to literature [13].
Paracetamol residues were determined using
liquid chromatography-mass spectrometry (LC-MSMS) using an AB Sciex (Models 3200 QTRAP). The
LC was filled with a reverse-phase C18 analytical
column (Venesil AQ C18-3umx100Amstrong
2.1x50mm) and MS/MS was operated in positive
and negative ionization mode with electrospray
source ionization (ESI). The positive ionization
mode was operated under the following conditions:

KEYWORDS:
degradation, optimization, paracetamol, photocatalytic,
doped TiO2.

INTRODUCTION
Paracetamol (acetaminophen) which is one of
the pain killer drugs, is not complete removal of the
wastewater treatment plant and concentrations are in
the range of 10-ȝJ/LQUHFHLYLQJZDWHUV>-3].
Advanced oxidation processes are an effective
method for the removal of drugs and dangerous pollutants and they can mineralize to carbon dioxide and
water [4]. Among them, TiO2/UV photocatalysis is
the most promising process because of its effectiveness, stability, and degrading much of pollutants [5].
TiO2 has high photodecomposition efficiency and
low cost catalyst, but TiO2 has a large band gap of
3.2 eV [6-7]. In recent years, researches have been
focused on metal doped TiO2 due to an increase in
the removal efficiency of pollutants by reducing the
band gap energy [8-9]. However, catalyst morphology (particle size, crystallization, etc.) and photodegradation activity are affected by calcination tem-
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curtain gas (CUR): 20, ion spray voltage (IS): 5500,
DP: 90 and EP: 10. The negative ionization mode
was operated under the following conditions: curtain
gas (CUR): 20, ion spray voltage (IS): -450, DP: -70
and EP: -12.

central points. The analysis of the polynomial model
was calculated using the Design-Expert 7 Program
Software and the levels and ranges of variables for
each of the metal doped TiO2 is given in Table 1.

Preparation of doped TiO2 catalysts. TiO2
and doped TiO2 catalysts were prepared by sol-gel
method at room temperature. Ethanol anhydrous was
added titanium (IV) butoxide with ratio ethanol: titanium butoxide of 10:1 (v/v) and was stirred for 60
min. Glasiel acetic acid and distilled water solution
(Glacial acetic acid: distilled water 1:3 v/v) was
slowly added and stirred continuously for 30 min.
Metal (Zn, Ag or Fe) was added with in appropriate
amounts of glacial acetic acid and distilled water solutions. Pure TiO2 was prepared as the same methods
of metal doped TiO2 without any metal additions.
After that sol was dried at 105°C for 12 hours and
calcined in a muffle furnace at 350-650°C for 1-3
hours.

TABLE 1
The levels and ranges of variables for each of
metal doped TiO2
Independent
variables
A
B
A
B
A
B

Coded variable level
Low (-1)
Center (0)
Zn/TiO2 Powder
450
550
1
2
Ag/TiO2 Powder
350
450
1
2
Fe/TiO2 Powder
450
550
1
2

High (+1)
650
3
550
3
650
3

A: Calcination Temperature (°C) and B: Calcination
Time (h)

Photocatalytic experiments. The photocatalytic experiments were carried out at Luzchem UV
Photoreactor equipped with sixteen UV lights and
operated at a constant temperature of 35°C. UV-Vis
(Sylvania, 8W), UV-A (Hitachi, 8W), UV-B (Hitachi, 8W) and UV-C (Osram, 8W) light lamps were
used in photocatalytic studies. Initial paracetamol
concentration was selected 25 mg/L and 0.5 g/L pure
TiO2 or metal doped TiO2 catalyst was used in photocatalytic experiments. Samples for analysis were
filtered through 0.20 μm cellulose acetate membranes (HA, Millipore). The degradation of paracetamol with metal doped TiO2 in the darkness or under UV light in the absence of catalyst (direct photolysis) showed negligible paracetamol degradation.

FIGURE 1
Paracetamol removal at different metal/TiO 2
ratios by UV-A (Paracetamol: 25 mg/L, catalyst: 0.5 g/L, time: 120 min)

Optimization of metal/TiO2 preparation
process parameters. Zn, Ag and Fe were selected
as metals for doped TiO2 in this study. For optimization metal/TiO2 ratio (% weight basis), five different
ratios were used between 0.1-3.0% for Zn, 0.2-2.0%
for Ag and 0.3-3.0% for Fe metals. For optimization
calcination temperature, three different temperatures
were selected between 350-650°C and three different times were used as 1-3 hours to determine the
optimum calcination time.

RESULTS AND DISCUSSION
Effect of metal/TiO2 ratios on paracetamol
removal. Zn, Ag and Fe doped TiO2 have a positive
effect on the enhancement of the photocatalytic degradation of paracetamol (Fig 1). Paracetamol removal efficiency increased with increasing metal/
TiO2 ratio up to 0.85% for Zn/TiO2, 1.0% for Ag/
TiO2 and 0.60% for Fe/TiO2 and further increasing
the metal ratio decreased the paracetamol degradation due to the covering surface of TiO2 and the increased reflection of the light or reduced the efficiency of charge separation [11,14]. Some research
were observed the similar negative effect above the
optimum value of metal ratio TiO2 catalyst and explained this phenomenon is due to the enhancing
electron hole recombination [8,15-17]. The lower
doping metal can cause to the weaker capability of
restraining electron-hole recombination and limit
capture trap. Metal nanoparticle on TiO2 surface can

Experimental design. Central Composite Design (CCD) was used to evaluate the influence of calcination temperature and time and the optimum conditions were determined according to the degradation of paracetamol. The three values as low, center
and high were used in the experiments and 2 k full
factorial designed by using the Design Expert. Two
factors were investigated as calcination temperature
(°C) and calcination time (hours). Total experiments
were 10 and the experimental design points consists
of 2n factorial points (23= 8) and 2 replications of the
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indicate model terms are significant. In this case, A
and A2 are significant model terms (Eq. 3). Negative
effects of calcination temperature and time show that
paracetamol removal increases at low levels of these
parameters. Similar results were obtained Ag/TiO 2
and Fe-TiO2 catalysts.
Increased calcination temperature from 450 to
550°C has enhanced the paracetamol removal efficiency with Zn/TiO2 or Fe/TiO2 catalysts while the
maximum paracetamol removal efficiency achieved
at 450°C with Ag/TiO2 catalyst (Fig. 2). However;
when the calcination temperature increases to
650°C, the obvious influence upon both in the removal of paracetamol and kapp were observed in all
metal doped TiO2 because the size of nanoparticles
was increased and accordingly surface area of catalyst was decreased [19]. The photocatalytic activity
of metal doped TiO2 catalyst increases with increasing the calcination time from 1 to 2 hours, and then
decreases when calcination time is 3 hours. This is
because increasing calcination time and calcination
temperature above the optimum value can promote
the transformation of anatase to rutile phase and decrease the photocatalytic activity [12]. The optimum
calcination temperature and time of Zn/TiO2,
Ag/TiO2 and Fe/TiO2 catalysts were found to be
500°C-2 hours, 450°C-2 hours and 550°C-2 hours,
respectively.

act as recombination (electron±hole separation) centres and readily transfer electrons to oxygen or water
molecules to form of hydroxyl radicals for the enhancement of the photocatalytic activity [12,15].
The results showed that the Ag/TiO2 catalyst is the
more active catalyst than Zn/TiO2 or Fe/TiO2 for
degradation of paracetamol due to its higher ability
to trap electrons than the other metals. Moreover, the
oxidation time was decreased from 120 min. to 90
min. with Ag/TiO2 catalyst under UV conditions.
Our experiments expressed that the degradation
of paracetamol by TiO2 or metal doped TiO2 catalyst
was fitted pseudo first-order for TiO2/UV process.
The first order reaction constant (kapp) was calculated
according to Luo et al. [6]. According to the results,
the kapp are obtained 13.1x10-3, 17.2x10-3, 28.8x10-3
and 15.7x10-3 miní1 for pure TiO2, Zn/TiO2, Ag/
TiO2 and Fe/TiO2 catalysts, respectively. Approximately 2 times higher kapp was obtained in Ag/TiO2
than pure TiO2 catalyst.
Optimum conditions of metal/TiO2 catalyst
preparation parameters. An empirical expression
of the response as a function of the independent variables from the analysis of variance (ANOVA) at the
95% confidence level (p<0.05) and details of the
model was given as follows:
PAM Removal (Zn/TiO2) (%)= 83.90-21.07*A2.58*B-9.62AB-17.87*A2-8.47*B2
(1)
(R-squared: 0.9352; Adj R-squared: 0.8542; Fvalue: 11.55; Lack of Fit F-value: 12.24)
The Model of implies the model is significant.
Values of "Prob-F" less than 0.0500 indicate that
model terms are significant [18]. In this case, A and
A2 are significant model terms and negative effects
of calcination temperature and time show that paracetamol removal increases at low levels of both parameters (Eq 1).
PAM Removal (Ag/TiO2) (%) = 99.152.71*A+6.19*B-8.47AB-10.67*A2-12.01*B2
(2)
(R-squared: 0.9502; Adj R-squared: 0.8879; Fvalue: 15.25; Lack of Fit F-value: 10.55)
The Model F-value of implies the model is
significant. Values of "Prob-F" less than 0.0500
indicate model terms are significant. In this case, B,
AB, A2 and B2 are significant model terms. The
quadratic coefficients A2 and B2 are more influential
parameters than the linear effect of all variable with
Ag/TiO2 catalyst (Eq. 2). A positive effect of B indicates that paracetamol removal increases in the presence of high levels of the respective variables within
the range studied. On the other hand, a negative effect of A shows that paracetamol removal increases
at low levels of this parameter.
PAM Removal (Fe/TiO2) (%) = 83.47-8.36*A3.56*B-2.76AB-19.64*A2-1.58*B2
(3)
(R-squared: 0.9029; Adj R-squared: 0.7885; Fvalue: 7.44; Lack of Fit F-value: 2.55)
The Model F-value of implies the model is
significant. Values of "Prob-F" less than 0.0500

Characterization of optimum TiO2 and
doped TiO2 catalysts. SEM and FT-IR analysis
were carried out in these optimum catalysts (Fig 3
and Fig 4). All the morphologies of particles had different shapes of the grains with irregular boundaries
(Fig 3). It can be seen that metal particles were deposited on the surface of TiO2 nanoparticles. Elemental composition of pure TiO2 and Zn/TiO2,
Ag/TiO2 and Fe/TiO2 were determined by EDX
analysis and the results showed that the weight of Ti
(titanium) and O (oxygen) are the main components
of the particles. The atomic ratio of Ti and O in the
particles were in the range of 8.1-8.7% and 91.391.9% (atomic ratio%), respectively. The atomic ratio of Zn, Ag and Fe were obtained 0.09%, 0.18%
and 0.12%, respectively.
The FT-IR spectra of catalysts show significant
peaks at ca. 400-500, 600-800, 1600-1700 and 23002400 cm-1 (Fig 4). The peaks around 400-500 cm-1
assigned to the characteristic vibrations of Ti-O-Ti
lattice and bending mode of vibrations and at ca. 700
and 800 cm-1 were attributed to the stretching vibrations of Ti±O bonds in the TiO2 lattice [20]. Peaks
around 1600-1700 cm-1 represented the bending vibrations of the O±H bending which adsorb hydroxyl
ions and water on the surface of catalyst and played
an important role to increase photocatalytic activity.
Ti±O±Ti vibrations in TiO2 (ca 600-800 cm-1) change
with Zn, Fe and especially Ag/TiO2. Signifi-cant
changes were observed at peaks around 600-800,
1600-1700 and 2300-2400 cm-1 at Ag/TiO2.
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FIGURE 2
Paracetamol removal at different metal/TiO 2 preparation parameters

FIGURE 3
SEM-EDX analysis of pure TiO2, 0.85% for Zn/TiO2, 1.0% for Ag/TiO2 and 0.60% for Fe/TiO2 catalysts
TABLE 2
Paracetamol and TOC removal efficiencies, kapp values with optimum metal doped TiO 2 under different
UV conditions (initial paracetamol: 25 mg/L, catalyst: 0.5 g/L, photocatalytic reaction time 6 h. for UVVis, 120 min. for UV-A, 100 min. for UV-B and UV-C)

Catalyst
Pure TiO2
0.85 Zn/TiO2
1.00 Ag/TiO2
0.60 Fe/TiO2

TOC Removal (%)
UV-A
37.5
41.0
58.1
38.8

Paracetamol Removal
(%)
UV-C UV-B UV-A UV-Vis
92.4
89.5
82.0
7.6
92.9
99.6
90.3
20.4
97.7
97.7
98.0
28.6
82.8
98.0
88.5
14.6



TOC *10-3
(kapp, min-1)
UV-A
3.4
4.8
7.2
4.1

Paracetamol *10-3
(kapp, min-1)
UV-C UV-B UV-A UV-Vis
24.3
17.2
12.7
0.55
26.9
30.3
16.9
1.41
31.7
29.9
30.5
2.09
15.1
26.5
15.7
0.98
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FIGURE 4
FT-IR analysis of pure TiO2, 0.85% for Zn/TiO2, 1.0% for Ag/TiO2 and 0.60% for Fe/TiO2 catalysts
was observed that under UV-Vis and UV-A the
lights, whereas the influence of metal additives is reduced under UV-B and UV-C lights. This is because
TiO2 catalyst shows a high photocatalytic activity
under the UV-B and UV-C lights. However, in UVVis and UV-A conditions, metal dopant was more
dominant to the enhanced photocatalytic degradation
than the TiO2 activity. TOC removal efficiencies
were obtained as 38, 41, 58 and 39% in pure TiO 2,
Zn/TiO2, Ag/TiO2 and Fe/TiO2, respectively. TOC
removal and kapp,TOC were obtained approximately
1.5 and 2 fold higher in Ag/TiO2 than pure TiO2 catalyst, respectively.

FIGURE 5
ESI-MS spectrum of treated sample by doped
TiO2 at positive ions (Initial paracetamol concentration: 25 mg/L, Ag/TiO2: 0.5 g/L, 2 h
UV-A time)

Paracetamol residues in treated samples by
doped TiO2 catalysts. To obtain paracetamol residues in treated samples, Ag/TiO2 catalyst was used
for 2 h in UV lights. The spectrum showed that the
degradation of paracetamol has led to several intermediates (Fig 5). Paracetamol was not observed in
treated samples and minor peaks of p-Benzequionone (108m/z) and acetamide (59.1m/z) indicated
that most of the paracetamol was oxidized the small
and non-toxic molecules. Acetamide was degraded
to ammonium and nitrate [23]. The major peaks at
101.9 m/z and 114.1 m/z could be the carboxylic
acid groups. It was showed that aromatic structure of
p-Benzequionone broke down to carboxylic acids
and rapidly converted to inorganic ions and carbon
dioxide [1]. Similar paracetamol degradation products were shown in literature and these products and
derivatives were obtained in previous studies [2425].

FIGURE 6
Paracetamol removal changes with pure TiO 2,
0.85% for Zn/TiO2, 1.0% for Ag/TiO2 and
0.60% for Fe/TiO2 catalysts under UV-A conditions (Initial paracetamol concentration: 25
mg/L, catalyst: 0.5 g/L)

Reusability of doped TiO2 catalysts. The stability of photocatalyst is important due to understand
the reusability of the catalyst [26]. A series of six repeated photocatalytic experiments runs were performed to evaluate stability and after each repeated
run, the catalyst was separated from the liquid phase,
followed by washing with deionized water three

Paracetamol and TOC removal with pure
TiO2 and doped TiO2 catalysts. All the three metal
doped TiO2 exhibited obviously enhanced photocatalytic activities at UV visible light as compared to
pure TiO2 (Table 2). The paracetamol removal was
obtained 7.6% with pure TiO2 catalyst and it increased to 28.6% with Ag/TiO2 catalyst under UVVis conditions. The further effect of metal additives
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Photochemistry and Photobiology A: Chemistry, 322-323, 102-109.
[4] Shorki, A., Salimi, M. and Abmatin, T. (2017)
Employing photo fenton and UV/ZnO processes
for removing reactive red 195 from aqueous environment, Fresen. Environ. Bull., 26(2a), 15601565.
[5] Ji, H., Jing, X., Xu, Y., Yan, J., Li, Y., Huang,
L., Zhang, Q., Xu, H. and Li, H. (2016) Syn-thesis of magnetic BiOBr-NiFe2O4 hybrids and the
efficient photocatalytic activity, Fresen. Environ. Bull., 25(8), 3083-3091.
[6] Luo, M., Huang, F. and Chen, Q. (2017) Preparation and photocatalytic performance of
meso-microporous composites supported TiO2,
Fresen. Environ. Bull., 26(1a), 739-748.
[7] Cavalheiro, A.A., Bruno, J.C., Saeki, M.J.,
Valente, J.P.S. and Florentino, A.O. (2008) Photocatalytic decomposition of diclofenac potassium using silver-modified TiO2 thin films, Thin
Solid Films, 516(18), 6240-6244.
[8] Harifi, T. and Montazer, M. (2014) Fe3+:Ag/
TiO2 nanocomposite: Synthesis, characterization and photocatalytic activity under UV and
visible light irradiation, Applied Catalysis A:
General, 473, 104-115.
[9] Sreethawong, T., Ngamsinlapasathian, S. and
Yoshikawa, S. (2014) Photochemically deposited nano-Ag/sol±gel TiO2±In2O3 mixed oxide
mesoporous-assembled nanocrystals for photocatalytic dye degradation, Journal of Colloid Interface Science, 421, 191-198.
[10] Satheesh, R., Vignesh, K., Suganthi, A. and Rajarajan, M. (2014) Visible light responsive photocatalytic applications of transition metal (M =
Cu, Ni and Co) doped a-Fe2O3 nanopar-ticles,
Journal of Environmental Chemical Engi-neering, 2(4), 1956-1968.
[11] Liu, G., Zhang, X., Xu, Y., Niu, X., Zheng, L.
and Ding, X. (2005) The preparation of Zn2+
doped TiO2 nanoparticles by sol±gel and solid
phase reaction methods respectively and their
photocatalytic activities, Chemosphere, 59(9),
1367-1371.
[12] Shokri, M., Jodat, A., Modirshahla, N. and
Behnajady, M.A. (2013) Photocatalytic degradation of chloramphenicol in an aqueous suspension of silver-doped TiO2 nanoparticles, Environmental Technology, 34(9), 1161-1166.
[13] Orfao, J.J.M., Silva, A.I.M., Pereira, J.C.V.,
Barata, S.A., Fonseca, I.M., Faria, P.C.C. and
Pereira, M.F.R. (2006) Adsorption of a reactive
dye on chemically modified activated carbonsInfluence of pH, Journal of Colloid Interface
Science, 296(2), 480-489.
[14] Lin, X., Rong, F., Fu, D. and Yuan, C. (2012)
Enhanced photocatalytic activity of fluorine
doped TiO2 by loaded with Ag for degradation
of organic pollutants, Powder Technology, 219,
173-178.

times and dried 105°C for 12 hours. The photocatalytic degradation efficiency slightly decreased from
the first cycles to sixth cycles (Fig 6). This can be
attributed to the fact that during degradation some of
the metal ions are converted from positive to zero
charge [27]. Decreasing trends in the final degradation efficiencies were obtained as 6% for Zn/TiO 2,
8% for Ag/TiO2 and 3% for Fe/TiO2 after six repeated experiments. Nevertheless, more than 85%
paracetamol removal was observed even if it is used
for six times and all nanoparticles were effective and
stable for the photocatalysis of paracetamol using
UV irradiation.

CONCLUSION
Photocatalytic degradation of paracetamol was
studied different metals (Ag, Fe, Zn) doped TiO2 nanoparticles, different calcination temperature and
time under UV light irradiation. The doping of the
metal ion onto the TiO2 surface was useful in improving the photocatalytic activity at optimum metal/TiO2 ratio for paracetamol degradation. However, metal ratio, calcination temperature and calcination time were important factors to affect photocatalytic activity of metal doped TiO2 catalyst.
Moreover, 0.85%-500°C-2h. for Zn/TiO2, 1.0%450°C-2h. for Ag/TiO2 and 0.60%-550°C-2h. for
Fe/TiO2 catalyst as metal/TiO2 ratio-calcination temperature-calcination time showed the maximum photocatalytic paracetamol degradation. ESI-MS spectrum of treated sample is showed that the carboxylic
acid groups were dominated in treated water.
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Asia, and South America. In the Khyber Pakhtunkhwa province, it is cultivated in the districts of
Swat, Swabi and Mansehra, where it is mainly grown
for fresh market. Sweet corn fetches higher prices
kg±1 as compared to field corn, but its yield ha ±1 is
low. The main reason for low yield is the lack of systematic research and absence of improved varieties.
Far-mers usually grow landraces which are well
adapted to the local environments. Investigation of
quali-tative and quantitative characters of existing
land-races may be useful in maintaining their genetic
diversity and preserving them from genetic erosion[3].
The optimum fertilizer application is vital for
enhancing crop productivity. Nitrogen (N) is one of
the most deficient, yet essential nutrient in the cultivated soils of the world[4]. Specific N recommendations for sweet corn production are essential for
maximizing profit and productivity. Many factors,
including chemical application, low irrigation, in-organic soil N and N mineralization, soil type and other
environmental factors are responsible for low yields
in crop[5-7]. Sweet corn has shown different responses to N in different environments. Kar et
al.,[8]reported that application of 80 kg N ha±1 produced significantly higher green±ear yield, ear
length and total N uptake in sweet corn. Increasing
N application increased ear diameter, ear length,
number of kernels ear-1 and fresh ear weight [9].Plant
density is an important cultural practice determining
grain yield of sweet corn that can affect plant architecture, alters growth and deve-lopment patterns and
influences the production and partitioning of photoassimilates[10]. Maize is very sensitive to changes in
plant density. Beyond opti-mum plant density Carbon and N supply become limited to the ear, which
may cause abortion of kernels [10] resulting in lower
yields. Khan et al., [11]reported significantly higher
grain yield under plant density of 100 000 plants ha±
1
. Studies on the combined effects of N rate and density on phenology, yield components and grain yield

ABSTRACT
An experiment was conducted at two locations
during spring 2008 at the New Developmental Farm
(NDF) and the Cereals Crop Research Institute
(CCRI). Two landraces of sweet corn Mansehra
(MNS) and Swabi (SWB) were planted with Cv.
Azam. Furthermore, four densities and N levels were
used in randomized complete block (RCB) design
with split-plot arrangement. Phenology, yield and
yield components responded positively to locations,
landraces, nitrogen and density. Signifi-cantly
higher number of kernels ear±1, grain weight and
grain yield were found at NDF. Landrace SWB was
tasseled and matured late, while Azam was recorded
highest for kernel ear-1 (KPE), total grain weight
(TGW) and grain yield (GY) followed by SWB.
Moreover, days to tasseling and maturity, KPE,
TGW, and GY in N±fertilized plots were significantly higher as compared to control. Maxi-mum GY
was observed in plots with a density of 100000 plants
ha±1; however, it was comparable to GY obtained under the dense population of the plants (density of
120000 plants ha±1).

KEYWORDS:
Nitrogen, phenology, plant density, sweet corn, yield components

INTRODUCTION
Sweet corn (Zea mays saccharata) is one of
several types of maize (Zea mays L.), which principally includes flint corn, dent corn, flour corn, popcorn and pod corn[1]. It is mainly grown worldwide
for three distinct markets± fresh, canned, and frozen.
Total area in the world under sweet corn cultivation,
during 2008, was 1 million ha with production of 9.2
MT[2].Its consumption is increasing in Europe,
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monitored by manual picking. Besides, the rest of the
standard agronomic practices were strictly followed
during the study.
The data were recorded on days to tasseling,
days to physiological maturity, ear length, number of
kernels ear±1, 1000±grain weight and grain yield.
Two central rows were employed for data recording. Days to tasseling was recorded when 50 % of
plants produced tassels. Days to physiological maturity were recorded by counting days from sowing
till 50 % of plants become physiologically mature.
The appearance of black layer in the grains of the
mid portion of the ear was considered as physiological maturity [14]. Length (cm) of 10 ran-domly selected ears in each subplot was measured with measuring tape. The average of these ears was recorded
as ear length. Number of kernels ear±1 was calculated
from 10 randomly selected ears in each subplot.
1000±grain weight was obtained by weigh-ing 1000
grains in each subplot with an electric balance. After
harvest the plants were sun dried, threshed and
cleaned to record grain yield (kg ha±1).

of selected landraces of sweet corn are lacking in
Khyber Pakhtunkhwa, Pakistan. Keeping in view the
importance of landraces, N fertilization and plant
density of sweet corn, this study was initiated to find
out optimum N rate plus plant density in the Northwest of Pakistan.

MATERIALS AND METHODS
The experiment was performed at two locations: one at NDF, and second at CCRI, during
spring 2008. NDF is located at 34° N latitude, 71.3°
E longitude and 367 m above sea level. CCRI is located at 34° N latitude, 72° E longitude and 284 m
above sea level. Both locations have a conti-nental
type of climate and are generally semiarid. Soil samples (30 cm depth) were collected and analyzed for
organic matter[12], extractable phos-phorus and exchangeable potassium[13]. Soil from NDF was clay
loam, highly calcareous, alkaline (pH 8.2), with low
organic matter (8.7 g kg±1), P (1.15 mg kg±1) and K
(506 mg kg±1). Whereas, soil from CCRI was sandy
loam, moderately calcareous, having a pH of 7.7,
containing organic matter content of 3.4 g kg±1, P
(2.9 mg kg±1) and K (188 mg kg±1).
Two landraces of sweet corn (MNS, SWB) and
Cv. Azam was planted under 4 densities (80 000, 100
000, 120 000 and 140 000 plants ha±1) and 4 N levels
(0, 120, 160, 200 kg N ha±1). Landrace SWB was collected from district Swabi (Khyber Pakhtunkhwa),
which is located in central valley plains. Its climate
is subtropical, sub±humid and continental with a
mean summer temperature ran-ges between 40 to 44
°C and mean winter tempe-rature between 4-6 °C.
The average annual rainfall varies from 450 to 750
mm with more rains (about 60%) in the months during summer. The landrace, MNS was collected from
district Mansehra (Khyber Pakhtunkhwa), where it
grows in lowland, having a humid climate with hot
dry summer (max. temp. 38-42 °C) and mild winter
(min. temp. 3-5 °C) with an average annual rainfall
of 800 mm. Moreover, Azam is the synthetic cultivar
of field corn that is widely grown in Khyber Pakhtunkhwa from the last few years.
The experiments were designed as a randomized complete block (RCB) with a split plot arrangement having three replicates. The size of each subplot was 4 × 3.6m2that were having6 rows, each row
was 4m long with a row-row distance of 60 cm. Sowing was done on 11th March, 2008 at CCRI and on
18th March, 2008 at NDF. Half of the N in the form
of urea was applied during seed bed prepa-ration,
while the remaining half was applied at the stage,
when the plants were having 4±6 leaf. All plots were
fed with a basic dose of phosphorus (70 kg P ha±1) in
the form of SSP. Furadan (Carbofuran 3%) @ 19.76
kg ha±1 was applied during early growth stages of the
crop to control stem borers, whereas weeds were

RESULTS
Days to tasseling. The results of our study
(Figure 1) revealed that sweet corn that was planted
at the CCRI took more days to tassel than at the
NDF. On the other hand, nitrogen application also
played a vital role in tasseling of the sweet corn.
Plants that were fed without N were tasseled earlier
than those fed with 200 Kg N ha-1. Among the landraces, SWB took a bit longer to tassel (60.5 days)
followed by MNS (59.9 days) and Azam (54.6 days).
Similarly, greater the number of plants per unit area
the longer it took to tassel. The interaction effect of
plant density ×N GRVH GLGQ¶W VKRZ DQ\ VLJQLILFDQW
difference regarding the tasse-ling of the sweet corn
(Figure 2). On the contrary, interaction between location × landraces (Figure 3), location × N dose (Figure 4), location × plant den-sity (Figure 5), landrace
× N dose (Figure 6) and landrace× plant density (Figure 7) had significantly affected the tasseling of the
sweet corn. At both locations, significant delay in
tasseling was noted under higher N rates. However,
tasseling was delay-ed more at NDF (3.1 days) as
compared to CCRI (2.4 days). Also, a significant increase in days to tassel has been noticed in the crops
that were densely populated at both locations. Higher
doses of nitrogen have also prolonged the tasseling
time for the plants from the various landraces. Moreover, tasseling was belated in MNS (3.2 days) as
compared to Azam (2.5 days) and SWB (2.5 days).
Certainly, an overdue tasseling was more obvious in
landrace, SWB (2 days) as compared to Azam (0.9
day) and MNS (1.1 day), when planted under highest
density.
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Days to maturity. Location has played its role
in deciding the maturity of the plants, a late maturity (114 days) was observed at CCRI compared to
NDF (105 days). Besides, the cultivar Azam matured
earlier (105 days), while SWB maturated late (113
days). The maturity of the plants was also affected
by the level of N, plants that were culti-vated in control plots (i.e. without the application N), matured
earlier than the one fed with high N. The maturity of
the plants was restricted with an increase dose of the
N, maximum days to maturity (116 days) were recorded for plants fed with 200 kg N ha-1. The crop that
was cultivated densely was matured late compared
to the plants from the lowest population. An increase
in the plant density (140, 000 plants ha±1) led to maximum days taken up by the plants to get mature (Figure 1). The data regar-ding the interaction effect between plant density × N dose revealed that under 0
doses of N and lower density, the plants were matured earlier (Figure 2). The maturity of the plants
was delayed, when plants were fed with high N rates
in a dense population. Likewise, the relationship between location × landraces (Figure 3) and location ×
N dose (Figure 4), had significantly affected the maturity of the plants. The maturity was delayed more
at CCRI (22 days) as compared to NDF (18 days). A
trend of significant increase in days to maturity was
also noticed with an increase in plant density at both
locations (Figure 5). Such observations demonstrated that the interaction effect of location × plant
density is a valuable parameter in determining the
maturity of the plant. The landrace × N interaction
revealed a significant delay in maturity under higher N levels in all landraces (Figure 6). Corres-pondingly, the maturity was delayed more in SWB (21
days) as compared to Azam (20 days) and MNS (19
days). The interactive effect of landrace and plant
density was also significant on days to maturity (Figure 7). All landraces showed delay in maturity with
an increase in plant density. However, delay in maturity was more in Azam and SWB compared to
MNS.

An increase in N application increased KPE, while
the increase in plant density decreased KPE. Plants
recorded with maximum KPE from the plots which
received highest N dose and having lowest plant density. Also, the landrace Azam produced significantly
higher KPE at both locations, but on overall basis
plant grown at NDF performed well as compared to
CCRI. On the other hand the interaction effect between location × plant densities significantly decreased the number of KPE, which means that by increasing the plant density resulted in a lower KPE
irrespective of the location. The data regarding landraces × N dose suggested that KPE increased more
in Azam (117) followed by SWB (82) and MNS
(67), when grown under highest N dose (200 kg ha ±
1
). This showed that Azam is more efficient compared to SWB and MNS. Additionally, all landraces
exhibited a decrease in KPE with an increase in plant
density. However, under highest plant density a dip
in KPE was more prominent in Azam (36) compared
to MNS (27) and SWB (19).
Grain weight. Grain weight (TGW) is one of
the quality parameters of the sweet corn that was significantly affected by the location and landraces. A
highest TGW (190 g) was documented at NDF, similarly, the landrace Azam produced more TGW (202
g) followed by SWB (195 g) and MNS (163 g). TGW
was also increased significantly with an increase in
the applied dose of N. A linear declination has been
noticed in TGW as plant density increased from lowest (80 000 plants ha±1) to highest (140 000 plants ha±
1
) (Figure 1). Further-more, significantly higher
TGW was noted in plots that received highest N
dose, yet lowest plant den-sity (Figure 2). Additionally, higher TGW was recorded at NDF for all landraces, but Azam in particular gave significantly
higher TGW (Figure 3). The data suggested that N
was utilized more efficiently at NDF, which is quite
evident from the results; same TGW was observed
for NDF plots consuming 160 kg N ha±1 to that of
CCRI plots consuming 200 kg N ha±1(Figure 4). The
interaction effect of location × plant density trended
in a low TGW with an increase in plant density at
both loca-tions (Figure 5). The value of TGW significantly in-creased with an increment of N in all landraces. Though, TGW increased more in SWB (90 g)
followed by Azam (82 g) and MNS (57 g), when
grown under highest N dose (200 kg ha±1) com-pared
to control (0 N) (Figure 6). The observations of this
study had also reflected on the decrease in TGW with
an increase in plant density (Figure 7).
Grain yield. Various treatments of this research had significantly affected the grain yield. A
crop that was cultivated at NDF produced 9.2 %
higher GY compared to the crop from CCRI. Highest GY was recorded for Azam (3193 kg ha±1) followed by SWB (2416 kg ha±1) and MNS (1989 kg
ha±1), respectively. The controlled treatment pro-

Number of kernels ear±1. Figure 1 revealed a
significantly higher number of kernels ear±1 (KPE) at
NDF compared to CCRI. Azam produced more KPE
(309) followed by SWB (258). Similarly, the number
of KPE was noted significantly higher in the plants
that received higher doses of N. But, the plants from
the densely populated plots had low KPE, a maximum KPE (283) was recorded under lower plant
density (80 000 plants ha±1), while minimum KPE
(252) was recorded under higher plant density (140
000 plants ha±1) (Figure 1). A significant variation
has been spotted for the various interactions, including plant density ×N dose (Figure 2), location × landraces (Figure 3), location × N dose (Figure 4), location × plant density (Figure 5), landrace × N dose
(Figure 6) and landraces × plant density (Figure 7).
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duced lowest GY that was increased significantly
with an increased dose of N fertilizer. In addition, a
maximum GY was recorded for plants from 100 000
plants ha±1 population, which was comparable to the
120 000 plants ha±1, whereas a lowest GY was recorded for 80 000 plants ha±1 and 140 000 plants ha±1.
Also, plants had maximum GY (3849 kg ha±1), when
received highest N dose and maintained at a density
of 100,000 plants ha±1 (Figure 2). The interaction effect of location × land-races (Figure 3), location × N
dose (Figure 4), loca-tion × plant density (Figure 5)
on GY was found non-significant. Nonetheless, the
effect of landraces ×N dose revealed a significant increase in GY with each increment of N in all landraces (Figure 6). Grain yield increased with an increase in N dose in all tested landraces, yet Azam
(3541 kg ha±1) was the standout cultivar followed by
SWB (2488 kg ha±1) and MNS (2080 kg ha±1). Moreover, GY decreased with an increase in plant density
irrespective of the landraces (Figure 7).

Fresenius Environmental Bullet

FIGURE 2
Interaction effect of plant density × nitrogen
dose on phenology, yield and yield components
of sweet corn.

FIGURE 3
Interaction effect of location × landraces on phenology, yield and yield components of sweet
corn.
In the figure 3, DT = days to tassel; DM = days
to maturity; KPE = number of kernels ear ±1; TGW =
1000-grain weight and GY = grain yield (Kg × 10
per hectare). CCRI and NDF represent location;
whereas MNS and SWB represent landraces.

FIGURE 1
Effects of location, landrace, nitrogen (N) and
plant density on phenology, yield and yield components of sweet corn
In the figure 1, DT = days to tassel; DM = days
to maturity; KPE = number of kernels ear±1; TGW =
1000-grain weight and GY = grain yield (Kg × 10
per hectare). Also, CCRI = Cereal Crops Research
Institute; NDF = New developmental farm; MNS =
Mansehra and SWB = Swabi. Furthermore,
0,120,160 and 200 are the various nitrogen doses applied in Kg/hectare, whereas 80000, 100000, 120000
and 140000 represent the number of plants per hectare.
In the figure 2, DT = days to tassel; DM = days
to maturity; KPE = number of kernels ear±1; TGW =
1000-grain weight and GY = grain yield (Kg × 10
per hectare). Nitrogen doses (Kg/hectare) is represented by 0,120,160 and 200; whereas plant density
(number of plants per hectare) is rep-resented by
80000, 100000, 120000 and 140000 respectively.

FIGURE 4
Interaction effect of location × N fertilizer on
phenology, yield and yield components of sweet
corn.
In the figure 4, DT = days to tassel; DM = days
to maturity; KPE = number of kernels ear ±1; TGW =
1000-grain weight and GY = grain yield (Kg × 10
per hectare). CCRI and NDF represent location;
whereas 0, 120, 160 and 200 represent the applied
doses (Kg/hectare) of nitrogen fertilizer.
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per hectare). MNS and SWB represent landraces;
whereas 0, 120, 160 and 200 represent the applied
dose (Kg/hectare) of N fertilizer.
In the figure 7, DT = days to tassel; DM = days
to maturity; KPE = number of kernels ear±1; TGW =
1000-grain weight and GY = grain yield (Kg × 10
per hectare). MNS and SWB represent landraces;
whereas 80000, 100000, 120000 and 140000 represent the plant density (number of plants/hectare).

DISCUSSION

FIGURE 5
Interaction effect of location × plant density on
phenology, yield and yield components of sweet
corn.

Sweet corn was planted early at CCRI as compared to NDF, which may be one of the main reasons
behind early tasseling at NDF. Another reason for
late tasseling at CCRI may be a lower average air
temperature at sowing thus causing delay in emergence and slower seedling growth as compared to
NDF. Therefore, the delayed tasseling at CCRI may
be due to earlier planting under cooler soil conditions
as compared to late planting at NDF. In a cool soil,
seed take more days to emergence. Sacks et
al.,[15]stated that late planting resulted in reduced
growing degree days (GDD), which may have a
shortened growth cycle of the crop. Genetic make±
up [16, 17]of a cultivar might play a key role in tasseling initiation. Kashiani et al., [18]also found
ahighly significant effect of cultivars on days to tasseling in sweet corn. Vegetative growth might also
be increased with N application that in turn resulted
in delayed tasseling. Furthermore, delayed tasseling
in maize with higher N rate has been reported quite
recently [19-21]. Our results also suggested that rate
of plant development may have slowed down due to
more competition for water and nutrients under
higher population. Sweet corn was planted early at
CCRI, as compared to planting at NDF, which may
be one of the main reasons behind early maturity at
NDF. Sacks et al., [15] declared that late planting resulted in reduced GDD, which may have a shortened
growth cycle of the crop. Differences in maturity
may be due to differ-rences in the onset of reproductive stage (tasseling, silking) and environmental factors (temperature and precipitation). Dry climatic
conditions at NDF has-tened plant growth [22]and
development resulting shorter crop cycle. Amanullah et al.,[21]attributed distribution of rainfall as the
main reason behind the delay in phonological parameters of maize. This may be due to lengthened vegetative and reproduct-ive period with increase in N.
The delay in maturity might be due to more competition among plants for soil, water and mineral nutrients, which slowed down plant development. Delay
in maturity under higher densities was also reported
by Khan, et al. [11]. Earlier maturity at NDF may be
attributed to late planting at NDF. Another possible
reason for the late maturity at CCRI might be the

In the figure 5, DT = days to tassel; DM = days
to maturity; KPE = number of kernels ear±1; TGW =
1000-grain weight and GY = grain yield (Kg × 10
per hectare). CCRI and NDF represent location;
whereas 80000, 100000, 120000 and 140000 represent the plant density (number of plants/hectare).

FIGURE 6
Interaction effect of landraces × N fertilizer on
phenology, yield and yield components of sweet
corn.

FIGURE 7
Interaction effect of landraces × N fertilizer on
phenology, yield and yield components of sweet
corn.
In the figure 6, DT = days to tassel; DM = days
to maturity; KPE = number of kernels ear±1; TGW =
1000-grain weight and GY = grain yield (Kg × 10
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high preci-pitation during the growth cycle compared to NDF.
The number of kernels might be related to the
crop growth rate and NDF, as demonstrated by Islam
et al.,[23]. Higher KPE in Azam can be attri-buted to
its superior genetic make±up. Nitrogen is an important substrate for the growth of developing grain.
Van Der Heijden et al.,[24]found a positive association between plant and soil microbes that helps the
plants to accumulate N and increased productivity.
Thus the reduced grain yield and KPE might be due
to the N stress. Borras et al., [25]concluded that plant
density affects the post flowering source/sink ratio
through its effects on leaf area, light interception
plant±1 and KPE. Hashemi et al.,[26]found a linear
decline in all yield components due to higher competition pressure in higher plant densities. Monneveux et al., [27]attributed spikelet abortion as a key
cause behind lower KPE in higher plant densities.
Bruns and Abbas [28] also reported similar results.
The increase in TGW can be attributed to the
positive effect of N on plant growth rate [29]and efficient remobilization of N during grain filling [30].
Nitrogen deficiency lowers radiation use effi-ciency
and photosynthesis activity in plants [4] re-sulting in
lower grain weight. Similar results have been reported earlier[31].
Grain yield (GY) is a quantitative trait which is
affected by many genes and the environment[32].
The results regarding the grain yield are at par with
findings of other workers who reported positive relation of GY with N application[33,34]. Ciam-pitti
and Tony [35]found that limiting N during the vegetative phase can cause high reductions in GY. Hirel
et al., [36]reported an increase in GY of pop-corn
when plant density was increased from 5.7 plants m±
2
to 7 plants m±2. They reported significant decrease
in GY when density was further increased to 9.5 and
14 plants m±2. At lower densities, GY is limited by
the inadequate number of plants, where-as at higher
densities, it declines mostly because of an increase
in the number of aborted kernels[26].
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open areas [3, 4]. Since the first species (Oenothera
biennis L.) was introduced in Europe in 1780 in the
United Kingdom, the number of introduced species
of this genus has reached 70 [5]. They have been
mainly introduced through botanical gardens and
their expansion is facilitated by the use of the roots
for human food and the oil from the seeds in the cosmetic industry and in medicinal uses [6].
In the Iberian Peninsula, ten species and two
hybrids have been described colonizing disturbed
soils, degraded riparian zones and coastal sands [1,
6]. Among them, beach suncup or beach evening
primrose (Oenothera drummondii Hook.) is a perennial species native to the Atlantic Coast of North
America that was first described in Spain in 1915 [7]
and found since then in the Atlantic coast (Huelva
and Cadiz provinces) and Cantabric Sea (Guipuzcoa
and Vizcaya provinces) [1, 6, 8]. O. drummondii can
EHGHILQHGDVD³WUDQVIRUPHU´DVLWLVDEOHWRFKDQJH
the character, condition, form or nature of the ecosystems over a substantial area causing a high impact
on the native vegetation [9-10]. In addition, the
spread capacity of O. drummondi is favoured by the
low coverage of the native vegetations in these areas,
that usually present a high level of habitat alteration
caused by human activities [10].
The eradication methods of O. drummondi used
in Spain include chemical treatments [6] and manual
removal [11]. Specifically in the province of Huelva
(SW Spain), O. drummondii has been localized in
two protected areas: Doñana National Park and Marismas del Odiel Natural Reserve [7-8, 11-13]. In
Doñana National Park hand removal has been a successful technique and the species have been eradicated [11]. However, in Marismas del Odiel Natural
Reserve O. drummondii remains as an important
problem because it colonises all coastal dunes, from
embryo to mature dunes, and acts as an alien species.
The highest densities have been described on the mature dune system with more than 4 individuals per
m2 and coverages of 30%, and the population continues to expand [8, 12].
The establishment of appropriate control systems requires a good knowledge of the reproductive
biology of the species in order to plan efficient eradication actions. The seeds of O. drummondii do not

ABSTRACT
Oenothera drummondii, native to the Atlantic
Coast of North America, is an invasive species in the
Iberian Peninsula, and in Marismas del Odiel Natural Reserve behaves as an alien plant representing an
important conservation problem.
O. drummondii¶V RSWLmal germination occurs
with a 12/12 hours photoperiod, independently of the
application of a cold stratification. The exposure to
salt (0.05 to 0.9 M NaCl) drastically reduces its germination, but the seeds remain dormant and germinate in the present of fresh water. The initial exposure to 0.9 M NaCl followed by distilled water was
the combination that presented the highest germination rate. Similar to salt, burial depth has a negative
effect diminishing the germination of the seeds,
which remain dormant until they are on the surface.
The aim of the present study was to analyse the
effects of different parameters on its germination in
order to get a better knowledge of the biology of the
species and the article describes the inhibition of germination by salt and sand burial, characteristics that
suppose an important adaptation, as it colonizes the
coastal dunes, where salt is present and washed by
rain water and sand is moved by the wind.

KEYWORDS:
Oenothera drummondii; weed; alien plant; seed germination; salinity; sand burial

INTRODUCTION
The Oenothera genus (Onagraceae) is native
to the temperate and subtropical zones of America
where they are primary colonizers of cleared areas of
primary or secondary open habitats, including fields,
road sites, streamsides or dunes [1-3]. Many species
of this genus have been introduced in temperate areas of other continents where some have been naturalized while others act as invasive species [2]. The
invasive capacity of the Oenothera genus varies
among the species, generally based on their ability to
escape from competitors and efficiency colonizing
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Germination experiments. For each treatment four control plates were established sowing the
seeds on 9 cm petri dish watered with distilled water
and 12/12 hours photoperiod. The different treatments applied were:

have any specialized structure to facilitated its dispersion [14-15]. They can be dispersed by the wind
[16] and also by the rain that favours the opening of
the fruits and the exposure of the seeds, being the
species is considered ombrohydrochoric [17]. Moreover, they can be dispersed by ectozoochory, in the
hair of animals [18] or endozoochory, by animals
such as hares that eat their capsules [12]. In addition,
the seeds of O. drummondii can remain dormant up
to 80 years in the seed bank [19], being among the
species with greater longevity [18, 20-21]. In coastal
dune ecosystems where the substrate is moved by
waves and wind, the effect of burial on the germination and seedling growth is also an important factor
to be analyzed [22-27]. Little is known about ecological factors that influence the germination of O.
drummondii and in the present study we report the
effects of light, salt and burial depth on the germination and initial development of the seedlings.

(1) Darkness: The seeds were sown as previously described and kept in the dark using an opaque
cover. The cover was only opened at the end of the
experiment, 30 days after the sowing. No germination dynamic data could therefore be estimated from
this experiment.
(2) Cold pre-treatment: The seeds were introduced in test tubes with distilled water and kept at
4ºC for 20 days in the dark and then sown on petri
dishes with 12/12 hours photoperiod as described for
the control condition.
(3) Cold pre-treatment and darkness: After
the cold pre-treatment, the seeds were sown on petri
dishes and kept in darkness as previously described.

MATERIALS AND METHODS

(4) Salinity: The seeds were sown on petri
dishes and watered with 0, 0.05, 0.1, 0.2, 0.3, 0.6 or
0.9 M NaCl solutions. After 30 days, the seeds that
did not germinate were rinsed, transferred to new
dishes watered with distilled water and the germination was followed for another 30 days to study their
recovery. The recovery percentage of germination
was calculated as the number of seeds that germinated under this condition regarding the initial number of seed sown on salt concentration. Additionally,
to estimate the effect of exposing seeds to salinity,
total germination percentage was calculated for each
salt concentration, as the sum of the germination percentage under salt stress plus the recovery percentage.

Study area and seed collection. The fruits of
O. drummondii were collected from the sand dunes
at the Marismas del Odiel Natural Reserve (Huelva,
6: 6SDLQ ¶¶¶1-¶¶¶:  LQ )HEUXDU\
2014. The seeds were cleaned and stored in paper
bags at room temperature, dry conditions and darkness.
Experimental conditions. Just before being
used and in order to prevent contamination, the seeds
were surface-sterilized in 5% (v/v) sodium hypochlorite for 10 minutes and then rinsed three times in
distilled water. This treatment does not affect the
seed germination capacity in other species [28-29].
The germination experiments were carried out
on 9 cm petri dishes with two layers of autoclaved
filter paper watered with 5 ml of the different treatment solutions and sealed with adhesive tape (ParaILOP WRDYRLGGHVLFFDWLRQ or on 600 mL beakers
filled with fine grain sand. The dishes or beakers
were kept in controlled environmental conditions,
with temperatures between 20-25ºC (optimal of germination of other Oenothera species [30-31], 12/12
KRXUV SKRWRSHULRG DQG  ȝPRO P-2 s-1 photosynthetic photon flux density.
Four replicates with 25 seeds were used for
each treatment. A seed was considered germinated
when the radicle reached at least the same size as the
seed.
The germination was followed for 30 days and
the number of germinated seeds was recorded every
2 or 3 days. After 30 days no more seeds germinated
and the final germination percentage and the germination speed, t50 (number of days needed to reach
50% of the final germination percentage) [28-29]
were calculated for each dish.

(5) Burial: The seeds were sown in 600 ml
beakers filled with fine grain sand at a height of 2 cm
from the bottom and they were covered with 0, 1, 2,
3, 4 or 6 cm of sand to simulate different depths of
sowing. All beakers were moistened at the beginning
of the experiment with 10 ml of distilled water, protected with aluminum foil to prevent light penetration from the side, and sealed with adhesive tape
3DUDILOP WRDYRLGGHVLFFDWLRQ7KHEHDNHUVZHUH
kept in the same conditions as the petri dishes of the
control condition: 20-25ºC and 12/12 hours photoperiod. The seedling emergence was recorded every
2 or 3 days. After 30 days, the sand container was
decanted in water and the germinated seedlings and
non-germinated seeds were carefully recovered by
floating. The percentages of germinated seeds that
emerged (emergent percentage), germinated seeds
that die before reaching the soil surface (non emergent percentage), and the final germination (sum of
previous data) were calculated.
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The seeds that did not germinate were transferred to petri dishes prepared as described for the
control condition and their germination was followed for another 30 days. The total germination percentage was calculated for each depth as the sum of
the final germination percentage under depth conditions plus the recovery percentage, in order to estimate the effect of exposing seeds to different depths.
Morphological analysis of the seedlings. In
order to analyze the influence of the different treatments on the seedling development, the length and
width of the cotyledons, the length of the hypocotyls
and the length of the radicle were measured in 15
days old seedlings, using up to 10 seedlings per dish
and no data was recorded when there were less than
three seedlings in a dish. The measurements were
done under a magnifying glass.
Statistical analysis. Statistical analyses of the
data were performed using Statistica 8.0. The data
did not follow a normal distribution and therefore
Kruskal-Wallis and Mann-Whitney U test were used
to detect significant differences. Significant differences were considered when p<0.05 in all the cases.

RESULTS
Effects of light and cold pre-treatment. The
final germination of O. drummondii under control
conditions was 56.5±4.4%, value significantly
higher than when the seeds were kept in darkness
(Fig. 1A). However, when the seeds were cold pretreated and then kept in the dark, no statistical differences were found compared to the control conditions. The analysis of the dynamics of the germination revealed that there were no significant differences between light and cold treatment followed by
light (t50 of 10.1±2.1 days and 10.6±2.6 days, respectively).
The analysis of the seedlings revealed that, the
light had a positive effect on the size of the cotyledons that were wider and longer in the seedlings exposed to light, with or without cold treatment (Fig.
1B and Fig. 1C). The lack of light had a positive effect on the length of the hypocotyls, which was accented with the cold pre-treatment. The hypocotyls
were, on the other hand, not affected by cold pretreatment in the presence of light (Fig. 1D). The light
did not affect the length of the radicle in the absence
of cold pre-treatment, but darkness had a negative
effect on its development (Fig. 1E).

FIGURE 1
Final germination percentage of O. drummondii seeds (A); cotyledon width (B); cotyledon length (C); hypocotyl length (D); and radicle length (E) of seeds germinated on 12
hours photoperiod, dark, cold pre-treatment
with 12/12 hours photoperiod, and cold pretreatment with dark. Data show mean ± SE of
four independent dishes with 25 seeds per dish
(germination) or four independent dishes and
10 seedlings of 15 days old per dish (morphology). Different letters indicate significant differences
(p<0.05; Mann-Whitney U-test).
Effects of salinity. The presence of salt had a
negative effect on the germination of O. drummondii, with a significant reduction at 0.1 M NaCl
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reached the highest recovery percentage, reaching
76±4% (Fig. 2A). The germination dynamic of the
recovery experiment only showed significant differences at 0.3 M NaCl (t50 of 7.0±1.0 days).
When the total germination was analysed as the
sum of the initial plus the recovery, the data revealed
that 0.9 M NaCl was the treatment that reached the
highest germination percentage, with 76.1±4.2%
compared with the 56.5±4.4% of the control (Fig.
2A).

and no germination registered at higher concentrations (Fig. 2A). However, the germination dynamics
of the treatments that germinated (control, 0.05 and
0.1 M NaCl) did not present significant differences,
with t50 values of 10.1±2.0, 9.0±1.8 and 13.8±3.8
days respectively. The recovery of the seeds that had
been exposed to 0.05 and 0.1 M NaCl was about
10%; those that had been exposed from 0.2 to 0.6 M
showed significantly higher recovery rates, from 30
to 40% and those that had been exposed to 0.9 M

FIGURE 2
Effects of salinity (NaCl) on the germination of O. drummondii and recovery in distilled water (A); cotyledon width and length (B); and hypocotyl and radicle lengths (C) of the seedlings germinated at 0,
0.05 or 0.1 M NaCl and their recovery results in distilled water (R0.05, R0.1, R0.2, R0.3, R0.6, R0.9).
Data show mean ± SE of four independent dishes with 25 seeds per dish (germination) or four independent dishes and 10 seedlings of 15 days old per dish (morphology). For each colour bar (black, grey
or white) different letters indicate significant differences (p<0.05; Mann-Whitney U-test).
The absence of letters above a bar indicates that there were less than three seedlings and therefore insufficient data for the statistical analysis.
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FIGURE 3
Effects of depth of sowing on the germination of O. drummondii and the recovery in distilled water (A);
cotyledon width and length (B); and hypocotyl and radicle length (C) of seedling germinated at different depths (0, 1, 2, 3, 4, 5, and 6 cm) and their recovery results in distilled water (R0, R1, R2, R3, R4
and R6). Data show mean ± SE of four independent dishes with 25 seeds per dish (germination) or four
independent dishes and 10 seedlings of 15 days old per dish (morphology). Different letters (for each
colour or pattern bar) indicate significant differences (p<0.05; Mann-Whitney U-test).
The absence of letters above a bar indicates that there were less than three seedlings and therefore insufficient data for statistical analysis. In the panels B and C, 1A indicate the measurements of the
emerged seeds and 1B of the non-emerged seeds.

Effects of sand burial. The depth at which the
seedlings were placed had a significant effect on the
emergence of the seedlings, as no seed emerged at
depths of more than 2 cm, but no differences were
detected in the percentage of seedlings that emerged
from seeds sown between 0 and 1 cm, 60.0±5.6%
and 57.7±7.4% respectively (Fig. 3A). These germination percentages did not show significant differences with the seeds sown on petri dishes in control
conditions (56.5±4.4%) previously described
(Mann-Whitney test, p=0.6627 and p=0.8647 respectively). After 30 days, the sand was removed and

The analysis of the seedlings showed that the
exposure to salt caused reductions of the cotyledons
that were the largest in the absence of salt, although
in some cases the differences were very small (Fig.
2B). The hypocotyls were also negatively affected
by the presence of salt, being 0.1 M NaCl the concentration that caused the shorter hypocotyls, with
intermediate values on the recovery treatments (Fig.
2C). And the analysis of the radicle showed that it
was strongly reduced by the presence of salt and
smaller than the control in all the recovery experiments (Fig. 2C).
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the same genus such as O. biennis [33-35] and O.
indecora [31]. Our results showed that the effect of
the darkness could be countered if the seeds were
cold pre-treated. In this case, the germination percentage and the speed of germination were similar to
the light conditions, and a similar pattern had been
described for O. macrocarpa [17]. In the case of O.
biennis the maximum germination rates were
reached after the winter, in both, light and dark conditions, while in other seasons the germination in
darkness was smaller than in light [32]. The need of
a cold period of time prior to the germination had
been also observed in other plant species (see [36]
for revision).
Our results showed that O. drummondii had a
preference to germinate under light conditions. Although O. drummondii is perennial, a similar pattern
in germination was described for biannual species of
the Oeneothera genus [3], and it is considered as an
adapatation to live in perturbed habitats. The seedlings that germinated under light conditions, with or
without cold pre-treatment, presented longer and
wider cotyledons and smaller hypocotyls than those
developed in darkness. In the case of the radicles, the
most significant result is the reduced size of the seedlings developed in the dark after cold pre-treatment.
All these effects are normal in etiolated plants that
allocate more resources to the growth of the hypocotyls reducing the allocation of resources to other
organs [37].
O. drummondii lives and colonizes habitats in
the coastal areas, exposed to salinity, so the plants
should have some tolerance to salt [38]. However,
our results showed that the presence of salt had a
negative effect on the germination of O. drummondii
that was not able to germinate at concentrations
above 0.2 M NaCl. Not only the germination was affected, but also the seedlings that germinated in the
presence of 0.05 or 0.1 M NaCl were smaller than
the ones germinated on distilled water. These results
indicate O. drummondii is unable to germinate in the
presence of high concentrations of salt. The presence
of salt has been described to have a negative effect
on the germination and initial development of O. biennis at concentrations below 0.1 M NaCl [39-40].
Interestingly, the seeds exposed to different levels of
salt were able to germinate when the seeds were
rinsed and sown in new dishes with distilled water
(recovery assay). When the total germination percentage was calculated as the sum of the germination
in salt plus the recovery germination in distilled water, no differences were found among 0, 0.05, 0.3 and
0.6 M NaCl, meaning that after the exposure to salt,
the seeds are able to germinate in water. However,
concentrations of 0.1 and 0.2 M NaCl seem to have
a negative effect on the germination of seeds, as the
total germination is lower than the germination recorded the control seeds. This can be explained by the
fact that at these salt concentrations the seeds become quiescent or the death of the seeds [40-41]. On

the seedlings that did not emerged were counted and
there were significant differences among the sowing
depth in the percentage of seedlings that did not
emerge (Fig. 3A, dotted bar). The sum of emerged
and non-emerged seeds was used to calculate the total germination (Fig. 3A, black bar), and significant
differences were found. Finally, the seeds that had
not germinated were placed on petri dishes with distilled water and the recovery percentage from the different depths was calculated. These seeds that previously were buried from 2 to 6 cm presented significant higher germination than the seeds that were
sown at 0 or 1 cm (Fig. 3A grey bar). The total germination percentage, obtained as the sum of the final
germination plus the recovery germination, did not
show significant differences in any treatment, reaching in all the cases values higher than 75% (Fig. 3A
white bar).
The analysis of the seedlings that emerged from
the buried seeds showed that the size of the cotyledons was not significantly different between the
seeds that germinated under control conditions on
petri dishes and those at 0 or 1 cm, neither in length
or width (Fig. 3B). The length of the hypocotyl was
similar at 0 cm compared with the control conditions, longer in seedlings that germinated at 1 cm
depth and shorter in all the recovery assays (Fig. 3C).
The radicle was affected by the presence of salt, being shorter in seedlings that germinated at the surface
(0 cm) compared with the control in petri dish, and
became even shorter when germinated at 1 cm (Fig.
3C). In the recovery experiment, when the seeds that
did not have germinated were shown in petri dishes,
in general, they had shorter radicles compared with
the control experiment (Fig. 3C).

DISCUSSION
The data presented in this study show that the
seeds of O. drummondii possess a partial dormancy.
Under control conditions, with 12/12 hours photoperiod and without any previous pre-treatment,
about 60% of the seeds germinated. However, the results presented here showed that some treatments resulted in higher final germination percentages than
the control, such as the exposure to 0.9 M NaCl followed by distilled water that reached about 75%, or
the germination of the seeds in distilled water after
30 days of burial in sand that reached values close to
80%. Different species of the Oenothera genus, such
as O. macrocarpa, produce seeds that are physiologically dormant and require a cold stratification before they can germinate [17].
Light and temperature are the main factors affecting seed dormancy [32] and light is a crucial factor on the germination of invasive species [3, 33].
The absence of light has a negative effect on the germination of O. drummondii seeds as previously observed in other studies [34], and in other species of
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the other hand, very high concentrations of salt, 0.9
M NaCl, enhanced the total germination to levels
even higher than that of the control seeds, and this
result is interpreted as break of the dormancy. Therefore, this data suggests that the transport in sea water
is, not only possible by keeping the seeds in a
dormant state as described for other coastal species
(42-45], but also stimulates their germination when
the salt is diluted by fresh water or rain after floating
in the see as it was observed by [46-47].
Finally, and because they also colonize the
coastal dune ecosystem, it is important to know the
capacity of the seeds to germinate or remain dormant
at different burial depths and their capacity to
emerge. Regarding the effects of burial, no effects
have been observed on the germination percentage
and seedling emergence between 0 and 1 cm depth,
opposite to the behaviour observed in O. laciniata
that presented a higher emergence in seeds sown at
0.5 or 1 cm depth compared with the ones kept on
the surface [48] and in other dune species [49]. The
increase of the burial depth reduced the germination
capacity of O. drummondii that was not able to germinate at depths of more than 2cm. The burial depth
at which different plant species can germinate is very
variable, but it ends up being a negative factor for the
germination in all of them [23, 25, 27, 48, 50]. In the
case of O. drummondii, only the seedlings from
seeds sown on surface and at 1 cm depth were able
to emerge. The seedlings that emerged from 1 cm
depth presented cotyledons of similar size as the
seedlings that germinated on the surface, but with
shorter radicle and longer hypocotyl. This is explained by the effort to reach the light by the hypocotyl as previously explained [25, 37, 49]. When the
seeds were sown at depths of more than 2 cm, the
seedlings were not able to reach the surface and they
died. However, when the seeds that did not germinate on soil were transferred to petri dishes, the seeds
were able to germinate reaching similar levels in all
the cases. These results indicate that the burial prevents the germination at certain depths, avoiding the
death of the seedlings that will not be able to reach
the surface, creating a seed bank of dormant seeds
[25, 51]. This effect could be mediated by some parameters that change with the depth as the absence
of light, pressure, temperature, oxygen availability,
nutrients, humidity, microorganisms, etc. [24, 47,
52]. The comparison of the results obtained with
seeds sown in the petri dish and on the surface of the
sand are similar, indicating that both conditions are
good for the germination of the seeds, but the speed
of germination is different. The seeds sown on the
surface of the sand germinate faster than those in the
petri dish and produce shorter radicles.

Fresenius Environmental Bullet

CONCLUSIONS
The germination of O. drummondii is well
adapted to the environmental conditions present in
the areas where it behaves as an invasive species.
The seeds remain dormant in the presence of salt and
when they are buried by sand, as germinate then will
cause the death of the seedlings, but germinate after
the exposure to fresh water and when they are in the
surface of the sand, ensuring a greater success in the
initial growth and establishment.
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GXFH ELRGLYHUVLW\ SURGXFWLYLW\ DQG HFRV\VWHP VHUYLFHVIXQFWLRQFDXVHVRLOGHWHULRUDWLRQ>@
7KHUHDUHH[WHQVLYHO\UHVHDUFKHVRQVRLOSURS
HUWLHV>@DQGYHJHWDWLRQ>@XQGHUGLIIHUHQWODQG
XVHW\SHEXWOLWWOHLVNQRZQDERXWVRLOPLFURELDOGL
YHUVLW\3DVWVWXGLHVKDYH VKRZQ WKDWGLIIHUHQWODQG
XVHW\SHZLOOXVXDOO\FKDQJHWKHDERYHJURXQGYHJH
WDWLRQ DQG VRLO SURSHUWLHV ZKLFK FDXVH FKDQJHV RI
VRLO PLFURELDO FRPPXQLW\ FRPSRVLWLRQ JHQHWLF GL
YHUVLW\DQGIXQFWLRQDOGLYHUVLW\>@6XFKDV/LX
HWDO>@SRVWXODWHGWKDWODQGXVHW\SHVLJQLILFDQWO\
LQIOXHQFHGWKHYDULRXVDVSHFWVRIVRLOTXDOLW\VRLOPL
FURELDOELRPDVVDQGIXQFWLRQDOGLYHUVLW\ZDVKLJKHU
LQ SDGG\ VRLO DQG ORZHU LQ DULGODQG IRUHVWU\ DQG
JUDVVODQG6WXG\RQWKHPLFURELDOGLYHUVLW\RIHLJKW
UHGVRLOVZDVIXUWKHUVXSSRUWHGWKDWODQGXVHW\SHDI
IHFWPLFURELDOGLYHUVLW\VRLOVIURPWHDEXVKRUFKDUGV
ZHUHSDUWLFXODUO\GLVWLQFWLYHLQWKHLUPLFURELDOIXQF
WLRQDOGLYHUVLW\>@1XVVOHLQHWDO>@IRXQGWKDWVRLO
PLFURELDO FRPPXQLW\ FKDUDFWHULVWLFV KDYH DOVR XQ
GHUJRQHDVLJQLILFDQWFKDQJHZKHQWKHODQGXVHW\SH
FKDQJHGIURPIRUHVWWRSDVWXUHLQ+DZDLL+RZHYHU
:HQHWDO>@VXJJHVWHGWKDWWKHLUULJDWHGFURSODQG
UDLQIHGFURSODQGDQGJUDVVODQGZHUHTXLWHVLPLODU
LQ PLFURELDO FRPPXQLW\ VWUXFWXUH LQ IDUPODQGSDV
WXUH LQWHUOHDYLQJ ]RQH RI QRUWK &KLQD$V D UHVXOW
GLIIHUHQWODQGXVHW\SHKDGGLIIHUHQWHIIHFWRQVRLOPL
FURELDO GLYHUVLW\ LW LV QHFHVVDU\ WR VWXG\ WKH LQIOX
HQFHDWDJLYHQHFRV\VWHPV
6RLO PLFURRUJDQLVPV DUH VHQVLWLYH WR HQYLURQPHQWDOFKDQJHVDQGUHJDUGHGDVERWKDQLPSRUWDQW
FRPSRQHQW RI JUDVVODQG HFRORJLFDO V\VWHP DQG SD
UDPHWHUWRHYDOXDWHWKHVRLOHQYLURQPHQWDQGTXDOLW\
>@,QSDUWLFXODUVRLOPLFURELDOGLYHUVLW\LVXVHG
WR PRQLWRU VRLO HFRORJLFDO V\VWHP HYDOXDWH WKH
PDLQWHQDQFH RI HFRORJLFDO EDODQFH DQG RSWLPL]H
HFRV\VWHPPDQDJHPHQW>@,WLVDPRQJWKHUHVHDUFK KRWVSRWV LQ PLFURELDO HFRORJ\ DQG JOREDO
FKDQJH>@+RZHYHUOLWWOHLVNQRZQDERXWVRLOPL
FURELDO GLYHUVLW\ ZKHQ WKH ODQG XVH W\SH FKDQJHG
IURPQDWXUDOJUDVVODQGWRDUWLILFLDOJUDVVODQGRUIDUPODQGLQ6RQJQHQJUDVVODQG2XUVWXG\GLVFRYHUHGWKH
JHQHUDOHFRORJLFDOUHODWLRQVKLSVRIVRLOPLFURELDOGL
YHUVLW\ZLWKODQGXVHFKDQJHLQ6RQJQHQJUDVVODQG
7KLVZRXOGSURYLGHDUHIHUHQFHIRULPSURYHPHQWDQG
VXVWDLQDEOHGHYHORSPHQWRIGHJHQHUDWLYHJUDVVODQG

ABSTRACT
7KH KRWVSRW LV WR HYDOXDWH DQG LPSURYH
6RQJQHQJUDVVODQGZLWKVRLOGHJUDGHGFRQGLWLRQEHFRPLQJ PRUH VHYHUH EXW OLWWOH LV NQRZQ DERXW VRLO
PLFURELDOGLYHUVLW\7RUHYHDOWKH LQIOXHQFHRIODQG
XVH FKDQJH RQ VRLO PLFURELDO GLYHUVLW\ LQ 6RQJQHQ
JUDVVODQGZHPHDVXUHGDQGDQDO\]HGVRLOPLFURELDO
FRXQWVELRPDVVFDUERQDQGJHQHWLFGLYHUVLW\LQQDW
XUDOJUDVVODQG 1 DUWLILFLDOJUDVVODQG $ DQGIDUP
ODQG )  7KH UHVXOWV VKRZHG WKDW VRLO PLFURELDO
FRXQWV ELRPDVV FDUERQ DQG JHQHWLF GLYHUVLW\ UHGXFHGDIWHUQDWXUDOJUDVVODQGZDVFKDQJHGLQWRIDUPODQGDQGPLFURELDOFRPPXQLW\FRPSRVLWLRQUHGXFHG
%\FRQWUDVWVRLOPLFURELDOFRXQWVELRPDVV
FDUERQ DQG JHQHWLF GLYHUVLW\ UDLVHG DIWHU QDWXUDO
JUDVVODQGZDVFKDQJHGLQWRDUWLILFLDOJUDVVODQGDQG
PLFURELDO FRPPXQLW\ FRPSRVLWLRQ UHPDLQHG UDWKHU
VWDEOH7KHUHIRUHFRPSDULVRQZLWKIDUPODQGDUWLILFLDOJUDVVODQGLVDSUDFWLFDOODQGXVHFKDQJHIURPWKH
SRLQWRIVRLOPLFURELDOGLYHUVLW\,WLVQRWHZRUWK\WKDW
JURXSRI'HOWDSURWHREDFWHULDLVVHQVLWLYHWRQDWXUDO
JUDVVODQGXVHFKDQJH
.(<:25'6
/DQG XVH FKDQJH 6RLO PLFURELDO GLYHUVLW\ &RPPXQLW\
FRPSRVLWLRQ6RQJQHQJUDVVODQG

INTRODUCTION
,QIOXHQFHGE\QDWXUDOIDFWRUVDQGKXPDQDFWLY
LWLHVWKHVRLOGHJUDGHGFRQGLWLRQEHFRPHVVHYHUHLQ
6RQJQHQJUDVVODQG,WLVRQH RIWKH PRVWLPSRUWDQW
SUREOHPVLQWHUPVRIVXVWDLQDEOHDJULFXOWXUHDQGDQ
LPDOKXVEDQGU\>@,WLVWKHKRWVSRWWRHYDOXDWHDQG
LPSURYHWKHGHJHQHUDWLYHJUDVVODQG3HRSOHKRSHWR
VROYH WKLV SUREOHP E\ FKDQJLQJ WKH ODQG XVH W\SH
VXFKDVDUWLILFLDOJUDVVODQGRUIDUPODQG+RZHYHUD
IXUWKHUREVWDFOHKDVSUHVHQWHGWKDWODQGXVHFKDQJHLV
DQLPSRUWDQWIDFWRURQVRLOTXDOLW\>@DQGFDQDIIHFW
VRLOVWUXFWXUHSK\VLFDODQGFKHPLFDOSURSHUWLHV>@
5DWLRQDOODQGXVHW\SHFDQLPSURYHVRLOVWUXFWXUHDQG
SURSHUWLHVDQGHQKDQFHVRLODGDSWDELOLW\WRFKDQJHV
LQ WKH H[WHUQDO HQYLURQPHQW %\ FRQWUDVW LUUDWLRQDO
ODQGXVHW\SHFDQGHVWUR\VRLOVWUXFWXUHDQGDOVRUH-
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&)8J±GU\VRLO6RLO0%&ZDVGHWHUPLQHGE\WKH
FKORURIRUPIXPLJDWLRQLQFXEDWLRQPHWKRG>@

MATERIALS AND METHODS
6LWHV GHVFULSWLRQ ([SHULPHQWV ZHUH FRQGXFWHGLQWKH*UDVVODQG(FRORJLFDO5HVHDUFK6WDWLRQ
RI1RUWKHDVW1RUPDO8QLYHUVLW\&KDQJOLQJ&RXQWU\
-LOLQ3URYLQFH35&KLQD ƍWRƍ1ƍ
WRƍ( 7KHVWXG\DUHDKDVDVHPLDULGFRQWL
QHQWDO FOLPDWH 7KH PHDQ DQQXDO WHPSHUDWXUH LV
Υ DQG WKH PHDQ DQQXDO SUHFLSLWDWLRQ LV 
PP DQG WKH PDMRULW\ DOZD\V FRPHV EHWZHHQ -XQH
DQG$XJXVW$QQXDOHYDSRWUDQVSLUDWLRQLVPP
RUWLPHVWKDWDPRXQWRISUHFLSLWDWLRQ7KHGRPLQDQWVRLOVHULHVDWWKLVVLWHLVFKHUQR]HPZKLFKWDNHV
RUJDQLFPDWWHUFRQWHQWDWVXUIDFHOD\HU7KH
VRLOZDVVDOLQL]HGZLWKDS+YDOXHRIa

'1$ H[WUDFWLRQ 3&5 DPSOLILFDWLRQ DQG
'**( DQDO\VLV 7RWDO '1$ ZDV H[WUDFWHG IURP
JIUHVKVRLOXVLQJ3RZHU6RLO'1$,VRODWLRQ.LW
0R%LR/DERUDWRULHV,QF DFFRUGLQJWRWKHLQVWUXFWLRQV RI WKH PDQXIDFWXUHU )RU GHQDWXULQJ JUDGLHQW
JHOHOHFWURSKRUHVLV '**( DQDO\VLV3&5DPSOLIL
FDWLRQ RI EDFWHULDO FRPPXQLWLHV 6 U'1$ IUDJ
PHQWV ZDVFDUULHGRXW XVLQJ DWRXFKGRZQ SURJUDP
ZLWK WKH SULPHUV ) C$&7&&7$&**
*$**&$*&$*C DQG5 C &*&&&*&&
*&*&*&**&***&****&*****&$&
****** $77$&&*&**&7*&7** C 7KH
UHDFWLRQPL[WXUH ȝ/ FRQVLVWHGRIQJWHPSODWH
'1$ ȝ/ RI î3&5 %XIIHU  PRO 7ULV+&O
PRO.&OPRO0J&O ȝ/RIGHR[\ULERQX
FOHRWLGH WULSKRVSKDWH PL[WXUH  P0 RI HDFK
G173 ȝ/RIHDFKSULPHU ȝ0 DQGȝ/RI
7D.D5D7DT 8ȝ/ $IWHUPLQRIGHQDWXUDWLRQ
DWΥWKHUPDOF\FOHVRIPLQDWΥPLQ
DWΥ HDFKF\FOHGHFUHDVHVE\Υ DQGPLQ
DW Υ ZHUH SHUIRUPHG IROORZHG E\ DQ H[WHQVLRQ
VWHSDWΥIRUPLQ6XEVHTXHQWO\'**(DQDO
\VLV ZDV SHUIRUPHG XVLQJ WKH %LR5DG '&RGH70
8QLYHUVDO0XWDWLRQ'HWHFWLRQ6\VWHP3&5SURGXFW
ZDVORDGHGLQDFU\ODPLGHJHOFRQWDLQLQJ
GHQDWXULQJJUDGLHQWDWFRQVWDQWYROWDJHRI9IRU
KIRUWKHDQDO\VLVRIEDFWHULDOFRPPXQLW\$IWHU
VWDLQLQJZLWKVLOYHUQLWUDWHWKH'**(JHOVZHUHUHFRUGHG DV GLJLWDO LPDJHV ZLWK D %LR5DG *HO 'RF
 V\VWHP 5ROOLQJ GLVN PHWKRG ZLWK 4XDQWLW\
2QH9ZDVXVHGIRULGHQWLILFDWLRQRIHDFKEDQG
7KH\ ZHUH FRQYHUWHG WR ELQDU\ GDWD EDVHG RQ WKH
SUHVHQFHRUDEVHQFHRIHDFKEDQG'LIIHUHQWLDOGLVSOD\ EDQGV RI '**( SURILOHV ZHUH H[FLVHG '1$
ZDV H[WUDFWHG IRU UHDPSOLILFDWLRQV &ORQLQJ VH
TXHQFLQJDQGVHTXHQFHDQDO\VLVRI3&5SURGXFWZDV
FDUULHGRXWE\%HLMLQJ%LRJHQUR%LRWHFKQRORJ\&R
/WG

6DPSOLQJ:HLQYHVWLJDWHGWKUHHVLWHVRIODQG
XVHW\SH1DWXUDOJUDVVODQG 1 $UWLILFLDOJUDVVODQG
$ DQG)DUPODQG ) 1DWXUDOJUDVVODQGZDVW\SLFDO
/H\PXVFKLQHQVLVJUDVVODQG$UWLILFLDOJUDVVODQGZDV
IRUPHGIURPQDWXUDOJUDVVODQGE\FXOWLYDWLQJ/H\PXV
FKLQHQVLVLQ)DUPODQGZDVIRUPHGIURPQDWXUDO JUDVVODQG E\ FXOWLYDWLQJ FRUQ LQ  7DEOH 
VKRZHGWKDWVRLOPDLQLQGH[HVLQGLIIHUHQWVDPSOLQJ
VLWHV :H VHOHFWHG PîP SORW E\ ILYH SRLQW VDPSOLQJDWHDFKVLWHDQGWKHQSURFHHGHGWRWDNHWKHVRLO
VDPSOHV7KH VRLOVDPSOHV ZHUH WDNHQXVLQJPP
GLDPHWHU FRUH DW D  FP GHSWK$OO VDPSOHV ZHUH
VSOLWLQWRWZRKDOYHV2QH KDOI ZDVNHSWDWΥIRU
WKHVWXG\RIFRORQ\IRUPLQJXQLWV &)8 DQGPLFURELDO ELRPDVV FDUERQ 0%&  7KH RWKHU KDOI ZDV
PL[HGDQGNHSWDW ΥIRUPROHFXODUDQDO\VLVE\
3&5'**(

TABLE 1
Soil main indexes in different sampling sites
Sampling
&RQGXFWLYLW\
Organic
S+
sites
PVFP
Matter (%)
1



)



$



1RWHVN, F, and A LQGLFDte Natural grassland, Farmland, and Artificial grassland, respectively

6WDWLVWLFDO DQDO\VLV 7KH GDWD RI &)8 DQG
0%& ZHUH DQDO\]HG E\ 6366 9HUVLRQ  &KLFDJR,/ 2QHZD\$129$DQDO\VLVZDVFDUULHGRXW
WR GHWHUPLQH VLJQLILFDQW GLIIHUHQFHV LQ &)8 DQG
0%& DPRQJ GLIIHUHQW VLWH 7KH JHQHUDWHG '**(
SURILOHV ZHUH DQDO\]HG XVLQJ 4XDQWLW\ 2QH 9
VRIWZDUH RI WKH %LR5DG *HO 'RF LPDJH DQDO\]HU
V\VWHP7KHUHODWLYHLQWHQVLW\YDOXHVRI'**(EDQGV
ZHUHXWLOL]HGWRFDOFXODWHWKHGLYHUVLW\HPSOR\LQJWKH
6KDQQRQ:HDYHULQGH[RIGLYHUVLW\ + 6HTXHQFHV
RIWKHFORVHVWUHODWLYHZHUHUHWULHYHGIURPWKH*HQ%DQN GDWDEDVH 3K\ORJHQWLF WUHH 1HLJKERUMRLQLQJ
WUHH ZDVFRQVWUXFWHGXVLQJ0HJDVRIWZDUHE\WKH
VHTXHQFHV RI WKH H[FLVHG '**( EDQGV DQG WKHLU
QHDUHVWQHLJKERXUVLQ*HQ%DQN

([SHULPHQW RI &)8 DQG 0%& &)8 ZHUH
FRXQWHGDIWHUVHULDOGLOXWLRQ IROG RIJGU\VRLO
VXVSHQVLRQ DQG SODWHG RQ DJDU SODWHV IRU WKH WRWDO
FRXQWV RI EDFWHULD DFWLQRP\FHWH IXQJL DQG IXQFWLRQDOJURXSRIQLWURJHQ GHQLWULI\LQJEDFWHULXPQL
WULI\LQJ EDFWHULD 1LWURJHQIL[LQJ EDFWHULD DQG
DPRQLI\LQJ EDFWHULD  &DUERQ DHURELF FHOOXORVHGH
JUDGLQJ EDFWHULD  SKRVSKRUXV SKRVSKRUXV VROXELO
L]LQJ EDFWHULDO  DQG .DOLXP SRWDVVLXP EDFWHULD 
>@ 'DWD IURP WULSOLFDWH UHDGLQJV ZHUH VKRZQ DV
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TABLE 2
6RLOPLFURELDOFRXQWVDQGELRPDVVFDUERQLQGLIIHUHQWsampling sites

Serial
number

%DFWHULD
(108 CFU g-1
dry soil)

$FWLQRP\FHWHV
(106 CFU g-1
dry soil)

1
)
$

6.02+0.19a
5.32+0.16b
8.30+0.42c

9.72+0.06a
8.02+0.12b
13.88+0.8c

Soil microbial counts
Carbon
1LWURJHQ
IXQFWLRQDO
)XQJL
IXQFWLRQDO
JURXSV
(105 CFU g-1
JURXSV
(105 CFU g-1
dry soil)
(105 CFU g-1
dry soil)
dry soil)
6.67+0.44a
31.03+0.32a
D
3.33+0.83b
21.82+0.50b
E
37.50+1.44c
39.75+0.77c
D

3KRVSKRUXV
(105 CFU g-1
dry soil)

.DOLXPIXQF
WLRQDOJURXSV
(105 CFU g-1 dry
soil)

MBC
(10-4g g-1
dry soil)

D
D
E

D
D
E

4.85+0.11a
1.28+0.15b
4.86+0.20a

1RWHVN, F, and A LQGLFDte Natural grassland, Farmland, and Artificial grassland, respectively DEDQGFLQGLFDWH
VLJQLILFDQWGLIIHUHQFHVIRUVDPHFROXPQDWOHYHOE\RQHZD\$129$DQDO\VLV
FRPSDULVRQ ZLWK QDWXUDO JUDVVODQG 6RLO 0%& KDV
EHHQUHGXFHGE\2QHZD\$129$DQDO\VLV
FOHDUO\LQGLFDWHGWKDWWKHGLIIHUHQFHVRI0%&ZHUH
VLJQLILFDQWO\UHOHYDQW 3 DPRQJQDWXUDOJUDVVODQGDQGIDUPODQG+RZHYHUVRLO0%&KDYHQRVLJ
QLILFDQW FKDQJH 3!  DPRQJ QDWXUDO JUDVVODQG
DQGDUWLILFLDOJUDVVODQG7KHVHUHVXOWVVXJJHVWHGWKDW
VRLO 0%& ZHUH VLJQLILFDQWO\ UHGXFHG DIWHU QDWXUDO
JUDVVODQGZDVFKDQJHGLQWRIDUPODQGEXWQRFKDQJH
DIWHU QDWXUDO JUDVVODQG ZDV FKDQJHG LQWR DUWLILFLDO
JUDVVODQG
),*85(

RESULTS
7KHLQIOXHQFHRIODQGXVHFKDQJHRQVRLOPL
FURELDO FRXQWV $V LQGLFDWHG LQ 7DEOH  ORZHU
FRXQWVZHUHREVHUYHGLQIDUPODQGFRPSDULVRQZLWK
QDWXUDOJUDVVODQG%DFWHULDFRXQWVKDYHEHHQUHGXFHG
E\  LQ IDUPODQG FRPSDULVRQ ZLWK QDWXUDO
JUDVVODQG$FWLQRP\FHWHVFRXQWVKDYHEHHQUHGXFHG
E\DQG)XQJLFRXQWVKDYHEHHQUHGXFHGE\
2QHZD\$129$DQDO\VLVRI&)8GDWDFOHDUO\
LQGLFDWHGWKDWWKHGLIIHUHQFHVRIEDFWHULDDFWLQRP\FHWHV DQG IXQJL FRXQWV ZHUH VLJQLILFDQWO\ UHOHYDQW
3  DPRQJ QDWXUDO JUDVVODQG DQG IDUPODQG
&KDQJHVLQIXQFWLRQDOJURXSFRXQWVZHUHFRQVLVWHQW
ZLWKEDFWHULDFRXQWVORZHUFRXQWVZHUHREVHUYHGLQ
IDUPODQG1LWURJHQ&DUERQSKRVSKRUXVDQGNDOLXP
IXQFWLRQDO JURXSV KDYH EHHQ UHGXFHG E\ 
DQGUHVSHFWLYHO\7KHGLIIHU
HQFHV RI 1LWURJHQ DQG &DUERQ IXQFWLRQDO JURXSV
FRXQWVZHUHVLJQLILFDQWO\UHOHYDQW 3 
$VLQGLFDWHGLQ7DEOHKLJKHUFRXQWVZHUHREVHUYHGLQDUWLILFLDOJUDVVODQGFRPSDULVRQZLWKQDWXUDO JUDVVODQG %DFWHULD FRXQWV KDYH EHHQ UDLVHG E\
LQDUWLILFLDOJUDVVODQGFRPSDULVRQZLWKQDWXUDO JUDVVODQG $FWLQRP\FHWHV FRXQWV KDYH EHHQ
UDLVHGE\DQG)XQJLFRXQWVKDYHEHHQUDLVHG
E\2QHZD\$129$DQDO\VLVRI&)8GDWD
FOHDUO\LQGLFDWHGWKDWWKHGLIIHUHQFHVRIEDFWHULDDF
WLQRP\FHWHVDQGIXQJLFRXQWVZHUHVLJQLILFDQWO\UHO
HYDQW 3 DPRQJDUWLILFLDOJUDVVODQGDQGIDUP
ODQG7KHVDPHLVFKDQJHVLQIXQFWLRQDOJURXSFRXQWV
KLJKHUFRXQWVZHUHREVHUYHGLQDUWLILFLDOJUDVVODQG
1LWURJHQ &DUERQ SKRVSKRUXV DQG NDOLXP IXQF
WLRQDO JURXSV KDYH EHHQ UDLVHG E\  
 DQG  UHVSHFWLYHO\7KH GLIIHUHQFHV
RI 1LWURJHQ SKRVSKRUXV DQG NDOLXP IXQFWLRQDO
JURXSVFRXQWVZHUHVLJQLILFDQWO\UHOHYDQW 3 
7KHVH UHVXOWV VXJJHVWHG WKDW VRLO PLFURELDO
FRXQWVZHUHVLJQLILFDQWO\UHGXFHGDIWHUQDWXUDOJUDVVODQG ZDV FKDQJHG LQWR IDUPODQG %\ FRQWUDVW VRLO
PLFURELDOFRXQWVZHUHVLJQLILFDQWO\UDLVHGDIWHUQDW
XUDOJUDVVODQGZDVFKDQJHGLQWRDUWLILFLDOJUDVVODQG

'**(ILQJHUSULQWRIGLIIHUHQWVDPSOHV
1RWH˖N, F, and A LQGLFDte Natural grassland, Farmland, and Artificial grassland, respectively
7KHLQIOXHQFHRIODQGXVHFKDQJHRQVRLOPL
FURELDOFRPPXQLW\FRPSRVLWLRQ)RUUHYHDOLQJWKH
LQIOXHQFHRIODQGXVHFKDQJHRQPLFURELDOFRPPX
QLW\FRPSRVLWLRQV'1$ZDVH[WUDFWHGIURP

7KH LQIOXHQFH RI ODQG XVH FKDQJH RQ VRLO
0%&$VLQGLFDWHGLQ7DEOHFKDQJHVLQVRLO0%&
ZHUH FRQVLVWHQW ZLWK PLFURELDO FRXQWV LQ IDUPODQG
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85 4-1
100

Lactobacillus rhamnosus strain RS2K3JX66
21-1

62

Lactobacillus acetotolerans JCM 3825TFR6

83

22-1

54

100 Bacillus sp. A1-S8JX994094

16-1
49

99

Staphylococcus aureusJQ726637
100 14-1

Uncultured bacterium clone MbL19FN567779
39
82

14-3
100 Paenibacillus lautus JCM 9073FR775438

3-1
100 Uncultured delta proteobacterium clone 5
100 17-1

Uncultured Bacillus sp. clone De31HQ1837
100 3-2
48

Delta proteobacterium SCGC AAA240-N23HQ6
100 1-1

46

Bacterium KW-45AB529716
23-1

47

100 Uncultured Solirubrobacter sp. clone D.a

22-2
100 Uncultured Verrucomicrobia bacterium clo

0.02

FIGURE 2
Phylogenetic tree constructed by the sequences of the excised DGGE bands and their nearest neighbours in GenBank.
6U51$JHQH3K\ORJHQHWLFWUHHE\*HQ%DQN )LJ
XUH RSHUDWLRQDOWD[RQRPLFXQLWV VLPL
ODULW\  ZHUH DFTXLUHG EDVHG RQ SDUWLDO 6 U51$
JHQHVHTXHQFHV7KH\EHORQJWR'HOWDSURWHREDFWHULD
%DFLOOL $FWLQREDFWHULD DQG 9HUUXFRPLFURELD UHV
SHFWLYHO\,WLVREYLRXVWKDWWKHUHDUHJURXSVRI'HO
WDSURWHREDFWHULDJURXSVRI%DFLOOLDQGJURXSRI
9HUUXFRPLFURELD ZKLFK GLVDSSHDUHG DIWHU QDWXUDO
JUDVVODQG ZDV FKDQJHG LQWR IDUPODQG 7KHUH DUH 
JURXSVRI'HOWDSURWHREDFWHULDDQGJURXSRI%DFLOOL
ZKLFK GLVDSSHDUHG DIWHU QDWXUDO JUDVVODQG ZDV
FKDQJHGLQWRDUWLILFLDOJUDVVODQGDQGJURXSVRI%D
FLOOLDQGJURXSVRI$FWLQREDFWHULDZKLFKDSSHDUHG
,WVKRXOGEHQRWHGWKDWJURXSVRI'HOWDSURWHREDF
WHULDLVVHQVLWLYHWRQDWXUDOJUDVVODQGXVHFKDQJH

WKUHHVDPSOHV 1)DQG$ DQGVHOHFWHGIRU3&5
'**(RIWKH6U'1$JHQH'**(SURILOHVZHUH
FRQYHUWHGLQWRELQDU\GDWDEDVHGRQWKHSUHVHQFHRU
DEVHQFHRIHDFKEDQG*HQHWLFGLYHUVLW\ZDVFDOFXODWHGEDVHGRQ'**(SURILOHV7KH\ZHUH
DQGUHVSHFWLYHO\LQWKUHHVDPSOHV 1)DQG$ 
&RPSDULVRQZLWKQDWXUDOJUDVVODQGJHQHWLFGLYHUVLW\
KDVEHHQUHGXFHGE\LQIDUPODQGDQGUDLVHG
E\LQDUWLILFLDOJUDVVODQG$VLQGLFDWHGLQ)LJ
XUH WKHEDQGSDWWHUQVRI'**(SURILOHV VKRZHG
WKDWWKHUH ZHUHD JUHDWQXPEHURIEDQGVSUHVHQWLQ
WKUHH VRLO VDPSOHV WKHVH SRSXODWLRQV VHHPHG WR EH
XELTXLWRXV DQG H[LVWHG LQ DOO VDPSOHV &RPSDULVRQ
ZLWKQDWXUDOJUDVVODQGWKHUHDUHGLIIHUHQWLDOEDQGV
 ZKLFKGLVDSSHDUHGLQIDUPODQGDQGQRGLI
IHUHQWLDOEDQGVZKLFKDSSHDUHG+RZHYHUWKHUHDUH
GLIIHUHQWLDOEDQGV  ZKLFKGLVDSSHDUHGLQDUWL
ILFLDO JUDVVODQG DQG  GLIIHUHQWLDO EDQGV  
ZKLFK DSSHDUHG 7KLV LQGLFDWHG WKDW VRLO PLFURELDO
FRPPXQLW\ FRPSRVLWLRQ ZDV VLJQLILFDQWO\ FKDQJHG
DIWHU QDWXUDO JUDVVODQG ZDV FKDQJHG LQWR IDUPODQG
DQGDUWLILFLDOJUDVVODQG
)RUUHYHDOLQJWKHLQIOXHQFHRIODQGXVHFKDQJH
RQ PLFURELDO WD[RQRPLF GLIIHUHQWLDWLRQ LQ GHWDLO 
GLIIHUHQWLDO EDQGV ZHUH VHOHFWHG IRU FORQLQJ VHTX
HQFLQJ VHTXHQFH DQDO\VLV DQG FRQVWUXFWLRQ RI WKH

DISCUSSION AND CONCLUSIONS
2XUVWXG\IRXQGWKDWFRXQWVRIEDFWHULDDFWLQR
P\FHWHVIXQJLDQG0%&ZHUHVLJQLILFDQWO\UHGXFHG
3  DIWHU QDWXUDO JUDVVODQG ZDV FKDQJHG LQWR
IDUPODQG DQG JHQHWLF GLYHUVLW\ ZDV UHGXFHG E\
7KHUHZHUHJURXSV  RIVRLOPL
FURELDOFRPPXQLW\ ZKLFKGLVDSSHDUHG LQIDUPODQG
LQFOXGH 'HOWDSURWHREDFWHULD %DFLOOL DQG 9HUUX
FRPLFURELD7KH UHVXOWV VXJJHVW WKDW VRLO PLFURELDO
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TXDQWLW\ ZDV GURSSHG DIWHU QDWXUDO JUDVVODQG ZDV
FKDQJHGLQWRIDUPODQGDQGVRLO PLFURELDOFRPPXQLW\FRPSRVLWLRQZDVGHVWUR\HG7KHUHVXOWVIRUWKH
VWXG\ E\ YDQ (OVDV HW DO >@ DOVR VXSSRUWHG WKLV
SRLQWDQGVXJJHVWHGWKDWDWWKHFXOWLYDWLRQLQGHSHQ
GHQWOHYHOFOHDUGLIIHUHQFHVLQWKHGLYHUVLWLHVRIVHY
HUDOPLFURELDOJURXSVEHWZHHQSHUPDQHQWJUDVVODQG
DQG DUDEOH ODQG XQGHU URWDWLRQ ZHUH DSSDUHQW 7KH
UHDVRQ PLJKW EH WKDW /H\PXV FKLQHQVLV FRPPXQLW\
ZDVUHSODFHGE\DVLQJOHFURS>@&RUQ,QDGGLWLRQ
WLOODJH FRXOG GHVWUR\ WKH VRLO VWUXFWXUH FKDQJH VRLO
HQYLURQPHQWUHWDUGWKHUHF\FOHRIVXEVWDQFHDQGHQ
HUJ\>@ZKLFKFRXOGUHGXFHVRLO PLFURELDOGLYHU
VLW\
%\FRQWUDVWFRXQWVRIEDFWHULDDFWLQRP\FHWHV
DQG IXQJL ZHUH VLJQLILFDQWO\ UDLVHG 3  DIWHU
QDWXUDO JUDVVODQG ZDV FKDQJHG LQWR DUWLILFLDO JUDVVODQG DQG JHQHWLF GLYHUVLW\ ZDV UDLVHG E\ 
7KHUHZHUHJURXSV  RIVRLO PLFURELDOFRP
PXQLW\ ZDVFKDQJHGLQDUWLILFLDOJUDVVODQGLQFOXGH
'HOWDSURWHREDFWHULD%DFLOOLDQG$FWLQREDFWHULD7KH
UHVXOWV VXJJHVW WKDW VRLO PLFURELDO TXDQWLW\ ZDV
UDLVHGDIWHUQDWXUDOJUDVVODQGZDVFKDQJHGLQWRDUWL
ILFLDOJUDVVODQGDQGVRLOPLFURELDOFRPPXQLW\FRP
SRVLWLRQUHPDLQHGUDWKHUVWDEOH7KHUHDVRQPLJKWEH
WKDW D ODUJH DPRXQW RI GU\ EUDQFKHV IDOOHQ OHDYHV
DQG QXWULHQWV ZHUH VHQW EDFN LQWR WKH VRLO DIWHU WKH
RSHQLQJ PDWHULDO F\FOH RI QDWXUDO JUDVVODQG WUDQVODWHGLQWRFORVHGF\FOHRIDUWLILFLDOJUDVVODQGWKHLQSXW RI H[RJHQRXV RUJDQLF PDWWHU ZDV FRQGXFLYH WR
WKHLQFUHDVHRIWKHVRLOLQHUWRUJDQLFFDUERQDQGQL
WURJHQ FRQWHQW ZKLFK FRXOG OHDG WR LQFUHDVHG VRLO
PLFURELDO DFWLYLW\ DQG GLYHUVLW\ >@ ,Q DGGLWLRQ
'RQJHWDO>@VXJJHVWWKDWGLIIHUHQWODQGXVH
W\SHFRXOGFDXVHVLJQLILFDQWGLIIHUHQFHVDWVRLORUJDQLVPWUDQVIRUPVDQGPLFURELDOFRPPXQLW\IXQFWLRQDO
FKDUDFWHULVWLFVE\DIIHFWLQJHQYLURQPHQWDOIDFWRUV
6RLOPLFURRUJDQLVPVDUHSRZHURIVRLOPDWHULDO
F\FOHDQGHQHUJ\WUDQVIHUDQGDQLPSRUWDQWVRXUFHRI
SODQWQXWULHQWV>@LQJUDVVODQGHFRV\VWHP6RLOPL
FURRUJDQLVPVKDYHREYLRXVHIIHFWVRQQXWULHQWVXS
SO\DQGFURS\LHOGDQGSOD\DQHDUO\ZDUQLQJUROHWR
WKHFKDQJHVRIVRLOHQYLURQPHQW>@2XUVWXG\VXJ
JHVWHGWKDWVRLOPLFURELDOTXDQWLW\DQGGLYHUVLW\ZHUH
LQFUHDVHG FRQVLGHUDEO\ DIWHU QDWXUDO JUDVVODQG ZDV
FKDQJHGLQWRDUWLILFLDOJUDVVODQGZKLFKZDVEHQHIL
FLDO WR LPSURYLQJ WKH VWDELOLW\ DQG SURGXFWLYLW\ RI
VRLO HFRV\VWHP LQ 6RQJQHQ JUDVVODQG &RPSDULVRQ
ZLWKIDUPODQGDUWLILFLDOJUDVVODQGLVDSUDFWLFDOODQG
XVHFKDQJHIURPWKHSRLQWRIVRLOPLFURELDOGLYHUVLW\
,W LV QRWHZRUWK\ WKDW 8QFXOWXUHG GHOWD SURWHREDFWHULXPFORQHPDQG'HOWDSURWHREDFWHULXP6&*&
$$$1DUHVHQVLWLYHWRQDWXUDOJUDVVODQGXVH
FKDQJHZHZLOONHHSRQVWXG\LQJWKLVLQGHSWKDQG
IRFXVZKHWKHULWFDQEHXVHGDVDQLQGLFDWRUPLFUR
RUJDQLVPVRIQDWXUDOJUDVVODQGXVHFKDQJH
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$&.12:/('*(0(176
7KLVZRUNZDVVXSSRUWHGE\WKH6FLHQWLILFDQG
7HFKQRORJLFDO5HVHDUFK3URMHFWVRI-LOLQ3URYLQFLDO
(GXFDWLRQ'HSDUWPHQW 1R--.+.- DQG
&UHDWLYH7HDPIRU6WXG\DQG$SSOLFDWLRQRIWKH.H\
7HFKQRORJ\ RQ *LQVHQJ 7UDQVIRUPDWLRQ LQ -LOLQ
3URYLQFH 1R-+ 
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FRPSRVLWLRQIROORZLQJODQGXVHFRYHUFKDQJHV
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CADMIUM BIOSORPTION OF NOVEL BACTERIAL
STRAINS IN WASTE WATER
6KDQ6KDQ/L, Ji-Xian Mo, Zhi-Gang Wang, Zhi-Jia Ren, Qi Zhang, Shu-Li Shao*
&ROOHJHRI/LIH6FLHQFHVDQG$JULFXOWXUHDQG)RUHVWU\4LTLKDU8QLYHUVLW\4LTLKDU35&KLQD

&XUUHQWO\DSSOLHGPHWKRGVIRUKHDY\PHWDOUH
PRYDOIURPVROXWLRQVFRQVLVWSULPDULO\RISK\VLFDO
FKHPLFDODQGELRORJLFDOWHFKQRORJLHV([DPSOHVDUH
SUHFLSLWDWLRQFRDJXODWLRQLRQH[FKDQJHDGVRUSWLRQ
R[LGDWLRQ UHGXFWLRQ DQG HYDSRUDWLRQ >@ +RZ
HYHU PDQ\ RI WKHVH DSSURDFKHV DUH LQHIIHFWLYH RU
VLPSO\WRRH[SHQVLYHIRUIHDVLEOHSUDFWLFDOXVH%LR
VRUSWLRQRIKHDY\PHWDOVLVDSURPLVLQJWHFKQRORJ\
WKDWUHPRYHVKHDY\PHWDOVIURPZDVWHZDWHUPDNLQJ
LW D SRWHQWLDO DQG SURPLVLQJ DOWHUQDWLYH WR FRQYHQ
WLRQDOO\ DSSOLHG WHFKQRORJLHV ,Q UHFHQW \HDUV QX
PHURXV ELRPDWHULDOV VXFK DV IXQJL >@ \HDVW >@
EDFWHULD>@DVZHOODVDJULFXOWXUDO>@DQGLQ
GXVWULDO>@E\SURGXFWVKDYHEHHQVWXGLHGIRUWKHLU
SURSHUWLHV DV ELRVRUEHQWV IRU WKH UHPRYDO RI KHDY\
PHWDOVDQGG\HV7KHXVHRIPLFURRUJDQLVPVDVDG
VRUEHQWVLQFUHDVLQJO\DWWUDFWVDWWHQWLRQ>@0DQDVL
HWDO>@UHFHQWO\UHSRUWHG&GDEVRUELQJSURSHUWLHV
RI+DORPRQDV%95ZKLFKZDVLVRODWHGIURPDQ
HOHFWURQLFLQGXVWU\HIIOXHQWDQGDIXUWKHUUHSRUWXVHG
3VHXGRPRQDVDHUXJLQRVDFHOOVWRELRDEVRUEPDQJD
QHVH 0Q  >@ 6WXGLHV WKDW XVH $VSHUJLOOXV QLJHU
DQG6DFFKDURP\FHVFHUHYLVLDH>@UHSRUWHGKLJKHI
ILFLHQF\RI0QELRVRUSWLRQE\WKHVHVSHFLHV7KHXS
WDNH RI KHDY\ PHWDOV LQWR WKH ELRPDVV LV W\SLFDOO\
FODVVLILHGLQWRWKUHHFDWHJRULHVFHOOVXUIDFHELQGLQJ
LQWUDFHOOXODU DFFXPXODWLRQ DQG H[WUDFHOOXODU DFFX
PXODWLRQ>@
,Q WKLV VWXG\ ZH LQYHVWLJDWH WKH ELRVRUSWLRQ
FKDUDFWHULVWLFV RI D EDFWHULDO VWUDLQ ZKLFK ZH LVR
ODWHG IURP D ORFDO LQGXVWULDO ZDVWH ZDWHU WUHDWPHQW
SODQW 4LTLKDU&KLQD DQGWKDWH[KLELWHGKLJK&GUH
VLVWDQFH7KLVVWUDLQZDVLGHQWLILHGYLDPRUSKRORJL
FDO *UDP UHDFWLRQ DQG PRWLOLW\  DQG ELRFKHPLFDO
FKDUDFWHUL]DWLRQLQDFFRUGDQFHZLWK%HUJH\¶V0DQ
XDORI'HWHUPLQDWLYH%DFWHULRORJ\0ROHFXODULGHQ
WLILFDWLRQ ZDV DOVR FRQGXFWHG DFFRUGLQJ WR WKH 6
U51$VHTXHQFH7KHGHVRUSWLRQHIILFLHQF\RIPHWDOV
IURP ORDGHG ELRVRUEHQWV ZDV GHWHUPLQHG WR IXUWKHU
HYDOXDWH WKH SUDFWLFDO IHDVLELOLW\ RI WKLV VWUDLQ IRU
KHDY\PHWDOUHPRYDOWKXVRSHQLQJDGRRUIRUWKHXVH
RIWKLVRUJDQLVPIRUWKHUHPRYDORIWR[LFLRQVIURP
ZDVWHZDWHU,WLVRIYLWDOLPSRUWDQFHWRLGHQWLI\DG
GLWLRQDOPLFURELDOVWUDLQVZLWKWKHFDSDELOLW\WRHIIL
FLHQWO\DQGVSHFLILFDOO\XSWDNH PHWDOVDVZHOODVWR
GHVLJQ EHWWHU ELRSURFHVVHV WKDW HQDEOH HIILFLHQW UH
FRYHU\ RI KHDY\ PHWDOV IURP DTXDWLF V\VWHPV :H
XVHG WKLV LPSRUWDQFH DV PRWLYDWLRQ WR LVRODWH QHZ
EDFWHULDO VWUDLQV IURP D PHWDO FRQWDPLQDWHG PLOLHX

ABSTRACT
%LRVRUSWLRQLVDSURPLVLQJWHFKQRORJ\UHPRY
LQJ WR[LF KHDY\ PHWDOV IURP LQGXVWULDO ZDVWH 7KH
DLP RI WKH SUHVHQW VWXG\ ZDV WR VFUHHQ EDFWHULDO
VWUDLQVLVRODWHGIURPXQWUHDWHGLQGXVWULDOZDVWHZDWHU
IRU WKHLU FDGPLXP &G  ELRVRUSWLRQ SRWHQWLDO :H
VFUHHQHGVWUDLQVRIEDFWHULDZLWKWKHDELOLW\WRJURZ
LQDPHGLXPFRQWDLQLQJ0P&G ,, 6WUDLQLGHQ
WLILFDWLRQ ZDV GRQH YLD PRUSKRORJLFDO *UDP UHDF
WLRQPRWLOLW\ DQGELRFKHPLFDOFKDUDFWHUL]DWLRQVDV
ZHOODVYLDWKH6U51$VHTXHQFHDQGXOWLPDWHO\
LGHQWLILHG DQG QDPHG DV %DFWHULXP &G 2SWLPDO
JURZWKFRQGLWLRQVRIWKHEDFWHULXPZHUHIRXQGDWS+
&DQGYHQWLODWLRQFKDUJHGZLWKPOPHGLXP
LQPO(UOHQPH\HUIODVNV7KHEDFWHULXPFDQDOVR
JURZLQPHGLDZLWK=QDQG0Q2SWLPDOFRQGLWLRQV
IRU&GUHPRYDOZHUHGHWHUPLQHGDVS+DQGDWHP
SHUDWXUHRI&IRUDQHTXLOLEULXPWLPHRIK7KLV
OHG WR PD[LPDO &G ELRVRUSWLRQ IURP VROXWLRQ ZLWK
ORZLQLWLDO&GLRQFRQFHQWUDWLRQ  $EDFWH
ULDOVWUDLQLVRODWHGIURPZDVWHZDWHURIDORFDOIDFWRU\
ZDVWHVWHGIRUSRWHQWLDOELRVRUSWLRQRIFDGPLXP &G 
7KLVVWXG\YDOLGDWHVWKDWEDFWHULXP&GFDQEHXVHG
DVDQLQH[SHQVLYHKLJKO\HIILFLHQWDQGUHOLDEOHELR
VRUSWLRQ ELRDJHQW IRU WKH HIILFLHQW UHPRYDO RI &G
IURPDQDTXHRXVHQYLURQPHQW
.(<:25'6
%DFWHULDELRVRUEHQW$GVRUSWLRQHIILFLHQF\+HDY\PHWDOUHPRYDO
%LRVRUSWLRQRIFDGPLXP

INTRODUCTION
+HDY\PHWDOSROOXWLRQLVRIJOREDOFRQFHUQIRU
HQYLURQPHQWDOLVWVJLYHQWKDWKHDY\PHWDOV HJFDG
PLXPDQG]LQF DUHWKHPRVWFRPPRQO\IRXQGSRO
OXWDQWVLQLQGXVWULDOHIIOXHQWV >@(YHQDWORZFRQ
FHQWUDWLRQVWKHVHPHWDOVDUHKLJKO\WR[LFIRUDOORU
JDQLVPVLQFOXGLQJKXPDQV&DGPLXP &G LQSDU
WLFXODUKDVEHHQUHFRJQL]HGIRULWVQHJDWLYHHIIHFWRQ
WKHHQYLURQPHQWZKHUHLWUHDGLO\DFFXPXODWHVLQDOO
RUJDQLVPV >@ &G H[SRVXUH KDV EHHQ UHSRUWHG WR
FDXVH YDULRXV DGYHUVH HIIHFWV VXFK DV FDQFHU OXQJ
LQVXIILFLHQF\ERQHGHJUDGDWLRQDVZHOODVOLYHUDQG
NLGQH\GDPDJH>@
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W\SH 6KDQJKDL &KLQD  7KH VHQVLWLYLW\ RI WKH VH
OHFWHGEDFWHULDOVWUDLQWRGLIIHUHQWDQWLELRWLFVZDVGH
WHUPLQHGYLDGLDPHWHUVL]HRIWKHEDFWHULRVWDWLFFLUFOH

DQG WR HYDOXDWH WKHVH QRYHO VWUDLQV IRU WKHLU HIIL
FLHQF\LQUHPRYLQJKHDY\PHWDOVIURPDSROOXWHGHQ
YLURQPHQW

%DFWHULDOELRPDVVSURGXFWLRQ*URZLQJEDF
WHULDO FXOWXUH LQ /% PHGLXP DW RSWLPDO FRQGLWLRQV
SURGXFHGWKHELRPDVVRIWKHVHOHFWHGEDFWHULDOVWUDLQ
&HOOVZHUHKDUYHVWHGYLDFHQWULIXJDWLRQDWUSP
IRUPLQ&HOOSHOOHWVZHUHZDVKHGWKULFHZLWKGLV
WLOOHGZDWHUDQGDOOELRPDVVZDVRYHQGULHGDW&
'U\ELRPDVVRIWKHVHOHFWHGEDFWHULDOVWUDLQZDVWKHQ
XVHGIRUWKHELRVRUSWLRQVWXG\

MATERIALS AND METHODS
,VRODWLRQRIEDFWHULDIURPZDVWHZDWHU8Q
WUHDWHG ZDVWH ZDWHU VDPSOHV ZHUH FROOHFWHG IURP D
KHDY\ LQGXVWULDO SODQW ORFDWHG LQ 4LTLKDU &KLQD
:DVWHZDWHU PO ZDVSODFHGLQ/%OLTXLGPHGLXP
FRQVLVWLQJRIJRI\HDVWH[WUDFWJRISHSWRQH
DQG  J RI 1D&O  FRQWDLQLQJ  0P RI &G ,,  DW
&7KHPL[ZDVVKDNHQDWUSPIRUWRGD\V
POZHUHVHTXHQWLDOO\DGGHGWR/%VROLGPHGLXP
FRQWDLQLQJDQG0PRI&G ,, 
IRUGD\V$IWHULQFXEDWLRQGLVWLQFWEDFWHULDOFRO
RQLHVZHUHLVRODWHGIURPHDFKSODWH

0HWDOVRUSWLRQ7HVWVROXWLRQVZLWKP0&G
,, DQGS+YDOXHVUDQJLQJIURPWRIURP&
WR&ZHUHXVHGWRGHWHUPLQHWKHLQLWLDOS+IRUDE
VRUSWLRQ%DFWHULDOELRPDVVZDVDGGHGDWDFRQFHQ
WUDWLRQRIJ/DQGLQFXEDWHGIRUK6XEVHTXHQWWR
LQFXEDWLRQVXSHUQDWDQWVZHUHFROOHFWHGYLDFHQWULIX
JDWLRQDWUSPIRUPLQ7KHDPRXQWRIUHVLG
XDO LRQV LQ WKH VROXWLRQV ZDV GHWHUPLQHG ZLWK DQ
DWRPLF DEVRUSWLRQ VSHFWURPHWHU $$6  7$6
&KLQD ZLWKDVXLWDEOHGLOXWLRQ'LIIHUHQWLQLWLDOLRQ
FRQFHQWUDWLRQV ±IRU&G ,, EDFWHULDOGRVDJHV
±J/ DQGWHPSHUDWXUHUDQJHV & ZHUH
LQYHVWLJDWHG7KHLRQVXSHUQDWDQWVZHUHPHDVXUHGDV
GHVFULEHGDERYHDQGDOOH[SHULPHQWVZHUHSHUIRUPHG
LQWULSOLFDWH7KHUHPRYDOUDWLR 5H ZDVHYDOXDWHG
YLD WKH HTXLOLEULXP GHVFULEHG E\ (TXDWLRQ   >
@

Identification of bacteria from waste water.
7KHVWUDLQZDVDQDO\]HGYLDPHWKRGVRIPRUSKRORJ
LFDOFKDUDFWHUL]DWLRQ*UDPUHDFWLRQPRWLOLW\DQGYLD
ELRFKHPLFDOFKDUDFWHUL]DWLRQ7KHVHZHUHFDUERK\
GUDWHIHUPHQWDWLRQDPPRQLDSURGXFWLRQWHVWVVWDUFK
K\GURO\VLVWHVWVDQGR[LGDWLRQIHUPHQWDWLRQWHVWVLQ
DFFRUGDQFHZLWK%HUJH\¶V0DQXDORI'HWHUPLQDWLYH
%DFWHULRORJ\ 0HWKRGV RI PROHFXODU LGHQWLILFDWLRQ
ZHUHSHUIRUPHGXVLQJWKH6U51$VHTXHQFH$P
SOLILFDWLRQRI6U51$ZDVFRQGXFWHGZLWKXQLYHU
VDO
SULPHUV
)
¶*$*$*777
*$7&&7**&7&$*¶
DQG
5
¶
$$**$**7*$7&&$*&&¶  *HQRPLF '1$
ZDVXVHGDVWHPSODWH>@DQGWKHSXULILHG3&5
SURGXFWV ZHUH VHTXHQFHG E\ 6DQJRQ %LRWHFK
6KDQJKDL&KLQD %/$67ZDVXVHGWRILQGVLPLODU
VHTXHQFHVZLWKLQWKH*HQ%DQNGDWDEDVH 1XFOHRWLGH
%ODVW IROORZHGE\PXOWLSOHVHTXHQFHDOLJQPHQWDQG
DSK\ORJHQHWLFWUHHFRQVWUXFWLRQLQ0(*$XVLQJ
WKHQHLJKERUMRLQLQJPHWKRG

&L ,QLWLDOFRQFHQWUDWLRQRIWKHPHWDOLQWKHVROXWLRQ
PPRO/
&I )LQDOFRQFHQWUDWLRQRIWKHPHWDOLQWKHVROXWLRQ
PPRO/
FTIR analysis. )RXULHU 7UDQVIRUP ,QIUDUHG
6SHFWURVFRS\ )7,5 ZDVXVHGWRLGHQWLI\WKHPDMRU
FKHPLFDOIXQFWLRQDOJURXSVRIWKHVHOHFWHGEDFWHULDO
VWUDLQ )7,5 DQDO\VHV ZLWK WKH ELRPDVV LQIUDUHG
VSHFWUD RI XQORDGHG RULJLQDO DQG PHWDOORDGHG ELR
PDVV ZHUH SHUIRUPHG ZLWK D )7,5 VSHFWURPHWHU
7KHUPR 1LFROHW 1H[XV   3ULRU WR WKH )7,5
VWXG\VDPSOHVRIXQORDGHGDQG&G ,, ORDGHGELR
PDVVHV RI EDFWHULDO VWUDLQV ZHUH GULHG DQG JURXQG
7KHGULHGSRZGHUZDVSUHSDUHGDV.%USHOOHWV6SH
FLILFSHDNVZLWKLQWKHUDQJHRIFPZHUH
LQYHVWLJDWHG WR REWDLQ WKH OHYHO RI VXUIDFH ELRPDVV
PRGLILFDWLRQ

Determination of selected bacterial growth
conditions. 7KHVHOHFWHGEDFWHULDOVWUDLQZDVPDLQ
WDLQHGRQ/%PHGLXP&RQGLWLRQVIRUJRRGJURZWK
RI WKH VWUDLQ ZHUH GHWHUPLQHG LQFOXGLQJ S+ OHYHO
WHPSHUDWXUHYHQWLODWLRQLPSDFWRIRWKHUKHDY\PHW
DOVDQGVHQVLWLYLW\WRDQWLELRWLFV7RGHWHUPLQHRSWL
PDOWHPSHUDWXUHDQGS+WKHVHOHFWHGEDFWHULDOVWUDLQ
ZDVFXOWXUHGLQ/%PHGLXP S+ DWWHPSHUDWXUHV
RI&&&&DQG&IRUGD\V7R
GHWHUPLQH RSWLPDO YHQWLODWLRQ WKH VHOHFWHG VWUDLQ
ZDVWUDQVIHUUHGLQWRP/IODVNVDQGFXOWXUHGZLWK
YROXPHVRIP/P/P/P/DQG
P/RIDSSURSULDWHPHGLXP$WDIL[HG&G ,, FRQ
FHQWUDWLRQ GLIIHUHQW FRQFHQWUDWLRQV RI &X6
&R&=Q62DQG0Q62ZHUHDGGHGDQGWKHVH
OHFWHGEDFWHULDOVWUDLQZDVFXOWXUHGWRDVVHVVWKHLQ
IOXHQFHRIIXUWKHUKHDY\PHWDOVRQEDFWHULDOJURZWK
%DFWHULDOJURZWKZDVGHWHUPLQHGE\PHDVXULQJWKH
RSWLFDO GHQVLW\ DW  QP VSHFWURSKRWRPHWHU 

RESULT AND DISCUSSION
Isolation of bacteria from waste water$V
VKRZQLQ)LJXUHWKHEDFWHULDOVWUDLQVVKRZHGYDUL
DEOHWROHUDQFHOHYHOVWR&GZKHQFXOWXUHGLQ/%PH
GLXP ZLWK YDU\LQJFRQFHQWUDWLRQVRI KHDY\ PHWDOV
%DFWHULDZHUHDEOHWRJURZLQPHGLDFRQWDLQLQJ
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%DFWHULRORJ\>@WKHVWUDLQZDVLGHQWLILHGDVEDFWH
ULXP7RIXUWKHUYDOLGDWHWKLVVWUDLQLWZDVVXEMHFWHG
WR 6 U51$ JHQH VHTXHQFH DQDO\VLV $ VLPLODU
VHDUFK ZDV SHUIRUPHG XVLQJ WKH %/$67 SURJUDP
WKDWLQGLFDWHGDFORVHJHQHWLFUHODWHGQHVVRIWKHVWUDLQ
ZLWK WKH U51$ VHTXHQFH RI %DFWHULXP $
.) LQ WKH 1&%, GDWDEDVH 7KH QHLJKERU
MRLQLQJSK\ORJHQHWLFWUHHFRQVWUXFWHGYLD0(*$
VRIWZDUHDQGEDVHGRQ6U51$SDUWLDOVHTXHQFHLV
SUHVHQWHGLQ)LJXUH

0PRI&G ,, ,QWHUHVWLQJO\ZLWKLQFUHDVLQJ&G ,, 
FRQFHQWUDWLRQ EDFWHULDO JURZWK ILUVW LQFUHDVHG DQG
WKHQGHFUHDVHG:HREWDLQHGRSWLPDOJURZWKVWUDLQV
RQFXOWXUHWDEOHWVZLWK0PRI&G ,, 
,dentification of bacteria from waste water.
7KH VHOHFWHGEDFWHULDO VWUDLQ ZDV FKDUDFWHUL]HG DQG
LGHQWLILHGXVLQJVWDQGDUGPRUSKRORJLFDOSK\VLRORJ
LFDODQGELRFKHPLFDOWHVWV 7DEOH 2QWKHEDVLVRI
WKHFKDUDFWHULVWLFVREVHUYHGIRUVWUDLQDQGFRPSDUHG
WRWKRVHOLVWHGLQ%HUJH\¶V0DQXDORI'HWHUPLQDWLYH

),*85(
(IIHFWRI&G ,, LRQFRQFHQWUDWLRQRQEDFWHULDOJURZWK
Erwinia sp.(EU336938.2)
Cronobacter sakazakii (GU122227.1)
Pantoea dispersa (AB273743.1)
Citrobacter sp.( EF491825.1)
Enterobacter ludwigii (EF175735.1)
Selected bacterial
Bacterium A1 (KF114398.1)
Bacterium NTL249 (JQ779054.1)
Bacterium C4 (KF114457.1)
Shewanella sp. (HM629740.1)
Pseudomonas aeruginosa (EU037096.1)
Rhodothermus marinus (AF217495.1)
Lewinella persicus (AB301616.1)
Arthrobacter sp. (HQ132671.1)
Streptomyces sp. (GU220066.1)
Streptomyces roseogilvus (FJ939583.1)
Synechococcus sp. (HM346183.1)
Microcystis smithii CHAB139 (GQ496077.1)
Leuconostoc mesenteroides subsp. (HM218808.1|)
Paenibacillus larvae subsp. (AY530294.1)
Bacillus decolorationis (AJ315075.1)
Bacillus thuringiensis (HM625829.1)
Bacillus cereus (AY138279.1)
Bacillus horneckiae (FR749913.1)
Bacillus niacini (AB021194.1)
Bacillus soli (AJ542513.1)
Propionigenium modestum (NR 029216.1)
Streptobacillus moniliformis (DQ325537.1)
Treponema sp. (GU408871.1)
Micrococcus sp. (HQ179571.1)

),*85(
3K\ORJHQHWLFWUHHFRQVWUXFWHGIURPWKH6U51$JHQHVHTXHQFHVRIVHOHFWHGEDFWHULDO
DQGUHODWHGRUJDQLVPV
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7$%/(
Morphological and biochemical characteristics of the strain
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*OXFRVH
+\GURO\VLV
6WDUFK

&KDUDFWHULVWLFVREVHUYHG

5RG







1RWH³´DQG³´LQGLFDWHSRVLWLYHDQGQHJDWLYHUHDFWLRQVUHVSHFWLYHO\

),*85(
Determination of bacterial growth conditions, mainly including pH (A), temperature (B), ventilation (C), impact of Mn ,, metals (D), and impact of Zn ,, metals (E).
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7$%/(
Antibiotic sensitivity test
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that the bacterial strain is resistant to kitasamycin,
erythromycin, polymyxin B, ampicillin, and penicillin. The strain has no resistance to chloramphenicol,
novobiocin, streptomycin, tetracycline, amikacin,
nalidixic acid, and neomycin.

Determination of selected bacterial growth
conditions. Determination of bacterial growth conditions, mainly included pH (Figure 3A), temperature (Figure 3B), ventilation (Figure 3C), impact of
Mn (II) metals (Figure 3D), and impact of Zn(II)
metals (Figure 3E). We determined optimal growth
conditions for the bacteria, and obtained an optimal
pH of 8, an optimal temperature of 25ºC, and ventilation charged with 20 ml medium in 100 ml conical
flask, to enable optimal bacterial growth.
'LIIHUHQWFRQFHQWUDWLRQVRI&X (II)0Q (II)=Q
(II) DQG 0R 9  VROXWLRQV LQIOXHQFHG EDFWHULDO
JURZWKLQWKHSUHVHQFHRI&G II DGGLWLRQRI&X II 
DQG 0R 9  LQ WKH OLTXLG PHGLXP VWRSSHG VWUDLQ
JURZWK ZKLOH 0Q II  DQG =Q II  VKRZHG VWUDLQ
JURZWK)XUWKHUPRUHSOXV&G II LRQV ZHUH IRXQG
ZLWK LQFUHDVLQJ &G II  FRQFHQWUDWLRQ$Q LQFUHDVH
IURPWRPPRO/RI0Q II LRQVSURPRWHGWKH
JURZWK RI WKH VWUDLQ ZLWK D FRQFHQWUDWLRQ RI  P
PRO/DEVRUEDQFHPD[LPXPYDOXHRI$JUDG
XDOLQFUHDVHRIWKHFRQFHQWUDWLRQZLWKORZHU2'YDO
XHVLQGLFDWHGWKDWKLJKFRQFHQWUDWLRQVLQKLELWHGWKH
JURZWKRIWKHVWUDLQPPRO/0Q II UHVXOWHGLQ
DOPRVWQRVWUDLQJURZWK )LJXUH' 
'LIIHUHQWFRQFHQWUDWLRQVRI=Q II PD\LQKLELW
WKH JURZWK RI VWUDLQV WR YDU\LQJ GHJUHHV :LWK LQ
FUHDVLQJ PHWDO FRQWHQW PHDVXUHG 2' YDOXHV GH
FOLQHG DQG WKH FRQFHQWUDWLRQ UHDFKHG  PPRO/
WKH2'YDOXHGURSSHGWRDOPRVW]HUR7KLVLQGLFDWHV
WKDWWKHRSWLPDODPRXQWRI0Q II LQWKHFRQFHQWUD
WLRQUDQJHRIKHDY\PHWDOVFDQSURPRWHVWUDLQJURZWK
ZKLOH =Q II  DGGLWLRQ OHDGV WR VWUDLQ VXSSUHVVLRQ
)LJXUH( 7KLVEDFWHULDOVWUDLQFDQQRWJURZLQWKH
SUHVHQFHRI&X II DQG0R 9 

),*85(
(IIHFWRILQLWLDO&G ,, FRQFHQWUDWLRQRQELR
VRUSWLRQ
(IIHFWRILQLWLDOPHWDOFRQFHQWUDWLRQRQELR
VRUSWLRQ3RVVLEOHHIIHFWVRILQLWLDOO\SUHVHQWKHDY\
PHWDOVRQPHWDOELRVRUSWLRQZHUHHYDOXDWHGXQGHUUH
DFWLRQFRQGLWLRQVRIS+DQG&IRUDQHTXLOLE
ULXPWLPHRIK7KHUHVXOWVDUHVKRZQLQ)LJXUH
7KHELRVRUSWLRQUDWHGHFUHDVHGZLWKLQFUHDVLQJPHWDO
LRQ FRQFHQWUDWLRQ 0D[LPXP ELRVRUSWLRQ RI KHDY\
PHWDOVZDVUHFRUGHGDWDORZLQLWLDOLRQFRQFHQWUDWLRQ
HJDWIRU&G 7KLVGHFUHDVHLQELRVRUSWLRQ
PD\EHDWWULEXWHGWRDODFNRIDVXIILFLHQWQXPEHURI
IUHHVLWHVIRUPHWDOELRVRUSWLRQ$WORZHUFRQFHQWUD
WLRQVKRZHYHUDOOPHWDOLRQVSUHVHQWLQWKHVROXWLRQ
FDQLQWHUDFWZLWKWKHDYDLODEOHIUHHELQGLQJVLWHVDQG
WKXV WKH ELRVRUSWLRQ SHUFHQWDJH LV OLNHO\ KLJKHU
FRPSDUHG WR WKDW DW KLJKHU LRQ FRQFHQWUDWLRQV

Antimicrobial Resistance Patterns. Visibility
of a bacteriostatic circle in a sample is a measure of
antimicrobial resistance of that particular bacterial
strain. If the strain is resistant, no bacteriostatic circle would be visible, while if a bacteriostatic circle
is visible, the strain is not resistant. Table 2 shows
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+LJKHU FRQFHQWUDWLRQV UHVXOW LQ ORZHU DGVRUSWLRQ
\LHOGVGXHWRVDWXUDWLRQRIDGVRUSWLRQVLWHV6LPLODU
UHVXOWV KDYH EHHQ UHSRUWHG LQ SUHYLRXV VWXGLHV >
@
(IIHFWV RI S+ DQGWHPSHUDWXUH RQ ELRVRUS
WLRQ7RLQYHVWLJDWH ZKHWKHUS+SOD\VDUROHLQWKH
ELRVRUSWLRQ SURFHVV ZH FRQGXFWHG DQ H[SHULPHQW
ZLWKDIL[HGDPRXQWRI&GDQGYDU\LQJS+YDOXHVWR
HYDOXDWHWKHHIIHFWRQWKHELRVRUSWLRQFDSDFLW\RIWKH
PLFURELDOELRPDVV )LJXUH %LRVRUSWLRQFDSDFLWLHV
LQFUHDVHG ZLWK LQFUHDVLQJ S+ DQG RSWLPDO ELRVRUS
WLRQRFFXUUHGDWDS+RIIRU&G7KLVYDULDWLRQLQ
ELRVRUSWLRQDWGLIIHUHQWS+OHYHOVFRXOGEHGXHWRS+
VHQVLWLYHFHOOZDOOPROHFXOHVRIWKHEDFWHULDOFHOOV$W
ORZS+K\GURJHQDQGPHWDOLRQVPLJKWEHFRPSHW
LQJIRUVRUSWLRQVLWHVRQWKHELRPDVVVXUIDFH>@
,QFUHDVHGS+LQFUHDVHGOLJDQGDYDLODELOLW\IRUPHWDO
LRQ ELQGLQJ WKXV HQKDQFLQJ ELRVRUSWLRQ &RQVH
TXHQWO\WKHS+YDOXHLVDQLPSRUWDQWIDFWRUIRULRQ
DEVRUSWLRQ
:H VWXGLHG WKH HIIHFW RI WHPSHUDWXUH &
&DQG& RQWKHELQGLQJIRUFHEHWZHHQEDFWH
ULD DQG KHDY\ PHWDO LRQV 7KH UHVXOWV GHPRQVWUDWH
WKDW DQ LQFUHDVH RI WHPSHUDWXUH LQ WKH UDQJH RI 
& UHVXOWHG LQ D FRUUHVSRQGLQJ LQFUHDVH LQ FDG
PLXPVRUSWLRQFDSDFLW\DWHTXLOLEULXPIRU
&DQGIRU& )LJXUH UHDFKLQJWKH
PD[LPDOYDOXHDW&7KHVRUSWLRQFDSDFLW\RI&G
GHFUHDVHGIRUWHPSHUDWXUHVDERYH&:LWKLQWKH
LQYHVWLJDWHGWHPSHUDWXUHUDQJHLWLVSRVVLEOHWRFRQ
FOXGHWKDWDQLQFUHDVHLQWHPSHUDWXUHLVIROORZHGE\
DQLQFUHDVHLQLRQGLIIXVLYLW\>@7KHUHIRUH&LV
WKHRSWLPDOWHPSHUDWXUHDWZKLFKWKHUDWLRRIVRUSWLRQ
WRGHVRUSWLRQLVPD[LPDO

),*85(
(IIHFWRIS+RQELRVRUSWLRQDWDQLQLWLDOFRQ
FHQWUDWLRQRIPPRO/IRUPHWDO&G ,, LQFX
EDWHGDW&IRUK

),*85(
(IIHFWRIWHPSHUDWXUHRQELRVRUSWLRQDWDQLQL
WLDOFRQFHQWUDWLRQRIPPRO/IRUPHWDO&G
,, LQFXEDWHGDW&IRUK

7KHHIIHFWRIEDFWHULDOGRVDJHRQELRVRUSWLRQ
$EDFWHULDOGRVDJHRIJ/UHVXOWHGLQDFDGPLXP
DGVRUSWLRQRIDQGDEDFWHULDOGRVDJHRI
J/OHGWRDEDODQFHGFDGPLXPDGVRUSWLRQUDWH )LJ
XUH $WDIL[HGFDGPLXPFRQFHQWUDWLRQDGRVDJH
RIJ/OHGWRPD[LPDOUDWLRRIVRUSWLRQWRGHVRUS
WLRQDQGPD[LPDODGVRUSWLRQRI&G$GVRUSWLRQDQG
GHVRUSWLRQ EHWZHHQ EDFWHULD DQG FDGPLXP LRQV
UHDFKHGHTXLOLEULXP>@
)7,5 DQDO\VLV %LRVRUSWLRQ RI PHWDO LRQV E\
EDFWHULDO ELRPDVV GHSHQGV ODUJHO\ RQ IXQFWLRQDO
JURXSVWKDWQHHGWREHSUHVHQWRQDFWLYHVLWHVRIEDF
WHULDOFHOOVDVZHOODVRQWKHSK\VLRFKHPLFDOFRQGL
WLRQV RI WKH VROXWLRQ 7R LQYHVWLJDWH WKH IXQFWLRQDO
JURXSVRIWKHEDFWHULDOELRPDVVWKH)7,5VSHFWUDRI
WKHUDZELRPDVVZHUHDQDO\]HG7KH)7,5VSHFWUDLQ
WKHUDQJHRIFPRIEDFWHULDDQGRIEDFWH
ULDFRPELQHGZLWK&G ,, ZHUHXWLOL]HGWRREWDLQLQ
IRUPDWLRQRQWKHQDWXUHRIEDFWHULD&G ,, LRQLQWHU
DFWLRQVVXFKDVFRPSOH[DWLRQ )LJXUH 

),*85(
(IIHFWRIEDFWHULDOGRVDJHRQCd (II) ELRVRUS
WLRQ.
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LAND BASED LITTER POLLUTION ON THE SHORES OF
SOUTH EASTERN BLACK SEA COASTAL CITIES
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In parallel with its urbanized life style, the
human race is producing more and more litter [4].
Increasing populations, growing urban settlement,
technological developments, industrialization, and
improved living standards have led to rapid and
sustained increases in the production of solid waste.
The province of Trabzon draws attention in the region as a result of its urbanization and industrialization. Urbanization of the coastal areas shows that
solid waste pollution adversely affects the sea
shore.
Solid waste consists of non-soluble, discarded
solid materials, including sewage sludge, municipal
garbage, industrial waste, agricultural refuse, demolition waste and mining residues [5]. The solid
waste types are domestic waste, medical waste, industrial waste, commercial and institutional waste,
special waste, hazardous waste, and agricultural and
garden waste. Solid waste is the most common type
of pollutant that causes river, sea and land pollution. Solid waste left untreated and uncontrolled in
nature contaminates the soil, air, groundwater and
surface water sources and pollutes seas and lakes,
causing unpleasant odors and many environmental
problems [6].
Marine litter consists of items made or used
by people and deliberately discarded in the sea or
rivers or on beaches, material brought indirectly to
the sea by rivers, sewage systems, storm water or
winds, items accidentally lost, including material
lost at sea in bad weather (fishing gear, cargo), or
material deliberately left by people on beaches and
sea shores [7]. Marine litter is an environmental,
economic, human health and esthetical problem. It
poses a complex and multi-dimensional challenge
with significant implications for the marine and
coastal environment and human activity all over the
world. The marine litter issue is closely linked to
major problems of public health, conservation of
the environment and sustainable development in the
Black Sea region. Marine litter originates from
various land- and sea-based sources as a result of
diverse human activities, and clearly causes a wide
variety of negative impacts on the human population, wildlife, landscape and some sectors of the
economy. Floating litter and items suspended in the
water column are transported by currents and winds
across maritime borders and throughout the sea to

ABSTRACT
Technological developments and increased
production have led to higher amounts of waste and
environmental pollution. A significant part of the
pollution in river basins and coasts consists of solid
waste that includes packaging waste products. In
some cities and towns of the South Eastern Black
Sea, much of the solid waste generated on a daily
basis is dumped in the natural environment on
hillsides, in river beds, and on the sea shore without
being subjected to any processing. Then, the accumulated garbage on the hillsides or in stream beds
is carried to the Black Sea by rivers after precipitation. A major part of the waste settles to the sea
bottom while buoyant waste is transported offshore
or inshore by currents and wind and some accumulates on the coast. In this study, land based solid
waste accumulation on the shores of coastal cities
was qualitatively and quantitatively analyzed. In
total, 1,190 km2 of 10 city coastlines were scanned.
It was found that litter deposited on the shores
amounted to 31,417 tons, which consisted of 56%
plastic, 14% metal, 7% glass and 23% textile waste.
Most of the coasts of the cities showed similarities
in terms of the amount of solid waste. It could be
concluded that solid waste pollution affects the entire coast, with the maximum in the Trabzon central
district and the minimum on the coast of Vakfikebir. According to these results, the South Eastern
Black Sea coastal area has anthropogenic solid
waste litter pollution that can damage environmental health, public health and aquatic ecosystems.

KEYWORDS:
Black Sea, Litter, Coastal Pollution, Urbanization

INTRODUCTION
Various human activities such as industrial
and domestic wastes and agricultural inputs cause
contaminants enter aquatic environments [1]. Also,
pollution of the coastal area has become a serious
health concern during recent years [2, 3].
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duced in rural areas and reaching the coast is approximately 3.5% of the total. This comprises materials like plastics and metals that take a long time to
disappear. Before planned regional landfill (Camburnu) began, the solid waste was disposed of on
the sea shore (88.2%), on the land (10.3%), and in
streams (1.5%), respectively [20, 21]. In rural areas,
waste is mostly disposed of in the natural environment (forests, hillsides, stream beds, etc.).

become a basin-wide problem [8]. Estimates for the
rate of litter accumulatiRQ LQ WKH ZRUOG¶V VHDV DQG
oceans vary substantially. The highest estimates
suggest accumulation rates as high as seven billion
tons per annum [9].
Marine debris is more than an unsightly inconvenience for beach-bound vacationers or pleasure
boaters. It also affects the inhabitants and economies of coastal and waterside communities worldwide. Durable and slow to degrade plastic and synthetic materials, including those used to make beverage bottles, packing straps, tarps, fishing line and
gear, can all become marine debris [10]. The scale
of contamination of the marine environment by
plastic debris is vast. It is found floating in all the
ZRUOG¶V oceans, everywhere from Polar Regions to
the equator [11, 12].
The accumulation of marine litter in the ocean
is a growing problem worldwide. In particular plastic, the most utilized and persistent material, arises
as the primary contaminant in the marine environment [13-15]. Plastics are synthetic organic polymers, and although they have only existed for just
over a century by 1988 30 million tons of plastic
were produced annually in the United States alone
[16] and 32 million tons of plastic waste were generated in 2011 [17]. The versatility of these materials has led to a great increase in their use over
the past three decades, and they have rapidly moved
into all aspects of everyday life [18].
Seas and oceans have been used for hazardous
waste disposal for a long time. Especially in the last
quarter of the last century, garbage began to be seen
as a major problem on land and in the oceans. In the
last ten years, the accumulated waste on beaches
has increased by 80%. This problem is growing
rapidly as a result of various factors. The main factors are rapid population growth and lack of public
awareness as well as insufficient garbage collection
and separation in rural areas [19]. Due to technological development a lot of new products and
packaging materials have led to more pollution.
In the region under review, solid waste types
in the river basins and coastal areas depend on the
cultural structure and consumption patterns. A large
portion of the solid waste produced in Turkey consists of paper/cardboard and plastic forms. This
waste is not broken down over a short period while
that of non-organic origin, or structural deterioration resistant organics (e.g., plastic), lasts for many
years in nature and creates pollution. Human related
waste left in nature causes physical effects on the
natural environment as well as both biological and
chemical pollution effects. These effects vary depending on the nature of the waste.
The time needed to break down the solid
waste produced by humans is very long. The
amount of municipal waste collected by the Trabzon metropolis is 230 tons per day and the amount
of garbage per capita is 1.15 kg. Solid waste pro-

MATERIALS AND METHODS
The study was done in the coastal zone of the
South Eastern Black Sea on the 119 km coast line
of 10 cities (Figure 1). The water or litter catchment
areas of the rivers that collect and transfer waste to
the Black Sea, one of the largest land-lockd marine
basin in the world, [22] were calculated using State
Water Works Directorate maps and city maps and
the results are given in Table 1. The studied area
has 16 streams and rivers that are discharged into
the Black Sea. In this study, it was assumed that
solid waste was disposed of in nature (the river
catchment areas) and transported to the sea by the
rivers and then transferred to the coast by the current and waves; waste was analyzed using this assumption.
Data for the study area were obtained between
March and November 2010 to identify and quantify
litter on the coast. Each district coast was divided
into five sampling areas to measure non soluble
solid waste (litter). Litter sampling points were
chosen to represent the entire coast. Selected points
were near the river mouths, on beaches used for
public swimming, the rocky coast, the residential
area coast, and some harbor entrances and surrounding areas. To measure the amount and type of
litter, in the sampling area randomly selected 100 or
200 m2 square or rectangular areas of adjacent
shoreline were used for sampling. Solid waste was
separately counted and weighed and the collected
and calculated data were used for statistical analysis. The differences between districts, stations, solid
waste types (plastic, metal, glass, and textile) and
accumulation in the sampling areas were analyzed.
Examined on the basis of the results of the total
amount of waste on the shore, and all per capita
quantities of this waste, statistical similarities and
differences were presented. In order to determine
statistical differences SPSS 16.0 statistical program
and PRIMER 5 packs were used to analyze the
similarities of the cities for different types of the
litter.

RESULTS
The South Eastern Black Sea is characterized
by high sloped mountainous areas and narrow

3840

© by PSP

Volume 26 ± No. 6/2017 pages 3839-3844

Fresenius Environmental Bullet

garbage collection is handled by the provincial
administration but is inadequate.
In the present study, the amount of solid waste
along the coastline of the province of Trabzon,
which is 1,190 km2 with a total length of 119 km
and width of 10 km, was identified as a total of
24,777.20 tons. The total weight and amount of litter that was collected from the coast of the districts
is given in Table 2 and Figure 2.

coasts. The study area of Trabzon province is highly populated (164/km2) with settlements and houses
distributed around the river basins (Table 1).
The garbage collected in district and village
centers is disposed of daily at regular storage areas.
Solid waste from rural areas is removed by households for burning or disposal in the creek basins or
in the hills in an unregulated manner. In this region,

FIGURE 1
Selected coastal districts and coast lengths [19]
TABLE 1
The total river or litter catchment areas (km2), population and coast lengths of the 10 districts
District
Basin (km2)
Population
Coastal
length (km)

Of
1140
48,176

Surmene
235
31,206

Arakli
853
50,211

Arsin
290
28,369

Yomra
176
30,413

Trabzon
1061
297,710

Akçaabat
391
110,629

Carsibasi
149
16,077

Vakfikebir
200
26,498

Besikduzu
135
21,883

12

14

9

9

6

20

23

9

9

8

TABLE 2
The distribution of solid waste along the coasts of the districts
Plastics

Metal

Glass

Textiles

Cities
and basins

Solid waste
(kg)

Solid waste
(number)

kg

number

kg

number

kg

number

kg

number

Of
Surmene
Arakli
Arsin
Yomra
Trabzon
Akcaabat
Carsibasi
Vakfikebir
Besikduzu

4,627.20
2,931.60
1,323.00
2,266.20
1,533.00
5,030.60
2,557.60
1,678.50
783.9
2,045.60

8556
8022
3267
5076
2796
33140
7981
4959
2304
4488

1896
1492.4
913.5
1105.2
592.2
736.6
1366.2
1124.1
397.8
1263.2

6876
6454
2790
4419
2244
27800
6923
3366
1926
3744

697.2
106.4
147.6
482.4
177.6
2164
124.2
270
18
123.2

612
700
279
387
240
2160
506
711
54
320

163.2
837.2
58.5
180
190.8
442
255.3
158.4
111.6
123.2

168
644
81
54
180
1300
138
189
144
104

1870.8
495.6
203.4
498.6
572.4
1688
811.9
126
256.5
536

900
224
117
216
132
1880
414
693
180
320

Total

24777.2

80589

10887.2

66542

4310.6

5969

2520.2

3002

7059.2

5076
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40000

Plastic
Metal
Glass
Textile

35000

Total waste (gr)

30000

25000

20000

15000

Plastic

10000
Textile

5000
Metal
Glass

0
Of

Sürmene

Arakli

Arsin

Yomra Trabzon Akcaabat Carsibasi VakfÕkebir Beúikdüzü

Stations

FIGURE 2
Distribution of deposited solid waste on the coasts of the districts according to the type and weight of
litter

FIGURE 3
The similarity between the districts according to the type of plastic and metal ratio of solid waste

In the South Eastern Black Sea, the coastal
current direction is mainly west to east and the effective wave direction is north or northwest to
south. The main physical conditions that create the
accumulation of litter on the coast are coastal currents and waves. It was found that between districts,
current and wave effects do not show significant
differences. According to the type of solid waste
deposited in the coastal area, the distribution of the
total accumulation is as follows: plastic 56%, textile
23%, metal 14 % and glass 7% (Figure 2).
In the regions, the largest river basin (1,140
km2) is Of and the smallest is the Besikduzu basin
(135 km2) (Table 1). In the study area, it was
thought that there is a linear relationship between
the amount of solid waste and the population. However, the results of the analysis of the correlation
between the population and the amount of solid
waste accumulated on the shore showed that the
relationship is weak (r2 = 0.26). This can be explained by the fact that the domestic litter that is ac-

cumulated on the coasts is transported to/from different areas. In the same way, it was determined
that the correlation between the population and the
total amount of waste deposited on the shore is
weak (r2 = 0.22). When the comparison was made
according to the amount of solid waste between
districts, the differences for metal, glass and textiles
were not significant (P <0.05), but the difference
was significant for the type of plastic (P <0.05). It
was found that the central town of Trabzon in particular showed significant differences (P <0.05)
from other urban areas. When the east coast areas
of the metropolis of Trabzon (coasts of Yomra, Arsin, Arakli, Surmene, and Of cities) and the western
districts (Akcaabat, Carsibasi, Vakfikebir, Besikduzu) were compared, a significant difference was
not found in terms of solid waste load.
Bray-Curtis analyses were done to identify
similarities and clustering between districts and the
results are given in Figure 3. According to the type
of plastic solid waste, there were six groups ob-
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that the origin of the non-soluble waste is the rural
areas of the river basin.
In the region there was no difference between
stations (n = 50) in terms of the type of waste. It
was shown that there were significant differences in
terms of the amount of waste. This difference depends on the structure of the coast (rocky, sandy,
filled, et al.) and also on the effectiveness and seasonal variation of the waves and currents. Therefore, solid waste collection and disposal systems in
rural areas need to be established in order to reduce
the physical, chemical and visual effects of pollutants that mainly consist of packaging materials
[23]. It is also important to increase awareness
through public institutions and local administrations
in order to reduce pollution. It can be concluded
that the globally increasing problem of solid
waste/litter is also an increasing problem in the
South Eastern Black sea and coastal areas.
The results of the study show similarities with
those of Topcu et al. [15], Morris [24], Martin and
Sobral [25] and McCoy [26] all of which indicated
that most of the debris is plastic. Although Topçu et
al. [15] reported that the solid waste of the Western
Black Sea bed originated from Turkish domestic
and foreign discharge, on the contrary all waste of
the study area originated from Turkish domestic
waste.
As identified by Santoes et al. [27], in coastal
areas marine litter is now recognized as a major
form of marine pollution and a key factor for
coastal managers and the ecology. The solid waste
problem on the coast of Trabzon province is an example of the present situation and a threat to the
IXWXUHRIWKH%ODFN6HD¶VVKRUHV7RVROYHWKHSURE
lem, garbage collection systems should be effective
not only in central settlements but also in the rural
areas from the mountains to the coast. Furthermore,
citizen awareness and education regarding local
pollution should be more effective.

served and they showed more than 50% similarities
except for Trabzon Central districts (Fig 3-a). When
metal solid waste was investigated, six groups were
also observed and more than 60% similarities were
found between the districts except for Vakfikebir
district (Fig. 3-b). The six groups were also found
according to glass solid waste and more than 55%
similarities were observed between districts, except
for Arsin and Sürmene (Fig. 3-c). Textile solid
waste had four groups and more than 50% similarities were observed between districts except for the
Central and Of districts (Fig. 3-d).

DISCUSSION
The Trabzon province coast is a part of the
Black Sea and the results provide an indication of
the litter pollution situation of the different coast
types of the Black Sea. As a result of the study, it
was concluded that the 119 km long coastal area of
Trabzon, which consists of the mouths of creeks,
beaches, and rocky and filled areas, was totally under the influence of solid waste pollution. Therefore, it was concluded that this pollution was due to
waste disposal in river beds, hills or coastal areas
because of lack of training and supervision of the
local population. Due to regular waste collection
and the storage systems at urban centers and central
villages, waste is not disposed of at the coast. However, due to lack of waste collection systems in rural areas, waste is discharged to the river catchment
areas and transported to the sea then scattered and
accumulated on the coast. It was determined that
visual pollution of the litter is an important cause of
physical and chemical pollution of the coastal and
marine ecosystems. As in other parts of the Black
Sea and other seas coasts, careless garbage and recycling collection and poor landfill management
have been blamed for some of the debris, particularly plastic bags and bottles.
The study was conducted before the Regional
Solid Waste Collecting Association (Trabrikab)
started collecting the garbage. The garbage collected daily showed that the amount of solid waste
per person living in the villages was lowest at
$UDNOÕ GLVWULFW FRXQW\ 61.112 g) and highest at
Trabzon central district (479.6 grams) and the mean
amount of solid waste per capita was determined to
be 258.31 grams for the region.
In comparison to plastics, the metal, glass and
textile pollution load was not significant (P <0.05)
but in particular the waste load of the central town
of Trabzon, which had the maximum value per
capita, showed significant differences from other
urban areas (P <0.05).
As a result of distribution of solid waste analysis on the coasts, it was observed that pollutants
were intense near river mouths and places where
the wave effect is minimal. These results show us
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ABSTRACT

INTRODUCTION

Overgrazing has caused extensively vegetation
destruction in deserts, the widely distributed type of
grassland in northern Xinjiang, China. To restore the
degraded desert ecosystems, grazing exclusion (GE)
was extensively implemented in recent decades.
However, changes in the vegetation characteristics
and plant biodiversity in different years of GE have
not been thoroughly elucidated. This study paper examines the changes in desert community characteristics (i.e., biomass, coverage, density) and plant biodiversity (i.e. Margelef richness index, Simpson
dominance index and Pielou evenness index) under
lightly degraded desert (LD) in Urumqi with freely
grazing (FG), 1 a, 6 a,9 a and moderately degraded
desert (MD) in Shawan with FG, 1 a, 4 a, 11 a. The
results indicated that the vegetation density and biomass in LD had no statistical difference response to
GE, while compared with FG, the coverage and biomass of GE sites in MD significantly increased by
36.9%~115.7% and 62.9%~217.5%, respectively.
Relative short-term GE could increase Simpson
dominance index and Margelef richness index in LD,
but the Simpson dominance index and Pielou evenness index reduced in relative long-term GE condition. In addition, ZHVXJJHVWVWKDWWKHRSWLPDOYHJH
WDWLRQ ELRPDVV DQG SODQWV JURZWK FRQGLWLRQ RI /'
DQG0'ZHUHFDOFXODWHGDQGREVHUYHGDWWKHaD
DQGaDLQRXUVWXG\DUHDVUHVSHFWLYHO\+HQFH
ZHSURSRVHGWKDWGHJUDGHGGHVHUWVVKRXOGDGRSWWKH
JUD]LQJPDQDJHPHQWZKHQLWUHFRYHUHGWRDFHUWDLQ
H[WHQW

,W KDV EHHQ UHFRJQL]HG WKDW JUDVVODQG HFRV\V
WHPV SOD\ DQ LPSRUWDQW UROH LQ DQLPDO KXVEDQGU\
ZKLFK SURYLGH VXEVWDQWLDO DQG H[WUHPHO\ HIIHFWLYH
HFRV\VWHP IXQFWLRQV DQG VHUYLFHV >@ VXFK DV VRLO
DQGZDWHUSURWHFWLRQ1DWXUDOJUDVVODQGUHVRXUFHVDUH
H[WUHPHO\ULFKLQ;LQMLDQJ&KLQDZKLFKFRYHUVDS
SUR[LPDWHO\PLOOLRQKDRUDFFRXQWVIRURIWR
WDOWHUULWRU\VXUIDFHRI;LQMLDQJ6DJHEUXVKGHVHUWFR
YHUVPRUHWKDQRIZKROHGHVHUW¶VDUHD>@ZKLFK
LV LPSRUWDQW VSULQJDXWXPQ VHDVRQDO SDVWXUH DQG
SOD\VDQH[WUHPHO\LPSRUWDQWUROHRQJUD]LQJPDQ
DJHPHQWV+RZHYHUGXHWRKXPDQDFWLYLWLHVDQGFOL
PDWHFKDQJH PRVWSDUWVRIDYDLODEOHQDWXUDOJUDVV
ODQGV KDYH XQGHUJRQH YDU\LQJ GHJUHHV RI GHJUDGD
WLRQDQGWKHLUHFRV\VWHPIXQFWLRQDUHJUDGXDOO\UH
GXFHGLQUHFHQWGHFDGHV>@VXFKDVDUHGXFWLRQLQ
ELRGLYHUVLW\DQGYHJHWDWLRQELRPDVV>@*UDVVODQG
GHJUDGDWLRQ is one of the most critical environmental
hazards, and hinder economic and socially sustainable development [7]. Therefore, how to recover degraded grassland is a quite urgently and important
ecological engineering for ecologists and scholars to
face and solve.
Facing the worsening degradation of grasslands,
Chinese government has initiated a series of strategies included grazing exclusion, reseeding, fertilization and artificial grass planting to restore degraded
grasslands. Grazing exclusion (GE) by fencing has
been implemented 2003 in northern, northwestern
and southwestern China [8], and it has been extensively implemented, due to it was more economic
and practical than other strategies, as a grassland
management practice aimed to restore degraded
grassland or present grassland degradation [9-10].
Additionally, the times of GE was in principle 5-10
a, and it was unified according to ecological compensation mechanism which was designed by Chinese government. This practice has been carried out
more than ten years, and which brings to a few light
questions: (a) Are this measures successful in the
restoration of degraded grasslands? (b) Is whether

.(<:25'6
'HVHUW*UD]LQJH[FOXVLRQ&RPPXQLW\FKDUDFWHULVWLFV
3ODQWELRGLYHUVLW\
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MATERIAL AND METHODS

the trend of severe grassland degradation reversed?
(c) Grassland vegetation biomass and biodiversity
are increased or decreased? (d) Was the times of GE
in those grassland with different degraded degrees
consistent? (e)«These questions were explored by
many ecologists and scholars in recent years [11-13].
However, these research results on GE how to
influence plant biomass and biodiversity were not
consistent. For instance, some results indicated that
GE could increase grassland biomass and plant biodiversity [10, 14-15]. Due to eliminate the disturbance of domestic livestock and human activities, GH
JUDGHGgrassland vegetation quickly self-restore and
reproduce, and these thorny or toxic plants have declined and been replaced by palatable and desirable
species with increasing GE duration, then biomass
and biodiversity of vegetation showed an increasing
trend under fenced. Nevertheless, results have also
indicated that with increasing duration of GE, vegetation biomass, and biodiversity decrease, with the
highest values seen under continuous freely grazing
(FG), or have no dramatic changes between GE sites
and FG sites [16-18]. Due to dominant species
quickly growth and a large amount of space and resources were occupied, and then restrained the
growth and reproduction of other species. We concluded through previous studies that WKLVODFNRIFRQ
VHQVXVRQWKHHIIHFWRI*(RQYHJHWDWLRQFRPPXQL
WLHVDQGELRGLYHUVLW\WKHUHLVOLWWOHNQRZOHGJHDERXW
KRZFKDQJHVRQELRPDVVDQGELRGLYHUVLW\LQGLIIHU
HQW*(WLPHV,QDGGLWLRQPRVWVWXGLHVPDLQIRFXV
RQO\RQFRPSDULVRQRIYHJHWDWLRQ FRPPXQLWLHVEH
WZHHQWKH*(SORWVDQG)*SORWV+HQFHWKHUHLVOLW
WOH NQRZOHGJH DERXW WKH GLIIHUHQFH RI ELRPDVV DQG
ELRGLYHUVLW\ XQGHU GLIIHUHQW GHJUDGHG GHVHUW DOW
KRXJKLWLVH[WUHPHO\LPSRUWDQWDQGHVVHQWLDOIRUOR
FDO UDQJH PDQDJHUV WR SURWHFW DQG PDQDJH QDWXUDO
JUDVVODQG
Therefore, we tested the following hypothesis in
our study: (ϸ) GE could significantly increase the
vegetation biomass; (Ϲ) The plant biodiversity alter
remarkably under GE. In this study we focus on the
two aspects of desert with light and moderate degradation (LD and MD): the biomass, cover, density of
vegetation and the plant biodiversity. The aims of
our study to address the following questions: (ϸ)
Whether there are differences in desert with different
degraded degree communities numerical characteristic? (Ϲ) How to GE effect plant biodiversity with
GE duration? (Ϻ) How much the optimal GE times
XQGHUGLIIHUHQWGHJUDGHGGHVHUW"

6WXG\VLWHV7KHVWXG\VLWHVZHUHFRQGXFWHGRQ
WKH HGJH RI 8UXPTL FLW\ 858 ƍaƍ(
ƍaƍ1PDOWLWXGH DQG6KDZDQFRXQW\
6+:ƍaƍ1ƍaƍ(PDO
WLWXGH WKHQRUWKHUQRI;LQMLDQJDQGWKH\ORFDWHGLQ
ORZ EHOW RI QRUWK VORSHV RI 7LDQVKDQ PRXQWDLQV
)LJ 7KHWZRUHJLRQVKDYHW\SLFDOWHPSHUDWHFRQ
WLQHQWDODULGFOLPDWHZLWKIRXUGLVWLQFWVHDVRQVFKDU
DFWHUL]HG E\ VKRUW WRUULG VXPPHUV DQG ORQJ FROG
ZLQWHUV DQG WKHLU QDWXUDO FRQGLWLRQV ZHUH VLPLODU
$YHUDJH DQQXDO SUHFLSLWDWLRQ ZHUH DERXW  PP
DSSUR[LPDWHO\RI ZKLFKIDOOLQJEHWZHHQ$SULO
DQG $XJXVW 7KH DQQXDO PHDQ WHPSHUDWXUH ZHUH
DERXWaԨZLWKODUJHDQQXDOWHPSHUDWXUHIOXF
WXDWLRQV7KHVRLOW\SHZHUHJUD\GHVHUWVRLODFFRUG
LQJWR)$281(6&2WD[RQRP\
7KH VDPSOLQJ VLWHV RI 858 DQG 6+: ZHUH
JUD]HGE\VKHHSDQGJRDWVEHIRUHIHQFHGZKLFKZHUH
XVHGDVVSULQJDXWXPQSDVWXUHLQWHUPVRISURGXFWLRQ
7KHQDWLYHYHJHWDWLRQLQWKHWZRUHJLRQV LH858
DQG 6+:  DUH 6HULSKLGLXP WUDQVLOLHQVH .RFKLD
SURVWUDWD)HVWXFDRYLQD6WLSDVDUHSWDQD&DUH[WXU
NHVWDQLFD&HUDWRFDUSXVDUHQDULXVDQG6DOVRODFRO
OLQD 7KH GHVHUW YHJHWDWLRQ FRYHUDJH RI 858 ZDV
DERXW a DQG WKH DYHUDJH ELRPDVV ZDV DS
SUR[LPDWHO\ JāP$GGLWLRQDO WKH FDUU\LQJ FD
SDFLW\DQGJUD]LQJLQWHQVLW\LQ85*ZHUHFRQVLGHUHG
WREHUHODWLYHO\ORZDQGWKHEDUHDUHDRIVXUIDFHVRLO
LV FRPSDUDWLYHO\ VPDOO DQG WKH WUDPSOLQJ WUDFHV RI
OLYHVWRFNLVOHVVVR858EHORQJVWRWKHOLJKWO\GH
JUDGHG GHVHUW /'  DFFRUGLQJ WR-LQ>@ +RZHYHU
WKHJUDVVODQGYHJHWDWLRQFRYHUDJHRI6+:ZDVUDQJH
WRDQGWKHDYHUDJHELRPDVVZDVDSSUR[L
PDWHO\JāPDQGWKHFDUU\LQJFDSDFLW\EDUHDUHD
WKH WUDPSOLQJ WUDFHV RI 6+: ZDV UHODWLYHO\ PRUH
WKDQ 858 VR 6+: EHORQJV WR WKH PRGHUDWHO\ GH
JUDGHGGHVHUW 0' DFFRUGLQJWR-LQ>@
([SHULPHQWDOGHVLJQ7KLVH[SHULPHQWZDVGL
YLGHGLQWRWZRSDUWVWKHOLJKWO\GHJUDGHGGHVHUW /' 
RI858DQGWKHPRGHUDWHO\GHJUDGHGGHVHUW 0' RI
6+: )LJ ,Q858VLWHWKUHHSORWVKDYHEHHQHV
WDEOLVKHGE\PHWDOJUD]LQJHQFORVXUHV PRVWO\ODUJHU
WKDQPLQVL]H VLQFHDQGLH
WKHVH VXESORWV ZHUH IHQFHG  D  D  D RI *( E\
 UHVSHFWLYHO\ 6LPLODUO\ LQ 6+: VLWH WKUHH
SORWVKDYHEHHQHVWDEOLVKHGE\PHWDOJUD]LQJHQFOR
VXUHV PRVWO\DOVRODUJHUWKDQPLQVL]H VLQFH
DQGLHWKHVHVXESORWVZHUHIHQFHG
DDDRI*(E\UHVSHFWLYHO\7KHPHWDO
JUD]LQJ HQFORVXUHV ZHUH HIIHFWLYH WR SUHYHQW OLYH
VWRFN WR IHHG DQG WUDPSOH DOO \HDUURXQG 7KH *(
SORWV EDVLFDOO\ XQGLVWXUEHG GXULQJ *( SHULRG DQG
FRQQHFWHGRU
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),*85(
/RFDWLRQVRIWKHVWXG\VLWHVDQGVDPSOLQJVFKHPH
VXESORWV PîP ZHUHHVWDEOLVKHGDWPLQWHUYDO
DORQJHDFKWUDQVHFWLHWRWDOVDPSOHV VLWHVî
SORWVîWUDQVHFWVîVXESORWV 

DOPRVWVR WKHVSDFLQJLVOHVVWKDQPHWHUV %HIRUH
*(WKHSORWVKDGDSSUR[LPDWHO\WKHVDPHLQLWLDOFRQ
GLWLRQVZLWKORQJWHUPJUD]LQJKLVWRU\WUDGLWLRQDOO\
JUD]HGE\OLYHVWRFN PDLQO\VKHHS RIVLQJOHIDPLO\
GXULQJVSULQJDQGDXWXPQVDPHJUD]LQJLQWHQVLW\ED
VLFDOO\DQGVDPHGHJUHHRIGHJUDGDWLRQ
&RQWLQXRXV IUHHO\ JUD]LQJ )*  DUHD RU UHF
RUGHGDVDRI*( DGMDFHQWO\RXWVLGHWKHVHHQFOR
VXUHV ZHUH VWLOO WUDGLWLRQDOO\ JUD]HG GXULQJ WKH
PRQWKVIURP0DUFKWR-XQHDQGIURP6HSWHPEHUWR
1RYHPEHUDQGWKH*(DQG)*SORWVZHUHLQFORVH
SUR[LPLW\DQGZHUHORFDWHGLQWKHVDPHKRPRJHQH
RXVHFRORJLFDOXQLWVLQWZRVLWHVRI858DQG6+:
7KHVWRFNLQJUDWHRIRSHQSDVWXUHUHPDLQHGWKHVDPH
GXULQJRWKHUWKUHHSORWVSURWHFWHG
:LWKLQ HDFK SORW WKUHH UDQGRP HTXDOOHQJWK
SDUDOOHOUHSOLFDWHWUDQVHFWVZHUHHVWDEOLVKHGDWP
LQWHUYDOLQ*(DQG)*SORWVDQGWKHQWKUHHVDPSOLQJ

)LHOG VDPSOLQJ 9HJHWDWLRQ PHDVXUHPHQWV
ZHUHFDUULHGRXWDWODWH6HSWHPEHULQ858DQG
LQ6+:ZKLFKZHUHDW\SLFDOSHULRGRISHDN
DERYHJURXQGELRPDVV$OOVSHFLHVZLWKLQHDFKVXE
SORW ZHUH LGHQWLILHG DQG UHFRUGHG 3ODQW FRYHUDJH
ZDVPHDVXUHGE\SURMHFWLRQPHWKRGQDWXUDOKHLJKWV
ZHUHPHDVXUHGXVLQJUXOHUDQGLQGLYLGXDOTXDQWLWLHV
GHQVLWLHV RIHDFKVSHFLHVZHUHUHFRUGHGE\VWDWLVWLF
PHWKRGV$ERYHJURXQGGU\ELRPDVVRIHDFKVSHFLH
RQO\WKHJUHHQSODQWSDUWV ZHUHGHWHUPLQHGE\FOLS
SLQJZKROHSODQWIURPWKHVRLOVXUIDFHZLWKVFLVVRUV
LQHDFKVDPSOLQJVXESORWDQGZHLJKLQJWKHSODQWVDI
WHUGU\LQJDWԨIRUKWRFRQVWDQWZHLJKW>@
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Natural restoration of degraded grassland

Grassland restoration?

LD: Continue grazing

Coverage: 35%
Biomass:110g·m-2

Yes

Coverage: 25%
Biomass:50g·m-2

GE1

No

MD: Continue grazing

GE1

Yes
No
Yes

GE6

GE9

GE4
No

No

Continue GE

Communities composition, vegetation characteristic

GE11

Yes
No
Yes
No
Yes

Plant biodiversity

Exploring the difference between LD and MD under GE.
),*85(
  7KHIORZFKDUWRIH[SHULPHQWDOGHVLJQ
'DWHDQDO\VLV7KHFRPPXQLW\VWUXFWXUHFKDU
DFWHULVWLFVZHUHFKDUDFWHUL]HGE\WKH,PSRUWDQWYDOXH
,9 0DUJDOHIULFKQHVVLQGH[ 'PD 6LPSVRQGLYHU
VLW\ LQGH[ '  DQG 3LHORX LQGH[ (  >@ DQG WKH\
ZHUHFDOFXODWHGDV
,PSRUWDQWYDOXH ,9 
IVi ( H ri  Cri  Dri  Bri ) 4                   

3 $QDQDO\VLVRIYDULDQFH $129$ ZDVXVHG
WRHYDOXDWHWKHHIIHFWRIGLIIHUHQWJUD]LQJH[FOXVLRQ
WLPHVRQSODQWFRPPXQLWLHVDQGSODQWELRGLYHUVLW\

0DUJDOHIULFKQHVVLQGH[ 'PD 
Dma ( S  1) lnN                     

&RPPXQLW\ FRPSRVLWLRQ DQG VWUXFWXUH 
IXQFWLRQ JURXSV LQFOXGLQJ VXEVKUXE SHUHQQLDO
JUDVVDQGDQQXDOIRUEVZHUHUHFRUGHGXQGHU/'LQ
858 EXW  IXQFWLRQ JURXSV LQFOXGLQJ VXEVKUXE
SHUHQQLDOJUDVVDQQXDOIRUEVDQGVHGJHV ZHUHUHF
RUGHGXQGHU0'LQ6+: 7DEOH &RPSDUHGZLWK
)*WKHDYHUDJHKHLJKWRIVXEVKUXE 6WUDQVLOLHQVH
DQG.SURVWUDWD LQFUHDVHGE\aLQ*(
VLWHV XQGHU /' DQG WKH KHLJKW RI SHUHQQLDO JUDVV
PDLQO\ 3LSWDWKHUXP NRNDQLFXP  KDG QR GLIIHUHQW
EHWZHHQ)*DQG*(VLWHVZKLOHWKHKHLJKWYDOXHRI
DQQXDOIRUEV 3HWURVLPRQLDVLELULFDDQG&DUHQDULXV 
DFKLHYHG WKH PLQLPXP DW *( 6LPLODUO\ WKH ELR
PDVVRIVXEVKUXELQFUHDVHGE\aLQ*(
WKDQ)*SORWVZKLOHWKHELRPDVVRISHUHQQLDOJUDVV
DQGDQQXDOIRUEVKDGQRFKDQJHVDIWHU*(
,Q 6+: WKH DYHUDJH KHLJKWV DQG ELRPDVV RI
VXEVKUXE LQFUHDVHG E\ a DQG
aUHVSHFWLYHO\FRPSDUHGZLWK)*XQGHU
0' DQG WKHLU YDOXH DFKLHYHG PD[LPXP DW *(
EXW WKH DYHUDJH KHLJKWV DQG ELRPDVV RI SHUHQQLDO
JUDVV 6WLSDVDUHSWDQDDQG)RYLQD DQGVHGJHV &
WXUNHVWDQLFD SUHVHQWHGWKHIOXFWXDWLRQRI

RESULTS

6LPSVRQGRPLQDQFHLQGH[ ' 

D 1  ¦ IVi 2                       
3LHORXHYHQQHVVLQGH[ ( 

E (¦ IVi ln IVi ) lnS                    
:KHUH+ULLVWKHUHODWLYHKHLJKW&ULLVWKHUHOD
WLYHFRYHUDJH'ULLVWKHUHODWLYHGHQVLW\%ULLVWKHUHO
DWLYHELRPDVV6LVWKHQXPEHURIVSHFLHVLQWKHFRP
PXQLW\DQG,9LLVWKHLPSRUWDQWYDOXHRILVSHFLHV
$GGLWLRQDOO\WKHSODQWFRPPXQLW\ZDVGLYLGHG
LQWRIRXUIXQFWLRQJURXSVLQWKHVHUHJLRQVDFFRUGLQJ
WR:X>@VXEVKUXESHUHQQLDOJUDVVDQQXDOIRUEV
DQGVHGJHV7KHFKDUDFWHULVWLFVRIDOOIXQFWLRQJURXSV
ZHUHVKRZHG 7DEOH 
$OO GDWH ZHUH DQDO\]HG XVLQJ YHUVLRQ 
,%0$UPRQN1<86$ RIWKH6366VRIWZDUHDQG
H[SUHVVHGDVPHDQVWDQGHUURURIPHDQ 6( 6LJ
QLILFDQW IRU DOO VWDWLVWLFDO WHVWV ZHUH HYDOXDWHG DW
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&KDQJHVRIGHVHUWIXQFWLRQJURXSVDORQJZLWK*(JUDGLHQW
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Important value/%
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(b) MD
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),*85(
&KDQJHVRI,PSRUWDQWYDOYH ,9 RIPDLQVSHFLHVXQGHU D OLJKWO\GHJUDGHGGHVHUW /' DQG E PRGHU
DWHO\GHJUDGHGGHVHUW 0' DIWHU*(
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&KDQJHV LQ YHJHWDWLRQ FKDUDFWHULVWLF XQGHU
/'DQG0'GHVHUWDIWHU*(7KHYHJHWDWLRQFKDU
DFWHULVWLFVXQGHU/'DQG0'UHVSRQVHWR*(VKRZHG
YDULRXVGLIIHUHQFHV )LJ 7KHYHJHWDWLRQFRYHUDJH
RI /' VKRZHG WKH IOXFWXDWLRQ RI ³GRZQXSGRZQ´
DORQJZLWK*(JUDGLHQWDQGVLJQLILFDQWO\LQFUHDVHE\
DW*(FRPSDUHGZLWK)*WKHQREYLRXVO\GH
FUHDVHE\DW*( 3)LJD +RZHYHU
WKHYHJHWDWLRQGHQVLWLHVDQGELRPDVVVKRZHGDWHQ
GHQF\WRLQFUHDVHRUGHFUHDVHDQGKDGQRVWDWLVWLFDO
GLIIHUHQFH 3!)LJEF 
,QDGGLWLRQUHVXOWVLQGLFDWHGGLIIHUHQFHVLQFRY
HUDJH SHUFHQW SODQW GHQVLW\ DQG ELRPDVV EHWZHHQ
*( DQG JUD]LQJ VLWHV LQ 0'7KH PHDQ YHJHWDWLRQ
FRYHUDJH SHUFHQW ZDV VLJQLILFDQW LQFUHDVHG E\
a DW WKH *( SORWV FRPSDUHG ZLWK )*
SORW 3 )LJG  7KH FRPPXQLW\ GHQVLW\
VKRZHGLQFUHDVHILUVWDQGWKHQGHFUHDVHDQGZKLFK
DFKLHYHGWKHPLQLPXPYDOXH LQGLYLGXDOāP DW
*( )LJH +RZHYHUWKH

³GRZQXSGRZQ´DORQJZLWK*(JUDGLHQWDQGWKHLU
YDOXHDFKLHYHWKHPLQLPXPDW*(,QDGGLWLRQWKH
KHLJKWVDQGELRPDVVRIDQQXDOIRUEV &DUHQDULXV 
KDGQRVWDWLVWLFDOGLIIHUHQFHLQUHVSRQVHWR*(EXW
DQQXDOIRUEVJUDGXDOO\UHGXFHGRUHYHQGLVDSSHDUHG
7KHUH ZDV FRQVLGHUDEOH YDULDWLRQ LQ WKH ,P
SRUWDQWYDOXHV ,9 RIPDLQVSHFLHVLQ/'DQG0'
DIWHU*( )LJ 7KH,9RI3VLELULFDLQ/'VKRZHG
WKDWWKH IOXFWXDWLRQRI ³GRZQXSGRZQ´DORQJ ZLWK
*( JUDGLHQW DQG WKH YDOXH DFKLHYHG PLQLPXP DW
*( )LJD  %XW WKH ,9 YDOXH RI 6 WUDQVLOLHQVH
DFKLHYHGWKHPD[LPXPDW*(:KLOHWKHYDOXHVRI
& DUHQDULXV DQG . SURVWUDWD VKRZHG QR UHJXODU
FKDQJH,Q0' )LJE WKHYDOXHRI6WUDQVLOLHQVH
VKRZHGWKHIOXFWXDWLRQRI³XSGRZQXS´DORQJZLWK
*(JUDGLHQWDQGRFFXSLHGDQDEVROXWHGRPLQDQWSR
VLWLRQ UHJDUGOHVV RI JUD]LQJ DQG *( +RZHYHU WKH
YDOXHVRI.SURVWUDWD)RYLQD&DUH[WXUNHVWDQLFD
VKRZHG WKH IOXFWXDWLRQ RI ³GRZQXSGRZQ´ DORQJ
ZLWK*(JUDGLHQWDQGWKHLUFKDQJHVVKRZHGFRPSOH
PHQWDU\ZLWKWKH,9RI6WUDQVLOLHQVH
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),*85(
 &RPSDULVRQVRIFRYHUDJH DG GHQVLWLHV EH DQGELRPDVV FI EHWZHHQOLJKWO\GHJUDGHG /' DQG
PRGHUDWHO\GHJUDGHG 0' GHVHUW
1RWH2QHZD\$129$ 'XQFDQWHVW HUURUEDUVZHUHWKHVWDQGDUGHUURURIPHDQDQGGLIIHUHQWOHWWHUVRYHUWKH
EDUVLQGLFDWHGVLJQLILFDQWO\GLIIHUHQWDW3
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VWDWLVWLFDOO\FKDQJHV )LJG3! +RZHYHU'
DQG(RI0'VKRZHGWKHIOXFWXDWLRQRI ³GRZQXS
GRZQ´ DORQJ ZLWK *( JUDGLHQW DQG WKHVH YDOXHV
DFKLHYHGPLQLPXPDW*(

5HVSRQVHVRISODQWELRGLYHUVLW\LQ*(JUDGL
HQW &RPSDUHG ZLWK IUHHO\ JUD]LQJ )*  VLWH WKH
0DUJDOHIULFKQHVVLQGH[ 'PD 6LPSVRQGRPLQDQFH
LQGH[ '  DQG 3LHORX HYHQQHVV LQGH[ (  DOO DS
SHDUHGWRLQFUHDVHDIWHU*(LQ/'DQG'PDUDQJHG
IURP  WR  ' UDQJHG IURP a DQG (
UDQJHG IURP a )LJ D a F  ZKHUHDV RQO\
'PDDQG'LQ*(VKRZHGVLJQLILFDQWO\LQFUHDVHG
E\  DQG  WKDQ JUD]LQJ VLWH UHVSHF
WLYHO\ ,Q DGGLWLRQ WKH 'PD RI 0' VKRZHG GH
FUHDVHGJUDGXDOO\ZLWKLQFUHDVLQJ*(WLPHVEXWQR

5HJUHVVLRQ DQDO\VLV 5HVXOWV RI UHJUHVVLRQ
DQDO\VLVLQGLFDWHGWKDWWKHUHODWLRQVKLSVRIFRPPX
QLW\FKDUDFWHULVWLFVDQG*(WLPHVSUHVHQWHGTXDGUDWLF
IXQFWLRQ 7DEOH 9HJHWDWLRQFRPPXQLW\FKDUDFWHU
LVWLFV VKRZHG WKH WHQGHQF\ RI ³XSGRZQXS´ DV D
ZKROH:H IRXQG D VWURQJHU HIIHFW RI *( WLPHV RQ
YHJHWDWLRQ FRYHUDJH GHQVLW\ DQG ELRPDVV LQ 0'
5 3 5 3 5 3 
UHVSHFWLYHO\  WKDQ /' 5  3 
5 3 5 3  

1.5
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Margalef richness index
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),*85( 
&RPSDULVRQVRI DG 0DUJDOHIULFKQHVVLQGH[ 'PD  EH 6LPSVRQGLYHUVLW\LQGH[ ' DQG FI 3LHORX
KRPRJHQHLW\LQGH[ ( EHWZHHQOLJKWO\GHJUDGHG /' DQGPRGHUDWHO\GHJUDGHG 0' GHVHUW
1RWH2QHZD\$129$ 'XQFDQWHVW HUURUEDUVZHUHWKHVWDQGDUGHUURURIPHDQDQGGLIIHUHQWOHWWHUVRYHUWKH
EDUVLQGLFDWHGVLJQLILFDQWO\GLIIHUHQWDW3
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7$%/( 
5HJUHVVLRQDQDO\VLVRQFRPPXQLW\FKDUDFWHULVWLFVDQG*(WLPHVLQ/'DQG0'
Index
LD

MD

Fitting equation

P

Coverage

y=-1.512x2+14.195x+32.673

0.31

0.024

Density

y=-38.032x2+333.150x+248.276

0.121

0.148

Biomass

y=-11.345x2+107.971x+55.000

0.199

0.074

Coverage

y=-0.582x2+8.910x+24.338

0.790

0

Density

y=-8.269x2+76.575x+234.687

0.325

0.02

0.845

0

Biomass

2

y=-0.834x +18.842x+57.660

WKH FRYHUDJH SODQW GHQVLW\ DQG DERYHJURXQG ELR
PDVV ZHUH KLJKHU LQ PLGVWDJH RI VXFFHVVLRQ DQG
WKHQGHFUHDVHGZLWKWKHLQFUHDVLQJRI*(WLPHLQDULG
DQGVHPLDULGJUDVVODQG2QHUHDVRQDEOHH[SODQDWLRQ
IRUWKLVUHVXOWPLJKWEHWKDWLWUHODWHGWRWKHG\QDPLF
FKDQJHRIGRPLQDQWVSHFLHV LH3VLELULFD DQGWKH
VXEVKUXE LH6WUDQVLOLHQVH +RZHYHUWKHYHJHWD
WLRQ FRYHUDJH DQG ELRPDVV VLJQLILFDQWO\ LQFUHDVHG
ZLWK WKH LQFUHDVLQJ UHVWRUDWLRQWLPHDQG FRPSDUHG
ZLWK)*VLWHWKHPHDQYDOXHVRIFRYHUDJHDQGELR
PDVVVLJQLILFDQWO\LQFUHDVHGE\aDQG
aUHVSHFWLYHO\ )LJGDQGI3 
7KLV UHVXOW LQGLFDWHG WKDW JUD]LQJ H[FOXVLRQ SOD\HG
DQH[WUHPHO\LPSRUWDQWUROHWRUHVWRUHWKHYHJHWDWLRQ
FRPPXQLW\FKDUDFWHULVWLFVE\LQFUHDVLQJ YHJHWDWLYH
ELRPDVVDQGFRYHUDJHRIPRGHUDWHO\GHJUDGHGGHVHUW
>@2XUVWXG\VXSSRUWVWKHILUVWK\SRWKHVHVWKDWGE
could significantly increase the vegetation biomass
of degraded desert. One plausible explanation for
this difference between GE and FG plots might be
that these inhibited species, especially for palatable
species (like as 6 WUDQVLOLHQVH  WR OLYHVWRFN KHUEL
YRUHV LHVKHHS in grazing condition were rapidly
growth or reproduction due to excluding livestock
activities [3]DQGWKHFRORQL]DWLRQFDSDFLW\>@.
Numerous studies have shown that grazing exclusion (GE) time of grassland was not indefinite,
and grazing was not permanently prohibited [24].
Continuing long-term GE could result to vegetation
biomass decreased, and hindered the development of
grassland by litter layer accumulation [15]. 5HJUHV
VLRQDQDO\VLVVKRZHGWKDWWKHRSWLPDOYHJHWDWLRQEL
RPDVVDQGSODQWVJURZWKFRQGLWLRQRI/'DQG0'
ZHUHFDOFXODWHGDQGREVHUYHGDWWKHaDDQGa
DLQRXUVWXG\DUHDVUHVSHFWLYHO\ 7DEOH continuing long-term GE would lead to the mean values of
coverage and biomass occur downward trend because of the litter layer accumulation, water and light
resources competition7KHUHVXOWVLQGLFDWHGWKDWWKH
UHVWRUDWLRQWLPHRI0'ZDVDERXWWZRWLPHVWKDQ/'
+HQFH ZH SURSRVHG WKDW WKH PRGHUDWHO\ GHJUDGHG
GHVHUWVKRXOGFRQGXFWH[FOXVLRQRIOLYHVWRFNSROLF\
WKURXJKWKHXVHRIPHVKIHQFLQJWRUHVWRUHYHJHWDWLRQ
DQGHQFORVXUHKDVEHFRPHDFRPPRQDQGHIIHFWLYH

,Q/'ZKHQ*(WLPHV;ZHUHDDDQG
DDFFRUGLQJWRTXDGUDWLFIXQFWLRQWKHYHJHWDWLRQ
FRYHUDJH GHQVLW\ DQG ELRPDVV DFKLHYHG WKH PD[L
PXPYDOXHV LQGLYLGXDOāPDQG
JāP UHVSHFWLYHO\:KHUHDVZKHQ*(WLPHV;ZHUH
DDDQGDLQ0'WKHYHJHWDWLRQFRYHU
DJH GHQVLW\ DQG ELRPDVV DFKLHYHG WKH PD[LPXP
YDOXHV LQGLYLGXDOāPDQGJāP

 UHVSHFWLYHO\ 7KHVH UHVXOWV VKRZHG WLPH RI 0'
UHVWRUDWLRQZDVPRUHOHQJWKWKDQ/'

DISCUSSION
7KH ;LQMLDQJ KDGXQGHUJRQH JUDVVODQGGHJUD
GDWLRQ RYHU WKH SDVW WKUHH GHFDGHV DQG WKH GULYLQJ
IDFWRUZDVURRWHGLQRYHUJUD]LQJGXHWRWKHRQHVLGHG
H[FHVVLYH SXUVXLWRIHFRQRPLF LQWHUHVWV7KH GHVHUW
UHJLRQVZKLFKZHUHDOOZDWHUOLPLWHGDQGYXOQHUDEOH
WR KXPDQ DQG DFWLYLWLHV ZHUH WKH ILUVW WR EHDU WKH
EUXQW+HQFHWKHGHVHUWUHJLRQKDGUHVXOWHGWRGLIIHU
HQW GHJUDGHG GHJUHH LQFOXGLQJ OLJKWO\ PRGHUDWHO\
DQG KHDYLO\ GHJUDGHG GHVHUW ,Q SUHVHQW VWXG\ WZR
GHVHUWW\SHV /'DQG0' DQGWZRFRXQWLHV 6+:
DQG858 ZHUHVHOHFWHGDVVDPSOHGVLWHVDFFRUGLQJ
WR WKH UDQJH RI *( WR LQYHVWLJDWH DQG FRPSDUH WKH
HIIHFWVDQGGLIIHUHQFHRI*(RQYHJHWDWLRQFKDUDFWHU
LVWLFVDQGSODQWELRGLYHUVLW\
&RPPXQLW\ FKDUDFWHULVWLFV UHVSRQVH WR
JUD]LQJH[FOXVLRQ7KHYHJHWDWLRQUHVWRUDWLRQRIGH
JUDGHGJUDVVODQGHFRV\VWHPLVDTXLWHFRPSOH[HFR
ORJLFDOSURFHVV>@3UHYLRXVUHVHDUFKUHVXOWVKDYH
VKRZHGWKDWGHJUDGHGJUDVVODQGUHVWRUDWLRQSURFHVV
FRXOGEHHYDOXDWHGE\SODQWFRYHUDJHGHQVLW\DQGEL
RPDVV>@0RVWVWXGLHVKDYHUHSRUWHGWKDWWKHFRP
PXQLW\ FKDUDFWHULVWLFV VLJQLILFDQWO\ LQFUHDVHG LQ D
SRVLWLYHOLQHDUZD\LQGHJUDGHGJUDVVODQGHFRV\VWHP
DIWHU*(>@,QWKLVSDSHUWKHSODQWGHQVLW\DQG
ELRPDVVRIOLJKWO\GHJUDGHGGHVHUW /' KDGQRVWD
WLVWLFDOGLIIHUHQFH )LJEDQGF3! EXWWKHLU
KLJKHVWPHDQYDOXHVZHUHREVHUYHGDWWKH*(VLWH
DQG WKLV UHVXOW ZDV SDUWLDO VLPLODU WR WKH UHFHQW UH
VHDUFKUHVXOWVRI-LQJHWDO>@ZKLFKLQGLFDWHGWKDW
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plants [13]. Some species like as DQQXDO IRUEV &
DUHQDULXV  7DEOH with lower competitive ability
were decreased in density or disappear entirely from
vegetation community with increasing grazing exclusion time due to competition and light, water and
nutrients availability. (Ϲ) Changes in plant biodiversity in the absence of livestock likely are dependent on grassland biomass and plant size [35]7KHLP
SRUWDQWYDOXHVRIGRPLQDQWVSHFLHV6WUDQVLOLHQVHLQ
GLIIHUHQW *( WLPH UDQJHG IURP a DQG
DOZD\VEHLQDGRPLQDQWSRVLWLRQ7KHVL]HRI6WUDQ
VLOLHQVHZDVODUJHUWKDQRWKHUVSHFLHVDQGRFFXSLHG
ODUJHUVSDFHVRORQJWHUP*(FRXOGUHVXOWLQORZHU
SODQWELRGLYHUVLW\LQ0'

PDQDJHPHQW VWUDWHJ\ RU DSSURDFK IRU UHVWRULQJ GH
JUDGHG JUDVVODQG >@ DFFRUGLQJ WR HFRORJLFDO
UHVWRUDWLRQ WKHRULHV ZKLFK VXJJHVWV WKDW JUDVVODQG
HFRV\VWHPFDQEHSRWHQWLDOO\ UHVWRUHGWRWKH KHDOWK
QDWXUDOO\ ZLWK RZQ UHVLOLHQFH >@ 0HDQZKLOH ZH
DOVRKHOGWKHYLHZWKDWOLJKWO\GHJUDGHGGHVHUWVKRXOG
EHHQ FORVHG IRU VHYHUDO PRQWKV HDFK \HDU IRU URWD
WLRQDOJUD]LQJEHFDXVHRISHUPDQHQWO\*(KDVDOLWWOH
HIIHFWRQYHJHWDWLRQFRPPXQLW\FKDUDFWHULVWLFV
+RZHYHURXUVWXG\ VWLOOH[LVWVRPH GHIHFW RQ
H[SORUHWKHRSWLPDO*(WLPHVIRU/'DQG0')LUVW
GXH WR WKH VWXGLHV ZHUH UHVWULFWHG E\ WLPH JUDGLHQW
DQGQRGHRIJUD]LQJH[FOXVLRQZHQHHGWRFRQWLQXH
HYDOXDWHWKHEHVWWLPHVRIJUD]LQJH[FOXVLRQE\WKH
ZD\RILQFUHDVLQJWLPHQRGHDQGVKRUWHQLQJWLPHLQ
WHUYDO LQ IXWXUH VWXGLHV 6HFRQG ZH RQO\ FRQVLGHU
RQH IDFWRU RI WKH *( WLPH HIIHFWHG WKH YHJHWDWLRQ
FRPPXQLW\DQGLJQRUHGRWKHUFDXVHV OLNHDVFOLPDWH
FKDQJH DFFRUGLQJWRSUHYLRXVVWXG\>@

CONCLUSIONS
2XU PRQLWRULQJ GDWD SRLQWHG RXW WKDW JUD]LQJ
H[FOXVLRQE\IHQFLQJZDVDQH[WUHPHO\HIIHFWLYHDS
SURDFKIRUFXUELQJWKHQDWXUDOGHVHUWGHJUDGDWLRQLQ
1RUWKHUQ;LQMLDQJ+RZHYHUWKLVPDQDJHPHQWSUDF
WLFHPD\QRWEHZLGHO\FRQGXFWHGDFURVVGHVHUWHQ
WLUHO\ ;LQMLDQJ GLIIHUHQW UHVSRQVH WR *( ZHUH RE
VHUYHG XQGHU WKRVH GHVHUW ZLWK GLIIHUHQW GHJUDGHG
OHYHO7KHGLIIHUHQWFRPPXQLW\FKDUDFWHULVWLFVELR
GLYHUVLW\ DQG WKHLU FKDQJHV VKRZHG GLIIHUHQWLDO UH
VSRQVHVWR*(7KHYHJHWDWLRQELRPDVVDQGGLYHUVLW\
LQ/'VKRZHGOLWWOHGLIIHUHQFHEHWZHHQ*(DQG)*
SORWVZKLOHWKHLUFKDQJHVLQ0'ZHUHVLJQLILFDQWLQ
FUHDVHGZLWKLQFUHDVLQJ*(WLPHV2QWRSRIWKLVUHO
DWLYHVKRUWWHUP*( D FRXOGLQFUHDVHWKHULFKQHVV
DQG GLYHUVLW\ LQ /' VLWHV +RZHYHU UHODWLYH ORQJ
WHUP*( D FRXOGGHFUHDVHWKHULFKQHVVDQGGL
YHUVLW\LQ0'VLWHV
,Q DGGLWLRQ JUD]LQJ H[FOXVLRQ E\ IHQFLQJ
VKRXOGQRWEHDSHUPDQHQWVROXWLRQ:HVXJJHVWVWKDW
WKH RSWLPDO YHJHWDWLRQ ELRPDVV DQG SODQWV JURZWK
FRQGLWLRQ RI /' DQG 0' ZHUH FDOFXODWHG DQG RE
VHUYHG DW WKH a D DQG a D LQ RXU VWXG\ DUHDV
UHVSHFWLYHO\+HQFHZHSURSRVDOWKDWVKRUWWHUP*(
FRPELQHGZLWKURWDWLRQDOJUD]LQJVKRXOGEHFRQVLG
HUHG LQ RUGHU WR DFKLHYH VXVWDLQDEOH XVH RI GHVHUWV
:KHQGHJUDGHGGHVHUWVUHFRYHUHGWRDFHUWDLQH[WHQW
WKHJUD]LQJPDQDJHPHQWVKRXOGEHDGRSWHGVRWKDWD
EDODQFHEHWZHHQJUD]LQJOLYHVWRFNDQGGHVHUWYHJH
WDWLRQFDQEHJUDGXDOO\HVWDEOLVKHG
,QRUGHUWRRYHUFRPHRXUVKRUWFRPLQJVRIRXU
VWXG\)XWXUHVWXGLHVVKRXOGIRFXVRQORQJHUWHUPLQ
VLWXREVHUYDWLRQWREHWWHUXQGHUVWDQGWKHGHVHUWHFR
V\VWHPVUHVWRUDWLRQSURFHVVHV,QDGGLWLRQZHVKRXOG
LQFUHDVH WLPH QRGH DQG VKRUWHQLQJ WLPH LQWHUYDO LQ
IXWXUHVWXGLHV
ACKNOWLEDGEMENTS

3ODQWELRGLYHUVLW\UHVSRQVHWRJUD]LQJH[FOX
VLRQ3ODQWELRGLYHUVLW\LQGLFDWHGE\0DUJDOHIULFK
QHVV LQGH[ 'PD  6LPSVRQ GRPLQDQFH LQGH[ ' 
DQG 3LHORX HYHQQHVV LQGH[ (  *UD]LQJ H[FOXVLRQ
PD\QRWQHFHVVDULO\LQFUHDVHSODQWELRGLYHUVLW\>@
DQGWKHUHLVQRJHQHUDODJUHHPHQWZLWKWKHSODQWEL
RGLYHUVLW\ UHVSRQVH WR *( LQ JUDVVODQG HFRV\VWHPV
>@2XUUHVHDUFKUHVXOWV ZLWKWKH HIIHFWRI*(RQ
SODQWELRGLYHUVLW\LQ/'DQG0'ZHUHQRWFRQVLVWHQW
)RULQVWDQFHWKH(RI/'VKRZHGQRVWDWLVWLFDOO\VLJ
QLILFDQWGLIIHUHQFHEHWZHHQ*(DQG)*SORWVDQGWKH
'PDDQG'VKRZHGVLJQLILFDQWO\LQFUHDVHGLQUHOD
WLYHVKRUWWHUP*( \HDU 6LPLODUFRQFOXVLRQVKDG
DOVREHHQUHSRUWHGLQWKHGHJUDGHGDOSLQHJUDVVODQG
LQ 7LEHW >@ LQ WKH WHPSHUDWH VHPLGHVHUW UDQJH
ODQGV RI 1HYDGD LQ 1RUWK$PHULFD >@ DQG LQ WKH
VWHSSHUDQJHODQGVLQ7XUNH\>@2XUILQGLQJVRIQR
VLJQLILFDQWO\GLIIHUHQFHRQHYHQQHVVUHVSRQVHWR*(
LQRXU/'ILHOGVXUYH\VZHUHOLNHO\WRGXHWRWKHSODQW
DQGFRPPXQLW\FRQGLWLRQRIOLJKWO\GHJUDGHGGHVHUW
ZDV UHODWLYH H[FHOOHQW DQG ZHOOGLVWULEXWHG EHIRUH
SURWHFWHG E\ IHQFLQJ ,Q DGGLWLRQ WKH RWKHU FDXVH
PD\EHFDXVHRIWKHVKRUWSHULRGRI*(VLQFH
7KHVHUHVXOWVZHUHQRWFRQVLVWHQWZLWK*(LPSURYLQJ
SODQWHYHQQHVVLQVWHSSHJUDVVODQGRIWKH/RHVV3ODW
HDX>@
1HYHUWKHOHVVRXUUHVXOWVDOVRLOOXVWUDWHGWKDW'
DQG(RI0'VKRZHGGHFUHDVHGVLJQLILFDQWO\LQUHO
DWLYH ORQJWHUP JUD]LQJH[FOXVLRQ \HDURI *( 
WKLVUHVHDUFKUHVXOWIRUSODQWELRGLYHUVLW\DIWHUORQJ
WHUP*(KDGDOVREHHQLOOXVWUDWHGLQDORWRIJUDVVODQG
HFRV\VWHPV>@ZKLFKLQGLFDWHGWKDWWKHOHQJWK
RI*(WLPHZDVDQLPSRUWDQWIDFWRUHIIHFWLQJRQELR
GLYHUVLW\RIJUDVVODQGHFRV\VWHPV>@Two mechanisms support this decrease of plant biodiversity under relative long-term GE: (ϸ) Differences in plant
biodiversity due to grazing or GE depend on resources partitioning and competitive patterns of

:HZRXOGOLNHWR+H/RQJ<DQJ-LQJ<DQJIRU
WKHLUKHOSZLWKWKH¿HOGH[SHULPHQWPRQLWRULQJDQG
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WKH1RUWKHUQ7LEHWDQ3ODWHDXHIIHFWVRIJUD]LQJ
H[FOXVLRQ DQG JURZLQJ VHDVRQ SUHFLSLWDWLRQ
-RXUQDORI5HVRXUFHVDQG(FRORJ\  
[12] :X-6KHQ =DQG6KL 3   (IIHFWVRI
JUD]LQJH[FOXVLRQRQSODQWIXQFWLRQDOJURXSGL
YHUVLW\RIDOSLQHJUDVVODQGVDORQJDSUHFLSLWDWLRQ
JUDGLHQWRQWKHQRUWKHUQ7LEHWDQ3ODWHDX$UFWLF
$QWDUFWLFDQG$OSLQH5HVHDUFK  
[13] <DQ<DQG/X;<  ,VJUD]LQJH[FOX
VLRQ HIIHFWLYH LQ UHVWRULQJ YHJHWDWLRQ LQ GH
JUDGHGDOSLQHJUDVVODQGVLQ7LEHW&KLQD3HHU-

[14] 6DXG / $O5RZDLO\ 0DJG\ , (O%DQD
'KDIHU $ $O%DNUH $EGXOD]L] 0 $VVDHHG
$KPDG.DQG+HJD]\0%$  (IIHFWV
RIRSHQJUD]LQJDQGOLYHVWRFNH[FOXVLRQRQIOR
ULVWLFFRPSRVLWLRQDQGGLYHUVLW\LQQDWXUDOHFR
V\VWHPRI:HVWHUQ6DXGL$UDELD6DXGL-RXUQDO
RI%LRORJLFDO6FLHQFHV  
[15] -LQJ=&KHQJ-DQG6X-  &KDQJHVLQ
SODQW FRPPXQLW\ FRPSRVLWLRQ DQG VRLO SURSHU
WLHVXQGHUGHFDGHJUD]LQJH[FOXVLRQLQVHPLD
ULG JUDVVODQG (FRORJLFDO (QJLQHHULQJ   

[16] /XQW ,' -DQVHQ$ DQG %LQQV '/  
/RQJWHUPHIIHFWVRIH[FOXVLRQRIJUD]LQJVWRFN
RQGHJUDGHGKHUEDFHRXVSODQWFRPPXQLWLHVLQD
ULSDULDQ (XFDO\SWXV FDPDOGXOHQVLV IRUHVW LQ
VRXWKHDVWHUQ$XVWUDOLD$XVWUDO(FRORJ\  

[17] 0D\HU 5 .DXILQDQQ 5 DQG 9RUKDXVHU .
 (IIHFWVRIJUD]LQJH[FOXVLRQRQVSHFLHV
FRPSRVLWLRQ LQ KLJKDOWLWXGH JUDVVODQGV RI WKH
&HQWUDO$OSV %DVLF DQG$SSOLHG (FRORJ\ 

[18] *XR<- 'X 4) DQG /L *'   6RLO
SKRVSKRUXV IUDFWLRQVDQGDUEXVFXODU P\FRUUKL
]DOIXQJLGLYHUVLW\IROORZLQJORQJWHUPJUD]LQJ
H[FOXVLRQRQVHPLDULGVWHSSHVLQ,QQHU0RQJR
OLD*HRGHUPD
[19] -LQ*/  6WXG\RQWKHSODQWHFRORJLFDO
DGDSWDWLRQ VWUDWHJ\ RI GHJUDGHG 6HULSKLGLXP
WUDQVLOLHQFHGHVHUWJUDVVODQG'RFWRUDOGLVVHUWD
WLRQ;LQMLDQJ$JULFXOWXUDO8QLYHUVLW\
[20] $GOHU3%6HDEORRP(:%RUHU(7+LOOH
YUDQG++DXWLHU<+HFWRU$+DUSROH:6
2¶+DOORUDQ/5*UDFH-%$QGHUVRQ70
%DNNHU-'%LHGHUPDQ/$%URZQ&6%X
FNOH\<0&DODEUHVH/%&KX&-&OHODQG
(( &ROOLQV 6/&RWWLQJKDP ./ &UDZOH\
0-'DPVFKHQ(,'DYLHV.)'HFUDSSHR
10)D\3$)LUQ-)UDWHU3*DVDUFK(,
*UXQHU '6 +DJHQDK 1 /DPEHUV
-+5+XPSKULHV + -LQ 9/ .D\ $'
.LUNPDQ.3.OHLQ-$.QRSV-0+3LH
UUH.-//DPEULQRV-*/L:0DF'RXJDOO
$6 0F&XOOH\ 5/ 0HOERXUQH %$0LW

WKDQN<DQ)HQJ:X IRU WKHLU YDOXDEOH VXJJHVWLRQV
:H DFNQRZOHGJH WKH ILQDQFLDO VXSSRUW RI WKH 1D
WLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD 12
 RQHRIWKH&KLQD1DWLRQDO.H\3URMHFWV
IRU%DVLF6FLHQWLILF5HVHDUFK7KH)UDFWLRQVRI6RLO
2UJDQLF &DUERQ IRU 'LIIHUHQW 'HJUDGHG$UWHPLVLD
'HVHUW*UDVVODQGV5HVSRQVHWR*UD]LQJ([FOXVLRQ

REFERENCES
[1] =KDQ;/L/DQG&KHQJ:  5HVWRUD
WLRQ RI 6WLSD NU\ORYLL VWHSSHV LQ ,QQHU 0RQ
JROLDRI&KLQDDVVHVPHQWRIVHHGEDQNVDQGYHJ
HWDWLRQ FRPSRVLWLRQ -RXUQDO RI$ULG (QYLURQ
PHQW  
[2] ;X3  *UDVVODQGUHVRXUFHVDQGLWVXWLOL
]DWLRQ LQ ;LQMLDQJ 8UXPTL 3XEOLVKLQJ +RXVH
RI6FLHQFHDQG+HDOWKLQ;LQMLDQJ
[3] :X*/'X*=DQG/LX=+  (IIHFW
RIJUD]LQJH[FOXVLRQDQGJUD]LQJRQD.REUHVLD
GRPLQDWHG PHDGRZ LQ WKH 4LQJKDL±7LEHWDQ
3ODWHDX3ODQWDQG6RLO  
[4] 6OLPDQL+$LGRXG$DQG5R]H)  
\HDUVRISURWHFWLRQDQGPRQLWRULQJRID VWHSSH
UDQJHODQGXQGHUJRLQJGHVHUWLILFDWLRQ-RXUQDORI
$ULG(QYLURQPHQW  
[5] 6DOD2(&KDSLQ)6DQG$UPHVWR--  
*OREDOELRGLYHUVLW\VFHQDULRVIRUWKH\HDU
6FLHQFH  
[6] 6LYDNXPDU 09.   ,QWHUDFWLRQV EH
WZHHQ FOLPDWH DQG GHVHUWLILFDWLRQ$JULFXOWXUDO
DQG)RUHVW0HWHRURORJ\  
[7] /L -< =KDR /1 ;X % <DQJ ;& -LQ
<;*DR7<X+'=KDR)0D+/DQG
4LQ =+   6SDWLRWHPSRUDO YDULDWLRQV LQ
JUDVVODQG GHVHUWLILFDWLRQ EDVHG RQ ODQGVDW LP
DJHV DQG VSHFWUDO PL[WXUH DQDO\VLV LQ <DQFKL
FRXQW\RI1LQJ[LD&KLQD,(((-RXUQDORI6H
OHFWHG7RSLFVLQ$SSOLHG(DUWK2EVHUYDWLRQV 
5HPRWH6HQVLQJ  
[8] /LX'&KHQ<&DL::'RQJ<-;LDR
-)&KHQ-4=KDQJ+&;LD-=DQG<XDQ
:3  7KHFRQWULEXWLRQRI&KLQD¶VJUDLQ
IRU JUHHQ SURJUDP WR FDUERQ VHTXHVWUDWLRQ
/DQGVFDSH(FRORJ\  
[9] :HL';X5DQG:DQJ<  5HVSRQVHV
RI&2&+DQG12IOX[HVWROLYHVWRFNH[FOR
VXUHLQDQDOSLQHVWHSSHRQWKH7LEHWDQ3ODWHDX
&KLQD3ODQWDQG6RLO  
[10] 0RILGL 0 -DIDUL 0 DQG 7DYLOL $  
*UD]LQJH[FOXVLRQHIIHFWRQVRLODQGYHJHWDWLRQ
SURSHUWLHV LQ ,PDP .DQGL 5DQJHODQGV ,UDQ
$ULG /DQG 5HVHDUFK DQG 0DQDJHPHQW
  
[11] :X-=KDQJ;DQG6KHQ=  6SHFLHV
ULFKQHVV DQG GLYHUVLW\ RI DOSLQH JUDVVODQGV RQ



© by PSP

Volume 26 ± No. 6/2017 pages 3845-3855

Fresenius Environmental Bullet

 7KHHIIHFWVRIORQJWHUPJUD]LQJHQFOR
VXUHV RQ UDQJH SODQWV LQ WKH &HQWUDO$QDWROLDQ
5HJLRQRI7XUNH\(QYLURQPHQWDO0DQDJHPHQW

[32] =KDR /3 6X -6 :X */ DQG *LOOHW )
 /RQJWHUPHIIHFWVRIJUD]LQJH[FOXVLRQ
RQDERYHJURXQGDQGEHORZJURXQGSODQWVSHFLHV
GLYHUVLW\LQDVWHSSHRIWKH/RHVV3ODWHDX&KLQD
3ODQW(FRORJ\DQG(YROXWLRQ  
[33] 6FKXOW] 1/ 0RUJDQ -: DQG /XQW ,'
  (IIHFWV RI JUD]LQJ H[FOXVLRQ RQ SODQW
VSHFLHV ULFKQHVV DQG SK\WRPDVV DFFXPXODWLRQ
YDU\ DFURVV D UHJLRQDO SURGXFWLYLW\ JUDGLHQW
-RXUQDORI9HJHWDWLRQ6FLHQFH  
[34] 0DFFKHULQL6DQG6DQWL(  /RQJWHUP
H[SHULPHQWDO UHVWRUDWLRQ LQ D FDOFDUHRXV JUDVV
ODQG,GHQWLI\LQJWKH PRVWHIIHFWLYHUHVWRUDWLRQ
VWUDWHJLHV %LRORJLFDO &RQVHUYDWLRQ   
±
[35] 2VHP<3HUHYRORWVN\$DQG.LJHO-  
6LWH SURGXFWLYLW\DQGSODQWVL]HH[SODLQWKHUH
VSRQVHRIDQQXDOVSHFLHVWRJUD]LQJH[FOXVLRQLQ
D0HGLWHUUDQHDQVHPLDULGUDQJHODQG-RXUQDORI
(FRORJ\  

FKHOO&(0RRUH-/0RUJDQ-:0RUWHQ
VHQ%2UURFN-/3UREHU603\NH'$
5LVFK$&6FKXHW]06PLWK0'6WHYHQV
'- 6XOOLYDQ // :DQJ* :UDJJ 3'
:ULJKW-3DQG<DQJ/+  3URGXFWLYLW\
LVDSRRUSUHGLFWRURISODQWVSHFLHVULFKQHVV6FL
HQFH  
[21] =KDQJ-7DQG'RQJ<  )DFWRUVDIIHFW
LQJVSHFLHVGLYHUVLW\RISODQWFRPPXQLWLHVDQG
WKHUHVWRUDWLRQSURFHVVLQWKHORHVVDUHDRIFKLQD
(FRORJLFDO(QJLQHHULQJ  
[22] :DQJ;+<X-%=KRX''RQJ+)/L
<=/LQ4<*XDQ%DQG:DQJ</  
9HJHWDWLYHHFRORJLFDOFKDUDFWHULVWLFVRIUHVWRUHG
UHHG 3KUDJPLWHVDXVWUDOLV :HWODQGVLQWKH<HO
ORZ 5LYHU 'HOWD &KLQD (QYLURQPHQWDO 0DQ
DJHPHQW  
[23] 6KDQJ=+'HQJ%'LQJ/05HQ*+
;LQ*6/LX;=:DQJ</DQG/RQJ5-
 7KHHIIHFWVRIWKUHH\HDUVRIIHQFLQJHQ
FORVXUHRQVRLOVHHGEDQNVDQGWKHUHODWLRQVKLS
ZLWK DERYHJURXQG YHJHWDWLRQ RI GHJUDGHG DO
SLQHJUDVVODQGVRIWKH7LEHWDQSODWHDX3ODQWDQG
6RLO
[24] +DR/6XQ*/LX<4*DR=4+H--
6KL77DQG:X%-  (IIHFWVRISUHFLS
LWDWLRQRQJUDVVODQGHFRV\VWHPUHVWRUDWLRQXQGHU
JUD]LQJ H[FOXVLRQ LQ ,QQHU 0RQJROLD &KLQD
/DQGVFDSH(FRORJ\  
[25] +X=0/L6**XR41LX6/+H13
/L/+DQG<X*5  $V\QWKHVLVRIWKH
HIIHFWRIJUD]LQJH[FOXVLRQRQFDUERQG\QDPLFV
LQJUDVVODQGVLQ&KLQD*OREDO&KDQJH%LRORJ\

[26] :DQJ ' :X */ =KX <- DQG 6KL =+
*UD]LQJH[FOXVLRQHIIHFWVRQDERYHDQG
EHORZJURXQG & DQG 1 SRROV RI W\SLFDO JUDVV
ODQGRQWKH/RHVV3ODWHDX &KLQD &DWHQD

[27] :DQJ =-RKQVRQ'$DQG5RQJ<  
*UD]LQJHIIHFWVRQVRLOFKDUDFWHULVWLFVDQGYHJH
WDWLRQ RI JUDVVODQG LQ QRUWKHUQ &KLQD 6ROLG
(DUWK'LVFXVVLRQV
[28] *RORGHWV&.LJHO-DQG6WHUQEHUJ0  
5HFRYHU\RISODQWVSHFLHVFRPSRVLWLRQDQGHFR
V\VWHPIXQFWLRQDIWHUFHVVDWLRQRI JUD]LQJLQD
0HGLWHUUDQHDQJUDVVODQG3ODQWDQG6RLO 
 
[29] 2ED*9HWDDV25DQG6WHQVHWK1&  
5HODWLRQVKLSV EHWZHHQ ELRPDVV DQG SODQW VSH
FLHVULFKQHVVLQDULG]RQHJUD]LQJODQGV-RXUQDO
RI$SSOLHG(FRORJ\  
[30] &RXUWRLV '5 3HUU\PDQ %/ DQG +XVVHLQ
+6  9HJHWDWLRQFKDQJHDIWHU\HDUVRI
JUD]LQJDQGJUD]LQJH[FOXVLRQ-RXUQDORI5DQJH
0DQDJHPHQW  
[31] )LULQFLRJOX +. 6HHIHOGW 66 DQG 6DKLQ %

5HFHLYHG
$FFHSWHG

&255(6321',1*$87+25
6KD=KRX$Q
&ROOHJHRI3UDWDFXOWXUDODQG(QYLURQPHQWDO6FLHQFH
;LQMLDQJ$JULFXOWXUDO8QLYHUVLW\6KD\LEDNHGLVWULFW
1RQJGD (DVW 5RDG 1R  8UXPTL ;LQMLDQJ
&KLQD
(PDLODGGUHVV[MDV]#FRP







© by PSP

Volume 26 ± No. 6/2017 pages 3856-3862

Fresenius Environmental Bullet

ISOLATION AND MEASUREMENT OF STRONTIUM-90
ACTIVITY IN SOIL SAMPLE USING CHERENKOV
COUNTING AND LIQUID SCINTILLATION
SPECTROMETRY
Nazife Aslan*, Gulten Ozcayan
Turkish Atomic Energy Authority, Sarayköy Nuclear Research and Training Center, Radiation Metrology Division, 06983
Saray, Kazan, Ankara-TURKEY

During the nuclear accident, large amounts of
volatile radionuclides especially 131I, 134Cs and 137Cs
were released into the atmosphere. But, the naturally
occuring radioisotopes of uranium, radium, thorium
and potassium are known to be present in the earh
crust and environment ever since their creation [911]. Most of these radionuclides are gamma-emitters
and they were monitored globally in various enviURQPHQWDO VDPSOHV E\ XVLQJ Ȗ-spectrometry. However, the analysis of pure beta emitting radionuclides, such as 59Fe, 89Sr and 90Sr in environmental
samples by liquid scintillation spectrometric (LSS)
method requires separation and purification from the
original sample matrices because of the interference
from coexisting radionuclides. Among these beta
emitting
radionuclides,
strontium-90
(90Sr)
(Emax=546 keV) is considered as one of the most hazardous components of the radioactive fallout because
of its long half-life (28.80 (7) y) and high fission
yield [12-14]. Although, 90Sr is distributed in the environment at very low levels, it has considerable radiological risk for humans because of easily transferred to the food chain and long biological half-life
(49.3 y) [15-16].
Due to their chemical resemblance to calcium,
90
Sr is absorbed and stored in bones and remains a
hazard for centuries. Actually most of the injury
from 90Sr is due to its daughter isotope 90Y which has
a half-life of only 64.2 h, so it decays as fast as it is
formed, and emits 2.27 MeV E particles. This makes
90
Sr measurement in environmental samples very
important in environmental contamination monitoring in a huge number of laboratories all over the
world during the last 50 years. Up to now, several
methods of measuring 90Sr using a liquid scintillation
counter have been reported in the literature [17-29].
Water, milk, soil, vegetation and urine are the
typical sample matrices that are assayed for 90Sr. In
the last few decades, 90Sr has been measured in milk
samples to monitor global fallout and possible local
leakage of radioactivity in areas surrounding many
nuclear facilities [30]. On the other hand, there is an
increasing need for environmental monitoring of
these radionuclides in the water, food and soil.
90
Sr determination in environmental samples

ABSTRACT
In this study, two different separation methods
for the determination of 90Sr activity concentration in
soil were described and results were compared. The
first method is based on the separation of the daughter yttrium-90 (90Y) at sequilar equilibrium by using
solvent extraction and measurement of 90Y by Cherenkov counting. The second method is based on the
isolation of 90Sr from other radionuclides using
strontium resin and measurement with liquid scintillation spectrometry (LSS).
The analytical quality of the methods checked
by analyzing IAEA Soil-375 reference material. The
radiochemical recovery of the recommended methods ranged from 75 to 83% and 80 to 92% for the
Cherenkov counting and liquid scintillation spectrometric methods (LSS), respectively. Counting efficiency is 68% for Cherenkov counting and 98% for
LSS methods.

KEYWORDS:
90
Sr determination, HDEHP solvent extraction, Cherenkov
counting

INTRODUCTION
Rapid industrialization and accelerating global
development have greatly increased the rate of many
anthropogenic radionuclides and heavy metals released into the environment. As a result, the toxic nature and long half-lives of many radionuclides make
them a potential threat to human health. Management of these radioactive pollutants is main challenge for nuclear scientists and require special materials and methods to isolate and determine them from
human environment [1-3]. The Fukushima Daiichi
nuclear power plant accident also has underlined the
necessities determination of radioactivity found in
the food and environmental samples with accurate
measurements [4-7]. Thus, rapid and reliable analytical methods for determination of radioactive and
non-radioactive wastes are desirable for environmental protection strategy [8].
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IAEA-375 soil sample. The ,$($¶V VWDQGDUG
reference material Soil-375 sample was used for the
developing the methods and testing the results (Reference value (Bq/kg); 108 ± 6 (31st December
1991))7KLVVDPSOHZDVFROOHFWHGE\WKH$JHQF\¶V
Laboratories Seibersdorf shortly after the Chernobyl
nuclear power plant accident on the field of the collective farm µ6WDU\L 9LVNRY¶ LQ 1RYR]\ENRY
Brjansk, Russia in July 1990. The composition of the
Soil 375 was shown in Table 1.

such as soil is a challenging task because strontium
needs to be separated from large amounts of calcium
and magnesium and from naturally occurring radionuclides, e.g., 40K and the daughter products of the
uranium and thorium series. The quantitation of radiostrontium is based on three major considerations:
sample pre-treatment (to bring the sample into a suitable matrix), isolation of radiostrontium by chemical
treatment, and nuclear counting techniques such as
gas-flow proportional, liquid scintillation, and Cherenkov counting.
In this study, di(2-ethyl-hexyl)phosphoric acid
(HDEHP) solvent extraction and acid leaching methods are described and results are compared for the
determination of activity concentration of 90Sr in soil
samples.
The solvent extraction method is based on the
separation of the daughter yttrium-90 (90Y) at sequliar equilibrium by using HDEHP complex agent
and measurement of 90Y by Cherenkov counting
[31]. The second method is based on the isolation of
90
Sr from other radionuclides using strontium resin
and measurement with liquid scintillation spectrometry (LSS).

TABLE 1
Composition of IAEA-375 Soil sample.
Radionuclide
Recomended value,
Bq.kg-1
40
K
424
90
Sr
108
106
Ru
56
125
Sb
77
129
I
0.0017
134
Cs
463
137
Cs
5280
226
Ra
20
232
Th
20.5
Element
Recomended value,
mg.kg-1
Th
5.2
U
1.86

MATERIALS AND METHODS
All reagents were of analytical reagent grade. A
Sr/ 90Y (Cat. No. 7020) certified reference solution
(3.71 kBq/g) was purchased from Eckert Ziegler
Isotope Products. A stock standard solution having
the activity of 3.7 Bq/g was prepared by dilution of
accurately measured amounts of this reference solution in 1M HCl.
Di(2-ethyl-hexyl)phosphoric acid (HDEHP)
was purchased from Merck and 10% (v/v) solution
was prepared in toluene. Yttrium carrier (10 mg
Y3+/mL) was prepared by dissolving 1.27 g of Y2O3
in a minimum volume of conc. HNO3 and diluting to
100 mL with deionized water. Tritium reference solution was purchased from Eckert Ziegler Isotope
Products (Cat. No.7003). High capacity scintillation
cocktail UltimaGold LLT and high purity double deionized water were used. Sr (100± ȝP SDUWLFOH
size) extraction chromatic resin (4,4'(5')-di-t-butylcyclohexano 18-crown-6 (crown ether)) was supplied by Eichrom Technologies, Inc. (Darien,Illinois,USA).
Count rates were measured using Perkin Elmer
1220 Quantulus ultra low-level liquid scintillation
counter (Turku, Finland) with an external standard
of 152Eu which allows to measure external spectral
quench parameter (SQP[E]). Analytical results were
determined using WinQ and Easy View software for
the instrument and process control. 20 mL Teflon
coated low diffusion polyethylene vials (Perkin
Elmer). Milestone microwave ash furnace was used
for ashing.
90

Radionuclide
Information value, Bq.kg-1
228

Th
U
238
U
238
Pu
234

239+240
241

Pu
Am

21
25
24.4
0.071
0.30
0.13

Element
Information value, mg.kg-1
As
Ba
La
Ni
Rb
Yb

2.56
335
17.6
9.7
48
1.73

Dissolution of soil sample. In order to express
the result as activity per sample dry weight, soil sample was dried to constant weight in an oven at 105qC.
During this process, the soil sample lost between 1.4
and 2.2 % of its weight. After cooling the sample to
room temperature in a desiccator, 2 g of a dry soil
sample was weighed into a porcelain crucible and
ashed in a microwave furnace using a gradual heating program up to 600 qC for 16 hours to destroy organic matter. The ash was digested with 50 mL 1.0
M HCl acid under heating and stirring for 1 h. After
cooling and centrifuging, the supernatant was collected into a 500 mL beaker. To remove any insoluble matter, residue was redigested with 50 mL 1.0 M
hydrochloric acid. This supernatant was combined
with the previous supernatant. Then, residue was
washed successively twice with 50 mL hot distilled
water. The washes were eventually collected together with the main supernatant solution. pH of the
total supernatant was adjusted to 1.0±1.2 with 6 M
NH3.
Radiochemical separation of 90Y (90Sr) for
Cherenkov counting. A known amount of Yttrium
carrier (10mg Y3+/mL) was added into the pH adjusted supernatant solution to quantify the yield
throughout the radiochemical separation procedure
and to determine the radiochemical recovery of the
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residue, after drying. Chemical recovery calculation
was done by the ratio between the amount of strontium precipitated and the stable strontium added. The
residue was then redissolved in 5 mL of 0.05 M hydrochloric acid, transferred to a vial and 15 mL of
UltimaGold scintillation cocktail was added. The
vial was shaken vigorously and immediately counted
after the separation due to the relatively fast decay of
90
Sr to 90Y by LSS. A blank prepared by adding 1 mL
0.05 M HNO3 into 15 mL of UGLLT cocktail was
measured before and after sample.

method. This solution was transferred into a separation funnel and extracted by shaking for 1 min. with
50 mL 20% (v/v) HDEHP-toluene. Since Y3+ forms
stronger complex than the other mono and divalent
cations such as cesium, potassium, strontium, calcium etc., with HDEHP and yttrium-90 was passed
into the organic phase. Thus, 90Y was separated from
the other interfering radionuclides. The time and date
were recorded for later use in activity calculation of
90
Sr. Organic HDEHP phase was washed with 0.08
M HCl and yttrium was back extracted from organic
phase into 3M HNO3. Yttrium hydroxide was precipitated by adjusting the pH to 9-10 with concentrated NH3 and centrifuged at 3000 rpm for 5 min.
The supernatant was discarded and Y(OH)3 precipitate was dissolved in 1 mL conc. HNO3. 14 mL distilled water was added to the final solution and then
transferred into a 20 mL plastic scintillation vial
coated with Teflon. Blank was prepared by adding
1mL conc. HNO3 into a 14 mL of deionized water
for Cherenkov counting.

Measurements. Measurements were perfor
med with a Wallac Quantulus 1220 ultra low-level
liquid scintillation spectrometer and Table 2 provides an overview of the measurement conditions for
the two methods applied.
TABLE 2
Comparison of the measurement parameters for
Cherenkov counting and liquid scintillation
spectrometry.


Radiochemical separation of 90Sr for LSS
method. Strontium-90 was extracted from the soil
using the following procedure. 2 g of ashed soil sample was weighted into a teflon beaker and 20 mg of
an aqueous Sr carrier solution (Sr = 10mgڄmLístable Sr in distilled H2O; Sr(NO3)2 by Merck, extra
pure) was added. The carier was added at the beginning of the procedure to quantify the possible losing
during the whole radiochemical separation procedure and to determine the radiochemical recovery of
the liquid scintillation spectrometric analysis. Then
sample was treated with a 30 mL of 40% HF acid, 30
mL of concentrated HNO3 and 1 mL H2O2 (30%;
Roth®, p.a.) and evaporated to near dryness on a hot
plate. This leaching procedure was repeated at least
3 times.
The residue was taken up in 10 mL of 8 M nitric
acid solution. Prior to the extraction of Sr, a preceding precipitation step is carried out using oxalic acid
at pH 5±6. This step is required because the presence
of large amount of alkaline elements, particularly potassium, decreases the distribution coefficient for Sr
on SrSpec resin [32].
The SrC2O4 precipitate is dissolved while boiling in 20 mL 65% HNO3 in order to obtain a clear,
colorless solution. This solution is dried again, redissolved in 15 mL 3M HNO3 and loaded onto the Sr
resin, previously conditioned with 10 mL of 8 M nitric acid.
After passing through of the sample solution,
the column is rinsed with 15 mL of 3M HNO 3 and
10 mL of 8M HNO3 to remove further radioisotopes.
Then 20 mL of 0.05M HNO3 was added to elute the
strontium. This effluent was collected in a glass
beaker. Sr was precipitated as SrCO3 in an ammonium carbonate-saturated solution at pH 9-10 and
collected on a filter. The quantity of strontium precipitate is obtained by reweighing the filter with the

Nuclide
Measurement method
Channels
Counting time, min.
Sample, g
Solvent
Cocktail type
Cocktail volume, mL

90
Y
High energy
10-350
240(60 min. x 4
cycles)
2
Conc. HNO3
Water
14

90
Sr
High energy
300-700
240 (60 min. x
4 cycles)
2
0.05 M HNO3
UGLLT
15

Determination of the counting efficiencies.
The LSS was calibrated using a set of calibration solutions prepared by a standard solution of 90Sr/90Y
(Isotope Products 7020), covering the anticipated activity range of the samples for Cherenkov counting.
The stability of the efficiency of the LSS was
checked regularly during the measurement period.
For the ambient background and reagent blank background correction, the blank vial containing 15 mL
0.1 M HCl was also prepared. For a single
calibration solution, the counting efficiency can be
calculated using the following expression:

H

( RSr90,std  R0 )
ASr90,std

Here RSr-90,std is the gross count rate of the 90Sr
calibration solution in counts per second (cps), R0 is
the counting rate for the blank counting vials, in
counts per second (cps), and ASr-90,std is the activity
of 90Sr in the calibration solution in Becquerels.
The CIEMAT/NIST 3H efficiency tracing
method was used to determine the counting efficiency for the acid leaching method [33]. The
method requires a tracer nuclide for the experimental
determination of correction factors. In our case, a series of 3H standard sources were prepared from the
Eckert Ziegler Isotope Products standard tritiated
water solution with varying degrees of quenching.
The dependence of the 3H counting efficiency on the
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quench parameter (SQP(E)) was measured experimentally and the combination of the theoretical
curves and the experimental quench curve allowed
for the calculation of the efficiency for 90Sr using the
C/N2005 program (E. Gunther, PTB/Latest version
August 2005).

MDA

TABLE 3
Comparison of the experimental results obtained
via HDEHP extraction and acid leaching methods
HDEHP extraction method
Acid leaching method
Analysis time, d
Chemical recovery, %
Counting efficiency, %
MDA, Bq.kg-1

)

u100

Where Ameasured,Sr-90 and Areference,Sr-90 are the calculated and reference activity of the 90Sr (Bq) in soil
sample, respectively.
Minimum detectable activity (MDA) concentration. The minimum detectable activity
(MDA) concentration was calculated with blank
samples using the formula reported by Currie [34]:
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3-4
75 - 83
73.2
4.88

5
80 - 92
98.5
4.92

As seen from the table, the separation time of
Sr in the HDEHP extraction method is a little bit
shorter than the acid leaching method.
The chemical recovery for acid leaching
method was slightly higher than the extraction
method and the detection limit is comparable with
each other, as shown in Table 3.
In HDEHP extraction method, chemical recovery was determined by the acidimetric titration of the
sample in the scintillation vial with titriplex III. The
volume of titriplex (III) consumed at the end point of
the titration is measured and used to calculate the
FRQFHQWUDWLRQRIDQDO\WH7KDW¶VZK\YROXPHPHDV
urements play a key role in titration. Depending on
the experience of the technicians, slight differences
can be observed between the volumes of titrant at
the endpoint of the titration. This can be the reason
for the less radiochemical recovery of the Cherenkov
method. From these recovery values it is concluded
that proposed methods are highly accurate.
Also, compared with the analytical cost and time
(about 1-2 days) for the separation of 90Sr were reduced in the extraction method. The extraction
method produced much smaller amounts of acid
waste solution than the acid leaching method due to
the short radiochemical procedure.
The minimum detectable activity (MDA) concentrations were 4.88 Bq.kg-1 and 4.92 Bq.kg-1 for
the HDEHP extraction and acid leaching methods,
respectively under experimental conditions given in
Table 3.

( R  R0 ) e OY 90.'t e OSr90 meastref
H . f .m
where ASr-90 is activity concentration of 90Sr (=
90
Y) on the separation date expressed as dry weight
(Bq/kg), R is the gross counting rate for the sample,
in counts per second (cps), R0 is the counting rate for
the blank counting vials, in counts per second (cps),
ȜY-90 is the decay constant for 90Y in s-1ǻWLVWKHWLPH
interval between the separation of 90Y and the time
at the middle of counting in s-1 (ǻW W2-t1), H is the
counting efficiency and f is the chemical yield ratio.
The chemical yield, Rchem, for the acid leaching
method was calculated by comparing the reference
90
Sr activity with the measured 90Sr activity by using
the
following
equation:
Aadded,Sr90

@

The objective of the present work is to outline
two different methods for the separation and determination of 90Sr in soil sample. The methods were
compared in terms of analysis time, chemical recovery and detection limit. The comparison results are
summarized in Table 3.

A Sr 90

( Ameasured,Sr90 )

Nb

H * m*t

RESULTS AND DISCUSSIONS

Here Tstd and Tsmp are the volume of Titriplex
III solution in mL consumed during the titration of
the 90Sr/90Y standard solution and the sample
respectively.
The final 90Sr activity concentration was calculated the equation given below for Cherenkov counting:

Rchem ,%

> 2.71  4.65

where Nb is the total counts in the blank sample
spectrum, cps, t is the counting time for the blank,
in seconds, İ is the counting efficiency and m is the
sample mass, in gram.

Determination of chemical yield. The chemical yield of yttrium was determined by the acidimetric titration of the sample in the scintillation vial with
Titriplex III. For this purpose, aqueous sample solution in the scintillation vial, after measurement of
Cherenkov radiation, was transferred into the beaker
and diluted to 50 mL with ultra-pure water. Sodium
acetate and xylenolorange in KNO3 were added; pH
was adjusted to 5-6 with NaOH and¶titrated with
0.10 M Titriplex III. The mL of titrant required to
reach the endpoint are recorded as Tsmp. The procedure is repeated with a standard by titrating the same
volume of yttrium carrier as had been added to the
sample during the chemical separation and extraction procedure for yttrium. The mL of titrant required for the standard is recorded as Tstd. The chemical yield of 90Y, f, may be calculated as:
Tsm p
f
Tstd

(t
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TABLE 4
Determination of 90Sr activity concentrations in IAEA reference soil sample using HDEHP extraction and
acid leaching methods (N = 5) [(Reference value (Bq/kg); 108 ± 6 (31 st December 1991)].
Sample Code
Measured, Bq.kg-1
101.6
93.7
91.8*
100.8
94.8
96.5

S_01
S_02
S_03
S_04
S_05
Mean

HDEHP extraction method
90
Sr, Bq.kg-1
Uexpa
Relative Bias, %
4.7
-5.9
5.3
-13.2
4.8
-26.3
3.1
-6.7
4.8
-12.2
4.5
-12.9
Acid leaching method
90
Sr, Bq.kg-1
Relative Bias, %
-4.7
-14.9
2.2
-1.9
-4.0
-5.6

Sample Code
Measured, Bq.kg-1
102.9
91.9*
110.4
105.9
103.7
102.9

S_01
S_02
S_03
S_04
S_05
Mean

Uexpa
7.7
5.3
8.4
4.0
5.8
6.2

[b
-0.84
-1.79
-2.11
-1.07
-1.72
-1.85

Z-Scorec
-1.02
-2.27
-2.58
-1.14
-2.10
-2.21

Rexpd
0.05
0.06
0.05
0.03
0.05
0.05

[b
-0.52
-2.01
0.23
-0.29
-0.52
-0.71

Z-Scorec
-0.81
-2.56
0.38
-0.33
-0.68
-0.97

Rexp.d
0.07
0.06
0.08
0.04
0.06
0.06

a) Uexp ; combined uncertainty at k=1
b) Zeta score
]

Aexp  Aref

2
2
U exp
 U ref

,
where; ] is zeta score, Aexp is the experimental value, Aref is the reference value, Uexp is the standard uncertainty of the experimental
value and Uref is the standard uncertainty of reference value,
c) Z-Score;
Aexp  Aref ,
Aexp  Aref
Z

Vp

0.05823Aref

ZKHUH ıp is standard uncertainty for proficient assessment in Bq/g. The factor of 0.05823 used to calculate the z-score is the ratio
between 0.15 and 2.576.
d)
U exp
Rexp

Aexp

where; Rexp is relative uncertainty of the measured value [35].

UHVXOWHGLQDFODVVLILFDWLRQµGLVFUHSDQW¶>@7KHYD
lidity of the recommended method was satisfactory
LIWKHUHVXOWVIRUZKLFKWKHDEVROXWHYDOXHVRIWKHȗ
test and the z-score were both less than or equal to
2.576.
The results of the HDEHP extraction and acid
leaching methods presented were consistent with the
reference value. No outlier values are found in any
of the activity concentration results. These results
have shown that the activity values measured in this
study are in good agreement with reference value
and the validity of recommended methods is satisfactory.
If these methods are compared in terms of the
practical advantages and disadvantages, HDEHP extraction method is much safer, simpler and, more importantly, faster than the acid leaching method. On
the other hand, the most disadvantages of the
HDEHP extraction method is the need for the secular
equilibrium between 90Sr and 90Y, which means that
the method cannot be used in emergency situation
In case of acid leaching method, the relatively
long analysis time makes it a collateral alternative
for routine analysis of environmental samples. The
method can easily be adopted for the sequential separation and analysis of certain alpha emitting radionuclides such as Pu and Am together with 90Sr. This

Both methods were validated by application to
the IAEA-375 reference soil sample. The soil sample
(reference date: 31st December 1991) was collected
from Novozybkov, Russia, in 1990. For the IAEA375 soil sample, the mean activity concentration of
90
Sr determined with the HDEHP extraction and acid
leaching methods were 101.9 r 6.2 and 91.5 r 4.5
B.kg-1, respectively. These values are consistent with
the reference values reported by the IAEA. The results are shown in Table 4.
From the results given in table 4, it was observed that, one of the five values, which are marked
with star, was differ considerably from the majority
of the rest for both methods. In this case there is always a strong motivation to eliminate those deviant
values and not to include them in calculation of the
mean value and/or of the standard deviation. For this
SXUSRVH'L[RQ¶V4-test was applied to check the results for consistency and no outliers were found in
any of the activity concentration results.
The accuracy and precision of the HDEHP extraction and acid leaching methods were evaluated in
WHUPVRIȗWHVW]-score and relative uncertainty outOLHUWHVWV5HVXOWVZHUHRQO\FODVVLILHGDVµLQDJUHH
PHQW¶ZKHQWKHVHWKUHHWHVWVZHUHSDVVHG$IDLOXUH
to pass one of these tests resulted in a classification
µTXHVWLRQDEOH¶ )DLOXUH RI ERWK WKH ȗ WHVW DQG ]-test
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Anal. Chim. Acta 414, 101±111.
[15] Vaj da, N., Ghods, E.A., Cooper, E. and Danesi,
P.R. (1992) Determination of radiostrontium in
soil samples using a crown ether. J. Radioanal.
Nucl. Chem. 162(2), 307-323.
[16] Chen, Q., Hou, X., Yu, Y., Dahlgaard, H. and
Nielsen, S.P. (2002) Separation of Sr from Ca,
Ba and Ra by means of Ca(OH)2 and Ba(Ra)Cl2
or Ba(Ra)SO4 for the determination of radiostrontium. Anal. Chim. Acta 466, 109-116.
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complementarity is the most important feature of the
method.

CONCLUSION
An accurate determination of radionuclides
from various sources in the environment is essential
for assessment of the potential hazards and suitable
counter measures both in case of accidents, authorised release and routine surveillance. Reliable radiochemical separation and detection techniques are
needed for accurate determination of alpha and beta
emitters. Rapid analytical methods are needed in
case of an accident for early decision-making. The
aim of this study has been to compare and evaluate
radiochemical procedures used for the determination
of 90Sr in soil.
The results obtained in this work demonstrate
that both methods can applicable for the accurate determination
of 90Sr activity concentration in
soil. The results have also shown that the activity
values of 90Sr in the reference material IAEA-375 are
consistent with the values measured in this work.
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Because of the Varroa damage, beekeepers can
lose a great number of colonies in winter or have to
start with an unhealthy and weak colony population
to the spring season. Beekeeping would be neither
profitable nor enjoyable in many areas without effective treatment against varroas [7]. Many chemicals
have been used to reduce or eliminate the damages
of the Varroa throughout the world [8, 9]. With the
use of chemicals, residue problems started in honeybee products [10-14]. According to some researchers, efficacy of chemicals has decreased because of
the increasing resistance of mites to those chemicals
[2, 15-19]. Because of these reasons, researches on
using of natural origin products, such as organic acids and components of essential oils like thymol has
been intensified for varroa control [5, 19-24]. Use
of any chemical during the honey flow period is not
recommended because it may leave taste residue in
honey and has low efficacy on varroa mites [13, 19,
24]. Excess or incorrect use of the chemicals results
in the contamination of hives and bee products [11,
12, 14].
Many factors may influence the effect of chemicals as environmental factors, colony conditions,
time of intense brood rearing and application method
(s) of drugs. Brood areas of the colony and temperature of day-time during the treatment season are very
important to get the highest benefit from the treatment [14, 24-26].
There is less information in the literature about
the effect of seasons on efficacy of drug application
against varroa. Therefore, the aim of this study was
to determine the efficacy of oxalic acid treatment in
different seasons (spring, summer, autumn) on Varroa destructor in honey bee (Apis mellifera L.) colonies.

ABSTRACT
In honeybee colonies, insufficient struggle
against diseases and parasites or the use of wrong
drugs at wrong time which reduce the productivity
of colonies significantly. Additionally, these kinds
of wrong applications can also threaten the human
health because of chemical residues. Varroa destructor, which affects negatively the colony productivity, is the most important external parasite of the
honeybees (Apis mellifera L.). Therefore, beekeepers have to use many different synthetic miticides for
reducing or preventing the V. destructor damages.
This study was carried out to determine the possible
effects of ocalic acid treatment in different seasons
on V. destructor population in honeybee colonies.
Ten of total twenty honebee colonies had similar infestetion levels which were used for treatment group
and ten colonies were also used as the control group.
Average efficacies of oxalic acid treatment in different seasons on Varroa population in honeybee colonies in early spring (in March), summer (in June) and
late autumn (in October) were found to be 80.22%,
69.72% and 84.61%, respectively (P<0.01). These
results showed that oxalic acid treatment in late autumn and early spring against varroa in honeybees
were about 21% and 15% more effective than summer, respectively.

KEYWORDS:
Honeybee, Varroa destructor, oxalic acid treatment, season, efficacy

INTRODUCTION
In addidion to genetic structure, some environmental factors, pests, diseases and parasites of the
honeybees (Apis mellifera L.) are the main factors
that influence the productivity of the colonies [1-3].
Varroa, known as a serious problem in beekeeping
all over the world, is the most important parasite that
has worst influence on colony development and performance [4-6].

MATERIALS AND METHODS


This study was carried out on total 20 honeybee
colonies (Apis mellifera L.) headed by sister queens
in the region of Central Anatolia during the time period between March and October.
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TABLE 1
Average brood areas (cm2/colony) and number of frames (number/colony) covered with bees at begining
of the experiment

Treatment Season
June
October
March

Average brood areas
Treatment
Control

No. of frames covered with bees
Treatment
Control

X r SX

X r SX

X r SX

X r SX

2396.50±29.13
585.00±13.84
1055.00±41.37

2480.50±23.05
623.50±23.06
1026.00±44.96

9.60±0.34
7.50±0.17
5.20±0.36

9.80±0.29
7.50±0.17
4.90±0.23

TABLE 2
Varroa infestation rates in honeybee colonies and efficacies of oxalic acid treatment season on varroa population
Treatment Season

Drug treatment
Treatment
Before (%)
25.13±1.64
After (%)
10.38±0.42 b
June
Effectiveness (%)
69.72 B
Before (%)
23.57±1.95
After
(%)
3.511±0.42 b
October
Effectiveness (%)
84.61 A
Before (%)
23.18±1.99
After (%)
6.65±0.40 b
March
Effectiveness (%)
80.21 A
Different lower case letters (in each row) and upper case letters (in seasons) represent
differences (P<0.01)

Control
24.26±1.77
33.63±2.15 a
25.73±2.12
28.45±2.22 a
24.96±1.99
37.42±2.94 a
statistically significant

WDEOHV &RPSDULVRQV RI JURXSV¶ PHDQV ZHUH Gone
with Duncan's multiple range test [32].

All conditions such as genetic stock, queen age,
colony strength (number of combs covered with
bees), brood areas and food stock of the colonies
were equalized and housed in the standard langstrooth wooden hives before starting the experiment.
Colonies were randomly divided into 2 groups viz.
treated and control.
The colonies in the experimental group were
treated with oxalic acid (OA). Oxalic acid solution
was prepared by dissolving 30 g of 99% pure OA
dihydrate into 1 l of sugar syrup (1:1 sugar/water
(v/w)) as described by [27]. Varroa infestation levels
of the colonies were determined at the beginning and
10 days after the drug application [1, 4, 25, 28] by
using the wash and roll technique described by [29].
Five milliliters of OA solution was dropped on adult
worker bees between 2 combs with a syringe that
was recommended by [30, 31]. The same oxalic acid
treatment was done at tree different seasons (spring,
summer and autumn) in order to test the effect of seasons. The efficacy of the drug treatments was calculated by using Henderson-Tilton's formula and the
data were analyzed by randomized plot design with
ANOVA. The Levene statistic was used for testing
homogeneity of variance. Logarithmic transformation was performed to stabilize the varroa infestation rates after the drug applications. Antilog transformation was performed for group means and the
95% confidence intervals of the means were given in

RESULTS AND DISCUSSION
At the begining of the experiment, the average
number of frames covered with adult bees and the
average brood areas of treatment and control groups
are summarized in Table 1. The effects of oxalic acid
treatment season on Varroa population are also
given in Table 2.
As shown in Table 1, there was no statistically
significant differences (P>0.05) between the treatment and control groups in terms of brood areas and
adult bee population at the beginning of the experiment in all evaluated seasons.
As shown in Table 2, average efficacies of oxalic acid treatment in early spring (in March), summer (in June) and late autumn (in October) were
found to be 80.22%, 69.72% and 84.61%, respectively. The mean differences among the oxalic acid
treatment in different seasons were statistically significant (P<0.01).
The average efficacies of oxalic acid treatment
showed that the application in late autumn (84.61%)
and early spring (80.22%) were nearly 21% and 15%
more effective than summer (69.72%), respectively.
But, early spring and late autumn treatments had a
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products, the miticides similar to oxalic acid should
be applied in early spring (in March) or late autumn
(in October) since there are less or no brood and no
manufacturing of bee products in the hive during
these periods.

close effect and there was no statistically significant
differences (P>0.05). These results can be interpreted with less amount of brood area in colony, effectiveness of struggle is more smaller because while
druged struggle just acts Varroa on adult bees, it
does not acts on being of varroa to reproduce in
closed puppy eyes. So, this study showed that the oxalic acid treatment against the varroa should be done
in late autumn or early spring.
It was reported the efficacies of the first and
second treatment of oxalic acid in autumn season
were 84.49% and 93.41%, respectively [24].
The efficiencies of oxalic acid were reported to
be between 89.6% and 99.5% during broodless periods in some previous studies [27, 30, 31, 33, 34]. It
was reported that the effectiveness of oxalic acid was
52% and 39% in August and September in brooded
colonies, and 97% and 88.7% in broodless colonies
in Nowember and March [35, 36]. It was reported
77.9% efficacy in brooded colonies in September
and 98.6% in broodless colonies in December [37].
The results obtained from this study for late autumn (in October) and early spring (in March) season
were in accordance with the results of some researches [24, 36, 37], but lower than the results reported by [27, 30, 31, 33, 36, 38-40]. In addition, the
effect of oxalic acid treatment in summer season was
in accordance with the result of Gregorc and Planinc,
(2002) [41].
Many environmental factors such as colony
condition, time of the year presence or absence of
sealed brood and application methods may influence
the efficacy of oxalic acid. In order to get the best
benefit from the oxalic acid treatment, the weather
should be cool and dry and the colony should have
less or no sealed brood [31, 34].
Oxalic acid has very low or no honeybee toxicity, there is no record on loss of queens and brood
or adult honeybee mortality [24]. Oxalic acid can be
used effectively and safely to reduce the damages of
the Varroa mites in bee colonies especially during
the broodless seasons [24, 40]. Oxalic acid treatment
is not recommended during the honey flow period
because it can not affect the mites in brood cells and
may show low efficacy on mites [12, 27].
In this study, high efficacy of oxalic acid treatment in late autumn or early spring was found in accordance with the previous results [11, 19, 24, 31].
Low efficacy of oxalic acid treatment in summer season in the current study was found in accordance
with the results given by [12, 19].
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PHYSIOLOGICAL AND PHOTOSYNTHETIC RESPONSES
OF GIANT JUNCAO (PENNISETUM GIGANTEUM)
TO DROUGHT STRESS
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vironments, such as in waterlogged or saline and alkaline soils, and can be used to improve soil quality.
In addition to its outstanding biological properties
and the affiliated ecological benefits, the high biomass availability has made it useful as a organic substrate for edible medicinal fungi and for livestock
fodder. The plant has been successfully used in the
production of Lingzhi mushroom, Shiitake mushroom, oyster mushroom, and dictyophora and others
[1]. Mice fed Giant Juncao showed weight gain without any acute toxicity [2], while dairy cows fed Giant
Juncao showed a downward trend with delayed milk
yield in their mid-lactation cycle. In addition, annual
feed costs were reduced by 529 yuan/ cow [3].
Giant Juncao grows quickly and spreads rapidly in dry climates, which makes it ideal for controlling desertification, which has been occurring in arid
regions of northwest China. In arid desert regions in
Ningxia and Inner Mongolia, the average height and
aboveground biomass of Giant Juncao were 3.6 m
and 240 t/hm2, respectively. In addition, the roots of
this vegetation were observed to quickly fix sand
shift, which in turn, improved soil quality and increased biodiversity [4, 5]. Further, the aboveground
parts of Giant Juncao can be used to feed cattle and
raise fish, which provides economic benefits to people in the region. Considering all the characteristics
outlined above, the cultivation of Giant Juncao is
considered important for providing an array of ecological, economical and social benefits in northwest
China.
Currently, there is a severe water shortage in
northwest China [6, 7], where the per capita water
resource is below the level of regular water stress or
the line of absolute water scarcity [8]. In addition,
severe and extreme droughts have become more serious since late 1990s across all of China [9]. By
2030, it is predicted that water use in north China
could increase by an additional 21% [7], which will
create an even more acute water deficit. Because the
cultivation of Giant Juncao is important for combating poverty and desertification, it is important to
know how this species responds to water stress,
which is an area of research that has not yet been
pursued. In this study, we measured the physiological and photosynthetic responses of the Giant Juncao

ABSTRACT
The outstanding biological properties and affiliated ecological and economic benefits have made
Giant Juncao (Pennisetum giganteum) an important
vegetation for combating poverty and desertification.
Because water shortage is an inevitable problem
when cultivating crops in dry regions, we examined
the tolerance of Giant Juncao to water stress with respect to several of it physiological and photosynthetic properties. Our results showed that the contents of malondialdehyde, proline, soluble sugar, superoxide dismutase and peroxidase increased with
drought intensity, whereas the rates of net photosynthesis and transpiration decreased. These physiological and photosynthetic processes were enhanced as
the plant grew (matured). The membership degrees,
calculated using a subordination-function method,
revealed that the seedling stage had the lowest
drought resistance, and the elongation stage the highest resistance. Because no significant differences
were observed in net photosynthetic rates with
drought intensity, mild drought management may be
an acceptable management practise to cultivate Giant Juncao in a way that uses water efficiently and
prevents a significant loss in biomass.

KEYWORDS:
Giant Juncao, photosynthetic, physiological, subordination function method, drought stress

INTRODUCTION
The cultivation of Giant Juncao (Pennisetum
giganteum) has been important in alleviating poverty
and inhibiting desertification. It has been planted in
31 provinces in China and 87 countries worldwide,
and now, a circulation industry chain has been
formed based on its biomass [1]. The average height
of Giant Juncao is approximately 3±5 m, with its
maximum height recorded at 7.08 m in Papua New
Guinea. Its aboveground wet biomass reaches approximately 300±500 t/hm2 in most regions where it
grows. Further, the species can tolerate extreme en-
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Giant Juncao during each of the three growth stages
defined previously
U ijk ( X ijk  X k min ) ( X k max  X k min )
(1)

to four artificial watering intensities to analyse its response to variations in drought stress. The ability to
tolerate drought stress during various growth stages
was determined using the subordination-function
method to better predict the effects of various watermanagement strategies. It is hoped that our results
will provide scientific guidance and a theoretical basis for cultivating Giant Juncao in arid and semi-arid
regions or during dry years.

U ijk 1  ( X ijk  X k min ) ( X k max  X k min )

(2)
ZKHUH8LMNLVGHILQHGDVWKHPHPEHUVKLSGHJUHHDWWKH
LJURZWKVWDJHMLVWKH ZDWHULQJWUHDWPHQWDQGNLV
WKHLQGH[;LMNLVWKHYDOXHPHDVXUHGDWHDFKVLWXDWLRQ
;NPLQPHDQVWKHPLQLPXPYDOXHDWHDFKNLQGH[DQG
;NPD[ PHDQV WKH PD[LPXP YDOXH DW HDFK N LQGH[
(TXDWLRQZDVXVHGZKHQWKHUHZDVDSRVLWLYHFRU
UHODWLRQEHWZHHQWKHPHDVXUHGLQGH[DQGDVSHFLILF
ZDWHULQJ WUHDWPHQW HTXDWLRQ  ZDV DSSOLHG ZKHQ
WKHUHZDVDQHJDWLYHFRUUHODWLRQ)LQDOO\WKHDYHUDJH
YDOXHVDWHDFKJURZWKVWDJHDQGZDWHULQJWUHDWPHQW
ZHUHFRPSXWHGWRGHWHUPLQHUHODWLYHGURXJKWWROHU
DQFHZKHUHLQKLJKHUYDOXHVLPSOLHGDKLJKHUWROHU
DQFHWRGURXJKW

EXPERIMENT AND METHODS
Experiments. Our experiments were conducted in a waterproofed plastic shed at Fujian Agriculture and Forestry University in Fuzhou, China
(26°5ƍ21ƎN, 119°14ƍ49ƎE). Giant Juncao was planted in round 28-cm-diameter containers that were 23
cm in height. Four watering treatment regimens were
provided to the plants during three distinct growth
stages (seedling, tillering and elongation), with each
watering-stress treatment that lasts 20 days. The watering treatments were designed to maintain soil water content at field capacities of approximately 75%±
80% (check, CK), 60%±65% (mild stress, MIS),
45%± 50% (moderate stress, MOS) and 30±35% (serious stress, SES).

RESULTS AND DISCUSSION
Physiological response of Giant Juncao to
water stress. The MDA, Pro, SS, SOD, and POD
indices all increased as drought conditions worsened
for all three growth stages. A comparison among
growth stages showed that MDA and Pro indices decreased as Giant Juncao matured, whereas SS, SOD,
and POD increased (Table 1). Results of t-test and
one-way ANOVA indicated a significant dif-ference
(p < 0.05) between CK and other watering treatments.
The physiological indices represent the plant cell response to drought (MDA represents intensity of
stress, Pro and SS represent the increase of osmotic
potential through accumulation and SOD and POD
represent the degree of protection from scavenging
by superoxide or biologically active oxygen) [10-11].
All these results suggest that Giant Juncao was
stressed by drought, but quickly initiated physiological processes to mitigate cellular damage. This damage became less severe as the plant matured, but the
role of Pro decreased and SS increased in the course
of mitigating the drought damage [12-13].

Methods. The following physiological indices
were determined: malondialdehyde (MDA) by the
thiobarbituric acid method, proline (Pro) by the ninhydrin colorimetry method, soluble sugar (SS) by
the anthrone colorimetry method, superoxide dismutase (SOD) by the nitro tetrazolium reduction method and peroxidase (POD) by the guaiacol colori-metric method. Various photosynthetic traits were measured, using a CIRAS-3 Portable photo-synthe-sis
System, from 9:00 to 11:30 at 25°C temperature and
FRQFHQWUDWLRQRIȝPROPRO-1 CO2 as follows: net
photosynthetic rate (A), stomatal conductance (Gs)
and transpiration rate (E).
The subordination-function method was used
to comprehensively analyse the drought-tolerance of

TABLE 1
Responses of physiological indices of Giant Juncao to water stress
*URZWKVWDJH

6HHGOLQJ

7LOOHULQJ

(ORQJDWLRQ

7UHDWPHQW
&.
0,6
026
6(6
&.
0,6
026
6(6
&.
0,6
026
6(6

0'$
>PPROJ@
G
F
E
D
G
F
E
D
G
F
E
D

3UR
>ȝJJ@
G
F
E
D
G
F
E
D
G
F
E
G

66
62'
>PJJ@
>8J@
G
F
E
D
G
F
E
D
G
F
E
D

32'
>8JPLQ@
G
F
D
E
G
F
D
E
G
F
E
D

MDA: malondialdehyde, Pro: proline, SS: soluble sugar, SOD: superoxide dismutase, POD: peroxidase.
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TABLE 2
The response of photosynthetic indices of Giant Juncao to water stress
*URZWKVWDJH

6HHGOLQJ

7LOOHULQJ

(ORQJDWLRQ

7UHDWPHQW
&.
0,6
026
6(6
&.
0,6
026
6(6
&.
0,6
026
6(6

$
>ȝPRO&2PV@
D
D
E
F
D
D
E
F
D
D
E
F

*V
>PPRO+2PV@
D
E
F
G
D
E
F
G
D
E
F
G

(
>PPRO+2PV@
D
E
F
G
D
E
F
G
D
E
F
G

A: net photosynthetic rate, Gs: stomatal conductance, E: transpiration.

quirements in arid regions. In this study, we examined the physiological and photosynthetic responses
of Giant Juncao to four watering regimes. The single-index analysis we used showed that Giant Juncao
can mitigate the harmful effects of drought stress by
raising its Pro, SS, SOD and POD concentrations.
Assimilation and transpiration rates decreased, and
water use efficiency increased as drought stress inFUHDVHG 7KH SODQW¶V GURXJKW UHVSRQVH SURWHFWHG LW
from biomass reduction under mild-to-moderate water-stress conditions. Single and synthesis analyses
showed a higher tolerance of drought conditions at
the tillering and elongation growth stages, which
suggests that a mild drought at the tillering and elongation stages will not significantly affect biomass accumulation and would increase water-use efficiency.

Photosynthetic responses of Giant Juncao to
water stress. Transpiration rate, stage of plant development, and biomass accumulation were determined by photosynthetic processes. With a worsening of drought conditions, A, Gs and E was declined
(Table 2). In addition, the rate of water loss declined
as plants matured and gained biomass. No sharp decrease in A was observed between the CK and MIS
watering treatments. The percent decline was less for
A than E, which suggests that there was an increase
in water-use efficiency as water stress became more
acute. Using percent decline to rank relative drought
stress, the ranking of drought-resistance capability
(by growth stage) was elongation > tillering > seedling, which implies the importance of supplying sufficient water to Giant Juncao at the seedling stage
[14]. Many studies have shown that appropriately reducing the input of irrigated water to fields and reasonably distributing the amount of water during various growth stages helps increase water-use efficiency, which in turn, maximizes crop yields [15-17].
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The comprehensive response to water stress.
Our separate analysis showed relatively consistent
results, but a more definitive water tolerance study is
needed to obtain more scientifically reliable insights.
As computed by Equations 1 and 2, the membership
degrees at seedling, tillering and elongation growth
stages were 0.377, 0.532 and 0.703, respectively,
suggesting that the highest drought resistance is in
the elongation stage, while the lowest resistance is in
the seedling stage. The drought affect on Giant Juncao biomass is less at the elongation growth stage,
but sufficient water is needed at the seedling stage to
maintain important cell metabolic activities.
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adapted to local climatic conditions and the environment. It is emphasized to study the existing landraces
for maintaining genetic diversity [2].
Schlegel and Halvin [3] noted different factors
(yield goal, soil type, soil N content, N mineralization rate, and other environmental factors) for deterPLQDWLRQRIFURSV¶1UHTXLUHPHQWAlso, plant diversity, i.e. number of plants species and composition
of species can effect the above-ground biomass and
inorganic nitrogen concentrations in the palnt species [4]. Corn growth dynamics and yield of crops
are greatly associated with N, as it is a major constituent of chlorophyll and nucleic acid. Various studies
have shown significant effects of N rate on days to
silking, number of leaves plant-1, specific leaf area,
leaf area index, leaf area ratio and green-ear yield of
corn [5-7]. Khan et al. [8] reported a significant increase in crop growth rate (CGR) and absolute
growth rate (AGR) when N was increased from 120
kg ha-1 to 180 kg ha-1. Decrease in crop growth due
to N limited conditions have been previously demonstrated [9]. Masood et al. [10] found 120 kg ha±1 N
rate as optimum for sweet corn production at NDF,
Peshawar.
Among cultural practices, tillage and plant density has long been recognized as vital for growth and
grain yield of sweet corn [11]. Duncan [12] reported
a decrease in grain yield under higher plant densities.
Growth and development in corn are highly responsive to variation in density [13]. Optimum planting
density is very basic to maximum utilization of available resources. Sorensen et al. [14] emphasized on
site specific farming technologies. Since, studies regarding interactive effects of N and density on
growth and development of sweet corn landraces are
lacking in Peshawar valley, Pakistan, this research
were initiated to chalk out an optimized planting
density and N dose for efficient growth of sweet
corn.

ABSTRACT
Plant density and nitrogen (N) are important
factors which influence FURS¶V growth regime. An
experiment was planned to study two landraces of
sweet corn (Zea mays saccharata) viz. Mansehra
(MNS) and Swabi (SWB) in comparison to the local
maize (Zea mays L.) cultivar (cv. Azam). The treatments also included four N levels along with four
plant densities. The trial was performed at two locations; at the New Developmental Farm (NDF), University of Agriculture Peshawar, and at Cereal Crops
Research Institute (CCRI), Pirsabak. Treatments significantly affected days to silking, plant height, crop
growth rate (CGR) and absolute growth rate (AGR)
of sweet corn. Landrace SWB, silked late with
higher plant height, AGR and CGR. N-fertilization
significantly increased plant height (31 %), AGR (25
%), and CGR (26 %) as compared to control (0-N).
Increase in plant density increased plant height (5 %)
and CGR (64 %), while AGR decreased by 6 % under highest density.

KEYWORDS:
Corn, plant density, nitrogen, silking, AGR, CGR

INTRODUCTION
Sweet corn (Zea mays saccharata) is a type of
corn, which normally harvested before reaching
physiological maturity. Unlike other corn types it
has altered starch synthesis in the endosperm (Tracy,
2001). Sweet corn is popular as fresh as well as processed vegetable. United Stated of America, Mexico,
Nigeria, France and Hungary are the major producing countries. In Thailand, Japan, Australia, and
New Zealand it is also grown for processing. In Pakistan, it is mainly grown for the fresh market in various parts of Khyber Pakhtunkhwa. It is more valuable than field corn in terms of price kg-1. Landraces
are usually grown as hybrid and synthetic varieties
are not available in commercial market due to lack
of systematic research [1]. These landraces are well

MATERIALS AND METHODS
Crop husbandry and growing conditions.
This experiment was conducted at two locations
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recorded when 50 % of plants produced silk. Ten
randomly selected plants were measured with the
help of measuring tape, in each subplot at silking
stage and were averaged. Plant height data were recorded from ground level to the tips of the tassels.
Above-ground portion of four plants was taken at
silking stage. These samples were oven dried at
DERXW Û& XQWLO UHDFKLQJ D FRQVWDQW ZHLJKW 'U\
weight plant-1 was calculated. The date on which
50% of the plants produced silks were recorded for
each experimental unit. Days to silking was calculated as difference between date of silking and date
of emergence. Absolute growth rate (AGR) and crop
growth rate (CGR) was computed by using the following formula [8]:

(NDF and CCRI) during 2008. NDF is located at 34°
N, 71.3° E and 367 m above sea level while, CCRI
is at 34° N, 72° E and 284 m above sea level. Both
locations are generally semi-arid with a continental
type of climate. Soil characteristics of NDF and
CCRI were clay loam and sandy loam, pH 8.2 and
7.7, organic matter 0.87 % and 0.34 %, total N 0.04
% and 0.03 %, P2O5 1.15 and 2.9 mg kg-1, K2O 506
and 188 mg kg-1, respectively. Total precipitation
recorded during the crop cycle at NDF was 59.8 mm,
while at CCRI was 341.2 mm.
Two landraces (MNS, SWB) and Cv. Azam
(check) was grown with 4 N rates (0, 120, 160, 200
kg N ha-1) and 4 densities (80 000, 100 000, 120 000
and 140 000 plants ha-1). Landrace SWB and MNS
were collected from two districts (Swabi and
Mansehra) of the Khyber Pakhtunkhwa province.
The Climate of Swabi is subtropical, subhumid and
continental. The climate of Mansehra is humid with
hot, dry summer and mild winter. Azam is a synthetic cultivar of field corn widely grown in Khyber
Pakhtunkhwa. Planting was done on 18th March
(NDF) and 11th March (CCRI) in the year 2008. The
experiment was conducted using randomized complete block design (split plot arrangement) with three
replications. The dimensions of each subplot were 4
× 3.6 m. Each subplot comprised of 6 rows having
length of 4 m. Row spacing of 0.6 m was used. Fifty
percent of the N (Urea) was applied, each at sowing
and at 4-6 leaf stage. Plots were planted thicker and
thinning after one week of emergence was done to
attain required plant densities. Phosphorus (single
super phosphate) was applied @ 70 kg ha-1 as a basic
dose. Weeding was manually performed. During
early crop growth Carbofuran (3%) @ 19.76 kg ha-1
was applied to control stem borers.

All the data were statistically analyzed using
the GLM procedure in SAS. Treatment means were
compared using least significant difference (LSD)
test at P [15].

RESULTS
Days to silking. Data for days to silking as affected by location, landraces, nitrogen and plant density are presented in Table I. Crop took more days to
silking at location CCRI while, at location NDF silking was initiated earlier. Cultivar Azam silked earlier, while landrace SWB took more days to silking.
Nitrogen significantly affected days to silking. Control (0 N) took fewer days to silking, while maximum
days to silking were recorded at 200 kg N ha-1. Increase in density increased the number of days to
reach the silking stage. Maximum days to silking
were recorded at higher plant density. Minimum
days to silking were recorded in lowest density plots.

Data collection. Data were recorded on days to
silking, plant height, crop growth rate at silking and
absolute growth rate at silking. Days to silking was

TABLE 1
Effects of location, landrace, N and density on days to silking (DS), plant height (PH), absolute growth
rate (AGR), and crop growth rate (CGR) of sweet corn
Treatment

Level

Location

CCRI
NDF
LSD0.05b)
Azam
MNS
SWB
LSD0.05
0
120
160
200
LSD0.05
80 000
100 000
120 000
140 000
LSD0.05

Landraces

N kg ha±1

Plants ha±1

a)
b)

DS
D
69.4 aa)
66.7 b
0.3
64.1 c
69.5 b
70. 6 a
0.2
66.3 d
68.1 c
68.5 b
69.4 a
0.2
67.2 d
67.6 c
68.4 b
69.1 a
0.2

PH
Cm
159.3 b
161.4 a
0.3
143.9 c
165.2 b
171.8 a
0.1
131.7 d
165.5 c
171.6 b
173.5 a
0.1
156.7 d
159.2 c
161.3 b
164.1 a
0.2

AGR
g plant-1 day-1
1.34 b
1.51 a
0.02
1.36 c
1.44 b
1.49 a
0.01
1.21 c
1.48 b
1.51 a
1.51 a
0.01
1.47 a
1.43 b
1.43 b
1.38 c
0.01

CGR
g m-2 day-1
14.7 b
16.6 a
0.2
14.9 c
15.8 b
16.3 a
0.1
13.3 c
16.3 b
16.7 a
16.7 a
0.1
11.8 d
14.3 c
17.2 b
19.3 a
0.1

Means of the same category followed by same letter(s) are not significantly different at the 5% level.
Least significant difference at the 5% level.
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TABLE 2
Interactive effects of N and density on days to silking (DS), plant height (PH), absolute growth rate
(AGR), and crop growth rate of sweet corn
Plants ha±1

N (kg ha±1)

80 000

0
120
160
200
0
120
160
200
0
120
160
200
0
120
160
200
LSD

100 000

120 000

140 000

a)

DS
D
65.4 ha)
67.1 ef
67.5 ef
68.8 c
66.0 gh
67.8 de
67.7 e
68.8 c
66.7 fg
68.6 cd
68.8 c
69.4 bc
67.0 ef
69.0 bc
69.8 ab
70.4 a
0.8

PH
Cm
130 j
161 h
166 fg
170 cde
131 ij
165 g
169 def
172 bc
132 ij
167 efg
172 bcd
175 ab
134 i
170 cde
175 a
177 a
3

AGR
g plant-1 day-1
1.21 jk
1.54 c
1.58 a
1.56 b
1.21 jk
1.47 fg
1.52 de
1.52 de
1.20 k
1.48 f
1.51 e
1.53 cd
1.22 j
1.41 i
1.44 h
1.46 g
0.01

CGR
g m-2 day-1
10 e
12 d
12 d
12 d
12 d
15 c
15 c
15 c
14 c
18 b
18 b
18 b
17 b
21 a
21 a
21 a
1

Means of the same category followed by same letter(s) are not significantly different at the 5% level.
TABLE 3
Interactive effects of location (L) and landraces (R) on days to silking (DS), plant height (PH), absolute
growth rate (AGR) and crop growth rate (CGR) of sweet corn
Location

Landrace

CCRI

Azam
MNS
SWB
Azam
MNS
SWB
LSD

NDF

a)

DS
D
66.1 ea)
70.3 b
71.8 a
62.2 f
68.7 d
69.4 c
0.2

PH
Cm
142 e
164 c
172 a
146 d
167 b
172 a
0.1

AGR
g plant-1 day-1
1.23 f
1.37 e
1.43 d
1.49 c
1.51 b
1.54 a
0.01

CGR
g m-2 day-1
13.5 f
15.1 e
15.6 d
16.3 c
16.6 b
16.9 a
0.1

Means of the same category followed by same letter(s) are not significantly different at the 5% level.
TABLE 4
Interactive effects of location (L) and nitrogen (N) on days to silking (DS), plant height (PH), absolute
growth rate (AGR) and crop growth rate (CGR) of sweet corn
Location

N (kg ha±1)

CCRI

0
120
160
200
0
120
160
200
LSD

NDF

a)

DS
D
68.1 da)
69.3 c
69.6 b
70.4 a
64.4 g
66.9 f
67.3 e
68.3 d
0.3

PH
Cm
131 h
164 f
170 d
173 b
133 g
167 e
171 c
174 a
0.2

AGR
g plant-1 day-1
1.11 g
1.39 e
1.43 d
1.44 c
1.3 f
1.56 b
1.59 a
1.59 a
0.01

CGR
g m-2 day-1
12.3 f
15.2 d
15.7 c
15.8 c
14.4 e
17.1 b
17.4 a
17.4 a
0.1

Means of the same category followed by same letter(s) are not significantly different at the 5% level.

silking (Table IV). Location × D interaction illustrated that silking delayed at both locations when
plant density was increased (Table V). Landraces ×
N interaction exhibited delay in silking with increase
in N application rate (Table VI). However, silking
was more delayed (3.6 days) in MNS, as compared
to other races, when N application was increased to
200 kg N ha-1. All landraces showed delay in silking

Significant N×D interaction was observed in
the experimental plots. Significant delay in silking
stage was evidenced with each increment of nitrogen
and density (Table II). Landrace SWB silked late at
location CCRI, while Azam silked earlier at NDF
(Table III). At both locations increase in N rate significantly delayed silking. Interaction of CCRI × 200
kg N ha-1 resulted in maximum number of days to
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mum plant height (177 cm) was noted in plots applied with 200 kg N ha-1 at a density of 140, 000
plants ha-1. 0-N treatment with 80, 000 plants ha-1
recorded shortest plants (130 cm). Landrace SWB
planted at both locations recorded longest plants followed by MNS and Azam (Table III). The highest
dose of N at location NDF was most favorable in
terms of plant height, while control × CCRI produced shortest plants. A trend of increase in plant
height with increase in N, at both locations, was observed (Table IV). L×D showed significant increase
in plant height when D increased from 80, 000 to
140, 000 plants ha-1, at both locations (Table V). Significant R×N interaction was noted regarding the
height of plants (Table VI). Increase in N dose increased height of all races. However, percent increase in plant height of landrace SWB (38.5 %) was
more as compared to MNS (33.6 %) and Azam (23
%). Means for R×D interaction showed an increase
in plant height with increase in plant density (Table
VII). However, plant height of Azam increased more
(5.71 %) as compared to the SWB (4.76 %) and
MNS (4.32 %).

with increase in plant density (Table VII). However,
silking was delayed more (2.7) in landrace SWB in
response to higher density stress.
Plant height (cm). Plant height was significantly affected by main treatments (Table I). Sweet
corn grew taller at location NDF (161 cm) and
shorter at location CCRI (159 cm). Means for landraces showed that maximum plant height (172 cm)
was attained by landrace SWB followed by MNS
(165 cm), while Azam produced shortest plants (144
cm). N application asserted positive effect on plant
height. Plant height increased with each increment of
N. Minimum plant height (132 cm) was recorded in
control plots (0 N), whereas maximum plant height
(173 cm) was noted in plots that received 200 kg N
ha-1. The results also revealed that plants maintained
at a higher plant density gain more plant height (164
cm). However, lesser plant height (157 cm) was observed under lower plant density.
Significantly different plant height was observed under N × D interactions (Table II). Maxi-

TABLE 5
Interactive effects of location (L) and plant density (plants ha ±1) on days to silking (DS), plant height (PH),
absolute growth rate (AGR) and crop growth rate (CGR) of sweet corn
Loc

Plants ha±1

CCRI

80 000
100 000
120 000
140 000
80 000
100 000
120 000
140 000
LSD

NDF

a)
b)

DS
D
68.7 bca)
69 b
69.2 ab
70.3 a
65.7 f
66.2 ef
67.3 de
67.8 cd
1.2

PH
Cm
155 d
158 cd
160 abc
164 a
158 bcd
161 abc
162 ab
164 a
4

AGR
g plant-1 day-1
1.3 b
1.3 b
1.4 b
1.4 b
1.5 a
1.5 a
1.5 a
1.5 a
0.1

CGR
g m-2 day-1
10.6 h
13.4 f
16.2 d
19.1 b
12.1 g
15.2 e
18.1 c
21.2 a
0.7

GY
kg ha±1
2232
2595
2571
2247
2482
2886
2796
2454
nsb)

Means of the same category followed by same letter(s) are not significantly different at the 5% level.
Not significant
TABLE 6
Interactive effects of landraces (R) and nitrogen (N) on days to silking (DS), plant height (PH), absolute
growth rate (AGR) and crop growth rate (CGR) of sweet corn
R

N (kg ha±1)

Azam

0
120
160
200
0
120
160
200
0
120
160
200
LSD

MNS

SWB

a)

DS
D
62.5 ja)
64.1 i
64.6 h
65.4 g
67.4 f
69.6 d
69.9 d
71 b
69 e
70.6 c
71 bc
71.7 a
0.3

PH
Cm
126 l
144 i
151 h
155 g
134 k
173 f
176 e
179 d
135 j
180 c
185 b
187 a
0.2

AGR
g plant-1 day-1
1.23 h
1.36 g
1.42 f
1.43 e
1.20 i
1.51 d
1.53 c
1.53 c
1.20 i
1.56 b
1.59 a
1.59 a
0.01

CGR
g m-2 day-1
13.5 h
14.9 g
15.5 f
15.7 e
13.3 i
16.5 d
16.7 c
16.7 c
13.2 i
17.1 b
17.4 a
17.4 a
0.1

Means of the same category followed by same letter(s) are not significantly different at the 5% level.
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TABLE 7
Interactive effects of landraces (R) and plant density (plants ha ±1) on days to silking (DS), plant height
(PH), absolute growth rate (AGR) and crop growth rate (CGR) of sweet corn
Landraces

Plants ha±1

Azam

80 000
100 000
120 000
140 000
80 000
100 000
120 000
140 000
80 000
100 000
120 000
140 000
LSD

MNS

SWB

a)

DS
D
63.3 ea)
63. 7 de
64.8 d
64.8 d
68.8 c
69.2 bc
69.8 bc
70.1 bc
69.6 bc
69.9 bc
70.5 b
72.3 a
1.5

PH
cm
140 k
143 j
145 i
148 h
162 g
164 f
166 e
169 d
168 d
171 c
173 b
176 a
0.9

AGR
g plant-1 day-1
1.41 g
1.36 h
1.35 i
1.32 j
1.48 d
1.44 e
1.44 e
1.41 g
1.54 a
1.49 c
1.50 b
1.42 f
0.01

CGR
g m-2 day-1
10.8 i
13.6 g
16.2 e
19.3 b
11.4 h
14.4 f
17.3 d
20.4 a
11.8 h
14.9 f
18 c
20.6 a
0.6

Means of the same category followed by same letter(s) are not significantly different at the 5% level.

Absolute growth rate (g plant-1 day-1) and
Crop growth rate (g m-2 day-1). Absolute growth
rate (AGR) and crop growth rate (CGR) at silking
stage were significantly affected by location, landraces, N and plant density (Table I). Significantly
higher AGR and CGR were noted in crops planted at
location NDF as compared to CCRI. Highest AGR
and CGR were recorded in landrace SWB followed
by MNS and Azam. The 0 N-treatment resulted in
lowest AGR and CGR. Increase in N rate increased
both AGR and CGR up to 160 kg N ha-1, further increase in N demonstrated no significant change.
AGR decreased significantly as plant density was increased from 80, 000 to 140, 000 plants ha -1. However CGR was increased significantly with an increase in plant density.
N×D interactions were found significant for
AGR and CGR (Table II). Plants recorded highest
AGR (1.58) in plots which received an N dose of 160
kg ha-1 under lowest plant density. While AGR of
control plots at all plant densities were lowest. Maximum CGR was recorded under higher plant density
(140, 000 plants ha-1) and 120 kg N ha-1. Further increase in N rate showed no significant effect on
CGR. Landrace SWB planted at location NDF recorded highest AGR and CGR (Table III). At both locations AGR and CGR tended to increase under
higher N rate (IV). Interaction effects of L and D
were found significant regarding AGR and CGR
(Table V). However, AGR was non significant
within a location. At both locations, CGR showed a
trend of increase with increase in plant density. Maximum CGR was recorded at NDF under higher plant
density. Landraces showed an increase in AGR and
CGR under higher N rates (Table VI). Increase in
AGR was more prominent in SWB (32.5 %) as compared to MNS (27.5 %) and Azam (16.2 %). While,
increase in CGR was highest in SWB (32 %) compared to MNS (26.3 %) and Azam (15.9 %). It is also
evident that SWB and MNS reached maximum AGR
and CGR at 160 kg N ha-1, further increase in N rate

showed no significant effect on AGR and CGR. R×D
interaction for AGR exhibited a negative relation to
increased density; however CGR showed a positive
relation with increased density (Table VII). Landrace SWB attained maximum AGR (1.54) in plots
maintained at lower plant density. Decrease in AGR
was less prominent in MNS (4.7 %) as compared to
Azam (6.4 %) and SWB (7.8 %). Maximum CGR
(20.6) was recorded by SWB under higher plant density. Increase in CGR of Azam (79.6 %) was more
than MNS (78.4 %) and SWB (74.4 %) under higher
plant density.

DISCUSSION
In the present study, earlier silking of the crop
at location NDF can be attributed to late planting
date which induced reductions in growing degree
days [16] causing a shortened growth cycle of the
crop. Differences in days to silking in landraces may
be due to different genetic make up. Bakth et al. [17]
and Revilla and Tracy [18] reported different days to
silking for different cultivars. Earlier silking in control plots may be due to limited supply of N to the
plants which decreased pre-anthesis crop growth rate
[19]. Increase in N application delayed silking,
which may be attributed to enhanced rate of photosynthesis [20]. Similar results were reported by
Rajcan and Tollennaar [21], Gungula et al. [22] and
Amanullah et al. [6]. Our results showed that increase in plant density increased the number of days
to reach the silking stage, which suggests that rate of
development might have slowed down due to more
competition for water and nutrients in dense plant
population [23] and hence took more days to shift
from vegetative growth stage to reproductive stage
[24, 25].
Plant height is reported to be strongly affected
by environmental conditions during stem elongation
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plants m-2. Aziz et al. [39] reported more biomass
production in plots with highest plant density. Lower
leaf area index at low plant density during vegetative
and early grain filling offset higher photosynthetic
efficiency resulted in lower crop growth rates during
vegetative development [40].

[26]. Higher plant height obtained at location NDF
may be due to the presence of higher organic matter
(0.87 %) in the soil as compared to CCRI (0.34 %).
Landrace SWB seemed to be more adapted to the
growing environments in this experiment by attaining maximum plant height. Since, plant height is a
genetic trait, which depends on genotype and growing environment [27]. Nitrogen application demonstrated an increase in plant height in our study. As N
plays a key role in shoot growth [28] and an increase
in N results higher pre-anthesis crop growth rate
[19], extends vegetative growth period [6] thus more
photosynthates are formed and partitioned to stems
which results in taller plants. Our results are in agreement with Nawaz et al. [29] and Fageria [30]. Plant
density increased plant height, which might be associated with increased competition among plants for
light. This is consistent with Sangoi et al. [31] and
Monneveux et al. [25], who evidenced an increase in
plant height with increasing plant density. More increase in the plant height of landrace SWB with increase in N showed that SWB is efficient users of N
as compared to MNS and Azam. R×D interaction revealed that landrace MNS is more tolerant to higher
plant densities as compared to Azam and SWB. Our
findings are in line with Yokozawa and Hara [26],
who reported that an increase in density increased
plant height but this increase was different for different genotypes.
Differences in the soil and environmental conditions of two locations (NDF & CCRI) might have
resulted in significantly different AGR and CGR values. Highest AGR and CGR for landrace SWB
showed its efficiency in dry matter accumulation.
Lowest AGR and CGR recorded in 0 N-treatment
which is due to N deficiency as reported earlier by
Andrade et al. [32]. However, increase in N rate increased both AGR and CGR. These results are quite
consistent with those of D'Andrea et al. [33] and Zeidan et al. [34]. They reported significantly higher
plant growth rates under higher N doses as compared
to control. When nutrient supply declines relative to
plant demand, reductions in leaf growth rates are observed in most plants [35]. The significant effect of
N on plant growth rate and biomass production at
silking and physiological maturity was also reported
by Pandey et al. [36]. In the present study, AGR decreased significantly under increased plant density
which might be attributed to higher competition
among plants for water and nutrients, which assert
negative effect on plant growth rate in dense populations. Decoteau [37] stated that under high densities
plants mutual shading prevent light from reaching all
but the tops of the plants, resulting in reduced plant
growth. In thinner densities more solar radiation is
intercepted by plants with higher growth rates resulting in more dry matter accumulation [38]. Increase
in plant density significantly increased CGR. The
main reason for this relative increase in CGR in
higher densities is the increase in the number of

CONCLUSIONS AND RECOMMENDATIONS
Location, landraces, nitrogen and plant density
affected silking, plant height, and growth rate of
sweet corn. In general, landrace SWB performed
better. Application of N at the rate of 200 kg ha-1 and
plant density of 100, 000 plants ha-1 gave highest
grain yield. Keeping in view the above facts highest
productivity of sweet corn can be achieved through
planting SWB at density of 100,000 plants ha-1 with
200 kg N ha-1.
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1RUWKZHVW1RUPDO8QLYHUVLW\ 1:18 &ROOHJHRI*HRJUDSKLFDODQG(QYLURQPHQW6FLHQFH/DQ]KRX*DQVX&KLQD

/DQ]KRX&LW\8QLYHUVLW\ /&8 6FKRRORI8UEDQ(FRQRPLFVDQG7RXULVP&XOWXUH/DQ]KRX*DQVX&KLQD

RI VHYHUDO UHVXOWV DFURVV WKH XUEDQ H[SDQVLRQ WKH\
FRQFOXGHGWKDWXUEDQDUHDVZHUHH[SDQGHGDQGIDUP
ODQGDUHDVZHUHDOVRLQFUHDVHDORWGXULQJDVKRUWWLPH
HJILYH\HDUVRUWHQ\HDUV >@5HVHDUFKHUVRE
WDLQHGWKHEXLOWDUHDFKDQJHDUHDVUDWLRVVSHHGIURP
PXOWLWHPSRUDOLPDJHVVWDWLVWLFGDWDDQGILHOGLQYHV
WLJDWLRQ >@ +RZHYHU WKHVH WHFKQLTXHV FDQQRW
HIIHFWLYHO\ LGHQWLI\ WKH LPSDFWV RI WKH XUEDQ DQG
ODQGVFDSHFKDQJHLQDVSDWLDOFRQWH[WDQGWKHODQG
VFDSHFRQYHUVLRQFDQQRWGLVSOD\WKURXJKILJXUHV,Q
WKLVFRQWH[WDYDLODELOLW\RIVSDWLDOGDWDDWDUHJXODU
LQWHUYDOWKURXJKVSDFHERUQHUHPRWHVHQVRUVLVKHOS
IXOLQHIIHFWLYHO\GHWHFWLQJDQGPRQLWRULQJUDSLGXU
EDQFKDQJHDQGODQGVFDSHSDWWHUQV>@
$WSUHVHQWWKHVWXG\RIXUEDQVSDFHH[SDQVLRQ
LQWKHDULGLQODQGULYHUEDVLQLVLQVXIILFLHQW)LUVWO\
IURPWKHVFDOHSRLQWRIYLHZPRUHUHVHDUFKHVIRFXV
RQWKHZKROHQRUWKZHVWUHJLRQVRIFKLQDRUWKHFLWLHV
LQ+H[L&RUULGRUUHJLRQVIHZPLFURVFRSLFVFDOHDQG
ORQJWLPH VHTXHQFHG G\QDPLF PRQLWRULQJ RQ RDVLV
WRZQVSDFHIHZGHVFULSWLRQRIWKHH[SDQVLRQFKDU
DFWHULVWLF RI XUEDQ VSDWLDO RUJDQL]DWLRQ LQ YLOODJHV
DQGWRZQVVFDOHDQGWKH FRUUHODWLRQEHWZHHQ XUEDQ
UHJLRQV DQG WRZQV >@ 6HFRQGO\ WKH UHYHDOLQJ RI
XUEDQVSDFHH[WHQVLRQIHDWXUHVLVQRWGHHSHQRXJK
7KH WUDGLWLRQDO UHVHDUFK PDLQO\ EDVHG RQ DUHD
PHWKRGLQGH[PHWKRGDQGUDGDUPDSPHWKRGZKLFK
FRYHUVWKHYDULDELOLW\DQGFRPSOH[LW\RIXUEDQVSDFH
IURPGLIIHUHQWVFDOHVDQGWKHVSHFLILFH[WHQVLRQD[LV
RUH[SDQGSRODUQXFOHLDUHGLIILFXOWWREHIRXQG>@
7KLUGO\ V\VWHP UHVHDUFK RI XUEDQ VSDFH H[SDQVLRQ
SURFHVVDQGGULYLQJIDFWRUVLVLQVXIILFLHQW7KHSUR
FHVVRI XUEDQ VSDFH H[SDQVLRQLVD FRQVHTXHQFHRI
FRPELQHGDFWLRQVRIVSDFHGLIIHUHQWLDWLRQDQGVSDFH
DVVRFLDWLRQ>@8UEDQH[SDQVLRQDQGLQFUHDVHG
GHSHQGHQFH WR WKH H[WHUQDO LV ORFDO KHWHURJHQHRXV
FKDUDFWHULVWLFVIRUPHGLQWKHXUEDQH[WHQVLRQSURFHVV
/DQGZDWHUDQGHFRORJLFDOVSDFHDUHLQVXUPRXQWDEOH
LQKHUHQWGULYLQJIRUFHLQWKHSURFHVVRIXUEDQGHYHO
RSPHQW8UEDQGHYHORSPHQWDQGWKHGULYH PXVWEH
V\QWKHWLFDOO\ GHGXFHG IURP WLPH VSDFH DQG VFDOH
WKUHHDVSHFWV>@
7KHSULQFLSDODLPVRIWKLVVWXG\ZHUH  WRGHVFULEHWKHSDWWHUQVWHPSRUDODQGVSDWLDOFKDUDFWHULVWLFVRIXUEDQH[SDQVLRQ  WRDQDO\]HWKHODQGVFDSH
FKDUDFWHULVWLFVRIODQGXVHDURXQGWKHXUEDQ

ABSTRACT
/LDQJ]KRX 'LVWULFW LQ QRUWKZHVW &KLQD ZDV
WDNHQDVWKHVWXG\DUHDWKHXUEDQERXQGDU\DQGH[
SDQVLRQ LQIRUPDWLRQ FRPELQHG ODQG XVH GDWD ZHUH
FROOHFWHGDQGLQWHUSUHWHGWKURXJKIRXUGLIIHUHQWSHULRGLPDJHVLQDQGWRDQDO\]H
WKH XUEDQ H[SDQVLRQ DQG ODQGVFDSH SDWWHUQ )LUVWO\
WKHDULGLQODQGULYHUEDVLQVRDVLVFLW\ZDVVHHQDVD
V\VWHPWRFRPSDUHWKHH[SDQVLRQSDWWHUQLQGLIIHUHQW
SHULRG 6HFRQGO\ FLUFOHOD\HUV PRGHOV DQG IDQ
VKDSHGPRGHOVZHUHXVHGWRDQDO\]HWKHVSDWLDOVWUXFWXUH RI H[SDQVLRQ DQG H[SDQVLRQ GLUHFWLRQV :H
IRXQGWKDWWKHXUEDQDUHDRI/LDQJ]KRX'LVWULFWLQFUHDVHV IURP  KP LQ  WR  KP LQ
ZLWKDQDYHUDJH DQQXDOLQFUHDVHGDERXW
KPZKLFKDFFRXQWIRURIWKHWRWDODUHD7KH
H[SDQVLRQVSHHGLQFUHDVHGWLPHVDQGLQWHQVLW\LQFUHDVHG  WLPHV LQ WKH SDVW  \HDUV %HVLGHV WKH
IUDJPHQWDWLRQ RI ODQGVFDSHV LQ /LDQJ]KRX 'LVWULFW
LQFUHDVHGDQGWKHSDWFKGHQVLW\GLYHUVLW\LQGH[DQG
HYHQQHVV LQGH[ DOVR LQFUHDVHG \HDU E\ \HDU 7KH
ODQGVFDSH RI /LDQJ]KRX 'LVWULFW ZDV LQIOXHQFHG
JUHDWO\ E\ WKH GRPLQDQW ODQGVFDSH W\SHV VXFK DV
IDUPODQGXUEDQODQGDQGXQXVHGODQGDQGZLWKWKH
RYHUDOO VWDELOLW\ DQG EHWWHU FRQQHFWLYLW\ +RZHYHU
WKH VSDWLDO FRQQHFWLYLW\ RI VPDOO SDWFKHV GHFUHDVHG
LQVLGHRIWKHODQGVFDSH
.(<:25'6
$ULGLQODQGULYHUEDVLQXUEDQH[SDQVLRQODQGVFDSHSDWWHUQRDVLV
FLW\/LDQJ]KRX'LVWULFW

INTRDUCTION
:LWKWKHGHYHORSPHQWRIVRFLDOHFRQRPLFDQG
XUEDQL]DWLRQWKHUXUDOSRSXODWLRQPRYHVLQWRFLWLHV
DQGWRZQVLQ&KLQDLQUHFHQW\HDUVDQGWKH VSDWLDO
H[SDQVLRQRIXUEDQODQGZLOOEHFRPHWKHPDLQFKDU
DFWHULVWLFRIODQGXVHFKDQJHZLWKWKHLQFUHDVHGQXP
EHUDQGH[SDQGHGVFDOHRIFLWLHVDQGWRZQV>@6RPH
UHVHDUFKHUV KDYH IRXQG WKDW ZLWKLQ WKH DULG LQODQG
FLW\WKHH[WHQWRIODQGXVHFKDQJHUHVXOWLQJIURPXU
EDQH[SDQVLRQDQGVSUDZOFRXOGQRWEHDGHTXDWHO\
H[SODLQHGE\RQHIDFWRUDORQH>@,QDFRPSDULVRQ
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RIXUEDQLQIUDVWUXFWXUHLVLPSURYLQJ7KHFRPSXWD
WLRQIRUPXODLV
BCI 2 S A P
 
ZKHUH%&,VWDQGVIRUXUEDQFRPSDFWQHVVLQGH[
$LVWKHXUEDQODQGDUHD3UHIHUVWRWKHFRQWRXUFLU
FXPIHUHQFHRIWKHFLW\XUEDQODQGDUHD

STUDY AREA
/LDQJ]KRX'LVWULFW   ( 
 1 LVORFDWHGLQQRUWKZHVW*DQVXSURYLQFHLQ
&KLQD>@7KHFLW\RI/LDQJ]KRXLVORFDWHGDWWKH
HDVWVLGHRIWKH+H[L&RUULGRUQRUWKVLGHRI4LOLDQ
0RXQWDLQ FHQWUDO SDUW RI :XZHL &LW\ ZKLOH ERUGHUHGE\WKH,QQHU0RQJROLDDXWRQRPRXVUHJLRQWR
WKHHDVW6XQDQ<XJXDXWRQRPRXVFRXQW\WRWKHZHVW
7LDQ]KX 7LEHWDQ $XWRQRPRXV &RXQW\ DQG *XODQJ
&RXQW\WRWKHVRXWK<RQJFKDQJ&RXQW\DQG0LQTLQ
&RXQW\WRWKHQRUWK$ERXWNPORQJIURPHDVWWR
ZHVWNPIURPQRUWKWRVRXWKZLWKDWRWDODUHDRI
NPLQFOXGLQJWRZQVDQGFRXQWULHV
XUEDQQHLJKERUKRRGRIILFHVKDYLQJWKHODUJHVWSRS
XODWLRQLQ*DQVXSURYLQFHDVDFRXQW\OHYHODGPLQLV
WUDWLYHUHJLRQ7KHUHDUHHWKQLFPLQRULWLHVZLWKD
WRSRJUDSK\RI1RUWKHDVWORZDQGVRXWKZHVWKLJKDQ
DYHUDJH HOHYDWLRQ RI  PHWHUV 7KH QXPEHU RI
DQQXDOVXQVKLQHKRXULVKRXUVVXQVKLQHSHU
FHQWDJHLV6RODUUDGLDWLRQLVNFDOFP
+LJKHVW WHPSHUDWXUHV LQ -XO\ & WKH ORZHVW LQ
-DQXDU\ PLQXV&<HDUVRIDYHUDJH UDLQIDOOLV
PPDQQXDOHYDSRUDWLRQLVPP

)UDFWDOGLPHQVLRQLQGH[ )', )UDFWDOFKDU
DFWHULVWLFVRIXUEDQERUGHUUHYHDOVWKHUHFHVVLYHFKDU
DFWHULVWLFVRIWKHIRUPDWLRQDQGH[WHQVLRQRIGLIIHUHQW
VFDOHFLWLHVDQGLWFDQDOVREHXVHGWRFDOFXODWHWKH
IUDFWDO FKDUDFWHULVWLFV RI XUEDQL]DWLRQ DUHD7KH LQ
GH[FDQEHXVHGWRGHVFULEHWKHFRPSOH[LW\DQGGLV
SHUVLRQRIWKHXUEDQPRUSKRORJ\7KHIUDFWDOGLPHQ
VLRQLQGH[LVGHILQHGDVIROORZV

P K ( AD /2 )  
ZKHUH'VWDQGVIRUIUDFWDOGLPHQVLRQLQGH[3
LVWKHSDWFKSHULPHWHUWKHFRQVWDQW.LVDVVLJQHG
$UHIHUVWRSDWFKDUHD
7KH %R\FH&ODUN 6KDSH LQGH[ %&6, 
%R\FH&ODUNVKDSHLQGH[LVXVHGWRFRPSDUHWKHWDU
JHW VKDSH ZLWK VWDQGDUG FLUFXODU VKDSH >@ ,W LV D
NLQGRIPHDVXUHEDVHGRQUDGLXVVRLWLVDOVRFDOOHG
WKHUDGLXVVKDSHLQGH[ZKLFKLVLQWURGXFHGLQWRWKH
UHVHDUFKRIXUEDQH[SDQVLRQFKDUDFWHULVWLFVLQ/LDQJ
]KRX 'LVWULFW $OWKRXJK WKHUH DUH PDQ\ ZD\V WR
PHDVXUHWKHVKDSH%R\FH&ODUNVKDSHLQGH[PHWKRG
FDQ UHIOHFW WKH JHQHUDO FKDUDFWHULVWLFV RI WKH VKDSH
PXFK EHWWHU 7KH %R\FH&ODUN 6KDSH LQGH[ LV GHILQHGLQWKHIROORZLQJIRUPXOD

MATERIALS AND METHODS
'DWD UHVRXUFH %DVLF GDWD LQ WKLV VWXG\ LQFOXGHV WKH VSDWLDO UHVROXWLRQ RI  PHWHUV /DQGVDW
06670(70LPDJHV $XJXVWDQG-XO\
LQ 0D\  DQG$XJXVW    PHWHUV 6327
-XO\ DQG*RRJOHHDUWKVFUHHQVKRWV 6HSWHPEHU   %HVLGHV VRPH VWDWLVWLFDO GDWD SODQQLQJ
JUDSKRI/LDQJ]KRX'LVWULFWDQGWRSRJUDSKLFPDSDUH
DOVRXVHGWRDQDO\]H

n

SBC

i 1

n

i/

¦ ri ) *100 
i 1

100
n  

ZKHUH6%&LVWKH%R\FH&ODUNVKDSHLQGH[Q
VWDQGVIRUWKHQXPEHURIUDGLDWLRQUDGLXVRILVRPHWULF
ULLVUDGLXVOHQJWKIURPWKHFHQWHURIJUDYLW\RIWKH
PDLQXUEDQDUHDWRWKHERUGHURIWKHXUEDQODQGDUHD
RYHUDFHUWDLQSHULRGRIWLPH

([SDQVLRQVSHHGLQGH[ (6, DQG([SDQVLRQ
LQWHQVLW\ LQGH[ (,,  7KH H[SDQVLRQ VSHHG LQGH[
LQGLFDWHVDQQXDOJURZWKUDWHRIWKHODQGDUHDGXULQJ
WKH VWXG\ SHULRG ZKLFK LV XVHG WR FKDUDFWHUL]H WKH
RYHUDOOVFDOHDQGWUHQGRIXUEDQODQGH[SDQVLRQ7KH
HVVHQFHRIXUEDQH[SDQVLRQLQWHQVLW\LQGH[LVWKDWLW
FDQVWDQGDUGL]HWKHDYHUDJHH[WHQGHGYHORFLW\RIWKH
HDFK VSDWLDO HOHPHQW DQG PDNH WKH VSHHG RI XUEDQ
ODQGH[SDQVLRQFRPSDUDEOHGXULQJGLIIHUHQWSHULRGV
7KHPRGHOVFDQEHH[SUHVVHGDVIROORZV

ESI

¦ (r

/DQGVFDSH HFRORJLFDO LQGH[ 7KH ODQG XVH
W\SHVLQWKLVUHJLRQDUHYHU\VLPSOHDQGRQO\LQFOXGLQJ IDUPODQG ZRRGODQG JUDVVODQG ZDWHU DUHD XUEDQODQGDQGRWKHUODQGEXWWKHLUODQGVFDSHSDWWHUQ
LVYHU\GLIIHUHQWIURPRWKHUUHJLRQV,QRUGHUWRDQDO\]H WKH XUEDQ VWUXFWXUH RI /LDQJ]KRX 'LVWULFW WKH
ODQGVFDSHRIODQGXVH PXVWEHDQDO\]HG6RHOHYHQ
LQGH[HVWKH3DWFK'HQVLW\ 3' /DUJHVW3DWFK,QGH[
/3, $UHD:HLJKWHG 6KDSH 6+$3($0  0HDQ
(XFOLGHDQ 1HDUHVW1HLJKERU ,QGH[ (1101 
&RQWDJLRQ ,QGH[ &217$*  ,QWHUVSHUVLRQ -X[WD
SRVLWLRQ ,QGH[ ,-,  &RQQHFW ,QGH[ &211(&7 
6SOLWWLQJ,QGH[ 63/,7 6KDQQRQ V'LYHUVLW\,QGH[
6+',  6KDQQRQ V (YHQQHVV ,QGH[ 6+(,  DQG
)UDJPHQWDWLRQ ,QGH[ ),  ZHUH DSSOLHG WR DQDO\]H
WKHODQGVFDSHPHWULFVDWWKHODQGVFDSHOHYHO>@
7KH PHDQLQJ DQG VSHFLILFDWLRQ RI HDFK SDUDPHWHU
FDQ EH VHHQ LQ WKH )UDJVWDWV XVHU JXLGH %HIRUH
FDOFXODWLRQ WKH ODQGVFDSH LQGH[HV ODQGVFDSH GDWD

(UAn  i - UAi )
 
n

ZKHUH (6, LV WKH XUEDQ H[SDQVLRQ 8$QL DQG
8$LVWDQGIRUWKHXUEDQDUHDIRUWKHILUVWQL\HDUDQG
L\HDUQLVWKHWLPHLWVXQLWLV\HDU
7KHXUEDQFRPSDFWLQGH[ %&,  7KHXUEDQ
FRPSDFW LQGH[ LV GHWHUPLQHG WKURXJK FRPSDULQJ
WKHLU SHULPHWHU RI HDFK SDWFK ZKLFK KDV WKH HTXDO
DUHD ZLWKWKH UHVHDUFKSDWFK,WPHDQVXUEDQWUDQV
SRUWDWLRQFRVWLVUHGXFLQJLIWKHXUEDQFRPSDFWLQGH[
YDOXHLVEHFRPHKLJKHUDQGWKHXWLOL]DWLRQHIILFLHQF\



© by PSP

Volume 26 ± No. 6/2017 pages 3880-3885

Fresenius Environmental Bullet


VPDOOHUFKDQJHRIH[SDQVLRQWUDFNIURPWR
JHQHUDOO\NHSWWKHWUHQGRIH[SDQVLRQIURPWKHPX
QLFLSDOJRYHUQPHQWSRLQWWRWKHVRXWK%XWDIWHU
WKHUH ZHUH WZR H[SDQVLRQ FKDUDFWHULVWLFV RI XUEDQ
ODQG  7KHVRXWKHUQUHJLRQVZHUHFRQYHUJHQWDQG
WKHRYHUDOOOD\RXWRIGHYHORSPHQWZDVFRPSDFW  
7KHQRUWKDQGVRXWKHDVWDUHDVEHFRPHWKHIRFXVRI
WKH H[SDQVLRQ GLUHFWLRQ DQG FLW\ GHYHORSLQJ SROHV
DSSHDUHGLQWKHQRUWKDQGVRXWKGLUHFWLRQV

VKSILOHIRUPDW RIIRXUSHULRGVZHUHFRQYHUWHGLQWR
*5,'LQ*,6DQGWKHQLPSRUWODQGVFDSHSDWWHUQDQDO
\VLVVRIWZDUH)UDJVWDWV

RESULTS AND DISCUSSION
&KDUDFWHULVWLFVRIXUEDQH[SDQVLRQ7KURXJK
FDOFXODWLRQWKHDUHDRIXUEDQERXQGDU\IURPWR
WKHUHVXOWVIRXQGWKDWXUEDQODQGDUHDRI/LDQJ]KRX 'LVWULFW LQFUHDVHG IURP  KP WR 
KPDFFRXQWIRUDERXWLQWKHSDVW\HDUV
WKHDYHUDJHDQQXDOLQFUHDVLQJDUHDLVKPWKH
UDWLRLV([SDQVLRQUDWHUDSLGO\LQFUHDVHGIURP
WRWKHJURZWKLVREYLRXV([SDQVLRQLQWHQVLW\LQGH[DOVRLQFUHDVHGIURPEHWZHHQ  DQG  WR  EHWZHHQ  DQG
LQFUHDVHGWLPHV 7DEOH 7KHKLJKHUH[SDQ
VLRQ LQWHQVLW\ DUHD PDLQO\ FRQFHQWUDWHG LQ WKH VXU
URXQGLQJVRI7LDQPDURDGDQGWKHVHFRQGULQJURDG
DORQJWKHGLUHFWLRQRI6XQMLD]KXDQJWR-LQ\DQJWRZQ
(DVWZHVWH[SDQVLRQLQWHQVLW\LVVPDOOHUDQGWKHH[
SDQVLRQVSHHGLVDOVRVORZHU )LJXUH 
8UEDQH[SDQVLRQSDWKFKDQJHV%\FDOFXODWLQJWKHGLVWDQFHIURPWKHFLW\ERXQGDU\WRWKHJHR
PHWULF FHQWHU LQ$UF*,6 XUEDQ HYROXWLRQ SDWK GLD
JUDPRIGLIIHUHQWSHULRGVZDVGUDZQ6HHQIURPWKH
)LJXUHWKHXUEDQODQGRI/LDQJ]KRX'LVWULFWKDGD

FIGURE 1
The expansion map of urban land in Liangzhou District from 1986 to 2012
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FIGURE 2
Spatial evolution path diagram of center towns of Liangzhou District (1986-2012) Unit: meters
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FIGURE 3
Spatial distribution and changes of urban land from different distance in Liangzhou district
(1986-2012). (a): area distribution from different distance in different years;(b): area changes
from different distance in different years

FIGURE 4
The maps of landscape types in Liangzhou District from 1986 to 2012
'LVWDQFH FKDQJHV RI XUEDQ ODQG )LJXUH D
VKRZV WKH DUHD GLVWULEXWLRQ LQ GLIIHUHQW FLUFOHV DQG
WKH ORFDWLRQ RI WKH SHDN ZKLFK LQGLFDWHV WKDW WKH
ZDYH GLVSOD\HG IDU GLVWDQFH HIIHFW´ 7KDW PHDQV
WKHUHLVPRUHDUHDVZLWKWKHIDUWKHUGLVWDQFHIURPWKH
ILUVWFLUFOHWRWKHODVWRQH7KHSHDNSRLQWRIGLVWDQFH
DUHDIURPXUEDQFHQWHUWRWKHERXQGDU\FKDQJHGIURP
 LQWR  LQ7KHZDYH
VWUXFWXUHKDGDWHQGHQF\RIPRYHWRDZD\IURPWKH
RULJLQ RI FRRUGLQDWHV ZKLFK VKRZV WKDW WKH XUEDQ
ODQGRI/LDQJ]KRX'LVWULFWKDGDSURFHVVRIGHYHORS
PHQWIURPVPDOOWRODUJH)LJXUHEVKRZVWKHXUEDQ
DUHD FKDQJHG LQ   DQG 
,QWKH UDQJHRI NPDQGNP

IURPWKHXUEDQFHQWUDODUHDWKHXUEDQODQGGHFUHDVHG
VLJQLILFDQWO\ ZKLOH WKH LQFUHDVHG ODQG XVH ZDV
PDLQO\GLVWULEXWHGLQDUHJLRQRINPDQG
 NP IURP WKH XUEDQ FHQWHU DUHD )URP  WR
LQFUHDVHGXUEDQODQGPDLQO\GLVWULEXWHGLQWKH
UDQJHRINPDZD\IURPXUEDQFHQWHUZLWKWKH
DUHDRIKP+RZHYHUIURPWKHGLVWDQFHRI
NP WR NP WKHUH KDG QR GHFUHDVHG DUHD$IWHU
EHFDXVHRIWKHGHYHORSPHQWRIHFRQRP\DQG
XUEDQ FRQVWUXFWLRQ XUEDQ H[SDQVLRQ LQ WKLV SHULRG
ZDV DOVR JURZLQJ UDSLGO\ )URP  WR  WKH
XUEDQ ODQG DUHD GHFUHDVHG ILUVWO\ NP  DQG
WKHQ LQFUHDVHG NP  WKH DUHD ZDV DERXW
KP
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7$%/(
7KHLQGH[HVRIODQGVFDSHSDWWHUQIURPODQGVFDSHOHYHOLQ/LDQJ]KRXGLVWULFW
YEARS
1986
2000
2006
2012
YEARS
1986
2000
2006
2012

PD
0.538
0.562
0.546
0.726
CONNECT
99.833
99.834
99.823
99.533

LPI (%)
30.597
31.108
30.903
30.079
SPLIT
5.518
5.486
5.527
5.514

SHAPE_AM
13.499
13.839
14.710
15.570
SHDI
1.280
1.293
1.316
1.284

ENN_MN (m)
408.894
403.286
398.540
296.800
SHEI
0.715
0.722
0.735
0.717

CONTAG (%)
63.112
62.755
59.080
62.625
FI
1.043
1.126
1.154
1.163

IJI (%)
62.998
60.408
66.303
59.221

3DWFK'HQVLW\ 3' /DUJHVW3DWFK,QGH[ /3, $UHD:HLJKWHG6KDSH 6+$3($0 0HDQ(XFOLGHDQ1HDUHVW
1HLJKERU,QGH[ (1101 &RQWDJLRQ,QGH[ &217$* ,QWHUVSHUVLRQ-X[WDSRVLWLRQ,QGH[ ,-, &RQQHFW,QGH[
&211(&7 6SOLWWLQJ,QGH[ 63/,7 6KDQQRQ V'LYHUVLW\,QGH[ 6+', 6KDQQRQ V(YHQQHVV,QGH[ 6+(, 
)UDJPHQWDWLRQ,QGH[ ),
/DQGVFDSHSDWWHUQVRIODQGVSDFH$FFRUGLQJ
WRWKHJUDSKRIODQGVFDSHW\SHVLQ/LDQJ]KRX'LVWULFW
LQ IRXU SHULRGV IURP  WR  )LJXUH   WKH
ODQGXVHVWUXFWXUHKDVQRREYLRXVFKDQJHVLQ/LDQJ
]KRX 'LVWULFW 7KH PDLQ FKDUDFWHULVWLF RI ODQG XVH
FKDQJH LVWKH XUEDQODQG ZKLFKLVRQEHKDOIRI WKH
GHSWKDQGEUHDGWKRIODQGXWLOL]DWLRQDQGWKHJUDVV
ODQGZKLFKLVRQEHKDOIRIWKHHFRORJLFDOHQYLURQ
PHQWFKDQJHERWKRIWKHPFKDQJHGDORWLQWKHSDVW
\HDUV7KH7DEOHVKRZVWKDWIURPWR
DERXW  NP JUDVVODQG FRQYHUWHG LQWR RWKHU
ODQGDQGWKHJUDVVODQGGHJUDGDWLRQLVREYLRXV%H
VLGHV DERXW NP IDUPODQG FRQYHUWHG LQWR
JUDVVODQG DQG NP IDUPODQG FRQYHUWHG LQWR
RWKHUV )URP WKH UHVXOWV RI WKH WUDQVIHURXW UDWH
ZRRGODQGDQGZDWHUDUHDLVKLJKHUWKDQRWKHUV 
DQGUHVSHFWLYHO\ DQGWKHWUDQVIHULQUDWHRI
JUDVVODQGDQGXUEDQODQGLVUHODWLYHO\KLJKHU 
DQGUHVSHFWLYHO\ RWKHUODQGLVUHODWLYHO\VWD
EOH

%HVLGHVPRVWIDUPHUVZKROLYHGQHDUWKHFLW\ZHUH
SODQQHGRXWVLGHRIXUEDQODQGE\JRYHUQPHQWLQRU
GHUWRLPSURYHWKHLQWHQVLYHO\ODQGXVH

CONCLUSION
8QGHUWKHVXSSRUWRI*,6WHFKQLTXHWKHFKDU
DFWHULVWLFVDQGVSDWLDOSDWWHUVRI/LDQJ]KRX'LVWULFW
ZHUHUHYHDOHGE\WKHDQDO\VLVRIODQGVFDSHIHDWXUHV
7KHODQGVFDSHRI/LDQJ]KRX'LVWULFWLVPDLQO\IDUP
ODQGJUDVVODQGDQGRWKHUODQGVXFKDVXQXVHGODQG
,QWKHSURFHVVRIXUEDQGHYHORSPHQWXUEDQH[SDQ
VLRQPDLQO\FRQVXPHGWKHIDUPODQGEHFDXVHRIWKH
UHVWULFWLRQE\XQXVHGODQGLQRDVLVFLW\7KHIUDJPHQ
WDWLRQRIODQGVFDSHVLQ/LDQJ]KRX'LVWULFWLQFUHDVHG
DQGWKHSDWFKGHQVLW\GLYHUVLW\LQGH[DQGHYHQQHVV
LQGH[DOVRLQFUHDVHG\HDUE\\HDU

REFRERENCES

7KHUHDVRQDQDO\VLVRQVSDWLDOH[SDQVLRQRI
WKH XUEDQ ODQG 7KURXJK FRPSDULQJ WKH GLIIHUHQW
VKDSHVDQGFKDUDFWHULVWLFVRIWKHXUEDQERXQGDU\DQG
H[SDQGHGDUHDVRI/LDQJ]KRX'LVWULFWIURPWR
VRPHVSDWLDOVWUXFWXUHVZHUHDQDO\]HGZKLFK
UHIOHFWHG WKH TXLFNO\ H[SDQVLRQ RI WKH XUEDQ ODQG
7KHUHDUHVHYHUDOPDLQUHDVRQVILUVWO\ZLWKWKHLP
SURYHPHQWRI XUEDQUDLOZD\ KLJKZD\FDSDFLW\DQG
WUDIILFLQIUDVWUXFWXUHFRQVWUXFWLRQWKHLQWHUDFWLRQEH
WZHHQFLWLHVDQGWRZQVZDVVWUHQJWKHQHG,Q/LDQJ
]KRX 'LVWULFW PDQ\ URDGV DQG VPDOO FRPPRGLW\
PDUNHWVDVZHOODVIDUPHU VPDUNHWDUHEXLOWDQGUH
SDLUHG E\ WKH ORFDO JRYHUQPHQW LQ WKH XUEDQ ODQG
ZKLFKQRWRQO\IDFLOLWDWHWKHGDLO\OLIHRIWKHSHRSOH
DQG WKHLU SURGXFWLRQ EXW DOVR PDNH WKHP PRYH WR
XUEDQFHQWHU,WLVDPDLQUHDVRQRIDFFHOHUDWLQJXUEDQ
H[SDQVLRQ6HFRQGO\WKHVRFLDOLQYHVWPHQWVDUHDV
VLPLODWHG WR EXLOG HGXFDWLRQ IDFLOLWLHV VXFK DV HOH
PHQWDU\VFKRROVDQGNLQGHUJDUWHQVZKLFKDWWUDFWWKH
UXUDOFKLOGUHQDQGWKHLUSDUHQWVPRYLQJWRXUEDQDUHD
LQZKHUHWKHLUFKLOGUHQFDQUHFHLYHDEHWWHUHGXFDWLRQ

[1] &KLDSSHUR 0% 3DQ]HWWD'XWDUL *0 *R
PH]'&DVWLOOR(3RORS--DQG*DUGHQDO
&1  &RQWUDVWLQJJHQHWLFVWUXFWXUHRIXU
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incomplete burning of fuels, coal tar and bitumen.
The distribution of PAHs in the environment is extensive since they are found in air, soil and water.
PAHs can be classed as carcinogenic and/or genotoxic chemical. Therefore, the determination of
PAHs is very important [19]. CNTs are considered
to be a good choice to study the adsorption mechaenism. Understanding adsorptive interactions between organic contaminants and CNTs is critical to
both the environmental application as special adsorbents and the assessment of the potential impact
on the fate and transport of organic contaminants in
the environment.
In this study, functionalization of MWCNTs
via thermal polymerization of methyl methacrylate
(MMA) with benzoyl peroxide was achieved to
help to reduce the solubility problem of MWCNTs.
Since anthracene is a good candidate among PAHs.
Adsorption of anthracene studies were performed
by using both polymer (PMMA) functionalized
MWCNTs and pristine MWCNTs and the percentage of adsorption was determined by fluorescence
spectroscopy.

ABSTRACT
Adsorption of anthracene as polycyclic aromatic hydrocarbon molecule on the pristine multiwalled carbon nanotubes (MWCNTs) and functionalized MWCNTs with polymethyl methacrylate
(PMMA) has been investigated in an attempt to
explore adsorption mechanisms. The morphology
of MWCNTs was observed by a Scanning Electron
Microscope. Thermal Gravimetric Analysis was
used to obtain the degree of polymer functionalization of MWCNTs after the thermal polymerization
of Methyl methacrylate (MMA) with benzoylperoxide. Changing of fluorescence intensity as a
function of time is recorded to follow the variance
of adsorption.

KEYWORDS:
Carbon nanotubes; Luminescence; Anthracene; Adsorption

INTRODUCTION
MATERIALS AND METHODS

Carbon nanotubes (CNTs)have a wide field of
industrial applications and have also used as adsorbent in water treatment and environmental pollution
[1-5]. CNTs have also attracted attention due to
their excellent optical activity and mechanical
strength. Although there are some studies on the
adsorption of organic pollutants by carbon nanotubes [6-12]. So far, there are no studies showing
systematically the adsorptive interaction between
CNTs and polycyclic aromatic hydrocarbons
(PAHs). Therefore, it is very important to understand the interaction between the carbon nanotubes
and organic pollutants. CNTs and organic chemicals are expected to have strong interactions due to
their hydrophobic surfaces.
There are numerous studies about the adsorbent efficiency of CNTs for organic chemicals [1318]. This strong interaction effectively alters the
mobility, bioavailability and environmental risk of
organic chemicals. Polycyclic aromatic hydrocarbons (PAHs) are found in organic substances,

Functionalization of MWCNTs via Thermal Polymerization of MMA. 46.8 mg MWCNTs
was suspended in 50 ml of toluene and 50 ml MMA
was added to this solution. 24.2 mg benzoyl peroxide as an initiator was added to this mixture under
nitrogen atmosphere and was refluxed in an oil bath
at 85°C for 5 days. After completion of the reaction, the PMMA functionalized MWCNT was extracted by THF.
Adsorption experiments. Composite solutions for the adsorption experiments were prepared
by using MWCNTs/anthracene in a 1:1 ratio by
weight (w/w). 9.4 mg anthracene was dissolved in 5
ml of toluene and 9.4 mg of either MWCNTs or
PMMA-MWCNTs was added to this solution.
The solutions of anthracene and MWCNTs/
PMMA-MWCNTs were sonicated using a sonic tip
(Ultrasonic processor VCX 500 W) for 3x10 s at
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26% of the power output. If the sonication treatment is too aggressive and/or too long, MWCNTs
can be easily and seriously damaged, especially
when a probe sonicator is employed. The suspensions were allowed to settle down starting from 5
min up to 121 h. All the dispersions were centrifuged at 3000 rpm for 60 min and then the suspensions were used depending on the time variations to
determine the adsorption properties by fluorescence
spectroscopy (Jobin Yvon-Horiba Fluoromax-P).

RESULTS AND DISCUSSION
Functionalization of the MWCNTs was
achieved by bulk polymerization of MMA with
benzoylperoxide (BPO) at 85°C as depicted in
Scheme 1.
The degree of functionalization was determined by TGA (see Fig. 1).

SCHEME 1

FIGURE 1
TGA curves of pristine MWCNTs and PMMA-MWCNTs

FIGURE 2
Fluorescence emission spectra of solutions of
PMMA-MWCNTs/Anthracene/Toluene for various
WLPHLQWHUYDOVȜexc = 350 nm.
(Inset: Prolonged adsorption results)

FIGURE 3
Fluorescence emission spectra of solutions of Pristine-MWCNT/Anthracene/Toluene for various time
LQWHUYDOVȜexc = 350 nm.
(Inset: Prolonged adsorption results)
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To determine the percentage of adsorption
from the changes, fluorescence emission spectra
were recorded while the solutiRQVZHUHH[FLWHGDWȜ
= 350 nm. The results are shown in Figs.2 and 3 for
the experiments performed on both MWCNTs.
The addition of either PMMA-MWCNTs or
pristine-MWCNTs to the solutions in a 1:1 ratio by
weight results in a visible quenching of the anthracene fluorescence emission even after 5 minutes of
duration (see Figs 2 and 3).
The quenching of the fluorescence gives a
strong indication that an interaction is occurring
between the CNTs and the anthracene molecule.
The results obtained from the fluorescence
measurements recording the changes of emission
spectra of the anthracene molecules in the presence
of the CNTs are tabulated in Table 1.

PMMA functionalization was found to be
58% from the TGA curves for PMMA-MWCNTs.
Functionalization of MWCNTs is necessary since
dispersing them is very difficult as CNTs have large
surface areas and van deer Waals¶ forces.
There are numerous studies about obtaining
homogenous and the fine dispersion of CNTs and
one of them is the introduction of functional groups
onto the CNT surface [7-10]. PMMA- attached
MWCNTs have been useful to improve their dispersion properties and this factor will possibly play
a good role for investigation of the adsorption properties of anthracene as a polyaromatic hydrocarbon.
Since polyaromatic hydrocarbons are good luminescents, in this study anthracene was used as a
chromophore label for detecting adsorption onto
both PMMA-functionalized MWCNTs and pristine
MWCNTs by the fluorescence technique.

TABLE 1
Changes of emission intensity of PMMA-MWCNTs and Pristine-MWCNTs

Changes of emission intensity %
Time (mins.)
5
20
40
50
60
180
300
2640
7260

PMMA-MWCNT
29
46
48
60
78
86
88
96
99

Pristine-MWCNT
16
18
46
47
61
81
86
96
99

FIGURE 4
Representative SEM images of (a) pristine MWCNTs, (b) PMMA modified MWCNTs, (c) pristine
MWCNT with anthracene, (d) PMMA modified MWCNTs with anthracene
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with pristine-MWCNT the adsorption process is
much slower; just 18% change was obtained in a
similar time interval. A large surface area and possibly the porosity of the polymer functionalized
MWCNTs provides enough adsorption sides for the
anthracene.

As can be seen from Table 1, the adsorption of
anthracene onto the PMMA attached MWCNTs is
nearly 30% while 16% adsorption was obtained
when the pristine MWCNTs were used. During the
1 hour of duration, the adsorption of anthracene increased to 78% for the PMMA-MWCNTs and 61%
for the pristine MWCNTs.
The results are not differentiated for the prolonged adsorption times of either CNTs (99% for
both CNTs during 121 hours (7260 mins)). The
adsorption of functionalized MWCNTs is much
better than the pristine MWCNTs, especially in a
short period of time. Possibly, the functional groups
can change the wettability of the CNT surfaces, and
consequently make the CNTs more hydrophilic and
thus more suitable for the adsorption of relatively
low molecular weight and polar compounds [6].
As reported in the literature [6], five possible
interactions are responsible for the adsorption of
organic chemicals onto the CNT surface. These are:
the K\GURSKRELF HIIHFW Ȇ- Ȇ ERQGV K\GURJHQ
bonds and covalent and electrostatic interactions.
Ȇ-ȆERQGLQJLQWHUDFWLRQs between the organic molecules and CNTs were also demonstrated by spectroscopic techniques [20-26].
Beside CNT-organic chemical interactions,
polymeric adsorbents have been developed and
used for the removal of organic chemicals from
solutions. As reported previously, introducing some
special functional groups into the chemical structure of the polymer helps to improve its adsorption
capacity towards specific organic compounds.
Therefore, the one-component structure of PMMAattached MWCNTs presented combined effects
such as the enhancement of the specific area and
modification of the surface properties.
Adsorption of Anthracene onto MWCNTs remarkably increased when the MWCNTs were
chemically functionalized. This is as a result of the
surface area as well as the porosity of PMMA. Obviously functionalization of the MWCNTs produced a strong interfacial bond with other chemicals.
Fig.4 presents SEM microphotographs; pristine MWCNTs (Fig. 4a), PMMA attached
MWCNTs (Fig. 4b), adsorption of anthracene onto
MWCNTs (Fig. 4c) and adsorption of anthracene
onto PMMA attached MWCNTs (Fig. 4d), respectively. Fig. 4a presents curled and entangled shaped
pristine MWCNTs. After the attachment of the polymer it is easy to see the agglomeration. Fig. 4c and
Fig. 4d show SEM microphotographs of MWCNTs
and PMMA-MWCNTs after anthracene adsorption.
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A NEW UNSUPERVISED CHANGE DETECTION APPROACH
WITH HYBRID CLUSTERING FOR DETECTING THE
AREAL DAMAGE AFTER NATURAL DISASTER
Umit Haluk Atasever*
Department of Geomatics Engineering, Erciyes University, 38039, Kayseri, Turkey

quently in a regular basis, making sensing in different spectral ranges. Remote sensing is a discipline
that can be used both for risk assessment and for calculating damaged areas [3,4]. Many of the techniques and approaches used for this purpose require
expert knowledge of multi-spectral image processing
[5-9]. The necessities of knowing the spectral reflection characteristics of the objects, the structure and
parameters of the classification techniques and the
land cover in the area where the disaster happened,
make the work even harder for the researchers or institutions in different branches. In order to overcome
these problems, unsupervised change detection approaches have been developed recently [6, 9-12].
Unsupervised change detection techniques do not require any training data [10].
Among these techniques, image differencing
(both standard difference image and logarithmic difference image) is the most frequently used one [1316]. A number of unsupervised change detection approaches have been developed so far. Some of them
are HCM, FCM, PCA-DS, PCA K-means, PCAFCM, MTET [7, 8, 17].
In order to be able to use the change detection
approaches which are designed to operate pixel-bypixel, images must be registered to each other at the
beginning. In the next step, images should be examined with various techniques such as histogram
drawing and if necessary, radiometric corrections
must be done [9,14,18]. The majority of these approaches consist of two main phases: a) calculation of
feature space b) clustering of feature space. Therefore, the success of this proposed approach de-pends
both on the feature space and on the effectiveness of
the clustering technique [9, 14, 19, 20]. In the proposed study, there are new strategies both for calculating the feature space and clustering phases.
In this study, a new unsupervised change detection approach is proposed, which can automatically
detect the areal damage of natural disasters such as
flooding and fire. In the first step, ab-solute value
difference image and logarithmic difference image
are calculated by using images before and after the
disaster. Previous studies have shown that combination of two difference images increases the efficiency of feature space [16, 20]. For this reason,

ABSTRACT
In this study, an effective unsupervised change
detection approach, which use optical images, based
on combined difference images and hybrid clustering, for detection the areal damage of natural disasters such as flooding and fire, has been proposed.
First, absolute difference operator and absolute logarithmic difference operator is applied to co-registered images to compose two kinds of change maps.
Secondly, a feature space is created from two kinds
of change maps with a combination function. Then,
median filter and wiener filter are applied to feature
space, respectively. The median filter is used to
maintain the edge information and the wiener filter
is used to eliminate isolated pixel and considering local consistency in order to detect areal damage more
accurately. After that, min-max normalization is applied to filtered data to increase the effectiveness of
Backtracking Search Optimization Algorithm
(BSA). Lastly, filtered data is clustered with hybrid
approach into two classes, damaged and undamaged
area. In clustering stage, firstly, temporary cluster
centroids are calculated with K-Means. Then, optimal cluster centroids are obtained with BSA through
a cost function. Local consistency and edge information of the combined image are considered in this
approach. Experimental result obtained from two
real optical data sets prove the effectiveness of the
proposed approach.

KEYWORDS:
Change detection, Hybrid clustering, BSA, Natural disaster

INTRODUCTION
Natural disasters affect the entire world, even at
different scales. The most common natural disasters
are earthquakes, storms, landslides, floods, fires [1].
In the post-disaster period, different data sources are
used to determine the extent of the destruction [2].
Remote sensing comes the first, because it has the
capability of synoptic visibility, capturing data fre-
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BSA is more effective and successful than many algorithms such as ABC, DE in many benchmark tests
and real word problems [27]. BSA has five basic
steps: Selection-1, Mutation, Cross over and Selection-2.

these images were combined with the help of a combination function in this study too. In the second step,
the combined image is filtered by median filter and
wiener filter, respectively. Thus, the success of the
method is increased by eliminating isolated pixels
while maintaining the edge information. Despite the
use of clustering techniques such as K-Means, Fuzzy
C-Means, and Gaussian Mixture Models until recently in the clustering stages of unsupervised
change detection app-roaches, artificial intelligence
(AI) optimization algorithms such as Differential
Search, ABC and Genetic, have shown to produce
very successful results in current studies [20, 21].
However, in some studies, the classical clustering
techniques and AI optimization techniques were
used in combination and it has been shown to produce very successful results [22-27]. In this study,
hybrid clustering was performed with K-Means
which is one of the classical clustering methods, and
BSA which is a very successful AI optimization
technique. The image obtained after the filtering is
first clustered with K-Means to find temporary cluster centers. Then, these cluster centers are updated
with the BSA to calculate the optimal cluster centers
and damaged and non-damaged (changed and unchanged) areas according to these cluster centers are
automatically detected.
The effectiveness of the proposed approach has
been investigated by using Sardinia and Mexico data
sets, which were generated after areal damages due
to different natural disasters and which were preferred as benchmark data in many studies before [9,
14, 18, 20]. It was also compared with different automatic change detection techniques and thus it was
proved to be more successful than other techniques.

PROPOSED APPROACH
Firstly, two multitemporal images must be registered to each other. If it is needful, radiometric corrections must be done. In the next step, difference
images can be calculated [19]. Let XT1 and XT2 be the
images belonging to same geographical areas in different dates and XD1 and XD2 be difference images,
respectively. Then, two kinds of difference images
are calculated using Eq. 1 and Eq. 2 pixel by pixel
[14]:
(1)
X D1 X T 2  X T 1
X D2

log

XT 2 1
X T1  1

log( X T 2  1)  log( X T 1  1)

(2)

In the third step, a feature space is created by
combination function given in Eq. 3 with absolute
valued difference image and absolute valued log-ratio images obtained from Eq. 1 and 2
X Int (1  [ ) u X D 2  [ u X D1 (3)

In Equation 3, [ is regulation parameter. In this
study, 0.2 has been selected as regulation para-meter.
X Int includes more information than difference images created by a single differencing process [16].
In previous studies, it is show that some image
filtering technics can increase accuracy of change
detection [16, 20]. So, median filtering is used for
edge information preservation of the difference image and the wiener filter is applied for considering
local consistency and elimination isolated pixels of
the difference image. In this direction, 3× 3 window
sized median filter as in Eq. 4 are and 17×17 window
sized wiener filter applied to X Int image as in Eq. 5,
respectively. These window sizes were preferred after many experimental studies.
X IntM medfilt ( X Int ) (4)

BACKTRACKING SEARCH OPTIMIZATION
ALGORITHM (BSA)
Optimization is one of the important research
area in applied math and engineering problems such
as image processing, sensor deployment, antenna design and vehicle route problems [27,28]. Optimization algorithms was developed to find best values for
a function, model or system. In addition to classical
optimization algorithm such as Levenberg-Marquardt, artificial intelligent optimization algorithms
are used frequently. Although most commonly used
AI algorithms are Differential Evolution (DE), Genetic, Particle Swarm Optimization (PSO) and Artificial Bee Colony (ABC) Algorithm, new AI optimization algorithm, which can produce more successful
results, arise each year [24, 29-33]. Backtracking
Search Optimization Algorithm (BS A) is one of
population-based iterative optimization algorithm.
BSA has a simple, easy adoptable structure [27].
Most important features of BSA are robustness, effectiveness and convergence speed and it needs relatively few control parameters. It was shown that

X IntW wienerfilt ( X IntM ) (5)
In Eq. 4 medfilt is median filtering function and
in Eq. 5 wienerfilt is wiener filtering function. The
later step is the normalization of the feature vector

space filtered image X IntW into > 0,1@
interval in
order to boost the performance of K-means and BSA
[19]. This technique, called also min-max normalization, is performed per the Equation (6):
K  Kmin
(6)
Knew
Kmax  Kmin
In Equation (6), Knew is the normalized value;

K , Kmin and Kmax are the original value from X IntW ,
minimum value and maximum value in X IntW , respectively. The tests of this study show that this type
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FIGURE 1
(a)Sardinia September 1995, (b) Sardinia September 1996, (c) Sardinia data set ground truth map,
(d) Mexico April 2000, (e) Mexico May 2002, (f) Mexico data set ground truth map


As shown in the cost function, BSA updates the clusters calculated by K-Means. So, the least minimum
total distance between cluster centers and the pixels
of cluster is provided by new centers in each loop.
After stopping criteria, each pixel is assigned to the
closest cluster per euclidan distance, and finally
change detection map is ready.

of normalization increases the effectiveness of BSA
in terms of convergence speed [19]. After that hybrid
clustering is applied to feature vector space which
min-max normalization has been done. In the first
stage of hybrid clustering, temporary cluster centroids are calculated using classical K-Means technique. K-Means has been used as clustering technique in many studies [14, 16]. Lastly, optimal cluster centroids are calculated from updated temporary
cluster centroids by BSA as shown in Eq. 7 and thus,
the land surface change caused by an environmental
disaster in land cover is detected.

cntnew,i

EXPERIMENTAL STUDY
In this study, Sardinia data set and Mexico data
set were used to determine effectiveness of proposed
approach. These data sets were used as bench-mark
data set in many studies [7, 8, 19, 20]. There are three
images in data sets which are an image acquired before disaster, an image acquired after disaster and
ground truth image. Sardinia and Mexico data sets
are shown in Figure 1. Assessment of proposed approach has been done with help of differences between change detection images obtained by proposed approach and ground truth images. Proposed
approach was compared with HCM, FCM, PCA-DS,
PCA K-means, PCA-FCM, MTET technics in all applications. The criterion below has been used for
quantitative analysis:
x Missed Alarm (MA): Number of changed
pixels identified as unchanged pixels.
x False Alarm (FA): Number of unchanged
pixels identified as changed pixels.
x Total Error (TE): Total number of incorrect
categorized, which is sum of FA and MA.
x Total Error Rate (TER): Ratio of sum of FA
and MA to number of image pixels.

cnti uW i (7)

In Eq. 7, W i is modification factor produce by
BSA, cntnew,i is new cluster centroids and cnt temporary cluster centroids obtained from K-Means at ith iteration. In every iteration, W i is updated by BSA
and new cntnew values are calculated until the stopping criteria are fulfilled. After stopping, cntnew is
assigned as optimal cluster centroids.
In optimization stage, a cost function is essential for updating cluster centroids and to realize optimization correctly. The cost function used in this
study is shown below:
p j {xi ;min( xi  ncnt j )} (8)
2

arg min
ncnt j

¦

p j  ncnt j

In Eq. 9 and 10,

2

2

(9)

is euclidan distance, xi

is i-th pixel, ncent j is the new center of the j-th class
and p j represents all of the pixels in the j-th class.
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FIGURE 2
Visual findings obtained from each step from Sardinia data set (a) Absolute valued difference image, (b)
Absolute valued logarithmic difference image, (c) Combined image, (d) Median filtered image, (e) Wiener
filtered image (f) Change detection result of proposed approach, (g) Ground truth


Application with Sardinia Data Set. In this
section, Sardinia data set, which includes Landsat 5
TM images, was used. Sardinia data set has two different dated images which are belongs to Mulargia
Lake in Sardinia Island from September 1995 and
September 1996 dates. Between these dates, one
most relevant change, which is caused by increased
water level of Mulargia Lake, occurred in the study
area. Owing to the fact that histograms of Landsat 5
images are very similar to each other, any radiometric correction was not applied. The image sizes
are 300×412 pixels. In the experimental study of Sardinia data set, proposed approach was compared
with PCA-DS, HCM, EM+MRF, PCA-Kmeans,
FCM, SA-HCM, G-HCM, and G-FCM methods.
The visual results and error values of proposed approach are given Figure 2 and Table 1. 

F=1/normrnd(0,5) is reasonably efficient scale factor for clustering [19] . The scale factor is an in-verse
random number coming from a normal distribution
with 0 mean and standard deviation of 5. Population
and generation number values were 15 and 1000, respectively. These parameters were also used for
Mexico application.

TABLE 1
The quantitative results of Sardinia Landsat 5
TM image data set

TABLE 2
The quantitative results of Mexico image data
set

Change Detection
Method
HCM [7]
FCM [7]
PCA-FCM
PCAKmeans [14]
PCA-DS [19]
MTET [7]
Proposed
Approach

Change Detection
Method
HCM [7]
G-HCM [7]
PCA-FCM
PCAKmeans [19]
PCA-DS [19]
MTET [7]
Proposed
Approach

False
Alarm

Missed
Alarm

Total
Alarm

4133
2246
752
832

275
494
1855
1603

4408
2740
2607
2435

Total
Error
Rate
3.56
2.21
2.10
1.97

1405
875
911

744
1015
965

2159
1890
1876

1.73
1.52
1.51

Application with Mexico Data Set. In the second experimental study, Mexico data set has been
used. The Mexico data set belongs an area in Mexico
acquired by Landsat 7 ETM+ satellite. Dates of images are April 2000 and April 2002. Between two
dates, the fire occurred and vegetation was destroyed
in quite wide region. Environmental effects of fire
were imaged in 2002 by Landsat 7 ETM+ satellite.
The image sizes are 512×512 pixels.

As seen from Table 1, proposed approach gets
minimum Total Alarm and Total Error Rate. Proposed approach yielded the best accuracy in all methods. Most important parameter of BSA is scale factor. In this application F=1/normrnd(0,5)as scale
factor has been chosen. Because it was shown that

Missed
Alarm

Total
Alarm

747
785
3729
3662

3425
2827
1008
1024

4172
3612
4737
4686

Total
Error
Rate
1.59
1.38
1.80
1.78

2428
2187
1033

1589
2404
2571

4017
4591
3604

1.53
1.75
1.37

As shown in Table 2, proposed approach acquired best change detection accuracy compared
with other methods. Also, as seen from Figure 3, proposed approach can generate quite successful results.
Per results, proposed approach can be used for rapidly detection of burned area (forest etc.).
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FIGURE 2
Visual findings obtained from each step for Mexico data set (a) Absolute valued difference image, (b) Absolute valued logarithmic difference image, (c) Combined image, (d) Median filtered image (e) Wiener filtered image (f) Change detection result of Mexico data set, (g) Ground truth


[2] Chu, T., Guo, X., Takeda, K., (2016). Remote
sensing approach to detect post-fire vegetation
regrowth in Siberian boreal larch forest.
Ecological Indicators, 62: 32-46.
[3] Schroeder, W., Oliva, P., Giglio, L., Quayle, B.,
Lorenz, E., Morelli, F., (2016). Active fire
detection using Landsat-8/OLI data. Remote
Sensing of Environment, 185: 210-220.
[4] Roy, D. P., Wulder, M. A., Loveland, T. R., C.E,
W., Allen, R. G., Anderson, M. C., Helder, D.,
Irons, J. R., Johnson, D. M., Kennedy, R.,
Scambos, T. A., Schaaf, C. B., Schott, J. R.,
Sheng, Y., Vermote, E. F., Belward, A. S.,
Bindschadler, R., Cohen, W. B., Gao, F.,
Hipple, J. D., Hostert, P., Huntington, J., Justice,
C. O., Kilic, A., Kovalskyy, V., Lee, Z. P.,
Lymburner, L., Masek, J. G., McCorkel, J.,
Shuai, Y., Trezza, R., Vogelmann, J., Wynne, R.
H., Zhu, Z., (2014). Landsat-8: Science and
product vision for terrestrial global change
research. Remote Sensing of Environment, 145:
154-172.
[5] Bruzzone, L., Prieto, D. F., (2000). Automatic
analysis of the difference image for unsupervised change detection. IEEE Transactions on
Geoscience and Remote Sensing, 38 (3): 11711182.
[6] Gong, M., Zhou, Z., Ma, J., (2012). Change
Detection in Synthetic Aperture Radar Images
based on Image Fusion and Fuzzy Clustering.
IEEE Transactions on Image Processing, 21 (4):
2141-2151.
[7] Ghosh, A., Mishra, N. S., Ghosh, S., (2011).
Fuzzy clustering algorithms for unsupervised
change detection in remote sensing images.
Information Sciences, 181 (4): 699-715.
[8] Mishra, N. S., Ghosh, S., Ghosh, A., (2012).

CONCLUSION
Natural disasters are one of the most important
problems in the world. Remote sensing is one of the
preferred data sources to detect the extent of damage
after disaster. Especially, unsupervised change detection techniques are suitable for detecting areal
GDPDJHV VLQFH WKH\ GRQ¶W QHHG DQ\ SULRUL WKHPDWLF
information. Effectiveness of clustering technique is
very important in change detection application of remotely sensed optical images. The effectiveness of
clustering techniques directly affects the success of
the change detection process. In this study, a new
change detection approach has been proposed by using hybrid clustering with K-Means and BSA on the
combined and filtered difference image for the automatic detection of areal damage. The motivation of
proposed approach is to use local consistency of the
difference image after using the median filter and the
edge information preservation and elimination isolated pixels of the difference image after using the
wiener filter for better difference image representation. The performance of proposed approach was
compared with a number of change detection techniques. Experimental results on two real optical image data sets have proved the effectiveness of proposed approach.
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ZDVWHZDWHUIRUWKHVLPXOWDQHRXVUHPRYDORIFDUERQ
DQGQLWURJHQ>@7KHWUHDWPHQWLVJHQHUDOO\FDU
ULHGRXWLQWZRVHSDUDWHGUHDFWRUVUHVXOWLQJLQDKLJK
WUHDWPHQWFRVW)XUWKHUPRUHWKHGLJHVWDWHSURGXFHG
E\ DQDHURELF SURFHVV VWLOO FRQWDLQV KLJK FRQFHQWUD
WLRQV RI LQRUJDQLF QXWULHQWV ORZ FDUERQQLWURJHQ
&1 UDWLRDQGORZ%2'&2' %& UDWLRDQGWKXV
UHTXLUHV SRVW UHPHGLDWLRQ VWUDWHJLHV >@ $QG LW LV
PRUHGLIILFXOWWRUHPRYHRUJDQLFVXQGHUORZ&1UD
WLRDQG%&UDWLRIRUDHURELFSURFHVV>@7KXVWKH
GLJHVWDWHZLWKORZ%&UDWLRFDQQRWEHWUHDWHGZLWK
ELRORJLFDOSURFHVV
0LFURHOHFWURO\VLV 0(  SURFHVV EDVHV RQ WKH
UHDFWLRQRISULPDU\JDOYDQLFFHOOR[LGDWLRQUHGXFWLRQ
>@ RSHUDWHV RQ WKH SULQFLSOH YHU\ VLPLODU WR WKH
SULQFLSOHRIHOHFWURO\VLVZLWKWKHH[FHSWLRQWKDWWKH
HOHFWURQVDUHVXSSOLHGIURPWKHJDOYDQLFFRUURVLRQRI
PDQ\PLFURVFDOHVDFULILFLDODQRGHVLQVWHDGRIH[WHU
QDOSRZHU'XHWRWKHXVHRIKDUPOHVVUHDJHQWVDQG
QRH[WUDHQHUJ\QHHGHG0(KDVEHHQLQSUDLVHRID
OLWWOHRUQRKDUPIXOHIIHFWVRQWKHHQYLURQPHQW>
@
,URQDQRGH R[LGDWLRQ 
)H V ĺ)H DT H
( )H)H  9
(TV 
)H DT ĺ)H DT H
(TV 
( )H)H  9
&DWKRGH FDUERQ 
+ DT Hĺ>+@ĺ+ J 
( ++  9(TV 
&DUERQFDWKRGH UHGXFWLRQ LQWKHSUHVHQFHRI
R[\JHQ
$FLG2 J + DT Hĺ+2
( 2+2  9(TV 
2 J +Hĺ+2 DT 
(TV 
( 2+2  9
1HXWUDOWRDONDOLQH
2 J +2Hĺ2+ DT 
( 22+  9
(TV 
)HDQGWKHQHZHFRK\GURJHQ>+@JHQHUDWHG
IURPDQRGHDQGFDWKRGHKDGDKLJKFKHPLFDODFWLYLW\
ZKLFKFDQPDNHRUJDQLFPDWWHUFKDLQVFLVVLRQDQG
FKDQJH WKH RUJDQLF IXQFWLRQDOJURXSV VRELRGHJUD
GDELOLW\ RI RUJDQLF ZDVWHZDWHU VLJQLILFDQWO\ LQ
FUHDVHVDQGSURYLGHIDYRUDEOHFRQGLWLRQVIRUWKHIRO
ORZXSELRORJLFDOWUHDWPHQW

ABSTRACT
2]RQH DHUDWHG LQWHUQDO PLFURHOHFWURO\VLV
2,0( ZLWKDQHZO\GHVLJQHG)H&SDUWLFOHVILOOHU
ZDVDSSOLHGWRWUHDWWKHSLJJHU\GLJHVWDWHZDVWHZDWHU
7KHDYHUDJH&2'1+1DQGS+RIWKHSLJJHU\GL
JHVWDWH ZDVWHZDWHU DUH a PJ/ a
PJ/DQGDURXQG7KH2,0(SURFHVVH[KLELWHGH[
FHOOHQW&2'  DQG72&  UHPRYDO
HIILFLHQFLHV XQGHU WKH FRQGLWLRQV S+   DLU IORZ
UDWH /K0HDQZKLOHWKLVSURFHVVZDVHIIHFWLYH
WRHQKDQFHELRGHJUDGDELOLW\RIWKHSLJJHU\GLJHVWDWH
ZDVWHZDWHU7KHUHVXOWVVKRZHGWKDW2,0(SURFHVV
FRXOGEHRSHUDWHGLQZLGHS+UDQJHZKLOHWKHRSWL
PXP S+ IRU SLJJHU\ GLJHVWDWH ZDVWHZDWHU ZDV
DURXQG  ,W ZDV IRXQG WKDW R]RQDWLRQ )H)H
FDWDO\]HGR]RQDWLRQWKHUHGR[UHDFWLRQVRIHOHFWUR
UHGXFWLRQ DQG HOHFWURR[LGDWLRQ ZHUH WKH PRVW LP
SRUWDQWPHFKDQLVPVLQ2,0(SURFHVV7KHFDWDO\WLF
HIIHFWRI)H)HZRXOGLQGXFHPXWXDOFRQYHUVLRQ
EHWZHHQGLVVROYHG)HDQG)HDQGWKHQGHFUHDVH
WKH GLVVROXWLRQ UDWH RI ]HUR YDOHQW LURQ =9,  7KH
2,0( SURFHVV H[KLELWHG H[FHOOHQW UHPRYDO HIIL
FLHQF\ XQGHU ERWK QDWXUDO DQG DONDOLQH FRQGLWLRQV
PDQLIHVWLQJWKDWWKH2,0(SURFHVVLVRQHSURPLVLQJ
WHFKQRORJ\DSSOLHGIRUSLJJHU\GLJHVWDWHZDVWHZDWHU
DQGRWKHUUHIUDFWRU\ZDVWHZDWHUWUHDWPHQW
.(<:25'6
SLJJHU\ GLJHVWDWH ZDVWHZDWHU R]RQH PLFURHOHFWURO\VLV
R]RQDWLRQ

INTRODUCTION
,QUHFHQW\HDUVWKHUHKDVEHHQDQREYLRXVO\LQ
FUHDVH LQLQWHQVLYLVPSLJSURGXFWLRQLQ &KLQD ZLWK
WKH GHYHORSPHQW RI DJULFXOWXUH > @ 7KHQ WKHVH
KDV UHVXOWHG LQ DQ LQFUHDVHG LQ SURGXFWLRQ DQG GLV
FKDUJHRIKLJKVWUHQJWKZDVWHZDWHU>@'LVFKDUJHRI
WKH SLJJHU\ ZDVWHZDWHU WR HQYLURQPHQW FDQ FDXVH
KHDOWK DQG HQYLURQPHQWDO FRQVHTXHQFHV LI QRW
SURSHUO\WUHDWHG>@$QDHURELFDHURELFFRPELQHG
SURFHVVDVDQHQJLQHHUHGWUHDWPHQWWHFKQRORJ\ZLWK
UREXVWDGDSWDELOLW\DQGVPDOORFFXSDWLRQRIDUHDKDV
EHHQ H[WHQVLYHO\ LQYHVWLJDWHG LQ WUHDWLQJ SLJJHU\
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&KHPLFDO &R/WG *XDQJ]KRX&KLQD  3RWDVVLXP
GLFKURPDWH .&U2 ZDVREWDLQHGIURP6LQRSKDUP
&KHPLFDO 5HDJHQW &RPSDQ\ 6KDQJKDL &KLQD 
0HUFXU\ ,, VXOIDWH +J62 ZDVVXSSOLHGE\6KDQJ
KDL=KDQ\XQ&KHPLFDO&R/WG 6KDQJKDL&KLQD 
$OOUHDJHQWVXVHGLQWKLVZRUNZHUHRIDQDO\WLFJUDGH
DQGZHUHXVHGZLWKRXWDQ\IXUWKHUSXULILFDWLRQ
7KH QHZ GHVLJQHG )H& SDUWLFOHV ZKLFK ZHUH
FRPELQHG WKH SDUWLFOHV RI =9, DQG *$& WRJHWKHU
ZHUH XVHG LQWR WKH FRQYHQWLRQDO 0( SURFHVV $V
VKRZQLQ)LJWKHSRZGHUVRI=9,*$&DQGRWKHU
DGKHVLYHV ZHUH VLQWHUHG WRJHWKHU XQGHU D QLWURJHQ
SURWHFWLRQ FLUFXPVWDQFH 7KH QHZO\ FRPELQHG 0(
ILOWHUFRQWDLQHG)H PHDVXUHGE\GU\ ZHLJKW 
DFWLYDWHGFDUERQDQGLPSXULW\7KHGLDP
HWHURIILOHUSDUWLFOHVUDQJHGWRFPZKLOHLWVDY
HUDJH VSHFLILF JUDYLW\ VSHFLILF VXUIDFH DUHD DQG
SK\VLFDOVWUHQJWKZHUHWRQPPJ
NJPUHVSHFWLYHO\7KHVHQHZVSKHULFDO)H&SDUWL
FOHVKDYHIROORZLQJDGYDQWDJHV  )HDQGDFWLYDWHG
FDUERQ VLQWHUHG WRJHWKHU DQG XQHDVLO\ WR EH VHSD
UDWHG  WKHUHVLVWDQFHRIWKHRULJLQDOFHOOUHDFWLRQ
ZRXOGEHUHGXFHGDQGWKHQWRHQKDQFHWKHHOHFWURQ
WUDQVIHUHIILFLHQF\DQGLPSURYHWUHDWPHQWHIILFLHQF\
DQG  DFWLYDWHGFDUERQWLQ\SDUWLFOHVFRXOGEHGH
WDFKHGIURPWKHILOOHUDIWHU)HGLVVROYHGWRDOOHYLDWH
DFWLYDWHG FDUERQ FORJJLQJ SUREOHP WR VRPH H[WHQW
>@

1HYHUWKHOHVV0(KDVVRPHVKRUWDJHVWKDWFRQ
VWUDLQLWVZLGHO\DSSOLFDWLRQ)LUVWRIDOOLWZDVZHOO
NQRZQ WKDW D FRPSOHWH PL[LQJ RI ]HURYDOHQW LURQ
=9,  DQG JUDQXODU DFWLYH FDUERQ *$&  SDUWLFOHV
ZDVTXLWHGLIILFXOWLQSUDFWLFDODSSOLFDWLRQDQGWKLV
ZRXOG OHDG WR RSHUDWLRQ SUREOHPV 6HFRQGO\ 0(
SURFHVVUHTXLUHVDODUJHDPRXQWRIDFLGWRDGMXVWS+
IRUZDVWHZDWHUWUHDWPHQWZKLFKZRXOGLQFUHDVHWKH
WUHDWPHQWFRVWVLJQLILFDQWO\>@+HQFHWRGHYHORS
DQHZZD\WRVWUHQJWKHQWKHWUHDWPHQWSHUIRUPDQFH
RI 0( DW QHXWUDO RU DONDOLQH S+ PD\ EH WKH PDLQ
PHDVXUHV WR RYHUFRPH WKH SUREOHPV PHQWLRQHG
DERYH
5HFHQWVWXGLHVKDYHDGYLVHGWRXVHDHUDWLRQDQG
R[LGDWLRQUHDJHQWVVXFKDV2+2WRPRGLI\WKH
UHGXFWLYH0(SURFHVVWREHR[LGDWLYH>@DQGLWKDV
EHHQ GHPRQVWUDWHG WKDW VXSHULRU WUHDWPHQW SHUIRU
PDQFHFRXOGEHREWDLQHGE\R[LGDWLRQUHDJHQWVLQWH
JUDWHGZLWK0(SURFHVVHV>@2QWKHRWKHUKDQG
WKHR]RQDWLRQWHFKQRORJ\DVDQDGGLWLRQDOWUHDWPHQW
PHWKRGZLWKLQWKHH[LWLQJZDVWHZDWHUWUHDWPHQWSUR
FHVVKDVEHFRPH D ZLGHO\DFFHSWHGSROLVKLQJWHFK
QRORJ\IRUUHPRYLQJSKDUPDFHXWLFDOVDQGRWKHUPL
FURSROOXWDQWV>@+RZHYHUWKRVHUHSRUWHGUH
DFWLRQPHFKDQLVPVRIR]RQH HQKDQFHG0(SURFHVV
DUH ODFN RI SHUVXDVLYH7KXV WKH HIIRUWV DUH KLJKO\
H[SHFWHGWRXQGHUO\LQJPHFKDQLVPVFOHDU
,QRUGHUWRLPSURYHWKHWUHDWPHQWHIILFLHQF\RI
0( DW QHXWUDO S+ DQG RYHUFRPH LQDFWLYDWLRQ DQG
EORFNLQJSUREOHPVWKHR]RQHDHUDWHGLQWHUQDOPLFUR
HOHFWURO\VLV 2,0(  SURFHVV EDVHG RQ QHZO\ GH
VLJQHG0(ILOWHUZDVRSHUDWHGWRDFKLHYHWKHVHRE
MHFWLYHV7KHQHZO\GHVLJQHG0(ILOWHUZDVPDLQO\
PDGHRIPL[HG=9,DQG*$&SRZGHUVDQGZDVVLQ
WHUHG WRJHWKHU XQGHU R[\JHQIUHH FLUFXPVWDQFH %\
UHGXFLQJWKHUHVLVWDQFHRIWKHRULJLQDOFHOOUHDFWLRQ
WKH HOHFWURQ WUDQVIHU HIILFLHQF\ ZRXOG EH HQKDQFHG
DQGWKHQWRLPSURYHWKHRYHUDOOWUHDWPHQWHIILFLHQF\
7KHSLJJHU\GLJHVWDWHZDVWHZDWHUZDVXVHGWRYHULI\
WKH WUHDWPHQW HIILFLHQF\ DQG WKH DGYDQWDJHV RI WKH
2,0(SURFHVV7KHPDLQDLPVRIWKLVZRUNZHUH D 
WRYHULI\WKHSHUIRUPDQFHRIWKH2,0(SURFHVVDQG
E WRVSHFLILFWKHPHFKDQLVPVRI2,0(

MATERIALS AND METHODS

FIGURE 1
The schematic diagram of newly design
spherical Fe-C particles

0DWHULDOV ,QWKH H[SHULPHQWWKH FKDUDFWHULV
WLFVRIWKHZDVWHZDWHUKDYHEHHQVWXGLHGSUHYLRXVO\
DQG WKH DYHUDJH LQIOXHQW &2' 1+1 DQG S+ DUH
aPJ/aPJ/DQGDURXQG7KH
SLJJHU\GLJHVWDWHZDVWHZDWHUDUHREWDLQHGIURPDSLJ
IDUPLQ6KDQJ5DR-LDQJ[L3URYLQFH
+\GURFKORULF DFLGV +&O  VXOIXULF DFLGV
+62  DQG VRGLXP K\GUR[LGH 1D2+  ZHUH VXS
SOLHG E\ /LQ)HQJ &KHPLFDO 5HDJHQW &RPSDQ\
6KDQJKDL&KLQD 6LOYHUVXOIDWH $J62 $PPR
QLXP LURQ ,,  VXOIDWH 1+ )H 62 +2  DQG
+H[DDPPRQLXP KHSWDPRO\EGDWH WHWUDK\GUDWH
1+ 0R2+2  ZHUH VXSSOLHG E\ ;L/RQJ

6HPLEDWFKH[SHULPHQWDOVHWXS7KHJHQHUDO
VFKHPDWLF SUHVHQWDWLRQ RI WKH H[SHULPHQWDO V\VWHP
ZDVVKRZQLQ)LJ7KHVHPLEDWFKFROXPQUHDFWRU
SDFNHG ZLWK VSKHULFDO )H& SDUWLFOHV ZDV XVHG WR
VWXG\ WKH GHJUDGDWLRQ RI SLJJHU\ GLJHVWDWH
ZDVWHZDWHU7KHUHDFWRUZDVFRQVWUXFWHGRIRUJDQLF
JODVVFRPSRQHQWV2]RQHZDVJHQHUDWHGE\DODERU
DWRU\ PRGHO R]RQH JHQHUDWRU 0RGHO&+< WKH
PD[LPXPJHQHUDWLRQIORZUDWHRIJK+DQJ]KRX
;LQURQJ(OHFWURQLFHTXLSPHQWFR/WG&KLQD 7KH
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JDVIORZUDWHZDVNHSWDW/K2]RQHZDVVXS
SOLHGWKURXJKDJODVVDSSOLFDWRUDWWKHERWWRPRIWKH
UHDFWRU$OOWKHH[SHULPHQWVZHUHFDUULHGRXWLQEDWFK
PRGHDQGFRQWUROOHGE\SURJUDPPDEOHORJLFFRQWURO
OHU 3/& $WWKHVDPHWLPHWKHUHDFWRUZDVDHUDWHG
E\ R]RQH JDV IORZ FRQWLQXRXVO\ WKHQ WKH VDPSOHV
ZHUHWDNHQDWSUHGHWHUPLQHGWLPHLQWHUYDOV

± 1.26%) and ME (averaged in 20.35% ± 1.36%). It
was suggested that the COD and TOC removal efficiency in the integrated process was always higher
than those in a single ozone or ME process, which
were in agreement with data reported by Zhang [21].
They observed that the organic removal efficiency in
the integration technology was consistently higher
than those in a sole ozone or ME process. Then, the
synergetic effects including the reactions of molecular ozone, Fe2+/Fe3+ catalyzed ozonation and the redox reactions of electro-reduction and electro-oxidation of ME, seemed as the major reason for high
treatment efficiency in OIME, which would be the
underlying mechanisms taking responsible for piggery digestate wastewater removal enhancement.

$QDO\WLFDOPHWKRGV&2'DQG%2'ZHUHGH
WHUPLQHGE\WKHPHWKRGVRIWKH&KLQHVHQDWLRQDOHQ
YLURQPHQWDO SURWHFWLRQ DJHQF\ VWDQGDUG >@ 7KH
S+PHDVXUHPHQWVZHUHSHUIRUPHGXVLQJDS+PHWHU
0RGHO3+V& /HLFL 6KDQJKDL  7KH VXUIDFH
VWUXFWXUHDQGFRPSRQHQWVRIVDPSOHVZHUHDQDO\]HG
E\ -60) VFDQQLQJ HOHFWURQLF PLFURVFRSH
6(0 
)HZDVDQDO\]HGDFFRUGLQJWRRSKHQDQWKUR
OLQHFRORULPHWULFPHWKRGZKLFKZDVSHUIRUPHGXQ
GHUDFRQGLWLRQRIDYDOXHRIİ /āPROāFP

 IRU WKH )HSKHQDQWKUROLQH FRPSOH[ DW  QP
'LVVROYHG)HFRQFHQWUDWLRQVZHUHPHDVXUHGE\WKH
RSKHQDQWKUROLQHPHWKRGDIWHUILOWUDWLRQRIWKHVROX
WLRQWKURXJKD0LOOLSRUH0LOOH[ ȝP ILOWHU
DIWHU)HUHGXFWLRQWR)HZLWKK\GUR[\ODPLQHK\
GURFKORUDWH>@

RESULTS AND DISCUSSION
6\QHUJHWLF HIIHFW LQ 2,0( &RPSDULVRQ RI
piggery digestate wastewater degradation efficiencies in O3, ME and OIME systems after 70 min reaction at pH = 6 were shown in Fig. 3. In contrast to
the COD removal rate of 30.36% ± 1.69% in ME, the
COD removal rate in O3 and OIME were higher,
which were 33.81% ± 1.52% and 49.35% ± 2.46%,
respectively. Similarly, the TOC removal efficiency
in the OIME (averaged in 36.93% ± 1.44%) was remarkably higher than that in O3 (averaged in 25.73%

FIGURE 3
Comparison of performance in O3, ME and
OIME systems. Experimental conditions: piggery digestate wastewater with a pH of 6 and
a reaction temperature of 298 K, and reaction
time was 70 min.

FIGURE 2
The schematic diagram of OIME process for piggery digestate wastewater treatment
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FIGURE 4
Effect of pH value on COD removal. Experimental conditions: reaction temperature was 298
K, reaction time was 70 min, and inlet air flow
rate was 60 L/h.

Fresenius Environmental Bullet

FIGURE 5
Effect of pH value on TOC removal. Experimental conditions: reaction temperature was 298
K, reaction time was 70 min, and inlet air flow
rate was 60 L/h.

FIGURE 6
Effect of pH value on ratio of B/C. Experimental conditions: reaction temperature was 298 K, reaction
time was 70 min, and inlet air flow rate was 60 L/h.
7KHHIIHFWVRIS+RQWKHZDVWHZDWHUWUHDWPHQW
SHUIRUPDQFH ZHUH FDUULHG RXW DQG WKH UHVXOWV ZHUH
VKRZQ LQ )LJ $V VKRZQ LQ )LJ  WKH &2' UH
PRYDO HIILFLHQF\ ZDV   
DQGZKHQWKHLQLWLDOS+ZDV
DQGUHVSHFWLYHO\$VVKRZQLQ)LJWKH72&
UHPRYDOHIILFLHQF\ZDV
DQGZLWK
WKHLQLWLDOS+ DQGUHVSHFWLYHO\,WZDV
EOLQGLQJO\ REYLRXV WKDW WKH KLJKHVW &2' DQG72&
UHPRYDO UDWH LV REWDLQHG DW S+ DURXQG $QG WKH
&2'DQG72&UHPRYDOUDWHGHFUHDVHGZKHQS+LQ
FUHDVHGWREHFDXVHRIPRUHIUHHUDGLFDOVFDYHQJHUV
2XUUHVXOWV were disagreement with the finding reported by5XDQ>@ZKRREVHUYHGWKDWWKHKLJKHVW
&2' DQG72& UHPRYDO UDWH ZDV REWDLQHG DW D S+
DURXQG  7KHQ WKH UHDVRQV ZHUH WKDW   WKH
ZDVWHZDWHUXVHGLQWKHUHVHDUFKZHUHGLIIHUHQWDQG
WKHSURSHUWLHVRIWKHGLIIHUHQWZDVWHZDWHUZHUHODUJH
GLIIHUHQFHV  WKHQHZO\GHVLJQVSKHULFDO)H&SDU
WLFOHV ZHUH XVHG LQ RXU ZRUN ZKLOH WKH WUDGLWLRQDO
LURQ FDUERQ ILOOHU ZDV XVHG LQ KLV ZRUN$V FDQ EH
VHHQLQ)LJWKH UDWLRRI%& ZDV ZKHQS+

Effect of operating parameters on degradation efficiency piggery digestate wastewater. (1)
Effect of pH. ,WKDVEHHQUHSRUWHGWKDWWKH2+UDGL
FDOSURGXFWLRQUDWHZDVDIIHFWHGE\WKHS+WKHKLJK
S+ FRXOG HQKDQFH WKH 2+ UDGLFDO SURGXFWLRQ UDWH
0HDQZKLOHWKH UDWH FRQVWDQW YDOXHVRI22)H
DQG 2+2 V\VWHPV ZHUH JUHDWHU XQGHU DONDOLQH
FRQGLWLRQ WKDQ WKRVH XQGHU DFLGLF FRQGLWLRQV >
@2QWKHRWKHUKDQGS+KDVEHHQGHHPHGDVRQH
YHU\ LPSRUWDQW IDFWRU DIIHFWLQJ WKH WUHDWPHQW HIIL
FLHQF\ LQ PLFURHOHFWURO\VLV V\VWHP 7KH WUHDWPHQW
FDSDELOLW\RIPLFURHOHFWURO\VLVJHQHUDOO\RULJLQDWHG
IURPLWVKDOIFHOOUHDFWLRQVDQGODUJHDPRXQWRI+ 
ZRXOGEHFRQVXPHGDWWKHYHU\ILUVWVWHSDFFRUGLQJ
WR(TV  a  7KXVLWZDVUHDVRQDEOHWRHYLGHQFH
WKDWDORZHUS+ZDVPRUHHIIHFWLYHIRUSLJJHU\ELR
JDV VOXUU\ WUHDWPHQW LQ PLFURHOHFWURO\VLV V\VWHP
>@5HFHQWVWXGLHVKDYHVKRZQWKDWWKHK\GUR[
LGHLRQVFRXOGEHFRQVXPHGE\R]RQDWLRQDQGWRGH
FUHDVHS+RIZDVWHZDWHU GRPLQDQWLQDONDOLQHS+ 
ZKLOH WKH K\GURJHQ ZRXOG EH FRQVXPHG E\ PLFUR
HOHFWURO\VLVWKDWZLOOLQFUHDVHWKHS+RIZDVWHZDWHU
GRPLQDQWLQDFLGS+ >@
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72&UHPRYDOHIILFLHQF\DQGWKHFKDQJHVRI%&UD
WLRDWYDULRXVLQOHWDLUIORZUDWHGXULQJUHDFWLRQWLPHV
7KHUHVXOWVHYLGHQWO\VKRZHGWKDW&2'UHPRYDOHI
ILFLHQF\DQG72&UHPRYDOHIILFLHQF\LQFUHDVHGZLWK
WKH LQOHW DLU IORZ UDWH LQFUHDVLQJ $V DQ H[DPSOH
&2' UHPRYDO HIILFLHQF\ LQFUHDVHG IURP  
WRZKHQLQOHWDLUIORZUDWHLQ
FUHDVHGIURP/KWR/K$QLQFUHDVHRILQOHW
DLUIORZUDWHHQKDQFHGWKHPDVVWUDQVIHURIR]RQHDQG
JHQHUDWLRQRIK\GUR[\OUDGLFDOVUHVXOWLQJLQPLQHU
DOL]DWLRQ UDWHV LPSURYHPHQW 6R LQOHW DLU IORZ UDWH
ZDVNHSWDW/KLQDOOH[SHULPHQWVPDLQO\GXHWR
WKDWDKLJKHULQOHWDLUIORZUDWHFRXOGLQGXFHDKLJKHU
PLQHUDOL]DWLRQ UDWH 7KHVH UHVXOWV ZHUH DJUHHPHQW
ZLWKWKH ILQGLQJRI+DQVHQ>@ZKRUHSRUWHGWKDW
WKH UHPRYDO RI WKH FRPSRXQGV LQFUHDVHG ZLWK LQ
FUHDVLQJ R]RQH GRVH 7KH UDWLR RI %& LPSURYHG
IURPWRZKHQLQOHWDLUIORZUDWHLQFUHDVHG
IURP/KWR/K7KHWHQGHQF\RI%&UDWLRZDV
VLPLODU WR WKH WHQGHQF\ RI &2' DQG72& UHPRYDO
UDWH )LJ 

ZDVDURXQG7KHWHQGHQF\RI%&UDWLRZDVVLPLODU
WRWKHWHQGHQF\RI&2'DQG72&UHPRYDOUDWH$F
FRUGLQJWR(T  a  ODUJHSOHQW\RI+ FRXOGEH
FRQVXPHG E\ 0( UHDFWLRQ DW ILUVW ZKLFK ZRXOG
PDNHS+LQFUHDVH,QQHXWUDORUalkalineFRQGLWLRQV
PROHFXODUR]RQHFRXOGUHDFWZLWKPROHFXODURUJDQLF
RISLJJHU\digestate wastewater. Meanwhile, ozone
was easily to decompose to generate non-selective
hydroxyl radicals under an alkaline condition.
Therefore, high pH would accelerate ozone decomposition to generate hydroxyl radicals [28]. For instance, it is well known that OH- could accelerate
R]RQHGHFRPSRVLWLRQWR2+DQG+2O2 [29].
 (IIHFWRIDLUIORZUDWH7KHLQOHWDLUIORZ
UDWH KDG D SRVLWLYH HIIHFW RQ WKH WUHDWPHQW SHUIRU
PDQFH7KHLQFUHDVLQJRIDLUIORZUDWHOHGWRDQLQ
FUHDVH LQ YROXPHWULF PDVV WUDQVIHU FRHIILFLHQW DQG
R]RQH PDVV WUDQVIHU ZKLFK ZRXOG FRUUHVSRQGLQJO\
UHVXOW LQ D KLJKHU 2 FRQFHQWUDWLRQ LQ WKH OLTXLG
SKDVH)LJaLOOXVWUDWHG&2'UHPRYDOHIILFLHQF\

FIGURE 7

FIGURE 8

Effect of inlet air flow rate on COD removal.
Experimental conditions: reaction temperature
was 298 K, reaction time was 70 min, and pH
was 8.0.

Effect of inlet air flow rate on TOC removal.
Experimental conditions: reaction temperature
was 298 K, reaction time was 70 min, and pH
was 8.0.

FIGURE 9
Effect of inlet air flow rate on ratio of B/C. Experimental conditions: reaction temperature was 298 K,
reaction time was 70 min, and pH was 8.0.
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FIGURE 10
Morphological structure images of Fe-C particles. (a) before reaction, (b) after reaction
)H2+2ĺ)H2+2+(TV 
)H2+2ĺ)H2+2+2(TV 
+2ĺ+22(TV 
)H+2ĺ)H2+2+(TV 
)H+2ĺ)H++2(TV 

0HFKDQLVPV RI 2,0( SURFHVV   6(0
DQDO\VLV7RFRQILUPWKHPRUSKRORJLFDOFKDQJHVRI
)H&SDUWLFOHVWKHPLFURVFRSLFREVHUYDWLRQRI)H&
SDUWLFOHVVDPSOHVZHUHYLVXDOL]HG )LJ 7KHGLI
IHUHQFHVLQ)H&SDUWLFOHVDSSHDUDQFHZHUHREYLRXV
$VVKRZQLQ)LJDWKHUDZVXUIDFHRI)H&SDUWL
FOHV ZDVFOHDQDQG XQLIRUP7KH 6(0LPDJH )LJ
E  RI )H& SDUWLFOHV DIWHU UHDFWLRQ VKRZHG WKDW
WKHUHZHUHDIHZDPRUSKRXVSDUWLFOHVDQGDJJORPHU
DWHVRQWKHVXUIDFHRI)H&SDUWLFOHV0RUHRYHUWKH
VXUIDFHRI)H&SDUWLFOHVZDVFRUURGHGEXWVWLOOXQL
IRUP7KLVLQGLFDWHVWKDWWKH]HURYDOHQWLURQDQGDF
WLYDWHGFDUERQRIWKH )H&SDUWLFOHVLVVLQWHUHGDQG
FDQQRWEHVHSDUDWHGXQHDVLO\$WWKHVDPHWLPHZLWK
WKHDFWLRQRIDHUDWLRQWKHDJJORPHUDWHVDQGSUHFLSL
WDWHVRQWKHVXUIDFHRI)H&SDUWLFOHVFRXOGEHWDNHQ
DZD\ E\ ZDVWHZDWHU 1HYHUWKHOHVV WKH UHDFWLRQ
SRLQWVZRXOGJUDGXDOO\GHFUHDVHDQGWKHUHDIWHUUHVXOW
LQWKHGHWHULRUDWLRQRIWUHDWPHQWSHUIRUPDQFHE\XV
LQJWKHWUDGLWLRQDO]HURYDOHQWLURQDQGDFWLYDWHGFDU
ERQSDUWLFOHV7KHGHFUHDVHGWUHDWPHQWSHUIRUPDQFH
WRDFHUWDLQH[WHQWLQGLFDWHGWKHVHULRXVSUREOHPRI
LQDFWLYDWLQJDQGEORFNLQJRI]HURYDOHQWLURQDQGDF
WLYDWHG FDUERQ >@ 7KHUHIRUH WKH )H& SDUWLFOHV
FRXOGHIILFLHQWO\UHVROYHWKHSUREOHPVRIKDUGHQLQJ
EORFNLQJDQGLQDFWLYDWLRQ

FIGURE 11
Effect of pH on ZVI dissolution
,Q RUGHU WR LOOXVWUDWH WKH FDWDO\WLF HIIHFW RI
)H)H WKH FRQFHQWUDWLRQ RI )H DQG )H ZHUH
DQDO\]HGDQGWKHUHVXOWVZHUHVKRZQLQ)LJ=9,
ZRXOGEHR[LGL]HGWR)HILUVWO\LQ2,0(SURFHVV
KRZHYHUWKHGLVVROXWLRQRI=9,FRXOGGHFUHDVHWKH
XWLOL]DWLRQ WLPH RI WKH 0( ILOWHU ZKLFK LQWXUQ LQ
FUHDVHGWKHRSHUDWLRQFRVW )LJVKRZHGWKDWWKH
FRQFHQWUDWLRQRIGLVVROYHG)HDQG)HGHFUHDVHG
DVWKH RSHUDWLRQS+LQFUHDVHGIURPWRDQGWKH
FRQFHQWUDWLRQRI)HZHUHPXFKKLJKHUWKDQWKDWRI
)H )RU H[DPSOH WKH WRWDO FRQFHQWUDWLRQ RI GLV
VROYHG )H DQG )H GHFUHDVHG IURP  WR 
PJ/DVWKHLQLWLDOS+LQFUHDVHGIURPWRDIWHU
PLQ UHDFWLRQ$FFRUGLQJ WR (TV     WKH FDWD
O\WLFHIIHFWRI)H)HZRXOGLQGXFHPXWXDOFRQYHU

  3UHOLPLQDU\ PHFKDQLVP RI 2,0( SUR
FHVV 6RPH UHVHDUFKHUV REVHUYHG WKDW WKH RUJDQLF
FRPSRXQGVGHJUDGDWLRQUDWHVLQ)H )HFDWDO\]HG
R]RQDWLRQSURFHVVHVZHUHPXFKKLJKHUWKDQWKRVHLQ
D VLQJOH R]RQDWLRQ SURFHVV > @ $V VXFK WKH
PRVWO\ UHDVRQDEOH PHFKDQLVP ZDV WKDW )H FRXOG
SURPRWH R]RQH GHFRPSRVLWLRQ DQG WKHQ DFFHOHUDWH
K\GUR[\O UDGLFDOV IRUPDWLRQ UDWH>@ ZKRVH SDWK
ZD\FRXOGEHH[SOLFDWHGE\(TV  a  >@
22+ĺ2+2(TV 
2+2ĺ22+(TV 
)H2ĺ)H2(TV 
2+ĺ22+(TV 
)H2ĺ)H22(TV 
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VLRQEHWZHHQGLVVROYHG)HDQG)HDQGWKHQGH
FUHDVHWKHGLVVROXWLRQUDWHRI=9,7KHUHIRUHDOHVV
=9, R[LGL]HG DQG GLVVROYHG LQWR WKH VROXWLRQ LQGL
FDWHGDORQJHUOLIHWLPHRI0(PHGLDZKLFKZRXOG
GHFUHDVHWKHUHSODFHPHQWFRVW
7KH PHFKDQLVPV RI 0( FRXOG EH LQFOXGHG LQ
WKH2,0(SURFHVVZKLFKZHUHVXPPDUL]HGDV  
SUHFLSLWDWLRQRIODUJHSDUWLFXODWHVRQWKHPLFURHOHF
WURGH VXUIDFH GXH WR HOHFWURPLJUDWLRQ DQG HOHFWUR
SKRUHVLVHIIHFWXQGHUPLFURHOHFWULFILHOG  UHGXF
WLRQRIRUJDQLFFRQWDPLQDQWVE\WKHLURQR[LGDWLRQDW
D ORZS+  UHGR[UHDFWLRQV RIWKH ZDVWHZDWHULQ
WKHDFWLYHK\GURJHQVWHPVZLWKWKHUHGXFWLRQRI+
DWFDWKRGHXQGHUDQDFLGLFFRQGLWLRQ  FRDJXODWLRQ
E\WKHIHUURXVDQGIHUULFK\GUR[LGHVIRUPHGIURPR[
LGDWLRQDQGSUHFLSLWDWLRQRI)HWKDWUHOHDVHGIURP
WKHDQRGHVDQG  DGVRUSWLRQDQGUHGXFWLRQRIRU
JDQLFFRQWDPLQDQWVE\*$&>@$SDUWIURPWKH
PHFKDQLVPV RI 0( WKDW ZHUH LQYROYHG WKH PDMRU
PHFKDQLVPVRI2,0(SURSRVHGE\RWKHUVLQFOXGLQJ
  WKHUH ZHUH PXFK PRUH 2+ IRUPDWLRQ LQ WKH
2,0(SURFHVVWKDQWKDWLQWKH2DQG0(SURFHVV
  WKH UHDFWLRQ SRWHQWLDO FDXVHG E\ R]RQDWLRQ
7KHUHIRUH WKH PDLQ PHFKDQLVPV LQ SUHVHQW 2,0(
SURFHVV LQFOXGHG UHDFWLRQV RI PROHFXODU R]RQH
)H)H FDWDO\]HG R]RQDWLRQ DQG WKH UHGR[ UHDF
WLRQV RI HOHFWURUHGXFWLRQ DQG HOHFWURR[LGDWLRQ RI
0(
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CONCLUSION
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ABSTRACT

INTRODUCTION

The concentrations and tissue distributions of
polycyclic aromatic hydrocarbons (PAHs) and organochlorine pesticides (OCPs) in two aquatic bird
species (the Mergus squamatus and the Tadorna
tadorna) were studied from Poyang Lake, China.
The total PAH concentrations in tissues of two species were 119-1609 ng/g dry weight (dw) and 43.7615 ng/g dw, respectively. Low molecular weight
PAHs became predominant, especially Phe, Nap and
Flu, demonstrating coal combustion was the main
pollution source. The total OCP concen-trations
were 37.5-182 ng/g dw and 26.9-159 ng/g dw, respectively. Hexachlorocyclohexanes (HCHs), chlordanes and dichlorodiphenyltrichloroethanes (DDTs)
were major compounds, and most of them originated
from historical use, except DDTs that still have a
fresh input. Stable nitrogen and carbon isotopes analysis revealed the Mergus squamatus occupied higher
trophic levels and ate fishes as food sources while the
Tadorna tadorna preyed mainly on plant-based
foods, interpreting the significant difference of PAH
concentrations between them. Among tissues, feathers and gonad tissue were targeted by contaminants,
and highly positive correlations about PAH concentrations between feathers and blood (R=0.83 for the
Mergus squamatus and R=0.97 the Tadorna
tadorna), as well as local water area (R=0.92 for the
Mergus squamatus and R=0.95 the Tadorna
tadorna) were also observed, which is indicated that
feathers can be identified as suitable non-destructive
bio-monitors for PAHs. Moreover, high contaminant
concentrations in gonad tissue can potentially extend
genetic risks to next generation, a subject that warrants further research.

Polycyclic aromatic hydrocarbons (PAHs) and
organochlorine pesticides (OCPs), two classes of
persistent organic pollutants (POPs), have aroused a
critical world concern due to their persistence, bioaccumulation and detrimental effects on non-target
organisms in the environment [1]. PAHs originate
from different emission sources, some natural, but a
major of them are related to anthro-pogenic activities, like coal or wood combustion, industrial incineration, vehicle emission and un-controlled oil spills
[2]. Therefore, PAHs have be-come the ubiquitous
pollutants and been detected in various environmental compartments, including air, water, soil, sediment, and biota. Despite OCPs having been prohibited using for many years, these man-made chemicals still persist worldwide. It was reported that the
amount of HCHs and DDTs pro-duced and applied
in China between 1950 and 1980 was 4.9 and 0.4
million tons, respectively, account-ing for 33% and
20% of the total world production [3, 4]. Furthermore, PAHs and OCPs are easily to alienate water
and adhere tightly to organisms due to their high hydrophobicity and lipophilicity [5], accompanied by
carcinogenic and mutagenic pro-perties [6], so these
compounds may pose a threat to aquatic organisms,
especially to species that are high on the food chain.
Poyang Lake is the largest freshwater lake in
China, with a drainage area encompassing approximately 97% of Jiangxi Province. It is also one of the
most important ecological regions recognized by the
Global Natural Fund, and one of the six wet-lands
with the highest biodiversity, where amount of birds
pilling up [7]. However, with the rapid eco-nomic
growth during several decades, an increasing number
of pollutants from industrial and agri-cultural activities, such as petrochemical pro-duction, pesticides,
and herbicides, are input into this lake, drastically degrading the wetland eco-system [8]. To protect and
improve this deteri-orating environment, Yu et al.
(2009) [9] have eva-luated methods and leading factors of eutrop-hication about Poyang Lake. Chen et

KEYWORDS:
PAHs; OCPs; tissue; bio-monitor; aquatic birds; Poyang
Lake
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investigations about ecological effects of contaminants in higher organisms and techniques for improving environ-mental conditions in Poyang Lake.

al. (1989) [10] and Yuan et al. (2011) [11] have observed heavy metals and their history recorded in
sediment pro-files from Poyang Lake, respectively.
Generally speaking, most of these investigations
concentrated on inorganic routine monitoring and
few of them have addressed POPs in waters and sediments [7. 12], less emphasizing on POPs in benthic
organisms and fishes [13, 14]. Neverthless, studies
of POPs in aquatic birds that play a prominent role
in Poyang Lake wetland where Chinese migtant
birds choose as a prior wintering habitat are comparatively scar-ce, which is far behind international
studies [15, 16, 17].
Aquatic birds sitting at the top of aquatic food
chain are more sensitive to reflect the environment
contamination status by continuously accumulating
contaminants compared to organisms that are at the
bottom of the food chain [18]. Therefore, considerable researches have estimated aquatic birds as important bio-monitor species to provide evidence of
contaminant exposure and effects of one or more
chemical pollutants about local aquatic environment
[19, 20]. Heave mental studies have comprehensively detected concentrations in body tissues [16,
20, 21], blood [22], and eggs of birds [23, 24], offering valuable information on choosing eggs, feathers
and other tissues as nondestructive bio-monitors.
Bird eggs have also been intensively used as a nondestructive bio-monitor in POPs studies [25, 26],
while using eggs does have some drawbacks, since
eggs can only be sampled in a specific period and
sampling viable eggs may reduce populations. Besides that, concentrations in unhatched eggs can
change because of posthatch microbiological degradation of contaminants [27]. To our knowledge, accumulation of POPs in other body tissues of birds
were rarely described. Because it often is difficult
and ethically not appropriate to sacrifice free-living
bird samples in wild fields [28], the suitable nondestructive bio-monitor tissue is needed to be found in
POPs investigations of higher organisms. In addition, for the migratory character of birds, problems
focusing on the large-scale cycling of organic pollutants in aquatic birds should not be ignored either.
The objective of current pilot study was to investigate the concentrations and tissue distri-butions
of PAHs and OCPs in aquatic birds, giving a first
primary overview on the residual levels of contamination status in higher trophic level orga-nisms from
Poyang Lake, China. By analyzing stable nitrogen
and carbon isotopes, trophic levels and diet sources
of different aquatic bird species were determined,
which can define essential specu-lation on PAH and
OCP concentrations in aquatic bird bodies. Moreover, considered as an effective bio-indicator, the target tissues that accumulated higher PAH and OCP
concentrations were also be found, revealing an uptake pathway of conta-minants affecting in aquatic
birds and provi-ding a reliable evidence for further

MATERIALS AND METHODS
Chemicals and reagents. Sixteen priority
PAHs recommended by the EPA 610 method, containing naphthalene (NaP), acenaphthylene (Any),
acenaphthene (Ana), fluorene (Flu), Phe, anthracene
(Ant), fluoranthene (Flt), Pyr, benz[a] anthracene
(BaA), chrysene (Chr), benzo[b] fluoranthene (BbF),
benzo[k]flouranthene (BkF), BaP, dibenz[a,h]anthracene (DahA), benzo[ghi] perylene (BghiP), and
indeno[1,2,3-cd]pyrene (IP) were purchased from
Supelco (USA). The stock standard solutions were
dissolved in methanol/ dichloromethane (1:1, v/v)
and stored in the dark glass container at 4oC. The
working solutions were prepared with suitable dilutions daily before use.
$PL[WXUHRIVWDQGDUGVROXWLRQLQFOXGLQJĮȕ
Ȗį-+&+KHSWDFKORUKHSWDFKORUHSR[LGHĮ-chlorGDQHȖ-chlordane, aldrin, endrin, dieldrin, endosulfan I, endosulfan II, endrin aldehyde, endosulfan sulfate, endrin ketone, p,p¶-DDE, p,p¶-DDD, p,p¶-DDT,
and methoxychlor was purchased from Supelco
(Bellefonte, PA, USA). All solvents (dichloromethane, acetone, n-hexane, and methyl alcohol)
used for sample processing and analyzing were chromatographic grade (Sinopharm Chemical Reagent
Co. Ltd., Shanghai, China). The silica gel (100-200
mesh) and alumina (120-200 mesh) were extracted
for 48 h in a Soxhlet apparatus, activated for 12 h at
180oC and 250oC, respectively, then they were deactivated with deionized water at a ratio of 3% (m/m).
Deionized water (Millipore Milli-Q system, MA,
USA) was used throughout the analysis.
Ethics statement and sampling preparation.
Collecting samples from a fixed site was difficult due
to the moving character of aquatic birds. With the
continuous assistance of Laboratory of Poyang Lake
and Wetland Ecosystem Research, two aquatic bird
species, the Mergus squamatus and the Tadorna
tadorna, were fortunately found around the Laoye
Temple water area (29°3'N, 116°23'E) from Poyang
Lake in January 2012. Given that the Mergus
squamatus is one of the first-grade state protection
animals in China and the Tadorna tadorna is a threegrade protection animal in Jilin Province, we only
collected the dead bird samples and got permission
to use them for lab analysis from the Jiangxi Poyang
Lake National Nature Reserve Authority. Because
these aquatic birds were natural deaths, there was no
anesthesia, eutha-nasia or any kind of animal sacriILFHLQWKLVVWXG\7KHELUGV¶KHDUWOLYHU, lung, gonad,
muscle, blood, and feather tissues were dissected,
sealed, and stored at -20oC, while rest of the bodies
were buried in the ground.
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same instrumental conditions, and the quantification
was completed by the external standard method. The
calibration curves of indi-vidual compounds were
established using the peak area by detecting a series
of different increasing concentrations of the standard
solutions. In additi-onal, the standard solution was
added every fifteen samples to recalibrate the retention time of target compounds. The method detection
limits of individual compounds using the present
method were determined as the concentration of analytes in a sample that yielded a peak signal-to-noise
ratio (S/N) of 3, in the range of 0.03 to 3.57ng/g dw
for PAHs and 0.01-2.81ng/g dw for OCPs. The observed concentrations less than the method detection
limits were defined as not detectable.
Furthermore, the standard solution of the medium concentration using for calibration curves was
injected 6 times under the same instrumental conditions. And then, the peak area of each compound was
used for the calculation of the relative standard deviations (RSDs) and the un-certainty of the tests. RSDs
were less than 5% for both groups of compounds.
The relative expanded uncertainty was 4.3-5.2%
(p<95% confidence interval) for OCPs and 3.3-5.3%
(p<95% confi-dence interval) for PAHs, respectively. For each set of samples, a procedure blank
and a spiked sample consisting of all reagents were
run to check for interferences and cross contamination. The results from the laboratory blanks indicated
that no inter-ferent was detected during the tests, and
the spiked recoveries ranged from 76% to 103% for
PAHs and from 68% to 112% for OCPs.

All tissue samples were defrosted, freeze-dried,
and ground in an agate mortar to obtain 100 mesh
powders and then were divided into two parts for stable isotope analysis and POPs determination, respectively. First part of powdered tissue samples from
each bird individuals of two different species were
kept in polyethylene centrifuge tubes under room
temperature before stable isotope analysis. And the
other same samples (5 g), mixed with 8 g quartz sand
(baked at 550oC for 6 h), were extracted by an accelerated solvent extraction system (Dionex ASE-100,
Sunnyvale, California) as described in Zhao et al.
(2014) [14] for POPs analysis. The extract were further purified by gel permeation chromatography
(GPC, J2 Scientific AccuPrep Sys-tem, USA), followed by a power silica gel-alumina (2:1) column.
The detailed procedure and instru-mental conditions
could be found in Zhao et al. (2009) [29]. The purified samples were rotary evaporated and made to
constant volume with n-hexane, and then were stored
DWí&EHIRUHLQVWUXPHQWDODQDO\VLV
Chemical and Instrument analysis. The
quantification of PAHs was completed by High Performance Liquid Chromatography (HPLC) equipped
with a diode-array detector (DAD) and a serieswound fluorescence detector (FLD) (Agilent 1200,
Palo Alto, CA, USA). OCPs were determined by a
Gas Chromatograph (GC) (Agilent 7890A, Palo Alto,
CA, USA) equipped with a 63Ni electron capture detector (ECD) and an HP-5MS fused silica capillary
FROXPQ PîPPîȝP- :6FLHQWLILF
Inc., USA). Detailed instrumental conditions and
quality control and assurance proce-dures can be
found in Zhao et al. (2016) [30].

Statistical analysis. PAH and OCP concen-trations were expressed on the dry weight basis (ng/ g
dry weight, ng/g dw). For samples with the con-centrations below the limit of detection or could not be
detected, zero was assigned for statistical pur-pose.
The statistical analysis was performed with SPSS
Microsoft version 20.0 for windows (SPSS Inc.
USA). Correlations between contaminant com-positions in the tissues and local water column were examined by Spearman¶s rank correlation test. Statistical significance was considered for p<0.05 (twotailed tests).

Staple isotopes analysis. Stable isotope analyses were performed by Finnegan MAT 253
(Thermo Scientific, USA) continuous-flow isotoperatio mass spectrometer at the State Key Laboratory
of Lake Science and Environment at the Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences. Approximately 0.5-0.8 mg of powder samples for 15N analysis and 0.1-0.2 mg for 13C
were weighed into a separate tin capsule for instrument analysis. 15N and 13C abundance were expressed a per mil (Å GHYLDWLRQIURPWKHVWDQGDUGV
as follows:
GX Å > Rsample Rs tan dard  1@u1000
X = 15N or 13C; R = 15N/14N or 13C/12C

RESULTS
PAH concentrations in tissues of aquatic birds. 13
types of PAHs were detected from the original 16
compounds, except Ana, Pyr, and IP. The concentration of total PAHs and individual congeners observed in different tissues of the Mergus squamatus
and the Tadorna tadorna are listed in Table 1A and
1B. PAHs were detected in all tissue samples with
the concentrations ranging from 119 to 1609 ng/g dw
for the Mergus squamatus, and from 43.7 to 615 ng/g
dw for the Tadorna tadorna. Additionally, sum of

Reference standards were the atmospheric N2
for 15N and PeeDee Belemnite Carbonate for 13C [31,
32]. Based on replicates of laboratory stan-dards, anDO\WLFDOSUHFLVLRQZDVÅDQGÅIRU15N and
13
C, respectively.
Quality control and assurance. According to
the retention time of standard compounds, the identification of PAHs and OCPs was analyzed under the
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TABLE 1A
PAH concentrations (ng/g dw) in tissues of the Mergus squamatus
Nap
Any
Flu
Phe
Ant
Flt
BaA
Chr
BbF
BkF
BaP
DahA
BghiP
3$+V

KHDUW

OLYHU

OXQJ

JRQDG

PXVFOH

EORRG

2.12
2.37
20.9
88.4
1.46
1.85
1.05
0.0824
1.14
Nd
0.00442
Nd
0.0891
119

31.4
32.1
21.5
74.2
1.39
1.67
0.307
0.191
0.305
Nd
0.0213
Nd
0.333
163

84.1
55.6
60.6
226
4.16
5.63
1.47
0.237
1.08
Nd
0.239
0.0526
0.264
439

157
61.4
281
1044
17.0
23.3
8.42
2.35
7.88
Nd
Nd
Nd
6.97
1609

14.7
74.4
28.7
84.3
1.81
1.71
0.787
Nd
0.0338
Nd
Nd
Nd
0.303
207

182
Nd
77.0
207
3.58
4.26
3.24
Nd
Nd
Nd
Nd
Nd
0.973
478

ZLQJ
IHDWKHU
4.05
5.27
80.0
477
1.22
12.0
4.20
Nd
5.28
0.209
Nd
0.0593
3.43
593

WDLO
IHDWKHU
72.7
54.2
185
693
12.7
13.5
2.82
0.0609
5.79
Nd
0.745
Nd
3.18
1044

EUHDVW
IHDWKHU
193
9.86
92.4
346
5.41
10.1
3.12
Nd
0.0718
Nd
Nd
Nd
0.627
661

TABLE 1B
PAH concentrations (ng/g dw) in tissues of the Tadorna tadorna
Nap
Any
Flu
Phe
Ant
Flt
BaA
Chr
BbF
BkF
BaP
DahA
BghiP
3$+V

KHDUW

OLYHU

OXQJ

JRQDG

PXVFOH

EORRG

1.42
0.958
8.44
30.8
0.581
0.916
0.194
Nd
0.352
Nd
Nd
Nd
0.0158
43.7

2.06
27.3
13.8
46.6
0.673
1.12
0.217
Nd
0.286
Nd
Nd
Nd
Nd


2.41
9.80
13.4
67.2
1.10
1.71
0.826
0.0332
1.01
Nd
Nd
Nd
0.154


12.4
20.1
58.4
179
5.27
4.41
0.491
Nd
0.522
Nd
Nd
Nd
Nd


20.6
36.3
14.6
40.9
0.663
0.815
0.289
Nd
0.346
Nd
Nd
Nd
0.00780


0.644
6.87
9.03
43.3
0.672
1.21
0.556
Nd
0.482
Nd
Nd
Nd
0.0722


ZLQJ
IHDWKHU
90.7
21.4
65.7
237
3.95
7.90
3.61
1.65
2.70
Nd
Nd
0.213
1.14


WDLO
IHDWKHU
11.1
12.5
46.9
193
5.17
8.67
3.02
Nd
4.35
Nd
Nd
Nd
0.247


EUHDVW
IHDWKHU
31.9
Nd
117
427.4
12.3
15.2
10.9
Nd
0.319
Nd
Nd
Nd
Nd


Nd: the concentrations of chemicals less than the MDLs were defined as not detected

Nap Flu and Phe, respectively). Phe was the predominant compound in all tissues of two species, followed by Fl and Nap. However, BkF, DahA and BaP
were found at the lowest residual level.

PAH resi-dues in all tissue samples of different species was found at the concentration of 5331 and 2031
ng/g dw for the Mergus squamatus and the Tadorna
tadorna, respectively, as a result that the total PAH
concentrations in the Mergus squamatus were over
twice as much as the Tadorna tadorna. Furthermore,
the PAH concentrations in each individual tissue of
the Mergus squamatus were also higher than congeners tissue of the Tadorna tadorna.
For the Mergus squamatus, the highest PAH
concentrations were found in the gonad tissue (1609
ng/g dw), followed by surface feathers, such as tail,
breast and wing feathers (1044, 661 and 593 ng/g
dw, respectively). The middle PAH concentrations
were detected in the blood, while low PAH concentrations were in muscles and internal tissues, including heart, liver and lung. As for the Tadorna tadorna,
the highest PAH concentration was found in the
breast feather (615 ng/g dw), followed by other surface feathers, like wing and tail feathers (436 and 285
ng/g dw, respectively). The PAH concentrations in
gonad tissue were slightly lower (281 ng/g dw) than
the tail feather, but the PAH concentrations in internal tissues were dramatically lower.
Among PAHs, Nap, Flu and Phe mainly accounted for such difference with strikingly higher
concentrations of 847, 741 and 3240 ng/g dw detected in the Mergus squamatus comparing with the
Tadorna tadorna (347, 173 and 1265 ng/g dw for

OCP concentrations in tissues of aquatic
birds. The concentrations of total OCPs and individual congeners observed in different tissues of two
aquatic birds are shown in Table 2A and 2B. OCPs
were detected at 20 types in all tissue samples with
the concentration ranging from 37.5 to 182 ng/g dw
for the Mergus squamatus and from 26.9 to 159 ng/g
dw for the Tadorna tadorna. Moreover, sum of OCP
residues in all tissues of diffe-rent species was found
that the OCP concentrations in the Mergus squamatus were only marginally higher than the Tadorna
tadorna (769 ng/g dw and 625 ng/g dw, respectively)
For the Mergus squamatus, the highest OCP concentrations were found in breast feather (182 ng/g dw),
followed by gonad tissue (176 ng/g dw). The concentrations of OCPs in other surface feat- hers, such
as tail feather (84.6 ng/g dw) and wing feather (68.0
ng/g dw), were higher than the internal tissues as
well (56.2, 37.5 and 44.7 ng/g dw for heart, liver and
lung, respectively). The results of the Tadorna
tadorna were similar to those of the Mergus squamatus, except that the highest OCP concentrations were
found in wing feather (159 ng/g dw).
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TABLE 2A
OCP concentrations (ng/g dw) in tissues of the Mergus squamatus
Į-HCH
ȕ-HCH
Ȗ-HCH
į-HCH
heptachlor
heptachlor epoxide
Ȗ-chlordane
Į-chlordane
aldrin
dieldrin
endrin
endrin aldehyde
endrin ketone
SS¶-DDE
SS¶-DDD
SS¶-DDT
endosulfan I
endosulfan II
endosulfan sulfate
methoxychlor
OCPs

KHDUW

OLYHU

OXQJ

JRQDG

PXVFOH

EORRG

0.819
21.5
1.36
1.71
2.44
1.28
4.44
0.350
0.732
0.369
1.48
1.73
0.987
0.369
0.952
3.95
0.481
2.06
1.45
4.10
52. 6

0.823
6.91
1.11
1.19
2.47
2.85
2.42
0.455
1.76
0.561
1.08
2.61
0.695
0.561
0.408
2.64
0.379
1.29
1.20
6.06
37.5

1.69
2.56
1.62
2.90
5.45
1.42
2.98
0.939
3.58
0.606
1.95
2.35
1.47
0.606
0.851
4.56
0.839
2.17
2.26
3.90
44.7

7.76
32.3
6.10
9.74
22.7
3.91
10.0
3.62
7.15
2.99
4.81
8.19
3.84
2.99
1.78
16.4
2.67
7.96
5.89
14.7
176

0.805
25.0
4.02
2.45
2.96
1.28
4.65
0.484
0.530
1.96
1.43
1.73
0.683
1.96
0.522
4.13
0.511
2.14
1.43
3.94
62.6

2.62
10.0
2.07
3.79
4.94
3.75
3.93
0.872
3.70
1.98
3.20
1.97
1.15
1.98
0.562
5.05
1.06
2.47
3.29
3.14
61.5

ZLQJ
IHDWKHU
2.37
2.53
3.12
3.03
12.2
1.55
1.78
1.62
4.52
1.65
2.12
4.15
1.65
1.65
0.381
8.43
1.36
4.06
2.79
7.02
68.0

WDLO
IHDWKHU
3.41
3.52
3.32
4.55
18.7
2.76
2.83
2.38
3.47
1.41
3.79
4.70
1.97
1.41
0.462
8.23
1.72
3.85
4.44
7.64
84.6

EUHDVW
IHDWKHU
5.95
5.22
8.28
9.16
28.6
4.03
7.19
3.34
8.61
2.48
6.89
13.9
5.16
2.48
2.34
19.8
3.17
9.52
8.29
27.8
182

WDLO
IHDWKHU
3.35
11.3
3.76
12.7
14.6
2.15
3.58
2.52
4.06
1.24
1.94
3.97
1.90
1.24
0.132
8.95
1.90
4.16
2.95
4.95
91.4

EUHDVW
IHDWKHU
3.79
4.62
4.41
4.52
15.6
1.62
1.73
1.32
1.80
0.509
3.51
0.954
2.41
1.27
0.286
12.1
1.37
1.52
0.718
14.0
78.1

TABLE 2B
OCP concentrations (ng/g dw) in tissues of the Tadorna tadorna
Į-HCH
ȕ-HCH
Ȗ-HCH
į-HCH
heptachlor
heptachlor epoxide
Ȗ-chlordane
Į-chlordane
aldrin
dieldrin
endrin
endrin aldehyde
endrin ketone
SS¶-DDE
SS¶-DDD
SS¶-DDT
endosulfan I
endosulfan II
endosulfan sulfate
methoxychlor
OCPs

KHDUW

OLYHU

OXQJ

JRQDG

PXVFOH

EORRG

1.08
27.4
7.23
0.625
6.46
1.34
6.01
0.59
2.51
2.56
1.71
0.352
0.239
2.56
0.308
1.03
0.488
0.866
1.03
0.528
64.9

1.24
14.9
1.25
2.06
3.42
0.674
1.38
0.379
0.756
2.12
2.52
0.825
0.811
2.12
0.644
2.93
0.344
1.48
2.41
1.33
43.6

1.37
2.82
1.41
2.72
3.52
0.540
1.47
0.587
0.557
1.71
1.09
0.692
1.18
1.71
1.06
5.93
0.609
3.09
1.18
0.851
34.1

2.01
19.2
3.45
3.88
11.8
2.13
3.04
3.33
1.26
7.02
2.72
2.11
4.68
7.02
4.78
6.06
2.43
2.99
2.93
3.25
96.1

0.390
16.1
3.22
0.605
2.06
0.512
0.367
0.369
0.837
0.569
0.634
0.581
0.313
0.569
0.200
1.12
0.186
0.550
0.662
1.11
31.0

1.09
3.41
0.544
1.64
2.95
0.578
1.62
0.691
0.832
1.56
1.37
0.757
1.09
1.56
0.946
2.00
0.816
0.961
1.43
1.01
26.9

As for individual OCP compounds, HCHs Į
ȕȖį-HCH included) were detected at the highest
concentration in all tissue samples, with a total concentration of 205 ng/g dw for the Mergus squa-matus
and 181 ng/g dw for the Tadorna tadorna. Among
+&+V ȕ-HCH isomer was the primary compound
with the detection level of of 110 and 103 ng/g dw
for the Mergus squamatus and the Ta-dorna tadorna,
respectively. Chlordanes (sum of heptachlor, heptaFKORUHSR[LGHĮ- DQGȖ-chlordane) were the second
most abundant compounds, with a total concentration of 178 ng/g dw for the Mergus squamatus and
125 ng/g dw for the Tadorna tador-na. DDTs (sum
of p,p¶-DDD, p,p¶-DDE and p,p¶-DDT) were found

at the residual level at 95.2 and 104 ng/g dw for the
Mergus squamatus and the Tadorna tadorna, respectively. Among DDTs, p,p¶-DDT compound (73.2
ng/g dw ) became predomi-nant in the Mergus
squamatus, followed by its metabolites p,p¶-DDE
(13.7 ng/g dw) and p,p¶-DDD (8.31ng/g dw). These
results were consistent with those found in the
Tadorna tadorna, where the SS¶-DDT compound
was also the main contributors to DDTs (66.8 ng/g
dw). Endosulfans VXPRIĮ-ȕ-endosulfan and endosulfan sulfate) and methoxy-chlor were observed
at low concentrations compa-ring with other compounds.
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ZLQJ
IHDWKHU
2.03
3.14
4.11
3.75
11.2
2.84
8.06
3.77
2.44
3.23
20.7
4.18
7.51
3.23
8.21
26.7
2.01
14.2
18.8
8.88
159

Volume 26 ± No. 6/2017 pages 3906-3918

© by PSP

Fresenius Environmental Bullet



FIGURE 1
PAH compositions in different tissues of the Mergus squamatus and the Tadorna tadorna (2 rings: Nap; 3
rings: sum of Any, Flu and Phe, Ant; 4 rings: sum of Flt, BaA and Chr; 5 rings: sum of BbF, BkF, BaP
and DahA; 6 rings: BghiP)
TABLE 3
Rotated factor loadings matrix of PAHs
Eigen value
Variance (%)

Factor 1
6.11
47.0

Estimated sources

Coal combusion

Nap
Acy
Fl
Phe
Ant
Flu
BaA
Chr
BbF
BkF
BaP
DahA
BghiP

0.585
1.114
0.942
0.937
0.913
0.965
0.884
0.566
0.677
0.110
0.185
-0.038
0.344

Factor 2
1.94
14.9
Wood combustion
Gasoline vehicle
-0.018
0.819
0.311
0.295
0.256
0.097
-0.267
0.130
0.411
-0.143
0.783
-0.067
0.784

Factor4
1.49
11.5
Diesel emission
-0.449
-0.197
-0.032
0.138
-0.195
0.135
0.017
-0.157
0.445
0.925
0.043
0.130
0.282

mainly derive from the incomplete combustion or
petroleum/petrogenic processes, and HMW PAHs
are more likely from pyrogenic sources [33, 34]. In
addition, diagnostic ratios of selective individual
compounds have also been considered to be good indicators of the sources of PAH pollution, and several
markers are widely used to apportion the origin of
PAHs presented in different environments [35, 36].
A ratio of Ant/(Ant+Phe)<0.1 indicates petroleum/petrogenic processes, and the less promising
molecular ratio BaP/BghiP can be used to elucidate
traffic (>0.6) and non-traffic sources (<0.6). In our
study, LMW PAHs contributed greatly to total PAHs
in all tissue samples of two species. The ratio of
Ant/(Ant+Phe)<0.1
and
most
ratio
of
BaP/BghiP<0.6 demonstrated that the PAHs contaminated in two species were primary from petroleum/petrogenic processes and incomplete combustion.
To further assess the PAHs sources, 16 PAHs
concentrations in tissues of two species were used as
variables for the PCA. Four factors (eigen value

DISCUSSION
PAH composition and source analysis. The
composition patterns of PAHs by ring sizes in tissues
of aquatic birds are shown in Figure 1. The percent
composition of PAHs did not vary from one tissue to
another, indicating the similar PAH sources over the
living surroundings of two species. In all tissue samples, low molecular weight (LMW), including 2-, 3ringed accounted for 95.7-98.6% (97.5%±1.0%) in
the
Mergus
squamatus
and
94.3-98.6%
(96.7%±1.4%) in the Tadorna tadorna of the total
PAHs, whereas the 4-ringed PAHs took possession
of 1.9%±0.5% (in the range of 1.2-2.6%) and
2.6%±1.1% (in the range of 1.0-4.2%) for the Mergus squamatus and the Tadorna tadorna, respectively. High molecular weight (HMW)ˈlike 5-, 6ringed PAHs, only accounted for 0.1-0.9% with a
mean value of 0.6%±0.5% in the Mergus squamatus
and 0.05-1.6% with an average of 0.7%±0.5% in the
Tadorna tadorna.
PAHs emitted from different sources exhibit
different molecular compositions. LMW PAHs
3911



Factor 3
1.61
12.4
Coal combustion
Gasoline emission
0.218
0.212
0.077
0.088
-0.069
0.095
0.026
0.736
0.239
0.085
-0.214
0. 870
0.268
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DQGSS¶-DDT/DDTs (sum of SS¶-DDT and its metabolites) are used to estimate the biodegradation
conditions of the environment and fresh inputs of
technical DDT (SS¶-DDT/DDTs>0.5) or historical usage (SS¶-DDT/DDTs<0.5) [29, 47]. As
shown in Figure 2b and 2c, the ratio of SS¶DDE/SS¶-DDD>1 accounted for 83.3%, implying
that the aerobic conditions became predominant during SS¶-DDT biodegradation processes. The perFHQWDJHRISS¶-DDT to total DDTs in tissues of the
Mergus squamatus and the Tadorna tadorna was
62.5-81.5%
(74.5±6.53%)
and
26.4-88.6%
(58.8±21.8%), respectively. As for most of the ratios
RI SS¶-DDT/DDTs were found to be at levels
higher than 0.5, demonstrating new inputs of DDTs
in the living surroundings of two species. Although
technical DDT has been banned from production, dicofol, a pesticide containing DDT, is widely used in
China [48, 49]. Another possible input source of
DDT is antifouling paints for fishing ships. Wang et
al. (2009) [50] have reported that about 150±300 tons
of DDT was emitted to the waters from this way.
Technical chlordane is a mixture of over 140
GLIIHUHQW FRPSRQHQWV ZLWK Į-FKORUGDQH   Ȗchlordane (13%) and heptachlor (5%) being the most
abundant components, using as an insecticide, herbLFLGHDQGWHUPLWLFLGH%HFDXVHĮ-chlordane degrades
PRUHHDVLO\WKDQȖ-chlordane in the envi-ronment, a
UDWLRRIȖ-Į-chlordane>1.0 is generally indicative of
DJHG FKORUGDQH > @ 7KH UDWLRV RI Ȗ-Į-chlordane>1.0 accounted for 88.9% of the total tissues of
two species (Figure 2d), implying that chlordanes
originated mainly from historical use. Another
highly toxic pesticide of OCPs, technical endosulfan
(endosulfan I and endosulfan II, ratio 7:3), is currently produced by more than 30 regis-tered manufacturers in China to protect cotton, tea, and tobacco
crops [53]. Although the residual level of endosulfans in the Mergus squamatus and the Tadorna
tadorna were not high, their excessively acute toxicity to aquatic organisms cannot be ignorable. Since
endosulfan I can be degraded more rapidly than the
endosulfan II, a ratio of endosulfan I/endosulfan II
lower than 2.33 indicates a lack of an input of endosulfans [54], which was consistent with our present study and implied that no new inputs of endosulfans occurred around the the living surroundings of
two species (Figure 2e).

greater than 1.0) accounting for 85.8% of the variance were extracted and rotated, with rotated factor
loadings matrix shown in Table 3. Factor 1 (47.0%
of the total variance) with high loading on Phe, Ant,
Flu and BaA, and moderate loading on BbF, was
identified as markers of coal combustion [37, 38,
39]. Factor 2 (14.9% of the total variance) had high
loading on Acy, BaP and BghiP. Among them, Acy
was reported as dominant PAHs in wood combustion
while BaP and BghiP were tracers of gasoline vehicle emission [40, 41]. Factor 3 and 4 with high loading on Chr, DahA and BkF might represented mixed
coal combustion and vehicle emission sources. Chr
was the HMW PAHs from coal combustion, and
DahA and BkF were related to gasoline emission and
diesel emission, respectively [39, 40]. In sum, PAHs
in the Mergus squamatus and the Tadorna tadorna
were preva-ilingly derived from incomplete coal and
wood combustion, with little vehicle emission.
OCP compositions and source analysis. Isomeric and parent substance/metabolite ratios have
been widely used to identify past and recent sources
of contaminants [42]. The diagnostic ratios of typical
individual OCPs were illustrated in Fi-gure 2. HCHs
ZHUHXVHGLQWHFKQLFDOPL[WXUHVFRQWDLQLQJĮ-HCH,
ȕ-+&+Ȗ-+&+DQGį-HCH isomers of 60-80%, 512%, 10-15%, and 6-10%, respectively. The ratio of
Į-Ȗ-HCH is relatively stable with a value of 3.0±7.0
for technical HCH mixtures and lower than 3.0 for
pure lindane, and the ratio ranging from 0 to 1.0 inIHUVWKHQHZLQSXWRIȖ-HCH [43, 44]. As shown in
Figure 2a, all tissue samples in the Mergus squamatus and the Tadorna tadorna ZLWK D UDWLR RI Į-ȖHCH were lower than 3.0, indicating that lindane
contaminated mainly in their living surroundings.
Some tissues observed to have ratios even lower than
VKRZHGWKHQHZSRVVLEOHXVDJHRIȖ-HCH. The
predomi-nance of lindane would be attributed to the
phenol-PHQRQWKDWȖ-HCH was used to produce lindane after the 1980s for locust and wheat midge conWURO>@ȕ-HCH is the most stable isomer between
+&+ LVRPHUV DQG Į- DQG Ȗ-HCH can be transformed into ȕ-HCH in the environment, thus, the
higher percentage of ȕ-HCH is, the longer HCHs is
used [46]. In this study, ȕ-HCH was the predominate isomer in almost all tissue samples accounting
for 18.2-84.7% (48.6±25.6%) in the Mergus squamatus and 24.1-79.3% (52.3±22.7%) in the Tadorna tadorna, which suggested that the HCHs were
mostly historical terrestrial inputs and no or little
new HCHs was entered into the living region of two
species.
In DDTs, SS¶-DDT is the most active isomer
and typically accounted for approximately 80% of
the technical formulation [30]. Moreover, SS¶-DDT
FDQEHELRGHJUDGHGWRSS¶-DDE under aerobic conGLWLRQV DQG WR SS¶-DDD under anaerobic conditions. Therefore, the ratios of SS¶-DDE/SS¶-DDD

Comparisons between species. As previously
described, the PAH and OCP concentrations in tissues of the Mergus squamatus were higher than the
Tadorna tadorna, especially the content of PAHs.
Using the ANOVA test was found that there was no
significant difference of OCP concentrations between two species (sig=0.687), but for the PAHs the
differences between them were significant
(sig=0.04<0.05). To further investigate the reasons
why two species had such differences, their trophic
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FIGURE 2
OCP compositions in different tissues of the Mergus squamatus and the Tadorna tadorna (a: Į-Ȗ-HCH was
in the range of 3.0-7.0 for technical HCH mixtures and nearly one for pure lindane. b: p,p-DDE/p,pDDD>1.0 means that p,p-DDT was mostly bio-transformed into the aerobic metabolite p,p-DDE, while the
ratio less than 1.0 means the anaerobic metabolite p,p-DDD was predominant. c: p,p-DDT/DDTs>0.5,
indicating the fresh inputs of DDTs; p,p-DDT/DDTs<0.5, indicating no fresh inputs of DDTs. d: Ȗ-Įchlordane>1.0, indicating chlordanes mainly originated from historical use. e: endosulfan I/II<2.33 means
no fresh endosulfan inputs)
positions and diet resources were draw support from.
Measurements of stable nitrogen isotopes
į15N) can be used to determine the relative trophic
SRVLWLRQV RI RUJDQLVPV >@ VLQFH į15N increases
consistently along with a stepwise increase with
tropical level [56]. With each trophic level, mean
HQULFKPHQWRIį151LQFUHDVHVE\Å>@. In
FRQWUDVWVWDEOHFDUERQLVRWRSHV į13C) can be used to
estimate diet resources of organisms, since the enULFKPHQWRIį13C between predator and prey was less
than 1Å >@ 7KH į151 DQG į13C values of tissue
samples in two species were shown in Figure 3 and
revealed that the Mergus squamatus occupied a
KLJKHUWURSKLFOHYHOZLWKį15N values ranging from
13.5 tR Å Å  ZKLOH WKH Tadorna
tadorna was two or three trophic levels lower, with
į151YDOXHVIURPWRÅ Å 

FIGURE 3
Values of stable nitrogen and carbon isotopes
Å LQILVKHVZDWHUSODQWVthe Mergus squamatus and the Tadorna tadorna
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,Q DGGLWLRQ WKH į13C values of the Mergus
squamatus ranged from -23.5 to -Å Å  DQG YDOXHV of the Tadorna tadorna
ranged from -18.2 to-Å -Å LQGL
cating their obviously different diet sources. Zhao
(2001) [59] have draw a distinction between feeding
habits of two species, which the Mergus squamatus
preyed mostly on fishes but the Tadorna tadorna
was omnivorous feeding behavior including animalbased foods, such as aquatic insects, mussels, snails
and plant-based foods, like algae or leaves of water
plants. According to į13C values of fishes (Å  EHQWKRV -Å  DQG ZDWHU
plants (-Å FROOHFWHGIURPVWXG\DUHDLQ
Poyang Lake, the Mergus squamatus was interested
in eating fishes in this living region while the
Tadorna tadorna was more likely to prey on plantbased foods. As a consequence, although two species
are both top on the aquatic food chain, the Mergus
squamatus occupying a higher trophic level and ingesting higher trophic level prey led to much higher
PAH concentrations in tissues than the Tadorna
tadorna through biological magnification. Nevertheless, OCP concentrations did not vary in trophic levels and diet sources might because OCPs have been
prohibited in China since 1980s and the residual
level of OCPs was lower in the environment [60]. As
lower residues and lower concentrations accumulated by organisms, there was no significant difference between species.

species grew and blood played an essential role on
PAH concentrations in feathers. While for OCP concentrations in feathers and blood of two species, low
correlations were observed (R=0.34, p>0.05 for the
Mergus squamatus and R=0.47, p>0.05 for the
Tadorna tadorna). The possible explanation for this
phenomenon was the lower residues in the environment and lower concentrations accumulated by bodies, so that lower OCPs were endogenously transmitted from blood to feathers. Exogenous contamination
can originate from dust depositions, water assimilation, or the uropygial gland, which produces a waxy
secretion that is smeared over feathers by the bird
during preening [61]. For aquatic birds, feathers that
directly and consistently deposit hydrophobic contaminants from water area where they live and then
cover contamiQDQWV RQWR IHDWKHUV¶ VXUIDFH E\ uropygial gland secretions, are the primary uptake pathways. Combining with PAH and OCP concen-trations in study water area around the Laoye Temple
[12], a highly positive correlation of PAHs between
feathers and water was found (R=0.92, p<0.01 for
the Mergus squamatus and R=0.95, p<0.01 for the
Tadorna tadorna) but no correlations of OCPs between them (R=0.04 ˈ p>0.05 for the Mergus
squamatus and R=0.23 ˈ p>0.05 for the Tadorna
tadorna), observing that exogenous deposition of
high PAH concentrations in two species was
straightly from this water area while OCP concentrations were no connected with here. Given that OCPs
were lower and harder degrada-tion than PAHs in the
environment and migrant birds are used to seasonally
migrating, their feathers accumulating OCPs might
resulted from multi-compartments of environment in
different regions, even causing a large-scale cycle of
OCPs in spaces.
Contaminants in internal tissues of aquatic
birds are prevailingly assimilated in contaminated
preys through biological concentration and biological magnification and transmitted from one tissue to
each other via blood. There were strong positive correlations about PAHs and OCPs concentrations between internal tissues (heart, liver, lung and muscle
included) and blood, with values of R ranging from
0.57 to 0.95 in the Mergus squamatus and from 0.77
to 0.98 in the Tadorna tadorna. Compared with internal tissues, feathers are easier to get and nondestructive to birds, besides that they accumulate contaminants through two uptake pathways with a lack
of metabolic capacity, proving that feathers can more
stably and credibly represent residual level of contaminants in species and their living surroundings. A
number of investigations about heavy mental pollution have intensively used feathers as a nondestructive bio-monitor [24, 65]. Dauwe et al. (2005) [61]
have further proved feathers were a possible nondestruct-ive bio-monitor for PCBs and DDTs. In this
study, whether PAH concentrations in bird bodies or
in local environment showed a prominent relationship with PAH concentrations in feathers, feathers

Comparisons among tissues. Different tissues
have different bioaccumulation capacities for PAHs
and OCPs. Feathers and gonad tissue were observed
to accumulate relatively higher PAH and OCP concentrations both in the Mergus squamatus and the
Tadorna tadorna, which implied feathers and gonad
tissue were target tissues affected by contaminants.
Contaminants in feathers may be derived from two
pathways²endogenous transmission and exogenous
deposition [61]. Endogenous transmission is only
possible during feather formation, when feathers are
connected to the bloodstream via small blood vessels,
thus the contaminant concentrations in feathers
strongly depend on the concentrations found in the
blood at this stage. When feathers are fully grown,
these blood vessels atrophy, and feathers are isolated
from the rest of the body [62]. Exogenous depo-sition gradually replaces endogenous transmission and
becomes the predominant accumulation pattern of
FRQWDPLQDQWVRQWRIHDWKHUV¶VXUIDFH>@ result-ing
in increased concentrations with the age of feathers
[64]. SPSS statistical analysis on tissues of two species suggested a significantly positive correlation
about PAH concentrations between feathers (wing,
tail, breast feather included) and blood (R=0.83,
p<0.01 for the Mergus squamatus and R=0.97,
p<0.01 for the Tadorna tadorna), which revealed
PAHs absorbed by daily diets have endogenously
transmitted from blood to feathers since two bird
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[2] 7DPDPXUD66DWR72WD<:DQJ;7DQJ
1 DQG +D\DNDZD .   /RQJUDQJH
WUDQVSRUW RI SRO\F\FOLF DURPDWLF K\GURFDUERQV
3$+V  IURP WKH HDVWHUQ $VLDQ FRQWLQHQW WR
.DQD]DZD-DSDQZLWK$VLDQGXVW$WPRVSKHULF
(QYLURQPHQW  
[3] =KDQJ*3DUNHU$+RXVH$0DL%/L;
.DQJ < DEG :DQJ =   6HGLPHQWDU\
UHFRUGV RI ''7 DQG +&+ LQ WKH 3HDUO 5LYHU
'HOWD VRXWK &KLQD (QYLURQPHQWDO 6FLHQFH 
7HFKQRORJ\  
[4] <DQJ54-LDQJ*%=KRX4)<XDQ&*
DQG6KL-%  2FFXUUHQFHDQGGLVWULEXWLRQ
RIRUJDQRFKORULQHSHVWLFLGHV +&+DQG''7 LQ
VHGLPHQWV FROOHFWHG IURP (DVW &KLQD 6HD
(QYLURQPHQW,QWHUQDWLRQDO  
[5] $ORQVR+HUQDQGH] &0 0HVD$OEHUQDV 0
DQG7RORVD,  2UJDQRFKORULQHSHVWLFLGHV
2&3V  DQG SRO\FKORULQDWHG ELSKHQ\OV 3&%V 
LQVHGLPHQWVIURPWKH*XOIRI%DWDEDQy&XED
&KHPRVSKHUH±
[6] +H;3DQJ<6RQJ;&KHQ%)HQJ=
DQG 0D <   'LVWULEXWLRQ VRXUFHV DQG
HFRORJLFDO ULVN DVVHVVPHQW RI 3$+V LQ VXUIDFH
VHGLPHQWV IURP *XDQ 5LYHU (VWXDU\ &KLQD
0DULQH3ROOXWLRQ%XOOHWLQ  ±
[7] /X0=HQJ'&/LDR<DQG7RQJ%  
'LVWULEXWLRQ
DQG
FKDUDFWHUL]DWLRQ
RI
RUJDQRFKORULQH SHVWLFLGHV DQG SRO\F\FOLF DUR
PDWLF K\GURFDUERQV LQ VXUIDFH VHGLPHQW IURP
3R\DQJ /DNH &KLQD 6FLHQFH RI WKH 7RWDO
(QYLURQPHQW
[8] /L = +XDQJ + =KDQJ 0 DQG :DQJ ;
  (FRQRPHWULF $QDO\VLV RI WKH 5HODWLRQ
VKLS EHWZHHQ (FRQRPLF *URZWK DQG (QYLURQ
PHQWDO'HJUDGDWLRQRIWKH3R\DQJ/DNH%DVLQ
5HVRXUFHV6FLHQFH LQ&KLQHVH 
[9] <X -; /LX <) =KRQJ ;/ DQG <DR -
 (YDOXDWLRQ PHWKRG RI HXWURSKLFDWLRQLQ
3R\DQJ /DNH DQG LWV OHDGLQJ IDFWRUV $FWD
$JULFXOWXUDH-LDQJ[L LQ&KLQHVH 
[10] Chen, J., Dong, L. and Deng, B. (1989) A study
on heavy metal partitioning in sediments from
Poyang Lake in China. Sediment/Water Interactions, Springer Netherlands, pp: 159-170.
[11] <XDQ*//LX&&KHQ/DQG<DQJ=  
,QSXWWLQJKLVWRU\RIKHDY\PHWDOVLQWRWKHLQODQG
ODNHUHFRUGHGLQVHGLPHQWSURILOHV3R\DQJ/DNH
LQ &KLQD -RXUQDO RI +D]DUGRXV 0DWHULDOV
  
[12] =KL + =KDR =+ DQG =KDQJ /  7KH
IDWHRISRO\F\FOLFDURPDWLFK\GURFDUERQV 3$+V 
DQGRUJDQRFKORULQHSHVWLFLGHV 2&3V LQ ZDWHU
IURP3R\DQJ/DNHWKHODUJHVWIUHVKZDWHUODNHLQ
&KLQD&KHPRVSKHUH
[13] =KDR=+=KDQJ/:X-/DQG)DQ&;
  $SSOLFDWLRQ RI VHPLSHUPHDEOH PHPE
UDQH GHYLFHV 630'V  DQG EHQWKLF PXVVHOV WR
HYDOXDWHWKHELRDYDLODELOLW\RIVHGLPHQWDVVRFL

can be explored the usefulness as a suitable non-destructive bio-monitor for assessing contamination
status of PAHs. Furthermore, the higher PAH and
OCP concentrations in gonad tissue might provide an
evidence to predict the contaminants bioaccu-mulation transferred into the next generation by affecting
genetic factors, which could pose genetic risks to future offspring.

CONCLUSION
This study is a preliminary investigation about
PAH and OCP concentrations and distributions in
tissues of two higher aquatic species (the Mergus
squamatus and the Tadorna tadorna) from an important wetland ecosystem, Poyang Lake. The Mergus squamatus and their prey occupying higher
trophic levels resulted in higher contaminant concentrations in tissues than the Tadorna tadorna because
of the biomagnification, especially to PAHs. PAHs
in two species were directly from study area in Poyang Lake, where coal combustion was the main
contamination source with little vehicle emission.
OCPs in two species were from multi-compartments
of the environment in different regions, thus further
research is necessary to investigate a large-scale spatial and temporal trends of OCPs by aquatic migrant
birds. Feathers appear to be a promising new tool for
the non-destructive biomonitoring of PAHs in
aquatic birds, which is of prime importance not only
on protecting wild-animals, but on reducing difficulty of sample collection as well. Moreover, high
contaminant data in gonad tissue might also be used
for future genetic risk studies.
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PDQ\6FLHQFHRWWKH7RWDO(QYLURQPHQW  
±
[43] +X/=KDQJ*=KHQJ%4LQ</LQ7DQG
*XR =   2FFXUUHQFH DQG GLVWULEXWLRQ RI
RUJDQRFKORULQH SHVWLFLGHV 2&3V  LQ VXUIDFH
VHGLPHQWV RI WKH %RKDL 6HD &KLQD &KHPR
VSKHUH  ±
[44] 6\HG -+ 0DOLN 51 /L - &KDHPID &
=KDQJ * DQG -RQHV .&   6WDWXV
GLVWULEXWLRQ DQG HFRORJLFDO ULVN RI RUJDQR
FKORULQHV 2&3V LQWKHVXUIDFHVHGLPHQWVIURP
WKH 5DYL 5LYHU 3DNLVWDQ 6FLHQFH RI WKH 7RWDO
(QYLURQPHQW±
[45] +X - =KX 7 DQG /L 4   2UJDQR
FKORULQHSHVWLFLGHVLQ&KLQD,Q/L$7DQDEH6
-LDQJ * *LHV\ -3 /DP 3.6 HGV  'HYHORS
PHQWV LQ HQYLURQPHQWDO VFLHQFH (OVHYLHU 6DQ
'LHJRSS±
[46] 'RRQJ5$6XQ<&/LDR3/3HQJ&.
DQG :X 6&   'LVWULEXWLRQ DQG IDWH RI
RUJDQRFKORULQH SHVWLFLGH UHVLGXHV LQ VHGLPHQWV
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7HFKQRORJ\ 3UHVV &KDQJFKXQ SS 
 LQ&KLQHVH 
[60] =KDQJ =/ +XDQJ - <X * DQG +RQJ +
 2FFXUUHQFHRI3$+V3&%VDQGRUJDQR
FKORULQH SHVWLFLGHV LQ WKH 7RQJKXL 5LYHU RI
%HLMLQJ &KLQD (QYLURQPHQWDO 3ROOXWLRQ 
 
[61] 'DXZH7-DVSHUV9&RYDFL$6FKHSHQV3
DQG (HQV 0   )HDWKHUV DV D QRQ
GHVWUXFWLYH ELRPRQLWRU IRU SHUVLVWHQW RUJDQLF
SROOXWDQWV(QYLURQPHQWDO7R[LFRORJ\DQG&KH
PLVWU\  
[62] %XUJHU-  0HWDOVLQDYLDQIHDWKHUVELR
LQGLFDWRUV RI HQYLURQPHQWDO SROOXWLRQ 5HY
(QYLURQ7R[LFRO
[63] 'DXZH7%HUYRHWV/3LQ[WHQ5%OXVW5
DQG(HQV0  9DULDWLRQRIKHDY\PHWDOV
ZLWKLQ DQG DPRQJ IHDWKHUV RI ELUGV RI SUH\
HIIHFWV RI PROW DQG H[WHUQDO FRQWDPLQDWLRQ
(QYLURQPHQWDO3ROOXWLRQ  ±
[64] Dmowski, K. (1999) Birds as bioindicators of
heavy metal pollution: Review and examples
concerning European species. Acta Ornit-hologica, 34(1), 1±25.
[65] Malik, R.N. and Zeb, N. (2009) Assessment of
environmental contamination using feathers of
Bubulcus ibis L., as a biomonitor of heavy metal
pollution, Pakistan. Ecotoxicology, 18 (5), 522536.
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EFFECTS OF GROWTH AND GEOGRAPHIC
CHARACTERISTICS ON ESSENTIAL OIL OF TAURUS
CEDAR (CEDRUS LIBANI A. RICH.)
Ayse Betul Avci1, Nebi Bilir2,*
2

1
Odemis Vocational School, Ege University, 35760, Izmir, Turkey
Forestry Faculty, Suleyman Demirel University, 32260, Isparta, Turkey

commercial wood and non-wood products in Turkish forestry. The species exists naturally in the Alaouite Mountains of Syria; in Taurus Mountains of
Turkey; and in the Coastal Mountains of Lebanon
[1]. However, actual spread area of Taurus cedar is
mostly in Taurus Mountains of Turkey [2-3]. It occurs between 800-2100 meters altitudes depending
on the region [4]. In South of Turkey local peoples
REWDLQ NLQG RI WDU FDOOHG DV ³NDWUDQ´ from [5] root
and stem wood of C. libani [6]. This tar is used internally as a diuretic and urinary tract diseases and
externally as an antiseptic for skin diseases [7]; and
for killing parasites such as tick, louse and insects for
animals [7-8]. Except of tar, essential oils are obtained from needles, cones and woods of cedar. Essential oils of Cedar wood are produced from distillation of wood and especially use for its fragrance
such as air freshener, purpose cleaner and polisher,
insecticide and as a clearing oil of microscope work.
While many studies are conducted on essential oil,
however estimation of environmental and genetic effects on essential oil is very limited.
We aimed to determine the effects of age, diameter, aspect, and altitude on content and major
constituents of the essential oil of Taurus cedar seeds
to contribute higher quality and quantity oil in the
species in the present study.

ABSTRACT
The study was carried out to estimate effects of
growth (age and diameter at breast height) and geographic (aspect and altitude) characteristics on content and two major constituents (Į-SLQHQHDQGȕ-pinene) of essential oil obtained from seeds of three
Taurus cedar (Cedrus libani A. Rich.) populations
sampled from Isparta district at Southern part of Turkey. Besides, content and constituents of essential oil
were compared for altitude, aspect, age and diameter
at breast height classes.
The essential oil content changed between
1.66-2.09% and the main constituents were idenWLILHGDV Į-SLQHQHDQG ȕ-pinene with an average of
29% and 21%, respectively. Significant differences
(p<0.05) were found among the populations, and
within population in terms of age, altitude, and diameter classes for the content and constituents of the
essential oil. Studied growth and geographic characters were generally not significantly (p>0.05) effective on the content and main constituents of essential
oil, while it changed in individual populations. Results of the study emphasized the importance of
growth and geographic characters on content and
main constituents of essential oil.

KEYWORDS:
Cedrus libani, seed, essential oil, content, constituent, correlation.

MATERIAL AND METHODS
Seed material. Cedar seeds were separated
from the cones collected from the 25 open pollinated
families of three natural populations (Egirdir, Senirkent and Sarkikaraagac) of Isparta in the Southern
part of Turkey, 2009. Some geographical characteristics of the populations were given in Table 1.

INTRODUCTION
Taurus cedar (Cedrus libani A. Rich.) is one of
the most important tree species because of valuable

TABLE 1
Some Details of Studied Populations
Population name and code
Egirdir (P1)
Senirkent (P2)
Sarkikaraagac (P3)

Latitude (N)
37q44c
38q05c
37q53c

3919

Longitude (E)
30q49c
30q42c
31q17c

Altitude (m)
1565
1490
1620
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TABLE 2
Classifications for Populations and Characteristics
Populations
Egirdir
Senirkent
Sarkikaraagac
Mean

low
d 1557 (4)*
d 1488 (4)
d 1606 (9)
d 1506 (25)

Egirdir
Senirkent
Sarkikaraagac
Mean

thin
d 33.5 (4)
d 18 (3)
d 45 (3)
d 26 (13)

Egirdir
Senirkent
Sarkikaraagac
Mean

young
d 55 (3)
d 26 (2)
d 98 (4)
d 40 (14)

Egirdir
Senirkent
Sarkikaraagac
Mean

north
8*
2
10

south
17
18
35

Altitude (m)
middle
1557< altitude <1570 (15)
1488< altitude <1497 (15)
1606< altitude <1626 (12)
1506< altitude <1610 (30)
Diameter at breast height (DBH) (cm)
middle
33.5<DBH<43.5 (9)
18<DBH<42 (18)
45<DBH<79.5 (17)
26<DBH<64 (51)
Age (year)
middle
55<age<90 (18)
26<age<64 (17)
98<age<157 (18)
40<age<120 (47)
Aspect
east
5
5

high
1570d (6)
1497d (6)
1626d (4)
1610d (20)
thick
43.5d (12)
42d (4)
79.5d (5)
64d (11)
old
90d (4)
64d (6)
157d (3)
120d (14)
west
15
15

flat
7
3
10

*; Number of individuals.
1999) according to following ANOVA model was
used for the analysis:
P  Fi  B( F ) j ( i )  eijk
Yi j k

Classification of growth and geographic
characteristics. Populations and families were classified according to average r standard deviation of
age, diameter at breast height and altitude, while they
were classified for main aspects. The classifications
were given for populations according to the characteristics in Table 2.

where Yijk is the observation from the kth population
of the jth family in the ith replication, ȝ is overall
mean, B(F)j(i) is effect of the jth family in the ith replication, and eijk is random error.
Effect of altitude, aspect, age and diameter at
breast height on content and constituents were also
FDOFXODWHGE\3HDUVRQ¶VFRUUHODWLRQXVLQJ6366VWD
tistical package [11].

Isolation and GS-MS analysis of essential
oil. Essential oil was obtained by hydrodistillation
for 3 h with using of Clevenger type apparatus from
Taurus cedar seeds with four replications. The volatile oils were stored in dark glass bottles at 4 oC until
analysis [9].
The essential oil was analyzed by gas chromatography-mass spectrometry system in TUBITAKMAM. The GC/MS analyses were performed using
a Perkin Elmer GC/MS Auto system XL, MS were
Turbo Mass. The constituents of the essential oil
were separated on Thermo 5MS column (30m ×
0.25mm- 0.25μm) with using of helium gas as the
carrier gas which was split 1 mL/min. Oven temperature was programmed from 50°C for 2 minutes, rise
50 to 240°C at 5°C/min, then stand at 240°C for 5
minutes. The detector and injector temperature was
200°C and inlet was 175°C. Mass spectra were taken
on 70 eV, scan mode range between 50-450 in 200°C
ion temperature and full scan. The evaluation process was made using the "Wiley, NIST and Tutor"
Library. Content and constituents data were used in
an early study [10].

RESULTS AND DISCUSSION
Content and constituents of essential oil. Averages of essential oil content were 1.66% in P1,
1.71% in P2 and 2.09% in P3. It varied between
0.73% and 3.20% among families (Table 3). Essential oil yield was 2.3 ml/tree ranged from 0.1 ml to
7.9 ml. Average of essential oil content was found
1.72% in seeds of six populations of the species [12].
It was between 0.80% and 2.75% in the populations
[12]. Low heritable (h2= 0.27) was reported for oil
content and high (h2>0.78) for the content of major
constituents in the populations [10]. These results
showed importance of populations/genotypes for
higher essential oil content in the species. Significant
(S) differences were determined among the
populations, age, diameter, and altitudinal classes for
content of essential oil emphasized importance in
terms of growth and geographic effects on oil content. It was also supported by results of correlation

Data analysis. The statistical analysis was carried out by SPSS statistical package (Ozdamar,
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water extracts of four different lichen species were
reported [17]. Similar results were also found for individual values of flavonoids in Petroselinum sativum [18]. Importance of genetical effect was emphasized in biological activity of curcumin [19].
While number of constituents was changed in
the populations, 137 constituents representing 99%
of the total oil were identified in pooled populations
given as early study [10]. Beside, 60 constituents
were identified only in an each family. Main constitXHQWV RI SRROHG SRSXODWLRQV ZHUH Į-pinene (29%)
DQGȕ-pinene (21%) (Table 4).

analysis. It was known that there were many environmental and genetic effects on essential oil content
and constituents. For instance, altitudinal effect was
reported in essential oil of Origanum onites [13]. It
was determined that low altitudes and older ages
were provided the highest essential oil contents, but
diameter classes were not effective on the essential
oil content of Eremanthus erythropappus [14]. It
was also reported that altitude was significantly effective on essential oil content and constituents of
Thymus praecox [15], and also fortotal phenolic and
flavonoid content in Origanum vulgare [16]. Besides, importance of genetic and oxidative effects of

TABLE 3
Average and Ranges of Essential Oil Content in the Populations
Populations
Egirdir
Senirkent
Sarkikaraagac
Mean

Average
1.66
2.09
1.71
1.82

Range
0.73-3.20
1.03-3.07
0.87-3.07
0.73-3.20

TABLE 4
Averages of Į-3LQHQHDQGȕ-Pinene in the Populations
Populations

Average
Į-pinene
28.74 (19)*
24.45 (19)
33.49 (24)
28.90 (62)

Egirdir
Senirkent
Sarkikaraagac
Mean

ȕ-pinene
22.27 (15)
17.78 (15)
22.82 (23)
20.96 (53)

*; Number of individuals obtained Į-pinene DQGȕ-pinene.
TABLE 5
Averages of Essential Oil Content for the Classes and Populations
Populations
Egirdir
Senirkent
Sarkikaraagac
Mean

low
1.53
2.08
1.93
2.09

Egirdir
Senirkent
Sarkikaraagac
Mean

thin
1.18
2.23
1.63
2.17

Egirdir
Senirkent
Sarkikaraagac
Mean

young
1.33
2.25
1.50
2.28

Egirdir
Senirkent
Sarkikaraagac
Mean

north
1.50
2.25
1.65

Altitude (m)
middle
1.75
2.03
1.45
1.75
Diameter at breast height (DBH) (cm)
middle
1.82
2.06
1.68
1.76
Age (year)
middle
1.68
2.09
1.76
1.73
Aspect
south
east
west
1.74
2.17
1.88
1.67
1.96
1.88
1.67
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high
1.52
2.27
2.03
1.60
thick
1.70
2.15
1.90
1.69
old
1.83
2.05
1.77
1.69
flat
1.90
1.33
1.73
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TABLE 6
$YHUDJHVRIĮ-3LQHQHDQGȕ-Pinene for the Classes and Populations
Populations

Altitude (m)
middle
high
Į-pinene
ȕ-pinene
Į-pinene
ȕ-pinene
Į-pinene
ȕ-pinene
23.59
12.97
23.69
16.64
14.82
5.70
25.45
15.09
8.23
6.88
24.16
12.89
31.91
14.77
29.67
19.04
30.81
29.24
22.49
7.69
17.24
15.57
29.80
19.79
Diameter at breast height (DBH) (cm)
thin
middle
thick
24.68
21.49
17.28
12.90
23.70
11.93
11.57
3.53
16.63
11.23
9.01
7.05
45.94
7.25
27.96
20.63
30.66
21.18
26.23
8.09
19.10
14.66
32.64
18.40
Age (year)
young
middle
old
26.49
24.12
17.76
11.44
34.85
11.22
29.61
22.63
13.57
7.83
13.37
10.43
42.94
14.49
28.49
20.69
27.28
16.01
25.90
5.50
20.06
12.94
26.43
26.44
Aspect
north
south
east
west
flat
Į-pinene
ȕ-pinene
Į-pinene
ȕ-pinene
Į-pinene
ȕ-pinene
Į-pinene
ȕ-pinene
Į-pinene
ȕ-pinene
31.61
22.08
16.81
9.36
17.37
11.13
8.21
5.82
31.92
27.40
11.58
34.66
24.42
15.21
18.09
21.63
24.00
18.74
8.46
18.28
8.14
31.27
18.46
34.28
20.16
low

Egirdir
Senirkent
Sarkikaraagac
Mean

Egirdir
Senirkent
Sarkikaraagac
Mean

Egirdir
Senirkent
Sarkikaraagac
Mean

Egirdir
Senirkent
Sarkikaraagac
Mean

results of correlation analysis. These results emphasized importance of population and growth characters on essential oil constituents. It was stated that in
highest altitude, Į -bisabolol content was higher in
younger trees, but no differences were found between the relevant parameters in relation to diameter
classes [14]. It was reported importance of aspect on
content of essential oil in twelve Crimean Juniper
(Juniperus excelsa) populations [20].

Variations and correlations. Averages of esVHQWLDORLOFRQWHQWDQGĮ-SLQHQHDQGȕ-pinene were
given for the characteristic classes and populations
in Tables 5 and 6. It could be seen that content of
essential oil was higher in low altitude, thin, and
young individuals than that of others, while it
changed for individual populations (Table 5). For instance altitudinal content was the highest in middle
altitude of P1, in high altitude of P2 and P2. It was
the highest in middle, thin and thick diameter classes
of P1, P2 and P3, respectively (Table 5).
There were significant (S) differences
among populations, age, diameter, and altitudinal
classes for content of essential oil according to results of analysis of variance, while aspect has no effect on the content (p>0.05). Negative and significant (pd 0.05), correlation was estimated between
essential oil content and altitude (r=-0.298). Besides,
altitude, diameter and age were significantly
(S) effective on the content based on results of
correlation analysis.
&RQWHQWV RI Į-SLQHQH DQG ȕ-pinene were the
highest (29.8% and 19.78%) in high altitude in
pooled populations, while it changed for the populations. For instance they were lowest in high altitude
of P1, and in middle altitude of P2 for both constituents (Table 6).
There were significant (S) differences
among populations, ages, diameters, and altitudinal
FODVVHV IRU FRQWHQWV RI Į-SLQHQH DQG ȕ-pinene according to results of analysis of variance. Altitude,
diameter and age were significantly (S) effective on the contents of main constituents based on

CONCLUSIONS
The results of present study showed importance
of population and altitudes in quality based on main
constituents and quantity of essential oil. Population
and altitudes should be taken into consideration for
higher essential oil production. The present study
was carried out by one year data and restricted populations. New studied should be carried out by large
populations and periods. Results of the study should
be used in silvicultural treatments in the species i.e.
establishment and selection of essential oil production area.
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EVALUATION OF PRECIPITABLE WATER VAPOR DERIVED FROM
GLOBAL NAVIGATION SATELLITE SYSTEM OBSERVATIONS
BASED ON TROPOSPHERE MODEL
Mahmut Oguz Selbesoglu*
Yildiz Technical University, Faculty of Civil Engineering, Department of Geomatic Engineering, 34220, Istanbul, Turkey

millimeter accuracy by external models that are
based on surface meteorological measurements [2,
3]. Then the ZWD can be calculated by subtracting
the ZHD from the total troposphere delay. Afterwards, ZWD can be converted to precipitable water
vapor (PWV) using conversion factor that is a function of water vapor weighted atmospheric mean temperature (Tm). The details of the conversion factor
will be presented in the following section. Sounding
of the atmospheric water vapor using ground-based
Global Navigation Satellite System (GNSS) receivers was first proposed by Bevis et al. [4]. Subsequently, various investigations have been conducted
based on post-processing method [5-7]. Many studies have demonstrated that water vapor can be estimated by Global Navigation Satellite System
(GNSS) receivers with a comparable accuracy to the
conventional systems such as radiosondes and water
vapor radiometers [8, 9, 10]. Moreover, precipitable
water vapor (PWV) can be estimated through GNSS
observations with higher spatio-temporal resolution
than the conventional water vapor observation systems such as radiosonde system. The success of
PWV estimation from ZWD depends on the atmospheric weighted mean temperature which can be obtained using in situ temperature measurements [11].
However, not all the GNSS stations equipped with
weather sensors. The main aim of the study is to investigate the PWV estimation by using GNSS Precise Point Positioning (PPP) based on Global Pressure and Temperature Wet Model (GPT2w) meteorological parameters in the absence of surface measurements. The GNSS observations from 3 globally
distributed stations of the International GPS Service
(IGS) were processed to estimate ZTD.
ZHD values were obtained using modified
Saastamoinen model [2, 3] based on meteorological
parameters of GPT2w model and in situ measurements. Afterwards, ZWD values were obtained by
subtracting ZHD values from ZTD. ZWD values
were converted to PWV by using meteorological parameters from GPT2w model and in situ measurements. Finally, performance of the GPT2w model is
evaluated for PWV estimation in the absence of surface meteorological measurements (PWV measured
in millimeters, 1 mm is equivalent to a water vapor
content of 1 kg/m2).

ABSTRACT
Monitoring of water vapor in the troposphere is
of great importance for real time weather forecasting
applications. Over the past decade, Global Navigation Satellite Systems (GNSS) have become an effective supporting tool for deriving reliable and accurate weather forecasts. The main objective of this
study is to investigate the accuracy of precipitable
water vapor (PWV) estimation by using GNSS observations based on Global Pressure and Temperature empirical (GPT2w) model meteorological parameters (Water vapor weighted mean temperature;
Tm, Pressure; P). PWV values derived from GNSS
observations based on surface meteorological data
were accepted as true values for validation. PWV
values were obtained during humid and dry periods
for seven days on globally distributed three reference
stations. In order to evaluate the regional effect, three
reference stations were selected in Australia, Turkey
and Greenland. Root mean square error (RMSE) of
PWV estimation based on meteorological data derived from GPT2w was found 1.8 mm for overall assessment.

KEYWORDS:
GNSS meteorology, Climate change, Precipitable water
vapor, Surface meteorological data, Troposphere model.

INTRODUCTION
Water vapor is the most abundant greenhouse
gas in the atmosphere and plays a key role in hydrological cycle. Nearly all atmospheric water vapor is
found in the troposphere, which is the lower part of
the atmosphere. Most of the weather phenomena occur in this layer. Atmospheric water vapor causes a
propagation delay on the radio signals is called zenith wet delay. The troposphere delay is calculated by
integrating along the signal path and mapped along
the zenith direction with various models. For instance, Vienna Mapping Function is widely used for
space geodetic applications [1]. The zenith troposphere delay (ZTD) can be divided into two parts
that are zenith hydrostatic delay (ZHD) and zenith
wet delay (ZWD). ZHD can be estimated within a
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ZTD=SHD*mh(z)+SWD*mw(z)
(2)
where the variable mh(z) and mw(z) represent the hydrostatic and wet mapping function, respectively.
Slant hydrostatic delay (SHD) and slant wet delay
(SWD) can be mapped along the zenith direction
with mh(z) and mw(z) functions. ZHD and ZWD denote the zenith hydrostatic delays and zenith wet delays. ZHD accounts for about 90% of the total tropospheric delay [2, 3]. ZHD can be calculated within
a millimeter accuracy using an empirical model
based on surface pressure measurements. In order to
obtain the ZHD with 2.3 mm accuracy, pressure
must be determined with an accuracy of 1 hPa [2, 3].
ZWD is generally estimated together with other parameters in the adjustment of GNSS measurements
due to the difficulty of its direct estimation.

MATERIAL AND METHODS
Study Area. Three reference stations belonging to International GNSS Service (IGS) were selected for the study (Fig. 1). Details of IGS stations
are listed in Table 1.
Estimation of Tropospheric Delay. The electromagnetic signals are affected significantly by the
troposphere. The effect is called tropospheric delay
and it is a function of the tropospheric refractive index, which depends on temperature, pressure and
relative humidity. The tropospheric delay can be separated into a hydrostatic and wet component as
shown in equation (1):
ZTD=ZHD+ZWD
(1)

),*85(
6WXG\DUHDDQG,*6UHIHUHQFHVWDWLRQV
TABLE 1
Coordinates of the IGS reference stations.
Site
DARW
ANKR
SCOR

Network
IGS
IGS
IGS

Country
Australia
Turkey
Greenland

3925

Lat
-12.8436
39.8875
70.4853

Lon
131.1325
32.7583
- 21.9503
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data, the availability of the GPT2w model for obtaining PWV were evaluated.
In this study, ZWD were estimated using
GNSS observations by PPP technique. The details of
PPP technique can be found in Zumberge et al. [16].
Bernese 5.0 software were used for processing [17].
ZHD were determined by using surface pressure
measurements and GPT2w pressure values based on
modified Saastamoinen model [2, 3]. Water vapor
weighted mean temperature, Tm, were calculated using temperature data from GPT2w and surface meteorological data by Equation (5). Afterwards, PWV
values (PWV-GPT2w, PWV-Surf.meas.) were calculated by Equation (3). Details of data processing
strategy are listed in Table 2.

Conversion of ZWD to PWV. Zenith wet delays obtained from GNSS observations can be converted to PWV:
3:9 =:' ɉ
(3)
ZKHUHɉLVWKHFRQYHUVLRQIDFWRU
According to Bevis et al. [11], the conversion
factor can be calculated as follows:
(4)
6
ɉ
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10 M w
M
k
qR v (k 2  k1 w  3 )
M d Tm

In this equation, q is the density of liquid water,
Rv is the specific gas constant for water vapor, M w
and Md are the molar mass of water vapor and dry air
(respectively), Tm is the weighted mean temperature
of troposphere, k1, k2, and k3 are the three empirically derived refraction constants and given by Bevis
et al. [11]. (UURUVLQȆDUHPRVWO\FDXVHGE\HUURUVLQ
Tm. PWV can be estimated by using ZWD if water
vapor weighted mean temperature (T m) of the atmosphere is available [4]. Estimating Tm is the challenging factor for obtaining the PWV over the globe. Accurate calculations of Tm require vertical profiles of
temperature and water vapor. In order to obtain
PWV in real time from GNSS observations, T m
should be derived simultaneously. However, the vertical profiles of water vapor and temperature are not
available without external meteorological data.
Therefore, values of Tm are generally estimated from
surface air temperature (Ts) and its empirical linear
relationship with Tm (e.g., Bevis et al., [4]; Ross and
Rosenfeld, [12]; Emardson and Derks, [13]; Deniz et
al., [14]). The empirical model developed by Bevis
et al. [4] is used:
Tm = 70.2 + 0.72*T0
(5)
where T0 is the temperature in Kelvin near the location of the station.

TABLE 2
Data processing strategies and products.
Sampling rate
Satellite orbit and clock
Zenith tropospheric delay
Tropospheric gradients
Mapping function
Weighted mean temperature (Tm)

30 s
IGS rapid products
Saastamoinen model
Estimated
Niell Mapping Function
(NMF)
Calculated by Equation
(5)

RESULTS AND DISCUSSION
The GNSS observations from three globally
distributed stations of the IGS were processed to estimate ZWD. Afterwards, ZWD values were conYHUWHGXVLQJɉ (TXDWLRQ  EDVHGRQWZRGLIIHUHQW
Tm values. These two data sets of Tm were calculated
using in situ meteorological measurements and
GPT2w Model. The PWV at each IGS station was
calculated from the 15 min PWV time series of seven
days during different periods. The PWV differences
are shown in Fig. 2 and Fig. 3. The precipitable water
vapor values in humid period vary from 50 mm to 70
mm at DARW station in Australia, 12 mm to 33 mm
at ANKR station in Turkey and 5 mm to 20 mm at
SCOR in Greenland. In the dry period, PWV values
vary from 15 mm to 35 mm at DARW station in Australia, 2 mm to 10 mm at ANKR station in Turkey
and 2 mm to 8 mm at SCOR in Greenland. The highest amount of water vapor (PWV) was found at
DARW station that is located in a tropical climatic
zone in the northern part of Australia.
In addition, Fig. 2 and Fig 3 show the latitude
dependency of PWV values. In Table 3, differences
of PWV values were analysed in terms of three indices: Standard deviations (SD), root mean square errors (RMSE) and average of errors (AVE). The
RMSE of PWV (GPT2w) values are 1.8 mm for
overall assessment. This results show that these two
sets of PWV are compatible. Moreover, PWV based
on surface meteorological parameter results presented better RMSE compared to PWV based on
GPT2w results about 2 mm for humid period and 1.5

Global pressure and Temperature 2 Wet
Model. Global pressure and temperature 2 wet
(GPT2w) is a global empirical troposphere delay
model. The parameters of the model were derived
based on monthly mean pressure level data of ERAInterim fields (European Centre for Medium-Range
Weather Forecasts Re-Analysis) with a horizontal
resolution of 1°. GPT2w model provides annual and
semi-annual amplitudes of pressure, temperature and
its lapse rate, water vapor pressure and its decrease
factor, and weighted mean temperature. Furthermore, the model provides hydrostatic and wet mapping function coefficients of the Vienna mapping
function 1 [15]. According to this model, slant and
wet hydrostatic delays can be calculated using the
date and approximate station coordinates.
Processing strategies. In order to estimate the
Tm, Ts should be obtained simultaneously with
GNSS observations. However, usually GNSS stations are not equipped with meteorological sensors.
For this purpose, in the absence of meteorological
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TABLE 3
Statistics of PWV differences between GPT2w and surface meteorological data.

DARW
ANKR
SCOR

MIN
-0.4
-3.7
-0.4

PWV (mm), DOY 30-36
MAX
AVE
SD
2.6
1.1
0.7
0.6
-1.8
1.0
2.6
1.1
0.7

RMSE
1.3
2.1
1.3

MIN
-1.3
0.6
-1.5

PWV (mm), DOY 195-201
MAX
AVE
SD
3.8
1.1
1.7
2.9
1.9
0.6
3.8
1.1
1.6

RMSE
2.0
2.0
1.9

ferometry: Effects of atmospheric modeling errors on estimates of baseline length. Radio science, 20(6), 1593-1607.
[4] Bevis, M., Businger, S., Herring, T.A., Rocken,
C., Anthes, R.A. and Ware, R.H. (1992) GPS
meteorology: Remote sensing of atmospheric
water vapor using the Global Positioning System. Journal of Geophysical Research: Atmospheres, 97(D14), 15787-15801.
[5] Rocken, C., Van Hove, T. and Ware, R. (1997)
Near real-time GPS sensing of atmospheric water vapor. Geophysical research letters, 24(24),
3221-3224.
[6] Tregoning, P., Boers, R., 2¶Brien, D. and
Hendy, M. (1998) Accuracy of absolute precipitable water vapor estimates from GPS observations. Journal of Geophysical Research: Atmospheres, 103(D22), 28701-28710.
[7] Hagemann, S., Bengtsson, L. and Gendt, G.
(2003) On the determination of atmospheric water vapor from GPS measurements. Journal of
Geophysical Research: Atmospheres, 108
(D21).
[8] Elgered, G., Plag, H., Van der Marel, H., Barlag,
S. and Nash, J. (2005) COST Action 716: Exploitation of ground-based GPS for operational
numerical weather prediction and climate applications, Final report, EU Publications Office
(OPOCE), 234 pp.
[9] Dousa, J. and Vaclavovic, P. (2014) Real-time
zenith tropospheric delays in support of numerical weather prediction applications. Advances
in Space Research, 53(9), 1347-1358.
[10] Lu, C., Li, X., Nilsson, T., Ning, T., Heinkelmann, R., Ge, M., Schuh, H. (2015) Real-time
retrieval of precipitable water vapor from GPS
and BeiDou observations. Journal of Geodesy,
89(9), 843-856.
[11] Bevis, M., Businger, S., Chiswell, S., Herring,
T. A., Anthes, R. A., Rocken, C. and Ware, R.
H. (1994). GPS meteorology: Mapping zenith
wet delays onto precipitable water. Journal of
applied meteorology, 33(3), 379-386.
[12] Ross, R.J. and Rosenfeld, S. (1997) Estimating
mean weighted temperature of the atmosphere
for Global Positioning System applications.
Journal of Geophysical Research: Atmospheres,
102(D18), 21719-21730.

mm for dry period. The mean values of differences
between PWV-Surf.meas. and PWV-GPT2w are
1.3 mm for DOY 30-36 and 1.4 mm for DOY 195201.

CONCLUSIONS
The presented analysis concerns the applicability of GPT2w in the absence of surface measurements for PWV estimation through GNSS observations. RMSE of the PWV were found between 1.3
mm and 2.1 mm (Table 3). Fig. 2 and Fig. 3 indicate
that PWV based on GPT2w model is sufficient to
produce compatible results with PWV based on surface meteorological data. In addition, the results
show that the PWV estimation using GNSS PPP
based on GPT2w meteorological data agree well
with the previous studies [9, 10, 14]. The empirical
model of Tm from Bevis et al. [4] has been widely
used to obtain Tm from Ts. However it has limitations
due to the latitude dependency of the model and it is
based on radiosonde data from North America only
[10]. Regional Tm models can be used for conversion
of the ZWD values to PWV in order to obtain more
accurate PWV.
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EFFECT OF SALINITY ON GROWTH AND SURVIVAL OF
THE JUVENILE SEA CUCUMBERS HOLOTHURIA
TUBULOSA (GMELIN, 1788) AND HOLOTHURIA POLI
(DELLE CHIAJE, 1923)
Tolga Tolon*
Ege University, Faculty of Fisheries, Aquaculture Department, 35150, Bornova, Izmir, Turkey

and improve water quality by a hundred percent in
hypereutrophic sediments.
Mediterranean sea cucumber species, Holothuria tubulosa, Holothuria poli, Holothuria mamata
and Stichopus japonicus are fishing intensively for
both foreign trade purposes and use as a type of bait
for sea bream fishing by long-lines in summer.
Turkey, which is the largest exporter in the
Mediterranean region, exported 379 tons of sea cucumbers in 2016 and generated revenue of approximately 8.7 million USD [3]. Natural stocks threatened by intensive and uncontrolled sea cucumber
fisheries in Turkey. Fishing areas and period limited
since 2008 by the Ministry of Agriculture and Livestock General Directorate of Aquaculture. In order to
meet the high demand of the foreign market and to
enrich the ecological resources, aquaculture of sea
cucumbers has become an important production
method. In recent years, sea cucumber production
has become very popular in coastal lagoons, earthen
ponds, and shrimp farming areas [4-7]. Moreover,
sea cucumbers produced in coastal lagoons are also
used for the enrichment of natural stocks [8-10]. Sea
cucumbers that prefer organic-rich environments can
act as stabilizers for ecology especially in coastal lagoons and aquaculture sites where eutrophication
problems arise due to increased nutrient and algal
growth [11]. However, the high salinity fluctuations
resulting from the deterioration of the water currents
in the coastal lagoon areas negatively affect the biology of many living organisms.
Temperature and salinity are the primary physical factors regulating breeding, growth and distribution of organisms in the marine ecosystem, and the
biological effects of these factors are always complex [12]. In the shallow waters of the coastal areas
where are the habitats of juvenile sea cucumbers,
high weather temperatures and flood waters caused
by heavy rains, cause sudden increases and drops in
salinity levels. In general, echinoderms are known
as stenohaline species [13] however, many species in
this phylum can tolerate salinities under 20 ppt [14]
and many of them can live in estuaries, coastal lagoons and tide zones [15].
There are no studies in the literature about the
growth and tolerance of H. tubulosa and H. poli in

ABSTRACT
The aim of this study is to determine the effect
of salinity on growth and survival of juvenile sea cucumbers (Holothuria tubulosa and Holothuria poli).
Specific growth rate and survival of 18±0.44 g sea
cucumbers stocked at 25, 30, 38 (control) and 45 ppt
were investigated at summer (15°C) and winter
(25°C) temperature triplicates for 60 days. While H.
tubulosa had negative specific growth rates (-0,81
and -0,55%/day) at 30 and 45 ppt in summer and
winter temperature conditions, H. poli presented a
similar growth rate (0,66%/day) at 45 ppt with the
individuals at 38 ppt salinity group. Juveniles of both
species ceased feeding and estivated under low-temperature conditions (15°C) at 30 (low) and 45ppt
(high) salinities and lost their weight. These results
consider that H. tubulosa juveniles are unsuitable for
low and high salinities, where H. poli can adapt high
salinities (45 ppt) but with limited tolerance to the
low salinities. The optimal salinity for optimal
growth and survival considered as 38 ppt at 15°C for
both species. In summer temperatures as 25°C, a salinity range from 38 to 45 ppt considered as optimum
for H. poli and a salinity of 38 ppt for H. tubulosa.
The lethal low salinity level is 25 ppt for both species.

KEYWORDS:
Holothuria tubulosa, Holothuria poli, growth rate, salinity

INTRODUCTION
Sea cucumbers, an important component of the
benthic system, is an important species for marine
ecosystem who improves the marine water conditions [1]. Sea cucumbers regulate the concentration
of dissolved oxygen and nutrients in the benthic region, inhibit the formation of anaerobic conditions,
accelerate the nitrification and denitrification processes, rapidly dissipate the organic matter and prevent phytoplankton explosion with their feeding and
movement patterns. Isgoren-Emiroglu and Gunay
[2], reported that sea cucumbers could grow better
3930
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light and 14 h dark for winter (15° C) trials and 14 h
light and 10 h dark for summer (25° C) trials. Juveniles were fed daily with dried and powdered brown
algae, Cystoseira barbata (85%) and commercial sea
bream feed (15%) [17] by 10% weight of total biomass per aquarium. Half of the water in all aquariums are exchanged every three days, all feces and
accumulated feed were removed by siphoning every
two days to ensure the water quality. Mean wet
weights of juveniles were recorded on the first, thirtieth and sixtieth day according to the weighing procedure of Dong, et al. [18].
The effect of salinity on growth performance
and survival of juveniles were calculated by specific
growth rate (SGR) and survival rate (SR) according
to the equations (1) and (2), respectively.
SGR (%.d-1) = 100[ ln (Wf) ± ln (Wi) / t] (1)
SR (%) = (ni ± nf ) x 100 / ni
(2)
where Wf and Wi are final and initial wet
weight of sea cucumber juveniles in each aquarium
(g); t=duration of experiment (days), ni=initial number of individuals, nf=final number of individuals.
The data were analyzed by using SPSS v.22 statistical package. Levene's test was used for homogeneity of variances. Differences among treatment
PHDQVZHUHDQDO\]HGE\$129$DQG7XNH\¶V+6'
test was used to identify significant differences between treatments. Statements of significant differences were based on P<0.05. Data are presented as
mean ± standard error (SE).

different salinities which are important species of the
Mediterranean Sea ecosystem. In this study, survival
and growth performance of juvenile sea cucumbers
(H. tubulosa and H. poli) under different salinity levels observed and analyzed in the laboratory environment. Results derived from this study reveal the effects of salinity changes on the growth of sea cucumber juveniles and the optimum salinity level required
for the best growth. Moreover, the examined salinity
levels would be a reference to the salinity limits for
the production of these species in suitable environments like coastal lagoons, pond, and estuaries.

MATERIAL AND METHODS
H. tubulosa and H. poli juveniles were colOHFWHG IURP WKH FRDVWV RI 8UOD ø]PLU 7XUNH\
¶1¶( E\KDQGSLFNLQJ-XYHQLOHVZHUH
acclimated in 2x2x1 m polyester tanks at 38 ppt salinity and 25°C under filtered running seawater for
15 days. During the acclimation period, juveniles
were fed ad libitum daily with powdered Cystoseira
barbata.
Two studies were conducted for determining
the effects of gradual salinity change on growth performance, and survival of H. tubulosa and H. poli in
15°C (winter) and 25°C (summer) conditions.
In the selection of the salinity levels, extreme
values seen in coastal lagoons, estuaries, earthen
ponds and aquaculture facilities in the Mediterranean
were preferred and the effects of selected salinity
levels on sea cucumber juveniles at summer and winter water temperatures were investigated. Thus, four
experimental salinity levels of 25, 30, 38 (control)
and 45 ppt were tested with three replicates. The trials were carried out for 60 days at the aquaculture
research unit of Ege University, Faculty of Fisheries
ORFDWHG8UODø]PLU7XUNH\  1; 26°46'E).
Randomly selected average 18±0.44 g juveniles
stocked at 270 g/m2 (15 juveniles) in each aquarium
(2x0.5x0.5 m). The aquariums were filled with a
layer of 10 cm natural sand sediment with a grain
size diameter of 1-3 mm. The salinity of the water at
38 ppt was adjusted 2-3 ppt/d with dechlorinated and
filtered fresh water or with natural sea salt until the
test salinities as 25, 30 and 45 ppt were reached [16].
The targeted salinities were reached in 5 days without any mortalities.
Dissolved oxygen was maintained above 5.0
mg/l and pH at 7.96±0.42 for all treatment groups.
Based on water temperature in winter and summer
along the Mediterranean coasts, the summer trials
conducted at 25.11±0.54°C and winter trials at
15.04±0.50°C for both species. The juveniles were
reared under an ambient photoperiod regime of 10 h

RESULTS
Effects of salinity on survival and growth of
H. tubulosa juveniles. The H. tubulosa juveniles at
25 ppt salinity started to die on the fifth day at both
15 °C and 25°C temperature trials. The juveniles
reared at 15°C and 25°C had survival rates of 33%
and 40% on day 5, respectively. On day 7, survival
rates for both temperature groups at the salinity of 25
ppt dramatically decreased to nil (15°C) and 6.67%
(25°C). The remaining juveniles at the 25°C group
were heavily deformed. The survival rates for all
other salinity groups were 100% until the end of the
experiment period.
Weight loss was observed in all groups, except 38
ppt (control) group at 15°C, but there was a significant difference between the initial and final weights
in all groups (P<0.05). One-way analysis of variance
showed a statistically significant difference between
the initial and the final weights in all groups, except
the 30 ppt group at 25°C. The most significant
weight gain was seen in the control group at 38 ppt
salinity with an average of 14.31 ± 1.90 g (P<0.05)
(Table 1).
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TABLE 1
Mean weight (g) of the juvenile H.tubulosa at different temperature and salinities
Temperature (°C)

Days

15

1
30
60
1
30
60

25

Salinity groups
25 ppt
18.00 ± 0.34
nil
nil
18.00 ± 0.52
nil
nil

30 ppt
18.00 ± 0.46a
15.06 ± 0.71b
11.25 ± 0.66c
18.00 ± 0.60a
18.53 ± 0.16a
19.26 ± 0.72a

38 ppt
18.00 ± 0.45a
18.71 ± 0.17a
19.24 ± 0.47a
18.71 ± 0.17a
24.45 ± 1.08b
32.30 ± 1.16c

45 ppt
18.00 ± 0.57a
15.21 ± 0.38b
13.05 ± 0.68c
18.21 ± 0.38a
19.87 ± 1.01b
22.25 ± 1.00c

FIGURE 1
Final weight comparison of all salinity groups at 15°C and 25°C for Holothuria tubulosa
TABLE 2
Specific growth rate (%/day) of Holothuria tubulosa at different temperature and salinities
Temperature (ºC)
Salinity groups
30 ppt
38 ppt
45 ppt
15
-0.82 ± 0.06a
0.11 ± 0.02ab
-0.56 ± 0.04c
25
0.10 ± 0.02b
1.01 ± 0.08bc
0.37 ± 0.03d
Values marked with different superscripts in columns are significantly different from each other (P<0.05)
(P<0.05).
The SGR differed significantly between 15ºC
and 25ºC treatments at all salinity groups (P<0.05)
(Table 2).

There was no significant difference between the
final weights of sea cucumbers in the 30 ppt and 45
ppt salinity groups at both temperatures (P>0.05). A
significant difference was found between the 38 ppt
group and the final weights of other salinity groups
(P<0.05) (Figure 1).
The only positive SGR was recorded at 38ppt
salinity group (0.11 ± 0.08 %/day) at 15ºC treatments. The SGR levels in the other salinity groups
were negative, where the lowest growth performance
was recorded at 30 ppt salinity group with ± 0.82 ±
0.23%/day at these temperature treatments. The SGR
was found to be significantly different between all
salinity groups at 15ºC (P<0.05).
The SGR at 25ºC treatments was all positive
and the best growth performance recorded at 38 ppt
salinity (control) group with 1.01 ± 0.08 %/day,
while the 45 ppt salinity group was the second with
0.37 ± 0.03%/day and 30 ppt salinity group was the
third with 0.10 ± 0.02%/day. The SGR found significantly different between all salinity groups at 25ºC

Effects of salinity on survival and growth of
H. poli juveniles. The survival rate for H. poli juveniles at 25 ppt salinity was below 20% at the end of
day 7 at both temperature trials. Thus, 25 ppt salinity
group was canceled. The SR for other groups were
100%.
At the end of the research period, H. poli juveniles in 30 and 45 ppt salinity groups lost significant
weight (P <0.05) but those in 38 ppt group maintained their weight at 15°C. Significant weight gain
was observed in the 38 and 45 ppt groups at 25°C (P
<0.05), while significant weight reduction was seen
in the 30 ppt groups (P<0.05). The highest weight
gain was found in the group of 38 ppt with a mean of
10.92 g (Table 3).
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TABLE 3
Mean weight (g) of the juvenile H.poli at different temperature and salinities
Temperature (°C)

Days

15

1
30
60
1
30
60

25

Salinity groups
25 ppt
18.00 ± 0.44
nil
nil
18.00 ± 0.37
nil
nil

30 ppt
18.00 ± 0.71a
15.79 ± 0.17b
14.08 ± 0.72b
18.00 ± 0.22a
16.17 ± 0.54b
15.88 ± 1.03b

38 ppt
18.00 ± 0.57a
18.27 ± 0.21a
18.34 ± 0.60a
18.71 ± 0.26a
25.71 ± 0.84b
29.63 ± 1.28c

45 ppt
18.00 ± 0.52a
16.77 ± 0.61b
16.06 ± 0.70b
18.21 ± 0.21a
23.78 ± 0.93ab
26.26 ± 1.05b

Values marked with different superscripts are significantly different from each other (P<0.05)
TABLE 4
Specific growth rate (%/day) for H. poli at different temperature and salinities
Temperature (ºC)
Salinity groups
30 ppt
38 ppt
45 ppt
15
-0.43 ± 0.06a
0.03 ± 0.01b
-0.20 ± 0.05ab
25
-0.22 ± 0.05a
0.87 ± 0.08c
0.67 ± 0.06bc
Values marked with different superscripts in columns are significantly different from each other (P<0.05)
When the final average weights were compared
among the groups, the difference between groups of
38 and 30 ppt at 15ºC was found statistically significant (P<0.05). The difference between the final
weights of the 38 and 45 ppt groups was not significant at 25ºC (P>0.05), and the difference between the
30 ppt group and the other groups was significant
(P<0.05).
Negative SGR were recorded in all groups except 38 ppt at 15°C, while negative SGR was observed in only 30 ppt salinity group at 25°C. Statistically, significant differences were found between
SGR of all groups at 15°C (P<0.05). The average
SGR of the 38 and 45 ppt salinity groups were similar (P>0.05) at 25ºC, while the difference between
SGR of the 30 ppt group and the others was significant (P<0.05).
There was no significant difference for SGR of
H. poli juveniles between 15ºC and 25ºC treatments
at 30ppt (P>0.05). The SGR of 38 and 45 ppt groups
differed significantly between different temperatures
(P<0.05) (Table 4).

changes in salinity and temperature [22]. Both species in this study were not able to adapt to the salinity
of 25 ppt which is reported as the lowest tolerance
limit for other sea cucumbers. In all trials, the high
mortality rates seen in this group during the first
week reveal that the lethal salinity level for H. tubulosa and H. poli is 25ppt.
Significant weight loss and recorded negative
SGR rates in low-temperature treatments at lower
and upper salinity values (38 and 45 ppt) suggest that
H. tubulosa juveniles cannot adapt to salinity
changes at low temperatures. However, in the control
group of 38 ppt salinity, H. tubulosa juveniles maintain their initial weights throughout the trial and even
gain some weight, explaining their survival in winter
in the wild. The studies of Mercier, et al. [23] and
Kee and Appadoo [17], on Holothuria scabra and
Bohadschia marmorata, have shown that sea cucumbers exhibit long-lasting burial behavior (aestivation) at low salinity conditions and that they do not
feed until the conditions improve. It has been reported that at low temperatures with low salinity, sea
cucumbers exhibit estrogenic behavior up to normal
conditions [24]. Despalatovic, et al. [25], reported
that the H. tubulosa was at rest between November
and January and did not show gonadal development
at the Mediterranean Sea. In the present study, burial
and aestivation were observed in about 70% of sea
cucumbers in all salinity groups at 15°C. Weight
loss and negative SGR were observed in H. poli individuals at 30 and 45 ppt salinity groups at 15°C,
but this weight loss was not as high as in H. tubulosa
species. It has been reported in the literature that
stress due to environmental factors affects sea cucumbers at the molecular and cellular level and that
stress-related physiological changes cause weight
loss by impairing body functions [17]. In this study,
it was also found that the juveniles survived without
losing weight in the optimal salinity at low temperature, but lost significant weight in case of salinity

DISCUSSION AND CONCLUSION
Salinity is an important factor that regulates
growth, survival and production of marine organisms
[19]. Binyon [20], identified echinoderms as stenohaline organisms due to the absence of large epidermal tissues interacting with environmental conditions and differential organs that could provide osmoregulation. Purcell [21], reported the high mortality rates in Holothuria scabra because of desalination in the days following hurricanes. Confirming
these assumptions, more than 60% of H. tubulosa
and H. poli juveniles died at the end of the first week
in 25 ppt salinity groups of this study. Similarly, it
has been reported in the literature that mortality rates
increase in stressed sea cucumbers due to major
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change. The optimum salinity level for both species
at low temperatures (15°C) was 38 ppt.
Günay, et al. [24] reported that optimal growth
and development of H. tubulosa species occurred in
summer conditions at an average water temperature
of 25°C. Similarly, in this study, H. tubulosa juveniles showed positive weight gain and SGR in all experimental groups at 25°C. The significant increase
in weight and SGR of H. tubulosa species in all
groups and initial weights in the control group of 38
ppt salinity conditions at 25 ° C demonstrates that the
optimal salinity level is 38 ppt at all temperatures.
However, the lack of significant differences between
the 30 and 45 ppt salinity groups in terms of specific
growth rates and final weights at 25°C suggests that
Holothuria tubulosa is not a highly tolerant species
to low and high salinity levels.
H. poli was not able to tolerate low salinity (30
ppt) at low and high-temperature values, and many
of them lost weight significantly, showing long-term
aestivation behavior. However, the negligible difference between the mean growth values of 38 and 45
ppt groups, suggesting that H.poli can better tolerate
higher salinity than H. tubulosa and can continue to
grow well.
Vergara-Chen, et al. [15], reported that Holothuria poli was able to tolerate high salinity and the
only species in the Holothurian genus to colonize in
hypersaline coastal lagoons, supporting the findings
of this study. Accordingly, the optimal salinity range
for H. poli at 25ºC is determined as 38-45 ppt, and
growth rates at higher salinities and upper salinity
limits should be studied in further studies.
Results of this study suggest that H. poli is more
suitable to adapt coastal areas where salinity values
rise due to evaporation and lack of fresh water intake
in summer conditions. However, in the winter
months when there is a high amount of fresh water
from increasing rainfall and fresh water sources, attention should be paid to the mariculture of sea cucumbers in coastal lagoons. In aquaculture facilities
or earthen ponds for sea cucumber aquaculture, it
would be more appropriate to supply water away
from coastal areas where rainwater has a rapid effect
on salinity.
The results of this study are important to reveal
the growth reactions of H. tubulosa and H. poli species against salinity changes for the first time. Transfer of the results obtained in the laboratory environment to the application will enable the stock enrichment to be carried out in other marine areas between
salinity tolerance limits of sea cucumber, especially
in high eutrophic coastal areas. Furthermore, the
findings can be used in the planning of H. poli and
H. tubulosa farming facilities and controlled production studies. The effects of different salinities on larvae and adult individuals of these species are not
within the scope of this study, but it is important to
investigate effects of salinity on larvae production by
future studies.
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into soluble odorants (such as H2S and NH3) and hydrophobic odorants, such as methanethiol (MT) and
dimethyl sulfide [1,2]. The previous work mostly focused on H2S and NH3 control of, whereas little information exists about removal efficiency for hydrophobic odorants. One process may exhibit desirable
removal performance for some odor substances,
while having minimal effect on other odor substances [3].For instance, biological filtration processes are extensively used for odor removal in
WWTPs [4,5] which can efficiently remove soluble
odor-causing substances; however, they minimally
influence hydrophobic odorants [6,7].
The methods for the hydrophobic odorants removal can be divided into two categories: dry and
wet methods. Dry methods include thermal oxidation, plasma, ultraviolet, and microwave technology,
etc., wherein intermediate products are present in the
air and might be harmful to the environment. The
products of the wet methods (such as absorption
methods) are in solution and can be controlled [8].
Wet scrubbers are economical, have high processing
loads for various gases, and are widely used in deodorization [9].
In the current research, lead acetate was used as
absorbent to achieve the odor discharge standard,
and the absorption effect on MT was investigated using a deodorization tower model. Furthermore, the
total macroscopic reaction order was studied. This
study provided a reference for odor treatment of hydrophobic odorants.

ABSTRACT
Biological filtration is widely used to deodorize
in wastewater treatment plants. This technique can
efficiently remove soluble odor-causing substances
but minimally affect insoluble odor-causing substances, such as methanethiol (MT) and dimethyl
sulfide. In this paper, the absorption effect of methanethiol, as a water-insolubility odor, by lead acetate solution was studied, and the process of reaction
was analyzed. Results showed that when the concentration of the lead acetate concentration was only 50
g/L, the MT removal efficiency was 56.25%, and the
MT removal rate was as high as 85.94%, when the
concentration of lead acetate((CH3COO)2Pb) solution was 200 g/L, which showed that the absorption
effect was desirable and stable. The macroscopic reaction order of (CH3COO)2Pb and MT is 0.5 and 1.5,
respectively, and the total macroscopic reaction order is 2.0 in the deodorization tower. The transformed reaction rate constant (k1) was 1935
molí·L·sí. These findings provided a reference for
engineering design and operation of MT removal by
lead acetate solution.

KEYWORDS:
lead acetate; methanethiol (MT); absorption; reaction order; reaction rate constant

INTRODUCTION
With the advancement of the economy and society in developing countries, many wastewater
treatment plants (WWTPs)that were originally constructed in suburban districts gradually surrounded
by residential housing and business zones. Large
quantities of odor produced from WWTPs have seriously affected the surrounding environment. Therefore, controlling odor pollution from WWTPs has
been one of the most pressing environmental issues
in developing countries.
Odor-causing substances can be categorized

EQUIPMENT AND METHODS
Deodorization Test Device. The test device for
MT absorption by lead acetate is shown in Figure 1.
The main component of the test unit was the
counter-current lead acetate absorption tower, which
was made of plexiglass tubes and possessed the following dimensions: 0.1 m inner diameter; 0.8 m
packing layer height; 0.5 m upper packing layer
height, which could install a sprinkler system; 1 m
lower packing layer height, which could install the
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and sprayed from the top of the packing layer
through the water pump. Gas and absorption solution
liquid were in full contact in the packed bed. An air
inlet pipe and an air outlet pipe in the lead acetate
absorption tower were provided with a sampling port
to collect the original odor and the treated gas, respectively. MT removal rate was measured using
MT concentration between inlet and outlet gas.
The two main factors affecting absorption efficiency were empty bed residence time (EBRT) and
water±gas ratio. The minimum EBRT of the absorption method ranged between 0.4 s to 3.0s[10]. To
highlight the advantages of the absorption method, a
shorter EBRT (0.6 s) was selected. Thus, the gas intake volume was 37 m3/h. The optimal water±gas ratio was approximately 1 L/m3, according to the preliminary study>@7KHDYHUDJHLQOHWFRQFHQWUDWLRQ
RI07ZDVFRQWUROOHGEHORZPJPEDVHGRQWKH
PRQLWRULQJGDWDRIWWTPsLQ%DWRQ5RXJH/RXLVL
DQDDQG%HLMLQJ>@(DFKH[SHULPHQWF\FOHZDV
FRQGXFWHGDFFRUGLQJWRWKHIROORZLQJVWHSV
  $EVRUSWLRQ VROXWLRQ  /  ZDV SUHSDUHG
ZLWK D SUHVHW YROXPH UDWLR RI OHDG DFHWDWHZDWHU LQ
WKHDEVRUSWLRQVROXWLRQWDQN
 7KHEORZHUZDVRSHUDWHG0L[HGJDVLQWDNH
YROXPH ZDVFRQWUROOHGDWPK LQWDNHORDGT* 
4700PPāK 07ZDVWUDQVPLWWHGWRWKHEORZHULQ
OHWSRUWE\FRQWUROOLQJWKHUHGXFLQJYDOYHWR IRUPD
SUHVHWFRQFHQWUDWLRQRI07odour
(3) The spray pump was operated, and the absorption solution spraying volume was controlled at
40 L/h (spraying load qL= 5100 L/m2·h). The water±
gas ratio was equal to 1.08.
(4) Concentrations of MT sampled from inlet
and outlet pipes were measured under a sampling
rate of 1.0 L/min after stable operation for 10±15
min.
(5) Waste absorption solution with a certain
amount of MT absorbed in the system was discharged after each cycle.

gas distribution system and store absorption solution; and 2.3 m total height of the absorption tower.
A perforated plate was set at the bottom of the packing layer, and intake pipe was placed 0.1 m below
the plate. The absorption solution connection pipe
was installed 5 cm above the bottom of the absorption tower to form the circulating spray system. The
size of the spray liquid tank was L × B × H = 35 cm
× 17cm × 33 cm (effective depth). The ceramic pall
rings were used in the lead acetate absorption tower;
the ring exhibited high flux, low resistance, and high
separation efficiency and operating flexibility. The
size of the ceramic pall ring was 25 mm × 25 mm ×
3 mm (diameter × height × wall thickness). The other
parts are shown in Table 1.

FIGURE 1
Schematic of the odor removal system.
1: methanethiol (MT) cylinder; 2: Blower; 3: Intake
sampling port; 4: Gas distribution device; 5: Outlet
sampling port; 6: Column packing; 7: Pump; 8: Absorption solution tank; 9: Outlet-gas absorbing device; 10: Sprinkler; 11: Perforated plate; 12: Liquid
flowmeter; 13: Absorption solution discharge port;
14: Iron bracket; 15: Gas flowmeter.
TABLE 1
Types and parameters of the main equipments.
Number

Equipment
Name

Quantity

1

Anti-corrosive
type vortex
pump

1

5

Gas rotor flow
meter
Gas rotor flow
meter
Liquid rotor
flow meter
Air sampler

6

MT gas tank

2
3
4

Types and Basic
Parameters
Type HG-1100 Air
pressure 17.6 kPa
Power 1100 w
Blowing rate 180
m3/h

1

Type LZB-50

1

Type LZB-3WB

1

Type LZB-6

1

Type QC-2A
A mixed gas of MT
and nitrogen (3%)

1

Monitoring Methods. The amino dimethyl
aniline colorimetric method was used to measure the
concentration of MT, and the detection limit was set
atȝJP/
A total of 10 mL of MT absorption solution was
placedin a multi-hole absorbing tube, and the sample
was collected by using an atmospheric sampler. After sampling, 5 mL of absorption solution in the absorbing tube was transferred to a colorimetric tube.
A total of 5 mL of fresh absorption solution was
added to No. 0 absorbing tube as a comparison sample. Chromogenic reagent (0.5 mL) was added to
each colorimetric tube, and distilled waterwas
addedup to 10 mL. The solutions in the colorimetric
tubes were filtered after settling for 30 min. The absorbance of filtrate was detected at a wavelength of
500 nm.

Test Methods. A predetermined amount of MT
in the MT cylinder was sent to the blower inlet port
by the reducing valve. MT was mixed with a large
quantity of air to form a preset concentration of MT
odor, which entered into the tower through the gas
distribution device and discharged from the top of
the tower. Absorption solution was stored in the tank
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TABLE 2
Results of different concentrations of lead acetate solution absorbing MT
Lead Acetate Concentration
g/L

Cycle

mol/L

200

0.615

150

0.462

100

0.308

50

0.154

Sampling Volume
L

1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4

60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60

Average Inlet Concentration
×10-6
mg/m3
mol/L
0.039
0.811
0.128
2.661
0.019
0.395
0.019
0.395
0.016
0.333
0.069
1.435
0.080
1.663
0.028
0.582
0.111
2.308
0.105
2.183
0.022
0.457
0.017
0.353
0.016
0.333
0.020
0.416
0.099
2.058
0.105
2.183

Average Outlet Concentration
×10-6
mg/m3
mol/L
0.006
0.125
0.018
0.374
0.003
0.062
0.005
0.104
0.003
0.062
0.014
0.291
0.019
0.395
0.006
0.125
0.031
0.644
0.031
0.644
0.005
0.104
0.005
0.104
0.007
0.146
0.009
0.187
0.062
1.289
0.049
1.019

Removal Rate
%
84.62
85.94
84.21
73.68
81.25
79.71
76.25
78.57
72.07
70.48
77.27
70.59
56.25
55.00
37.37
53.33

TABLE 3
Combination of reaction order
nuber
Į
ȕ
n

ĉ
0.5
0.5
1

Ċ
0.5
1.5
2

ċ
0.5
2.5
3

Č
1
1
2

Experiment Results. Absorption solution was
prepared with a preset concentration. Each concentration was subjected to four experimental cycles,
and the results are shown in Table 2.
MT removal rate by lead acetate absorption
reached 85.94% when the lead acetate concentration
was 200 g/L. Moreover,the MT removal rate could
reach 56.25% when the lead acetate concentration
was only 50 g/L. In comparison with the results of
Raquel Lebrero, who found that the MT removal rate
decreased to 47.8% when the EBRT was 7s in the
biotrickling filter[2], so the lead acetate absorption
method showed great advantages. The removal result was also higher than that of the HNO3 solution
alone, which has a removal efficiency of 73%[14].

ď
1.5
1.5
3

Đ
2
1
3

where:
k1: transformedreaction rate constant, k0 is
transformed into k1when CB is replaced with ĳB
(mol1- (Į+ȕ)·L(Į+ȕ í·s-1);
ĳB: MT concentration in air (mol/L), ĳB, is
equal to the inlet concentration for the reaction time
is short;
dc: the difference of MT concentration before
and after reaction (mol/L), dc=ȘĳB. Ș is the removal
rate of MT;
dt: reaction time, dt= EBRT=0.61s.
Then:
(4)
Ș=k1dt/ĳB*CAĮĳBȕ=kCAĮĳBȕí
k˙k1dt, mol1- Įȕ ·L Įȕ íǄ

Analysis of Gas±Liquid Macroscopic Reaction Order. The establishment of dynamic equations. The reaction equation of MT absorption process by lead acetate solution is
(CH3COO)2Pb+2CH3SH=2CH3COOH+(CH3S)2Pb (1)
According to the principle of chemical reaction
[15], the macroscopic dynamic equation is as follows:
dc
v
k0 C AĮ CBȕ
(2)
d

Fitting of reaction order. According to the
correlation coefficient method recommended by
Chen JY[16], correlative coefficients of linear regression (R2) under different reaction order are calculated, and the largest R2(closest to 1) is the optimal
reaction order. Assuming that the reaction

t

(molí
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Ď
1.5
0.5
2

CA: concentration of (CH3COO)2Pb (mol/L);
CB: reaction concentration of CH3SH (mol/L);
Į: reaction order of (CH3COO)2Pb;
ȕ: reaction order of MT.
Under definite temperature and pressure, assuming that the gas is the ideal gas, MT concentration in the reaction system is proportional to its concentration in air according to Henry's law.Thus,
dc
v
k1C AĮM Bȕ
(3)
dt

RESULTS AND DISCUSSION

where:
v: reaction rate of MT (mol/(L·s));
reaction
rate
constant
k0:
(Į+ȕ) (Į+ȕ í í
·L
·s );

č
1
2
3
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TABLE 4
Datasheet of linear fitting
Concentration
˄g/L˅
200
150
100
50

0.8211
0.7895
0.7260
0.5049

C 0A.5M B0.5

C 0A.5 M B0.5

C 0A.5 M 1B.5

C 1A M B0

C 1A M 1B

C 1A.5 M B0.5

C 1A.5 M B0.5

C 2A M B0

962.10
790.59
623.46
456.81

7.43E-4
6.50E-4
5.92E-4
4.05E-4

1.09E-9
7.64E-10
1.01E-9
6.51E-10

0.6154
0.4615
0.3077
0.1538

6.56E-7
4.63E-7
4.08E-7
1.92E-7

592.06
364.89
191.83
70.28

4.57E-4
3.00E-4
1.82E-4
6.24E-5

0.3787
0.2130
0.0947
0.0237

of lead acetate solution absorbing MT is a simple reaction, reaction order Q Įȕ FDQEHDQ integer of
1, 2, and 3; only a few reaction orders are 3[17].Thus,
the reaction order of lead acetate solution absorbing
MT has eight combinations, as shown in Table 3.
The interval of reaction order is 0.5.
The average removal rates of MT and average
CAĮĳBȕí were calculated under different concentrations of lead acetate solution according to Tables 2
and 3. The results are shown in Table 4.
The average removal rate of MT and average
CAĮĳBȕí were fitted under different concentrations
of lead acetate solution according to Table 4. The results are shown in Figure 2.

FIGURE 2
Result of linear fitting
3939



© by PSP

Volume 26 ± No. 6/2017 pages 3936-3941

Fresenius Environmental Bullet



Prog., 22, 111±118.
[5] Giri, B.S.; Mudliar, S.N.; Deshmukh, S.C.
(2009) Treatment of waste gas containing low
concentration of dimethyl sulphide (DMS) in a
bench-scale biofilter. Bioresour. Technol., 101,
2185±2190.
[6] Hort, C.; Gracy, S.; Platel, V.; Moynault, L.
(2009) Evaluation of sewage sludge and yard
waste compost as a biofilter media for the removal of ammonia and volatile organic sulfur
compounds (VOSCs). Chem. Eng. J., 152, 44±
53.
[7] Jiang, Y.H.; Li Q.B.; Zhou, Y.E.; Zhang, S.H.;
Sang, W.J. (2008) Study on biological filter
tower for removing odor from sludge dewatering room. China Water Wastewater, 24, 75±77.
(In Chinese)
[8] Yang, S.; Wang, L.; Feng, L.; Zhao, L.; Huo, M.
(2014) Wet scrubbing process for methyl mercaptanodor treatment with peroxides: Comparion of hydrogen peroxide, persulfate, and peroxymonosulfate.
Environ.
Chem.,
24,
75±77. (In Chinese)
[9] Stanley, W.B.M.; Muller, C.O. (2001) Choosing
an odor control technology²Effectiveness and
cost considerations. Proc. Water Environ.
Feder., doi:10.2175/193864702785140023.
[10] Ogink, N.W.M.; Melse, R.W. (2005) Air scrubbing techniques for ammonia and odor reduction at livestock operations: Review of on-farm
research in the Netherlands. Trans. ASAE, 48,
2303±2313.
[11] Li, W.H. (2014) Experimental research to remove methyl mercaptan with chemical absorption method. 0DVWHU¶V7KHVLV Wuhan University
of Technology, Wuhan, China. (In Chinese)
[12] Devai, I.; Delaune, R.D. (1999) Emission of reduced malodorous sulfur gases from wastewater
treatment plants. Water Environ. Res., 71, 203±
208.
[13] Huang, L.H.; Liu, J.W.; Xia, X.F.; Xu, Y.P.;
Zhou, X. (2015) Research of emission characteristics of gaseous pollutants in municipal
wastewater treatment plant. Sci. Technol. Eng.,
15, 295±299. (In Chinese)
[14] Muthuraman, G.; Sang, J.C.; Moon, I.S. (2011)
The combined removal of methyl mercaptan
and hydrogen sulfide via an electro-reactor process using a low concentration of continuously
regenerableAg(II) active catalyst. J. Hazard.
Mater., 193, 257±63.
[15] Zhang JR. (1995) Chemical reaction kinetics[M]. Tianjin: Nankai University Press,: 144145. (In Chinese)
[16] Chen JY. (2000) Methods of determination of
reaction order[J].University Chemistry , 15 (6):
49-50. (In Chinese)
[17] Yang YH. (2012) Physical chemistry. Beijing:
Higher Education Press. (In Chinese)

Figure 2 shows that the optimal reaction order
is 2.0 (Figure 2-II, Į=0.5, ȕ=1.5), in which the R2 is
0.92 and much higher than that of the other seven
combinations. The total macroscopic reaction order
is 2.0; the macroscopic reaction order of
(CH3COO)2Pb is 0.5; and the macroscopic reaction
order of MT is 1.5 in the deodorization tower. k is
equal to 1180 molí·L, and dt is equal to 0.61s. The
transformed reaction rate constant (k1=k/dt)is 1935
molí·L·sí.

CONCLUSIONS
This study was conducted to achieve MT absorption by lead acetate solution using a deodorization device, thus providing insights into the characteristics of lead acetate solution absorption capacity
for MT. The major conclusions are as follows:
(1) When the mixed gas flow was 37 m3/h (intake gas load qG= 4700 m3/m2·h), the flow of absorption solution spraying was 40 L/h (spraying load qL=
5100 L/m2·h), and the concentrations of lead acetate
solutions were 50, 100, 150, and 200 g/L. The MT
removal rate increased with increasing lead acetate
solution concentration in the absorption solution.
The MT removal rate reached 85.94% when the concentration of lead acetate solution was 200 g/L.
Moreover, the MT removal rate could reach 56.25%
when the lead acetate concentration was only 50 g/L.
(2) In the system of lead acetate solution absorbing MT, the total macroscopic reaction order is
2.0; the macroscopic reaction order of
(CH3COO)2Pb is 0.5;the macroscopic reaction order
of MT is 1.5;and the transformed reaction rate constant k1 is 1935molí·L·sí.
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,QVWLWXWHRI*HRWHFKQLFDO(QJLQHHULQJ6RXWKHDVW8QLYHUVLW\1DQMLQJ&KLQD
-LDQJVX.H\/DERUDWRU\RI8UEDQ8QGHUJURXQG(QJLQHHULQJ (QYLURQPHQWDO6DIHW\6RXWKHDVW8QLYHUVLW\1DQMLQJ&KLQD

FRQWDPLQDWHGDTXLIHUWKURXJKDQLQMHFWLRQZHOOZLWK
DVORWWHGVFUHHQDQGVXEVHTXHQWO\ULVHVWRWKHVXUIDFH
WKURXJKEXR\DQF\UHPRYLQJ92&VE\YRODWLOL]DWLRQ
>@ *HQHUDOO\ DV WKH FRQWDPLQDQWODGHQ DLU FRQ
WLQXHVWRPLJUDWHWRZDUGVJURXQGLWZLOOHQFRXQWHU
WKH XQVDWXUDWHG]RQH DQGEH FDSWXUHGDQGUHPRYHG
E\DVRLOYDSRUH[WUDFWLRQV\VWHP>@,QDGGLWLRQWKH
GLVVROYHGR[\JHQFRQFHQWUDWLRQLVLQFUHDVHGE\WKH
LQMHFWHG DLU ZKLFK SRWHQWLDOO\ VWLPXODWHV ELRGHJUD
GDWLRQ>@
7KHHIILFLHQF\RIDQ$6V\VWHPLVPDLQO\VXE
MHFW WR FRQWDPLQDQWV PDVV WUDQVIHU IURP DTXHRXV
SKDVHWRJDVSKDVHZKLFKLVFRQWUROOHGE\WKHGHJUHH
DQG GXUDWLRQ RI FRQWDFW EHWZHHQ FRQWDPLQDWHG VRLO
DQGWKHLQMHFWHGDLU>@$VDUHVXOWWKH52,DLUIORZ
SDWWHUQVDQGDLUGLVWULEXWLRQDUHPDMRUGHVLJQLQGL
FDWRUVIRU$6UHPHGLDWLRQ-LHWDO>@UHSRUWHGWKDW
WKH DLU IORZHG LQ FKDQQHO IORZ IRU JUDLQ VL]HV RI 
PPDQGODUJHUDQGLQEXEEOHIORZIRUJUDLQGLDPH
WHUVRIPPRUOHVV3HWHUVRQHWDO>@LQGLFDWHG
WKDWFKDQQHOIORZRFFXUUHGZLWKWKHPHDQJUDLQGL
DPHWHU ' RIDQGPPDQGEXEEOHIORZRF
FXUUHGZLWK'YDOXHVRIDQGPPLQ
GLDPHWHU5HGG\DQG$GDPV>@IRXQGWKDWIRUILQH
JUDYHOZLWKHIIHFWLYHJUDLQGLDPHWHU ' RIPP
WKHDLUIORZHGLQEXEEOHIORZDQGIRUVDQGVZLWK'
YDOXHVRIPPDQGOHVVWKHDLUIORZHGLQFKDQQHO
IORZ%HVLGHVFKDPEHUIORZFKDQQHOIORZDQGEXE
EOHIORZDUHIUHTXHQWO\UHSRUWHGE\UHVHDUFKHUV>
@ EXW WKHUH LV QR XQLILHG XQGHUVWDQGLQJ RQ WKH
JUDLQGLDPHWHULQWHUYDOVZKHUHWUDQVLWLRQPRGHVRF
FXU+RZHYHU6RQJHWDO>@VKRZHGWKDWZKHQ'
LQFUHDVHGIURPWRPPWKHDLUIORZSDWWHUQV
ZRXOG EH FKDQJHG IURP FKDPEHU IORZ WR FKDQQHO
IORZDQGZKHQ'UDQJHVEHWZHHQPPDQG
PPFKDQQHOIORZZRXOGEHFKDQJHGWREXEEOHIORZ
)URPWKHOLWHUDWXUHUHYLHZDERYHWKHUHLVQRWFOHDU
XQGHUVWDQGLQJRQH[DFWIORZSDWWHUQLQVDQGVRIGLI
IHUHQWJUDLQVL]HGLDPHWHULQWHUYDOV
([FHSW IRU JUDLQ VL]H DLUIORZ GLVWULEXWLRQ LV
DOVRDIIHFWHGE\VRPHRWKHUSK\VLFDOSDUDPHWHUVVXFK
DV LQWULQVLF SHUPHDELOLW\ DLU IORZ UDWH LQMHFWLRQ
GHSWKDQGDQLVRWURS\RISHUPHDELOLW\>@6HYHUDO
LQYHVWLJDWRUV KDYH FRQGXFWHG EHQFK WHVWV DQG ILHOG
WHVWV IRU YDU\LQJ IORZ UDWHV DQG LQMHFWLRQ GHSWKV
/HHVRQHWDO>@SHUIRUPHGILHOGWHVWVWRVWXG\WKH
HIIHFWVRIVSDUJLQJIORZUDWHVDQGGHSWKVRQDLUIORZ

ABSTRACT
/DERUDWRU\ H[SHULPHQWV RI DLU VSDUJLQJ ZHUH
FRQGXFWHGLQDPRGHOFROXPQWRLQYHVWLJDWHWKHHI
IHFWVRIJUDLQVL]HDQGDLUIORZUDWHRQDLUIORZEHKDY
LRU%DVLFDOO\WZRW\SHVRIDLUIORZSDWWHUQVLQFOXGLQJ
FKDQQHO IORZ DQG EXEEOH IORZ DUH REVHUYHG 7KH
FKDQQHOIORZJHQHUDOO\RFFXUVLQWKHVDQGZLWKJUDLQ
VL]HRIOHVVWKDQPPZKLOHWKHEXEEOHIORZRF
FXUVLQWKHVDQGZLWKJUDLQVL]HRIODUJHUWKDQPP
DQGWKHUHGLGH[LVWDWUDQVLWLRQVWDWHEHWZHHQWKHP
:LWKWKHJURZWKRIDLUIORZUDWHWKHDLUVDWXUDWLRQLV
LQFUHDVHGXQWLOWRUHDFKDUHODWLYHO\VWHDG\VWDWHDQG
WKHVPDOOHUWKHJUDLQVL]HLVWKHKLJKHUDLUVDWXUDWLRQ
RIWKHVDQGZLOOEH7KHDLUIORZUDWHDOPRVWLQFUHDVHV
OLQHDUO\ ZLWK LQFUHDVLQJ DLU LQMHFWLRQ SUHVVXUH
7KURXJK H[WUDSRODWLRQ DQG HPSLULFDO IRUPXOD WKH
PLQLPXPDLULQMHFWLRQSUHVVXUH DQGVKDSH IDFWRU&
ZHUHGHULYHGUHVSHFWLYHO\$LUVSDUJLQJVLPXODWLRQV
ZHUH DOVR SHUIRUPHG WR VWXG\ DLUIORZ EHKDYLRU E\
792&DQGFRPSDUHGZLWKWKHH[SHULPHQWDOUHVXOWV
7KHLQIOXHQFHRILQWULQVLFSHUPHDELOLW\DLUIORZUDWH
DLU LQMHFWLRQ GHSWK DQG DLU SHUPHDELOLW\ UDWLR EH
WZHHQKRUL]RQWDOGLUHFWLRQDQGYHUWLFDOGLUHFWLRQRQ
DLUIORZSDWWHUQUDGLXVRILQIOXHQFH 52, DQGGLVWUL
EXWLRQRIDLU VDWXUDWLRQ ZHUH GLVFXVVHG52, LVGH
FUHDVHG ZLWK WKH LQFUHDVH RI LQWULQVLF SHUPHDELOLW\
([FHSW IRU KLJK LQWULQVLF SHUPHDELOLW\ WKH LQFUHDVH
RIDLUIORZUDWHKDVVLJQLILFDQWLQIOXHQFHRQ52,DQG
52,LQFUHDVHVOLQHDUO\ ZLWKWKH LQFUHDVLQJSHUPHD
ELOLW\ UDWLR SHUPHDELOLW\ UDWLR +RZHYHU 52, LQ
FUHDVHVOLPLWHGO\ZLWKLQFUHDVLQJVSDUJLQJGHSWK
.(<:25'6
$LU VSDUJLQJ 5DGLXV RI LQIOXHQFH $LUIORZ GLVWULEXWLRQ
*UDLQVL]H3HUPHDELOLW\UDWLR

INTRODUCTION
&RQWDPLQDWLRQ RI VRLOV DQG JURXQGZDWHU DUH
ZRUOGZLGH HQYLURQPHQWDO SUREOHPV QRZDGD\V$LU
VSDUJLQJ $6 LVDQHIIHFWLYHWHFKQLTXHWRUHPHGLDWH
FRQWDPLQDWLRQ RI YRODWLOH RUJDQLF FRPSRXQGV
92&V  LQ VDWXUDWHG VRLOV DQG JURXQGZDWHU >@
'XULQJ$6UHPHGLDWLRQSURFHVVDLULVLQMHFWHGLQWR
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ILOOHGLQWKHFROXPQUHVSHFWLYHO\DQGWHVWHGDWGLIIHU
HQWDLULQMHFWLRQUDWHV7KHDLUIORZSDWWHUQDQGGHJUHH
RIVDWXUDWLRQZHUHREVHUYHGDQGPHDVXUHGWKHQWKH
HIIHFWRIJUDLQVL]HDQGDLUIORZUDWHRQDLUIORZSDW
WHUQZHUHGLVFXVVHG6HFRQGQXPHULFDOVLPXODWLRQV
ZHUH SHUIRUPHG XVLQJ WKH PXOWLSKDVH IORZ PRGHO
792&0RUHRYHUWKHLQIOXHQFHRIGLIIHUHQWSDUDP
HWHUVLQFOXGLQJLQWULQVLFSHUPHDELOLW\DLUIORZUDWH
VSDUJLQJ GHSWK DQG DQLVRWURS\ RI SHUPHDELOLW\ RQ
WKH DLUIORZ SDWWHUQ LQ D FHUWDLQ VLWH ZDV VWXGLHG
WKURXJKQXPHULFDODQDO\VLV

SDWWHUQVLQDXQLIRUPVDQGJURXQGZKLFKLVLPPHUVHG
LQ XQGHUJURXQG ZDWHU 7KH UHVXOWV VKRZHG WKDW WKH
QXPEHURIEXEEOHVZDVGRXEOHGZLWKWKHDLUIORZUDWH
LQFUHDVHV IURP  WR  PPLQ LQGLFDWLQJ WKDW
KLJKHU LQMHFWLRQ UDWHV RU SUHVVXUHV PLJKW OHDG WR
KLJKHUDLUVDWXUDWLRQDQGEXEEOHGHQVLW\%HVLGHVWKH
EXEEOHIORZZDVDVVHVVHGDWGLIIHUHQWGHSWKVRI
DQGPXQGHUWKHVDPHIORZUDWHRIPPLQ
DQGIRXQGWKDWWKHEXEEOHSDWWHUQZHUHWKHVDPHLQ
HVVHQFHIRUVSDUJLQJRIDQGPZKLOHIRUVSDUJLQJ
GHSWK RI  P WKH 52, DQG EXEEOH DPRXQW ZDV
VOLJKWO\ODUJHU$FRPEHWDO >@FRQGXFWHGD ILHOG
WHVWLQDILQHXQLIRUP$HROLDQVDQGDQGIRXQGWKDW
]RQHVRIKLJKHUDLUVDWXUDWLRQZHUHHQODUJHGZLWKWKH
LQFUHDVHRIKLJKHUDLUIORZUDWHV/XQGHJDUGDQG$Q
GHUVRQ>@PRGHOHGDLUVSDUJLQJWRVWXG\WKHK\GUR
G\QDPLFVDQGWKHLQIOXHQFHRIVSDUJLQJGHSWKE\DS
SO\LQJDPXOWLSKDVHIORZPRGHO7KHUHVXOWVVKRZHG
WKDW 52, LQFUHDVHV IURP  WR  P ZLWK WKH LQ
FUHDVLQJDLUIORZUDWHIURPWRPPLQFRUUH
VSRQGLQJO\DQGIRUPLGGHSWKFRQGLWLRQVWKHGLVWUL
EXWLRQ RI DLU VDWXUDWLRQ FKDQJHG OLWWOH ZLWK WKH LQ
FUHDVLQJVSDUJLQJGHSWK%DNHUDQG%HQVRQ>@FRQ
GXFWHGDODERUDWRU\H[SHULPHQWWRVWXG\KRZLQMHF
WLRQSUHVVXUHDQGVSDUJLQJGHSWKDIIHFWHGDLUVSDUJ
LQJE\XVLQJDWKLQWUDQVSDUHQWWDQNSDFNHGZLWKVDW
XUDWHGEHDGV7KH UHVXOWVVKRZHGWKDWWKH 52,DQG
DLUVDWXUDWLRQZHUHLQFUHDVHGZLWKWKHLQFUHDVLQJLQ
MHFWLRQ SUHVVXUH DQG 52, ZDV LQLWLDOO\ LQFUHDVHG
ZLWKWKHLQFUHDVHRIZHOOGHSWKXQWLOWRUHDFKWKHSHDN
ZKHUHWKH52,ZDV±WLPHVWKHZHOOGHSWK
FRUUHVSRQGLQJO\ ,Q VKRUW VRPH QXPHULFDO VLPXOD
WLRQVDQGH[SHULPHQWDOVWXGLHVKDYHEHHQFRQGXFWHG
RQDLUIORZGLVWULEXWLRQXQGHUGLIIHUHQWIORZUDWHFRQ
GLWLRQV DQG LQMHFWLRQ GHSWK FRQGLWLRQV +RZHYHU
TXDQWLWDWLYHVWXGLHVDUHOLPLWHG
7KHPDLQREMHFWLYHRIWKLVVWXG\ZDVWRLQYHV
WLJDWHWKHDLUGLVWULEXWLRQGXULQJDLUVSDUJLQJ)LUVW
ODERUDWRU\DLUVSDUJLQJH[SHULPHQWVZHUHFRQGXFWHG
XVLQJ D RQH GLPHQVLRQDO WUDQVSDUHQW 3OH[LJODV FRO
XPQ7KH VDQGV RI WKUHH GLIIHUHQW JUDLQ VL]HV ZHUH

EXPERIMENTAL PROCEDURE
$LUVSDUJLQJDSSDUDWXV$VHULHVRIODERUDWRU\
DLU VSDUJLQJ H[SHULPHQWV ZHUH FRQGXFWHG XVLQJ
VDQGV RI ILYH GLIIHUHQW JUDLQ VL]HV DQG VL[ DLU IORZ
UDWHV7KHH[SHULPHQWVZHUHFRQGXFWHGLQD3OH[LJODV
FROXPQ ZLWK DQ LQWHUQDO GLDPHWHU RI  FP DQG D
KHLJKWRIFPDQGWKHDLUZDVLQMHFWHGDWWKHERW
WRPRIWKHFROXPQWKURXJKDQLQMHFWLRQSRUW )LJXUH
 $PRQJWKHWRWDOKHLJKWVDWXUDWHGVDQGWDNHVXS
FPDWERWWRPDQGWKHOHIWFPLVIUHHVSDFHWKDW
SHUPLWVWKHYDULDWLRQRIIUHHZDWHUWDEOH7ZRSRUWV
DUH VHW LQ WKH ERWWRP FRYHU RI WKH FROXPQ 2QH LV
XVHG IRU VDQG VDWXUDWLRQ DQG FRQWDPLQDQW VROXWLRQ
WKHRWKHULVDLULQMHFWLRQSRUWLQWKHFHQWHURIWKHERW
WRPFRYHU7KHLQMHFWLRQSRUWLVDGRSWHGDLUGLIIXVHU
DQGVHWFPDERYHWKHFROXPQEDVH7RHQVXUHWKH
LQMHFWHGDLUEHGLVWULEXWHGHYHQO\LQWKHVDQGIRXU
FPGLDPHWHUDLUMHWSRUWVXQLIRUPO\LQWKHODWHUDOZDOO
RI DLU GLIIXVHU$ORQJ WKH FROXPQ WKHUH DUH WZHOYH
HYHQO\GLVWULEXWHGVDPSOLQJSRUWVIRUZDWHUVDPSOLQJ
$QGWKHLQWHUYDOGLVWDQFHEHWZHHQWKHDGMDFHQWVDP
SOLQJSRUWVLVFP7KHDLULQMHFWLRQV\VWHPFRQVLVWV
RIDQDLUFRPSUHVVRUZLWKDIORZPHWHUDQGDSUHV
VXUHWUDQVGXFHU$GGLWLRQDOO\WKHGDWDDFTXLVLWLRQLV
HTXLSSHGIRUUHFRUGLQJWKHDLULQMHFWLRQSUHVVXUHDLU
IORZUDWHDQGH[LWDLUIORZUDWH

),*85(
6FKHPDWLFRIWKH([SHULPHQW6HWXS
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$LUIORZSDWWHUQVRIVDQGVZLWKGLIIHUHQWJUDLQVL]H
D PP E PP F PP
ORDGHGDWWKHERWWRPRIWKHWHVWFROXPQWRHQVXUHXQL
IRUPLW\RIWKHDLUIORZLQWKHERWWRPRIWKHVDQGVDP
SOH7KHQDFPKLJKVDQGVDPSOHZDVSUHSDUHG
DQGSULPDULO\FRQWUROOHGWKURXJKUHODWLYHGHQVLW\E\
VDQGSRXUHUZLWKPHVKW\SHVDQGLQJKHDG>@7KH
GURS GLVWDQFH RI WKH VDQG SRXUHU ZDV VHW  FP WR
HQVXUHWKHGU\GHQVLW\ZDVDURXQGJFP5HOH
YDQWSURSHUWLHVRIVDQGFROXPQVDUHVXPPDUL]HGLQ
7DEOH

0DWHULDOVDQG7HVWLQJ3URFHGXUH6DQGZLWK
6L2FRQWHQWRIH[FHHGLQJDQGVSHFLILFJUDYLW\
RIZDVXVHGDVWKHSDFNLQJSRURXVPHGLXPLQ
WKH H[SHULPHQWV 7KH PDLQ SK\VLFDO SDUDPHWHUV RI
WKH WHVWHG VDQGV VXFK DV JUDLQ VL]H WKH PD[LPXP
DQGPLQLPXPGU\GHQVLW\DQGYRLGUDWLRZHUHJLYHQ
LQ7DEOH'LVWLOOHGZDWHUZDVXVHGWKURXJKRXWWKH
H[SHULPHQW
$FPKLJKFXVKLRQRIVDQG ' aPP ZDV
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WKHZDWHUWDEOHZHUHUHFRUGHG7KHQWKHDLUIORZUDWH
ZDVLQFUHDVHGWRDKLJKHUYDOXH$FFRUGLQJWRWKHLQ
FUHDVHRIZDWHUWDEOHWKHRYHUDOODYHUDJHDLUVDWXUD
WLRQGHJUHHRIWKHVDQGFROXPQFRXOGEHFDOFXODWHG
ZKLFKZDVGHILQHGDVWKHUDWLRRIWKHDLUYROXPHWR
WKHWRWDOYROXPHRIWKHSRUHVSDFHLQVDQG>@

$IWHUVDPSOHSUHSDUDWLRQWKHGLVWLOOHGZDWHULQ
WKHZDWHUWDQNVORZO\ZHQWXSZDUGIURPWKHERWWRP
RI VDQG FROXPQ XQWLO WKH ZDWHU WDEOH ZDV  FP
KLJKHU WKDQ WKH VXUIDFH RI VDQG FROXPQ 7KXV WKH
VDQG VDPSOH ZDV VDWXUDWHG7KHQ WKH VDQG FROXPQ
ZDV VWDQGLQJ IRU  KRXUV WR HQVXUH IXOO\ VDWXUDWLRQ
DQGHTXLOLEULXPRIWKHZKROHV\VWHP$QGDOORIWKH
LQLWLDO VDWXUDWLRQ GHJUHHV ZHUH RYHU  ZKLFK
ZHUHGHGXFHGE\WKHZDWHUYROXPHWKDWZHQWLQWRWKH
VDQGPDVV
7KHQWXUQRQWKHDLUFRPSUHVVRUWRH[SRUWFRP
SUHVVHGDLUWRWKHVDQGFROXPQ$WILUVWWKHDLULQMHF
WLRQ SUHVVXUH ZDV VORZO\ LQFUHDVHG WR  N3D$IWHU
WKDWWRFDSWXUHWKHDLUHQWU\YDOXHWKHLQMHFWLRQSUHV
VXUHZDVLQFUHDVHGE\aN3DDWHDFKVWHSXQWLO
DLUIORZ ZDV YLVLEO\ REVHUYHG LQ WKH VDQG FROXPQ
'XULQJWKHH[SHULPHQWWKHDLUIORZUDWHZDVFKDQJHG
IURPWR/PLQVLPLODUWRWKHILHOGDQGODERU
DWRU\WHVWUDQJHVXPPDUL]HGE\%URRNV>@7KHLQ
FUHPHQW RI DLU IORZ UDWH ZDV FRQWUROOHG DW a
/PLQ:KHQWKHDLUIORZEHFDPHVWDEOHWKHDLULQ
MHFWLRQSUHVVXUHDLUIORZUDWHDQGWKHLQFUHPHQWRI

EXPERIMENTAL RESULTS AND DISCUSSION
7\SLFDODLUIORZSDWWHUQVRIVDQGVZLWKGLIIHUHQW
JUDLQVL]HDUHVXPPDUL]HGLQ)LJXUH7KHDLUIORZ
UDWHULVHRIZDWHUWDEOHDLUVDWXUDWLRQGHJUHHDQGDLU
IORZ SDWWHUQ XQGHU GLIIHUHQW DLU LQMHFWLRQ SUHVVXUH
FRQGLWLRQVDUHOLVWHGLQ7DEOH,WFDQEHFOHDUO\VHHQ
WKDW WKH DLU IORZV LQ EXEEOH IORZ LQ WKH VDQGV RI
aPPZKLOHLWIORZVLQPLFURFKDQQHOIORZ
LQ WKH VDQGV RI  PP )RU WKH VDQGV RI
aPPWKHDLUIORZSUHVHQWVDWUDQVLWLRQVWDWH
EHWZHHQWKHEXEEOHIORZDQGPLFURFKDQQHOIORZ

7$%/(
7HVWUHVXOWVRIDLUIORZSDWWHUQ
$LULQMHFWLRQSUHVVXUH N3D
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7UDQVLWLRQIORZ








%XEEOHIORZ
%XEEOHIORZ
%XEEOHIORZ
%XEEOHIORZ
%XEEOHIORZ
%XEEOHIORZ

© by PSP

Volume 26 ± No. 6/2017 pages 3942-3955

Fresenius Environmental Bullet

),*85(
$LUIORZFKDQQHOVRIVDQGZLWKJUDLQVL]HRIPPDWGLIIHUHQWDLULQMHFWLRQSUHVVXUHV
D N3D E N3D F N3D

),*85(
5HODWLRQVKLSEHWZHHQDLUIORZUDWHDQGGHJUHHRI
DLUVDWXUDWLRQ

),*85(
5HODWLRQVKLSEHWZHHQDLUIORZUDWHDQGDLUSUHV
VXUH
IURPWKHVXUIDFHRIVDQGPDVV:LWKWKHLQFUHDVHRI
DLU LQMHFWLRQ SUHVVXUH WKH DLUIORZ ZLOO WUDQVIRUP
IURPEXEEOHIORZLQWRDQLQFUHDVLQJQXPEHURIFRQ
VHFXWLYHFKDQQHOV,QDGGLWLRQWKHDLUIORZUDWHZLOO
EH LQFUHDVHG ZLWK WKH LQFUHDVLQJ DLU LQMHFWLRQ SUHV
VXUHDQGVRGRHVWKHZDWHUWDEOH,WLVIRXQGWKDWWKH
ZDWHUWDEOHLQFUHDVHVTXLFNO\ZLWKWKHLQFUHDVLQJDLU

7KHDLUIORZSDWWHUQVRIVDQGVZLWKJUDLQVL]HRI
PPGXULQJDLUVSDUJLQJZHUHVKRZQLQ)LJ
XUH,WFDQEHVHHQWKDWDLUIORZZLOOQRWRFFXUXQWLO
WKH DLU LQMHFWLRQ SUHVVXUH LV VXIILFLHQW WR RYHUFRPH
WKHUHVLVWDQFHRIK\GURVWDWLFSUHVVXUHDQGVRLOFDSLO
ODU\SUHVVXUH2QFHWKHDLULQMHFWLRQSUHVVXUHH[FHHGV
WKHFULWLFDOUHVLVWDQFHDIHZDLUEXEEOHVZLOOHVFDSH
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WLRQGHJUHHLVDOLWWOHELJJHUWKDQDQGWKHFRUUH
VSRQGLQJFULWLFDODLUIORZUDWHLVUHODWLYHORZ+RZ
HYHUIRUVDQGZLWKJUDLQVL]HRIaPPWKH
PD[LPXP DLU VDWXUDWLRQ GHJUHH LV DERXW  DQG
FRUUHVSRQGLQJFULWLFDODLUIORZUDWHLVKLJK%HFDXVH
FDSLOODU\SUHVVXUHLQFRDUVHVDQGLVOHVVWKDQWKDWLQ
ILQH VDQG WKH DLU EXEEOHV LQ FRDUVH VDQG DUH PRUH
HDVLO\WRHVFDSHIURPWKHVDQGPDVVZLWKOHVVGXUD
WLRQ WKDQ WKRVH LQ ILQH VDQG 7KHUHIRUH IRU FRDUVH
VDQGWKH]RQHRILQIOXHQFHLVUHODWLYHO\QDUURZGXH
WRWKHVSHFLDOIORZSDWWHUQDQGWKHGLVSODFHGZDWHULV
OLWWOH)RUILQHVDQGWKHLQMHFWHGDLUQRUPDOO\WUDQV
SRUWVLQWRUWXRXVDQGFRQWLQXRXVFKDQQHOIORZZLWKD
UHODWLYHO\ORQJGXUDWLRQWKHUHIRUHPRUHZDWHULVGLV
SODFHG

IORZUDWHZKHQWKHUDWHLVUHODWLYHO\ORZ+RZHYHU
RQFH WKH DLU IORZ UDWH H[FHHGV D FULWLFDO YDOXH WKH
ZDWHU WDEOH UHPDLQV VWDEOH DQG ULVHV LQVLJQLILFDQW
ZLWKWKHLQFUHDVLQJDLUIORZUDWH,QRWKHUZRUGVWKH
DLU VDWXUDWLRQ GHJUHH UHPDLQV VWDEOH$V WKH EXEEOH
H[SDQGVGXULQJLWVJRLQJXSLWVGLVWXUEDQFHHIIHFWRQ
VDQGLVHQKDQFHGZLWKWKHLQFUHDVHRIWKHVDQGKHLJKW
:KDWLVPRUHVHOIZHLJKWVWUHVVRIVDQGLVUHODWLYHO\
VPDOOLQWKHWRSOD\HUZKLFKUHVXOWVLQLWVSRRUDELOLW\
WRUHVLVWGLVWXUEDQFH7KHUHIRUHWKHFUDFNVRFFXUVLQ
WKHWRSOD\HUILUVWO\RQFHWKHDLULQMHFWLRQSUHVVXUHLV
HQRXJK KLJK ZKLFKDUH VKRZQLQ)LJXUH  F 7VDL
>@VWXGLHGWKH VRLOSDUWLFOHVPRYHPHQWGXULQJDLU
VSDUJLQJ DQG KROG WKDW WKH VRLO SDUWLFOHV ZLOO EH
WUDQVSRUWHG IRU WKH K\GURG\QDPLF VKHDU IRUFH
RYHUFRPHV WKH UHVLVWDQFH RI JUDYLW\ DQG FDSLOODU\
SUHVVXUH ZKLFK UHVXOW LQ WKH FKDQJH RI 52, DQG
DLUIORZSDWWHUQV

$LU LQMHFWLRQ SUHVVXUH DQG DLU IORZ UDWH ,Q
WKHH[SHULPHQWWKHDLUIORZUDWH ZDVFRQWUROOHGE\
DGMXVWLQJDLULQMHFWLRQSUHVVXUH$WWKHLQLWLDOVWDJHRI
WKHH[SHULPHQWWXUQWKHLQMHFWLRQSUHVVXUHXSVORZO\
XQWLOWKHLQMHFWHGDLUEHJDQWRSDVVWKURXJKWKHZKROH
VDQGFROXPQ7KHQWKHDLUIORZUDWHDQGFRUUHVSRQG
LQJDLULQMHFWLRQSUHVVXUHDWLWVVWHDG\VWDWHZHUHUHF
RUGHG$VVKRZQLQ)LJXUHWKHUHFRUGHGGDWDLQGL
FDWHWKDWWKHDLUIORZUDWHLVLQFUHDVHGLQOLQHDUZLWK
WKH LQFUHDVLQJDLULQMHFWLRQSUHVVXUH0RUHRYHU WKH
ILWWHG IRUPXODV DUH VKRZQ LQ 7DEOH 7KURXJK H[
WUDSRODWLRQRIWKHILWWLQJOLQHWKHPLQLPXPDLULQMHF
WLRQSUHVVXUH IRUWKH FRPSUHVVHGDLUJRLQJ WKURXJK
WKH VDQG FROXPQ ZHUH GHULYHG )RU VDQGV ZLWK WKH
JUDLQ VL]H RI   
DQGPPWKHPLQLPXPDLULQMHFWLRQ
SUHVVXUHDUHDQGN3DUH
VSHFWLYHO\
,WLVDOVRYHULILHGE\REVHUYDWLRQWKDWWKHPLQL
PXPDLULQMHFWLRQSUHVVXUHZLOOQRWEHUHDFKHGXQWLO
WKHFRPSUHVVHGDLUHVFDSHIURPWKHVDQGVXUIDFH7KH
REVHUYHGPLQLPXPDLULQMHFWLRQSUHVVXUHVZHUHDOVR
VKRZQLQ7DEOH)LJXUHJLYHVWKHFRPSDULVRQRI
WKH PLQLPXP DLU LQMHFWLRQ SUHVVXUHV RI REVHUYHG
YDOXHDQGILWWHGYDOXHDQGVKRZVWKDWWKHUHH[LVWVD
OLWWOHGLIIHUHQFHEHWZHHQWKHWZRYDOXHV7KHGLIIHU
HQFH EHWZHHQ WKH REVHUYHG YDOXH DQG ILWWHG YDOXH
PD\EHGXHWRWKHUHDVRQWKDWWKHEXEEOHVDUHGLIILFXOW
WREHGHWHFWHGDWWKHLQLWLDOWLPHRIHQWHULQJLQWRWKH
VRLOPDVV7KXVLWPD\QRWEHHQRXJKDFFXUDWHWRGH
ILQHWKHPLQLPXPDLULQMHFWLRQSUHVVXUHE\SXUHRE
VHUYDWLRQ

$LU GLVWULEXWLRQ ,Q DLU VSDUJLQJ SURFHVV WKH
DLUVDWXUDWLRQGHJUHHLVDQLPSRUWDQWIDFWRUZKLFKDI
IHFWWKHUHPRYDOHIILFLHQWRIFRQWDPLQDQWV7KHUHOD
WLRQVKLSEHWZHHQDLUVDWXUDWLRQGHJUHHDQGDLUIORZ
UDWHLVVKRZQLQ)LJXUHZKLFKLQGLFDWHVWKDWWKHDLU
VDWXUDWLRQGHJUHHLQFUHDVHVTXLFNO\ZLWKWKHLQFUHDV
LQJDLUIORZUDWHLQWKHLQLWLDOVWDJH*UDGXDOO\WKHDLU
VDWXUDWLRQ GHJUHH LQFUHDVHV VORZO\ DQG UHDFKHV D
VWHDG\YDOXHZKHQWKHDLUIORZUDWHH[FHHGVWKHFHU
WDLQ YDOXH ZKLFK FDQ EH URXJKO\ GUDZQ DV WKH UHG
GDVKHGOLQHLQWKH)LJXUH$WORZDLUIORZUDWHRQO\
VHYHUDOFKDQQHOVUXQWKURXJKWKHVDQGFROXPQDQG
WKHUHIRUHWKHYROXPHRIGLVSODFHGZDWHULVVPDOO$V
WKH DLU IORZ UDWH LQFUHDVHV WKHUH ZLOO EH D JUHDWHU
QXPEHURIFKDQQHOVIRUPHGDQGWKHUHIRUHPRUHZD
WHU ZDV GLVSODFHG +RZHYHU RQFH WKH DLU IORZ UDWH
H[FHHGVDFHUWDLQYDOXHWKHQXPEHURIDLUFKDQQHOV
UHDFKHVLWVPD[LPXPθWKHUHIRUHQRPRUHZDWHUZDV
GLVSODFHGDQGDLUVDWXUDWLRQGHJUHHZLOOQRWLQFUHDVH
DQ\ PRUH 7KH PD[LPXP DLU VDWXUDWLRQ GHJUHH RI
VDQGV ZLWK WKH JUDLQ VL]H RI  
DQGPPDUH 
DQGUHVSHFWLYHO\
,W FDQ DOVR EH IRXQG IURP )LJXUH  WKDW WKH
ODUJHUWKHJUDLQVL]HLVWKHORZHUFRUUHVSRQGLQJPD[
LPXP DLU VDWXUDWLRQ GHJUHH ZLOO EH )RU VDQG ZLWK
JUDLQVL]HRIaPPWKHPD[LPXPDLUVDWXUD

7$%/(
5HODWLRQVKLSEHWZHHQDLUIORZUDWH 4 DQGDLULQMHFWLRQSUHVVXUH 3 
*UDLQVL]HδPPε
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4 3
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),*85(
&RPSDULVRQRIWKHREVHUYHGYDOXHDQGILWWHGYDOXHRIPLQLPXPDLULQMHFWLRQSUHVVXUH
7$%/(
$QDO\VLV'DWD5HODWHGWRWKH5HVLVWDQFHRI$LU6SDUJLQJ
0HDQ*UDLQ
6L]H PP

9RLG
5DWLR

6XUIDFH7HQVLRQ
1P

0LQLPXP$LU,QMHFWLRQ
3UHVVXUH N3D

+\GURVWDWLF3UHVVXUH
δN3Dε

&DSLOODU\3UHVVXUH
δN3Dε





































D XVHIXO WRRO WR LQYHVWLJDWH UHPHGLDWLRQ HIILFLHQF\
DQGDLUIORZGXULQJDLUVSDUJLQJ792&SURJUDPGH
YHORSHGE\)DOWDHWDO>@XVHVWKHJOREDOILQLWHGLI
IHUHQFHPHWKRGIRUVSDWLDOGLVFUHWL]DWLRQDQGVLPX
ODWHVGLIIHUHQWIUDFWXUHGPHGLDE\XVLQJEXLOWLQJHR
PHWULF GDWD SURFHVVLQJ ZKHUHLQ WKH IOXLG SURSHUW\
PRGXOH (26  LV PDLQO\ XVHG WR VLPXODWH PL[LQJ
ZDWHU DQG DLU ,Q WKLV UHVHDUFK WKH 792& PRGHO
ZDVDGRSWHGIRUSDUDPHWULFVWXG\RILQIOXHQFLQJIDF
WRUVRQDLUIORZEHKDYLRUGXULQJDLUVSDUJLQJ
%DVHGRQDJLYHQJURXQGZDWHUSROOXWLRQVLWHD
WZRGLPHQVLRQDOPRGHOZDVHVWDEOLVKHGDQGWKHDLU
IORZ SDWWHUQV ZHUH VWXGLHG XVLQJ (26 PRGXOH RI
792&7KHZDWHUWDEOHRIWKHJHRPHWULFPRGHOLV
VHWDVWKHFRRUGLQDWHOLQH= ZKLFKLVPEHORZ
WKHJURXQGVXUIDFH7KHOHQJWKRIWKHPRGHOLQ;GL
UHFWLRQDQG=GLUHFWLRQDUHP DQGPUHVSHF
WLYHO\7KH WZRGLPHQVLRQDO PRGHO ZDV DGRSWHG WR
VWXG\WKHLQIOXHQFHRIGLIIHUHQWSDUDPHWHUVRQWKHDLU
IORZ ZLWK D PHVK FRQVLVWLQJ RI  HOHPHQWV LQ WKH
KRUL]RQWDOGLUHFWLRQDQGHOHPHQWVLQWKHYHUWLFDO
GLUHFWLRQ$OOERXQGDULHVZHUHVHWDVQRIORZERXQG
DULHVH[FHSWIRUD1HXPDQQERXQGDU\FRQGLWLRQZLWK
FRQVWDQWDWPRVSKHULFSUHVVXUHFRUUHVSRQGLQJWRWKH
RSHQLQJLQWKHFRYHU,QDGGLWLRQWKHVLPXODWLRQZDV
FRQGXFWHGXQGHUΥFRQVWDQWWHPSHUDWXUHVRWKH
LQIOXHQFH RI WHPSHUDWXUH ZDV QRW FRQVLGHUHG$IWHU
WKHVSHFLILFDWLRQRIERXQGDU\FRQGLWLRQVWKHJUDYLW\
FDSLOODU\ IRUFH HTXLOLEULXP DQDO\VLV ZDV ILUVW FRQ
GXFWHGXQWLODFKLHYLQJLWVVWHDG\VWDWHDQGWKHUHVXOWV

*HQHUDOO\ WKH UHVLVWDQFH IRU LQMHFWHG DLU WR
RYHUFRPHFRPSULVHVK\GURVWDWLFZDWHUSUHVVXUHDQG
FDSLOODU\ SUHVVXUH7KXV WKH FDSLOODU\ SUHVVXUH FDQ
EH GHGXFHG E\ WKH GLIIHUHQFH EHWZHHQ WKH WRWDO UH
VLVWDQFHDQGK\GURVWDWLFZDWHUSUHVVXUH%HVLGHVWKH
FDSLOODU\SUHVVXUHFDQDOVREHFDOFXODWHGE\WKHIRO
ORZLQJHTXDWLRQ
 
T cos G
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ZKHUH&LVWKHVKDSHIDFWRUGHSHQGLQJRQVRLOSDUWL
FOHVKDSHDQGGLVWULEXWLRQ7LVWKHVXUIDFHWHQVLRQRI
SRUHZDWHUįLVWKHFRQWDFWDQJOHWKDWDVVXPHGWREH
LQFDOFXODWLRQHLVWKHYRLGUDWLR'LVWKHPHDQ
JUDLQVL]H,QWKHFDOFXODWLRQWKHPLQLPXPDLULQMHF
WLRQ SUHVVXUH LV DVVLJQHG DV WKH DYHUDJH RI WKH RE
VHUYHGYDOXHDQGILWWHGYDOXHWRPLQLPL]HPHDVXUH
PHQWHUURU,WFDQEHGUDZQ IURP(TXDWLRQ   WKDW
WKHFDSLOODU\SUHVVXUHDQGWKHPLQLPXPDLULQMHFWLRQ
SUHVVXUHLVGHFUHDVHGZLWKWKHLQFUHDVLQJJUDLQVL]H
$OOWKHUHODWHGDQDO\VLVGDWDDUHJLYHQLQ7DEOH,W
FDQEHVHHQFOHDUO\WKDWWKHVKDSHIDFWRU&YDULHVEH
WZHHQZLWKWKHJUDLQVL]HRIPP
+RZHYHU WKH VKDSH IDFWRU & LV LQFUHDVHG TXLFNO\
RQFHWKHJUDLQVL]HLVJUHDWHUWKDQPP

AIR SPARGING MODELING
$V WKH PRVW IUHTXHQWO\ XVHG PXOWLSKDVH IORZ
DQGWUDQVSRUWPRGHO792&KDVEHHQSURYHGWREH



Volume 26 ± No. 6/2017 pages 3942-3955

© by PSP

UDWLR NKNY  WKH VLPXODWLRQV ZHUH GLYLGHG LQWR 
JURXSVDVVKRZQLQ7DEOH7KHSHUPHDELOLW\UDWLR
NKNY KHUHLVGHILQHGDVWKHUDWLRRIKRUL]RQWDOSHU
PHDELOLW\WRYHUWLFDOSHUPHDELOLW\,QHDFKVLPXODWLRQ
ERWKWKHSUHVVXUHDQGVDWXUDWLRQRIHDFKXQLWIRUHDFK
SKDVH ZHUH UHFRUGHG DQG WKH VLPXODWLRQ GXUDWLRQ
ZDVHLJKWGD\V

ZHUHVHWDVLQLWLDOFRQGLWLRQVIRUWKHVLPXODWLRQRIDLU
VSDUJLQJ7KHSK\VLFDOSDUDPHWHUVRIWKHVDQGPDVV
DUHJLYHQLQ7DEOH5HODWLYHSHUPHDELOLW\DQGFD
SLOODU\ SUHVVXUH DUH GHVFULEHG E\ WKH FKDUDFWHULVWLF
IXQFWLRQVRI)DWWDQG.OLFNRII>@5HODWLYHSHUPH
DELOLW\IRUZDWHUDQGJDVDUHUHSUHVHQWHGE\
S w  S wr n
 
krw

(

krg

S g n1
(
)
1  S wr

1  S wr
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NUMERICAL RESULTS AND ANALYSIS

ZKHUH NUZ DQG NUJ DUH WKH UHODWLYH SHUPHDELOLWLHV RI
ZDWHUSKDVHDQGJDVSKDVH6ZLVWKHZDWHUVDWXUDWLRQ
6ZU LV WKH ZDWHU UHVLGXDO VDWXUDWLRQ NUJ LV WKH JDV
SKDVHUHODWLYHSHUPHDELOLW\DQG6JLVWKHDLUVDWXUD
WLRQQLVDQHPSLULFDOFRHIILFLHQWDWDUDQJHRIa
UHVSHFWLYHO\ 5HODWLYH SHUPHDELOLW\ DQG FDSLOODU\
SUHVVXUH DUH GHVFULEHG E\ WKH IXQFWLRQ RI YDQ
*HQXFKWHQ>@7KHFDSLOODU\SUHVVXUHDFURVVZDWHU
JDVLQWHUIDFHLVUHSUHVHQWHGE\
1/ n
 
U w g ª Sw  Sm 1/ m º

,QWKHILHOGGHVLJQRIDLUVSDUJLQJWKHWUHDWPHQW
VFRSHRIDVLQJOHZHOOLVDQLPSRUWDQWGHVLJQSDUDP
HWHUZKLFKLVXVXDOO\HYDOXDWHGE\52,52,UHIHUV
WRWKHUDGLDOGLVWDQFHIURPWKHFHQWHURIWKHZHOOWR
WKHHGJHRIWUHDWPHQWVFRSHZKLFKFDQEHHYDOXDWHG
E\DLUSKDVHVDWXUDWLRQDLUSUHVVXUHDQGFRQFHQWUD
WLRQ RI WKH WUDFHU JDV ,Q SUDFWLFDO HQJLQHHULQJ WKH
FRQWRXUPDSRIDLUVDWXUDWLRQLVWKHPRVWFRPPRQO\
XVHGPHWKRGWRHYDOXDWH52,7KXVWKHDLUVDWXUDWLRQ
ZDV XVHG LQ WKH QXPHULFDO VLPXODWLRQ WR GHWHUPLQH
52,IRUHYDOXDWLRQRIWKHLQIOXHQFHRIGLIIHUHQWIDF
WRUV,WLVGHILQHGDVWKHERXQGDU\RIWUHDWPHQWVFRSH
ZKHUHWKHDLUVDWXUDWLRQLV7KHUHIRUH52,KHUH
LVGHILQHGDVWKHGLVWDQFHIURPWKHFHQWHURIWKHZHOO
WRWKHSRLQWZKHUHWKHERXQGDU\RIWUHDWPHQWVFRSH
DQGWKHOLQHRI] LQWHUVHFW

2

Pcgw

)
«(
D gw ¬ 1  Sm

 1»
¼

ZKHUH 3FJZ LV WKH FDSLOODU\ SUHVVXUH EHWZHHQ ZDWHU
DQG JDV 0/7  ĮJZ DQG 6P DUH FRQVWDQWV GHWHU
PLQHGE\WKHSRURXVPHGLXPȡZLVWKHZDWHUGHQVLW\
0/ JLVWKHDFFHOHUDWLRQRIJUDYLW\ /7  P 
QLVDQHPSLULFDOFRHIILFLHQW'LIIHUHQWYDOXHVRI
WKH YDQ *HQXFKWHQ >@ SDUDPHWHUV DQG WKH )DWW 
.OLFNRII>@SDUDPHWHUVDUHXVHGWRUHSUHVHQWWKHUH
WHQWLRQDQGK\GUDXOLFFRQGXFWLYLW\VHSDUDWHO\

7KH LQIOXHQFH RI LQWULQVLF SHUPHDELOLW\ DQG
DLUIORZUDWH7KHVLPXODWLRQVRIJURXS$ZHUHFRQ
GXFWHG WR LQYHVWLJDWH WKH LQIOXHQFH RI LQWULQVLF SHU
PHDELOLW\RQDLUIORZSDWWHUQV$QGWKHGLVWULEXWLRQRI
DLUVDWXUDWLRQZHUHVKRZQLQ)LJXUH,WFDQEHVHHQ
WKDWWKHFRQWRXURIDLUVDWXUDWLRQH[KLELWVDSDUDEROLF
VKDSHZKLFKLVVDPHDVWKHUHVXOWVIRXQGE\-L>@
7KH UHVXOWVLQGLFDWHWKDWWKH 52,LVLQFUHDVHGIURP
WRPZLWKWKHGHFUHDVHRILQWULQVLFSHUPHD
ELOLW\IURPîWRîP:KHQWKHLQWULQVLF
SHUPHDELOLW\ LV î P WKH PD[LPXP YDOXH RI
WKHDLUVDWXUDWLRQLQWKHZKROHLQIOXHQFHGDUHDXQGHU
WKH ZDWHU WDEOH LV QRW PRUH WKDQ  +RZHYHU
ZKHQ WKH LQWULQVLF SHUPHDELOLW\ LV î P WKH
PD[LPXPDLUVDWXUDWLRQLQWKHZKROHLQIOXHQFHGDUHD
XQGHU WKH ZDWHU WDEOH H[FHHGV 7KHUHIRUH WKH
LQWULQVLFSHUPHDELOLW\RIVRLOKDVDVLJQLILFDQWLQIOX
HQFHRQWKHJDVGLVWULEXWLRQGXULQJDLUVSDUJLQJ

7$%/(
0DLQ3DUDPHWHUVRI1XPHULFDO6LPXODWLRQ
3DUDPHWHU
3RURVLW\
,QWULQVLFSHUPHDELOLW\>P@
'HQVLW\>NJP@
7HPSHUDWXUH>Υ@
6ZU
Q
Q
6P
ĮJZ
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9DOXH
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7RHYDOXDWH WKH LQIOXHQFHRILQWULQVLFSHUPHD
ELOLW\DLUIORZUDWHVSDUJLQJGHSWKDQGSHUPHDELOLW\

7$%/(
6LPXODWLRQ6FKHPH
*URXSV
,QWULQVLFSHUPHDELOLW\NP
$LUIORZUDWH4 JāV
6SDUJLQJGHSWKGP
3HUPHDELOLW\UDWLR NKNY
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),*85(
&RQWRXURIDLUVDWXUDWLRQXQGHUWKUHHGLIIHUHQWLQWULQVLFSHUPHDELOLW\
FRQGLWLRQV 4 JV  D N îP E N îP F N îP
,WFDQEHVHHQIURPWKHILJXUHVWKDWWKHLQWULQVLFSHU
PHDELOLW\KDVDJUHDWLQIOXHQFHRQ52,,IWKHUH¶VD
GLIIHUHQFHRIRQHPDJQLWXGHRUGHULQLQWULQVLFSHUPH
DELOLW\WKHYDULDWLRQRI52,ZLOOEHKLJKHUWKDQP
:KHQWKHDLUIORZUDWHLVJVWKH52,LVLQFUHDVHG
IURPWRPZLWKGHFUHDVHRIWKHLQWULQVLFSHU
PHDELOLW\ IURP î WR î P +RZHYHU LQ
WKH FDVH RI LQWULQVLF SHUPHDELOLW\ RI î WKH
52,LQFUHDVHVIURPWRPZLWKWKHLQFUHDVH
RIDLUIORZUDWHIURPWRJV$QGIRUWKHFDVH
RILQWULQVLFSHUPHDELOLW\RIîPWKH52,LQ
FUHDVHVIURPWRPZLWKWKHVDPHFKDQJHRI
DLU IORZ UDWH:KLOH XQGHU WKH VDPH FRQGLWLRQV H[
FHSWWKHLQWULQVLFSHUPHDELOLW\RIîPWKH52,
LQFUHDVHVIURPWRP7KHUHIRUHLWFDQEH
FRQFOXGHGWKDWWKHLQFUHDVHRIDLUIORZUDWHKDVVLJ
QLILFDQWLQIOXHQFHRQ52,LQWKHVRLOOD\HURIORZSHU
PHDELOLW\+RZHYHUWKH LQIOXHQFHLV QRW PXFK VLJ
QLILFDQWLQWKHVRLOOD\HURIKLJKSHUPHDELOLW\

)LJXUHVKRZVWKHGLVWULEXWLRQRIDLUVDWXUDWLRQ
LQWKHVLPXODWLRQVRIJURXS%ZKLFKZHUHSHUIRUPHG
ZLWKWKHFRQVWDQWLQWULQVLFSHUPHDELOLW\RIîP
DQGYDULRXVDLUIORZUDWHVRIJVUH
VSHFWLYHO\,WFDQEHVHHQFOHDUO\WKDWWKH52,LV
PZLWKWKHDLUIORZUDWHRIJVZKLOHWKH52,LV
PZLWKWKHDLUIORZUDWHRIJV,WFDQEHGH
ULYHGWKDWWKHLQFUHDVHRIDLUIORZUDWHGRHVQRWKDYH
PXFKLQIOXHQFHRQWKHLQFUHDVHRI52,/HHVRQHWDO
>@UHSRUWHGWKDWWKHLQFUHDVHRIDLUIORZUDWHRQO\
KDYHOLWWOHLQIOXHQFHRQWKHLQFUHDVHRI52,EXWFDQ
LQFUHDVHWKHFKDQQHOGHQVLW\
,Q RUGHU WR IXUWKHU FODULI\ WKH UHODWLRQVKLS EH
WZHHQLQWULQVLFSHUPHDELOLW\DLUIORZUDWHDQG52,
WKH 52, YDOXHV RI GLIIHUHQW LQWULQVLF SHUPHDELOLW\
ZHUH DQDO\]HG )LJXUH  D  VKRZV WKH UHODWLRQVKLS
EHWZHHQLQWULQVLFSHUPHDELOLW\DQG52,)LJXUH E 
VKRZVWKHUHODWLRQVKLSEHWZHHQDLUIORZUDWHDQG52,
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),*85(
&RQWRXURIDLUVDWXUDWLRQXQGHUIRXUGLIIHUHQWDLUIORZUDWHVFRQGLWLRQV
N îP  D 4 JV E 4 JV F 4 JV G 4 JV

),*85(
52, ] P ZLWK7KH&KDQJHRIWZRIDFWRUVLQFOXGLQJ D ,QWULQVLF3HUPHDELOLW\DQG E $LUIORZUDWH
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),*85(
&RQWRXURIDLUVDWXUDWLRQXQGHUIRXUGLIIHUHQWVSDUJLQJGHSWKFRQGLWLRQV
D G P E G P F G P G G P
7KHLQIOXHQFHRIVSDUJLQJGHSWK7KHVSDUJ
LQJGHSWKLVGHILQHGDVWKHGLVWDQFHIURPWKHVSDUJLQJ
SRLQWWRWKHZDWHUOHYHO7RGLVFXVVWKHLQIOXHQFHRI
VSDUJLQJGHSWKRQ52,WKHVLPXODWLRQVRIJURXS&
ZHUHFRQGXFWHGXQGHUFRQVWDQWLQWULQVLFSHUPHDELO
LW\RIîPFRQVWDQWDLUIORZUDWHRIJVDQG
IRXUGLIIHUHQWVSDUJLQJGHSWKRIDQGPUH
VSHFWLYHO\7KHUHVXOWVDUHVKRZQLQ)LJXUHIURP
ZKLFKLWFDQEHVHHQWKDWWKH52,LV
DQGPZLWKWKHVSDUJLQJGHSWKRIDQG
P UHVSHFWLYHO\ +HQFH LW FDQ EH GUDZQ WKDW 52,
JUDGXDOO\ LQFUHDVHV ZLWK WKH LQFUHDVH RI VSDUJLQJ
GHSWK /XQGHJDUG DQG$QGHUHQ >@ DOVR GUHZ WKH
VLPLODU FRQFOXVLRQV LQ WKHLU UHVHDUFK ZRUN 2Q WKH
RQHKDQGWKHGHWHUPLQDWLRQRIWKHVSDUJLQJGHSWKLV

,QWKHSUDFWLFDOILHOGRIKLJKLQWULQVLFSHUPHD
ELOLW\RQFHWKHDLUIORZUDWHUHDFKHVDFHUWDLQYDOXH
DQGVWHDG\DLUIORZSDWWHUQLVIRUPHGLQFUHDVLQJWKH
DLUIORZUDWHFRQWLQXDOO\PD\KDYHOLPLWHGFRQWULEX
WLRQWRWKHLQFUHDVHRI52,7KXVWKHLQWULQVLFSHU
PHDELOLW\ RI WKH VXEVXUIDFH VRLO VKRXOG EH GHWHU
PLQHGILUVWWKHQUHDVRQDEOHDLUIORZUDWHFDQEHVH
OHFWHG52,RIDLUVSDUJLQJZLWKSURSHUDLUIORZUDWH
FDQ FRYHU WKH SROOXWHG DUHD WR WKH JUHDWHVW H[WHQW
'XHWRWKHLQFUHDVHGFRQWDFWDUHDEHWZHHQDTXHRXV
SKDVHDQGJDVSKDVHWKHPDVVWUDQVIHUIURPDTXHRXV
SKDVHWRJDVSKDVHLVSURPRWHGDQGKLJKHUUHPHGLD
WLRQHIILFLHQF\FDQEHDFKLHYHG
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DQGUHVSHFWLYHO\7KHUHVXOWVDUHVKRZQLQ)LJ
XUH  ,W FDQ EH IRXQG WKDW ZKHQ WKH SHUPHDELOLW\
UDWLRLVDQG52,LVDQG
P UHVSHFWLYHO\ +HQFH 52, LQFUHDVHV ZLWK WKH LQ
FUHDVHRIKRUL]RQWDOSHUPHDELOLW\7KURXJKGDWDDQDO
\VLVLWFDQEHIRXQGWKDWWKHUH¶VDOLQHDUUHODWLRQVKLS
EHWZHHQ52,DQGSHUPHDELOLW\UDWLRZKLFKLVVKRZQ
LQ )LJXUH  ,Q DGGLWLRQ WKH DLU VDWXUDWLRQ LQ WKH
ZKROHDUHDLVGHFUHDVHGZKLOH52,LQFUHDVHV)RUH[
DPSOHZKHQNKNYLVDQGWKHDLUVDWXUDWLRQDW
 LVDQGUHVSHFWLYHO\

7KH LQIOXHQFH RI SHUPHDELOLW\ UDWLR NKNY 
,QRUGHUWRLQYHVWLJDWHWKHLQIOXHQFHRISHUPHDELOLW\
UDWLR NKNY  RQ DLUIORZ SDWWHUQ WKH VLPXODWLRQV RI
JURXS'ZHUHSHUIRUPHGZKRVHYHUWLFDOSHUPHDELO
LW\ZDVîPDQGWKHSHUPHDELOLW\UDWLRZDV

),*85(
&RQWRXURIDLUVDWXUDWLRQXQGHUIRXUGLIIHUHQWSHUPHDELOLW\UDWLRVFRQGLWLRQVLQFOXGLQJ D N[ N] î
 
P  E N[ îPN] îP F N[ îPN] îP G N[ îPN] îP

),*85(
7KHUHODWLRQVKLSEHWZHHQ52,DQGSHUPHDELOLW\UDWLR NKNY 
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DETERMINATION OF SEDIMENT AND WATER
CONTAMINATION BY SEA URCHIN EMBRYOTOXICITY
TEST WITH
PARACENTROTUS LIVIDUS AND ARBACIA LIXULA
Ozlem Cakal Arslan*, Hatice Parlak, Meltem Boyacioglu, Muhammet Ali Karaaslan
Faculty of Fisheries, Ege University, 35100 Bornova, Izmir, Turkey

their habitats assemble those points of environmental pollution so that they are key components of marine ecosystems [9-11]. Echinoderms are closely related to vertebrates that belong to deuterostomians.
consequently [12], they might reflect the similar response to environmental contamination [7, 8].
Aliaga Bay (Izmir, Turkey) is one of the seriously contaminated area by domestic and several industrial facilities such as the second largest oil refinery of Turkey (Tupras), and a petro chemistry plant
(Petkim), paper, ship breaking, iron-steel, iron-steel
rolling plants, liquefied petroleum gas, fuel, electric
power plants, cement and textiles [2, 12]. However,
among these industrial facilities, Tupras, Petkim,
and iron-steel facilities are the most eminent ones [2]
(Figure 1). Although these facilities have waste treatment plants recently, small amounts of untreated
waste material leaks into the sea and change the quality of sea water [2]. The main objective of this study
was to assess the comparative toxicity of water and
VHGLPHQWIURP$OLD÷D%D\E\VHDXUFKLQ embryotoxicity test using two species P.lividus and A. lixula

ABSTRACT
The pollution problems in aquatic environment
is getting serious in many closed or semi-closed bays
in most of the countries. Aliaga Bay (Izmir, Turkey)
is one of the contaminated area by domestic and several industrial facilities. For this reason, the toxic effects of the samples which were collected from six
stations, diluted up to10-1 to 10-3 ml in habitual sea
water were determined as embryo development of
Paracentrotus lividus and Arbacia lixula. According
to sea urchin embryotoxicity results all water and
VHGLPHQW VDPSOHV RI $OLD÷D %D\ DVVHVVHG DV WR[LF
EC50 of water was 9.348 and 123.7 ml/L for P. lividus and A. lixula and EC50 of sediment was 2.216
and 203.37 mg/L for P. lividus and A. lixula at Station 3. In conclusion, the present investigation has
pointed out a clear response of embryo bioassays of
sea urchins may be good method to evaluate the toxicity of contaminated environmental samples.

KEYWORDS:
Sea Urchin, sediment toxicity, water toxicity, embryotoxicity, Paracentrotus lividus, Arbacia lixula

INTRODUCTION
Anthropogenic pollution in the aquatic environment affects the survival of organisms by altering
their physiologies. Several generations may be affected at a minor or major level in the population
[1,2]. Chemical analyses have measured the level of
contamination but they provide no knowledge about
the negative effects on the biota [3]. The evaluation
of the complex actions of contaminants and the biological effects has been determined through bioassays [3,4]. The evaluation of the biological effects of
mixture pollutants in water and sediment on macro
and microorganisms in aquatic environments have
been assessed by ecotoxicological studies [5-7].
Sugni [8] suggested that echinoderms were good indicators for marine target macro invertebrates and
useful test species in ecotoxicology. Echinoderms
can supply to more than 90% of the benthic zone and

FIGURE 1
Sampling Sites and Stations

MATERIALS AND METHODS
$OLD÷D is a heavily industrialized town located
NPIURPWKHQRUWKRIGLVWULFWRIÚ,]PLU3URYLQFH
in the Aegean Region of Turkey (Figure 1) [2]. The
sediment samples were collected from the six
3956
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TABLE 1
Frequencies of developmental effects of water samples of $OLD÷D%D\LQP.lividus and A.lixula
throughout embryogenesis (Mean±Standard Error).
Station
Control
CdCl2
1

2

3

4

5
6

Control
CdCl2
1

2

3

4

5
6

100μl
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1

100μl
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1
0.001
0.01
0.1

Water Dilution (ml/ml)
Paracentrotus lividus
Arbacia lixula
(N)
(P1)
(P2)
93±2,9
7±2,9
0±0
0±0
100± 0
0±0
63±5*
37±5*
0±0
53±0*
47±0*
0±0
44,5±0,5*
55±0*
0,5±0,5
83,4±4*
17±4*
0±0
78±10*
21,5±9,5*
0,5±0,5
51,5±1,5*
48,5±1,5*
0±0
75 ± 5*
25±5*
0±0
32,5±32,5*
67±33*
0,5±0,5
31,5±30,5*
58,5±23*
10±8
66 ± 1*
34±1*
0±0
54 ± 4*
46±4*
0±0
38 ± 8*
62,5±8*
0±0
91,5±3,5*
6±1*
2,5±2,5
69,5±0,5*
30,5±0,5*
0±0
48,5±18*
48±15*
3,5±2,5
89,5±3,5*
8±1*
2,5±2,5
69,5±0,5*
30,5±0,5*
0±0
58,5±18*
38±15*
3,5±2,5
Sediment Dilution (mg/L)
95,66± 1
4,33 ± 1
0±0
0±0
100±0 *
0±0
33±1,2*
61,3±3,2*
2±1,5*
18±4,5*
81,74*
0,3±0,3
10,6±9,2*
88,3±9,2*
1±0,6*
23±3,2*
75± 3,6*
2±1,5*
19±3*
79,5±3,6*
1,5±0,5*
10±1,5*
88,3±0,7*
1,7±0,9*
28±14*
71,3±13*
1,3±0,7*
22,7±11,9*
43±21,9*
34,3±32,8*
15,3±1,8*
84±2*
0,66±0,3
36,7±6,4*
63,3±6,4*
0±0
25,3±4,09*
74±4,0*
0,7±0,7
22,7±5,4*
77±5,7*
0,3±0,3
1±0,57*
61,7± 2*
37,3±1,5*
1,3±0,7*
75±7,6*
23,7±7,7*
3,3±1,9*
91,3± 2*
5,3±2,3*
18,3±6*
81,7±6*
0±0
10,3±9*
82±6,8*
7,7±3,7*
6,3±6
27±25*
66,7±31*

(N)
94,1±1
0±0
75,3±2,3*
73,7±0,3*
57,3±2,7*
81±4 *
65,3± 2*
61,3±2*
84,3± 2*
82±6*
78±4*
72,3±2*
70±3*
61,3±3,3*
77,3±0,7*
77,3±1,3*
67,7±6,7*
87 ± 0*
76,7±3,3*
48,3±8,7*

(P1)
5,9 ±1,2
100 ± 0
24,±2,3*
26,3±0,3*
39,3±2,7*
19±4*
34,6±2 *
38,7±1,7*
15,7±2*
18±6*
22±4*
27,7±2*
30±3 *
38,3±4*
22,7±0,7*
28,3±1,3*
32,3±6,7*
13±0 *
23,3±3,3*
51,7±8,7*

(P2)
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0
0±0

93± 1,99
0±0
91±1
71,5±28,5*
22,5±22,5*
82,5±0,5
80±5
7±5*
61 ± 20*
51±33*
33,5±1,5*
61±26*
49±7*
41,5±13,5*
48±1*
40,5±12,5*
21,5±0,5*
93±5
76±0*
46,5±1,5*

6,9± 2
100 ± 0
9±1
29±28,5*
70±17*
17,5±0,5*
19±6*
89± 1*
37,5±18,5*
48,5±32*
61,5±3,5*
37±25*
48,5±7,5*
58,5±13,5*
50,5±0,5*
59,5±12,5*
78,5±0,5*
7±5
14±7
49,5±2,5*

0 ±0
0 ±0
0±0
0±0
7,5±6
0±0
1±1
4±4
2±1,5
1±0,5
0±0
2±1
2±1,5
0±0
2±1,5
0±0
0±0
0±0
10±7
4±4

*p<0.005
VWDWLRQV RI $OLD÷D %D\ )LJXUH   E\ JUDE VDPSOHU
and placed in pre-cleaned jars and kept in an ice-box
until delivery up to the laboratory. Water samples in
polyethylene bottles were taken to the laboratory in
the ice-box until testing for embryo and sperm toxicity. For the experiments, each water sample was diluted from 10-1 to 10-3 ml and sediment samples were
added to the test media as 0.1 mg/ml, 0.01 mg/ml and
0.001 mg/ml. Filtered sea water was used as the test
medium.
The physico-chemical properties of water samples were measured as; temperature 13 °C, salinity
37.50 psu, 6.91 (pH), 5.5 mg/lt (dissolved oxygen)
for station 1, temperature 14.5°C, salinity 38 psu,
6.91 (pH), 5.5 mg/lt (dissolved oxygen) for station 2,
station 3 temperature 13.5 °C, salinity 37.50 psu, 7.0
(pH) and 5.0 mg/L dissolved oxygen, station 4: temperature 13 °C, salinity 38.50 psu, 6.91 (pH), 6.5
mg/lt (dissolved oxygen) and station 5 temperature

15 °C, salinity 38 psu, 7.91 (pH), 5.0 mg/lt (dissolved oxygen) . These results were found to be 13
°C (temperature), 38 psu (salinity), 8.02 (pH), 10.8
mg/lt (dissolved oxygen) in station 6. Adult sea urchins, Paracentrotus lividus and Arbacia lixula were
collected from a clean area in the Izmir-Seferihisar,
(Aegean coast of Turkey). The area has been approved since there is no domestic or industrial waste
discharge arround. Sea urchin embryo bioassays
were carried out as explained before by Pagano et al
[13]. In all of the experiments, seawater taken from
the natural environment was filtered and used (FSW,
35 psu, 18 ºC) to cultivate the embryos. The eggs obtained by dissecting the ectodermal skeleton and
kept in FSW, while the sperm was kept in a dry environment. Each procedure was run in six replicates.
For the tests, the gametes of sea urchin were harvested and 3 ml fertilized egg suspension was added
(30 embryos/ml) gently to contaminated FSW with
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developmental malformations (P1 and P2) increased
(Table 1, Figure 2). The impact of water samples of
six stations on exposed embryos was estimated as
EC50 by probit analyses (Table 2) and this data show
that The diluted water samples of station 3 were
found the most toxic among the others
(2<5<6<1<4<3) for P. lividus. Besides that, water
samples from station 2 were more toxic than other
stations (1<4<5<3<6<2) for A. lixula. Comparing
the effect of water samples from six stations on P.
lividus and A. lixula according to EC50 values, although station 3 was determined most toxic for P.
lividus, EC50 values showed that station 2 was observed most toxic for A. lixula.
P. lividus and A.lixula embryos were subjected
to the effect of sediments during embryogenesis, an
increase in the frequency of embryos with developmental anomalies occurred depending on the sediment amounts, and a very clear dose-response relationship was observed (Figure 2, Table 1). To compare the results of the test exposed to 0.1 mg/ml sediment samples from all stations normal plutei frequencies changed between 5,3-22,7% for P.lividus
7-46,5% A.lixula (p<0.005). At the highest addition
of sediments from all stations a great increase was
determined in the frequency of embryos developmental anomalies while this phenomenon was rarely
observed at low amounts of sediments. The frequency of abnormal plutei observed at various sediment additions showed an increase as the percentage
of normal pluteus decreased. The skeletal deformations (P1) at all station sediments from 0.1 and
0.001 mg/ml were determined (p<0.005). At the
highest addition of sediments from all stations a
great increase was determined in the frequency of
embryos whose development had blocked at the
blastula/gastrula stage (range from 2 to 67%) while
this phenomenon is rarely observed at low amount of
sediments (Table 1). The impact of sediment samples of six stations on exposed embryo was estimated
as EC50 by probit analyses and these data showed
that in Table 2. In conclusion, according to probit
analysis station 6 more toxic than others
(5<1<4<2<3<6). The water and sediment samples
IURP$OLD÷DBay were toxic from the first dilutions
RQZDUGVDFFRUGLQJWR:RHONH¶V>@FULWHULD'HYHO
opmental anomalies frequency in pluteus stages of
sea urchin

increasing water and sediment dilutions and exposed
to the medium from 10 minutes after fertilization up
to the pluteus larval stage (throughout development)
[13]. The embryos were incubated in a growth chamber at 18±2 for P. lividus 19±2 ºC for A. lixula up to
the 72 hour pluteus larval stage. Embryotoxicity was
assessed on 72-hour old pluteus larvae according to
morphological criteria defined by Pagano et al
(1993). Developmental defects were observed on
living plutei, which were immobilized in 10±4 M
chromium sulfate. The following outcomes were
evaluated: retarded (R) plutei, pathologic malformed
plutei (P1); pathologic embryos (P2) unable to differentiate up to the pluteus larval stages and dead (D)
embryos/larvae. In order to evaluate the sub-lethal
effects of the substances tested on P.lividus and A.
lixula, the criteria used by Woelke [14] for toxicity
assessment were adhered. Statistical comparisons
were performed using a one-way ANOVA, and significant differences were detected with Student-t
tests aQG 'XQQHWW¶V PXOWLSOH FRPSDULVRQ WHVW 7KH
Statistica-6.0 computer programme was used in the
data analysis [15]. EPA Probit Analysis Program
used for calculating LC/EC Values Version 1.5.

RESULTS AND DISCUSSION
As a result of the embryotoxicity tests conGXFWHGXVLQJZDWHUDQGVHGLPHQWIURP$OLD÷D%D\
toxic effects were determined by comparing frequency values of malformations and normal plutei
obtained from the examination of 100 embryos or
larvae of both species under light microscope. The
results of embryotoxicity test of water samples will
be handled as development of embryos and calculated EC-50 values for both species. As a result of
embryo bioassay considering embryo development,
in the control group normal pluteus frequency was
observed at 93% for P. lividus and 94% for A.lixula.
This frequency value changed from 58-31% for
P.lividus and 87-48 % for A.lixula from the 10-1 ml
(water) diluted experimental medium (Table 1, Figure 2).
The fall in the dose-response curve of normal
larva frequency was observed in all dilutions of water samples from six stations, but on the contrary the

TABLE 2
Estimated LC/EC of water/Sediment samples for P. Lividus and A. Lixula embryo
Stations
1
2
3
4
5
6

LC/EC 50 values
Paracentrotus lividus
Water(ml/L)
52.403
195.172
9.348
25.674
93.973
70.5

Sediment(mg/L)
200.055
3.153
2.216
26.805
445.877
1.771
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Arbacia lixula
Water(ml/L)
695.72
100.654
123.709
315.077
231.090
122.785

Sediment(mg/L)
316.22
311.25
203.37
263.21
180.09
899.21
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FIGURE 2
Change in percentage of Normal Plutei Frequencies (throughout embryogenesis) of
P. lividus and A. lixula exposed water/sediment dilutions of six stations
marine sediments and seawater pollution for monitoring in coastal areas has been normalized with toxicity tests [20]. A. lixula has not been widely used for
toxicity testing [7, 20, 21], although in most of the
studies P. lividus has been used [22]. No comparative study has been carried out to reveal the differences in sensitivities between the two species to the
pollutants. In recent years, several studies have been
performed about weakening of the ecosystem in Aliaga Bay from both as biological diversity and
changes in content of the pollutants in environmental
compartments such as heavy metals and pesticides in
the tissues of several marine organisms or sediments
[23-26].
Pagano et al [27] reported the toxic effects of
sediments and waters from two rivers (Sarno River
and Volturno River) in Italy using sea urchin P. lividus embryotoxicity and fertilization tests. They suggested that the sea urchin is a sensitive tool for evaluating biological quality of contaminated sediments
and waters. Our results had similar outcomes to
those of [27]. In the investigation of Arslan et al. [28]
embryo toxicity of water and sediment samples collected from Nif Brook of Izmir, Turkey has been
studied. They are reported that waters and sediments
(10-1 to 10-3 ml) of Nif Brook affect the P. lividus
during embryonic developmental stages. Our results
and the results of other related studies showed that
contaminated sediments and waters caused an inhibition of the normal development of sea urchins.

P. lividus was found to be much higher (ranged between 39-Å WKDQA. lixula (ranged between 40 LQWKRVHIURPVHGLPHQWVDPSOHVRI$OLD÷D%D\
Although all stations were observed to be toxic, embryo of P. lividus was more sensitive than A. lixula
according to estimated EC50 values of embryo bioassay. Comparing the effect of sediment samples
from six stations on P. lividus and A. lixula according to EC50 values, although station 6 was determined to be most toxic for P. lividus, EC50 values
showed that station 5 was observed to be most toxic
for A. lixula. According to Calculated EC50 values
for P. lividus and for A. lixula showed that P. lividus
was more sensitive than A. lixula.
The sea urchin is one of the most sensitive and
acceptable test organisms for acute bioassays of pollution [16]. Assesment of the toxic impact of complex mixtures on early developmental stages of
aquatic organisms has been identified as of great importance for the environment, to ensure the continued health of natural populations [7, 11, 13, 16, 17].
Stebbing et al [4] recommended that multispecies
might be used in the tests because of the dissimilarity
in susceptibility of different species to different contaminants [18]. P. lividus and A. lixula embryos have
been recognized as valuable tools in toxicological
studies [3]. A. lixula was first studied by Lillie [19]
however in ecotoxicological studies, P. lividus have
been more widely used than A. lixula [7]. The use of
embryotoxicity bioassays with sea urchin to evaluate
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91.3±751 for Pb, 81.1±264 for Cr, 49.7±703 for Cu,
180±685 for Zn, 587±1192 for Mn, 95±240 for Ni,
36247±54666 for Fe, and 15288±39678 μg/L (dry
weight) for Al. Besides that, Küçüksezgin et al. [29],
reported that the heavy metal levels were found highest in sediment, water and particulate matter of the
$OLD÷D%D\7KHVHILQGLQJVDUHFRQILUPDWRU\GDWDIRU
the toxicity results of sediment and water samples
from station 2 obtained from our investigation.
There is little research reported on the depiction
RIVHGLPHQWDQGZDWHUWR[LFLW\RI$OLD÷D%D\7KHUH
are limited studies reporting on the characterization
RI VHGLPHQWV DQG ZDWHU WR[LFLW\ RI $OLD÷D %D\
Arslan et al [2] reported Micronuclei frequencies at
gill and peripheral blood cells of Pagellus
erythrinus, Diplodus vulgaris, Serranus cabrilla,
Boops boops, and Solea solea. Their study indicates
the environmental hazard of pollutants present in
Aliaga Bay although types and amounts of these pollutants remain unknown. The same results have been
concluded in our study that the $OL÷D%D\ was more
embryotoxic effects on sea urchin P. lividus and A.
Lixula. The significant role that sediment plays in
aquatic ecosystems is well known [32]. They perform as both a founder for contaminants presented
into surface waters and as an origin of organic and
inorganic materials, where cycling processes organic
matter and the critical elements, concentrating these
materials to much higher levels than in the water [32,
33]. Research of marine ecosystems should therefore
not be limited to the water, but must also consider
the sediment quality. Our results and the results of
other correlated studies show that contaminated sediments and waters cause a suppression of the normal
development of sea urchins.
The exposure of the embryo of Paracentrotus
lividus and Arbacia lixula to the contamination between sediment and water supplies means that a
more ecologically significant bioassay for these species and the results of the laboratory toxicity tests
could be considered as a prognostic of ecological
substitute on a station because these are sub-chronic
toxicity tests and may mediate chronic impacts in individual stations [23]. Results of all the bioassays of
all water and sediment dilutions were toxic for two
sea urchin species show that A. lixula was found to
be more tolerant to contaminated sediment and water
than P. lividus. In conclusion, present investigations
point out that the response of P. lividus and A. lixula
to different dilutions of water and sediment samples
are not even but they are good bio indicators and sensitive to embryo bioassays. These types of studies
are important in forecasting the toxic effects of water
and sediments of interacted surface waters bodies by
industrial and urban sludge on living organisms. Besides that, the suitability of accomplishing fertilization and larval development tests of different sea urchin species in risk assessment procedure is also revealed.

Therefore, this method may be reliable for the deterPLQDWLRQ RI SROOXWLRQ HIIHFWV RI $OLD÷D %D\ ZDWHU
and sediments on P. lividus and A. lixula embryos.
Studies with both species have shown the same sensitivity to certain toxins when different sea urchins
species are compared [29]. However, this research
reported that both species shown similar sensitive, in
present study P. lividus were found more sensitive to
contaminated water and sediment samples than A.
lixula.
A large data set exists on the toxicity of several
chemicals on the developmental stages of P. lividus
[7, 11, 17, 26, 30]. In contrast, A. lixula has not been
widely used for toxicity testing [7, 21]. In scientific
literature it may be attained some investigations having test with two species comparatively. Carballeira
et al [20] reported some adverse effects of salinity on
eggs of P. lividus and A. lixula and found that fertilization of A. lixula and P. lividus was not found to
be affected by salinity. In another study by Carballeira et al [31] embryos of two species of sea urchin
(P. lividus and A. lixula) were exposed to antibiotics
and disinfectants and the abnormalities in larval development, and the effective concentrations (ECs)
were calculated to evaluate the toxicity. This study
reported that both species showed similar sensitivities to all substances tested. One of the research show
similar sensitivity of P. lividus and A. lixula when
exposed to samples with high levels of ammonium
and cadmium, ammonium chloride, zinc sulfate and
sodium dodecyl sulfate [20, 31]. Arslan et al [7] carried out a research previously with Paracentrotus
lividus and Arbacia lixula to determine the effects of
the NP and OP (concentrations ranging from 0.937
to 18.74 μg/L), and octylphenol (concentrations
ranging from 5 to 160 μg/L) on embryonic development shows that A. lixula is more resistant than this
species as similarly to our findings. In the study of
Arslan and Parlak [11,17], embryotoxicity and spermyotoxicity of Bisphenol-a was tested on both species of sea urchin and negative effects were observed
on two sea urchin species embryos at concentrations
of 300-3500 μg-BPA/L for P. lividus and 5 to 3500
ȝJ/IRUA. lixula. Our results showed similarity with
previous investigations with two species exposed to
BPA that reported A. lixula to be more tolerant than
P. lividus. After all, our previous investigations [7,
11, 17] and the present study show that P. lividus is
more sensitive than A. lixula to several dilutions of
ZDWHUDQGVHGLPHQWIURP$OLD÷DBay. According to
results, Station 2 and station 5 had more toxic sediments the the others. Station 2 is located at shipping
]RQH RI $OLD÷D %D\ )LJXUH   $W VDPH ORFDWLRQ
1HúHUHWDO>@UHSRUWHGWKDWWRWDO3$+VFRQFHQWUD
tions ranged from 0.07 to 20.9 μg/L in sediment. And
DOVRWKH\ZHUHVXJJHVWHGWKDW$OLD÷DVHGLPHQWVZHUH
likely to be contaminated by acutely toxic PAH comSRXQGV,QDGGLWLRQWRWKHVHUHVXOWV1HúHUHWDO>@
were reported the levels of metals in same location
as between 0.98 and 7.02 for Hg, 0.42±3.94 for Cd,
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ABSTRACT
This study was carried out with a view to reveal differences of the specific phytochemical fruit
quality properties of certain types of strawberry
cultivars namely, Albion, Sweet Charlie (SC), Viva,
Kristal, Kabarla, Elyana grown under environmental conditions of Adana region. As it is inferred
from the result of this study, inner surface (L*)
values varied between 6.73 (Albion) and 63.72
(Sweet Charlie); inner surface (a*) values varied
between 22.02 (SC) and 33.57 (Kristal); inner surface (b*) values varied between 27.34 (Sweet Charlie) and 34.86 (Kristal  FRORU LQWHQVLW\ ¨&  YDO
ues varied between (SC) 35.13 and 48.41 (Kristal);
and inner surface (hஈ) values varied between (Kristal) 46.08 and 51.55 (SC). On the other hand, outer
surface (L*) values varied between 31.13 (Albion)
and 42.13 (SC); outer surface (a*) values varied
between 29.90 (Albion) and 37.25 (SC); outer surface (b*) values varied between 15.94 (Elyana) and
32.22 (Sweet Charlie); outer surface (¨C*) values
varied between 34.58 (Elyana) and 49.38 (Viva);
and outer surface (hஈ) values varied between 25.65
(Elyana) and 40.85 (Viva). Furthermore, comparing
fruit samples of strawberry cultivars by taking into
account their flesh and external color properties, the
differences were found statistically significant.
Soluble solid (SS) content of strawberry cultivars,
on the other hand, varied between % 7.50 (Elyana)
and 13.83 (Albion); while potasium values ranged
between 10.31 mg/kg (Albion) and 110.80 (SC),
magnesium values varied between 6.9 mg/kg (Albion) and 8.87 mg/kg (Kristal); and calcium content
varied between 8.32 mg/kg (Albion) and 13.94
mg/kg (Elyana). Citric acid content of strawberry
cultivars varied between 0.57 g/100g (Sweet Charlie) and 0.96 g/100g (Kristal); whereas Sucrose
content was between 0.94 g/100g (Sweet Charlie)
and 1.89 g/100g (Albion); glucose content was
between 1.52 g/100g (Kabarla) and 2.8 g/100g
(Viva); and fructose content ranged between 1.77
g/100g (Kabarla) and 2.42 g/100g (Viva ).

INTRODUCTION
Strawberries are widely acclaimed fruits
thanks to its delicate odor and appetizing appearance. Because of its rich content with regards to
vitamin C, ellagic acid, antioxidant, the demand for
strawberries and similar grape-like fruits increasing
day by day. Moreover, strawberry is among the
most preferred diet fruit due to its poor values in
terms of energy, protein, fat and carbohydrate content [1].
Strawberries can be grown in many different
environments. However, moderate climate conditions are of utmost prominence in order to achieve
more fertile and higher quality strawberry cultivation. Strawberry production is rising in world, and
meanwhile in Turkey, in recent years. Total sum of
world strawberry production is 7.739.622 tons,
70.06% of which is handled by top five producer
countries. Within this context, China takes place on
the top with its 2.997.905 tons (38.72%); whereas
USA follows it with its 1.360.869 tons (%17.58);
Mexico ranks third with 379.464 tons (4.90%);
Turkey ranks fourth with 372.498 tons (4.81%);
and Spain succeeds with 312500 tons (4.04%) [2].
A rapid growth in strawberry production is
observed in recent years; because of the facts that
the cultivation is highly appropriate for small family business, the plants are significantly capable of
adaptation, the profits per units are very lucrative,
and the fruits appeal to very distant consumption
fields. Strawberries are pomologically grape-like
fruits and botanically belong to genus Fragaria,
order Rosales. The great part of commercially
grown cultivated strawberries belong to genus
Fragaria X ananassa L. an octoploid and hybrid
species derived from interbreeding of two local
American genus (F. chiloensis X F. virginiana) [3].
Strawberry plants are classified as short-day,
long-day and day-neutral, depending on their pho3963
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the environmental conditions of Erzurum region,
toperiod inclination. Majority of modern-day
ÖzbahçalÕ [9], revealed that water soluble dry matstrawberry cultivations are short-day type. Howevter content in strawberry juices change between
er, day-neutral types are also subject to commercial
7.3% (Kabarla) and 9.5% (Rubygem); whereas pH
cultivation due to their prominence in extension of
values change between 2.3 (Kabarla) and 2.9 (Ruharvest period [4].
bygem). Besides, Vitamin C content in strawberry
Numerous studies have been made in world,
juices also varies depending on cultivar. It is found
including Turkey, on the subject of biochemical and
that the highest vitamin C content was in cultivar
phytochemical properties of strawberry plants.
Redlands Hope (38 mg/100ml), and the minimum
Sistrunk & Morris [5], stated that acidic conwas in Kristal (56 mg/100ml). While total sugar
tent of ripe strawberry fruit may be affected by
content of different strawberry cultivars changes
environmental conditions such as nourishment or
between 5.2-6.8%, the highest sugar amount was
light circumstances, and genetical conditions affects
found in cultivar Rubygem (6.8%) and the minithe amount of dry matter solved in the water.
mum was in cultivars Kristal and Fern (5.2%). He
Researchers determined that the rate of watersorted the strawberry cultivars as Redlands Hope
soluble dry matter amount/acid is similar between
(6.4%), Kabarla (5.8%) and Sweet Ann (5.5%),
species and does not show significant differences
with reference to their total sugar content. Conseyear to year.
quently, he claimed that cultivar Fern, can be alterSearching for variation components of two
native to new cultivars of Kabarla, Kristal and
domestic and two outland originated fruits of genus
Sweet Ann, under circumstances of Erzurum reSenga Sengana, Hakala & al. [6], confirmed that
gion.
strawberries were good sources of potassium (1.55In a study conducted to examine the physical
2.53 g/kg), magnesium (0.11-0.23 g/kg), calcium
features and phytochemical changes -such as sugar
(0.16-0.29 g/kg), whereas the lead content was
and organic acid- in festival strawberry cultivars,
mostly under limit (0.004 mg/kg); besides, the level
Öz & Kafkas [10], found as 42.65 according to the
of cadmium was lower than 0.016 mg/kg in all
measurement made on the surface of strawberry
samples, and pesticide level was under the highest
fruits just after the harvest. At the end of preservalimit.
tion, on the other hand, the color value L* was
In the study they evaluated fructose content of
found as 41.51. The change in color value L* expestrawberry fruits harvested in green period, Kafkas
rienced throughout preservation was found statisti& al. [7], revealed that the highest fructose amount
cally insignificant. They stated that color value a*
was in type 1 (1.89%), while the minimum amount
of strawberry fruit as 33.18 just after that harvest,
of fructose was included by type 14 (0.45%). On
and as 31.06 at the end of preservation; and reportthe other hand, they determined that the minimum
ed that the color value b*, which was measured as
fructose content in the strawberry fruits harvested
16.84 just after the harvest, increased to 22.80.
LQ SLQN SHULRG ZDV LQ ³&KDQGOHU´ FXOWLYation (with
They stated that the firmness, which was 2.93N
0.52%); whereas highest amount of fructose, again,
during harvest, decreased to 1.4N at the end of
involved by type 1 (with 1.98%). Lastly, they also
preservation; and the dry matter amount was 11.2%
found that fructose content in the ripe strawberry
during harvest, which dropped to 9.95% at the end
fruits was fluctuated between 0.73% (Chandler) and
of preservation. By the end of storing period, they
3.5% (type 11).
reported that the phenolic matter amount was
Skupien & Osmianski [8], in a study on com142.55 mg/100ml and total flavonoid matter
parison of physicochemical properties of strawberry
amount was 142.55 mg/100ml in the strawberry
cultivars Dukat, Elkat, Selva, Elsanta, Senga Senjuice. Detecting that anthocyanin matter amount in
gana and Kent, reported that the highest content of
festival strawberry cultivar dropped along with
Vitamin C was in cultivar Elsanta, of which leafs
preservation period and reached to 163.71 mg/100
hold the highest amount of ellagic acid, as well.
mL at the end of preservation, they claimed that
In a study carried out in order to determine
festival strawberry fruits can be preserved
performance of Sweet Ann, Kristal, Fern, Redlands
Hope Kabarla, Rubygen strawberry cultivars under
TABLE 1
Properties of Certain Strawberry Cultivars [11-13]
Photoperiod demand
Fruit Characteristics
Early/Late
Cultivars
Season
Day-neutral
Large
and
Long
cylindrical
Early
season
Albion
Sweet Charlie
Short-day
Large and shiny red
Early season
Viva
Day-neutral
Medium sized and conical
Early season
Kristal
Day-neutral
Long cylindrical shaped
Early season
Kabarla
Day-neutral
Large, firm, sweet and shiny
Late season
Elyana
Short-day
Medium-firm, conical and shiny
Early season
3964
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throughout 12 days in polyvinylpolypyrrolidone
(PVPP) packages, without notable impair of quality. Properties of strawberry cultivars used in research are given in Table 1.
In this study, it was aimed to determine certain
physical characteristics and phytochemical features
of strawberry cultivars such as Albion, Sweet Charlie, Viva, Kristal, Kabarla and Elyana, which were
grown for the first time in Adana city.

87H (300x7.8 mm, 5um) column in the samples of
juices obtained from harvested fruits, through employing HPLC technique, in accordance with the
method developed by Perez & al. [17].

MATERIAL AND METHODS

Statistical Analysis. Data collected on different parameters were analyzed statistically by using
JMP statistical software program (5.0.1, SAS Institute, Cary, NC) for analysis of variance and means
ZHUHFRPSDUHGXVLQJ)LVKHU¶VSURWHFWHGOHDVWVLJQLIL
cance difference (LSD) test at 5% probability level
[18].

Determination of Mineral Elements. Following the burning process in the Bergoff brand
microwave platform, the obtained strawberry samples were analyzed using Perkin Elmer (ICP 7100
OES).

Material. In this paper, taking into account of
harvesting periods, 2 kg of fruit samples of strawberry cultivars (Albion, Sweet Charlie, Viva, Kristal, Kabarla, Elyana etc.) were harvested and then
immediately kept in -80oC until analysis.
Methods. Determination of Total Soluble
Soluble Solid Content. Soluble solid amounts in
strawberry samples were measured by employing
bench-type abbe refractometer [14].

RESULT AND DISCUSSION
Variance analysis table regarding the inner
surface color properties of strawberry cultivars is
given in Table 2. Considering Table 2, the differences between cultivars in terms of L* value found
statistically significant (p<0.05); while there are
statistically insignificant differences between cultivars in respect to a*, b*, ¨C* and hஈ properties.
Variance analysis table belonging to outer surface properties of strawberry cultivars is given in
Table 3. According to Table 2, the differences beWZHHQ FXOWLYDUV UHJDUGLQJ /  D  E  ¨& * and hஈ
properties, were found statistically significant
(p<0.05).
Variance analysis table regarding soluble solid
and mineral matter properties of strawberry cultivars are given in Table 4. Considering Table 4, the

Determination of Color Value. The color of
strawberry fruits was measured using a KonicaMinolta (model CR400) colorimeter [15].
Determination of Sugar Content. The sugar
content of the samples of juices obtained from harvested fruits were determined using HPLC (HP
1100 series) RID (Refractive Index) detector and
Shim-Pack HRC NH2 (300X7.8mm, 5P.) column,
in accordance with extraction method developed by
Miron & Scahffer [16].
Determination of Organic Acid Content.
Organic acid analysis were carried out by using
(Agilent/HP 1100 series) UV detector and HPX

TABLE 2
Variance Analysis Regarding Inner Surface Color Properties of Examined Strawberry Cultivars
SV
DF
L*
a*
b*
¨C
hஈ
Recurrence
2
5.88
52.29
73.32
175.27
8.11
Varieties
5
618.08*
276.41 ns
97.99 ns
380.80 ns
70.42 ns
Error
10
297.66
454.49
562.17
755.24
59.12
Total
17
921.63
783.20
390.84
1311.31
137.65
*Significant at the 0.05 probability level SV: Source of Variance, DF: Degrees of freedom ns:Not significant
TABLE 3
Variance Analysis Regarding Outer Surface Color Properties of Examined Strawberry Cultivars
SV
DF
L*
a*
b*
¨C*
Recurrence
2
0.09
24.71
0.95
12.03
Varieties
5
224.59*
142.14*
547.96*
490.88*
Error
10
80.75
67.79
136.16
113.21
Total
17
305.44
234.65
685.09
616.13
*Significant at the 0.05 probability level SV: Source of Variance, DF: Degrees of freedom
3965

hஈ
12.61
388.02*
201.10
601.74
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TABLE 4
Variance Analysis Regarding Soluble Solids and Mineral Matters Properties of Strawberry Cultivars
SV
DF
SS (%)
K (mg/kg)
Mg (mg/kg)
Na (mg/kg) Ca (mg/kg)
Recurrence
2
0.028
5314.49
53.90
69.87
87.84
Varieties
5
70.44*
20558.92*
9.04*
175.76 ns
60.25*
Error
10
5.63
857.26
3.84
145.28
2.51
Total
17
76.11
26730.68
66.79
390.92
150.61
*Significant at the 0.05 probability level SV: Source of Variance, DF: Degrees of freedom SS: Soluble Solid
ns:Not significant
TABLE 5
Variance Analysis Regarding Citric Acid, Malic Acid and Sugar Properties of Strawberry Cultivars
Sucrose
Glucose
Fructose
Citric Acid
(g/100g)
(g/100g)
(g/100g)
(g/100g)
Recurrence
2
0.0000111
0.00001111
0.00003333
0.00031111
Varieties
5
2.3511778*
0.82482778*
0.71980000*
0.29902778*
Error
10
0.0000556
0.00005556
0.00016667
0.00088889
Total
17
2.3512444
0.82489444
0.72000000
0.30022778
*Significant at the 0.05 probability level SV: Source of Variance, DF: Degrees of freedom
SV

DF

Malik Acid
(g/100g)
0.00007778
0.09002778*
0.00085556
0.09096111

Comparing examined strawberry cultivars in
terms of inner surface color values, it is seen that
cultivar Crysal becomes prominent among other
cultivars, specifically in terms of (a*), (b*) and (c*)
values. Skupien & Osmianski [8], determined that
strawberry cultivars Elsanta and Elkat had the highest L*, a* ¨& DQG K KXH  YDOXHV LQ DFFRUGDQFH
with the results obtained from the studies regarding
inner surface color values.
The average values of outer surface color
change of strawberry cultivars are given in Table 7.
Strawberry cultivars were found individually distinct from each other in terms of (L*), (a*), (b*),
¨& DQG Kஈ) values of outer surface. Sweet Charlie was found to have the highest (L*) color value
(42.13); whereas cultivar Albion had the minimum
(31.14). While highest (a*) value was found in
cultivar Sweet Charlie with 37.25, the minimum
value was determined in cultivar Albion with 29.90.
Sweet Charlie had the highest (b*), while cultivar
Elyana had the minimum (15.94). The highest
¨&  YDOXH ZDV GHWHUPLQHG LQ FXOWLYDWH 9LYD
(49.35), and the minimum value was measured in

differences between cultivars in terms of soluble
solids and certain mineral matters (K, Mg, Na and
Ca) were found 95% significant (p<0.05).
The variance analysis table regarding sucrose,
glucose, fructose, citric acid and malic acid properties of strawberry cultivars are given in Table 5.
Considering Table 5, the differences between cultivars in terms of sucrose, glucose, fructose, citric
acid and malic acid properties were found significant (p<0.05).
The average figures obtained from inner surface color values ±VXFKDV/ D E ¨&*and hஈ- by
taking longitudinal sections from strawberry cultivars, are given in Table 6. Considering Table 6, it is
inferred that inner surface L* values of strawberries
changes between 46.24 and 63.72. In addition, it is
determined that cultivar SC has the brightest color,
while cultivar Albion has the darkest.
No statistical differences detected between
cultivars in terms of inner surface color values,
including a* value (the balance between red and
green), b* value (the balance between yellow and
blue), ¨&  color intensity), hஈ (hue angle).

TABLE 6
Average 9DOXHVRI,QQHU6XUIDFH&RORU&KDQJHLQ6WUDZEHUU\&XOWLYDUV DE¨&and (hஈ)
Cultivars
Albion
Sweet Charlie
Viva
Kristal
Kabarla
Elyana
CV
LSD

L*
46.24 b
63.72 a
53.80 ab
49.48 b
55.47 ab
59.66 a
9.97*
9.925

a*
30.68 a
22.02 a
28.20 a
33.57 a
29.76 a
24.12 a
24.02ns
0.3691

b*
32.85 a
27.34 a
33.33 a
34.86 a
32.22 a
31.54 a
19.52 ns
0.7690

¨C*
44.96 a
35.13 a
43.71 a
48.41 a
43.87 a
37.14 a
20.59 ns
1584.027

*Different letters between cultivars denote significant differences at 5% probability level;
3966

hஈ
46.75 b
51.55 a
49.89 ab
46.08 b
47.42 ab
50.00 ab
5.00 ns
4.423
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TABLE 7
Average Values of Outer Surface Changes of Strawberry Cultivars
Cultivars
L*
a*
b*
¨c*
Albion
31.13 c
29.90 b
17.70 bc
34.79 c
Sweet Charlie
42.13 a
37.25 a
32.22 a
43.10 a
Viva
37.10 ab
36.51 a
22.68 b
49.35 b
Kristal
34.26 bc
33.08 ab
19.14 bc
38.23 bc
Kabarla
33.73 bc
30.19 b
17.24 bc
34.90 c
Elyana
32.28 bc
32.88 ab
15.94 c
34.58 c
CV
8.05*
7.81*
17.72*
8.51*
LSD
5.169
4.737
6.712
6.121
*Different letters between cultivars denote significant differences at 5% probability level

hஈ
30.58 b
31.90 b
40.85 a
29.91 b
29.42 b
25.65 b
14.28*
8.158

TABLE 8
Average Values Belonging to Soluble Solid Amount and Mineral Matter Content of Strawberry Cultivars
Cultivars
SS (%)
K (mg/kg)
Mg (mg/kg)
Albion
13.83 a
10.31c
6.79 b
Sweet Charlie
9.66 b
110.80 a
8.62 a
Viva
9.66 b
91.03 b
8.05 a
Kristal
9.00 b
103.18 ab
8.87 a
Kabarla
8.66 bc
89.51 b
8.54 a
Elyana
7.50 c
100.02 ab
8.74 a
CV
7.72*
11.00*
7.49*
LSD
1.366
16.844
1.127
*Different letters between cultivars denote significant differences at 5% probability level

Ca (mg/kg)
8.32 d
10.03 c
11.14 b
12.02 b
9.43 c
13.94 a
4.63*
0.911

of K varied between 10.31 (Albion) and 110.80
(Sweet Charlie) mg/kg. The amount of Mg was
found between 6.79 (Albion) and 8.87 (Kristal)
mg/kg. The Ca figures were varied between 8.32
(Albion) and 13.94 (Elyana) mg/kg. Findings of
+DNDOD DO>@DQGdDNÕEH\>@DUHLQOLQH ZLWK
our results.
Sucrose, glucose, fructose citric acid and
malic acid content of strawberry cultivars are given
in Table 9. The differences between cultivars in
terms of sucrose, glucose, fructose citric acid and
malic acid content were found statistically significant.
Sucrose amount of cultivars varied between

cultivar Elyana (34.58). Again, the highest (hஈ)
value was found in cultivar Viva (40.85), whereas
cultivar Elyana was of the minimum (hஈ) value. The
values obtained by the study regarding outer surface color changes are in accordance with the studies of Gündüz & Özdemir [19], Öz & Kafkas [10].
Average values belonging to soluble solid
amounts and mineral matter content of the fruits of
strawberry cultivars are given in Table 8. The differences between cultivars in terms of SS, K, Mg
and Ca properties were found 95% significant. SS
amount was found at the highest value in cultivar
Albion (13.83%), and the minimum value was
determined in cultivar Elyana (7.5%). The amount

TABLE 9
Average Values Belonging to Mean Values of Strawberry Cultivars in terms of Citric Acid, Malic Acid
and Sugar Content
Sucrose
Glucose
Fructose
Citric Acid
(g/100g)
(g/100g)
(g/100g)
(g/100g)
Albion
1.89 a
1.99 b
2.18 b
0.84 b
Sweet Charlie
0.94 f
1.84 c
2.08 d
0.57 f
Viva
1.69 b
2.18 a
2.42 a
0.64 e
Kristal
1.36 c
1.66 d
1.96 e
0.96 a
Kabarla
1.04 d
1.52 e
1.77 f
0.76 c
Elyana
1.02 e
1.84 c
2.15 c
0.76 d
CV
0.17*
0.12*
0.19*
1.26*
LSD
0.004
0.004
0.007
0.017
*Different letters between cultivars denote significant differences at 5% probability level
Cultivars

3967

Malic Acid
(g/100g)
0.73 c
0.67 d
0.83 a
0.75 c
0.63 e
0.80 b
1.25*
0.016
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Charlie had the Kristal. Highest (c*) value for outer
surface of strawberries was determined in cultivar
Viva.
While cultivar Charlie became prominent in
terms of inner surface (hஈ) value, the best cultivar in
terms of outer surface (hஈ) value was, again, cultivar
Viva.
Significant statistical differences between cultivars were found in terms of soluble solids, K, Mg,
and Ca. The highest level of soluble solid amount
was found in cultivar Albion, whereas cultivar
Kristal was of the highest content in terms of Mg,
and cultivar Elyana had the richest Ca content.
Statistically significant differences between
cultivars were found with regard to sucrose, glucose, fructose, citric acid and malic acid content.
Albion had the richest content of sucrose as well as
citric acid; while cultivar Viva was of the richest
content in terms of glucose, fructose and malic acid.
We are of the opinion that the results obtained
from this study will lead more comprehensive researches on this subject. Indeed, the findings obtained from the study attract attention of researchers
studying on the phytochemical properties of fruits
in the cultivar breeding and adaptation fields.
Therefore, we think that it is important to reveal
phytochemical properties of strawberry cultivars
through this study, from which both consumers and
breeders will benefit considerably.

0.94 and 1.89 g/100g. Cultivar Albion had the
highest amount of sucrose amount with 1.89
g/100g, while cultivar Sweet Charlie had the minimum amount with 0.94 g/100g. Glucose amount
was varied between 1.52 and 2.18 g/100g; and the
highest glucose amount was found in cultivar Viva
(2.18 g/100g), whereas cultivar Kabarla was of the
minimum amount (1.52 g/100g). Fructose amount
varied between 1.77 and 2.42 g/100g. The highest
fructose content was determined in cultivar Viva
(2.42 g/100g), while the minimum amount was
found in cultivar Kabarla (1.77 g/100g).
Whereas citric acid content was determined
between 0.57 ± 0.96 g/100g, cultivar Kristal had the
highest citric acid content (0.96 g/100g), and cultivar Sweet Charlie had the minimum of citric acid
content (0.57 g/100g). On the other hand, malic
acid content was varied between 0.63 ± 0.83
g/100g; and the highest malic acid content was
found in cultivar Viva (0.83 g/100g), whereas the
minimum was detected in cultivar Kabarla (0.63
g/100g).
The findings we obtained from the study regarding sucrose, glucose, fructose citric acid and
malic acid content in the strawberry cultivars are in
line with the findings of KAFKAS & Al. [7]; Öz
and Kafkas [10]4.

CONCLUSION
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In the study, some phytochemical fruit quality
properties were examined in different cultivars such
as Albion, Sweet Charlie , Viva, Kristal, Kabarla
and Elyana, and significant statistical differences
were found between cultivars in terms of inner
surface color L* brightness value. However, no
statistically significant difference was found between cultivars with regard to inner surface color
values of a*, b*, ¨& DQGKஈ. Cultivar Sweet Charlie had the brightest (L*) value according to both
inner and outer surface measurements, whereas
cultivar Albion had the dullest.
Cultivar Albion had the highest redness value
inner surface color (a*) measurements, while cultivar Sweet Charlie was found to have the Kristal
redness value. Contrary to inner surface redness
measurements, Sweet Charlie had the highest (a*)
value and cultivar Albion had the Kristal red color
(a*) value for the outer surface (a*) value measurements.
While the highest value regarding inner surface (b*) was determined in cultivar Kristal, cultivar Sweet Charlie was of the Kristal. For the outer
surface (b*) value measurements, on the other
hand, cultivar Sweet Charlie had the highest yellow
color value, whereas cultivar Elyana had the Kristal.
It was found that cultivar Kristal had the highest inner surface (c*) value, and cultivar Sweet
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chemical method, electrochemical reduction, ion exchange and adsorption. It is noticed that these methods are featured with large investment, comp- lex
process, a huge amount of sludge production for handling in varying degrees. However, biological
method could overcome the shortcomings of the
above mentioned methods and thus have been widely
studied.
So far, a variety of bacteria have been applied
to bioremediation of chromium in wastewater, such
as Serratia sp. [1], Pannonibacterphragmitetus [2],
Candida sp. [3], Enterobactercolacae [4], Aspergillusniger [1], Hypocreatawa [5]. Sulfate-reducing
bacteria (SRB) also attracted great research attention [6, 7, 8, ]. Up to 90% removal efficiency were
obtained by SRB. Bacteria SRB III named by Li [7]
consisted of a range of gram-positive and gram- negative rods. As reported, this structure has the capacity to reduce Cr(VI) to Cr(III) as amorphous precipitates and the reduction was via H2S. Accor- ding to
Rajesh [8], SRB consortium medium had a strong
negative oxidation reduction potential which promoted the reduction of Cr(VI). But the anaerobic
growth condition limited its application. Pseudomonas is another species of bacteria which have the
potential to bioremediate Cr(VI). Sahlan [9] reported
that rhamnolipid produced by Pseudo- monas aeruginosa 99 might play a role in chrom- ium removal.
However, Liu et al [10] thought it was soluble enzymes that should be responsible for Cr(VI) reduction by Pseudomonas aeruginosa. By analyzing FTIR, Kanga and Chatterjee [11] reported that chromium removal was attributed to the groups on the
bacterial cell surface like carboxyl and amine
groups. Xu [12] observed that during Cr(VI) reduction a significant increase in the value of redox potential occurred. Das (2014) studied the ability of Bacillus to remove Cr(VI) [13]. Their results showed
that the Bacillus amyloliquefaciens exhibited relatively high tolerance to Cr(VI)(İ900 mg/L). And

ABSTRACT
An isolated bacteria named as EW1 with
Cr(VI) tolerance up to 500 mg/L was identified as
Bacillus sp. based on biochemical features and 16S
rRNA gene sequencing. Under the optimum condition with pH of 7, inoculation amount of 4% and T
of 35 ć , 99.4% Cr(VI) removal efficiency was
achieved with initial Cr(VI) concentration of 50
mg/L. In addition, it was found that Cr(VI) removal
rate constant decreased from 0.219 h-1 to 0.0019 h-1
when the initial Cr(VI) concentration increased from
25 mg/L to 200 mg/L indicating a serious inhibition
from Cr(VI) at high concen-tration. After Fourier
transformed infrared(FTIR), scanning electron microscope(SEM), energy disper-sive X-ray spectroscopy(EDS), X-ray photoelectron spectroscopy(XPS)
and X-ray diffraction(XRD) analysis, it was proposed that Cr(VI) removal was not only attributed to
the reducing functional groups(-NH, -OH) on cell
surface but also due to the metabolism of bacterium.
And mechanism of total Cr removal was adsorption
coupled with formation of chromium hydroxide precipitation. EW1 was proposed to be a promising bacterium to remove Cr(VI) from wastewater.

KEYWORDS:
Bacillus sp.; isolation; bioremediation; Cr (VI) resistant;
Cr(VI) removal

INTRODUCTION
Heavy metal pollution is one of the most serious water pollution problems nowadays. As Cr(VI)
is carcinogenic, teratogenic and mutagenic, the perniciousness of Cr(VI) pollution to environ- ment and
humans is particularly prominent. Tradi- tional
Cr(VI) polluted wastewater is mainly treated by
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logenetic tree was constructed with Neighbor-Joining method with stability verified by Bootstra
method.

Cr(VI) removal mechanism is both surface immobilization and intracellular accumu- lation of Cr(III)
along with the formation of coagu- lated cell precipitate. Gnanamani [14] reported a biosurfactant producing bacteria Bacillus sp., MTCC 5514. It reduces
and endures chromium through its extracellular enzyme reductase and bio- surfactant production. And
Cr(III) would get en- trapped in the micelle of biosurfactant, preventing microbial cells from exposure
towards Cr(III).
In this study, a novel bacterium Bacillus axarquiensis(EW1) was isolated from electroplate industrial wastewater. It was found for the first time that
Bacillus axarquiensis had potential to treat Cr (VI)
polluted wastewater. The optimum removal conditions were obtained by batch experiments and the
possible mechanism of this strain to remove chromium was proposed. We believe this paper may play a
positive role on enrichment of the bac- teria resources which have the ability to remove Cr(VI).

Determination of optimum chromium removal conditions. For maximum chromium removal, four parameters were considered, i.e. pH,
temperature, inoculation ratio and Cr(VI) initial concentration. Isolated bacterium was cultivated in LB
medium for 12 h on a shaker at 190 rpm, 35ć.
4%(v/v) bacteria were added into 100 mL LB medium supplemented with Cr(VI) in 250 mL conical
flask. After shaking for a period, a small amount of
culture was taken out for OD, pH, redox potential
measurement. And then the culture was centrifuged
(Anke TGL 16G) for 10 min at 6000 rpm. Supernatant was used to measure total chromium and Cr(VI)
concentration. The effect of pH on Cr(VI) removal
was conducted by adjusting the pH of medium to 6,
7, 7.5, 8 and 9, respectively. Different inoculation ratio i.e. 3%, 4% and 8% was added into medium to
study the influence of initial bacteria amount. The effect of temperature was performed by setting the
shaker temperature at 32, 35 and 38ć, respectively.
And the influence of initial Cr(VI) concentration i.e.
0, 25, 50, 100, 150 and 200 mg/L was carried out by
changing the amount of K2Cr2O7.

MATERIALS AND METHODS
Isolation of Cr(VI) resistant bacteria. The
Cr(VI) resistant bacteria was isolated from electroplate industrial wastewater with Luria-Bertani(LB)
medium and LB agar plates. LB medium was prepared by dissolving 0.5 g yeast extrat, 1 g NaCl, 1g
tryptone in 100 mL distilled water and pH was adjusted to 7.0-7.2 with NaOH. The medium was autoclaved at 120ć for 20 min before use. For pre-paration of LB agar plates, additional 1.5 g agar was
added into LB medium before sterilization. Firstly, 2
mL electroplate industrial wastewater was taken into
250 mL conical flask containing 100 mL LB medium
supplemented with 50 mg/L of Cr(VI). After 48 h
cultivation at 35ć with shaking speed of 190 rpm,
0.5 mL of broth was smeared onto the LB agar plates
and 15 morphologically distinct bacteria colonies
were obtained after 24 h cultivation at 35ć.

Analytical methods. Total chromium concentration was determined by flame atomic absorption
spectrophotometer (AA7700) and Cr(VI) concentration was analyzed by UV-Vis spectro- photometer(V-1800, Mapada) using 1,5-diphenyl- carbazide
method [15]. Cr(VI) removal efficiency was calculated as follows:
RCr (Ď) %

ª c0  ct º
«
» u100
¬ c0 ¼

(1)
where c0(mg/L) was the initial Cr(VI) concentration and ct(mg/L) is the Cr(VI) concentration at
time t. Total Cr removal efficiency was calculated
using the following equation:
ªc - c º
RCr % « 0 t » u100
¬ c0 ¼
(2)
where c0(mg/L) was the initial total Cr concentration and ct(mg/L) is the total Cr concentration at
time t.

Identification of the bacteria. Species identification of the bacterial was done by 16S rRNA gene
sequencing. DNA was extracted with bacterial genome DNA kit (Tiangen Biotech co., LTD, Beijing,
China). The obtained 16S rRNA gene was amplified
by
PCR
with
27f
(5'-AGAGTTTG
ATCCTGGCTCAG-3') and1492r(5'-GGTTACCTT
GTTACGACTT-3') as primers. The PCR product
was coupled to PMD-19T vector and then transformed into E.coli JM109. Positive clone was sequenced by Yingjun Biotech co., LTD, Shanghai,
China. The obtained 16S rRNA sequence was compared to NCBI database and the most similar 16S
rRNA sequence was selected. These two sequences
were analyzed by ClustalX 2.0 and MEGA 4.1. Phy-

Characterization. Morphology of bacterium
was examined by SEM (JSM-7500F) at 5.0 kV. EDS
coupled to the SEM was used to identify the element
composition. FTIR spectrum was applied to analyse
functional groups on cell surface. It was obtained on
a WOF-520 spectrometer using KBr pellets. Elemental information and structure were characterized
by XRD (PANalytical X͛ Pert PRO) equipped with a
copper anode generating Cu Kɲ radiation (ʄ=1.5406
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). The elemental composition and chemical oxidation state of surface and near-surface species were
detected by XPS (AXIS Ultra DLD). The XPS measurement was made with an Al Kɲ X-ray source at a
constant retard ratio of 40.

inaquosus (EU13846), 98.7% homologous to Bacillus subtilis (AJ276351). B. axarquiensis was first reported by Ruiz-GarcŦǲa at 2005 [16]. Subse- quently,
the physiological characteristics and amylase-producing property of B. axarquiensis were disclosed
[17, 18]. However, there was not any report so far
that B. axarquiensiscould tolerate high concentration
of Cr(VI). Our study found for the first time that B.
axarquiensishad potential to treat Cr(VI) polluted
wastewater.



The effect of pH on Cr(VI) removal. It has
been reported that both bacterium growth and the
ionic form of active sites of chromium reductase enzyme were significantly affected by pH [13]). It can
be seen from Fig. 2 that bacterium EW1 had a very
similar growth with pH from 7 to 9 while EW1 did
not grow at pH of 6. Obviously, EW1 has a wide
range of optimum pH for growth. However, surprisingly, pH effect on Cr(VI) removal as shown in Fig.
2 was much noticeable compared with bacteria
growth. Cr(VI) removal efficiency reached the highest at pH of 7, followed by 7.5, 8 and 9. In addition,
it was noted that although there was no growth of
bacteria at pH of 6, 32.5% Cr(VI) removal was still
observed probably due to the adsorption by inoculated bacteria. The optimum pH at around 7-8 for
Cr(VI) removal by Bacillus was also reported for Bacillus amyloliquefaciens [13], Bacillus coagulans
[19], Bacillus sp. Strain FM1 [20], Bacillus sp. CSB4[21]. Xu et al [12] reported that Cr(VI) removal and
bacterial growth affected each other: the growth of
cells stimulated Cr(VI) removal efficiency and
Cr(VI) removal conversely promoted bacterial
growth in return. However, our study indicated that
within the optimal pH range from 7 to 9, Cr(VI) removal was independent on bacteria growth.



FIGURE 1
SEM image and phylogenetic tree of strain EW1.
A-SEM image of strain EW1; B-phylogenetic
tree of strain EW1.

The effect of temperature on Cr(VI) removal.
Cr(VI) removal by bacterium EW1 under different
temperature was shown in Fig. 2. It was found that
temperature increase from 32 to 35 ć improved
Cr(VI) removal efficiency from 90% to 100% but
further increase from 35 to 38 ć did not affect
Cr(VI) removal anymore. 35ć could be selected as
the optimum temperature for Cr(VI) removal by bacterium EW1. There was little difference on Cr(VI)
removal efficiency at temperature range from 32 to
38ć in general. According to Das (2014) and Dhal
(2010) [13, 21], Cr(VI) removal efficiency varied a
lot when the temperature difference was about 5ć.
However, it did not occur in our study. Thus, bacterium EW1 was able to remove Cr(VI) efficiently at a
wider temperature range with high removal efficiency.
The values of rate constant (k, h-1) at different
temperatures were calculated by formula 3:

RESULTS AND DISCUSSION
Isolation and Identification of bacteria. 15
Cr(VI) tolerant strains (EW1-15) were isolated from
electroplate industrial wastewater. In order to screen
for a higher Cr(VI) tolerant strain, LB agar with increasing Cr(VI) concentrations (50̢600 mg/L) was
used. An isolate denoted as EW1, showing higher
Cr(VI) tolerance (500 mg/L) was selected for further
study. The strain EW1 is aerobic, spore forming and
Gram positive. The SEM spectra of EW1 strain is
shown in Fig. 1. From the spectra we can see that this
strain was even size and short rhabditiform. The
strain was about 1.5-2.0ʅm in length and 0.9 ʅm in
diameter.
Phylogenetic tree was given in Fig. 1. Results
show that EW1 is 100% homologous to Bacillus axarquiensis (DQ993671), 99.8% homologous to Bacillusmojavensis
(AB021191)
and
Bacillus
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(3)
where c(mg/L) is the concentration of Cr(VI) at
time t, c0(50 mg/L) is the initial Cr(VI) concentration
and t(h) is the reaction time. Results were given in
table 1.Though Cr(VI) removal efficiency only differed 10%, k at 35ć, 0.0727, was two times as much
as 32ć, 0.0334.






FIGURE 2
Growth curve of strain EW1 at different pH and
Cr(VI) removal effciency of by different pH,
temperature, inoculation amount and initial
Cr(VI) concentration. A-Growth curve of strain
EW1 at different pH (T, 35ć
ć; inoculation
amount, 4%; Cr(VI) concentration, 50 mg/L); BEffect of pH on Cr(VI) removal efficiency by
strain EW1 (T, 35ć; inoculation amount, 4%;
Cr(VI) concentration, 50 mg/L); C-Effect of temperature on Cr(VI)removal by strain EW1 (pH,
7; inoculation amount, 4%; Cr(VI) concentration, 50 mg/L); D-Effect of inoculation amount
on Cr(VI) removal by strain EW1 (T, 35ć; pH,
7; Cr(VI) concentration, 50 mg/L); E-Effect of
initial Cr(VI) concentration on Cr(VI)removal
by strain EW1 (T, 35ć; pH, 7; inoculation
amount, 4%).Error bars represent the standard
deviation which was within 5% of the mean.



TABLE 1
The value of k and R2 at different temperatures.
T, ć
32
35
38
k, h-1
0.0334
0.0727
0.0790
R2
0.982
0.965
0.967
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Effect of Cr(VI) on microbial cell morphology. SEM (Fig. 3) analysis of bacterial cell incubated in the 50 mg/L Cr(VI) LB medium was undertaken. In comparison with Figure 1, the cell in Fig. 3
obviously changed. EW1 became longer (2.5ʅm4.5ʅm) and narrower (0.5ʅm). The size of Pseudomonas aeruginosa was observed to increase in the
presence of 40 mg/L Cr(VI) too by Xu (2009) [12].
Moreover, the cell was not intact and binary cell fission was observed. However, the cellular structure
was still intact. The morphology change of EW1 observed after exposure to 50mg/L Cr(VI) is probably
a survival strategy of bacteria to withstand toxicity
from Cr(VI).

The effect of inoculation amount on Cr(VI)
removal. The inoculation amount was varied to determine its effect on Cr(VI) removal by bacterium
EW1. From Fig. 2, the Cr(VI) removal efficiency increased from 79.3% to 99.6% when inoculation
amount increased from 3% to 4% after 72 h fermentation. But the Cr(VI) removal effi- ciency almost
did not change when inoculation amount increased
to 8%. It was because when inoculation amount was
small, the amount of bacterium was not enough to
remove all the Cr(VI). But when the inoculation
amount exceeded a certain value, bacterium growth
would be limited by the condition of nutritional content because the nutrient content in the culture medium was a certain. That was the reason why the
Cr(VI) remo-val efficiency was not improved when
inoculation amount increased to 8%.
The effect of initial Cr(VI) concentration on
Cr(VI) removal. The effect of initial Cr(VI) concentration on Cr(VI) removal efficiency was explored
over a range of 25-200 mg/L (Fig. 2). Cr(VI) removal was observed even at the highest concentration of 200 mg/L. Cr(VI) was completely removed at
lower initial Cr(VI) concentration of 25 and 50 mg/L
after 30 h and 72 h, respectively. However, only
73.6%, 43.1%, 19.3% Cr(VI) was removed at higher
initial concentration of 100, 150, 200 mg/L within 72
h, respectively.
The rate constants (k, h-1) at different initial
Cr(VI) concentration were calculated by formula 3
and results were listed in table 2. It was discovered
that the highest removal rate occurred at the lowest
initial Cr(VI) concentration and the lowest removal
rate occurred at the highest initial Cr(VI) concentration. Cr(VI) could alter the metabolic and physiological reactions of bacterium (Losi and Frankenberger
1994). The higher the Cr(VI) con-centration the
more obvious the toxicity effect is. And this Cr(VI)
toxicity effect would lengthen the bacterium growth
phase[20] which lead to a lower removal rate and a
longer period for Cr(VI) comp-lete removal. The low
values (0.684 and 0.511) of R2 might indicate that
this kinetic model showed in formula 3 was not applicable at higher initial Cr(VI) concentration (150
and 200 mg/L).

FIGURE 3
SEM image of strain EW1 after incubated in the
50 mg/L Cr(VI) LB medium for 24h.

TABLE 2
The value of k and R2 at different initial Cr(VI)
concentration
C0, Cr(VI), mg/L

25

50

100

150

k, h-1

0.219

0.0727

0.0186

0.0056

0.0019

R2

0.978

0.965

0.965

0.684

0.511
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FIGURE 4
OD600, ORP and Cr(VI) removal efficiency at difć; pH, 7; inoculaferent incubation time (T, 35ć
tion amount, 4%; Cr(VI) concentration, 50
mg/L).

200

C0, Cr(VI): initial Cr(VI) concentration.
Results in Fig. 4 were OD600, ORP and Cr(VI)
removal efficiency at different incubation time. They
exhibited the same trend. At first, OD600 and Cr(VI)
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removal efficiency increased rapidly. Surprisingly,
Cr(VI) removal efficiency reached to 77% within 24
h. Similarly, the ORP decreased to -87 mV quickly.
Then these three values changed gently. Eventually,
Cr(VI) was completely removed after 72 h. Xu (2009)
[12] reported that Cr(VI) removal and bacterial
growth affected each other. Meanwhile, they observed that no particular correlation was found between ORP and Cr(VI) reduction. While the efficiency of Cr(VI) was greater when the ORP was
more electro- negative[22]. In this study, it was believed that there was something reducing on the cell
surface which made culture electronegative. When
the cell amount was greater, the culture was more
electronegative and the Cr(VI) was more easily reduced. Moreover, about 10% total Cr was observed
to be removed by bacterium EW1. Total Cr removal
was probably attributed to the formation of chromium hydroxide precipitation or the adsorption of
Cr(VI) or Cr(III) as a result of Cr(VI) reduction on
cell surface.

To further confirm our speculation, bacterium
cells before and after treated with Cr(VI) were used
for FTIR analysis (Fig. 5). The wide adsorption band
at 3456 cm-1 was account of -NH and -OH stretching
vibration. The strong pointed peak at 1625 cm-1 was
assigned to the overlapping of C=O stretching vibration and -NH bending vibration. 1392 cm-1 adsorption peak was attributed to -OH in-plane bending vibration. 1392 cm-1 adsorption peak was due to C-O
group. Compared with Figure 5(a), the intensity of
peaks at 3456 cm-1, 1625 cm-1, 1392 cm-1 and 1094
cm-1 was lower in Figure 5(b). These changes illustrated that the reducing group such as -NH and -OH
took part in Cr(VI) reduction. In the study of Kang
[11], these main functional groups participated in the
adsorption of metal. And C=O could bond to Cr(III)
by the form as figure.7:
The EDS spectrum (Fig. 5) of bacterium cells
demonstrated that Cr indeed adsorbed on the cell surface. And in the XPS spectrum (Fig. 6), the
Cr(2p3/2) peak centered at 576.6 eV was contributed
to the Cr(III). No peaks presented Cr(VI) appeared.
This indicated that Cr(VI) was almost reduced to
Cr(III) and the Cr adsorbed on cell surface was
Cr(III). The powder XRD pattern of bacterial cell
treated with Cr(VI) were shown in Fig. 6. The peaks
at 2ɽ of 19.17 , 56.46 and 75.34 matched well with
the standard card 00-012-0241(Cr(OH)3) which
manifested the formation of chromium hydroxide
precipitation. This was different from those reports
of Dhal (2010) [21].







FIGURE 6
The form of C=O bond to Cr(III)



In addition, the removal of Cr(VI) and total Cr
by dead cells was explored. Results showed that 30
% and 9% of Cr(VI) and total Cr was removed, respectively. They were both less than 100% and 10
% obtained by living cells. As a result, it was proposed that Cr(VI) removal was not only attributed to
the reducing material on cell surface but also due to
the metabolism of bacterium. And mechanism of total Cr removal was adsorption coupled with formation of chromium hydroxide precipitation.

FIGURE 5
FTIR and EDS spectra of strain EW1 before and
after incubated in the 50 mg/L Cr(VI) LB medium for 24 h. A-FTIR spectra of strain EW1
before (a) and after (b) incubated in the 50 mg/L
Cr(VI) LB medium for 24 h; B-EDS spectra of
strain EW1 before (a) and after (b) incubated in
the 50 mg/L Cr(VI) LB medium for 24 h.
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CONCLUSION



Altogether 15 Cr(VI) tolerant strains (EW1-15)
were isolated from electroplate industrial
wastewater. An isolate denoted as EW1, showing
higher Cr(VI) tolerance (500 mg/L) was selected for
further study. It was found for the first time that Bacillus axarquiensis had potential to treat Cr(VI) polluted wastewater. The strain EW1 is aerobic, spore
forming, Gram positive and short rhabditi- form. The
strain is identified as Bacillus sp. based on 16S rRNA
gene sequencing. Results show that EW1 is 100%
homologous to Bacillus axarquiensis (DQ993671)
according to the phylogenetic tree constructed with
Neighbor-Joining method.
Parameters affecting Cr(VI) removal were optimized. Under the optimum conditions with pH of
7, inoculation amount of 4% and T of 35ć, 99.4%
Cr(VI) removal efficiency was achieved with initial
Cr(VI) concentration of 50 mg/L. Bac-terium EW1
has a wide optimum growth and Cr (VI) removal pH
range. It was capable of reducing Cr(VI) with an appreciable efficiency at the pH ran-ge of 7-9 as well
as at a wide temperature range(32ć- 38ć). In addition, it was found that Cr(VI) removal rate constant
decreased from 0.219 h-1 to 0.0019 h-1 when the initial Cr(VI) concentration in-creased from 25 mg/L to
200 mg/L indicating a se-rious inhibition from
Cr(VI) at high concentration.
The cell size of the strain had obviously
changed after treated with 50 mg/L Cr(VI). After
FTIR, SEM-EDS, XPS and XRD analysis, it was
proposed that Cr(VI) removal was not only attributed
to the reducing functional groups(-NH, -OH) on cell
surface but also due to the metabolism of bacterium.
And mechanism of total Cr removal was adsorption
coupled with formation of chrom- ium hydroxide
precipitation.
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CHELATED Fe(II) ACTIVATED PERSULFATE OXIDATION
OF PHENOL: EXPERIMENTAL OPTIMIZATION,
REACTION KINETICS AND MECHANISM
Jialu Liu1, Fengjun Zhang1, Xuejiao Yang1, Yongjuan Zhu2, Rensheng Li2, Cong Lyu1,*
1

Key Laboratory of Groundwater Resources and Environment, Ministry of Education, Jilin University, Changchun 130021, China
2
Changchun Environmental Monitoring Central Station, Jilin University, Changchun, 130021, China

typical oxidants used for ISCO are potassium perPDQJDQDWH K\GURJHQ SHUR[LGH )HQWRQ¶V UHDJHQW 
and ozone [2,5-8]. Recently, persulfate (PS) has
emerged as an efficient oxidant, due to its high water
solubility, no odor, effectiveness of oxidation over a
wide range of pH, and lower affinity for soil organics
[9-12]. Persulfate (S2O82-, PS) with a redox potential
of 2.01 V can generate a more powerful oxidant
known as sulfate radical (SO4-·) with a redox potential of 2.6 V under thermally, chemically or photochemically activated conditions [9-12]. SO4-· has the
ability of destroying most organic contaminants
commonly present in soil and groundwater, including trichloroethylene, polycyclic aromatic hydrocarbons
(PAHs),
naphthalene
and
phenol
[4,9,10,13,14]. The ferrous ion (Fe2+, Fe(II)) has
been evaluated as an efficient activator for persulfate
oxidation, because of its wide presence in nature,
natural abundance in porous media, low activation
energy required during reactions, simple operation
and easy control of experimental conditions [2]. The
reaction of Fe2+ with S2O82- is shown in eq.(1) of Table 1. Nevertheless, excessive Fe2+ can compete with
the target pollutants for SO4-·, seen in eq.(2) of Table
1. Correspondingly, Fe2+ is rapidly converted into
Fe3+, resulting in the limit of Fe2+ availability. A chelate that combines by coordinate bonding with metals may serve to reduce reactions with metal ions and
to produce complexes that result in metal buffering
and solubilization. The maintenance of metal ions
can be controlled to a certain extent, by using appropriate chelates such as citric acid (CA), ethylenediaminetetraacetic acid (EDTA) and sodium tripolyphosphate (STPP). Set of chemical reactions leading
to contaminant depletion by CA-Fe(II) activated persulfate in aqueous phase are listed in Table 1. Sulfate
radicals generation, reaction (1) in Table 1, is the
main reaction depleting persulfate. Sulfate radicals
consumption, reaction (6) in Table 1, is the main reaction for contaminant oxidation. In generally, a
simple mechanism for contaminant depletion is composed by reaction (1), reaction (6) between contaminant and SO4-·, and those leading to SO4-· depletion
in aqueous solution (reactions (2) to (5)).

ABSTRACT
The potential oxidation of phenol by chelated
ferrous ion activated persulfate (PS) at 10 °C is systematically investigated to determine the optimal experimental condition (PS/chelate/Fe(II)/phenol molar ratio) and to estimate reaction kinetics and mechanism for phenol oxidation. In comparison with sodium tripolyphosphate (STPP) and ethylenediaminetetraacetic acid (EDTA) chelate, citric acid
(CA) chelated Fe(II) performs as a most effective activator for persulfate activation and subsequently
phenol oxidation. A CA/Fe(II) molar ratio of 1/5 is
found to be the lowest acceptable ratio to maintain
sufficient quantities of Fe(II) activator in solution.
Excess Fe(II) content leads to more persulfate consumption and less phenol oxidation, owning to the
competition for sulfate radicals between Fe(II) and
phenol. In general, phenol depletion is significantly
increased with increasing persulfate dosage, but deceased with increasing phenol dosage. The
PS/CA/Fe(II)/phenol molar ratio of 100/10/50/1 is
evaluated as the optimum experimental condition,
resulting in almost complete phenol depletion after
15-min reaction. The reaction rate constant ((1.727.17) × 10-3 s-1) of phenol oxidation by CA-Fe(II) activated persulfate is evaluated with a simple mechanism following the pseudo-first-order reaction kinetics. Furthermore, the major intermediate product pbenzoquinone is formed during the phenol oxidation.
Single Fe(II) activation mode has no ability of
achieving phenol mineralization, however, it
achieves almost complete removal of phenol within
15 min under optimal condition without the help of
other activation modes.

KEYWORDS:
citric acid; Fe(II) activation; p-benzoquinone; phenol; sulfate radical

INTRODUCTION
In situ chemical oxidation (ISCO) has been
widely applied in the contaminated sites [1-4]. The
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VRGLXP WULSRO\ SKRVSKDWH 1D23 6733  HWK
\OHQHGLDPLQHWH WUDDFHWLF DFLG &+12 ('7$ 
DQG&LWULFDFLG &+2&$ ZHUHSXUFKDVHGIURP
6LQRSKDUP &KHPLFDO 5HDJHQW &R /WG 8OWUDSXUH
ZDWHUIURPD0LOOLSRUHV\VWHPLVXVHGLQWKHH[SHUL
PHQWV

TABLE 1
Set of reactions leading to the phenol depletion
by CA- Fe(II) activated persulfate in aqueous solution
Eq.
No.
(1)
(2)
(3)
(4)
(5)
(6)

k
Fe2++S2O82ĺ)H3++SO4-·+SO42SO4-·+Fe2+ĺ6242+Fe3+
SO4-·+H22ĺ6242+HO·+H+
SO4-·+SO4-āĺ62O82SO4-ā&$ĺR[LGL]HG
products+SO42SO4-·+phenolĺR[L
dized intermediates+SO42-

2.0×101M-1
s-1
4.6×109 M-1
s-1
<60 M-1 s-1
4.0×108 M-1
s-1
n.a.(not applicable)
1.72×10-3 to
7.17× 10-3 s-
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Reference(s)
[20]

/DERUDWRU\ H[SHULPHQWV ([SHULPHQWV ZHUH
FDUULHGRXWWRGHWHUPLQHWKHRSWLPDOUHDFWLRQSDUDP
HWHU 36FKHODWH)H ,, SKHQRO PRODU UDWLR  IRU SKH
QRO R[LGDWLRQ )LUVWO\ WKUHH FKHODWHV ('7$ 6733
DQG &$  ZHUH LQYHVWLJDWHG DLPLQJ WR REWDLQ WKH
PRVWVXLWDEOHFKHODWHIRUSKHQROR[LGDWLRQ7KHQWKH
LQIOXHQFH RI GLIIHUHQW IDFWRUV FKHODWH)H ,,  PRODU
UDWLRLQLWLDO)H ,, FRQFHQWUDWLRQ62GRVDJHDQG
LQLWLDOSKHQROFRQFHQWUDWLRQ RQWKHSKHQROR[LGDWLRQ
ZDVLQYHVWLJDWHGUHVSHFWLYHO\
The phenol concentration of 2 mg L-1 was employed in all tests except for the test with different
initial phenol concentration. Mixed solution of ferrous ion and chelates with designated molar ratios
and persulfate solution with designated concentrations were also freshly prepared before tests. For
each test, phenol solution and pre-mixed chelated
ferrous ion solution were sequentially added to the
reaction bottles and mixed followed by persulfate injection. A series of 100 mL brown reaction bottles
equipped with Agilent caps and TFE liners were
used, and all the reaction bottles were shaken continuously on a ZWY-240 thermostatic reciprocating
shaker at 100 r·min-1 and 10 ± 0.2 °C. At each time
interval, 1 mL sample was collected by syringe for
S2O82- analysis and 1 mL sample was collected with
methanol addition for phenol analysis. All experiments were conducted in duplicates. Control tests in
the absence of persulfate were also carried out.

[20]
[21]
[14]

This study

1

Phenol is considered as a priority toxic pollutant, which may cause respiratory irritation, headaches, liver damage, skin burns and even death. Phenol oxidation by activated persulfate has been documented in the literatures [9,10,14,15]. Phenol was
completely oxidized after 30 min treatment by
UV/PS oxidation processes [9]. A greater TOC removal of ~70% was observed at pH 11 possibly due
to the formation of ·OH (rather than SO4-·), the responsible oxidizing radical species [9]. Mora et al.
[10] reported that phenol was quantitatively depleted
in 15 min, but no mineralization of organic carbon
was found. It was proposed that organic radicals
formed in the thermal reactions might hinder the
mineralization of organic carbon [10]. In order to
avoid the formation of organic radicals based on the
report of Mora et al. [10], low temperature condition
is necessary to take into consideration in studying activated persulfate oxidation of phenol. In addition,
10 °C is close to the actual state of groundwater.
Therefore, in order to eliminate the influence of heat
activation, single activation mode (i.e. chelated
Fe(II) activation) at 10 °C is applied for evaluating
phenol oxidation in persulfate system.
In this study, the potential oxidation of phenol
by chelated ferrous ion activated persulfate at 10 °C
is investigated systematically. The objectives are 1)
to determine the most suitable chelate and the optimal experimental condition (PS/chelate/Fe(II)/ phenol molar ratio) for phenol oxidation; 2) to study the
reaction kinetics of phenol oxidation and 3) to estimate the reaction mechanism of phenol oxidation by
chelated ferrous ion activated persulfate.

$QDO\VLV7KHSKHQROFRQFHQWUDWLRQZDVPHDV
XUHG XVLQJ DPLQRDQWLS\ULQH VSHFWURSKRWR PHWU\
DFFRUGLQJWRQDWLRQDOVWDQGDUGPHWKRG +-
&KLQD  3HUVXOIDWH DQLRQ FRQFHQWUDWLRQ ZDV GHWHU
PLQHGXVLQJDVSHFWURSKRWRPHWULFPHWKRGZLWKSR
WDVVLXP LRGLGH >@ )RU JDV FKURPDWRJUDSKLF ZLWK
PDVVVSHFWURVFRS\GHWHFWLRQ *&06 DQDO\VHVRU
JDQLFVXEVWUDWHVZHUHH[WUDFWHGZLWKDIL[HGYROXPH
RI GLFKORURPHWKDQH *&06 +3$ FKURPDWR
JUDSKZDVHTXLSSHGZLWKDFROXPQ+306 P
îPPîȝP FDSLOODU\FROXPQDQGFRXSOHG
WRDQ+3&PDVVVHOHFWLYHGHWHFWRU
5(68/76$1'',6&866,21

0$7(5,$/$1'0(7+2'6

,QIOXHQFHRIFKHODWHVSHFLHV3KHQROR[LGDWLRQ
E\FKHODWHG)H ,, DFWLYDWHGSHUVXOIDWHXVLQJGLIIHU
HQW FKHODWHV XQGHU D IL[HG 36FKHODWH)H ,, SKHQRO
PRODUUDWLRRIDW&LVLOOXVWUDWHGLQ
)LJ,QLWLDOSKHQROFRQFHQWUDWLRQLVPJ/5H
VXOWVVKRZWKDWPRUHWKDQRISKHQROLVUDSLGO\
GHSOHWHG LQ  PLQ XVLQJ &$ RU 6733 FKHODWH DQG

0DWHULDOV$OOFKHPLFDOVZHUHDQDO\WLFDOJUDGH
H[FHSWIRUPHWKDQRO &+2+6LQRSKDUP&KHPLFDO
5HDJHQW&R/WG RI+3/&JUDGH3KHQRO &+2+ 
DQG 6RGLXP SHUVXOIDWH 1D62  ZHUH SXUFKDVHG
IURP7LDQMLQ*XDQJIX)LQH&KHPLFDO5HVHDUFK,QVWL
WXWH )HUURXV VXOIDWH KHSWDK\GUDWH )H62ā+2 
3980



Volume 26 ± No. 6/2017 pages 3979-3985

© by PSP

WKHQOLWWOHGHSOHWLRQRFFXUV7KLVSKHQRPHQRQLVDOVR
REVHUYHGE\RWKHUUHVHDUFKHUVZKHQ7&(DQG%7(;
ZHUH R[LGL]HG E\ IHUURXV LURQ DFWLYDWHG SHUVXOIDWH
>@,WPLJKWEHDWWULEXWHGWRWKHFDQQLEDOL]DWLRQ
HIIHFW RI 62ā LQ WKH SUHVHQFH RI H[FHVV )H ,, 
0RUHRYHUUHVXOWVLQGLFDWHWKDWFKHODWHVKDYHDGLIIHU
HQWHIIHFWRQWKHSKHQROR[LGDWLRQ,QPLQUHDFWLRQ
DERYH  RI SKHQRO GHSOHWLRQ LV REVHUYHG XVLQJ
&$)H ,,  DV DQ DFWLYDWRU ZKHUHDV  DQG 
SKHQROGHSOHWLRQDUHREWDLQHGZLWK('7$)H ,, DQG
6733)H ,,  DFWLYDWRU UHVSHFWLYHO\ &$)H ,,  SHU
IRUPVDVDPRVWHIIHFWLYHDFWLYDWRUIRUDFWLYDWHGSHU
VXOIDWHR[LGDWLRQRISKHQRO7KXVWKHVHFRQGVHWRI
WHVWVDUHFDUULHGRXWZLWK&$)H ,, DVDQDFWLYDWRU
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Fig. 2a.
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FIGURE 2
The influence of CA/Fe(II) molar ratio and initial concentration of Fe(II) on phenol oxidation
by CA- Fe(II) activated persulfate in aqueous
system. C0(phenol): 2 mg L-1; T: 10 °C; (a) initial
pH ranged from 3.5 (the highest CA/Fe(II) molar ratio, i.e., 250/50) to 5.0 (the lowest CA/Fe(II)
molar ratio, i.e., 2/50) and final pH 2.5±0.3, (b)
initial pH ranged from 3.8 (the highest CA/Fe(II)
contents, i.e., 40/200) to 4.8 (the lowest CA/Fe(II)
contents, i.e., 2/10) and final pH 2.5±0.3

0.8
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(b) 1.0
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FIGURE 1
Phenol oxidation by chelated ferrous ion activated persulfate with three different chelates.
C0(phenol): 2 mg L-1; T: 10 °C; initial-final pH:
Ÿ-4.3, {9.0-7.9, z3.8-2.5

Much lower phenol depletion (< 60%) is observed when CA/Fe(II) molar ratio is greater than
50/50 (Fig. 2a), indicating that excess CA chelate inhibits phenol oxidation. However, the phenol depletion is conversely decreased when CA/Fe(II) molar
ratio is decreased from 10/50 to 2/50. This might be
explained that too little CA chelate maintains no sufficient quantities of available Fe(II) in solution,
closely related with persulfate activation. Fig. 2a
shows that the highest depletion of phenol (97%) is
obtained after 15-min reaction when CA/Fe(II)/phenol molar ratio is 10/50/1.
Then, the tests with five levels of Fe(II) content
at a fixed CA/Fe(II) molar ratio of 10/50 at 10 °C are
carried out and results are shown in Fig. 2b. Initial
phenol concentration is 2 mg L-1. The lowest depletion of phenol (< 30%) is obtained when the highest
Fe(II) concentration is designed. This is consistent
with the experimental evidence that excess Fe(II)

,QIOXHQFH RI WKH FKHODWH)H ,,  PRODU UDWLR
DQG)H ,, FRQWHQW$QH[FHVVLYHDPRXQWRI)H ,, 
FDQFRPSHWH ZLWKWDUJHWSROOXWDQWV IRU VXOIDWHUDGL
FDOVKRZHYHUWRROLWWOH)H ,, FDQGLUHFWO\OHDGWRLQ
DGHTXDWH DFWLYDWRU 7KXV WKH LQIOXHQFH RI FKH
ODWH)H ,, PRODUUDWLRDQG)H ,, FRQWHQWRQSKHQRO
R[LGDWLRQDQGSHUVXOIDWHFRQVXPSWLRQLVLQYHVWLJDWHG
LQGHWDLOLQWKLVVWXG\
Firstly, the tests with five levels of CA/Fe(II)
molar ratio at a constant PS/phenol molar ratio of
100/1 at 10 °C are carried out. Initial phenol concentration is 2 mg L-1. There is a significant difference
of phenol oxidation under different CA/Fe(II) molar
ratios after 15-min reaction, and results are shown in
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which is selected as a fixed parameter for subsequent
experiments.
,QIOXHQFHRISHUVXOIDWHGRVDJH7KHLQIOXHQFH
RI SHUVXOIDWH GRVDJH RQ SKHQRO GHSOHWLRQ E\ &$
)H ,, DFWLYDWHGSHUVXOIDWHDWDIL[HG&$)H ,, SKH
QROPRODUUDWLRRIDW&LVFDUULHGRXWDQG
UHVXOWVDUHVKRZQLQ)LJ,QLWLDOSKHQROFRQFHQWUD
WLRQLVPJ/
Very little phenol depletion (5%, 12% and
22%) is observed after 15-min reaction when
PS/phenol molar ratio is 5/1, 10/1 and 20/1 respectively (Fig. 3a), probably due to the lack of persulfate
which is responsible for phenol oxidation. When
PS/phenol molar ratio is increased up to 100/1, almost all phenol is depleted in 15-min reaction. The
phenol depletion kinetic is investigated, illustrated in
Fig. 3b. Results indicate that the phenol depletion
under different persulfate dosage is well fitted to a
pseudo-first-order kinetic law. As initial persulfate
concentration ([PS]0) increases from 10 × 10-5 M to
2 × 10-3 M, the phenol depletion rate increases from
0.02 to 0.51 min-1. This phenomenon is also observed by other researchers [10,14]. Furthermore, as
shown in the insert image of Fig. 3b, the depletion
rate constant exhibits a leaner trend as a function of
persulfate dosage, and related equation is as follows:
k = 0.0249 [PS]0 ± 0.0443, R2 = 0.9530.
As above discussed, increasing PS dosage at a
fixed CA/Fe(II)/phenol molar ratio contributes to increasing phenol depletion, meanwhile more persulfate is consumed. So the OE value, which refers to
mmol of phenol depletion per g of persulfate decomposition, is calculated to evaluate the oxidant efficiency (Fig. 3c). Results show that the highest OE
value is obtained when PS/CA/Fe(II)/phenol molar
ratio is 100/10/50/1. Therefore, PS/CA/Fe(II)/phenol molar ratio of 100/10/50/1 is evaluated as the optimum experimental condition for phenol oxidation
by CA-Fe(II) activated persulfate.
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,QIOXHQFH RI LQLWLDO SKHQRO FRQFHQWUDWLRQ
7KHHIIHFWRILQLWLDOSKHQROFRQFHQWUDWLRQRQSKHQRO
GHSOHWLRQ UDWH E\ &$)H ,,  DFWLYDWHG SHUVXOIDWH LV
SHUIRUPHG DW D IL[HG 36&$)H ,,  PRODU UDWLR RI
DW&DQGUHVXOWVDUHVKRZQLQ)LJ
The phenol depletion rate is pseudo-first-order
with respect to its initial concentration (Fig.4). For a
given [PS]0, the phenol depletion rate constant k decreases from 0.4023 to 0.1033 min-1 with increasing
initial phenol concentration ([Phenol]0) from 2 to 10
mg L-1. As shown in the insert image of Fig. 4, the
depletion rate constant exhibits an exponential relationship as a function of [Phenol]0 (k = 0.794 × [Phenol]0-0.868, R2 = 0.9827). No Similar results were reported on the phenol oxidation by persulfate, but the
carbamazepine (CBZ) oxidation by thermally activated persulfate, of which the degradation rate constant exhibited an exponential relationship as a function of [CBZ]0 [11].

FIGURE 3
The influence of persulfate dosage on phenol oxidation by CA- Fe(II) activated persulfate in
aqueous system: (a) phenol removal, (b) phenol
oxidation reaction kinetics, and (c) oxidant efficiency. OE refers to the oxidant efficiency (mmol
of phenol depletion per g of persulfate consumption). C0(phenol): 2 mg L-1; T: 10 °C; initial pH
(CA/Fe(II)/phenol = 10/50/1 solutions) 3.8 and final pH ranged from 2.5 (the highest persulfate
dosage) to 3.0 (the lowest persulfate dosage)
competes with phenol for sulfate radicals, consequently resulting in more persulfate consumption
and less phenol oxidation [19]. In addition, results
demonstrate that the phenol depletion is decreased
with increasing Fe(II) concentration, expect for the
test with CA/Fe(II)/phenol molar ratio of 10/50/1. In
this part, the highest depletion of phenol (98%) is obtained when CA/Fe(II)/phenol molar ratio is 10/50/1,
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slowly (less than 60 M-1 s-1 shown in Table 1) [21].
In addition, either radical (SO4-· or HO·) may predominate over one another depending on pH conditions and SO4-· predominate under acidic condition
[14,21,22]. Compared to other modes of activation
(i.e. photolysis or thermal activation), it is only via
transition-metal catalysis that the sulfate radical is
the major oxidizing species [23,24]. Thus, based on
the initial-final pH (~5.0-2.5) in this study, it can be
inferred that SO4-· is the predominant oxidizing species during phenol oxidation by chelated Fe(II) activated persulfate at 10 °C.
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FIGURE 4
The phenol depletion rate with different initial
phenol concentration in aqueous system. Fixed
PS/CA/Fe(II) molar ratio: 100/10/50; T: 10 °C;
pH uncontrolled
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7KH UHDFWLRQ PHFKDQLVP 7DEOH  OLVWV WKH
FKHPLFDOUHDFWLRQVIRUSKHQROGHSOHWLRQE\&$)H ,, 
DFWLYDWHGSHUVXOIDWHLQDTXHRXVSKDVH5DWHFRQVWDQW
IRUHDFKUHDFWLRQLVHLWKHUIURPWKHOLWHUDWXUHVRUHYDO
XDWHGLQWKLVVWXG\6XOIDWHUDGLFDOVJHQHUDWLRQUHDF
WLRQ  LQ7DEOHLVWKHPDLQUHDFWLRQGHSOHWLQJSHU
VXOIDWHDQGWDNLQJN î0VDW&E\
/LDQJHWDO>@:KLOHWKHUHDFWLRQ  LQWKLVVWXG\
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VWXG\LVWKHPDLQUHDFWLRQGHSOHWLQJSKHQRODQGHYDO
XDWLQJ N DV   î  V DVVXPLQJ >36@
PLJKWEHDOPRVWFRQVWDQWGXULQJWKHUHDFWLRQFRXUVH
,QJHQHUDOO\DVLPSOHPHFKDQLVPIRUSKHQROGHSOH
WLRQ LV FRPSRVHG E\ UHDFWLRQ   UHDFWLRQ   EH
WZHHQ SKHQRO DQG 62ā DQG WKRVH OHDGLQJ WR 62
 āGHSOHWLRQLQDTXHRXVVROXWLRQ UHDFWLRQV  WR  
%DVHGRQWKHFKHPLFDOUHDFWLRQVLQ7DEOHDVLPSOH
UHDFWLRQPHFKDQLVPIRU&$)H ,, DFWLYDWHGSHUVXO
IDWHR[LGDWLRQRISKHQRODW&LVDQDO\]HG7KHNH\
PHFKDQLVPIRUSKHQROR[LGDWLRQE\&$)H ,, DFWL
YDWHGSHUVXOIDWHLVH[KLELWHGLQ)LJD
The sulfate radical (SO4-·) is formed from the
reaction of persulfate ions (S2O82-) with ferrous ion
(Fe2+), where free Fe2+ dissociated from Fe-CA acts
as a catalyst. The sulfate radical (SO4-·) plays a significant role in phenol oxidation, however, adverse
reaction of SO4-· with excess free Fe2+ (or chelating
agents CA) results in sulfate radical deficiency.
Therefore, slowing down the reaction of SO4-· and
Fe2+ (or CA) contributes to the effective reaction of
SO4-· with phenol. Furthermore, sulfate radicals can
also react with water to yield hydroxyl radicals, reaction (3) in Table 1, which is considered as another
important oxidant in the activated persulfate oxidation system. As such, both sulfate radicals and hydroxyl radicals are possibly responsible for destroying organic compounds [14]. However, the reaction
between sulfate radical and water performs very
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FIGURE 5
(a) Schematic diagram and (b) proposed
reaction mechanism of phenol depletion by CAFe(II) activated persulfate at 10 °C in aqueous
system
Then, major intermediates formed in the reaction of sulfate radicals attack on phenol are identified
through GC-MS analysis. Subsequently, the reaction
pathway of sulfate radicals attack on phenol in water
is partially elucidated (Fig. 5b). It is generally accepted that sulfate radicals attack on organics mainly
by three mechanisms: electron transfer, hydrogen
abstraction and hydrogen addition [22,24-26]. Electron transfer mechanism is especially likely to be accepted for sulfate radicals attack on organics
[22,24,26]. The sulfate radical may react to form the
hydroxycyclohexadienyl radical by addition to the
ring, followed by hydrolysis or by electron transfer
from the ring to SO4-· and then hydroxylation with
water or OH- [24,25]. A radical in an unstable form,
called as the phenol radical cation (PhOH+·) shown
in Fig. 5b, is formed with SO4-· addition followed by
elimination of SO42- anion, based on the electrophilic
nature of SO4-· and excellent leaving feature of SO42.
Future hydrolysis of phenol radical cation (PhOH+·)
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results in the formation of hydroxylated radical and
then stable intermediate hydroquinone is formed in
the presence of sulfate radicals. Then main intermediate p-benzoquinone detected by GC-MS is produced via either hydrogen abstraction from hydroquinone or reduction of Fe3+ to Fe2+ similar to
Anipsitakis et al. [24].
Lin et al. [9] obtained a greater TOC removal at
pH 11, which probably attributed to ·OH considered
as responsible oxidizing radical species for TOC removal with a converse of SO4-· to ·OH in the presence of excess OH-. However, SO4-· as the predominant oxidizing species during phenol oxidation in the
CA-Fe(II) activated persulfate system at 10 ºC results in very little mineralization of phenol in this
study. Room temperature SO4-· addition to phenol
leads to the formation of dihydroxybenzenes and
benzoquinone, and to open chain molecular products
upon O2 addition [24,27]. So, phenol oxidation at 10
ºC in this study results in little mineralization probably because of low temperature condition. In a word,
chelated Fe(II) activated persulfate oxidation of phenol at 10 °C has no ability of mineralizing phenol,
and the stable intermediate product p-benzoquinone
is formed during phenol oxidation. Therefore, single
Fe(II) activation mode cannot achieve the phenol
mineralization at 10 °C, and if so it requires a combination of other technologies.
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FDWFKPHQWDQGILHOGOHYHO$VVXFKIDUPHUVPD\QRW
KDYHWKHHVVHQWLDOH[SHULHQFHWRGHFLGHRQSURSHULU
ULJDWLRQWLPLQJDQGTXDQWLW\LUULJDWLRQZDWHUWREHDS
SOLHGIRUJHWWLQJQRWRQO\JRRGFURS\LHOGVEXWDOVR
DFKLHYLQJVXVWDLQDEOHLUULJDWLRQSUDFWLFH7KHLUULJD
WLRQ V\VWHPV DQG PHWKRGV FRPPRQO\ XVHG DQGRU
DGRSWHGLQLUULJDWLRQDUHDVKDYHYHU\ORZLUULJDWLRQ
HIILFLHQF\ +HQFH ODUJH YROXPH RI LUULJDWLRQ ZDWHU
GLYHUWHGWRWKHLUULJDWLRQFRPPDQGDUHDVSHUFRODWHV
EHORZWKHSODQWURRWLQJ]RQHDQGWKXVFDXVHVWRULVH
JURXQGZDWHUWDEOH,QWKHDUHDVZLWKODFNRISURSHU
GUDLQDJHV\VWHPVVRLOVDOLQL]DWLRQRUHYHQDONDOLQLW\
LQORQJUXQPD\GHYHORSDWWKHH[SHQVHRIGHJUDGLQJ
IHUWLOH VRLOV$ ILHOG VWXG\ E\ &HWLQ DQG .LUGD >@
VKRZHGWKDWH[FHVVLUULJDWLRQZDWHUXVHFDXVHGDQLQ
FUHDVHLQWKHOHYHORIVRLOVDOLQLW\,UULJDWHGDJULFXO
WXUH LV WKH VROH DUHD ZKHUH IXWXUH ZDWHU DOORFDWLRQ
PXVW EH GHFUHDVHG WR PHHW IXWXUH LQFUHDVH RI ERWK
PXQLFLSDODQGLQGXVWULDOZDWHUGHPDQGV
%HFDXVHRIFOLPDWHFKDQJHSKHQRPHQRQDQGLWV
OLNHO\WULJJHULQJRIZDWHUVKRUWDJHVZDWHUFRQVHUYD
WLRQDQGQHZPDQDJHPHQWLQQRYDWLRQVIRUHIILFLHQW
DQGHIIHFWLYHXVHRIZKDWLVSUHVHQWO\DYDLODEOHPXVW
EH LPSOHPHQWHG ZLWKRXW GHOD\ >@ ,W LV ZHOO GRFX
PHQWHGWKDWDYDLODEOHZDWHUUHVRXUFHVSHUFDSLWDDUH
GHFUHDVLQJGXHWRLQFUHDVHGWHPSHUDWXUHVEHFDXVHRI
JOREDOZDUPLQJDQGRUFOLPDWHFKDQJH)XUWKHUPRUH
JOREDO GLVWULEXWLRQ RI ZDWHU UHVRXUFHV LV XQIRUWX
QDWHO\QRWXQLIRUPRYHUVSDFHDQGWLPH6RPHFRXQ
WULHV DUH IRUWXQDWH IRU KDYLQJ H[FHVV UDLQIDOO EXW
VRPHDUHIDFHGWRORQJSHULRGVRIGURXJKWV+DPG\
HW DO >@ UHSRUWHG WKDW  FRXQWULHV ZLWK  RI
ZRUOG¶VSRSXODWLRQKDYHVHULRXVZDWHUVKRUWDJHVQRW
IRULUULJDWLRQIRUGULQNLQJDQGPXQLFLSDOXVHDVZHOO
*URXQGZDWHUDQGVXUIDFH ZDWHUUHVRXUFHVDYDLODEOH
LQ7XUNH\DQQXDOO\DGGXSWRNPRQDYHUDJH
ZKLFKVKRZVODUJH \HDUWR\HDUYDULDELOLW\>@+\
GURORJLF GURXJKW H[SHULHQFHG LQ UHFHQW \HDUV LQIOX
HQFHGQHDUO\DOOVHFWRUVIURPDJULFXOWXUDOSURGXFWLRQ
WRKRXVHKROGQHHGVLQ7XUNH\6LJQLILFDQWVDYLQJRI
ZDWHUUHVRXUFHVFDQEHDFKLHYHGLISURSHULUULJDWLRQ
PHWKRGVDVZHOODVUDWLRQDOLUULJDWLRQZDWHUPDQDJH
PHQWWHFKQLTXHVDUHGHYHORSHGIRUHIIHFWLYHDQGHI
ILFLHQWXVHRIZDWHUUHVRXUFHVDOORWWHGIRUDJULFXOWXUDO
XVHV>@
:DWHUGHPDQGIRUDJULFXOWXUDOVHFWRUQDPHO\LUULJD
WLRQDUHJHWWLQJLQFUHDVHG\HDUE\\HDUVLPLODUWRGH
PDQGVE\PXQLFLSDODQGLQGXVWULDOVHFWRUVDQGFRQ
VHTXHQWO\ DJULFXOWXUDO VHFWRU XVHV QHDUO\  RI

ABSTRACT
7KLVZRUNXQGHUWDNHQLVDQDWWHPSWWRTXDQWLI\
ZDWHUEXGJHWHOHPHQWVDQGGHWHUPLQHH[LVWLQJLUULJD
WLRQHIILFLHQF\LQDODUJHLUULJDWHGDUHDZLWKSODQWSDW
WHUQV VKRZLQJ ODUJH YDULDELOLW\7KH VWXG\ ZDV FDU
ULHGRXWLQWKH/RZHU6H\KDQ3ODLQLUULJDWLRQDUHDLQ
WKH 6RXWKHUQ 0HGLWHUUDQHDQ FRDVWDO UHJLRQ RI 7XU
NH\'XULQJWKHWZR\HDUZRUNUHDOL]HGLQDQG
WKHH[LVWLQJSODQWLQJSDWWHUQFRQVLVWHGRIFRUQ
ZKHDWFRWWRQFLWUXVDQGOLPLWHGDFUHDJHVRIYHJHWD
EOHV7KHUHVHDUFKILQGLQJVVKRZHGWKDWWKHLUULJDWLRQ
HIILFLHQF\LQWKHVWXG\DUHDZDVUDWKHUORZDV
LQ&URSZDWHUXVHHIILFLHQF\DQGGUDLQDJHIUDF
WLRQZDVDQGUHVSHFWLYHO\DWWKHFDWFK
PHQWOHYHOLQ,QWKHVHFRQGK\GURORJLFDO\HDU
LQ   FURS ZDWHU XVH HIILFLHQF\ DQG GUDLQDJH
IUDFWLRQZHUHIRXQGDQGUHVSHFWLYHO\
%HFDXVHIORZUDWHLQWKHLUULJDWLRQFKDQQHOVLVEDVHG
RQWKHSULQFLSOHRIFRQWLQXRXVDYDLODELOLW\RIZDWHU
WKHIDUPHUVDUHHQFRXUDJHGERWKGD\DQGQLJKWWLPH
LUULJDWLRQ+RZHYHUWKH\FRPPRQO\LUULJDWHGXULQJ
GD\WLPH7KHUHIRUHZDWHUIORZLQWKHFKDQQHOVZDV
ZDVWHG DV GUDLQDJH ZDWHU GXULQJ QLJKW 7KH UHVXOWV
LPSO\WKDWERWKLUULJDWLRQPDQDJHPHQWRIZDWHUXVHU
DVVRFLDWLRQ DQG LUULJDWLRQ PHWKRGV DGRSWHG E\ WKH
IDUPHUV LQ WKH DUHD UHTXLUH XUJHQW LPSURYHPHQWV LI
ZH DUH WR GHFUHDVH ZDVWHIXO XVH RI DYDLODEOH IUHVK
ZDWHUUHVRXUFHV7RWKLVHIIHFW WKH XVH RI VSULQNOHU
DQGGULSLUULJDWLRQPHWKRGVVKRXOGEHSURPRWHGE\
ZDWHUDXWKRULWLHV
.(<:25'6
&URSZDWHUFRQVXPSWLRQGUDLQDJHIUDFWLRQLUULJDWLRQHIIL
FLHQF\LUULJDWLRQZDWHUUHTXLUHPHQW

INTRODUCTION
,UULJDWLRQLVHVVHQWLDOLIVKRUWDJHVRIUDLQIDOODQG
LUUHJXODULW\RIUDLQIDOOVHDVRQFRLQFLGHZLWKFURSSLQJ
VHDVRQ WR HQVXUH RI JHWWLQJ KLJK FURS \LHOGV >@ ,W
VKRXOGEHQRWHGWKDWWKHLUULJDWLRQSUDFWLFHVPD\KDYH
VRPH GLIILFXOWLHV DQG SUREOHPV HLWKHU RQ IDUPHUV¶
DFWXDOILHOGSUDFWLFHOHYHORURQPDQDJHPHQWRIWKH
LUULJDWLRQVFKHPH/DFNRINQRZOHGJHRQSODQWZDWHU
UHODWLRQVFDXVHVWRDFFHOHUDWHFKDOOHQJHVDQGGLIILFXO
WLHV LQ WKH DJULFXOWXUDO ZDWHU PDQDJHPHQW DW WKH
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JURXQGZDWHUWDEOHLVFORVHWRVRLOVXUIDFHORZLUULJD
WLRQ HIILFLHQF\ ZRXOG IXUWKHU ZRUVHQ WKH VLWXDWLRQ
DQGFDXVHWRLQFUHDVHJURXQGZDWHUWDEOHDQGDFFHO
HUDWHVRLOVDOLQLW\GHYHORSPHQW>@SDUWLFXODUO\LQ
WKHYHU\SODLQDUHDVORFDWHGLQ0HGLWHUUDQHDQUHJLRQ
/RZHU 6H\KDQ 3ODLQ LV DPRQJ WKH PRVW LP
SRUWDQWLUULJDWHGDUHDLQ6RXWKHUQ7XUNH\DORQJWKH
0HGLWHUUDQHDQFRDVW7KHDUHDZDVILUVWRSHQHGWRLU
ULJDWLRQIROORZLQJWKHFRQVWUXFWLRQRI6H\KDQ5HJX
ODWRULQ7KHLUULJDWHGDUHDLQFUHDVHGIXUWKHUIRO
ORZLQJWKHFRQVWUXFWLRQRIWKH6H\KDQ'DPLQ
>@ 6RRQ DIWHU WKH DUHD ZDV RSHQHG WR LUULJDWLRQ
SUREOHPVVXFKDVGUDLQDJHVRLOVDOLQLW\DQGDONDOLQ
LW\ZHUHREVHUYHGQRWRQO\LQWKHLUULJDWHGSDUWVEXW
DOVR LQ QRQLUULJDWHG DUHDV ORFDWHG LQ GRZQVWUHDP

MATERIALS AND METHODS
7KHUHVHDUFKZRUNZDVFRQGXFWHGLQWKHDUHDRI
$NDUVX ,UULJDWLRQ 'LVWULFW $,'  LQ$GDQD 7XUNH\
DORQJWKH0HGLWHUUDQHDQFRDVWDODUHD )LJXUH 7R
WDODUHDRIWKHLUULJDWLRQGLVWULFWORFDWHGLQWKH6H\
KDQ/RZHU6H\KDQ3ODLQZDVDERXW KHFWDUHV
RIKLJKO\IHUWLOHDJULFXOWXUDOVRLOV$JULFXOWXUDOSUDF
WLFHVLQWKHDUHDZLWKPRVWO\WZRHYHQWUHHFURSVDQ
QXDOO\LVYHU\LQWHQVH*HRJUDSKLFDOO\LWOLHVZLWKLQ
 ƍ ƍƍ ±  ƍ ƍƍ QRUWK ODWLWXGHV DQG
 ƍ ƍƍ ±  ƍ ƍƍ HDVW ORQJLWXGHV 7KH UH
VHDUFKDUHDKDVEHHQXQGHULUULJDWLRQRYHU\HDUV
7KHLUULJDWLRQPDQDJHPHQWWDVNZKLFKZDVLQLWLDOO\
DGPLQLVWHUHG E\ 6WDWH +\GUDXOLF:RUNV ZDV WUDQV
IHUUHGWR$,'LQ

FIGURE 1
Location of the study area in Turkey; irrigation and drainage gauging stations in the study area.
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FIGURE 2
Spatial distribution of the soil series in the Akarsu Irrigation District (AID).

:DWHUEDODQFH7KHUHIHUHQFHHYDSRWUDQVSLUD
7KHPDMRUVRLOVHULHVSUHVHQWLQWKHDUHD )LJXUH
WLRQ (7R QHHGHGIRUHVWLPDWLRQRIFURSHYDSRWUDQ
 ZDV$ULNOL  ,QFLUOLN  DQG<HQLFHVHULHV
VSLUDWLRQ (7F ZDVFDOFXODWHGXVLQJ)$23HQPDQ
  >@ 2WKHUV ZHUH ,VPDOL\H   *RO\DND
0RQWHLWK PRGHO >@ %DVLF K\GURORJLF ZDWHU EDO
 DQG,QQDSOLVHULHV  
DQFH HTXDWLRQ JLYHQ EHORZ ZDV DSSOLHG LQ WKLV
The climate in the area was typically MediterVWXG\ *UDSKLFDO SUHVHQWDWLRQ RI ZDWHU EDODQFH HOH
ranean with hot and dry summers and cool and rainy
PHQWVZDVJLYHQLQ)LJXUH
winters. Long-years average temperature (60 years)
r K'h
was 18.8 °C. August is the hottest with 28.1 °C and
P  ( I in  I out )  ( Dout  Din )  ETc
u A(ha)  
January was coolest with 9.9 °C in the study area.
10 4
Almost fifty percent of total annual rainfall occurs in
:KHUH3LVUDLQIDOO P  ,LQ,RXW LVWKHQHWLUUL
winter months. Annual average rainfall is 649.5 mm
JDWLRQZDWHU P GLYHUWHGLQWRWKHDUHD 'RXW'LQ LV
in the area. However, rainfall distribution over the
QHWGUDLQDJHZDWHU P JHQHUDWHGVROHO\E\WKHK\
year shows wide variability. Humidity increases up
GURORJLFFDWFKPHQW(7FLVFURSZDWHUXVH P ǻK
to 96% in summer months. However, the humidity
LVWKHFKDQJHLQJURXQGZDWHUWDEOHGHSWK FP  ȘLV
in winter is low. Due to the lack of precipitation and
DYHUDJHSRURVLW\   RIWKHVRLOVLQWKHVWXG\DUHD
increasing temperature in summer months, irrigation
DQG$LVWKHDUHD KD FRQVLGHUHG,QWKLVVWXG\LWZDV
generally starts in early April and ends in late OctoDVVXPHGWKDWGHHSSHUFRODWLRQ *U LVHTXDOWRFDSLO
ber in the region.
ODU\ ULVH *F  LH HTXLOLEULXP LQ WKH K\GURORJLFDO
\HDU
'DWD VRXUFHV DQG FROOHFWLRQ 7KH UHVHDUFK
ZRUN DQG GDWD FROOHFWLRQ ZHUH FDUULHG RXW LQ 
DQGK\GURORJLFDO\HDUV
7KHVLGHVRILUULJDWLRQZDWHULQWDNHDQGGUDLQ
DJHLQIORZVDQGRXWIORZVZHUHGHWHUPLQHGE\XVLQJ
WRSRJUDSKLFDO PDSV DQG GHWDLOHG ILHOG ZRUNV )ORZ
PHDVXULQJVWDWLRQV )06 ZHUHFRQVWUXFWHGIRUERWK
GHWHUPLQLQJZDWHUYROXPHGLYHUWHGIRULUULJDWLRQDQG
GUDLQDJHLQIORZVDQGRXWIORZV )LJXUH 9ROXPHRI
LUULJDWLRQZDWHUGLYHUWHGLQWRWKHDUHDZDVPHDVXUHG
DW)06RI///DQG/'UDLQDJHLQIORZVDQG
RXWIORZVZHUHPHDVXUHGDW/DQG/UHVSHFWLYHO\
7KH)06DW/ ZDVIRU PHDVXULQJ LUULJDWLRQ IORZV
OHDYLQJ WKH VWXG\ DUHD ,Q VXPPDU\ WKH GDWD FRO
OHFWHGIURP)06SURYLGHGWKHEDVLVIRUFDOFXODWLQJ
DFWXDORUQHWYROXPHRILUULJDWLRQZDWHUXVHGLQWKH
VWXG\ DUHD $GGLWLRQDOO\ JURXQGZDWHU GHSWKV FRO
FIGURE 3
OHFWHGIURPGUDLQDJHREVHUYDWLRQZHOOVLQ
Elements of water balance study in the Akarsu
DQG  GLVWULEXWHG PRUH RU OHVV KRPRJHQHRXVO\
Irrigation District (AID).
RYHUWKHVWXG\DUHDZHUHXVHGIRUDVVHVVLQJFKDQJHV
LQZDWHUWDEOHLQDK\GURORJLFDO\HDUVWDUWLQJVWRI
'LVWULFW LUULJDWLRQ HIILFLHQF\ 7KH IROORZLQJ
2FWREHUDQGHQGLQJWKRI6HSWHPEHULQWKHIROORZ
HTXDWLRQZDVXVHGIRUFDOFXODWLRQRILUULJDWLRQHIIL
LQJ\HDU
FLHQF\DWWKHGLVWULFWOHYHO
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TABLE 1
Temporal changes in cropping pattern (%) in Lower Seyhan Plain (1964-2000).
Crops
Wheat
Vegetable
Melon and W. Melon
Cotton
First Crop Maize
Second Crop Maize
Citrus
Fruits
Legumes (soybeans)
Peanut
Onion and Garlic
Alfalfa
Rice
Others
TOTAL

Projected
13
15
1
35
8
3

1964
94
1.0
2.0
-

1974
0.6
0.3
0.6
96.5
0.1
1.0
0.4-

1985
2.9
1.1
7.4
50.3
9.0
2.7
5.9
17.6
-

1995
1.0
2.0
5.0
35.0
40.0
10.0
6.0
-

20
5

1.0
2.0
100

0.4

1.4
1.7
100

1.0
100

100

100

ETc  P
u 100  
I
:KHUH ',(LVLUULJDWLRQHIILFLHQF\   DW WKH
GLVWULFWOHYHO(7FFURSZDWHUFRQVXPSWLRQ PP 3
UDLQIDOO PP  DQG , WRWDO LUULJDWLRQ ZDWHU GLYHUWHG
LQWRWKHDUHD PP 
:DWHU XVH HIILFLHQF\ 2YHUDOO FURS ZDWHU XVH
HIILFLHQF\ LQ WKH VWXG\ DUHD LV HVWLPDWHG XVLQJ WKH
HTXDWLRQ

ETc
u 100  
IP

:KHUH:8(LVFURSZDWHUHIILFLHQF\  (7F
LVFURSZDWHUFRQVXPSWLRQ PP 3LVUDLQIDOO PP 
DQG,LVGHILQHGDERYH
'UDLQDJH IUDFWLRQ 7KH IROORZLQJ HTXDWLRQ
ZDVHPSOR\HGWRGHILQHGUDLQDJHIUDFWLRQ ') IRU
DJLYHQSHULRGXQGHUWKHH[LVWLQJLUULJDWLRQPDQDJH
PHQW

50
40

Areal coverage (%)

DF

Q
u 100  
IP

:KHUH4LVQHWGUDLQDJH 4 'RXW'LQLQ(TXD
WLRQPP JHQHUDWHGE\WKHLUULJDWLRQFDWFKPHQW,
DQG3DUHQHWLUULJDWLRQ , ,LQW,RXWLQ(TXDWLRQ DQG
SUHFLSLWDWLRQUHVSHFWLYHO\LQWKHXQLWRIPP

30
20
10
0

RESULTS

Crop distribution

FIGURE 4
Areal distribution of crops grown in Akarsu Irrigation District in 2006.

&KDQJHVLQFURSSLQJSDWWHUQLQSUHYLRXV\HDUV
ZHUH VXPPDUL]HG LQ 7DEOH  &RWWRQ FURS *RVV\
SLXPKLUVXWXP/ FRYHUHGWKHODUJHVWDUHD 7DEOH 
LQHDUO\\HDUVZKHQWKHDUHDZDVRSHQHGWRLUULJDWLRQ
+RZHYHU FRWWRQ SODQWHG DUHDV GLPLQLVKHG E\ WKH
\HDUV2QWKHRWKHUKDQGILUVWDQGVHFRQGFURSFRUQ
=HDPD\V/ JURZQDUHDVLQFUHDVHGUHPDUNDEO\LQ
V,n 2006 hydrological yearEDVHGRQWKHDFUH
DJHV FRUQ ZDVWKHSUHSRQGHUDQWFURSLQ$,' ZLWK
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2.07
100

ILUVWFURSEHLQJDQGWKHVHFRQGFURSFRUQZDV
 )LJXUH )ROORZLQJFRUQWKHDUHDOFRYHUDJHRI
RUFKDUGV ZDV  ZKHDW   DQG FRWWRQ ZDV
RQO\In 2007 hydrological year, the largest acreage of plant in the Akarsu Irrigation District was
winter wheat, covering a total area of 3 238 ha
(34.1%) (Figure 5). As seen in Figure 5, corn was the
dominant irrigated crop in summer, planted either as
a first crop (29%) or as a second crop (5%) following
winter wheat (34.1%). Cotton was planted only 9%
as one of the major irrigated crops, although it was
nearly the only crop, covering more than 90% of
Lower Seyhan Plain in 1980s and in low 1990s. The
coverage of citrus orchards (26%) follows the 1st
FURSFRUQ0LQRUFURSVZKLFKZHUHGXEEHGDV³RWK
HUV´FRQVLVWHGRIJDUOLFRQLRQSRWDWRHVHWF

DIE

WUE

2000
0.04
2.82
4.66
9.98
56.43
5.22
11.28
4.58
1.44
0.85
0.59
0.04
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FIGURE 8
Irrigation system management parameters in the
Akarsu Irrigation District (AID) in 2007 hydrologic year.

FIGURE 5
Areal distribution of crops grown in Akarsu Irrigation District in 2007.

:DWHUGHSWKVLQWKHFDQDOFURVVVHFWLRQVDWWKH
JDXJLQJ VWDWLRQV ZHUH UHFRUGHG HYHU\ WHQ PLQXWHV
DQGKRXUO\DYHUDJHVZHUHFDOFXODWHG7KHQGDWDRI
ZDWHU GHSWK PHDVXUHPHQWV ZHUH FRQYHUWHG WR IORZ
UDWHV P V  WKURXJK XVLQJ UDWLQJ FXUYHV >LH
4 I K @GHYHORSHGIRUHDFKJDXJLQJVWDWLRQ$VH[
SHFWHGHYHU\IORZJDXJLQJVWDWLRQKDVLWVRZQVSH
FLILFUDWLQJFXUYH)LJXUHVKRZVDQH[DPSOHRIVXFK
DUDWLQJFXUYHGHYHORSHGIRU/LQ)LJXUH

%DVHGRQWKHDFWXDOPHDVXUHPHQWVDWWKHIORZ
UDWHJDXJLQJVWDWLRQVQHWLUULJDWLRQZDWHUDPRXQWGL
YHUWHGLQWRWKH$,'DUHDZDVPPQHWGUDLQDJH
RXWIORZ ZDV  PP LQ WKH K\GURORJLFDO \HDU RI
 +RZHYHU FURS HYDSRWUDQVSLUDWLRQ (7F ZDV
HVWLPDWHG DV  PP DQG WKH UDLQIDOO PHDVXUHG
ZDVPPLQWKHVDPHSHULRG7KHVHILJXUHVLQGL
FDWHFOHDUO\WKDWGLYHUWHGQHWLUULJDWLRQZDWHULVUDWKHU
KLJKLQFRPSDULVRQZLWKWKHFURSHYDSRWUDQVSLUDWLRQ
LQ
$VVHVVPHQWRIWKH H[LVWLQJLUULJDWLRQ PDQDJH
PHQWLQWKHDUHDPLJKWEHGRQHE\XVLQJGLVWULFWLUUL
JDWLRQ HIILFLHQF\ ',(  FURS ZDWHU XVH HIILFLHQF\
:8( DQGWKHGUDLQDJHIUDFWLRQ ') GXULQJLUULJD
WLRQVHDVRQDVZHOODVK\GURORJLFDO\HDU$VVHHQLQ
)LJXUHLUULJDWLRQHIILFLHQF\ ZDVVXUSULVLQJO\DQG
GLVDSSRLQWLQJO\ORZ  in the 2006 hydrological year 6LPLODUO\ FURS :8( ZDV H[WUHPHO\ ORZ
DQGRQO\2QWKHRWKHUKDQGGUDLQDJHIUDFWLRQ
')VKRZLQJSHUFHQWDJHRILUULJDWLRQZDWHUIORZLQJ
RXWRIWKHDUHDZDVDVKLJKDV )LJXUH +LJK
')LQWKHLUULJDWLRQVHDVRQLPSOLHVWKDWRIDYDLO
DEOHZDWHU QHWLUULJDWLRQZDWHUSOXVUDLQIDOODPRXQW
LQWKHFDWFKPHQW ZDVVLPSO\ZDVWHGDVGUDLQDJHLQ
WKHFDWFKPHQW0HWHRURORJLFDOGDWDVKRZHGWKDWWKH
DPRXQW RI UDLQIDOO ZDV DOPRVW QLO LQ WKH LUULJDWLRQ
VHDVRQ7KLVPHDQVWKDW')GXULQJWKHLUULJDWLRQVHD
VRQLVGLUHFWO\SHUFHQWDJHRILUULJDWLRQZDWHUZDVWHG
LQWKHGUDLQDJHFDQDOVLQWKHFDWFKPHQW7KHKLJK')
LVDQLQGLFDWLRQRISRRULUULJDWLRQPDQDJHPHQWLQWKH
GLVWULFW
In the 2007 hydrological year, the district irrigation efficiency was only 33.4% during the hydrological year. However, DIE, to some extent, increased during the irrigation season )LJXUH . It implies that the net irrigation water diverted to the Akarsu ID was wasted as drainage outflows during irrigation season, giving a drainage fraction (DF) as
high as 46.7%. DF remained constant during irrigation season (IS) and non-IS, indicating that there is a
room for improving DIE in the IS due to the fact that
rainfall in wet season cannot be

FIGURE 6
The best fitted calibration (rating) curve developed for the cross-section of L6 in the Akarsu Irrigation District.
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FIGURE 7
Irrigation system management parameters in the
Akarsu Irrigation District (AID) in 2006 hydrologic year.
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FIGURE 9
Spatial distribution of net GW depth change in 2006 and 2007.
TABLE 2
The terms of the water balance calculations in 2007
The terms of the water balance
Hydrologic Year
Irrigation Season (IS) Non-IS
1014.0
941
73
Irrigation (I, mm)
675.8
180
495.8
Precipitation (P, mm)
709.8*
532.6
177.2
&URS¶V(7 (7FPP 
788.3
523.2
265.1
Surface drainage (Q, mm)
-67.4
&KDQJHLQJURXQGZDWHUGHSWK ǻ*:'PP 
&KDQJHLQVRLOZDWHUVWRUDJHLQP ǻ6:'PP  -4.0
+1.6
Net subsurface lateral flows (D or SLF, mm)
a
a
a
Water balance
193.3 (12%)
65.2 (6%)
126.5 (22%)
[ǻW=I+P+LSF-ETc-Q]
*
Based on reference evapotranspiration (ETo) estimated with FAO Penman Monteith method and adjusted with relevant crop
coefficients [12].
a
Percentage based on inflows for the period considered

7KHLUULJDWLRQPDQDJHPHQWSXUVXHGLQWKH$,'
DUHDZDVEDVHGRQFRQWLQXHVDYDLODELOLW\RIZDWHULQ
WKH LUULJDWLRQ FKDQQHOV LQFOXGLQJ DOO VHFRQGHU DQG
WKH WHUWLDU\ FKDQQHOV %HFDXVH LUULJDWLRQ ZDWHU LV
DYDLODEOHDOOWKHWLPHWKHJURZHUVDUHHQFRXUDJHGLU
ULJDWLRQGXULQJERWKGD\DQGQLJKWWLPHWRLQFUHDVH
LUULJDWLRQ HIILFLHQF\ +RZHYHU JURZHUV SUHIHU GD\
WLPHLUULJDWLRQIRUFRQYHQLHQFHDQGWKXVZDWHULQWKH
LUULJDWLRQFKDQQHOVVLPSO\LVZDVWHGDVGUDLQDJHZD
WHUGXULQJQLJKW+LJK')LQ,6LQGLFDWHVORZ',(DW
WKH FDWFKPHQW OHYHO 7KHUHIRUH JURZHUV FRQWLQX
RXVO\FRPSODLQRIORZIORZUDWHVLQWKHFKDQQHOVDQG
LQDGHTXDF\RILUULJDWLRQZDWHUDOORWWHGWRWKHP5H
VHDUFK UHVXOWV UHYHDO FOHDUO\ WKDW ',( FDQ EH LP
SURYHGWKURXJKWDNLQJORJLFDOPHDVXUHVE\LUULJDWLRQ
PDQDJHPHQWDXWKRULW\
:DWHU GHSWK HTXLYDOHQW DUHDO *: GHSWK
FKDQJHPXOWLSOLHGE\VRLOSRURVLW\ RIQHW*:GHSWK
FKDQJH ǻ*:'JURXQGZDWHUGHSWKLQPLQXV
JURXQGZDWHUGHSWKLQ LQZDVIRXQGWREH
ǻ*:' PPLQGLFDWLQJDGHFUHDVHLQ*:WD
EOH OHYHO 6SDWLDO GLVWULEXWLRQ RI QHW *: GHSWK
FKDQJHLQZDVGHSLFWHGLQ)LJXUH,WFRXOGEH
FRQFOXGHG WKDW DYDLODELOLW\ RI PDLQ DQG VHFRQGDU\

controlled by irrigation management, i.e. Akarsu
Water User Association, but net diverted irrigation
water. DF was improved to some extent in 2007,
compared to DF of 56% obtained in 2006. The irrigation scheme in the Akarsu ID is managed based on
³FRQWLQXRXV IORZ V\VWHP´ XQGHU ZKLFK WKHUH LV DO
ways water flow existing in secondary and tertiary
irrigation channels, and the growers and/or irrigators
are supposed to continue irrigating crops by day and
night. Unfortunately, the growers generally irrigate
their fields during daytime and therefore irrigation
water in the system is simply lost as drainage outflows, i.e. irrigation return flows, during the night.
As a matter of fact, drainage flows generated by
night are direct by-pass flows in the district. On the
other hand, there is endless complain from the growers that their shareof irrigation water is not enough.
Because of low water use efficiency and high drainage fraction, irrigation management authorities
should undertake some measures immediately. At
least, irrigation technicians may continually check
tail waters at the end of secondary and tertiary canalette system for the sake of saving irrigation water
for the farmers in downstream parts of the district.
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GUDLQDJH FDQDOV DQG GUDLQDJH QHWZRUN GHQVLW\ KDG
SOD\HG D PDMRU UROH LQ GHFUHDVLQJ *: UHVHUYH$V
VHHQLQ)LJXUHFKDQJHLQ*:GHSWKLVVXEMHFWWR
VSDWLDOYDULDELOLW\LQGLFDWLQJWKHHIIHFWVRIFURSSLQJ
SDWWHUQDQGDQWKURSRJHQLFLQWHUYHQWLRQRYHUWKHDJ
ULFXOWXUDOFDWFKPHQW
6LPLODUO\ QHW FKDQJH LQ VRLO ZDWHU VWRUDJH
ǻ6:'VRLOZDWHUVWRUDJHLQPLQXVVRLOZDWHU
VWRUDJHLQ ZDVPPSHUPVRLOGHSWK
LQGLFDWLQJDGHFUHDVHRIVWRUHGZDWHULQSODQWURRWLQJ
GHSWKGXULQJWKHK\GURORJLFDO\HDU,WVKRXOGEH
NHSWLQ PLQGWKDWWKH FKDQJHVLQVRLO ZDWHUVWRUDJH
EHWZHHQ*:WDEOHOHYHODQGSODQWURRWLQJGHSWKLH
LQWKHFDSLOODU\IULQJH]RQHFRXOGQRWEHFRQVLGHUHG
LQWKLVVWXG\$WWKHHQGRIK\GURORJLFDO\HDU
WKHDUHDODYHUDJHRI*:WDEOHGHSWKZDVDERXW
P+RZHYHU*:WDEOHZDVZLWKLQWKHURRWLQJ]RQH
LQZLQWHUDQGVXPPHUPRQWKVLQGLFDWLQJWKDW*:LV
UHFKDUJHGE\UDLQIDOOLQ ZLQWHUDQGLUULJDWLRQ ZDWHU
DSSOLFDWLRQVLQVXPPHU
As seen from Table 2, water balance calculations resulted in 193.3 mm error of closure in 2007
hydrological year. One third of this value occurred
during irrigation season (IS) while the remaining
portion (2/3 of the error term) was during the nonirrigation season (NIS). Although this error balance
term might be attributed to YDULRXV unknown and/or
unmeasured losses including year-round HYDSRWUDQ
VSLUDWLRQ of intensively growing crops in drainage
canals and also evaporation from water surfaces
along the irrigation and drainage canals during the
hydrological year. Due to the difficulties and uncertainties in partitioning of water budget elements, the
shares of water consumption of the crops growing in
the drainage canals and free water surface evaporation from the irrigation scheme could not be determined in this study. It is also worth noting that the
share of cultivated area was only about 60% of the
Akarsu ID during fall and winter seasons, indicating
that almost 40% of the arable areas were uncultivated
in the dormant season. Evaporation from the uncultivated areas was also calculated and considered
within bare soil evaporation. Furthermore, we were
able to establish only one meteorological station in
the center of the Akarsu ID with the expectation that
the measured rainfall amount in the station fully represents the areal rainfall over the entire district. However, during the fieldwork, we often noticed localized precipitation events within a few kilometers
neighborhood. The water stored in the 65 cm soil
depth -which was calculated as the soil layer thickness between 90 cm root zone and 1.55 m average
GW depth- which was overlooked in water balance
calculations, might also be contributed to the some
major parts of that error balance term of water balance in 2007 (Table 2). Additionally, water use in
urban areas, as well as dairy farms which may be potential contributors of the error term in the water balance, were not considered in this study.

DISCUSSION
During the early period when the area was
opened to irrigation, cotton was the preponderant
crop (Table 1) in the region. Çetin and Özcan [10]
showed that up until 1978, cotton was the only crop
in the area, indicating mono cropping system adaptation. However, planting of corn crop, soybean and
sesame was after 1980s. In the 2006 hydrological
year, the largest acreage was devoted to corn crop
(Figure 4). Fifty six percent of irrigation water and
rainfall received in the area was wasted as drainage
water in the catchment. A similar work carried out
by Isidora et al. [13] in Spain showed that over 70%
of irrigation water and rainfall received in an irrigated area was wasted as drainage water. Rather high
drainage fraction as was the case in this work showed
that irrigation efficiency was very low and thus new
irrigation methods and irrigation systems modernization must be adopted to increase DIE. An earlier
work by Çetin and Özcan [10] also showed that irrigation efficiency under the existing management
was 35-40% in the region. Crop water use efficiency
(WUE) was only 28.7% in the 2006 hydrological
year (Figure 7) showing that irrigation water was applied more than actual crop water requirement. Low
values of district irrigation efficiency show that excess irrigation water applied and methods of irrigation must be improved [14]. Additionally, irrigation
management should overview existing management
regime to improve WUE and DIE against high DF.
A study by Çakmak and Aküzüm [15] showed that
nearly all irrigation projects in Turkey have low irrigation efficiency, which suggests that excess irrigation practice in Turkey is a common problem. The
reason may be the policy of irrigation water pricing.
In most of the irrigation project areas, the pricing is
based on the crop type and area of irrigation not
based actual volume of used. In early season the
agency managing the irrigation scheme simply records the areas planted to different crops. Unit area of
each crop irrigated has a different water price in Turkey due to the fact that water user associations have
large flexibility to determine water prices. On the
other hand, total irrigation cost is calculated by
simply multiplying total area with the unit price attributed to the specific crop. It is up to the growers
how much water they apply and how many times
they irrigate. It constitutes a contradiction that cost
does not change by irrigation volume applied, but the
crop type.
Although all the terms of the water balance
equation was directly measured, zero error in the balance could not be achieved owing to the large size of
the study area and the inheritance stochastic behavior
in the water balance elements, i.e. rainfall and evapotranspiration. Isidoro et al. [13] also offered similar
argument for the errors observed in water balance
work.
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CONCLUSION
This study was carried out in Akarsu Irrigation
District with 9 495 hectares of irrigated area having
both irrigation and drainage systems over 60 years.
The district is on the delta plain of the Seyhan River
in Adana, Turkey. The irrigation methods used in the
area are commonly surface irrigation methods of low
irrigation efficiency. Because of problems in irrigation management, low irrigation efficiency, excess
irrigation water application, heavy clay soil texture
and inadequate field drainage endanger sustainability of irrigation practice in the area. Groundwater table in the area has increased soil salinity which may
cause loss of soil fertility irreversibly. Therefore, this
work undertaken here aims at assessing irrigation
management for identifying the areas of focus for
improving irrigation practice in the area. The results
showed that both district irrigation efficiency (DIE)
and crop water use efficiency (WUE) achieved under
the existing irrigation practice was extremely low.
The major cause of the problem was excess irrigation
water application due to the fact that irrigation water
pricing was based on crop type and area, but not the
volume. Furthermore, technical sufficiency of irrigation management was not enough to improve efficiencies at the district level. In order to overcome
low DIE and WUE against high DFs, surface irrigation methods must be replaced with sprinkler or drip
irrigation systems of high irrigation application efficiency. It was noted that nearly 60% of irrigation water diverted into the area was wasted in the drainage
system and flowing out of the area as tail and/or bypass water in the channels. This can be minimized
with promoting night irrigation. Alternatively, the
continuous irrigation water supply in the channels
might be modified so that during nights, when actual
field irrigations are discontinued, the flow rates may
be reduced. In order to sustain soil fertility, renovating field drainage systems is urgently needed to control water table at the catchment level.
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HEAVY METAL CONCENTRATIONS IN SERPENTINE
SOILS AND PLANTS FROM KIZILDAG NATIONAL PARK
(ISPARTA) IN TURKEY
Coskun Saglam*
Cumra Vocational School, Selcuk University, 42500 Konya, Turkey

concentrations of Fe, Mg, Cr, Ni, and Co, and the
soils formed from these materials, may have hundreds times more nickel than many other soils [4].
The determination of heavy metal distribution in
plants and media samples is one of the most accurate
criteria related to environmental remediation [5].
The mobility and bioavailability of heavy metals depend on soil characteristics, such as pH, organic matter, cation exchange capacity, soil redox potential [6]
and the biological peculiarities of plant species.
Some plants grown on serpentine soils can accumulate remarkable concentrations of Ni in their tissues,
exceeding 1000 mg/kg Ni in dry matter [7, 1], and
some 85%-90% of nickel-accumulating plants are
serpentine endemic [8]. Heavy metals pose serious
environmental risks [9]; therefore researchers all
over the world are researching new plant species susceptible to be used in phytoremediation [10]. The use
of the native plants for phytoremediation is often better in terms of survival, growth and reproduction under environmental stress than plants introduced from
the other environments [11]. Serpentine research has
highlighted the role of geology as a major environmental determinant of endemism through direct effects on topography and soil properties and indirect
effects on habitat availability, degree of spatial isolation, and microclimate [12, 3].
The aims of this study are (1) to investigate the
levels of eight heavy metal concentrations in some
plants and their serpentine growth media, and (2) to
survey the transfer of metals from soil to plants.

ABSTRACT
This study assessed total concentrations of cobalt (Co), chromium (Cr), copper (Cu), iron (Fe),
manganese (Mn), molybdenum (Mo), nickel (Ni),
and zinc (Zn) in serpentine soils and 10 plant species
growing naturally in serpentine soils in KÕzÕlda÷ National Park (Isparta). The paper discusses the transfer
of metals from serpentine soils to plants (MTF). The
soils were low concentrations in the nutrients of K,
P and Ca, but high in Mg, especially in the slopping
sides. The serpentine soils contain low Ca/Mg quotient (0.162-0.378) on the sloping areas where water
erosion occurred. The soil samples contain high Cu,
Zn, Ca/Mg quotients (2.163-2.211) and organic matter, but low Co, Cr and Fe in the less inclined areas.
The mean total heavy metal contents of the soil samples
decreased
in
the
order
of
Fe>Ni>Mn>Cr>Zn>Co>Cu>Mo. Among the plants,
Ni concentrations were highest in Noccaea camlikensis (4472 mg/kg) and Alyssum peltarioides
(3209 mg/kg) from Brassicaceae family. There was
a correlation between Ca and Ni contents of these
endemic Ni hyperaccumulators. A. peltarioides and
N. camlikensis can be used for phytomining of Ni
throughout serpentine soils. In addition, after harvesting these plants can be used as compost for remediation of Ni deficient topsoils in the agricultural
area.

KEYWORDS:
Serpentine soil; Wild plants; Heavy metal; .Õ]ÕOGD÷
Isparta; Turkey

MATERIALS AND METHODS
Study area and sampling locations. The serpentine area was located in the border of KÕzÕlda÷
National Park between Sarkikaraagac-Isparta province and Beysehir Lake. The study area is located in
B3 according to the grid system of Davis [13]. This
serpentine area is situated in transitional zone between Mediterranean and Irano-Turanian phytogeographic regions. The altitude of the research area is
between 1100 and 1910 m, and the region covers an
area of about 60 km2 ZLWKWKHODWLWXGHIURPƍWR
ƍ1DQGORQJLWXGHIURPƍWRƍ( According to Sarkikaraagac (Isparta) climate data

INTRODUCTION
Serpentine soils derived from ultramafic rocks
exhibit unique biogeochemical structure [1] and important environmental component of the earth. Serpentine soils are a model system for the study of evolution, ecology, and conservation [2] and edaphically stressful for plant growth, due to nutrient deficiencies, especially Ca, low water-holding capacity
and high levels of heavy metals and Mg [3]. Serpentine rocks containing less than 45% silica and high
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calcimeter, and an EC (electrical conductivity) meter, respectively. The organic matter (%) was measured using Smith-Weldon Method [14].
The fresh plant samples transported to laboratory for analysis were thoroughly washed with running tap water and rinsed with double distilled water
to remove soil/sediment particles attached to the
plant surfaces. Washed samples were air-dried for a
day followed by subsequent oven drying at 70 ºC for
48 h to a constant weight, and 0.5 g of the dried plant
samples were then powdered and digested with 2 ml
of H2O, 2 ml H2O2 (30%) and 4 ml HNO3 and heated
in a closed system microwave (MARS-5 CEM Corporation Manufactures in USA 3100 Smith FarmRoad Matthews, NC 28105±5044). The samples
were brought up to 25 ml and filtered through a
Whatman filter paper No.42. Also, all chemicals and
solvents were analytical grade and obtained from
Merck (Darmstadt, Germany). The concentrations of
Co, Cr, Cu, Fe, Mn, Mo, Ni, and Zn were determined
by ICP-AES (Vista-Pro Axial; Varian Pty Ltd, Australia) described by Soltanpour and Workman [15].
In order to maximize accuracy, the results were
checked by carrying out a triplicate analysis for all
samples. The accuracy was also checked by parallel
determination of standard reference material (SRM1547 Peach leave) from National Institute of Standards and Technology (NIST).

(1976-1995), the annual precipitation in the area is
458.4 mm, and the precipitation type is Winter>
Spring> Autumn> Summer. The most arid and hottest months are July and August, with a mean temperature of 28.9 °C. The mean annual temperature is
10.2 °C in Sarkikaraagac. According WR(PEHUJHU¶V
formula of rain and temperature factors (Q: 47.03),
the research area has a Mediterranean semi-dry climate [5]. This is an area of serpentine soils, with cedar forest in lower side, steep slopes, and grassy
meadow at the top.
Sampling and pre-treatments. 24 soil samples and 48 plant samples were collected from eight
localities from the same location points as the plants.
The soil samples were collected from a depth of 0±
25 cm and sealed in a clean polyethylene bag, and
brought to the laboratory. The following plant taxa
were collected from several individuals within each
species in the flowering period from this serpentine
habitat in June 2014 and used as the biomonitoring
plants: Alyssum peltarioides Boiss. subsp. virgatiforme (Ny.r.) T.R. Dudley (Saglam 1550), Thymus sipyleus Boiss. (Saglam 1551), Silene ozyurtii
Aksoy & Hamzaoglu (Saglam 1553), Onosma
aksoyii Aytac & Turkmen (Saglam 1552), Tragopogon turcicus Coskunc., M. Gultepe & Makbul (Saglam 1549), Scorzonera mollis M. Bieb. subsp.
szowitzii (DC.) D.F. Chamb. (Saglam 1554), Astragalus vulnerariae DC. (Saglam 1555), Sedum sartorianum Boiss. (Saglam 1549), Scorzonera coriacea
A.Duran & Aksoy (Saglam 1556), Noccaea camlikensis Aytaç, Nordt & Parolly (Saglam 1557). The
plant specimens collected from the serpentine area
were stored in the herbarium of Selcuk University
(Konya).

Statistical analysis. The data were subjected to
one-way analysis of variance (ANOVA), with
)LVKHU¶V OHDVW-significant difference procedure
(LSD) (P<0.05 in soil and plants analyses) and
standard deviation (SD) in the software program
MSTAT-C.
Metal transfer factor (MTF). The metal
transfer or uptake factor (MTF) is an index for evaluating the transfer potential of a metal from soil to
plant and calculated as MTF=Metal concentration in
Plants/Metal concentration in the media sample on
dry weight basis [16].

Analytical procedure for heavy metal analysis. After drying, the soil samples were mechanically
grounded and passed through a 2-mm stainless steel
screen. Soil sample of 0.5 g was placed in a glass
beaker and concentrated HNO3 (9 ml) solution was
added and heated at 150 ºC for about 3h. After that,
3 mL of concentrated HClO4 was added and digestion was continued by evaporation to dryness. Then,
concentrated HCl (3 ml) was added and heated at
150 ºC for 15 minutes. Finally, the sample was transferred to a 25 mL volumetric flask and diluted up to
the mark with double distilled water. The solution
was filtered through Whatman filter paper No.42 and
the filtrate was directly analyzed by InductivelyCoupled Plasma-Atomic Emission Spectrometry
(ICP-AES) for Co, Cr, Cu, Fe, Mn, Mo, Ni, and Zn.
Soil minerals were analyzed in 3 replications by ICPAES (Varian, Vista Axiel Simultaneous) and
checked by reference material (SRM-2711 Montana
soil). The pH, carbonate, and EC values (solid: distilled water = 1:5) were measured using a pH meter,

RESULTS
The physical and chemical characteristics of
the soil samples are as follows: pH 6.41-6.8, sandy
soil in texture, low CaCO3 (0.94-3.44%) and EC (86126.8μS/cm), and variable (0.99-5.67%) in organic
matter (Table 1). The soils were low concentrations
in the nutrients of K, P and Ca, but high in Mg, especially in the slopping sides of the research area.
The combination of unusually high Mg and low Ca
concentrations in the analyzed serpentine soils resulted in a very low Ca/Mg quotient between 0.162
and 0.378 on the sloping areas where water erosion
occurred in a weight basis. On the other hand, high
Ca/Mg quotients (2.163-2.211) and organic matter
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heavy metal concentration of Mo (2.54 mg/kg) was
the lowest (P<0.05).
The concentrations of heavy metal in the plants
(Table 3) were found to be significantly variable
(P<0.05). The general mean concentrations in all
plants were as follows: Fe> Ni> Mn> Zn> Cu>
Cr>Mo>Co. The mean results indicated that Ni concentration values are highest in N. camlikensis (4472
mg/kg) and A. peltarioides (3209 mg/kg), and lowest
in S. ozyurtii (20 mg/kg).

occur in the soil samples collected from less inclined
areas which has well drainage on the top of Kizildag.
Heavy metals concentration in serpentine
soils and plants. The soils were of typical ultramafic
composition (Table 2), with the expected high concentrations of Co, Cr, Fe, Mn, and Ni. The soils contained normal concentrations of Zn, but slightly low
concentrations of Cu. Fe (41328 mg/kg) is the most
abundant
metal
followed
by
Ni>Mn>Cr>Zn>Co>Cu>Mo (Table 2). The mean

TABLE 1
Some physical and chemical properties of the serpentine soils and sampling localities (L).
Sampling
locations
L1
L2
L3
L4
L5
L6
L7
L8

Geographical coordinates

Direction

ƍƍƍ1-ƍƍƍ(
ƍƍƍ1-ƍƍƍ(
ƍƍƍ1-ƍƍƍ(
ƍƍƍ1-ƍƍƍ(
ƍƍƍ1-ƍƍƍ(
ƍƍƍ1-ƍƍƍ(
ƍƍƍ1-ƍƍƍ(
ƍƍƍ1-ƍƍƍ(

North
North
West
Plain
West
West
West
Plain

Altitude
(m)
1490
1550
1741
1900
1185
1884
1620
1896

CaCO3
%
3.44
2.18
2.02
2.34
0.94
3.12
1.88
3.12

OM
(%)
1.15
0.99
3.29
5.67
2.74
2.05
1.51
5.07

N
(ppm)
5.5
4.4
13.3
12.4
4.4
11.1
8.8
13.3

pH
6.43
6.80
6.42
6.65
6.41
6.54
6.65
6.42

EC
ȝ6FP
86.3
94.4
130.1
126.8
118.7
78.3
90.2
144.5

Texture
S
S
S
L
S
S
S
L

Abbreviations: S, Sandy; L, loam; EC, electrical conductivity; OM, organic matter.
TABLE 2
The mean heavy metal concentration (mg/kg) of serpentine soil samples (P<0.05, n=sample number) in
dry weight, Ca/Mg in total, and tolerance limit values of the soils [17, 16].
Soil Locality
L1
L2
L3
L4
L5
L6
L7
L8
General Mean
LSD0.05
SD0.05
Tolerance limit values

Co
65.4d
97.4a
14.7g
27.0f
82.5b
50.4e
74.8c
55.5e
58.5
5.93
0.542
1-20

Cr
267c
327b
269c
171e
323b
191d
354a
177e
260
8.74
0.798
10-80

Cu
22.5cd
23.7c
28.3b
51.3a
22.7cd
19.0e
21.5d
50.1a
29.9
2.02
0.185
50-100

Fe
40280c
43410b
44850a
37310d
44430ab
40840c
43810ab
35690e
41328
1187
108.44
NA

Mn
1324b
1298bc
1288bc
1201d
1219cd
1109e
1617a
1218cd
1284
83.63
7.645
100-400

Mo
2.46de
2.57c
2.49d
2.72b
2.81a
1.98f
2.43e
2.82a
2.54
0.055
0.006
NA

Ni
3800a
2771d
2887bc
2925b
2834cd
2828cd
2522e
2914b
2935
67.33
6.152
10-50

Zn
120.7c
95.4f
114.1d
170.7b
102.8e
91.8f
90.5f
179.6a
120.7
6.13
0.56
60-780

Ca/Mg
0.284
0.175
0.378
2.163
0.341
0.162
0.209
2.211

n
3
3
3
3
3
3
3
3

TABLE 3
The mean heavy metal concentration (mg/kg in dry weight) in the aboveground (a) and root (r) of the
plants (P<0.05).
Plant name
S. sartorianum (a)
S. mollis (a)
S. ozyurtii (a)
O. aksoyii (a)
T. sypileus (a)
T. turcicus (a)
T. turcicus (r)
N. camlikensis (a)
S. coriacea (a)
S. coriacea (r)
A. peltarioides (a)
A. vulnerariae (a)
LSD0.05
±SD

Co
1.24
0.65
0.58
0.66
0.81
1.07
2.59
2.29
0.28
0.90
8.91
1.84
0.60
0.059

Cr
4.73
2.12
2.38
3.46
4.25
3.75
8.89
1.08
0.71
2.94
1.1
6.99
0.24
0.025

Cu
8.25
8.99
9.27
11.02
11.94
10.59
12.63
8.01
12.8
8.05
7.65
8.50
0.51
0.05

Fe
1232
562
498
782
993
797
1706
244
191
746
302
1903
994
3.093

3997

Mn
46.1
67.3
148.3
48.6
54.3
69.4
72.9
22.6
45.7
41.8
65.5
41.8
5.3
0.524

Mo
1.85
1.95
1.87
1.67
1.83
1.63
1.63
1.81
1.93
1.60
1.56
1.84
0.09
0.008

Ni
106
47
20
30
80
37
76
4472
53
48
3209
86
75.9
7.465

Zn
24.8
48.3
26.5
20.6
28.9
29.4
24.9
67.4
63.93
29.4
52.6
17.0
3.2
0.315

n
5
4
4
4
4
5
3
4
3
3
5
4
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TABLE 4
MTF values of selected plants
Plant name
S. sartorianum
S. mollis
S. ozyurtii
O. aksoyii
T. sypileus
T. turcicus
N. camlikensis
S. coriacea
A. peltarioides
A. vulnerariae
General mean

Media soils (n=3)
L1,L2,L6
L4-6,L8
L1,L2,L7
L2,L4,L7
L4-6,L8
L1,L2,L4-6
L3-5,L8
L1,L3,L7
L2-5,L8
L1,L4,L6

Co
0.017
0.012
0.007
0.01
0.015
0.016
0.05
0.005
0.14
0.039
0.03

Cr
0.018
0.01
0.008
0.012
0.02
0.015
0.008
0.002
0.004
0.033
0.014

Cu
0.157
0.251
0.411
0.342
0.334
0.38
0.21
0.53
0.22
0.275
0.333

Fe
0.03
0.014
0.012
0.019
0.025
0.019
0.006
0.004
0.007
0.048
0.02

Mn
0.037
0.057
0.105
0.035
0.046
0.056
0.018
0.032
0.053
0.035
0.046

Mo
0.79
0.76
0.75
0.65
0.71
0.65
0.67
0.78
0.58
0.77
0.702

Ni
0.034
0.016
0.007
0.011
0.028
0.012
1.547
0.017
1.112
0.027
0.238

Zn
0.24
0.36
0.26
0.17
0,21
0.25
0.48
0.59
0.40
0.13
0.3

TABLE 5
The comparisons of total heavy metal concentrations (mg/kg) of serpentine soils.
Heavy metals
Ni
Cr
Co
Mn
Cu
Zn
Fe
Mo

Present study
2522-3800
177-354
14.7-97.4
1109-1617
19-50.1
90.5-179.6
35690-44850
1.98-2.82

Reeves et al. [19]
2404-2833
404-561
123-177
1225-1615
21-60
109-214
72800-89900
-

Aksoy et al. [1]
1530-2900
153-317
60-144
892-1650
7.5-30
59-79
53850-84870
-

Teptina and Paukov [21]
471-1028
122-474
37-87
618-1387
14-165
31-155
8000-29100
-

Bani et al. [20]
1070-3278
677-3872
93-289
1010-3006
2-76.3
82-816
58000-118300
-

within the tolerance limits (Table 2). Similar soil
metal concentration ranges were reported from the
studies carried out by Reeves et al. [19], Aksoy et al.
[1], and Bani et al. [20], but Fe value of the soil samples is low in the present study. On the other hand,
the ultramafic soils in Urals (Russia) contain low
concentrations of Fe and Ni [21], and high concentrations of Cr in Balkans [20] (Table 5). The high
concentration of Ni found in serpentine soils originates from its geochemical structure. The uptake and
accumulation of heavy metals by shoots and roots
varied with heavy metal type, soil structure and plant
species.
According to Young [22], serpentine soils usually contain 100 mg/kg or more of Co. The total Co
concentrations of soils may range from 0.3 to 1000
mg/kg; but the levels of Co are within the range of
20 to 40 mg/kg in most of the soils in the worldwide
[22]. The total concentrations of Co are within the
range of 14.7 to 97.4 mg/kg in the present study, and
consistent the findings of Teptina and Paukov [21]
in Urals (Russia). As a general rule, plants growing
on nickel enrichment soils would have low Co contents [6]. Peterson and Girling [23] stated that plants
growing in Co deficient soils generally contain from
0.08 to 1.07 mg/kg of Co, and serious deficiency
conditions commonly occur below 0.04 mg/kg. In
the present study, the contents of Co in the wild
plants are in a range of 0.28 mg/kg (S. coriacea) to
8.91 mg/kg (A. peltarioides). The hyperaccumulator
plants can accumulate Co in their tissues in excess of
1000 mg/kg in mineralized areas [24].
The level and distribution of total Cu in the soil
profile can be expected to vary with soil type and

The highest Fe concentrations were detected in
A. vulnerariae (1903 mg/kg). While the concentrations of Mn were the highest in S. ozyurtii (148.3
mg/kg), Cu concentration was the lowest in N. camlikensis. (22.6 mg/kg) The highest concentration of
Cr was observed in T. turcicus root (8.89 mg/kg) and
the lowest in S. coriacea (0.71 mg/kg).
Transfer of heavy metal from serpentine soil
to plants. The MTF from soils to plants are given in
Table 4. According to Olowoyo et al. [18], if the
MTF ratios > 1, this plant is accumulated heavy metals. The ratios around 1 indicates that plant is not influenced by elements, and ratios < 1 show that plant
exclude the metals from uptake. The general mean
MTF in all plants were as follows:
Mo>Cu>Zn>Ni>Mn>Co>Fe>Cr. Ni is highest MTF
values in N. camlikensis and A. peltarioides (Table
4).

DISCUSSION
The soil samples collected from less inclined
areas on the top of Kizildag have the highest in
Ca/Mg quotients (2.163-2.211), organic matter
(5.07-5.67%), Zn and Cu, but the lowest in Fe and
Cr (Table 1 and Table 2). The serpentine soils are
enriched with Fe (35690-44850 mg/kg), Ni (25223800 mg/kg), Mn (1109-1617 mg/kg), Cr (171-354
mg/kg), and Co (14.7-97.4 mg/kg). The total mean
concentrations of Fe, Ni, Mn, Cr and Co are higher,
but the concentration of Zn (120.7 mg/kg) was
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1.3 mg/kg Mo may be a more representative value,
within the range from 0.1 to 40 mg/kg [32]. Levels
of 0.5 mg/kg or less could be considered low [6]. The
adequate concentrations of Mo in most crops range
between 0.1 and 1.0 mg/kg, but the threshold value
for Mo toxicity in plants is much higher than that for
any other micronutrient. Herein, the total amounts of
Mo are in a small range of 1.98 to 2.81 mg/kg in serpentine soils and 1.56-1.95 mg/kg in plant specimens. The results of plant to soil metal transfer factor
(MTF) showed that Mo has highest in all plants and
these plants can be used as Mo indicator in the serpentine soils. Due to low requirements of Mo in very
small amounts, there is only a narrow range between
the deficient and sufficient levels in most plants. In
the normal crop plants, Mo concentration usually
ranges from 0.8 to 5 mg/kg in the tissue. However,
some plants may contain up to 15 mg/kg. Deficient
plants usually contain less than 0.5 mg/kg [33].
The standard value of National Environment
Quality Standard for soil is 50 mg/kg in Ni and 200
mg/kg in Cr [34]. Due to the similar abundance of Ni
and Cr in especially serpentine soils derived from ultramafic rocks, their uptake deserves some attention.
The fact that Ni is more mobile than Cr in soils indicates the likelihood for greater uptake and translocation of Ni in plants. Serpentine soils are unsuitable
to support the normal vegetation because of their low
nutrient contents, high Mg content which can antagonize Ca uptake by plants, and direct toxicity of indigenous elements such as Ni and Cr. Therefore,
plants growing on serpentine soils can be considered
highly adaptable to low available Ca. Accumulators
of Ni are plants whose mean content of a particular
element is greater than the content of the same element in the substrate [35]. Brooks et al. [7] ultimately used the term hyperaccumulator to denote
such species. Leaves of such species should have at
least 1000 mg/kg Ni on dry weight basis. Due to Ni
contents of N. camlikensis (4472 mg/kg) and A. peltarioides (3209 mg/kg) from Brassicacea family
(Figure 2) more than 1000 mg/kg, these plants were
assessed as hyperaccumulator in the present study
(Table 5). The species of N. camlikensis is a local
endemic and have a distribution of two serpentine areas in Konya and Isparta. Aksoy et al. [1] reported
N. camlikensis as Ni hyperaccumulator as the first
WLPHLQ.Õ]ÕOGD÷ .RQ\D ZKHUHWKHW\SHVSHFLPHQV
were collected.
Similar Ni contents of the overground parts of
A. peltarioides subsp. virgatiforme were found 4411
mg/kg in the greenhouse trials conducted by
$OWÕQ|]OHWDO[4]. The Ni levels of A. peltarioides
subsp. virgatiforme were found in a range from
12.14 mg/kg to 3130 mg/kg in the study carried out
by Reeves et al. [19] in Tunceli and Erzincan provinces (Turkey) and treated as Ni hyperaccumulator.
According to the results of soil to plant MTF, high
concentrations of Ni in serpentine soils are tolerated
in plants by exclusion or hyperaccumulation. Other

parent material from which the soils are derived.
Distribution of Cu between soil constituents can be
influenced considerably by the presence of OM, and
Mn and Fe oxides. In general, soils most commonly
found to be deficient in Cu are poorly drained mineral soils, high in OM, and Histosols [25]. In the present study, the soil samples collected from less inclined areas have well drained loamy soils and contain low Co, Cr and Fe, but high Cu, Zn and Ca/Mg
and organic matter (Table 1 and Table 2). These results confirmed the statements of Barnes and Cox
[25]. Similar contents of Cu were found by Reeves
et al. [19] in serpentine soils. Copper is required only
in very small amounts; 5 to 20 mg/kg in crop tissue
is adequate for normal growth, while <4 mg/kg is
considered deficient, and 20> mg/kg is considered
toxic [6]. Wang et al. [26] determined that the overall
potential ecological hazard risk level of Cr, Cu and
Zn were "slight" but, Cd and Hg were "strong" in the
Shaying River basin in China.
Fe is most abundant metal in the earth [27] and
used in special enzyme, protein respiratory and photosynthetic reactions. Although Fe is one of the most
abundant metals in the earth's crust, its availability to
plant roots is very low [28]. Organic matter in soils
plays a major role in the availability of Fe to plants.
The young leaves show yellowing, sometimes reIHUUHGWRDV³LURQ chlorosis´LQ)HGHILFLHQF\6RLOV
with a basic reaction often result in Fe deficiency because under these elevated pH conditions Fe is
largely in the oxide and unavailable form. The uptake of Fe, Cu and Cr from soil is low in Ni accumulator plants (N. camlikensis and A. peltarioides) (Figure 1), compared with the results of other studies, the
total Fe contents of serpentine soils are higher than
the results of Teptina and Paukov [21], but less than
Aksoy et al. [1], Reeves et al. [19], and Bani et al.
[20].
Mn activates many enzyme reactions involved
in the metabolism of organic acids, P, and N. As an
activator in enzymes involved in carboxylic acid cycle and carbohydrate metabolism, it may be replaced
by Mg. Mn appears mainly in the form of compounds of Mn2+ and as an oxide-Mn [29]. Jones [30]
generalized the following levels of Mn for most
crops: deficient, <20; sufficient, 20 to 500; and toxic,
>500. Herein, the mean concentrations of Mn varied
from 22.6 to148 mg/kg in plant speciments and from
1109 to 1617 mg/kg in serpentine soils, and over the
tolerance limits for the soils (Table 2).
Mo contents of the soils are dependent on the
nature of parent material, degree of weathering, and
OM content. It has been used as an indicator element
for geochemical prospecting both for Mo ores and
for Cu minerals, because Mo accumulates in soils
[31]. In general, levels of 0.5 to 5 mg/kg are considered normal and are in agreement with the relative
DEXQGDQFH RI 0R LQ WKH HDUWK¶V FUXVW  WR 
mg/kg). However, recent assessments that include a
broader range of soils suggest that a median of 1.2 to
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[39]. The Zn content of soils depends on the nature
of the parent rocks, OM, texture, and pH. As soils
GHYHORSIURPWKHSDUHQWPDWHULDORIWKHHDUWK¶VVXU
face, they acquire in varying degrees the elements
present in the parent material. Herein, the levels of
Zn are in a range from 95.4 to 179 mg/kg in serpentine soils and higher in the plain areas than slopping
areas. Zn is the highest in N. camlikensis (mg/kg),
but the lowest in A. vulneraria (mg/kg). The contents
of Ni are within the standard limits of the soils, but
low in the plants except N. camlikensis and S. coriacea. Physiologically, Zn deficiency can adversely affect the leaf chlorophyll content, stomatal conductance, and net photosynthesis [40].

plants adapt to a low Ca environment, by selectively
up taking this nutrient rather than Mg. In addition to
high Ni and Ca levels, low Fe and Cr contents were
found in N. camlikensis and A. peltarioides. The normal range of Ni in plants is 20-200 mg/kg [36]. The
Ni contents of the soil and pH can be responsible for
the Ni accumulation in plants [37]. A typical toxicity
symptom produced by Ni is the chlorosis or yellowing of leaves followed by necrosis. Other symptoms
include stunted growth of roots and shoot, deformed
plant parts, unusual spotting, and in severe cases,
death of the whole plant [38].
Zinc is the 24th most abundant element in the
HDUWK¶V FUXVW ZLWK WKH DYHUDJH YDOXH DW a PJNJ












  



 






  

FIGURE 1
Heavy metal concentrations of N. camlikensis and A. peltarioides subsp. virgatiforme.

FIGURE 2
The pictures of N. camlikensis (A) and A. peltarioides subsp. virgatiforme (B) in the research area.
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Salt et al. [41] reported that the costs involved
in phytoextraction would be more than ten times less
per hectare compared to conventional soil remediation techniques. It can be applied in mineral industry
to commercially produce metals by cropping [42]. It
is considered that A. peltarioides and N. camlikensis
might be used for phytomining of Ni throughout serpentine soils and other polluted soils by Ni.
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CONCLUSION
The soils were low concentrations in the nutrients of K, P and Ca, but high in Mg, especially in the
slopping sides of the research area. The combination
of unusually high Mg and low Ca concentrations in
the analyzed serpentine soils resulted in a very low
Ca/Mg quotient between 0.162 and 0.378 on the
sloping areas where water erosion occurred in a
weight basis. On the other hand, high Cu, Zn, Ca/Mg
quotients and organic matter, but low Co, Cr and Fe
were found in the soil samples which have well
drainage in the less inclined areas. The mean total
heavy metal contents in soil samples decreased in the
order of Fe>Ni>Mn>Cr>Zn>Co>Cu>Mo. Among
the plants, Ni concentrations were the highest in N.
camlikensis (4472 mg/kg) and A. peltarioides (3209
mg/kg) from Brassicaceae family and exceeded Ni
hyperaccumulator threshold value (1000 mg/kg) in
dry matter. In addition, there was a correlation between the Ca amount of two endemic Ni hyperaccumulator species and their Ni content. The TF of all
metals was found very low, except N. camlikensis
and A. peltarioides. These results show that the plant
populations in serpentine habitats that have been isolated from others in the same climatic conditions
have to cope with the heavy metal stress by excluding them to maintain their existence. A. peltarioides and N. camlikensis may be used for phytomining of Nickel throughout serpentine soils and other
polluted soils by Ni. In addition, after harvesting
these Ni hyperaccumulator plants can be used as
compost for remediation of Ni deficient topsoils in
agricultural area.
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ABSTRACT

INTRODUCTION

Biotic (pests, diseases and weeds) and abiotic
(drought, cold, heat and salinity) stress factors cause
to yield loss. Improvement of resistant or tolerant
cultivar against these stress factors is the main target
of plant breeding. Pesticides and other chemicals
have been widely used to obtain high yield by
fighting biotic stress factors (pests, diseases and
weeds). However, use of chemicals in agriculture
causes extra financial cost and environmental
pollution. That is why, improvement of new methods
for high yield is obligatory. Leaves in plants form
active
surface
of
photosynthesis.
High
photosynthetic activity affects yield directly by
increasing matter production. The aim of this study
was to increase photosynthetic activity in sunflower
via leaf-removal (defoliation) and consequently to
increase seed, crude protein and crude oil yields by
increasing photosynthetic activity. Oil type
sunflower cultivars used in the study ('08-TR-003',
'TR-3080' and 'TARSAN-1018') were obtained from
"Trakya Agricultural Research Institute". When
plants reached to star-shaped head stage which is the
beginning of generative stage, 4 different leafremoval treatments which were control (no leafremoval), 2 leaves-removal, 4 leaves-removal and 6
leaves-removal, were performed. Half of the leaves
was removed from just below the head while other
half was removed from the middle part of the plant
in each treatment. After harvest, seed yield per plant,
seed yield per decare, crude protein percentage,
crude oil percentage, crude protein yield per decare
and crude oil yield per decare were calculated. At the
end of the study, it was observed that a certain
number of leaf-removal for each cultivar compared
to control affected all agronomic characters
positively.

Plantal production should be increased in order
to meet the food demand of increasing world
population. This can only be achieved by increasing
yield since sowing areas cannot be enlarged.
Furthermore, cultivated areas which cover 3% of the
total world surface, are getting narrowed rapidly due
to erosion, salinity, acidity, unplanned urbanization,
intensive agriculture and extreme grazing. It is
estimated that world population will be 11 billion in
2050 [1]. With the effects of all these factors and
increasing population, it is estimated that cultivated
area per capita will be 0.15 hectare in 2050. On the
other hand, food production is negatively affected by
the changes of world climate caused by global
warming. More than 30% of crop production are lost
due to biotic (pests, diseases and weeds) and abiotic
(drought, cold, heat and salinity) stress factors.
Improving new cultivars resistant to stress factors is
the main target of plant breeding. Fighting against
biotic stress factors which decrease crop production,
is achieved by chemical methods. However, careless
usage of chemicals such as fertilizers, pesticides and
herbicides disturbs ecological balance. Improving
resistant cultivars by conventional and modern
techniques against biotic and abiotic stress factors is
very difficult since resistance is occurred by additive
gene effect. That is why, new environmental friendly
production methods should be improved to increase
yield per unit area against rapidly increasing world
population and decreasing natural sources.
Leaves form the active photosynthetic area in
plants [2, 3]. High photosynthetic activity increases
yield. In greenhouse studies conducted by us showed
that leaf-removal (defoliation) till a certain number
increased photosynthetic activity. "Star-Shaped
Head Stage" in sunflower is the beginning of
reproductive period. Substances formed by
photosynthesis are stored in seeds in this period.
Higher photosynthetic activity in this period
increases the main agronomic characters such as
seed, crude protein and crude oil yields. Preliminary
studies conducted in different species by us showed
that leaf-removal at a certain number gave rise to
increased photosynthetic activity.

KEYWORDS:
Sunflower, leaf removal, seed yield, crude protein yield,
crude oil yield
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guarantee the emergence. Two weeks after
emergence, two of the plants were eliminated and
only one plant left in every hole.
For all leaf-removal treatments in all cultivars,
plots
were
fertilized
with
14
kg/da
diamoniumphosphate (DAP) before planting.
During growing, weed control was achieved by hand
in experimental field. Plants were irrigated during
development according to water need of the plants.
After flowering and fertilization, heads of the plants
from which observations would be performed, were
FRYHUHGE\SDSHUEDJVWRDYRLGELUGV¶KDUP3ODQWV
were harvested when 80% of sunflower heads were
brown.
Leaf-Removal (Defoliation) Treatments.
When plants reached to "Star-Shaped Head Stage"
which is the beginning of reproductive period, 4
different leaf-removal treatments were performed.
These are: control (no leaf removed), 2 leavesremoval, 4 leaves-removal and 6 leaves-removal.
Half of the leaves was removed from just below the
head while other half was removed from the middle
part of the plant for each leaf-removal treatment as
shown in (Figure 1).
Determination of Total Chlorophyll
Content. Total chlorophyll content was determined
in leaves of plants according to the protocol of Curtis
and Shetty [4]. Fresh tissue of 50 mg from leaf was
put in 3 ml methanol and kept in total darkness at
23ºC for 2 hours. By this way, chlorophyll in fresh
tissue passed through into methanol. After 2 hours,
absorbencies were determined at 665 and 650 nm.
Total chlorophyll content was calculated as "μg
chlorophyll/g fresh tissue".

FIGURE 1
The places where leaves were removed in
"Star-Shaped Head Stage"

The aims of this study are to increase seed,
crude protein and crude oil yields by increasing
photosynthetic activity via leaf-removal from the
plant in "Star-Shaped Head Stage" which is the
beginning of reproductive period.

Lipid Peroxidation. Lipid peroxidation was
determined by measuring the amount of MDA
produced by the thiobarbituric acid reaction as
described by Lutts [5]. A 200-mg sample of fresh
leaves were squashed with a 5-mL portion of a 0.1%
tricholoroacetic acid (TCA) solution, and the
mixture was centrifuged for 20 min at 12 500 rpm.
A 3-mL portion of the supernatant was then taken
out of the 5-mL extract. After that, a 3-mL portion of
a solution containing 20% of tiobarbituric acid and
20% of tricholoroacetic acid was added to 3 mL of
the supernatant. The absorbencies of supernatant
monitored at 532 and 600 nm with the
spectrophotometer.

MATERIALS AND METHOD
This study was conducted in the years of 2013
and 2014 in experimental fields of Faculty of
Agriculture, Ankara University.
Plant Material. Oil type sunflower cultivars
'08-TR-003', 'TR-3080' and 'TARSAN-1018'
obtained from "Trakya Agricultural Research
Institute" were used in the study.

Antioxidant Enzyme Activity. For enzyme
assays, fresh leaf samples (1 gram) were ground to a
fine powder with liquid nitrogen in a ceramic mortar
and homogenized with 10-mL portions of a 50 mM
phosphate buffer solution containing 0.1 mM of NaEDTA. Homogenized samples were centrifuged at
15 000 rpm for 15 min and then used for enzyme
analysis.

Soil Preparation, Planting and Plant
Development. Soil of trial field was ploughed 30 cm
in depth in fall before winter. In spring, it was
ploughed again 10-15 cm in depth to make soil ready
for planting. Planting was performed in the first
week of April with spaces of 70 cm row width and
25 cm on-row. Three seeds were put in every hole to
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oil type sunflower cultivars were main plots and 4
leaf-removal treatments were sub-plots. Data were
VWDWLVWLFDOO\ DQDO\]HG E\ 'XQFDQ¶V PXOWLSOH UDQJH
test using 'SPSS for Windows'. Data given in
SHUFHQWDJHV ZHUH VXEMHFWHG WR DUFVLQH ¥X)
transformation before statistical analysis [8].

The activity of superoxide dismutase (SOD)
was measured using the method of Cakmak and
Marschner [6] and Cakmak [7]. According to this
method, a 3 mL of a 50 mM phosphate buffer (pH
7.6) containing 0.1 mM of Na-EDTA; the enzyme
extract (0.025±0.1 mL); 0.5 mL of a 50 mM solution
of Na2CO3 (pH 10.2); 0.5 mL of a 12 mM solution
of L-PHWKLRQLQHP/RIDȝ0VROXWLRQRIQLWUR
blue tetrazolium chloride (NBT); and, finally, 0.01
mL of riboflavin were added into glass bottles to
prepare solutions. The absorbencies of the solutions
were read at 560 nm 15 min after the mixing.
Catalase (CAT) activity was determined
according to Cakmak and Marschner [6]; Çakmak
[7] who measured the rate of the decrease of
absorbance of H2O2 at 240 nm. The reaction mixture
contained 0.8 mL of a 50-mM phosphate buffer
solution (pH 7.6) containing 0.1 mM of Na-EDTA,
0.1 mL of a 100 mM H2O2 solution and 0.1 mL of
the enzyme extract. The volume of the reaction
medium was adjusted to 1 mL. The absorbencies of
the resulted solutions were monitored at 240 nm.
The activity of ascorbate peroxidase (APX)
was assayed according to method described by
Cakmak and Marschner [6] and Cakmak [7]. The
mixture containing a portion of a 50-mM phosphate
buffer solution (0.7 mL, pH 7.6, also containing 0.1
mM of Na-EDTA) was mixed with 0.1 mL of a 12
mM solution of H2O2, also containing 10 mM
EDTA, 0.1 mL of a 0.25 mM solution of L(-)ascorbic acid and 0.1 mL of the enzyme extract. The
total volume of the mixture was adjusted to 1 mL,
and its absorbance was read at 290 nm.
The activity of glutathione reductase was
determined according to protocols by Cakmak and
Marschner [6] and Cakmak [7]. According to these
protocols, 1 mL of the assay mixture was prepared
like this: a 0.7-mL portion of a 50 mM phosphate
buffer solution (pH 7.6, also containing 0.1 mM of
Na-EDTA) was mixed with 0.1 mL of a 0.5 mM
oxide glutathione (GSSG) solution, 0.1 mL of a 0.12
mM NADPH solution and 0.1 mL of the enzyme
extract. Absorbance of the mixture was measured at
340 nm.

RESULTS AND DISCUSSION
From one hand, current food production is
insufficient against rapidly increasing world
population which is estimated to be 11 billion in
2050, on the other hand cultivated areas covering 3%
of the total world surface area are getting narrowed
rapidly due to erosion, salinity, acidity, intensive
agriculture and extreme grazing. It is estimated that
cultivated area per capita will be 0.15 hectare in
2050. In addition, finding required water sources for
modern agriculture will be more difficult because of
increasing water consumption and water dirtiness.
More than 30% of our crop yields are lost due to
biotic and abiotic stress factors. That is why, highyielded new cultivars should be improved to meet
food demand of increasing world population.
However, improvement of new cultivars resistant to
biotic and abiotic stress factors is extremely
difficulty by breeding methods since characters
controlling resistance to stress factors are
determined by additive genes effect. And also
improving new cultivars takes more time, needs
working in wide areas and labor expenses increase
the cost.
There are research studies examining the
effects of leaf-removal on seed and crude oil yields
in sunflower [9, 10, 11, 12, 13]. However, in all these
studies, it was reported that leaf-removal from plant
gave rise to decreases in seed and crude oil yields. It
was thought that the reason of these negative results
could be due to use of improper methods. Thus, in
some of the studies, all leaves in plant were removed
while 1/3 or 2/3 of leaves were removed in some
studies. Or leaves from the bottom of the plant were
removed. Whereas, it was reported that effective
leaves on yield were in top and middle of the plant
[14]. In our study, leaves at a certain number from
top (below head) and middle of the plant were
removed to modify the yields of seed and crude oil.
The effect of different leaf-removal treatments
on seed, crude protein and crude oil yields were
shown in (Table 1.) From the results, it could be
concluded that leaf-removal from the plant at a
certain number affected seed, crude protein and
crude oil yields significantly. The highest results in
all the parameters were recorded from leaf-removal
treatments compared to control in which no leaf was
removed.
Seed yield was recorded as 385.4 kg da-1 in
control while it was 431.2 kg da-1 in the treatment of
4-leaf-removal as the highest in cv. '08-TR-003'. In

Observations. Observations were performed
in totally 30 plants (10 plants per replication) in each
leaf-removal treatment of all cultivars. At the end of
the study, seed yield per decare (kg da-1), crude
protein yield (kg da-1) and crude oil yield (kg da-1)
were determined as agronomic characters while total
photosynthetic activity, lipid peroxidation (MDA),
superoxide dismutase (SOD), activities of catalase
(CAT), ascorbate peroxidase (APX) and glutathione
reductase (GR) were recorded as physiologic
characters.
Statistical Analysis. Experiments were
arranged at 'Randomized Complete Block, SplitPlots' design with 3 replications. In the experiment,
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cv. 'TR-3080', seed yield increased to 432.7 kg da -1
in 2-leaf-removal treatment from 398.3 kg da-1 in
control. Seed yield was realized 407.3 kg da-1 in
control treatment while it was 451.6 kg da-1 in 6-leafremoval treatment in cv. 'TARSAN-1018'. Increase
percentage in seed yield compared to control was
recorded as 11.87% in cv. '08-TR-003', 8.64% in cv.
'TR-3080' and 10.87% in cv. 'TARSAN-1018'. Mean
of increase percentage of three cultivars in seed yield
was calculated as 10.46% (Table 1).
The highest results in crude protein yield were
recorded from the treatments of 4-leaf-removal, 2leaf-removal and 6-leaf-removal in cvs. '08-TR-003',
'TR-3080' and 'TARSAN-1018', respectively.
Increase percentage compared to control was noted
1.90%, 6.40% and 12.61% in cvs. '08-TR-003', 'TR3080' and 'TARSAN-1018', respectively. Mean of
increase percentage of three cultivars in crude
protein yield was 6.97% (Table 1).
Crude oil yield increased to 207.7 kg da-1 in 4leaf-removal treatment from 175.0 kg da-1 in control
in cv. '08-TR-003'. In cv. 'TR-3080', crude oil yield
was 184.8 kg da-1 in control treatment while it was
209.5 kg da-1 in 2-leaf-removal treatment in cv. 'TR3080'. In cv. 'TARSAN-1018', the highest value in
crude oil yield was noted as 215.3 kg da-1 in 6-leafremoval treatment while it was 190.7 kg da-1 in
control. Increase percentage in crude oil yield
compared to control was obtained as 18.67%,
13.36% and 12.92% in cvs. '08-TR-003', 'TR-3080'
and 'TARSAN-1018', respectively. Mean of increase
percentage of three cultivars in crude oil yield was
14.98% (Table 1).
In the current study, the highest values in total
chlorophyll content were recorded in 4-leafremoval, 2-leaf-removal and 6-leaf-removal
treatments in cvs. '08-TR-003', 'TR-3080' and
'TARSAN-1018', respectively. In cv. '08-TR-003',

total chlorophyll content was noted as 1235.30 μg/g
fresh tissue while it was 1023.28 μg/g fresh tissue in
control. Increase percentage according to control
was realized as 33.42%. Total chlorophyll content
was recorded as 1473.44 μg/g fresh tissue while it
was 1011.01 μg/g fresh tissue in control treatment in
cv. 'TR-3080'. Increase percentage according to
control in total chlorophyll content was noted as
45.74%. In cv. 'TARSAN-1018', total chlorophyll
content was 1463.75 μg/g fresh tissue in 6-leafremoval treatment as the highest while it was
1100.33 μg/g fresh tissue in control treatment in
which no leaf was removed. And increase percentage
according to control was 33.02% in cv. 'TARSAN1018'. These results confirmed that leaf-removal
from plant significantly increased chlorophyll
content which cause to higher photosynthetic
activity and yield. In our study, the highest total
chlorophyll contents in all cultivars were recorded
from leaf-removal treatments from which the highest
seed, crude protein and crude oil yields were
obtained. Highest results in seed, crude protein and
crude oil yields could be attributed to highest total
chlorophyll contents which caused to higher
photosynthetic activity. It was reported that there is
a close relationship between photosynthesis and
chlorophyll content [15]. Chlorophyll content of leaf
is accepted as an indicator of photosynthetic capacity
of tissues [16-18] and the amount of it in tissue is
changed under stress conditions [19-21].
The mean values of antioxidant enzyme (SOD,
GR, APX and CAT) activities and lipid peroxidation
(MDA) contents in leaf-removal treatments in
sunflower plants are shown in Table 2. It was
observed that in all physiologic characters, the
highest results were obtained from leaf-removal
treatments compared to control.

TABLE 1
The effect of leaf-removal treatment on seed, crude protein and crude oil yields in sunflower

Cultivars

'08 -TR- 003'

'TR - 3080'

'TARSAN 1018'
Overall Mean

Number of
Leaves
Removed
from Plant

Seed Yield
(kg da-1)

0 (Control)
2
4
6
0 (Control)
2
4
6
0 (Control)
2
4
6

385.4±3.7 c
371.9±4.7 d
431.2±1.5 a
399.0±4.0 b
398.3±0.6 ab
432.7±4.5 a
388.1±3.8 b
376.6±5.5 b
407.3±4.4 b
425.3±2.3 ab
443.4±1.3 a
451.6±1.2 a

Increase
Percentage in
Seed Yield
According to
Control (%)

11.87

8.64

10.87

Crude Protein
Yield
(kg da-1)
70.4±1.1 a
62.8±1.1 b
71.7±1.3 a
68.2±0.5 ab
66.2±0.8 b
70.4±0.7 a
67.7±0.8 b
59.2±1.1 c
75.6±0.9 c
77.1±0.9 c
81.0±1.0 b
85.1±0.8 a

10.46

Increase
Percentage in
Crude Protein
Yield
According to
Control (%)
1.90

6.40

12.61
6.97

Crude Oil
Yield
(kg da-1)
175.0±4.2 c
173.1±1.1 c
207.7±1.2 a
185.1±1.8 b
184.8±1.5 b
209.5±1.6 a
184.7±2.1 b
173.8±1.3 c
190.7±1.3 c
199.7±1.7 bc
206.0±6.0 b
215.3±1.5 a

Increase
Percentage in
Crude Oil
Yield
According to
Control (%)
18.67

13.36

12.92
14.98

Values within a column followed by different letters are significantly different at the 0.01 level for each cultivar
All values is the mean of years 2013 and 2014
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'08 -TR- 003'

'TR - 3080'

'TARSAN 1018'
Overall
Mean

33.42

45.74

33.02

37.39

19.9±0.2 c
25.2±0.6 a
18.8±0.4 c
23.0±0.3 b
23.8±0.3 c
23.0±0.2 c
32.1±0.3 a
28.2±0.8 b
19.9±0.3 b
23.5±0.7 a
20.2±0.5 b
16.4±0.1 c

168.8±12.4 c
867.6± 30.6 b
2314.6±151.6 b
193.2±3.4 b
1058.1±37.1 a
1616.1±4.3 c
35.21
21.94
17.93
224.5±6.9 a
758.7± 22.8 b
2729.7±65.2 a
228.3±3.3 a
752.7±69.8 b
2569.3±3.4 ab
162.5±2.2 c
828.6± 12.5 ab
2366.1±164.5 b
179.4±0.3 b
591.8± 16.1 c
3007.6±196.4 a
35.14
24.74
5.19
27.11
193.9±2.5 a
871.6± 52.6 a
2403.6±206.6 b
202.7±6.6 a
749.3±10.5 b
1945.4±63.7 b
212.8±10.1 b
751.6± 49.4 b
2107.9±44.7 b
198.9±22.4 ab
738.2± 57.8 b
2889.6±116.5 a
18.30
35.28
28.98
37.83
287.9±17.2 a
969.5± 22.9 a
2905.5±80.0 a
153.8±9.7 c
526.3± 40.4 c
2690.4±95.3 a

26.86

26.76

31.74

28.70

27.62

52.2±3.5 ab
49.5±4.1 b
61.8±1.7 a
62.0±3.3 a
62.2±5.7 a
65.4±17.0 a
58.3±3.3 b
46.9±2.2 b
61.0±0.2 b
64.7±0.1 b
74.3±2.6 a
59.2±3.0 b

Increase Percentage According to
Control (%)

Glutation Reductase (GR) Activity
(unit/min./mg fresh weight)

Increase Percentage According to
Control (%)

Acrorbate Perx. (APX) Activity
(unit/min./mg fresh weight)

Increase Percentage According to
Control (%)

Catalaz (CAT) Activity
(unit/min./mg fresh weight)

Increase Percentage According to
Control (%)

Superoxide Dismut. (SOD)
(unit/min./mg fresh weight)

Increase Percentage According to
Control (%)

1023.28
1235.30
1365.32
1119.16
1011.01
1473.44
1211.76
1033.82
1100.33
1211.45
1288.37
1463.75

Lipid Perox. (MDA)
(μmol/g fresh weight)

0 (Control)
2
4
6
0 (Control)
2
4
6
0 (Control)
2
4
6

Increase Percentage According to
Control (%)

Total Chlorophyll Content
(μg/g fresh tissu)

Cultivars

Number of Leaves Removed from
Plant

TABLE 2
The effect of leaf-removal treatment on physiologic characters in sunflower

18.82

5.08

21.72

15.20

Values within a column followed by different letters are significantly different at the 0.01 level for each cultivars

'08-TR-003' cultivar. The highest GR activity was
recorded in 6-leaf-removal treatment as 62.0
unit/min./mg fresh weight while the lowest was 49.5
in 2-leaf-removal treatment. The highest GR activity
in 'TR-3080' cultivar was noted as 65.4 unit/min./mg
fresh weight in 2-leaf-removal treatment while the
lowest was recorded as 46.9 unit/min./mg fresh
weight in 'TR-3080' cultivar. In cv. 'TARSAN-1018',
the highest GR activity was observed in 4-leafremoval treatment as 74.3 unit/min./mg fresh
weight. The lowest value in GR activity was realized
as 59.2 unit/min./mg fresh weight in 6-leaf-removal
treatment.
Plantal crude oil need of Turkey was realized
DV    WRQ LQ  >@ 7XUNH\¶V FUXGH RLO
deficit was 835 000 ton in the same year [25]. 795
000 ton crude oil was obtained from sunflower in
2014. Turkey paid 1194 dollars for the importation
of 1 ton plantal crude oil in 2014. That means that
Turkey paid 996 990 000 dollars for importation of
835 000 ton crude oil deficit [25]. In Turkey,
sunflower was planted in 5 524 651 decare, obtained
1 480 000 ton oil seed in 2014. And seed yield was
269.0 kg da-1, crude oil yield was realized as 143.9
kg da-1 in the same year [26].
According to the results, when the production
method described in our study based on leaf-removal
from the plant in "Star-Shaped Head Stage" is used,
seed yield per decare will rise to 297.1 kg from 269.0
kg with the increase of 10.46%. And crude oil yield
per decare will also rise to 165.5 kg from 143.9 kg
with the increase of 14.98%. This shows that our
crude oil production from sunflower will be 914 329
ton (165.5 kg x 5 524 651 decare). In other words,
crude oil production of Turkey will increase 119 329

The highest value in MDA content in cv. '08TR-003' was recorded as 25.2 μmol/g of fresh
weight in 2-leaf-removal treatment. Increase
percentage according to control was realized as
26.86%. In 'TR-3080' cultivar, the highest MDA
content (32.1 μmol/g of fresh weight) was obtained
from 4-leaf-removal treatment while it was 23.5
μmol/g of fresh weight in 2-leaf-removal treatment
in cv. 'TARSAN-1018'. In all cultivars, MDA
content decreased by increasing number of leaf
removed. These results of our study were also
corrected by Guo [22] who reported that MDA
content decreased in defoliated plants (Lycium
chinense Mill.) under salt stress conditions.
The activities of SOD were significantly
(P<0.01) increased 35.21%, 24.74% and 35.28% in
cvs. '08-TR-003', 'TR-3080' and 'TARSAN-1018'
respectively, when leaf-removal treatments were
performed. Patykowski and Kolodziejek [23]
reported that the SOD activity was significantly
(P<0.05) increased in Viscum album L. subsp. album
plant leaves, when the host plants were defoliated
depended on seasonal changing. The increase
percentage according to control of CAT activity was
observed as 21.94%, 5.19% and 28.98% which were
statistically important at the level of 0.01, in cvs. '08TR-003',
'TR-3080'
and
'TARSAN-1018'
respectively. Leaf-removal treatments gave rise to
higher APX activities in all cultivars compared to
control in which no leaf removed. Increase
percentage in APX activities in cvs. '08-TR-003',
'TR-3080' and 'TARSAN-1018' were recorded as
17.93%, 27.11% and 37.83%, respectively. Results
showed that GR activity increased as 18.82% in leafremoval treatment compared to no-leaf-removal in
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ton (914 329 ton ± 795 000 ton) when the method in
the current study is performed. When it is thought
that 1194 dollars was paid for the importation of 1
ton crude oil in 2014, 142 478 826 (119 329 ton x
1194 dollars) dollars income will be provided in
Turkey.
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[22] Guo, Y., Yu, Q., Feng, X., Xie, Z. and Liu, X.
(2015) Effects of partial defoliation on the
growth, ion relations and photosynthesis of
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CONCLUSION
By the current study, it was shown that crop
production could be increased by stimulating plants
physiologically. In our preliminary experiments, it
was determined that photosynthetic activity could be
increased by leaf-removal at a certain number. It was
revealed that seed and crude oil yields in sunflower
could be increased significantly by the method
described in the current study. And the method
described in the current study could easily be used in
other crops in order to increase yield.
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These crystals primarily include proteins (Cry and
Cyt toxins) which are also called as į-endotoxin. The
Cry and Cyt protein families of the B. thuringiensis
form a different group of proteins with its activity
against the other insect such as Lepidoptera, Coleoptera, Diptera and against the other invertebrates such
as nematodes. Cry proteins are parasporal inclusion
proteins which exhibits toxic effects towards the target organism of B. thuringiensis. Similarly, the Cyt
proteins are parasporal inclusion proteins exhibiting
haemolytic (cytolytic) activity. These toxins are
highly specific for the target insects and are harmless
to humans, vertebrates and plants, and are completely biodegradable [3,4].
The bio-pesticide B. thuringiensis which is defined as an environmental-friendly, harmful control
agent is related to the use of the B. thuringiensis¶
chemical pesticides; they are used to reduce many of
the problems such as environmental pollution, public
health problems, resistance of the harmful pests observed in the majority of the developed countries [5].
The spore cultures and formulations of B. thuringiensis are widely used as foliar sprays as a part of
the integrated pest management strategy against the
agricultural product pests [6]. In addition, the B. thuringiensis have the greatest success against the basic
and microbial pesticides [7]. The soils in different
regions may contain new species of B. thuringiensis
which may be toxic for the harmful insects. All these
mentioned properties direct the researchers to carry
out new isolation studies to discover new B. thuringiensis species.
In this study, the isolation and identification of
the B. thuringiensis species were performed on the
soil of Artvin province in Turkey for the first time.
Additionally, the insecticidal effects of these isolates
were also investigated on the H. cunea larvae.

ABSTRACT
The soil in different regions may contain new
B. thuringiensis species which may be toxic for the
harmful insects. For this purpose, 5 native B. thuringiensis strains (Na1, Na2, Na5, Na7, Na25) were
isolated from the soil of Artvin province in Turkey.
The biochemical properties of the isolates (API 20 E
and API 50 CH) were determined. The 16S rRNA
gene sequence analyses, the polymerase chain reaction (ITS-PCR) of the 16S-23S intergenic transcribed spacer and the 16S rDNA based PCR-restriction fragment length polymorphism (RFLP)
were performed. Then, cry gene content (cry 1, cry
2, cry 3, cry 4, and cry 9) of isolates were investigated. The conducted electron microscope research
showed that the B. thuringiensis isolates carried four
distinct crystal morphologies including rectangular,
square, cubic, round and amorphous. The insecticidal effects of these isolates were investigated for
12 days in the 3-4th instar larvae of the Hypantria
cunea (Lepidoptera). However, the isolates did not
show any pathogenicity on the pest. In the later studies, it will be evaluated whether the isolates carry
new crystal genes which are different from the control and whether they have entomopathogenic activity on different group of the insects.
KEYWORDS:
Bacillus thuringiensis, soil, isolation, ITS-PCR, PCRRFLP, entomopathogenic activity

INTRODUCTION
B. thuringiensis with its entomopathogenic
property is a gram-positive and spore-forming bacterium. It was reported that the B. thuringiensis
strains can be isolated from very different environments and mites such as soil, stored products, insect
corps, cereals, agricultural soils, different plant and
aquatic environments [1,2]. The bacteria produce
proteins during the sporulation phase through its insecticidal properties known as parasporal crystals.

MATERIALS AND METHODS
Soil sample collection. Soil samples were collected with a sterile spatula about 2-5 cm below from
the surface. Samples were obtained by scraping off
surface material, transported to the laboratory under
4011
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pm primer 1492R, 3.0 ȝl MgCl 2 , 0.5 ȝl 5 unit/pl
Taq DNA polymerase and 30 ȝl sterile distille
water were used. The thermal cycle conditions
were arranged in the following way; 1 cycle at
94°C for 2 minutes followed by 35 cycles at 94°C for
45 seconds, 55 °C for 1 minute, and 72 °C for 1 minute, and then the final extension at 72 °C for 10
minutes. Presence of the desired region was confirmed by conducting the PCR product on 1% electrophoresis gel apparatus. The resulting PCR amplicons were sequenced in both directions by a commercial company. The closeness to the other species
was revealed by comparing the sequence data to the
nucleotide collection available in the gene bank
(http://blast.ncbi.nlm.nih.gov).

aseptic conditions and stored at 4°C until use [8].
The isolation and stocking of the bacteria.
For the isolation of the B. thuringiensis, 1 g of the
soil samples were placed in Luria-Bertani (LB) broth
containing 0.25 M sodium acetate and shaken at 250
rev min -1 for 4 h at 30 °C. 1.5 ml of suspensions were
heated to 80°C for 10 minutes in water bath. The
heat-treated suspensions were spread on LB agar for
incubation at 30°C for one night. The different colonies which were randomly selected at the end of the
incubation were plated into T3 agar (sporulation medium) for incubation at 30 °C for overnight. Pure cultures were obtained from the colonies growed at the
end of the incubation period. The presence of
parasporal inclusions (crystal protein) and spores
were examined by a phase-contrast microscope
[9,10]. As a result of the examinations, stock cultures were prepared by giving different code number
to each of the isolates in which the presence of
parasporal inclusions and spores were detected and
they were stored at -20°C.

The polymerase chain reaction of the intergenic 16S-23S transcribed spacer (ITS-PCR).
16S-23S-) ¶-TGC CGC TGG ATC CCC TCC
CTT-¶ DQG6-23S-R (CCG GCT TTC CCC ATT
CGG-¶  SULPHUV ZHUH XVHG for the polymerase
chain reaction (ITS-PCR) of the inter-genic 16S-23S
transcribed spacer. The reactions were prepared in
the following way; ܷOJHQomic DNA, 2.5 units Taq
DNA polymerase (Thermo Fisher Scientific, WalWKDP0$86$ ܷOUHDFWLRQEXIIHUܷOP0
MgCI2, 20 pM from each primer, along with 200
ܷ0G173DWDYROXPHRIܷO7KHWKHUPDOF\FOH
condition were carried out in the following way; 1
cycle at 95°C for 2 minutes followed by 35 cycles at
95°C for 1 minute, 55 °C for 1 minute, and 72 °C for
2 minutes, and then the final extension at 72 °C for
10 minutes. The PCR results were visualized in UV
light by running them on 1% agarose gel. DSMZ
(Bacillus thuringiensis 2046) was used as control
strain [11].

Isolates used in the study. In this study, a total
of 10 B. thuringiensis strains were used, 5 of them
were obtained from the soil samples, 1 of them was
DSMZ (ATCC 2046) reference strain while 4 of
them (4D1 B. thuringiensis kurstaki, BTS1 B. thuringiensis tenebrionis, 5724 B. thuringiensis israilensis, 4J3 B. thuringiensis aizawai) were kindly
provided as positive control from the Microbiology
Laboratory at Department of Biology, Karadeniz
Technical University, Trabzon/Turkey.
The biochemical properties of the isolates.
The biochemical properties of the B. thuringiensis
isolates were determined by conventional tests (API
20 E and API 50 CH kits, Biomerieux, France). The
tests were carried out according to the instructions of
the manufacturers.

16S rDNA based PCR-restriction length
polymorphisim (RFLP). ¶- AGA GTT TGA TCC
TGG CTC AG-¶ DQG ¶-CAA GGC ATC CAC
CGT-¶ZHUHXVHGWRamplification the 16S rDNA,76UHJLRQ7KHUHDFWLRQVZHUHSUHSDUHGDVܷOJH
nomic DNA, 2.5 units Taq DNA polymerase (FerPHQWDV ܷOUHDFWLRQEXIIHUܷOP00J&,2, 20
SPRORIHDFKSULPHUDORQJZLWKܷ0G173DWD
YROXPHRIܷO7KHWKHUPDOF\FOHFRQGLWLRQZHre
carried out in the following way; 1 cycle at 94°C for
3 minutes followed by 35 cycles at 94°C for 45 seconds, 42 °C for 45 seconds, and 72 °C for 2,5
minutes, and then the final extension at 72 °C for 10
minutes. The PCR results were visualized in UV
light by running them on 1% agarose gel. The amplicons obtained at the end of the PCR were cut with
TaqĮ I restriction endonuclease (NEW ENGLAND
BioLabs). The cutting reaction was incubated at
65°C for one night by preparing it in the following
way; ܷORI UHVWULFWLRQHQ]\PHEXIIHUܷO3&5
product, along with 5 U TaqĮI restriction endonuclease (NEW ENGLAND BioLabs) at a volume of 50
ܷO7KHFXWWLQJUHVXOWVZHUHGLVSOD\HGRQDJDURVH

DNA isolation. The bacterial colonies were incubated in nutrient broth medium at 30°C approximately for 18 hours. At the end of the incubation
period, the bacterial cells were separated from the
culture medium by centrifugation for genomic DNA
isolation. Subsequently, the genomic DNA was isolated by using DNA isolation kit (Promega, Germany).
Polymerase chain reaction (PCR). For 16S
rRNA gene amplification: ) ƍ-AGAGTTTGAT
CMTGGCTCAG-ƍ  5 ƍ-GGYTACCTTG
TTACGACTT-ƍ  0DFURJHQ  ZDV XVHG DV ROLJRnucleotide primers. The polymerase chain reaction
(PCR) was prepared as 50 ȝOIRUHDFKRIWKHVDPSOH
For PCR reaction;  ȝO WHPSODWH '1$ 5 ȝO 10 x
PCR buffer (Fermentas) 2.5 ȝO dNTP (deoxynucleotide triohosphates: dATP, dGTP, dCTP,
dTTP - 4 mM), 2 ȝO 10 pM primer 27F, 2 ȝl 10
4012
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ter. The bacterial suspension were used to contaminate fresh mulberry leaves. Ten 3rd-4th instar H. cunea larvae were placed on contaminated leaves in
150 ml screw capped sterile plastic boxes; the boxes
were kept at 26 ± 2 °C and 60% humidity with a
12:12 photoperiod. Only sterile psychological water
was applied to the control group. The applications
were repeated 3 times for each isolate by using a total
of 30 larvae.

gel [12].
Screened by the PCR method of Cry genes.
Cry1, cry2, cry3, cry4 and cry 9 genes were screened
by the PCR method in 5 B. thuringiensis which were
isolated from the soil. The used primers [13,1] and
the primer annealing temperature (Tm) were presented in Table 1. The reactions were prepared as 5
ܷO JHQRPLF '1$  units Taq DNA polymerase
7KHUPR)LVKHU6FLHQWLILF:DOWKDP0$86$ ܷO
UHDFWLRQEXIIHUܷOP00J&,2, 20 pM of each
SULPHUDORQJZLWKܷ0G173DWDYROXPHRI
ܷO7KHWKHUPDOF\FOHFRQGLWLRQZHUHFDUULHGRXWLQ
the following way; 1 cycle at 94°C for 3 minutes followed by 35 cycles at 94°C for 1 minute, Tm temperature determined for each cry gene for 45 seconds, and 72 °C for 1 minutes, and then the final extension at 72 °C for 10 minutes. The PCR results
were visualized in UV light by running them on 1%
agarose gel. For the positive control; 4D1 B. thuringiensis kurstaki strain was used for cry 1, 4D1 B.
thuringiensis kurstaki strain was used for cry 2,
BTS1 B. thuringiensis tenebrionis strain for cry 3,
5724 B. thuringiensis israilensis for cry 4 and 4J3
B. thuringiensis aizawai strain for cry 9

RESULTS
In this study, 5 strains of B. thuringiensis (Na1,
Na2, Na5, Na7 and Na25) were isolated from the soil
samples taken from different part of Artvin province,
in Turkey .DINDV|U%DOFÕRglu, Iskebe, Korzul, Orta
mahalle and Seyitler). B. thuringiensis isolates were
obtained only from the soil samples taken from KafNDV|U DQG %DOFÕR÷OX B thuringiensis could not be
isolated from the soil samples taken from the other
regions (Iskebe, Korzul, Orta mahalle and Seyitler).
The total amount of B. thuringiensis containing of
the soil samples collected for isolation was calculated as 13.5%.
69 biochemical properties of B. thuringiensis
isolates were determined by the API 20E and API
50CH test kits. All of the isolates gave positive results in four tests including; Gelatinase, Esculin-ferric citrate, D-Celiobiose, D-Maltose. 50 tests were
negative on all isolates. 15 tests showed variability
among the isolates: Arginine dihydrolase, Trisodium
citrate, Glycerol, D-Ribose, D-Glucose, D-Fructose,
N-Acetylglucosamine, Amygdalin, Arbutin, Salicin,
D-Saccharose, D-Trehalose, Starch, Glycogen, Potassium gluconate.
The 16S rRNA gene sequence analysis of the
isolates was performed. For this purpose, the isolates
were sent to a commercial company. Their closeness
to the other species was revealed by comparing the
obtained sequence data to the nucleotide collection
available
in
the
gene
library
(http://blast.ncbi.nlm.nih.gov). It was detected that
the bacterial isolates showed 99%-100% similarity
to the species they were compared with.

TABLE 1
Used primers and primer annealing temperature
(Tm)
Cry
genes
Cry 1
Cry 2
Cry 3
Cry 4
Cry 9

Primers ¶-¶

Tm

F:CATGATTCATGCGGCAGATAAAC
R:TTGTGACACTTCTGCTTCCCATT
F: GTTATTCTTAATGCAGATGAATGGG
R:CGGATAAAATAATCTGGGAAATAGT
F: CGTTATCGCAGAGAGATGACATTAAC
R:CATCTGTTGTTTCTGGAGGCAAT
F:GCATATGATGTAGCGAAACAAGCC
R:GCGTGACATTACCCATTTCCAGGTCC
F: CGGTGTTACTATTAGCGAGGGCGG
R:GTTTGAGCCGCTTCACAGCAATCC

550C
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550C
550C
60.70C
60.70C

The electron microscopic examination of the
crystal structures of the B. thuringiensis isolates.
The B. thuringiensis isolates were incubated for 5
days at 30°C in nutrient agar medium in order to obtain their spore and crystal structures. At the end of
the incubation period, the spore-crystal mixture was
suspended in 1ml ice- cold 1 M NaCl and centrifuged
at 13000 x g for 5 min. The obtained pellet was suspended in distilled water. Spore-crystal mixture was
dried on the air by spreading it on an aluminium apparatus, and then it was examined at 10kV under an
electron microscope (Zeiss, Evo LS10, Germany) after being covered with gold [14].

The polymerase chain reaction of the 16S23S intergenic transcribed spacer (ITS-PCR).
The phylogenetic closeness of the isolates to B. thuringiensis was determined by using the ITS method.
The isolates gave the same profile along with the
type species as a result of the ITS-PCR screening
(Figure 1).

The pathogenicity test of B. thuringiensis isolates. The bacterial isolates were incubated at 30 °C
for 72 h in nutrient broth medium. After incubation,
the bacterial density was adjusted as 1,89
(approximately 1.8 × 109cfu/mL) at OD600. Culture
was centrifuged at 3000 rpm for 10 min. Then, the
pellet was resuspended in sterile physiological wa4013
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crystal morphologies of the B. thuringiensis isolates. Four distinct crystal morphologies were observed in the B. thuringiensis isolates in the conducted electron microscopic studies. Cubic and
round shaped crystal morphologies were detected in
Na1, cubic, rectangular and amorphous crystal morphologies were observed in Na2, cubic and round
crystal morphologies were found in Na5, cubic, rectangular and amorphous crystal morphologies were
detected in Na7 and round shaped crystal rounded
were detected in Na25 (Figure 3).

ϯϬϬďƉ
ϮϬϬďƉ
ϭϬϬďƉ

FIGURE 1
ITS-PCR analysis of the B. thuringiensis isolates.
M: 100 bp DNA Ladder, C: B. thuringienis
DMSZ(ATCC 2046) Control, 1: Na5, 2: Na7, 3:
Na1, 4: Na2, 5: Na25.
16S rDNA based PCR-restriction fragment
length polymorphisim (RFLP). The 16S rRNA
based PCR-restriction fragment length polymorphism (RFLP) method was also used to confirm that
the isolates were B. thuringiensis. As a result of
screening with the 16S rDNA based PCR±RFLP the
isolates were gathered in four groups. The Na1, Na5
and Na7 isolates which gave the same restriction
profile as the control strains C1, C2, and C4 were
evaluated as the 1st Group, while the Na25 which
gave the same restriction profile as C3 control strains
was evaluated as the 2nd Group, C5 was evaluated as
the 3rd Group and the Na2 which not gave the same
restriction profile as control strains was evaluated as
the 4rd Group (Figure 2).
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(d)

(e)
FIGURE 3
The electron micrographs of crystal morphologies of the B. thuringiensis isolates, A: amorphous, C:cubic, Ra: rectangular, R: round. a.
Na1(C and R ), b. Na2 ( C, Ra, and A), c. Na5 (C
and R), d. Na7 (C, Ra and A), e. Na 25 ( R).

700 bp





FIGURE 2
1% agarose gel image of the cut with Taq I M:
Marker (1KB DNA Ladder, Solis Biodyne), C1:
4J3 B. thuringiensis aizawai, C2: BTS1 B. thuringiensis tenebrionis, C3: 5724 B. thuringiensis israilensis, C4: 4D1 B. thuringiensis kurstaki, C5:
B. thuringienis DMSZ(ATCC 2046), 1: Na25, 2:
Na1, 3: Na2, 4: Na5, 5: Na7.

The pathogenicity test results of B. thuringiensis isolates. The insecticidal effects of the B.
thuringiensis isolates carrying parasporal crystals
were examined for 12 days on the 3rd-4th instar larvae
of H. cunea (Lepidoptera). However, the isolates did
not show any pathogenicity on the pest.

Screening the Cry genes by PCR. It was investigated that which one of the cry1, cry2, cry3,
cry4 and cry9 crystal genes were carried by the B.
thuringiensis isolates by using specific universal primers. However, none of the cry 1, cry 2, cry 3, cry 4
and cry 9 crystal genes were observed in any of the
isolates.

DISCUSSION AND CONCLUSION
Five native B. thuringiensis strains were isolated from the soil and identified based on the data
of the conducted studies and the 16S rRNA gene sequence analysis.
The B. thuringiensis isolates were isolated from
the soil samples taken from two regions (Kafkasör

The electron microscopic examination of the
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that there is not always a positive relationship between the crystal morphologies and the entomopathogenic activity [25,26]. It is necessary to find new B.
thuringiensis species that exhibit entomopathogenic
activity on different harmful insects and the molecular studies cannot predict entomopathogenic activity
[26]. For this reason, the entomopathogenic activity
of the five B. thuringiensis isolates was investigated
on H. cunea, which belongs to the order of Lepidoptera. The isolates did not exhibit any kind of entomopathogenic activity on the pest. This can be explained by the considerations that the target insect
was not a suitable host for the B. thurin-giensis isolates [27] or that these insects did not carry suitable
receptors for these toxins in their digestive tracts.
When considering the crystal morphology of B. thuringiensis, it can be concluded that the crystals
which do not have an effect on the insects of the Lepidoptera order, may have insecticidal effects on different group of insects. In the previous studies the
entomopathogenic activity of the isolates will be investigated on different orders of insects.

and BalcÕRglu). But, B. thuringiensis could not be
isolated from the soil samples taken from the other
regions (Iskebe, Korzul, Orta mahalle and Seyitler).
The total amount of B. thuringiensis containing of
the soil samples collected for isolation was calculated as 13.5%. The previous studies reported that
the rates of B. thuringiensis containing of the soil
samples used for B. thuringiensis isolation might
vary from the minimum (0%) up to the highest rate
[15]. There are also studies stating that the soil of
the forest are richer in terms of B. thuringiensis compared to the soil samples taken from other habitats or
cultivated areas [16, 17, 18]. The results we obtained
are in line with the studies conducted in this regard.
The three rRNA molecule genes (16S, 23S, and
5S) found in the ribosomes are usually linked to each
other and are copied in the prokaryotes together in a
single operation. The length and sizes of these genes
are preserved as well as their sequences [19]. 16S
and 23S genes which show large sequence and
length variations at the level of types and species are
divided into internal transcribed spacers (ITS) [20].
The intergenic 16S-23S transcribed spacer polymerase chain reaction (ITS-PCR) has been used to identify the genetic relationship among the various bacterial strains and to characterize the bacteria [21]. For
this purpose, the ITS-PCR method was used in the
charac-terization of the B. thuringiensis by amplification the region coding the 16S-23S rRNA gene. In
the screening of the 16S-23S spacer polymerase
chain reaction (ITS-PCR) the same profile was obtain along with 5 isolate type species. These results
indicated that the isolates were B. thuringiensis.
,QDGGLWLRQWKHLVRODWHV¶SK\ORJHQHWLFSUR[LP
ity to the control strains was also observed as a result
of the 16S rRNA based PCR-RFLP screening. In the
previous studies, this molecular method was used to
reveal the phylogenetic proximity in the B. thuringiensis isolates [12]. However, the Na2 isolate
which gave the same profile as the control strains as
a result of the ITS-PCR, gave a restriction profile
which was different from the control strains as a result of the PCR-RFLP. This suggests that the Na2
isolate may be a new or a different B. thuringiensis
strain than the control strains.
It was determined by the electron microscopic
studies, that the isolates contained four distinct crystal morphologies such as rectangular, square, cubic,
round and amorphous (Figure 3). However, as a result of the PCR screening of the cry genes, none of
the cry1, cry2, cry3, cry4 and cry 9 cry genes were
found in any of the isolates. This suggests that the
isolates carry crystal genes which are new or different from the control strains.
Parasporal crystals can be found in various
forms in B. thuringiensis species. There are researches saying that there is a relationship between
the parasporal crystal morphologies and the toxicity
[22,23,24]. However, there are also studies showing
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TRACE METAL CONCENTRATIONS IN THE RIVER NEAR
THE URBAN AREA: A CASE STUDY IN SUZHOU,
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rivers near the urban area play important roles for
the urban landscape. Take for instance, the Nile for
Cairo, the Danube for Vienna, and the Thames for
London. However, because of the high density of
human beings in the urban area, the high pressure
of the pollution of the water is inevitable, especially
the organic and inorganic pollution related to the
activities of human living (waste discharge) and the
discharge of motor vehicles et al. [4], and then, the
river near the urban area will become to be the collector of pollution for the urban area through surface watershed.
Previous studies revealed that the trace metal
concentrations (e.g. lead, zinc, chromium and nickel) within the urban watersheds are higher than the
background levels [4], and the elevated concentrations of trace metals entering streams and rivers
from the urban environment may result in significant damage to ecosystems [5], rather than drinking
water. And therefore, the trace metals pollution in
the river near the urban area should be paid attention to.
Suzhou is a typical inland city located in
northern Anhui Province, China, and therefore, water in and near the urban area is important for its
development. Although most of the water for domestic use is pumped from underground [6], the
river in the urban area of the city is an important
landscape which cannot be replaced. In this study,
the water from the Tuo River near the urban area
have been collected and analyzed for trace metal
concentrations, and then the source (natural and
anthropogenic) of the trace metals have been identified and quantified by statistical methods, which
can provide information for the protection of the
water environment.

ABSTRACT
The environment of the river can be affected
by human activities, especially the river near the
urban area. In this study, the water from the Tuo
River in Suzhou, northern Anhui Province, China
have been collected and analyzed for eight kinds of
trace metal concentrations (Ti, V, Cr, Mn, Co, Ni,
Cu and Zn). The results indicate that the water
samples have mean concentrations of Zn > Cr >
Ni > V > Cu > Ti > Mn > Co, and some of the metals (Mn and Zn) are higher relative to the water
from the rivers far away from the city, indicating
that the water have undergone pollution from anthropogenic activities. Based on the results of factor
analysis, two sources have been identified by EPA
PMF model, including the anthropogenic source
with contribution 42%, and the natural source with
contribution 58%. Moreover, variations of the contributions of the anthropogenic source suggest that
the pollution of the Tuo River water from the human activity is non-point.

KEYWORDS:
human influence, trace metals, river water, environment,
urban

INTRODUCTION
Because of their multi functions, e.g. the supply for water and food, as the defensive measure,
for the hydropower generation, for transportation et
al., rivers have played important roles in the long
time human history. However, with the development of the human society, the river environment,
especially the ones near the area with high density
of persons, have been dramatically changed. And
therefore, a large number of studies related to the
river environment have been conducted, especially
the issues related to anthropogenic influences, including water quality evaluation, pollution source
identification and environmental restoration et al
[1-3].
Water is the life of a city, and therefore, the

MATERIALS AND METHODS
Study area. Suzhou is located in northern
Anhui Province, China with its longitude ranging
IURPƍWRƍ HDVW ODWLWXGHUDQJLQJIURP
ƍ WR ƍ QRUWK  ,W LV D FLW\ GRPLQDWHG E\
agriculture and coal. The annual rainfall is 774-895
mm with annual temperature 15.7 Ԩ. There are
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FIGURE 1
Location of the study area and the sample distributions.
used for determine the number of factors and the
Positive Matrix Factorization (PMF) method has
been applied for quantifying the source of trace
metals in the moat water. It is a PCA-based receptor
model with non-negative constraints that involve
solution of quantitative source apportionment equations by oblique solutions in a reduced dimensional
space. The PMF model defines the concentration
matrix of chemical species measured at receptor
sites as the product of source composition and contribution factor matrices matrix with a residue matrix. It has long been used for quantifying the
source contributions in environmental studies [9].
In this study, the model created by US EPA (PMF
5.0) has been applied, and the detailed information
about the software can be found in Norris and Duvall [10].

four rivers flow through the region, including Sui,
XinBian, Tuo and Hui rivers [7].
The Tuo River is a tributary of the famous
Huai River of China. It is originated from the
Shangqiu city of Henan Province, with length of
275 km from the west to the south east, and the
length of the river in the urban area of Suzhou is
near 7 km (Fig. 1). The depth of the river is near 1.5
m, and the width of the river is near 20 m. A large
number of business and living zones are located
along with the river [8].
Sample collection and analysis. A total of
twenty nine water samples have been collected
from the Tuo River (Fig. 1). Water samples were
ILOWHUHG WKURXJK  ȝP SRUH-size membrane and
collected into a 2.0 L polyethylene bottles that had
been cleaned in the laboratory, and immediately
acidified to pH<2 by HNO3 for prevention of element precipitation and/or adsorption by the bottle.
Then the samples were sent to the laboratory for
analysis in 24 hours. Analytical processes were
taken place in the Engineering and Technology Research Center of Coal Exploration in Anhui Province, China. Concentrations of eight kinds of trace
metals (Ti, V, Cr, Mn, Co, Ni, Cu and Zn) have
been analyzed by ICP-MS (Element II). The international standard solutions after dilution have been
applied for calibration, and most of the samples
have relative standard deviations less than 10%.
For data treatment, factor analysis has been

RESULTS AND DISCUSSIONS
Metal concentrations. Analytical results of
this study are synthesized in Table 1. As can be
seen from the table, the mean concentrations of the
water samples are Zn > Cr > Ni > V > Cu > Ti >
Mn > Co. Their mean concentrations are 18.2, 6.03,
5.45, 4.81, 3.78, 2.49, 0.57 and 0.33 ȝJO UHVSHF
tively. In comparison with the water from other
rivers in the Suzhou [7], the water from the Tuo
River have the highest mean concentration of Zn
relative to other rivers, and highest mean concen4018
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TABLE 1
Descriptive statistics of metal conceQWUDWLRQV ȝJO 
Ti

V

Cr

Mn

Co

Ni

Cu

Zn

N of Cases

29

29

29

29

29

29

29

29

Minimum

0.09

2.63

2.56

0.09

0.20

3.01

1.07

2.13

Maximum

5.75

6.60

8.29

2.00

0.55

7.53

8.49

56.8

Arithmetic Mean

2.49

4.81

6.03

0.57

0.33

5.45

3.78

18.2

Coefficient of Variation

0.75

0.27

0.29

0.91

0.20

0.20

0.51

0.80

applied criterion.
In this study, the eigenvalue higher than one
has been chosen for defining the factor numbers. As
can be seen from the Table 2, two factors with total
variance explanation of 76.8% have been obtained
with eigenvalue higher than one after varimax rotation: the first factor is responsible for 41.8% of the
total variance and is dominated by Ti, Mn and Ni,
and then followed by V and Cr, whereas the second
factor with variance explanation of 35.0% is dominated by Cu, and then followed by Zn, Co, Cr and
V.
According to previous studies, the first factor
can be explained to be the living related pollution,
as Mn is a representative metal related to living
garbage, however, the second one can be considered to be transportation related pollution because
Cu and Zn are the most popular metals released by
vehicles [4].

trations of Ti and Mn relative to other rivers except
for the moat of city, which is located in the internal
of the city. In considering about the source of Zn
and Mn (mainly related to tire wearing and waste
discharge), suggesting that the river has undergone
more serious pollution from anthropogenic activities.
In comparison with the guidelines for drinking
water quality (Mn 400ȝJO&UȝJO&XȝJO
=Q ȝJO 1L ȝJO [11], the results suggest
that all of the water samples can be considered for
drinking purpose according to their trace metal
concentrations. However, because of the application
of water for drinking should consider pollutions
related to organic and inorganic, the meeting of the
requirement of trace metals provides only one aspect, but some other measurements should be taken
before application.
Environmental studies revealed that coefficient of variation can reveal the spatial or statistical
inhomogeneous of pollution, which therefore can
be applied for tracing the contribution of chemical
constitutes in natural environment from anthropogenic activities, because: a low coefficient of variation (< 0.1) indicates the low degree of anthropogenic contribution, whereas a high coefficient of
variation (> 0.9) indicates high degrees of anthropogenic contribution. In this study, metal concentrations of the water samples have coefficients of
variations range from 0.20 to 0.91, indicating that
all of the metals are statistically inhomogeneous
and cannot be contributed by a single natural source,
especially the metals Mn, Zn and Ti with high coefficients of variation (0.91, 0.80 and 0.75, respectively) (Table 1).

TABLE 2
Results of factor analysis.
Factor 2

0.93

-0.29

V

0.72

0.55

Cr

0.60

0.68

Mn

0.87

0.02

Co

0.34

0.70

Ni

0.84

0.30

Cu

-0.14

0.89

Zn

-0.01

0.76

Eigenvalue

3.35

2.80

41.8%

35.0%

Ti

Determination of source numbers. Before
the modeling of EPA PMF model, all of the data
were firstly checked by concentration/ Uncertainty
model. The results suggest that all of the eight kinds
of trace metals have been classified to be strong
category, which suggest that all of them can be used
for PMF analysis. However, determination of the
factor numbers in factor analysis is an important
work, and several principles have been used in previous studies, such as the Kaiser criterion [12], the
screen test [13] and the Exner function [14], and
now, eigenvalue higher than one is the most popular

Variance explained

Characteristics of sources. With the number
of factors set to be two, the coefficients between
observed and predicted data of all the trace metals
by EPA PMF modeling range from 0.127 (for Zn)
to 0.921 (for Mn), and except for Zn, other seven
kinds of trace metals have coefficients higher than
the critical coefficient (rĮ=0.367 Į 5, n=29,
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tributions of each factor for each metal have not
been dramatically changed relative to the base
model run but, they are relatively similar to each
other.
In consideration with the results of factor
analysis (above), the first factor (source 1) is considered to be related to activities including human
living (e.g. waste discharge) and transportation, as
Mn is the main pollution related to waste discharge
except for N, P and Fe [15], whereas Zn is one of
the most popular metals released by the tires wearing of automobile [4]. Such a consideration is consistent with the truth that Mn and Zn have the
highest coefficients of variations. Comparatively,
the second factor (source 2) can be explained to be
the source of geogenic or natural, tKDW¶V EHFDXVH
most of the other metals except for Ti, Mn and Zn
in this study are abundant in nature rather than anthropogenic waste.

Table 3), suggesting that setting the number of factors to be two is reasonable.
The analytical results of PMF base model run
are shown in Fig. 2, and the statistical results are
synthesized in Table 4. As can be seen from the
figure and table, the Factor 1 is dominated by Ti,
Mn and Zn, the contributions of this factor for them
are 94.1%, 84.7% and 79.1%, respectively. The
factor 2 is dominated by V, Cr, Co, Ni and Cu, the
contributions for them are 75.8%, 90.5%, 92.9%,
81.5% and 98.8%, respectively.
For better understanding about each factor, the
Fpeak rotation has been processed for the analysis
with Fpeak strength between -1.0 and 1.0 (step =
0.5). The results suggest that with Fpeak strength
equal to -0.5, the Qrobust and Qtrue are the smallest
with coverage WR EH ³\HV´ 7KH DQDO\WLFDO UHVXOWV
with Fpeak strength equal to -0.5 are also shown in
Fig. 3 and synthesized in Table 4 for comparison.
As can be seen from the figure and table, the con-

FIGURE 2
Factor fingerprints (upper and lower are based on base model and Fpeak rotation, respectively).
TABLE 3
Coefficients between observed and predicted data.
Ti

V

r
0.806
0.787
Note: rĮ  Į  

Cr

Mn

Co

Ni

Cu

Zn

0.751

0.921

0.592

0.572

0.759

0.127
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TABLE 4
Factor contributions (%) for trace metals.
Ti
V
Cr
Mn
Co
Factor 1#
94.1
24.2
9.5
84.7
7.1
Factor 2#
5.9
75.8
90.5
15.3
92.9
Factor 1*
92.6
45.3
35.3
86.3
33.7
Factor 2*
7.4
54.7
64.7
13.7
66.3
Note: # and * mean base model run and after Fpeak (-0.5) rotation run.

Ni
18.5
81.5
41.5
58.5

Cu
1.2
98.8
29.7
70.3

Zn
79.1
20.9
82.5
17.5

FIGURE 3
Factor contributions (upper and lower are based on base model and Fpeak rotation, respectively, notice
that the samples 8-23 have high contributions from the factor 1).
Contributions of sources. The source contributions calculated by EPA PMF are shown in Fig. 3.
As can be seen from the figure, water samples from
different locations have different contributions from
the two sources: the contributions of the source 1
range from 0% to 78% (mean = 42%), which represents the contribution from the human activities.
However, the source 2 has contributions range from
22% to 100% (mean = 58%), which represents the
contribution from the nature.
It is also noticed that samples with higher
contributions from the source 1 relative to the
source 2 are samples 8-23, which are located in the
middle part of the studied area, where the river water is stillness because of the control of the sluice.
Therefore, this study demonstrated that the human
construction can affects the ecosystem of the Tuo
River. Moreover, the coefficients of variation of the
contribution ratios of the two sources are 0.568 and
0.411, respectively, and both of them have p-value
of Anderson-darling test higher than 0.05, implying
that the contributions of the source 1 and 2 are relatively homogeneous, which suggesting that the
pollution of the Tuo River water from the human
activity is non-point.

CONCLUSIONS
Based on the analysis of eight kinds of trace
metals (Ti, V, Cr, Mn, Co, Ni, Cu and Zn) in the
Tuo River water near the urban area of the Suzhou
city, northern Anhui Province, China, the following
conclusions have been obtained:
(1) The water samples have mean concentrations of Zn > Cr > Ni > V > Cu > Ti > Mn > Co.
The higher Mn and Zn relative to the water from
the rivers far away from the city indicates that the
water have undergone pollution from anthropogenic
activities.
(2) The number of the sources has been set to
be two according to the factor analysis with eigenvalue higher than one after varimax rotation, and
the two sources identified by EPA PMF model include: the anthropogenic source represented by Ti,
Mn and Zn, the natural source represented by V, Cr,
Co, Ni and Cu;
(3) The mean contributions of the anthropogenic and natural sources are 42% and 58%, respectively, and the pollution of the Tuo River water
from the human activity is non-point.
4021
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standards and forest pasture from the 19th century reveals an unexpected degree of diversity to these two
historic forms of land use [2]. However, in areas or
countries where the coppice-with-standard system
was abandoned many years ago there is now a lack
of knowledge and studies assessing the development
of trees in this abandoned management and their relationship to biodiversity.
Coppice-with-standards is a silvicultural system where some trees among the coppice, called
standards, are left to grow to a larger timber size.
Coppice is of vegetation origin and standards arise
from seed. Standards form an open canopy allowing
the resprouting of coppice shoots and they are usually left to grow for three or four coppice cycles [1].
In the Czech Republic the management of coppices and coppice-with-standards was abruptly abandoned in the year 1950 regardless of the long tradition of this management in the area [3,4]. However,
the majority of stands were not directly converted to
high forest but allowed to develop during the rotation
cycle usual for high forests, which varies from 80 to
140 years, according to site and stand type. This indirect conversion means that the lower coppice story
from vegetative regeneration grows into the crown
level of the standards that regenerated generatively
[5,6]. The standards in these stands were not harvested, remained in the stands but their crowns were
gradually influenced by their competitors, which appeared from the former lower story.
The biodiversity in forests depends also on the
existence of veteran big trees containing dead
branches, cavities and large crowns [7,8]. The development and number of cavities are influenced by the
existence of big dead branches which penetrate to the
core of a stem and enable the penetration of fungal
pathogens to the stem [9,10] and the wider the tree
diameter the higher the probability of cavities in
stems [11]. It is stated that most of the hollows were
formed by shedding of branches but only if the
branches are big enough. Many standards in the former coppice-with-standards developed into such veteran big trees [7].
The presence of big trees supports biodiversity
of saproxylic beetles [8] as well as cavity-nesting
birds [12]. The presence of dead wood in crowns is
also important but to a lesser degree for biodiversity
of oak-feeding xylophagous beetles [13]. At the
same time, some studies stress that open-forests,

ABSTRACT
After abandoning the silvicultural system coppice-with-standards in the year 1950, the crown of
standards developed gradually under the growing influence of their competitors. This study examines the
crowns of remnant oak standards in two forest types,
in riparian forest in lowland along big river (SET 1)
and in upland forest on rich soils (SET 2) in the eastern part of the Czech Republic. In each locality 100
oak standards were randomly selected and the basic
mensurational data as well as some ecological data,
such as number of big dead branch-es, hollows, and
heights of the lowest big dead and green branches
were measured. Crown distances were measured in 8
octants starting from the north. For each standard,
four closest competitors were found and their height,
distance and azimuth were measured. The dbh of the
analysed standards ranged between 71 and 148 cm
and the projected crown area between 125 and 533
m2 in SET 1, dbh between 56 and 107 cm and projected crowns between 83 and 362 m2 in SET 2. To
assess competitive pressure, an index as the ratio between tangent of angles of regular and compressed
crowns were calculated. Every standard crown included at least one big dead branch, their average
number in SET 1 was 8.3 and in SET 2 5.95. In SET
1 the most competitive tree species are Fraxinus excelsior, Alnus glutinosa and Populus sp., in SET 2
Quercus petraea, Carpinus betulus, Tilia cordata
and Larix decidua.

KEYWORDS:
Biodiversity, crown, oak, projection, standards

INTRODUCTION
Modern intensive forestry often brings not only
desirable outcomes such as enhancement of yield,
better proportion of industrial assortments and
higher labour productivity but also certain negative
impacts, namely loss of biodiversity and forest stability. Certain old-fashioned management such as
coppice forests or coppice-with-standards is being
rediscovered and reconsidered [1]. An examination
of the forestry literature pertaining to coppice-with4023
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river Morava at 200 m above sea level on the area
about 1500 ha. These riparian forests grow on alluvial soils, which were developed from riparian sediments; the soil type is fluvisol according to the
World Reference Base for Soil Resources [35]. The
site type is Elm floodplain [36]. The second area is
on upland at 300 m above sea level (from 280 to 320)
on the area about 250 ha. The soil types are cambisols according to the World Reference Base for Soil
Resources [35]. The site type is Nutrient-rich BeechOak [36]. Stands from 86 to 140 years old, where the
oak standards occur, were chosen. This age is the age
of former lower story. The age is taken from the forest management plans valid for the given areas. The
standards are dispersed in stands and they do not
form clusters. Their age is assessed according to the
age of former upper story in previous coppice-withstandards and varies from 130 to 300 years. The field
data were collected in years 2014 and 2015.

open landscape and semi-open woodland pastures
enhance the biodiversity of organisms dependent on
dead wood [14, 15].
Crown parameters, relationships between
crowns and other mensurational data [16,17,
18,19,20] as well as the influence of competitors and
crown irregularity have been investigated in many
studies, mainly in high forest stands [21,22,
23,24,25]. It was also summarized that tree and
crown competition indices are different in terms of
their orientation to modelling competition between
individual trees or towards the competition pressure
defined in entire stand [25].
However, there are only few studies dealing
with the crowns of standards, dispersed in stands and
moreover, they concentrate on beech (Fagus sylvatica) [26, 27]. As the oak (Quercus robur and
Quercus petraea) seems to be the most important of
the European native trees species for biodiversity
[28] and retention of veteran big trees is a part of European environmental policy [29], thus our attention
focused to veteran big oaks. In addition, the stands
with oak standards also now enter to the end of rotation cycle and during harvest operation will be removed.
Attempts to return to management supporting
retention of standards within previously abandoned
stands of coppice-with-standards require a guideline
on how many standards should be retained per hectare. Foresters should know the extent of forest land
taken by the remnant standards which should be excluded from the further production. This area corresponds to their total crown projection. Crown projections of standards were calculated only in a few studies [30,26,27], and the proposed number of standards
in coppice-with-standards varies from several individuals to hundreds trees [31,32,33,1] without any
spatially specific studies.
The purpose of our study was to describe the
crowns of oak standards but also to assess how local
competitors influenced the crown structure and
asymmetry and to compare the differences in crown
development by measuring the lowest live and dead
branch height.

Tree mensuration. Two sets of standards were
established. Each set includes 100 trees. The first set
(SET 1) is located in riparian forests and the second
set (SET 2) is located in upland oak-hornbeam forests. The standard tree species in SET 1 is Quercus
robur, in SET 2 Quercus petraea.
For each tree randomly found in stands reaches,
diameter in breast height using a girthing tape, height
of the tree, height of the lowest green branch which
forms the crown (no epicormics branches) and height
of the lowest dead big branch, were measured. Furthermore, the number of big dead branches and the
number of two types of hollows±small hollows and
big hollows were recorded. Criteria for big dead
branches were the minimal diameter of 10 cm in the
branch attachment and minimal length of such
branch 1 meter. The caliper with laser pointers for
measuring the limit criteria for big dead branches,
was used. The criteria for small hollows were simple,
no more than 10 cm in every dimensions. For the
measuring of those criteria, the caliper with laser
pointers was also used.
Radius of the crowns from the stem in 8 directions starting from the north were measured. The
next direction was northeast, than east etc., so the angle between directions was 45°. Eight directions
were chosen based on other studies measuring the
crowns dimensions [19,37]. The electronic hypsometer Vertex Laser, which uses ultrasound to measure
distances of the most distant twig from the stem in
the given direction, was used. The right angle between horizontal plane and vertical plane which is
touched by the tip of the most distant twig was located using a prism.
The closest four neighbouring trees whose
heights were higher than the half of the standard
height were also measured. Tree species and measured distance and azimuth from the standard, and
height for every competitor were identified. In very
rare cases (three cases in SET 1 and two cases in SET

MATERIALS AND METHODS
Study area. Two areas where the standards are
located according to historic studies, which are parts
of the Regional Plans for Forest Development were
selected [34]. Both study areas are located in the
eastern part of the Czech Republic, near the town
.URPHUL] ¶ 1 DQG ¶(  The climate is
mild, the locality lies on the border between oceanic
and continental climatic influences. The average annual temperature is 8,6°C and the annual precipitation is 599 mm [34]. The two localities are 9 km
apart.
The first area includes riparian forests along the
4024
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2) there were less than four competitors, because the
standard was located in a more open part of the stand.
Data evaluation. Complete crown distance
from the stem axis is the sum of two distances: measured distance between the most distant twig projection in the given direction and the radius of stem in
breast height. To calculate the surface of the crown
projection, formulas for triangle calculations were
used. In each octant, two sides of the triangle (a,b)
and the angle 45° between them Ȗ were measured.
The area of the triangle is calculated according to the
formula:
P = 0,5×a×b×cosȖ
(1)
The crown projection is the sum of 8 triangles
(8 octants).
The crown volume was calculated using the
formula;
(2)
V = 0,4×ʌ×CW2×l
Where V = crown volume, CW = crown width
(average of measured radiuses) and l = crown length.
The tree volume of standards is determined according to volume tables valid in the Czech Republic
[38].
During field measurements, it was found that
there were certain differences between crowns dimensions according to the position of the lowest big
dead branches. The standards in which the height of
the lowest dead big branch was less or equal to the
height of the lowest green branches seemed to have
smaller crowns than standards in which the height of
the lowest dead big branch was higher than the
height of the lowest green branches. Thus, both SETs
of standards were divided into a subset of selected
trees with higher height of the lowest dead branch
(sel) and the rest of standards in the given SET (rest).
The crown variables of both subsets in each SET
were compared using two-sample simple t-test.
For evaluation of the influence of competitors
to the standard crown irregularity (asymmetry), a
tangent of the angle between height and distance of
the crown were used (Figure 1). The average distance is the average of 8 measured distances, which
form the ideal regular crown. The compressed part
of the crown influenced by a competitor has lower
than average distance, so the angle is higher. The distance of the compressed crowns in direction to the
certain competitor were calculated as the average of
distances in the octant where the competitor is located.
The index of tangents (tangent of regular crown
divided by the tangent of compressed or extended
crown) varies around the value 1. If the index is less
than 1, the crown is compressed. Relationship between this crown index of the standard and distance
and height of the competitor can be statistically evaluated and we can assess whether distance or height
of the competitor have larger influence.
We used software Microsoft Excel, STATISTICA 12 [39] and R [40] for all analyses.

FIGURE 1
Angles of average regular crown and compressed crown. D is distance for regular crown
and ܤLVWKHDQJOHIRUUHJXODUFURZQ'1 and ܤ1
are distance and angle for compressed crown.

RESULTS
Each set of standards includes 100 trees. Dbh
and height of standards were different; on the alluvial
soil standards were significantly higher and thicker.
The average oak in SET 1 had dbh 101.1 (± 15.5SD)
cm and height 35.1( ± 3.2SD) m while the average
oak in SET 2 had dbh 72.3( ± 10.8SD) cm and height
28.8 (± 2.8SD) m. Number of big dead branches and
number of hollows were also higher in SET 1 (Table
1,2). The estimate of forest land occupied by standards is equal to their crown projection. Thus there
can be only 28 (28.7) individuals per ha in SET 1 and
50 (50.1) individuals per ha in SET 2 at maximum.
Crowns of standards did not show any differences regarding the distance of crowns in cardinal
directions. The average distance in SET 1 was 10.95
(± 1.30 SD) m and 7.90(± 1.20 SD) m in SET 2. The
crown of the average standard of both oak species
was symmetric, as the differences in distances in cardinal directions were not significant.
The correlation matrix in Table 3 indicates the
allometric relationships between dimensions and
ecological data. While mensurational dimensions are
highly correlated, correlation between ecological
data (number of big dead branches, small and big
hollows) and mensurational data is not always significant. Number of big dead branches is positively
correlated with all mensurational dimensions.
Standards in SET 2 have also positive correlation among all mensurational dimensions but coefficients of correlation (CC) between these dimension
and ecological data are different. In contrast to the
standards in SET 1 big dead branches are positively
correlated only with dbh (CC = 0.21), small hollows
have no relationships with all other variables but the
big hollows are positively correlated with dbh,
height, crown projection and crown volume (CC =
0.27, 0.21, 0.22, 0.24, respectively). Every standard
4025



© by PSP

Volume 26 ± No. 6/2017 pages 4023-4032

Fresenius Environmental Bullet

TABLE 1
Basic variables of oak standards for SET 1*
SET 1
Dbh (cm)
H (m)
L (m)
CrP (m2)
CrV (m3)
TV (m3)
Trees with db
No of db
Trees with sh
Trees with bh
sh
bh

No
100
100
100
100
100
100
100

Min
71
25.8
13.3
124.92
785
5.96

Max
148
42.2
33.2
532.89
7738
32.95

Ave
101.1
35.07
23.06
348.09
3574
15.99

SD
15.58
3.26
4.41
80.41
1219
5.4

CV
15.41
9.3
19.12
23.1
34.12
33.82

1

17

83

3.49

42

1
1

4
4

1.4
1.4

0.67
0.76

47.86
54.55

50
18

*Diameter in breast height (Dbh), height(H), crown length (L), crown projection (CrP), crown volume
(CrV), tree volume (TV), dead branches (db), small hollows (sh), big hollows (bh), standard deviation
(SD) and coefficient of variation (CV).

TABLE 2
Basic variables of oak standards for SET 2
SET 2
Dbh (cm)
H (m)
L (m)
CrP (m2)
CrV (m3)
TV (m3)
Trees with db
No of db
Trees with sh
Trees with bh
sh
bh

No
100
100
100
100
100
100
100

Min
56
23
9.72
82.51
531
3.57

Max
107
38.6
28.9
362.31
4209
17.22

Ave
72.32
28.76
18.7
199.65
1639
6.99

SD
10.83
2.87
3.19
59.25
701
2.71

CV
14.98
9.98
17.5
29.68
42.79
38.71

2

15

5.95

2.41

40.43

1
1

1
3

1
1.25

0.59

47.41

8
12

TABLE 3
Correlation matrix for the variables*
SET 1
H
CrP
CrV
L
db
sh
bh
SET 2
H
CrP
CrV
L
db
sh
bh

Dbh
0.19
0.53*
0.43*
0.15
0.32*
0.27*
0.23*
Dbh
0.51*
0.75*
0.74*
0.46*
0.21*
0.03
0.27*

H

CrP

CrV

L

db

sh

0.26*
0.54*
0.65*
0.32*
0.04
0.18
H

0.83*
0.32*
0.21*
0
0.06
CrP

0.76*
0.28*
0
0.09
CrV

0.23*
0.03
0.07
L

0.15
0.08
db

0.28*
sh

0.42*
0.65*
0.77*
0.10
-0.15
0.21*

0.89*
0.48*
0.08
-0.09
0.22*

0.79*
0.10
-0.08
0.24*

0.06
-0.1
0.18

0.09
0.07

0.06

* Asterisk shows the relationship in the significance level 0,05.
were statistically significant. The crowns were bigger in SET 1, the crown volume was 4017( ±
1328SD) m3 in selected trees, in the remaining trees
only 3449( ± 1174SD) m3.
In SET 2 there was a significant difference between the selected and remaining trees. The crown
volume in selected tree was 2029(± 854SD) m3 and
in the remaining trees only 1534( ± 625 ) m3 (Table
4). The heights of the lowest branches, the dead as
well as the green, were significantly different between selected and remaining trees in both SETs.

crown includes at least 1 dead branch.
Data in two subsets (selected trees where the
height of the lowest dead branch is higher than the
lowest height of the green branch and the rest of trees
where the height of the lowest dead branch is at the
same height or lower than the lowest height of the
green branch) were tested using a two-sample simple
t-test. In SET 1 the selected trees included 22 trees,
the rest 78 trees. In SET 2 the selected trees included
21 trees and the rest 79 trees. In both SETs there were
differences between variables but only few of them
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TABLE 4
Average values and differences at diameter in breast height (Dbh), tree height (Height), height of the lowest dead branch (db), height of the lowest green branch (gb), crown projection (CrP), number of dead
branches (db), crown volume (V crown), height of the competitors (H comp) and distance of competitors
(D comp). Differences are between selected trees in which the height of the lowest dead big branches was
higher than the height of the lowest green branches (average = Ave1, standard deviation = SD1) and the
rest of standards (Ave2, SD2).
SET 1
Dbh
Height
Height db
Height gb
CrP
No of db
V crown
H comp.
D comp.
SET 1
Dbh
Height
Height db
Height gb
CrP
No of db
V crown
H comp.
D comp.

Ave1
102.5
35.6
13.8
9.9
351.7
7.27
4017
31.3
9.78
Ave1
73.9
29.8
11.3
9.1
219.9
6.10
2029
26.5
7.91

Ave2
100.7
34.9
10.5
12.6
347.1
8.55
3449
31.6
9.01
Ave2
71.9
28.5
8.8
10.8
194.3
5.91
1534
26.8
7.67

t
0.488
0.87
5.596
-3.70
0.236
-1.52
1.946
-0.32
1.627
t
0.771
1.970
5.432
-3.55
1.775
0.308
2.969
-0.45
0.672

p
0.626
0.878
0.000
0.000
0.813
0.130
0.054
0.750
0.107
p
0.442
0.051
0.000
0.001
0.078
0.759
0.004
0.656
0.503

SD1
17.95
3.84
2.54
1.86
76.75
3.62
1328
2.69
2.00
SD1
13.02
2.96
1.99
1.53
62.06
2.34
854
2.80
1.64

SD2
15.05
3.1
2.5
3.34
82.37
3.42
1174
3.19
1.96
SD2
10.30
2.81
1.78
2.05
57.69
2.45
625
2.30
1.37

F
1.4
1.5
1
3.2
1.2
1.1
1.3
1.4
1
F
1.6
1.1
1.2
1.8
1.2
1.1
1.9
1.5
1.4

p
0.268
0.189
0.875
0.004
0.741
0.711
0.432
0.389
0.851
p
0.149
0726
0.518
0.142
0.627
0.858
0.054
0.221
0.279

TABLE 5
Variables of competitors for SET 1: number of trees, composition (%), average height (Ave H), standard
deviation for height (SD H), coefficient of variation for height (CV H), average distance (Ave D), standard
deviation for distance (SD D) and coefficient of variation for distance (CV D).
SET 1
Robinia pseudoacacia
Acer campestre
Quercus robur
Quercus rubra
Carpinus betulus
Ulmus laevis
Fraxinus excelsior
Acer pseudoplatanus
Aesculus hippocastanum
Tilia cordata
Alnus glutinosa
Populus tremula
Populus sp.

No
1
2
57
16
2
2
233
6
6
32
15
5
19

%
0.3
0.5
14.4
4
0.5
0.5
58.8
1.5
1.5
8.1
3.8
1.3
4.8

Ave H
32.1
18.6
32.7
28.1
20.6
24.7
33.0
26.6
26.5
24.1
25.1
29.4
38.0

CV H
0
0.81
10.64
14.3
0
5.26
14.57
9.45
13.86
13.21
12.26
8.41
9.08

Ave D
13.91
7.15
9.51
9.84
9.53
11.33
9.18
8.66
8.31
6.68
9.01
11.23
10.91

SD D
0
0.56
3.32
3.57
0.69
0.03
2.90
2.76
3.26
2.00
2.38
1.61
3.24

CV D
0
7.83
34.95
36.3
7.24
0.26
31.56
31.83
39.29
29.98
26.51
14.38
29.7

index and competitor heights and distances was
found out in SET 1 only for Fraxinus excelsior
(height and distance), Alnus glutinosa (height and
distance) and Populus sp. (height and distance). In
SET 2 only for Quercus petraea ((height and distance), Carpinus betulus (distance), Tilia cordata
(distance) and Larix decidua (distance) (Table 7).

In SET 1, variables of 396 competitors, all deciduous trees comprising 13 tree species, and in SET
2 variables of 398 competitors comprising 11 tree
species, were measured. The most abundant competitors in SET 1 were Fraxinus excelsior (58.8%),
Quercus robur (14.4%) and Tilia cordata (8.1%),
and in SET 2 Quercus petraea (38.2%), Carpinus
betulus (15.1%), Tilia cordata (25.6%) and Larix decidua (14.6%) (Tables 5, 6).
The angle of the regular crown shows small
variability, in SET 1 it was 72.60 ± 2.03SD° (CV =
2.78), in SET 2 it was 73.93 ± 2.12SD°(CV = 2.88).
The index with the distance and height of the competitors was correlated and the partial correlation
was used. When the number of competitors within
one tree species is too small, the evaluation was not
carried out. The significant relationship between the

DISCUSSION
Crowns of veteran big oak standards take up
relatively large area of forest land. In riparian forest
an average standard occupied 348 m2 which is more
than crown projection of 203 m2 measured by Cotta
(1865) [30]. &RWWD¶V values corresponds better the
crown projection in upland forest in this study (200
4027
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TABLE 6
Variables of competitors for SET 2: number of trees, composition (%), average height (Ave H), standard
deviation for height (SD H), coefficient of variation for height (CV H), average distance (Ave D), standard
deviation for distance (SD D) and coefficient of variation for distance (CV D).
SET 2
Robinia pseudoacacia
Fagus sylvatica
Pinus sylvestris
Betula pendula
Quercus petraea
Carpinus betulus
Fraxinus excelsior
Acer pseudoplatanus
Tilia cordata
Larix decidua
Picea abies

No
2
3
4
2
152
60
2
10
102
58
3

%
0.5
0.8
1
0.5
38.2
15.1
0.5
2.5
25.6
14.6
0.8

Ave H
25.4
28.2
25.6
23.9
26.2
24.2
35.8
30.9
26.1
31.0
31.2

SD H
3.75
4.63
3.15
0.50
3.24
3.04
1.91
3.79
3.95
3.16
4.06

CV H
14.78
27.11
12.33
2.07
12.36
12.56
5.32
12.29
15.16
10.20
13.01

Ave D
11.19
7.21
5.96
7.23
7.79
7.03
7.53
9.60
7.58
8.01
11.22

SD D
0.41
5.21
0.81
0.69
2.04
1.88
0.34
3.24
2.54
2.85
1.93

CV D
3.66
72.21
13.57
9.58
26.23
26.70
4.51
33.76
33.51
35.53
17.19

TABLE 7
Relationship between the average tangent ratio (ave r) in standards crown and the competitor
distance and height expressed in coefficient of correlation (CC).
SET 1
Quercus robur
Quercus rubra
Fraxinus excelsior
Acer pseudoplatanus
Tilia cordata
Alnus glutinosa
Populus tremula
Populus sp.
SET 2
Pinus sylvestris
Quercus petraea
Carpinus betulus
Acer pseudoplatanus
Tilia cordata
Larix decidua

ave r
0.970
1.093
0.958
0.964
1.009
1.007
0.991
0.925
ave r
0.985
0.971
0.991
0.974
0.973
0.927

CC height
-0.006
0.168
-0.299***
0.606
-0.157
-0.626*
-0.627
-0.511*
CC height
0.404
-0.388***
-0.090
-0.329
-0.137
-0.165

p value
0.965
0.548
0.000
0.279
0.400
0.017
0.373
0.030
p value
0.735
0.000
0.496
0.387
0.171
0.219

CC dist.
0.216
0.368
0.323***
0.722
0.186
0.583*
0.236
0.494*
CC dist.
-0.167
0.280***
0.343**
0.447
0.427***
0.526***

p value
0.110
0.178
0.000
0.169
0.316
0.029
0.763
0.037
p value
0.893
0.000
0.008
0.228
0.000
0.000

* Significance level of correlation is p < 0,05, ** significance level of correlation is p < 0,01;
*** significance level of correlation is p < 0,001.

m2). Oak standards in riparian forest have larger
crown area even than oaks growing in the open landscape. Hasenauer (1997) [17] measured crown width
of oaks grown in open space and the largest individual with the diameter 100 cm had the crown width 19
m corresponding to the crown projection 283 m2.
The crown areas of beech reserve trees have
been found to vary from 51 to 216 m2 (dbh 43 ± 93
cm) [27] and from 202 to 356 m2 (dbh 84 ± 95 cm)
[26]. Thus the veteran oaks in riparian forest form
some of the biggest crowns and it appears that veteran oak standards can play the most important role
in spatial arrangement in riparian forests.
Oaks in upland area have relatively smaller
crowns corresponding to differences between oak
species (Q. robur vs Q. petraea) and soil productivity. Fluvisols along big rivers with the deep loamy
horizons are more productive than cambisols according to site indexes for these forest soil types (28 vs
24) [34].
The crowns were regular to all cardinal points.
This contrasts with the crowns of Scots pine where
the frequency distribution of the direction was not
random and the crowns were found to be asymmetric
and enlarged toward southern, south-western and
westerns directions [16].

Maximal number of hypothetical standards per
hectare was calculated according to the crown projection. The maximum number is only 28 trees in
SET 1 but up to 50 trees in SET 2. Nilsson et al.
(2002) [18] found the density of living big trees (dbh
> 70 cm) in beech-dominated forests about 30 trees
and densities of living trees with dbh > 80 cm were
10 ± 17 in most plots. Cotta (1865) [30] calculated
18 standards with the crown projection 203 m2 as the
appropriate number but he mentioned that in coppice-with-standards there were four stories of standards. Kadavý et al. (2011) [1] stated that the volume
of standards more than 200 m3 per ha was harmful
for the lower story. If we adhere to the 200 m3 area it
would mean that in SET 1 only 12 standards and in
SET 2, 28 standards would be recommended.
The system coppice-with-standards was abandoned in 1950. During the development in last 65
years the standard crowns were affected by their
neighbours recruiting from the trees in former lower
level originated from shoots. In riparian forests the
competitors are hardwood trees naturally occurring
in this area, but the former lower story in upland was
also completed of conifers, mainly larch (Larix decidua) which affected the changes in shape of standard crowns. According to Sullivan et al. (2006) [41]
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according to the Getzin et al. (2008) [23] ash occupies the upper story or overstory. The overstory trees
experienced very low competition in the canopy but
they provide competition for their neighbors, in our
case for oak standards.
The crowns of the veteran oak standards contain big dead branches. During the field work it became evident that there were differences between
crowns where the first big dead branch was higher
than the first green branch. The crowns of such
standards were visibly bigger. So, the both SETs
were divided into two groups of standards and the
differences were tested. These differences probably
relate to the competitive pressure. Each standard had
grown in open space during the existence of the coppice-with-standards, but during the increasing competitive pressure some of them were more influenced
by the competition and their lowest big branches
died. On the other hand, standards grow-ing relatively in more open space have their big dead
branches in the crown interior. In both SETs the results are similar, except the number of big dead
branches. Generally, the crowns of selected trees are
taller and wider and their volume is bigger. The trees
have bigger dbh and they are taller. Their competitors are more distant and the height of the competitors is smaller. Although the differences are not statistically significant, except crown volumes and
heights of the lowest branch, this fact is essential for
quick competitive impact assessment. The number of
big dead branches is lower in selected trees in SET
1, which corresponds to the fact that these trees grew
in more open space. However, in SET 2 the number
of big dead branches in both subgroups is the same.
In any case, the crown shapes of the standards depend on their competitors and it can be influenced
the development and shape of these crowns by the
management selecting the trees species of competitors. It is important for the biodiversity because certain groups of organisms associated with the presence of veteran big trees prefer different strata of the
crowns [15] and the existence of big dead branches
positively influences the development of tree hollows.
Number of big dead branches was relatively
high, their average number in SET 1 was 8.3 and in
SET 2 5.95 and there was no standard without big
dead branches. Their number is probably connected
with the crown dimension which was larger in SET
1. The big dead branches are important for the biodiversity because they are part of deadwood microhabitats and available for saproxylic organisms [44].
Some studies consider sun-exposed dead branches
more important for biodiversity of saproxylic beetles
than the remaining dead branches [13,15]. However,
both are more important from this point of view than
live branches. In both SETs the number of big dead
branches was positively correlated with dbh, and in
SET 1 also with other mensurational variables. The

and Troxel et al. (2013) [42] the creation of the
crown depends more on the competitors than on
common mensurational data such as dbh and height,
whereas the overall crown architecture is explained
not by the competitive position but by the actual tree
height [21] .
To assess the role of competitors we use an index of the ratio between the tangent of the angle ܤRI
the regular standard crown and the tangent of the angle ܤ1 of the compressed crown from the direction
when a competitor is situated (Figure 1). The method
is similar to the light cone method [43]. However, as
this index does not need to consider the distances between trees since this problem is addressed by the
light competition cone we cannot determine whether
distance or height of a competitor is more important
for crown irregularity of a standard.
The regular crown is crown with the average
crown radius from 8 directions. The index calculated
from tangents is the same like an index calculated
only from distances (regular crown/ compressed
crown) because height of the standard is the same.
Thus, WKH PHWKRG RI ILQGLQJ RI FRPSHWLWRU¶V LQIOX
ence expressed by the index based only of distance
ratio is simpler for calculation. Nevertheless, the angle ܤGHWHUPLQHVFHUWDLQUHODWLRQEHWZHHQKHLJKWDQG
crown radius (distance of regular crown) in various
conditions depending on stocking and that is why we
used this index. The intensity of competitor pressure
is determined by its height and distance from the
standard. Seidel et al. (2011) [24] describes competitive pressure influenced by canopy size, which is related to tree height and distance between canopies. If
the distance and height of the competitor with the index of crown compression (ratio of tangents) for different species was correlated, it can be found, the
strongest competitors in both SETs of standards and
evaluate if height or distance of the competitor are
more important factor. While in SET 1 the main
competitors are light-demanding tree species such as
ash, poplars and alder and there is no difference beWZHHQFRPSHWLWRU¶VKHLJKWDQGGLVWDQFHLQ6(7WKH
competitors recruit among shade tolerant tree species
such as hornbeam and lime as well as light-demanders such as oak and larch. In SET 2 the distance of
competitor influences the crown shape of the standards more than the height of competitors. The difference between two sets is affected largely by lime
(Tilia cordata). It is probably caused by differences
in heights of lime in both SETs. While in SET 1 the
average height of lime reaches only 68% of the
height of the standard, in SET 2 it reaches 94%. This
means that the crown is influenced more in SET 2
and in this case the distance of lime competitor is a
decisive factor because lime influenced longer part
of the standard crown. In SET 1 ash (Fraxinus excelsior) is the main competitor. It is consistent with the
previous studies. Seidel et al. (2011) states that ash
has more rapid height growth than its neighbours and
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positive effect that big veteran trees have on biodiversity has previously been described [7,5,8]. The
big dead branches are also important for forming the
tree hollows because after shedding of big branches
the hollow will develop in the scar [9,7]. The hollows
are crucial not only for invertebrates but also for cavity-nesting birds [12] and many other vertebrates.
There are differences between two SETs of standards
in the number of hollows. While in SET 1 the number of trees with small hollows as well as with big
ones is significantly higher than in SET 2, in SET 1
only 10% of trees were with hollows. This fact can
show the higher importance of veteran trees in riparian forest along big rivers in lowlands than in uplands and it probably relates to growth speed. If it
was presumed that the standards were similar age after termination of coppice-with-standards, the dbh
and height of oaks in upland are lower than oaks in
riparian trees in lowlands. Our study thus corroborates the positive relationship of cavities to tree dimensions [11].
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EFFECTS OF SAW-DUST BIOCHAR ON SOME SOIL
MOISTURE CONSTANTS
Pelin Alaboz*, Ali Coskan, A Ali Isildar
Department of Soil Science and Plant Nutrition, Agricultural Faculty, Süleyman Demirel University, 32260, Isparta, Turkey

minimizes N2O formation [9]. Although Castaldi et
al. [10] reported no statistical differences in N2O
formation between biochar applied and control plots
at their 14 months experiment, even small effect is
very valuable due to the fact that N2O is 250 times
more effective than CO2 on ozone destruction [11].
Also, Saleh et al. and Jian-Gang et al. [12, 13] indicated bio-char can be used as biosorbent for copper
removal. Some researchers are focused on the effects of bio-char on soil physical properties and
they reported improvement on soil porosity [14],
aggregation and penetration resistance [15] and
water holding capa-city [16] whereas reduction on
bulk density [17, 18]. By the beginning of 21st century, earth faced to drought problem; therefore,
agent that enhancing water use efficiency of the
plant becoming essential on agricultural practices.
Biochar is an option to improve soil water dynamics which have a potential to meet plant water requirement.
Pyrolysis parameters have a great role on the
above mentioned beneficial influence of biochar.
Luo et al. [6] reported that higher temperatures
cause higher C contents of the biochar but lower
CO2 production of the biochar applied soil indicating lesser biological activity. Moreover, a higher
temperature reduces biochar yield, nitrogen content
and cation exchange capacity. Contrary, higher
temperature increase adsorption charac-teristics and
large surface area [19]. The biochar used in this
experiment was obtained from sawdust because it is
by product of timber facilities which can be found
widely and economically in many parts of the Turkey. It is commonly used for house heating by
primitive stoves.
Considering recommendations of researchers,
1 % and 2 % of biochar which obtained at relatively
lower temperatures as 400 and 500 °C was applied
to soils and incubated for 9 weeks. The aim of this
research to evaluate possible beneficial effects of
saw-dust biochar on soil moisture contents such as
field capacity and wilting point.

ABSTRACT
Biochar incorporation to the soil is an option
to improve soil health; therefore, a number of studies carried out recently. The main expectation from
biochar is improvement on soil physical properties
due to its highly porous texture. This study was
conducted to investigate the effects of different
doses (0, 1, 2 % w/w) of biochar that obtained from
two pyrolysis temperatures (400 and 500 °C). The
experiment is carried out for 9 weeks long which
soils from each treatment sampled at every week to
determine field capacity (FC), wilting point (WP)
and available water content (AWC) parameters.
Results revealed that biochar incorporation is improved soil water contents of soil at FC and WP,
significantly; however, AWC was not as affected.
Pyrolysis temperature was not significant; no differences were obtained between 400 and 500 °C. In
the case of soil water content is a matter, the higher
temperature application is only loss of time and
energy that causes contradiction with the philosophy of biochar related research. Water holding
capacity of soil at both FC and WP were improved
in accordance with incubation time; however, differences in AWC results were not statistically significant. Within the incubation times, the highest
values were determined at the ninth week in all
three parameters as FC, WP and AWC. Thus, further researches required to predict optimum incubation time.

KEYWORDS:
Field capacity, incubation time, pyrolysis temperature,
wilting point

INTRODUCTION
The history of the biochar incorporation goes
back to 1878 according to Chan and Xu [1] however, it becomes popular recently due to its potential
to reduce atmospheric greenhouse gases [2,3,4] . As
a soil amendment biochar reduces loss of nutrients
in tropical soils [5], increase soil biological activity
[6], cation exchange capacity, available water holding capacity [7], root growth and leaf area [8] and

MATERIAL AND METHODS
Soil. Soils were collected from 0 to 20 cm layer of the field located in Agricultural Research
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TABLE 1
F and P values for FC, WP and AWC
Variations Resources
Biochar doses 2 df
Incubation times 8df
Pyrolysis temperature 1df
Incubation times x Temperature 8df
Incubation times x Biochar doses 16df
Temperature x Biochar doses 2df
Biochar doses x Incubation times x Temperature
16df

FC
F
154,69
7,12
1,54
2,79
3,11
6,11

P
0,000
0,000
0,220
0,012
0,001
0,004

WP
F
58,23
21,97
0,93
3,26
5,28
1,9

P
0,000
0,000
0,339
0,004
0,000
0,159

AWC
F
34,57
1,71
0,23
2,58
1,6
3,61

P
0,000
0,116
0,632
0,018
0,102
0,034

3,43

0,000

1,38

0,186

2,27

0,013

and Implementation Centre of Suleyman Demirel
University. Soil was sieved at 2 mm prior the biochar incorporation. The sand, silt and clay content
of soil was 28.2 %, 38.8 %, 32.0 %, respectively
which classified as clay loam texture. pH and EC
values and CaCO3, organic matter contents were
7.75, 305 dS/m and 25.4 %, 1.84 %, respectively.

RESULTS AND DISCUSSIONS
Effects of biochar incorporation on water content of soil at FC, WP and AWP were presented in
Figure 1, 3 and 5, respectively. The minimum water
content at FC was obtained at control pots (B0) in
the first week as 28.38 % whereas the highest value
was in T2B2 in the ninth week as 34.20 %. This
finding solely indicates clear improvement on water
amount of soil at FC by biochar application where
soils in T2B2 could hold 20.5% higher water. As F
and P values presented in Table 1, the water content
of soil at FC was affected by biochar doses and
incubation time significantly (p<0.001). Vidana
Gamage et al. [26] reported that 0.5 and 1% biochar
applications were increased water contents of soil at
-10 kPa, indicating even smaller amount then our
doses are improving overall water contents of soil.
According to Kinney et al. [27] biochar can absorb
about 10 times more water than its weight. These
findings along with our results indicating higher
application rate have higher effects on water holding; however, this is only the physical point of view
where higher doses may yield the higher amount of
dioxins [28] which threats overall health of the soil.
Some interactions between the treatments were also
significant (Table 1).

Biochar. Biochar was produced using selfconstructed pyrolysis chamber which electric resistance element was used for heat source. Sawdust
used as a row material and 2 temperatures were selected as 400°C (T1) and 500°C (T2). The authors
have been experienced earlier that grinded biochar
become very fine dust which getting hard to use in
farmer condition. Thus, biochar was not grinded;
however, forced to pass through from 2-mm sieve
by hands.
Experiment. The amounts of 1 (B1) or 2 (B2)
gram of biochar obtained from either T1 or T2
thoroughly mixed to 100 g of dry soil. The Mixture
was irrigated by deionized water up to approximately 70 % of field capacity. Incubated pots at 25 °C
(±3 °C), weighted at regular interval and evaporated
water provided to keep water contents constant. The
experiment carried out for 9 weeks and each week
soils are sampled and their field capacity (FC),
wilting point (WP) and available water content
(AWC) were determined.
Analytical. Organic matter of the soil was determined using chromate oxidation method [20].
Water content at FC and WP was measured by
using pressure membrane apparatus at -33 and 1500 kPa. The available water capacity (AWC) was
determined by means of the amount of water between field capacity and wilting point [21]. Soil pH
and electrical conductivity (EC) [22] were measured in 1:1 soil: water suspension. CaCO3 % was
determined using Scheibler calcimeter [23]. Soil
mechanical analysis was determined by means of
Bouyoucos hydrometer method [24]. Obtained data
were subjected to ANOVA using MINITAB 16
statistical package program [25].

FIGURE 1
Effect of biochar on water contents at field capacity
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Results obtained at initial weeks represent no
influence of biochar on WP; however, contrarily
Esmaeelnejat et al. [31] reported rapid action where
5 days after incorporation was adequate to observe
differences between the treatments. This case probably associated with the characteristic of the raw
material of biochar or the grinding process prior its
application. No difference was observed between
temperature treatments based on mean values (Figure 4). Herath et al. [32] who selected even wider
range of temperature as 350 and 550 °C did not
evaluate any effect on soil constants at -0.3 and -15
bar.

There were no relation between pyrolysis temperatures; however, the interaction of incubation
time and pyrolysis temperature was significant (p<
0.05) especially in T2 which this interaction appearing more clearly after four weeks of incubation
(Figure 1). That appearance also reflected in weekly
average values (Figure 2), increment after the fourth
week was slight but steady. Biochar dose and incubation time interaction were important at p=0.001
level whereas incubation time seems to be more
efficient among the treatments. Supporting this
idea, Peake et al. [29] and Ma et al. [30] represent
higher benefit by longer incubation time. Thus, the
lower biochar doses but the longer incubation time
recommended based on the results presented here.

FIGURE 4
Mean values for biochar doses
FIGURE 2
Weekly average values

AWC values (Figure 5) are more promising
than FC and WP due to it is directly related to
providing plant water requirement. The values
ranged between 13.02 % in control and 17.39 % in
T2D2 treatment at ninth week, in accordance with
Abel et al. [33] reported AWC was increased by the
addition of biochar to soil. Multiple effects of pyrolysis temperature, incubation times and biochar
treatments were significant whereas AWC was
increased up to 33% with these applications. According to incubation times, average AWC values
varied between 13.90 % and 14.84 % while this
difference is not significant. Based on the mean
values both doses of biochar improved plant available water contents which the highest value observed
in B2.

Water contents of the soil at WP ranged from
15.02 % to 16.81 %, while the lowest value was
determined in control plot (Figure 3). In accordance
with the values presented in Figure 3, both biochar
dose and incubation time increased soil water contents at WP, significantly (p<0.001; Table 1). Although biochar applications yielded statistically
higher values, differences between control and
biochar incorporation are quite minor which its
benefit is limited in practice. The effects of incubation period were becoming more apparent which the
highest value was obtained in ninth week analyses
(Figure 2).

FIGURE 3
Effect of biochar on water contents at wilting
point

FIGURE 5
Effect of biochar on available water contents
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ther from that point. This phenomenon indicates
further researches are required dealing with incubation time which looks much more substantial than
pyrolysis temperature and doses. Pyrolysis temperature was not significant on AWC values contrarily
the literature, which probably associated with the
properties of raw material. Supporting this idea,
Waled, [34] emphasized the convenient combination of raw material and pyrolysis tempe-rature.
Two different temperatures were tested in this research indicating the higher temperature did not
provide any benefit by means of soil water holding
capacity. Therefore if the soil water content is a
matter, the higher temperature application is the
only loss of time and energy that causes contradiction with the philosophy of biochar related research. On the other hand, soil water dynamics
subjected in this research and due to the biochar
topic is rather new, no more information available
about the effects of saw-dust-biochar on soil chemical and biological parameters. Thus multidisciplinary biochar research should be realized
considering possible harmful effect for precise
conclusions.

Gathered values indicated the importance of
incubation times; thus, water contents for FC, WP
and AWC correlated with time and the charts are
presented in Figure 6. Strong relation observed in
WP whereas the moderate relation was in WP.
However water contents at AWC were not statistically influenced from incubation time.
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1

quality and human health [1]. Heavy metals have attracted attention because of their environmental persistence, bioaccumulation [2, 3], non-biodegradability, which result in human health risks [4], ecological
risks [5], and adverse effects on river ecological integrity [6]. Heavy metal and sediments are present in
various pollutants, and potential secondary sources
may be released into water when the environmental
condition changes [7, 8]. Given that sediment is an
important deposit pool, sediment quality is an important environmental indicator in a water environment [8, 9]. Sediments becomes a new pollution
source when electrochemical conditions change; existing forms of heavy metals may undergo numerous
changes because of dissolution, precipitation, sorption, and volatilization during their transport in the
sediment, water, and gas. In recent years, risk assessments for river remediation and basin management
have become well developed [10, 11]. For the improvement of river ecosystem management, the potential ecological risk in sediment are determined on
the basis of the Håkanson ecological risk index [12,
13] and geochemical index methods, such as the enrichment factor [14] and geo-accumulation index [15,
16].
The ecological safety of the river basin is essential for the sustainable development of the Northwest area. In the study, the urban reach of Feng River
LVORFDWHGLQWKHQHZ;L¶DQ±Xianyang national district, which is a new economic development center
LQ6KDQ¶[L3URYLQFH7KXVWKHGLVWULFWZDVVHOHFWHG
for the present case study. Previous studies on the
water environment in the Urban Feng River focused
on water quality assessment [17, 18], microorganism
structure [19], spatial distribution, and sources of
heavy metals in riparian zone soil [20, 21]; research
on the deposition and geochemical status of heavy
metals in sediments is seldom implemented. Therefore, the present study aims to (1) investigate the
concentrations and distribution of As, Cr, Cu, Ni, Pb,
and Zn in the river sediments of the Urban Feng
River Reach, (2) assess the potential ecological risk
of the six heavy metals based on enrichment factor
(EF) and Håkanson ecological risk index, (3) assess
heavy metal pollution levels based on geo-accumulation index, and (4) provide scientific basis for river
ecosystem management and restoration.

ABSTRACT
7KH QHZ ;L¶DQ±Xianyang national district is
RQHRIWKHQHZQDWLRQDOGLVWULFWVLQWKH 6KDQ¶;L
Province. Determining and analyzing the water environment quality in the area can provide scientific
basis for area planning. Twenty sediments at 5 km
along the Urban Feng River were collected, and the
concentration of six heavy metals (As, Cr, Cu, Ni,
Pb, and Zn) were analyzed by wavelength dispersive
X-ray fluorescence spectrometry. Results indicate
that the concentration scales of As, Cr, Cu, Ni, Pb,
and Zn in the sediments are 0.4±34.3, 48.3±152.4,
0.6±24.3, 7.4±34.1, 13±32, and 13±30.7 mg·kgí1, respectively. The mean concentrations in the sediments are 6.47, 105.73, 13.75, 21.59, 23.48, and
26.76 mg·kgí1, respectively. According to the
Håkanson potential ecological risk index and enrichment factor index, these heavy metals present low
potential ecological risk in all sites (Eif < 40). The
mean enrichment value of Cr is 1.83, whereas the
mean enrichment values of As, Cu, Ni, Pb, and Zn
are 0.58, 0.59, 0.77, 0.97, and 0.37, respectively.Cr
presents minor enrichment, which may originate
mainly from waste discharge, especially from mining, machinery, and agricultural activities. By contrast, As, Cu, Ni, Pb, and Zn are not enriched and
may originate from natural weathering processes.
The results can provide a scientific basis for water
environment improvement and city planning of the
area.

KEYWORDS:
Heavy metals; Sediment; Ecological Risk; Enrichment
factor; Contamination; Urban Feng River

INTRODUCTION
Heavy metals are derived from dry and wet
deposition, nonpoint pollution of agricultural production, industrial wastewater discharge, and air
storage of solid waste that deposit in water and soil.
These pollutants transfer into rivers and wetlands
with runoff and accumulate in biotic organisms,
thereby posing adverse impacts on environmental
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Heavy metal analysis methods and quality
control. The sediment samples were placed in the
laboratory for air-drying. The woody debris and sand
grains were removed first by 0.2-mm sieves (70
mesh), and then the remnant was grinded in agate
mortar stones. The grinding powder was sieved by
the following seven plastic mesh sieves: 80, 100, 120,
140, 160, 180, and 200 mesh. The sieved particle
size was 0.075 mm. Then, 4.0 g of each grinding sediment sample and 2.0 g of boric acid were added into
the mold simultaneously and pressed into a 32mm
diameter pellet under 9.5×106 Pa pressure [22]. The
heavy metal concentrations of As, Cr, Cu, Ni, Pb,
and Zn in each sample were analyzed by wavelength
dispersive X-ray fluorescence spectrometry (XRF,
PANalytical PW-2403 apparatus). A series of sediment standards, including the GSS-, GRS-, and
GSD-series geochemical reference materials (Institute of Geophysical and Geochemical Prospecting,
PR China), as well as NIST-2709, NIST-2710, and
NIST-2711 (National Institute of Standards and
Technology, USA), were used to calibrate the instrument. The analytical precision, that is the relative
standard deviation (R.S.D.), ranged from 3% to 5%
and was less than 8%. All the trace element concentrations were larger than instrument detection limit
of 2 mg·kgí1. The accuracy of analysis was adjusted
by standard and duplicate samples. The quality control results are in accordance with ±5% (S.D.) of the
certified values [23, 24].

MATERIALS AND METHODS
Study area and sediment sampling. The
;L¶DQ±Xianyang National Economic Development
Area is the seventh confirmed new area and is the
center of the Guanzhong±Tianshui Economic Development Area. The location has an area of 882 km2
and is an important economic growth area in the
6KDQ¶[L Province. The Feng River is the first southern branch of the Wei River and originates from the
Fengyu village in the Changan district. It flows
through the Changan district, the Qindu village in Hu
County, and the Qindu district in Xianyang, and then
into the Wei River in the Caotan village. In recent
years, with the tourism development upstream and
rural industry development downstream, the Feng
river is faced with numerous water environment
problems, such as a shortage of water resources and
water quality deterioration.
The 5-km reach in Xianyang was selected as
the study area for the Urban Feng River. S1 was located in Tongyi Bridge, and S20 was located in the
Shanglin Bridge. The main pollution sources are industrial waste, domestic sewage, and agricultural
non-point source. Industrial waste is mainly composed of effluent from papermaking and several
electric industries. Three wastewater discharges
were found around the river: the first waste discharge
is adjacent to S1, the second discharge to S5, and the
third discharge to S12. Twenty sampling sites were
selected in the Urban Feng River (Fig.1). The top 0±
5 cm sediment was collected in December 2014 by
using a polyethylene shovel. All samples were airdried at room temperature and then passed through a
200-mesh (0.075 mm) nylon sieve. Weeds and sands
were removed for the analysis of As, Cr, Cu, Ni, Pb,
Zn concentrations in the laboratory.

Potential ecological risk and enrichment factor analysis. The ecological risk degree of As, Cr,
Cu, Ni, Pb, and Zn in the sediments can be determined based on the potential ecological risk index
(Håkanson, 1980). The effect and degree of heavy
metal pollution over river sediments can be determined by the methodology, which is based on

FIGURE 1
Study area and sampling sites
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Birch (2003) [28] and Chabukdhara and Nema (2012)
[16].

the assumption that the sensitivity of an aquatic organisms to a given pollutant depends on its productivity [25]. The potential ecological risk is defined as
follows:
(1)
C i f C i surface / C i background ,
Ei f
and
RI

Ci f u T i f ,

¦

i
f

Ei f

,

RESULTS AND DISCUSSION
Concentrations of the As, Cr, Cu, Ni, Pb,
and Zn. The Shapiro±Wilk statistics indicate that
the As, Cr, Cu, Ni, Pb, and Zn of the 20 sites present
normal distribution (Į< 0.05). The mean concentrations of As, Cr, Cu, Ni, Pb, and Zn in the sediment
are 6.47, 105.73, 13.75, 21.59, 23.48, and 26.76
mg·kgí1, respectively. Compared with Cr, Cu, Ni, Pb,
and Zn in riparian soil of the Urban Feng River [20],
the concentration of Cr in sediment are larger than
that in soil, whereas the Cu, Ni, Pb, and Zn concentrations in the sediment are all less than those in the
soil (Fig. 2). According to Yan et al. (2015), more
than 50% of Cr and Cd in soil originate from the application of P-fertilizer and microelement fertilizer
[29]. In addition, the average Cr concentration is 1.5
times larger than the background value of soil element in Shanxi Province [21]. Therefore, the accumulated Cr in the riparian zone results from the
transfer of applied P-fertilizer to the river with land
surface flow, and then the element is absorbed by organic colloids.
For determining the heavy metal pollution level
of Urban Feng River from other large rivers in China
and other countries, Table 1 shows that the average
concentrations of Cu, Ni, Pb, and Zn are lower than
those in the Wei, Yellow, Yangzi, and Pearl River,
as well as those of other large rivers in other countries. However, they are similar to the concentrations
in the Songhua River. The average As concentration
is also lower than that in the Wei River and similar
to that of Songhua River. As can be seen from the
Table 1, the average Cr concentration is higher than
that in the Wei and Yellow Rivers, which belong to
the same river system, and those of other rivers in
other countries. Furthermore, the value was

(2)
(3)

where Cif is the pollution coefficient of the heavy
metal, Eif is the potential ecological risk index of the
heavy metal, and Tif is the toxicological response coefficient of the heavy metal. The toxicological response coefficients of As, Cr, Cu, Ni, Pb, Zn are 10,
2, 5, 5, 5, and 1, respectively. The variable RI is the
summation of the potential ecological risk index of a
certain heavy metal in all sampling sites. Eif and RI
can be determined through the standard proposed by
Håkanson (1980). In addition, for the analysis of
heavy metals in a sediment, which results from natural sources or anthropogenic sources, the EF of As,
Cr, Cu, Ni, Pb, and Zn at each site was analyzed. EF
is a geochemical index based on the assumption that
the reference element and the target element presents
a linear relationship [16], and the index is widely
used to differentiate metals derived from natural
sources or anthropogenic activities [26]. To determine heavy metal pollution result from natural or anthropogenic origins, we used EF [27] as follows:
(4)
(C i surface / CFe ) sample
EF

Fresenius Environmental Bullet

(C i reference / CFe )background

where the Cisurface is the measured concentration in
VHGLPHQWV PJNJí1), Cireference is the local backJURXQGFRQFHQWUDWLRQLQWKHORFDODUHD PJNJí1), and
the soil backgrounds for As, Cr, Cu, Ni, Pb, Zn, and
Fe are adopted as Cireference, with values of 11.1, 62.5,
DQGPJNJí1,respectively
[21]. The enrichment status of each heavy metal can
be determined based on the standard proposed by

FIGURE 2
Comparison of average concentration of heavy metal in soil and sediment of Urban Feng River
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TABLE 1
Comparison of average concentration of heavy metals in Urban Feng River and other rivers
Locations
As
Cr
Cu
Ni
Pb
Zn
References
Urban Feng River
6.47
105.73
13.75
21.59
23.48
26.76
Present study
Wei River, China
17.20
65.40
25.80
26.30
25.70
78.90
Han et al., 2012
Yellow River, China
NA
64.77
17.80
26.71
29.49
60.30
Han et al., 2012
Yangzi River, China
NA
77.95
47.56
40.93
50.49
116.20
Han et al., 2012
Pearl River, China
NA
71.40
54.50
37.70
97.10
202
Han et al., 2012
Songhua River, China
5.56
46.30
20.70
17.40
22.70
83.10
Han et al., 2012
Brahmaputra River, China
NA
100.80
NA
80.40
9.60
78.10
Han et al., 2012
Hindon River, India
NA
17.48-33.70 21.70-280.33 13.90-57.66 27.56-313.57 22.22-288.29 Chabukdhara and Nema, 2012
Nile River, Egypt
NA
37.10-233.00
124.90
4.60-94.90 146.60-522.30
Han et al., 2012
˘0.0005
Tigris River, Turkey
2.10-12.40 72.10-158.40 98.70-2860.30 122.10-534.60 146.20-660.10 146.70-1061.50
Han et al., 2012
Danube River, Europe
9.00-68.90 35.30-139.00 31.30-662.90 24.60-142.80 14.70-107.60
83-622
Han et al., 2012
Rive Po, Italy
NA
NA
62.10
82.80
52.90
269.50
Han et al., 2012
Colorado River, USA
1-20
48-74
7-50
NA
5-29
62-113
Han et al., 2012
South Platte River, USA
2.80-31
33-71
18-480
NA
19-270
82-3700
Han et al., 2012

FIGURE 3
The potential risk index (Eif) for the single heavy metals in each site
In addition, as shown in Figure 4, the RI values
of all sampling sites are lower than 150, indicating
that the potential ecological risks of As, Cr, Cu, Ni,
Pb, and Zn at the 20 sampling sites are low. Given
that the Wei River Basin is one of the seven main
basins, the water environment of the mainstream,
first-order branches, and second branches in the Wei
River Basin is effectively improved with the implementation of Major Science and Technology Program for Water Pollution Control and Treatment in
China.

observed in the range of Hindon River (India), Nile
River (Egypt), Tigris River (Turkey), and Danube
River (Europe). This finding may be due to uncontrolled discharge of wastewater from several electronic industries in the area.
Potential ecological risk of As, Cr, Cu, Ni, Pb,
Zn. As shown in Figure 3, the potential risk index
(Eif) for the single heavy metals in all sites are less
than 40, indicating low risk. The average potential
risk indices of heavy metals in all sites decrease in
the following order: As (5.78) > Cu (4.89) > Pb
(4.51) > Cr (3.47) > Zn (0.36). As for the distribution
of potential ecological risk of all sampling sites, the
Eifof As from S13 to S18 is notably larger than those
of the other sites. The Eifvaluesof As from S13 to S15
are 30.63, 9.38, and 28.75, respectively. This finding
may result from the application of chemical fertilizer
in vegetable plantations in these sites. The Eif values
of Cr, Cu, Ni, Pb, and Zn evidently decrease at S17
possibly because of wash and dilution with a smallditch confluence into the Urban Feng River. The low
potential ecological risks ofCr, Cu, Zn, and Pb are
consistent with those of the Haihe Basin [25, 26] and
Daling River Basin [30] and the low potential ecological risk of Cr, Cu, Ni, Pb, and Zn in the Yangtze
Estuary in China [27]. These areas are all areas with
rapid economic development and high density population and are the most polluted areas in China.

Analysis of As, Cr, Cu, Ni, Pb, and Zn enrichment and contamination source. As shown in
Figure 5, the mean enrichment value of Cr is 1.83,
while the mean enrichment value of As, Cu, Ni, Pb,
and Zn are 0.58, 0.59, 0.77, 0.97, and 0.37, respectively. These outcomes show that Cr exhibits minor
enrichment, whereas As, Cu, Ni, Pb, and Zn are not
enriched. In addition, an EF value of approximately
1 suggests that the given metal may entirely originate
from crustal materials or natural weathering processes. By contrast, an EF value exceeding 1.5 may
be attributed to anthropogenic activities [31, 26, 32].
Samples with enrichment values of 1.5±3, 3±5, 5±10,
and >10 are considered to undergo minor, moderate,
severe, and extremely severe enrichment, respectively [32]. Therefore, Cr in the sediment of the Urban Feng River results from anthropogenic activities,
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FIGURE 4
RI of As, Cr, Cu, Ni, Pb, Zn

FIGURE 5
Mean enrichment values of As, Cr, Cu, Ni, Pb, and Zn

FIGURE 6
EF of As, Cr, Cu, Ni, Pb, Zn of each site
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P-fertilizer containing As transfers into water
through surface flow and is deposited in the river
sediment. Enrichment values of As, Cr, Cu, Ni, Pb,
and Zn decrease at S17, S18, and S19 possibly because the sites are located downstream, in which certain branches confluence and dilute heavy metal pollutants.
According to theEF values, cluster analysis was
applied for grouping together similar sampling sites
with similar pollution properties. As shown in Figure
7, all 20 sampling sites were grouped into three statistically significant clusters. Cluster 1 (S1, S2, S4,
S5, S6, S7, S8, S9, S10, and S11), Cluster 2 (S3, S12,
S14, and S16), and Cluster 3 (S13, S15, S17, S18,
S19, and S20). Cluster 1 was in an upper reach region with relatively low pollution and heavy metals
being less affected by human activities. Cluster 2
was in a middle reach region with moderate pollution.
The wastewater discharge outfalls located in S3 and
S12 were determined during sampling collection,
and heavy metals in the region may be affected by
industrial wastewater discharge. Cluster 3 is in a
downstream region with relatively high pollution;
several bridge construction sites were found in the
region, and the concentrations of heavy metals in the
region may be affected by the usage of several large
engineering machineries. Wash wastewater for the
machineries may transfer into the river and ultimately into the sediments.

whereas As, Cu, Ni, Pb, and Zn in sediment of Urban
Feng River result from natural weathering processes.
Pollutants in the Weir River in Xianyang reportedly originate mainly waste discharges, especially from heavy industrial corporations, including
mining, machinery, and agricultural activities [33, 4].
The Shanxi Provincial Environmental Monitor Center (2012) reported that the annual load of Cr was 8.2
kg in the year 2012 in this district [34]. The results
indicate that the contamination of the Urban Feng
River with Cr is consistent with those of other studies [16, 33, 26].
As shown in Figure 6, for single heavy metals
in each site, Cr exhibited minor enrichment in most
sites, except in S1 and S17, in which Cr shows moderate and no enrichment, respectively. As in most
sites show no enrichment in all the sites except S13
and S15, which showed moderate and minor enrichment. Furthermore, Cu in S1, Ni in S1, and Pb in S1,
S2, S3, S4, S6, S7, S8, S9, S11, and S12 all show
minor enrichment. The enrichment values of Pb and
Cr in S1 and As in S13 and S15 are larger than 1.5,
significantly exceeding the values at other sites. This
finding indicates that a sewage source in S1 may discharge domestic sewage and nondisposal electroplating industrial wastewater. Moreover, a vegetation plant may be located in S13 to S15; thus, P-fertilizer may be applied in the area, and As is an incidental element in P-fertilizers [29] in China. Unused

FIGURE 7
Dendrogram results of cluster analysis based on enrichment factor (EF) for seven heavy metals
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sources of heavy metals in sediment from
Daling River Basin. Environ. Sci. Pollut. R.,
22(8), 5975-5984.
[6] Yang, T., Liu, J.L. and Chen, Q.Y. (2014) Evaluation of environmental flow requirement for
improvement of river ecological integrity in the
Haihe River Basin, China. Fresen. Environ.
Bull., 23(5), 1121-1130.
[7] Hu, B.Q., Li, J., Zhao, J.T., Yang, J., Bai, F.L.
and Dou, Y.G. (2013b) Heavy metal in surface
sediments of the Liaodong Bay, Bohai Sea: distribution, contamination, and sources. Environ.
Monit. Assess.,185, 5071±5083.
[8] Wang, J., Liu, G.J., Lu, L.L., Zhang, J.M. and
Liu, H.Q. (2015b) Geochemical normalization
and assessment of heavy metals (Cu, Pb, Zn, and
Ni) in sediments from the Huaihe River Basin,
China. Catena, 129, 30-38.
[9] Bettinetti, R., Giarei, C. and Provini, A. (2003)
Chemical analysis and sediment toxicity bioassays to assess the contamination of the River
Lambro (Northern Italy). Arch. Environ. Con.
Tox.,45, 72±78.
[10] Singh, K.P., Malik, A., Sinha, S., Singh, V.K.
and Murthy, R.C. (2005) Estimation of source
of heavy metal contamination in sediments of
Gomti river (India) using principal component
analysis. Water, Air, Soil Poll., 166, 321±341.
[11] Akcay, H., Oguz, A. and Karapire, C.(2003)
Study of heavy metal pollution and speciation in
Buyak Menderes and Gediz river sediments.
Water Res., 37(4), 813-822.
[12] Håkanson, L. (1980) An ecological risk index
for aquatic pollution control. A sedimentological approach. Water Res., 14(8), 975±1001.
[13] Liu, L.L., Wang, Z.P., Ju, F. and Zhang, T.
(2015) Co-occurrence correlations of heavy
metals in sediments revealed using network
analysis. Chemosphere, 119, 1305-1313.
[14] Ergin, M., Saydam, C., Basturk, O., Erdem, E.
and Yoruk, R. (1991) Heavy metal concentrations in surface sediments from the two coastal
inlets (Golden Horn Estuary and Izmit Bay) of
the northeastern Sea of Marmara.Chem.Geol.,
91, 269±285.
[15] Muller, G. (1969) Index of geoaccumulation in
sediments of the Rhine River. Geojournal, 2,
108±118.
[16] Chabukdhara, M. and Nema, A.K. (2012) Assessment of heavy metal contamination in Hindon River sediments: a chemometric and geochemical approach. Chemosphere, 87, 945-953.
[17] Yang, K., Yuan, L.J.and Zhao, B.L. (2011) Effect of rainfall on Feng River Water quality and
pollution characteristics. J. Water Resour. Water Engin., 22(2), 50-54 (in Chinese).
[18] Du, J., Li, H.E. and Li, J.K. (2013) Analysis on
export coefficients based on measured data and
study on the sources of non-point load for Feng

CONCLUSIONS
An examination of the contamination of six
heavy metals (As, Cr, Cu, Ni, Pb, and Zn) was conducted in the Urban Feng River. Distribution, potential ecological risk, and enrichment status were analyzed. The mean concentrations of As, Cr, Cu, Ni,
Pb, and Zn in all sites are low risk. Heavy metal concentrations from S1 to S20 are low risk. In these sites,
Cr show minor enrichment, whereas As, Cu, Ni, Pb,
and Zn exhibit no enrichment. Thus, more attention
should be focused on Cr contamination. The domestic discharge in S1 should be closed, and domestic
and certain industrial effluents, especially mining
and machinery wastewater, should be disposed according to the corresponding standards. Furthermore,
an appropriate fertilizer application plan should be
LPSOHPHQWHG LQ WKH QHZ ;L¶DQ±Xianyang national
district.
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6]. World Health Organization (WHO) has estimated
that air pollution is responsible for one million untimely deaths per year [7, 8]. Inhalation of clean air
and paying attention to what do we enter into our
body through respiration are very important [9-15].
Exposure to air pollution is regarded as a risk factor
for weight deficiency on birth time and the relation
between air pollution and newborns weight deficiency has been confirmed [16, 17]. Particulate matters (PM) are a mixture of molecules with different
chemical composition, shape and size [18-20]. These
particles are diffused from natural sources (stones
and soil erosion, drops of seawater, volcanic dusts)
and artificial sources (combustion of fossil fuels,
emissions from motor vehicles) [21-24]. Coarse particles (larger than 10μ (PM10) are easily disposed
through defense mechanisms of respiratory tract.
Such particles are troublesome; they reduce the vision and damage the construction materials [25, 26].
While, fine particles including suspended particulates which are smaller than 10μ (PM10) can enter the
respiratory tract, precipitate there and cause chronic
bronchitis, emphysema and other diseases in human
[27-29]. In WHO air quality guideline for suspended
particulate matters, annual mean for PM10 and PM2.5
has been defined as respectively 20 μg/m3 and 10
μg/m3 [30]. WHO has evaluated that 500000 individuals are affected with premature death per year
because of exposure to airborne suspended particulate of ambient air [31]. Moreover, this organization
has estimated that the annual cost spent on healthcare
section in Austria, France and Switzerland amounted
to 30 billion pound which is equal to 6 percent of
total mortality all around the world. Only in the
United States, 23 billion pound is spent annually as
healthcare costs resulting from high concentration of
pollutant particles [32].
Qom city, with a population of over one million, is considered as a polluted city because of its
climatic and topographical conditions, the installation of multiple pollutant sources and combustion of

ABSTRACT
Air pollution is an environmental problem in
urban societies. This study investigated particles
concentration in the atmosphere of Qom city in Iran.
According to the EPA guidelines with Grimm apparatus, sampling particulate matter was performed for
24 hours with 10 minutes intervals in 4 stations during 2013 The Jar test was also used for dust fall. Descriptive statistical methods (Mean, standard deviation and interquartile range). The results show-ed
that the highest mean of PM1 was observed in September-October, PM2.5 in March-April and PM10 in
May-June, respectively. The mean of PM2.5 and
PM10 were higher than WHO guideline and lower
than NAAQS. The findings showed that there is a
positive relationship between PM10 and temperature
(Pvalue =0.04 & r=0.35), reverse correlation with humidity (Pvalue =0.001 & r=-0.57) and rainfall (Pvalue
=0.04 & r=-0.35). The results also indicated that a
direct association between dust fall and temperature
(Pvalue =0.014 & r=0.85), and reverse correlation with
humidity (Pvalue =0.03 & r=-0.79) are observable.
Furthermore, total mean of particle matter were
higher than standard concentration. Decreasing
emission from fuel combustion, creating green
space, planning and cooperation of all responsible
organizations can be effective in decreasing the effect of particulate pollutant on air quality and human
health.

KEYWORDS:
Air pollution, particles matter, dust fall, Qom, Iran

INTRODUCTION
Nowadays, air pollution has transformed to a
global problem and every minute thousands of people are damaged or die because of this problem [1-
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selected. Sampling was carried out, using laboratory
instruments in given specified timescales based on
standard methods. Sampling was done in determined
time intervals, they were transferred to the labo-ratory, and considered parameters were investigated.
According to EPA standard, one sample of suspended particulates every 6 days (at least 5 samples in a
month) was done and based on ASTM 1739 standard
for collection and measurement of dust fall (Settle
able Particulate Matter), one sample was gather in
each month.
In this study, during a 7-months period, totally
99 samples of suspended particulates and 35 samples
of dust falls were taken. Sampling of suspended particulates was done, using Grimm apparatus for 24
hours and intervals of 10 minutes. Sampling station
was located in the center of the city, i.e. at college of
Health; this selection was based on EPA standards
on topology of air pollution control station. Grimm
apparatus was installed, according to EPA standard,
in a distance of more than 20 meters far from streets,
trees and pollution sources; and its height from
ground was 3-15 meters. Measuring the parameters
of PM1, PM2.5 and PM10 was conducted, using Enviro Check apparatus, model 107, Grimm Company. Measured values were transferred to computer
and analyzed through Grimm and Excel software
[37]. In this study, Jar test was used to measure the
dust fall. Specific containers for collecting dust falls
were available in standard shape and size. In laboratory, they were covered after that they were transferred to proper places where made uncovered, so,
the particles could settle in a 30-days period. Then,
the containers were fastened and transferred to the
laboratory. According to ASTM 1739 standard procedure, mass of solved and dissolved matters was
measured. The results were expressed as kg/km2 in
30 days [34,35].
The wind speeds and directions measured at 10
m above the ground level were used for the analysis
of flow vectors. Wind roses of seven-months sampling period were elaborated to illustrate the dominant wind directions during each month.

millions liter of fossil fuels. On the other hand, the
geographical condition of this city and its proximity
to desert especially in summer and autumn aggravate
the pollution compression, particularly suspended
particulates (PM1, PM2.5, PM10, TSP) and dusty air
on the ground, so that, these dusts and suspended
particulates are inhaled by the people and their health
is exposed to danger. Dust fall, as the main source of
urban atmospheric particulate matter (PM) and indoor dusts not only badly affect the city air quality,
but also directly endanger the public health, so, in
this regard, investigating the properties, spatial and
temporal instability of dust fall has a great importance [33]. Dimensions of these particulates are
more than 10μ and less than 100μ. Dust particle settlement, as an environmental quality index, is a considerable matter [34]. Dust fall leads more exposure
to heavy metals, semi-metals and minerals. These
particles are counted as one of the most complex and
dangerous pollutants in the atmospheric environment [35]. According to Environmental Protection
Agency (EPA) (2003), particles, which are larger
than 30-50μ settle rapidly, precipitate on the clean
surfaces, cars and windows. The excessive concentrations of troublesome dusts at working places
cause visibility decrease; they precipitate in the eyes,
ears and nose; they damage the skin and mucous
membrane through mechanical and chemical activities [36].
In this study, the level of suspended particulates PM1, PM2.5, PM10 and dust fall in Qom city has
been estimated during a seven months period in
2013. Also, the effect of meteorological parameters
on the concentration of particulate matter was investigated.

MATERIALS AND METHODS
This study is a cross-sectional one, in which the
concentration of pollutant particulates of Qom air
had been investigated during a seven months period
in 2013. Qom city, as a statistical society has been

FIGURE 1
Sampling points profile in Qom city.
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TABLE 1
Mean and standard deviation of air particulates in Qom during sampling period.
Time period
March-April
April-May
May-June
June-July
July-August
August-September
September-October

PM10
51.17r5.40
89.94r56.61
194.27r95.4
156.16r82.10
135.89r22.3
155.87r32.65
174.81r35.98

PM2.5
39.3r4.4
20.46r8.64
39.14r18.58
29.40r14.11
24.81r3.56
26.28r5.71
27.00 r7.18

PM1
6.64r .9
6.90r0.75
9.52r2.26
2.26r1.39
7.86r2.32
9.84r2.75
10.34r2.82

Dust fall
13.833r5.613
27.088r11.857
23.439r9.004
21.152r8.657
20.337r12.128
12.931r7.243
14.049r6.154

TABLE 2
Comparison of sediment particles in the air of Qom in sampling points during 7 months period in 2013
Parameter
Mean
Standard deviation
Minimum
Maximum

Beheshti Hospital
14.124
5.676
8.970
22.780

Rural
Wastewater
29.666
8.732
19.980
41.420

Education
District 2
17.522
7.171
9.600
31.500

School of
Public Health
24.820
5.874
17.760
32.310

Urban
Wastewater
8.745
2.658
5.310
11.960

Total
18.97
9.64
5.31
41.42

TABLE 3
Comparison mean of the measured particles in the air of Qom in 7 months period in 2013 with a standard
value.
Mean
Standard

Pvalue

PM10
141.4
WHO=50
EPA=150
NAAQS=150
0
0.4
0.4

PM2.5
28.52
WHO=25
EPA=65
NAAQS=35
0.07
0
0.002

Dust fall
18.97
18

0.5

period have been presented. As seen in Table 2, maximum level of PM10, PM2.5, PM1 and dust fall were
observed in May-June, May-June, September-October and April-May, respectively.
Descriptive results which are related to PM
data in terms of month and PM level are presented in
Table 1. According to the results, the highest mean
for PM1 has been observed in September-October,
for PM2.5 in March-April and PM10 in May-June.
During the 7-months sampling period, the highest
level of mean dust fall was observed in April-May.
Descriptive information about dust fall rate
during the 7 months period is collected in Table 3.
Based on the results, mean and standard deviation of
total dust fall was equal to 18.97±9.64. Maximum
mean were observed at rural water and wastewater
authority.

Geographical features of Qom. Qom province, with an area of 11526.262 km2, is located at
the central part of the country. According to the public census in 2013, Qom province population has
been about 1151672 individuals. Qom province is
located in coordinate of east 50 degree and 30 minute
to 51 degree and 30 minute and a width of north 34
degree, 15 minute to 35 degree and 14 minute to the
Greenwich [37]. In order to sampling the sediment
particles, 5 points in the city were selected with proper distance from each other as sampling stations.
For data analysis, statistical parameters of
mean and standard deviation, Brown Forsythe test,
ordinary F test, Tukey or Tomhans trace test for binary comparisons and independent t-test were used.

RESULTS
Comparison of PM 2.5 and the standard values. Based on T test, there is no significant difference between PM2.5 mean and standard value at the
significance level of 5 percent, statistically. But, at
the level of 10 percent, this difference was significant. According to the results, in comparison with
standard level, PM2.5 mean exceeded the WHO defined value, but it was lower than EPA and NAAQS
standards (Table 3).

This study is a cross-sectional study in which
the concentration of pollutant particulates in the atmosphere of Qom city has been investigated. Table
1 shows the concentration of PM10, PM2.5 and PM1
during the seven months period in 2013, from March
to October. In addition, the results of dust fall in this
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TABLE 4
Relationship between the measured particles in the air of Qom in 7 months sampling period in 2013, with
meteorological parameters

PM1
PM2.5
PM10
Dust
fall

r
Pvalue
r
Pvalue
r
Pvalue
r
Pvalue

Air Pressure

Wind speed

0.2180
0.2228
-0.0219
0.9036
-0.1057
0.5584
-0.645
0.110

-0.2429
0.1731
0.2334
0.1912
0.3326
0.0586
-0.078
0.860

Sunny
hour
0.0591
0.7439
0.0407
0.8219
0.1522
0.3977
0.66
0.11

Evaporation

Rainfall

Moisture

Temperature

-0.1647
0.3597
0.0872
0.6293
0.2364
0.1853
0.69
0.09

-0.2482
0.1636
0.2200
0.2185
-0.3525
0.0442
-0.69
0.09

-0.0778
0.6669
-0.0587
0.7456
-0.5709
0.0005
-0.79
0.03

-0.0804
0.6563
0.0505
0.7803
0.3538
0.0434
0.85
0.01

period). The easterly winds were dominant and the
westerly winds were semi-dominant. Also, Fig. 3 illustrates the monthly wind rose plots during sampling period. As seen, with the increase of temperature from spring to summer the wind directions
changed from western as dominant direction to eastern winds.

Comparison between PM 10 and standard
values. Based on independent T test results, a significant difference was observed between PM10 mean
and WHO standard, statistically (50); and this mean
was higher than the standard (Table 3). But, there
was no significant difference between PM10 mean,
US National Ambient Air Quality Standard
(NAAQS) and EPA standard, statistically (150).
PM10 mean was lower than 150 (Table 3).

Relation between dust fall and meteorological parameters. Results of Pierson correlation indicate a significant and direct relation between dust fall
and temperature (r=0.85, Pvalue=0.014), statistically.
There is an inverse relation between dust fall and humidity (r=-0.79, Pvalue=0.03). No significant relation
was observed between wind speed, dust fall and
pressure, statistically. Relation between dust fall and
wind speed is insignificant, but its relation with pressure is inverse and significant.
Correlation between other parameters and dust
fall is significant, but as the number of taken samples
are limited (7 months sampling period), this relation
is not significant statistically; in the event that we increase the number of samples, it would be most probable that the relation became significant.

Comparison of mean dust falls with standard level. Obtained results from comparing the mean
dust fall with the standard 1929:2005 SANS D<18
indicated that there is no significant difference between mean dust fall and standard 18; but, the obtained mean for dust fall was more than 18
g/m2/month.
According to determined standard for dust fall
(18 g/m2/month), only 48.6% of samples had an acceptable standard and 51.4% of them were higher
(Table 3).
Relation between PM and meteorological
parameters. Based on the results of Pierson correlation, no significant relation was found between PM1
and meteorological indices (P value>0.05), statistically
(Table 4). According to the results of Pierson correlation, there was no significant relation between
PM2.5 and meteorological indices, statistically. A
positive and significant relation was observed between PM10 and temperature (r=0.35, Pvalue=0.04),
statistically. Moreover, a negative or inverse correlation was found between PM 10, humidity (r=-0.57,
Pvalue=0.001) and rainfall rate (r=-0.35, Pvalue=0.04)
(Table 4).

FIGURE 2
Wind rose plot of seven-mounts sampling period

Relation between PM and dominant wind
direction. No significant difference was observed
between mean suspended particulate matters (PM1,
PM2.5, PM10) and dominant wind direction
(Pvalue>0.05), statistically (Table 4).
Fig. 2 shows the seven-month's wind rose plots
for wind direction and speed (the data daily recorded
by meteorological station in Qom, during sampling

Relation between dust fall and dominant
wind direction. No significant difference was observed between dust fall and dominant wind direction during the 7-month period, statistically.
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FIGURE 3
Wind rose plots of (a) March-April, (b) April-May, (c) May-June, (d) June-July, (e) July-August, (f)
August-September and (g) September-October
Results of the study in Qom in 2011 indicated
that regarding the level of PM10, October-November
was reported as the most polluted month; and September-October as the cleanest one. Regarding the
level of PM2.5, November-December was the most
polluted month, and July-August, August-September and September-October were the cleanest
months. The concentration of suspended particulates
of PM10, PM2.5 and PM1 was lower than the standard
limit most of the time, and their AQI values are acceptable [37].
Another study was carried out in the air of central regions of Tehran in 2010. With respect to TSP,
February-March with a mean of 190.63 μg/m3 was

DISCUSSION
This study was carried out in Qom during a 7months period in 2013 - March-April to SeptemberOctober. Regarding PM1, September-October with a
mean of 10.34 μg/m3 was the most polluted month,
and June-July with a mean of 2.26 μg/m3 was the
cleanest one. Regarding PM2.5, March-April with a
mean of 39.3 μg/m3 was the most polluted month,
and April-May with a mean of 20.46 μg/m3 was the
cleanest one. Regarding PM10, May-June with a
mean of 194.27 μg/m3 was the most polluted month,
and March-April with a mean of 51.17 μg/m3 was
the cleanest one.
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was significant. According to the results of comparing with standard level, PM2.5 mean exceeded the
WHO defined value, but it was lower than EPA and
NAAQS standards. Based on independent T test results, a significant difference was observed between
PM10 mean and WHO standard (50), statistically,
and this mean was higher than the standard. There
was no significant difference between PM10 mean
and NAAQS and EPA standard (150), statistically.
PM10 mean was lower than 150.
In the study of Tehran highways in 2010, results indicated that the more number of automobiles
in highways, the higher concentration of suspended
particulate matters, PM10 is greater particularly. Increasing the wind speed in studied highways will
cause increase of the concentration of PM1, PM2.5
and PM10 [47]. A study carried out in the air of Gachsaran, Iran in 2007, indicated a direct linear relation
between air temperature and the concentration of
suspended particulate matters. Dryness of the air, deficiency of air humidity and rainfall, high temperature and construction of industrial huge installation
in this city are potential factors causing high air pollution [48].
In another study in Tehran in 2004 results indicated that in winter and under circumstances that air
humidity is lower than 50 percent and the air temperature is between 5-10 C°, particularly on Saturdays,
the concentration of TSP and PM10 is on the highest
level, especially when this condition is accompanied
by the air inversion phenomenon [49].
Another study which, was conducted in the ambient air around the Shariati hospital in 2003, indicated that in winter, under inversion condition while
the relative humidity and temperature were 50 percent and 5-10 C°, respectively, the concentration of
TSP and PM10 was at its highest level on Saturdays
[50].
Another study that was done in Tutikorin, India, in 2010, indicated that the concentration of TSP
and RPM was lower than allowable limits by U.S
Environmental Protection Agency. Wind speed was
the most important atmospheric parameter affecting
the pollutants concentration. Significant seasonal
fluctuations in the concentration of pollutants were
apparent at the 5 percent significance level [51].
Pierson Correlation results did not confirm a
significant relation between PM1, PM2.5 and meteorological indices (Pvalu>0.05) statistically. A positive
and significant relation between PM10 and temperature (Pvalue=0.04 & r=0.35), and a negative or reverse
correlation between PM10 and humidity (Pvalue
=0.001 & r=-0.57) and rainfall (Pvalue=0.04 & r=0.35) was observed and confirmed, statistically. No
significant difference between suspended particulate
matters (PM1, PM2.5, PM10) and dominant wind direction was found (Pvalue>0.05), statistically. A research was carried out in the metropolises of China
in 2010, TSP was recognized as the most important
pollutant affecting the air pollution index (API) in

the most polluted month; and March-April with a
mean of 118.5 μg/m3, was the cleanest one. Regarding PM10, December-January, with a mean of 66.5
μg/m3 was the most polluted month, and MarchApril, with a mean of 42.1 μg/m3 was the cleanest
one [38]. Another study was carried out around the
Dr. Shariati hospital, Tehran in 2002. Most polluted
month regarding TSP and PM10 was FebruaryMarch, 2002, and the cleanest one was March-April,
2002. The most polluted days were Saturdays and
Mondays, and the cleanest one was Friday [39].
Results of the study in China in 2013 indicated
that PM10 annual concentration has reduced from
116 μg/m3 in 2001 to 85.3 μg/m3 in 2011. PM10
emissions over the past decade reduced significantly
due to the use of emission control measures. PM10
pollution situation in northern China was worse than
in the southern part. The most polluted seasons in
China were spring and winter [40]. Results of study
in Khuzestan, Iran, indicated that the mean and
standard deviation of particle concentration on dust
days in Ahvaz towards standard of the particle concentration in Iran is equal to 16.5±11 [41]. Results of
study in Tehran and Isfahan, Iran, in 2011 indicated
that the air quality of these cities was not healthy and
it created a critical condition for the health of society,
especially susceptible individuals [42]. In a Study in
Tehran in 2007, daily concentration of PM10 and
TSP was higher than NAAQS. Compared to
NAAQS, the mean concentration of PM2.5 in Tehran
was lower. In north of Tehran, mean concentration
of suspended particulates was higher than in other
regions [43]. Results of the study in Hong Kong in
2012 indicated that the concentrations of PM2.5 in
winter, when the north and north eastern winds transfer the pollutants from China, was higher compared
to other seasons; whereas in summer south seasonal
winds bring the clean and fresh air toward the city.
Concentration of PM2.5 in rush hours was very high;
resulting from effect of human activities on fine particulates levels [44]. In a research in India in 2013,
the concentrations of PM2.5 and PM10 were much
higher than the standards set by the WHO and
NAAQS. Significant seasonal variations in particulate emissions were obtained [45]. Results of the
study in Europe, North America and the Pacific
Ocean in 2013 indicated that obtained mean shortterm limit for PM10 (46.4 μg/m3) and PM2.5 (28.6
μg/m3) has no significant difference with the level
defined in WHO air quality guidelines (50 μg/m3 and
25 μg/m3) [46].
Research in Thailand in 2011 revealed that all
the 162 samples mean of 24 hr concentrations of TSP
and PM10 were lower than Thailand's Air Quality
Standards [27].
Based on T test in our study, there is no significant difference between PM2.5 mean and standard
value at the significance level of 5 percent, statistically. But at the level of 10 percent, this difference
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The results of Pierson correlation coefficient
indicate a direct and significant relation between
dust fall and temperature, statistically (Pvalu=0.014 &
r=0.85), and a reverse relation between dust fall and
humidity (Pvalu=0.03 & r=-0.79). The relation between dust fall and wind speed was negligible, but
its correlation with pressure was reverse and significant. Correlation between other parameters and dust
fall is considerable, as the number of sample is limited (7 months period) probably, this relation is not
significant statistically; in the event that we increase
the number of samples, it would be most probable
that the relation became significant. During this 7months period, no significant difference was observed between dust fall and dominant wind direction, statistically.
It is necessary that the Environmental Protection Agency establish fixed stations throughout the
city to measure the concentration of pollutants, also,
take necessary actions to repair old stations to determine the level of pollution in pollution peak time and
the most polluted regions of the city. Having the
knowledge of such matters, the elderly, children and
susceptible individuals can limit their outdoor activities at the peak times in order not to endanger their
health. In addition to determine the air pollutants
particle size, some other similar studies must be done
to measure the particle types and air pollutant
sources in Qom.

the north of China in spring and winter. Also, sand
and dust storm is the most important factor affecting
dust fall and TSP spatial and temporal instability in
China [52]. Results of the research in a semi-tropical
region of India in 2008 indicated that dust settlement
rate was at its highest level in summer, then in winter; and this rate was at its lowest level on rainy season. Maximum level of dust fall was observed in the
proximity of a coal transport factory. There was a
significant and inverse relation between dust fall rate
and precipitation [53].
The results of comparing the mean dust fall
with SANS 1929:2005 standard D<18 indicated that
there is no significant difference between mean dust
fall and standard 18 statistically; but resulted mean
for dust fall was more than 18 g/m2/month. Highest
mean dust fall level was observed in April-May
(27.088 g/m2/month) and the lowest one in AugustSeptember (12.931 g/m2/month), and such a different is resulting from meteorological parameters effects, dust storms, human and construction activities
in different seasons. Many factors can affect the
study results and the most significant one is the insufficiency of rainfall in spring and summer, which
can wash off the pollutant from the atmosphere. Results of the study carried out in Riyadh, Saudi Arabia, during winter in 2013, indicated that this capital
had undergone a significant level of dust during the
study period. Dust settlement rate throughout the
city, places near the construction sites and the regions located in the east of Riyadh had higher intensity [54].
Another study, which was carried out in the
semi-tropical city of Guangzhou in 2010, indicated
that falling rate of dust fall in Guangzhou during the
study was about 3.34-3.78 g/m2/month. The great
portion of dust resulted from construction and industrial activities [34]. The highest level of dust fall during a 7-months period and in five considered regions
belonged to the rural water and wastewater authority. This can be resulted from activities of brick kilns
around the sampling area, proximity to wilderness
areas, the construction and human activities around
the sampling place, road traffic, concentration of
pollutant emitting from vehicles exhaust, effect of
meteorological parameters, dust storms and other
factors.
Another study in Yazd, Iran, in 2006, showed a
direct relation between dust fall level and wind
speed, where humidity and precipitation have an inverse relation with dust fall level. No relation was
observed between dust fall concentration and temperature [1]. Results of the study in the industrial city
of Lukavac, Bosnia, in 2011, indicated that meteorological parameters, wind direction and speed are
among the effective factors in sedimentary dust distribution. Activities performed at industrial factories
are the main cause of emissions in the air. Other factors which can refer to them are road traffic and private kilns [55].

CONCLUSION
Among the potential factors that increase the
4RP¶VDLUSROOXWLRQZHFDQUHIHUWRGU\QHVVRIWKH
air, insufficiency of humidity and rainfall, high temperature, air pollutant sources around the city particularly brick baking, lime and plaster factories, large
number of industrial cities and the city proximity to
desert. Moreover, Qom is one of the megacities of
Iran and it is developing so fast resulting in pollutant
sources increase such as automobiles. On the other
hand, concentration of particulate matters depends
on some meteorological parameters including relative humidity percentage, wind speed, temperature
and wind direction. All these parameters increase the
concentration of air suspended particulate matters.
Hence, a throughout planning and cooperation of all
responsible organizations are necessary to control
the air quality of Qom; such planning is not only a
regional but also a national matter.
If PM monitoring is carried out in several regions during all seasons, the EPA can provide an accurate and comprehensive statistics about the air
condition, therefore, we can generalize the obtained
results to the city. If so, seasonal fluctuation of particulates and more accurate statistical correlation between pollutant concentration and meteorological
parameters would be more apparent; also, a better
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[8] Sakellaris, I.A., Tolis, E.I., Saraga, D.E. and
Bartzis, J.G. (2017) VOCS, PAHS and ions
measurements in an office environment in the
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Bull., 26(1), 292-300.
[9] Soltanianzade, Z., Salmani, M.H., Ahrampush,
M.H. (2010) Study of arsenic in the sediment
particle in air of Yazd. Journal of Applied
Chemistry, 5(14), 51-60
[10] Geravandi, S., Goudarzi, G., Yari, A.R., Idani,
E., Yousefi, F., Soltani, F. Mohammadi, M.J.,
Salmanzadeh, S., Nashibi, N., Khishdost, M.,
Malihi, R. and Kalantar, F. (2015) An
estimation of COPD cases and respiratory
mortality related to Ground-Level Ozone in the
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Hygiene Sciences, 5(1), 15-21.
[11] Guo, H., Morawska, L., He, C., Zhang, Y.L.,
Ayoko, G. and Cao, M. (2010) Characterization
of particle number concentrations and PM2. 5 in
a school: influence of outdoor air pollution on
indoor air. Environmental Science and Pollution
Research, 17(6), 1268-78.
[12] Khaefi, M., Goudarzi, G., Yari, A.R.,
Geravandi, S., Dobaradaran, S., Idani, E.
Javanmardi, P., Youesfi, F., Hashemzadeh, B.,
Shahriari, A. and Mohammadi, M.J. (2016) An
association between ambient pollutants and
hospital admitted respiratory cases in Ahvaz,
Iran. Fresen. Environ. Bull., 25(10), 3955-61.
[13] Neisi, A., Goudarzi, G., Akbar Babaei, A.,
Vosoughi, M., Hashemzadeh, H., Naimabadi,
A., Mohammadi, M.J. and Hashemzadeh, B.
(2016) Study of heavy metal levels in indoor
dust and their health risk assessment in children
of Ahvaz city, Iran. Toxin Reviews, 35(1-2), 1623.
[14] Soleimani, Z., Goudarzi, G., Naddafi, K.,
Sadeghinejad, B., Latifi, S.M., Parhizgari, N.,
Alavi, N., Babaei, A.A., Akhoond, M.R.,
Khaefi, M. and Mohammadi, M.J. (2013)
Determination of culturable indoor airborne
fungi during normal and dust event days in
Ahvaz, Iran. Aerobiologia, 29(2), 279-90.
[15] Yari, A.R., Goudarzi, G., Geravandi, S.,
Dobaradaran, S., Yousefi, F., Idani, E.,
Jamshidi, F., Shirali, S., Khishdost, M. and
Mohammadi, M.J. (2016) Study of groundlevel ozone and its health risk assessment in
residents in Ahvaz City, Iran during 2013. Toxin
Reviews, 35(3±4), 201±6.
[16] Romao, R., Pereira, L.A.A., Saldiva, P.H.N.,
Pinheiro, P.M., Braga, A.L.F. and Martins, L.C.
(2013) The relationship between low birth
weight and exposure to inhalable particulate
matter. Cadernos de Saude Publica., 29(6),
1101-8.
[17] Vianna, N.A., Gonçalves, D., Brandao, F., de
Barros, R.P., Amado Filho, G.M., Meire, R.O.,
Torres, P.J.M., Malm, O., Júnior A.D. and

comparison with other studies in other cities and
countries would be carried out.
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ABSTRACT

INTRODUCTION

Conventional activated sludge as a biological
treatment process is applied for treatment of a large
number of sewage. In this paper, the effects of temperature and pH on sludge reduction in activated
sludge process have been studied. The purpose of
this study was evaluation of the effect of thermal-alkaline treatment in minimization of excess biological sludge production in wastewater treatment, using
activated sludge. In this study, an activated sludge
pilot with an aeration tank effective volume of 8 ml
and a deposit tank of 3 ml were used. Activated returned sludge was changed in the temperature range
30 to 70°C, pH=11-9 and at retention times of 30, 60
and 90 minutes. After establishing a stable condition
in the system, sampling and testing parameters such
as COD, MLVSS, SVI, BOD5 and determination of
the yield coefficient were done. Also, at 60°C, which
had the lowest yield coefficient, pH was changed in
the alkaline range and effects of the sewage sludge
reduction were investigated. The results showed that
when the temperature increases from 23 to 60°C,
yield coefficient increases initially but then began to
decrease to reach 0.33 per 60°C and the COD level
reaches from 89mg/l to 195mg/l. The finding of this
study showed that the temperature 60°C, pH=9 and
retention time of 60 minutes had the best performance, because in addition to the sludge reduction
rate of 44%, COD removal rate of the effluent was
80%.

Conventional activated sludge as a biological
treatment process is applied for treatment of a large
number of sewage [1]. Widespread use of activated
sludge in industrial and municipal wastewater treatment plants has raised the sludge management issues
[2-6]. One of the main disadvantages of aerobic
wastewater treatment processes, including activated
sludge, is higher production of biological sludge [7].
So that, problem of production of the excess biological sludge and the treatment and disposed of it in the
conventional aerobic systems of industrial and urban
sewage in most parts of the world, including Iran, is
evident. While the primary sludge is considered as a
major problem, the bigger problem in the activated
sludge process is the excess sludge production [8, 1,
9-11]. The efficiency of biological wastewater treatment processes is based on pH sensitivity which
leads to the reduction in the amount of sludge production [12]. Biological treatment of wastewater
converts suspended and dissolved organic matter
into biomass and gases such as CO2, CH4, N2 and
SO2 [13]. Approximately 65% of the cost of operation of wastewater treatment plant is spent for costs
of maintenance, transport, digestion and the sludge
treatment [2]. So, in recent years, increased attention
has been given to the minimization of waste sludge
in wastewater treatment process [14, 1]. Reduction
of biomass production in wastewater treatment was
discussed when costs and difficulties of treatment
and disposal of the sludge were considered [15]. On
the other hand, new rules and severe standards of reuse and disposal of the sludge about different organic
and inorganic pollutants and pathogens forced
wastewater treatment experts to invent aerated biological treatment methods which produce less sludge
amount [16]. In other words, if the problem of excess
sludge production is solved, most of the problems
would also be solved considerably in the treatment
and disposal of the biomass [17, 14]. Due to severe

KEYWORDS:
Activated sludge process, Sludge reduction, Temperature,
pH, Yield coefficient
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monia nitrogen concentration: 0.8 mg/l; the concentration of organic nitrogen: 22 mg/l; the concen-tration of Kjeldahl nitrogen: 22.8 mg/ml and the concentration of Phosphorus: 17 mg/l.

problems and heavy costs of operations of sludge
treatment, mechanisms of biomass reduction in this
field are: Self-destructive process [18, 19], uncoupled metabolism by OSA process [18-20], increasing
soluble oxygen of aeration pond [21, 22], oxidation
of a part of sludge by chlorine or ozone [21, 17-20],
increasing temperature in returned sludge to the reactor [23, 14, 18], Energy spilling by compounds resistant to degradation and toxicant [24, 17, 19, 20],
pH changes [21, 22], using electrical pulse in returned sludge [24, 17, 22], using ultrasonic waves in
returned sludge [24, 21] and using bacteriophages
such as protozoa and metazoan [23, 24]. In a research on SBR reactor by thermal-alkaline method,
Pazooki et al. (2010) concluded that increasing the
WHPSHUDWXUHDWÛ&LQKDOIDQKRXUFDQUHGXFHWKH
sludge level to 41.6% in comparison with no change
state. Also, they found that if in this state the pH is
increased to 9, in addition to disposal of effluent for
agriculture by standard output effluent, the wastewater level showed reduction to 45.2% [17]. Takdastan and Pazooki (2011) also showed that heating up
6%5UHDFWRUDWDQGÛ&WHPSHUDWXUHFDQUH
duce the produced sludge level, respectively in 27,
42 and 100%. Without doubt the output effluent
&2' RQO\ ZKHQ WKH UHDFWRU WHPSHUDWXUH ZDV Û&
could meet the standard of Iran for reuse in agriculture at higher temperatures, the standard of the output effluent COD is not supplied [20].

How to set up. For the initial launch of reactor,
ILUVWDFWLYDWHGUHWXUQHGVOXGJH¶VVHHGRIZDVWHZDWHU
treatment plant situated in Choneibeh, Ahvaz, without problem exploiting phenomena such as bulking
and raising the phenomenon of stylus, with a volume
of approximately 2 lit was poured into the aeration
reactor pond. The remaining volume of 8 liters of
synthetic wastewater with a COD reactor was added
to the range; so that marks the end of the reactor. Up
to 8 lit of synthetic wastewater with a COD about
500±20 was added to the remaining volume of the
reactor. Aeration and reaction were done for an approximate duration of one month to form a clot or
biomass. The effluent, in terms of the pH and COD,
was monitored and controlled; then, the test results
were compared with previous results at every turn
that after about a month of launching the reactor and
the output COD results were close together; therefore, representing the end of the launching process.
The reservoir inducing the pH and temperature changes. For changes in sludge from water tank
with a volume of 10 liters and the cubic rectangular
shape was used in which it was a cylinder with a volume of 1.5 liters; also, a pump reversal of sludge 2
was placed inside the cylinder. Tank was equipped
with a thermostat which can be adjusted by the
gauge. From pumped back of sludge No. 1, which
was inside the sedimentation pond the sludge was
poured into the cylinder 1.5lit and after changes in
temperature and if necessary of pH in the sludge returned, back action was performed through back.
Pump shaft No. 2 (Figure 1).

MATERIALS AND METHODS
Pilot features. In this study, we used an activated sludge pilot unit made of Plexiglas containing
an aeration pond and a sedimentation pond. Aeration
basins have an effective volume of 8 liters, with a
length of 0.3 mm, width of 0.15 of mm and a height
of 0.18 mm. The sedimentation basin has an effective volume of 3 ml with a length of 0.2 mm, width
of 0.15 mm and the height of 0.175 m at the inlet. A
hopper has been placed at the bottom of the sedimentation basin with outlet valve to remove excess
sludge concentrations (Figure 1). Characteristics of
influent wastewater influent to pilot input were prepared through mixing 60 g sugarcane molasses in 60
liters of tap water. Therefore, this study that was
done in order to reduce the amount of sludge production and thus to reduce the amount of total cost of the
operation appears necessary. Valve to remove excess
sludge concentrations (Figure 1). In tests which were
done, qualitative characteristics of synthetic wastewater, for example COD, are equivalent to 500 as
follows: Chemical oxygen demand (COD): 500
mg/l; Biological oxygen demand (BOD5): 350 mg/l;
nitrate nitrogen concentrations: 3.3 mg/l in N; am-

Sampling and testing. For the required tests,
sampling of input feed inside the reactor and the refined output waste were conducted in one-hour intervals and in the different days. In this study samples were collected with glass bottles in 100 ml volume at each stage. To minimize the variation of samples, the analysis of samples was performed simultaneously with sampling. Sampling and testing were
performed according to the guidelines which set
forth in the standard books. After each change in
temperature and pH at least one week, the system
was considered to adapt to new circumstances.
Measurements were performed after fixation conditions. Concentration of suspended solids inside the
reactor and COD outlet were considered as parameters of fixed conditions.
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FIGURE 1
Schematic Diagram of Process

FIGURE 2
The COD variation with time and temperature of heating the sludge

40°C has been increased. To determine the Bio-kinetic coefficients especially biomass production rate
(Y), the variation in produced biomass per unit of
time is used for variation in consumed COD. Therefore, biomass production coefficient (Yield Operation) can be calculated, using relation 1.
Relation 1: Method of calculation of biomass
production coefficient

RESULTS AND DISCUSSION
The effect of temperature changes on the
MLSS, BOD5, COD and TSS. Figure 2 shows the
variation of COD with different times and temperatures of heating the sludge. The optional heterotrophic (Saprophyte) aerobic-anaerobic wastewater
treatment bacteria are mesophilic, namely they grow
well up to temperature of 45-20°C. With an increase
in the temperature, activity of bacteria can be up to
2-3 times and decomposition rate of organic materials increases. As Figure 2 shows, with the increase
of temperature in the mud up to a temperature of
40°C, the efficiency of COD removal increases; Of
course, decomposition speed or in other words the
activity of microorganisms by increasing the temperature to an extent increases logarithmically; this is to
some extent that microbes are able to endure the temperature increase. By increasing the temperature
more than tolerance of mesophilic bacteria due to the
loss of the bacterial enzyme and coagulation of protein in the cytoplasm of the bacterium, growing bacteria or without mesophilic spore loses. However,
bacteria with spore and also some species of thermophilic bacteria (tolerance limit of 45-60°C) remain in
the environment and they continue to break down organic materials. Figure 2 shows the amount of COD
in the outlet effluent at temperatures higher than

Y=

బ ି
ௌబ ିௌ

(1)

The S and S0 are initial and final substrate concentrations (mg / l), respectively; X and X0 are initial
and final biomass concentration (mg/l), respectively.
As shown in Figure 3, at wastewater temperature and
COD= 500, the biomass yield coefficient (Y) is
equal to 0.62 and mg biomass/mg COD. By increasing temperature up to 40 °C, the activity of bacteria
increases 2-3 times and organic materials decomposition rate increases. As a result, the cell mass production or the production of biomass increases and
the biomass yield coefficient (Y) also increases.
Moreover, the rate of biological sludge production
increases, as well. Decomposition speed or in other
words, the activity of the microorganisms increase
with increased temperature up to a limit logarithmically and the amount is extent that the microbes are
able to endure the temperature increase. By increasing the temperature more than the tolerance of mesophilic bacteria due to the loss of the bacterial enzyme and coagulation of proteins in the cytoplasm of
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reduced as much as an open extent that leads to a decrease in enzymatic activity and stop the clot as formation, neutrophilia bacteria are missing; however,
the alkaliphilic bacteria remain in the environment
and they continue to break down organic materials.
As can be seen in Figure 4, by changing the pH to an
alkaline extent, the amount of COD in wastewater
output increases.

bacteria on growing bacteria or mesophilic spores
are missing, but bacteria having spore and also some
species of thermophilic bacteria (tolerance limit of
45-60°C) which remain at the environment and continue to break down organic material. Spore is a bacteria resistant to adverse environmental such as temperature, pH, toxic substances, etc. With the increase
of temperature mesophilic heterotrophic bac-teria
without spores die; in other words, thermal lysis happens which in this case because some of the bacteria
have been disabled or die, decomposition speed and
activity of the microorganisms are reduc-ed. Also,
the production of new cells gets less (with the exception of a number of mesophilic bacteria with spores).

The effect of variation of pH of 60°C on the
yield coefficient level. In temperature 60°C and by
changing the pH in the alkaline range of heterotrophic mesophilic bacteria without spores, neutrophilia will die or in other words, thermal-alkaline lysis that happens that in this case because some bacteria have been disabled or died, decomposition
speed and activity of the microorganisms are reduced and the production of new cells gets less, as
well. According to a Figure 5, with an increase in the
temperature up to 60°C and change in the pH 8, 9
and 10, the biomass yield coefficient (Y) is reduced
respectively to 0.35, 0.34, and 0.32. In pH=11, almost any system was produced but the system was
disrupted, water over sludge was turbid and it had
not standard for the sludge effluent.

The effect of variation of pH at 60°C on COD
outflow. As shown in Figure 3, at the wastewater
temperature and COD= 500, the biomass yield coefficient (Y) is equal to 0.62 and Figure 4 shows the
trend of COD variation in different pH in the mud.
Most bacteria in the wastewater treatment plant are
neutrophilia and most microorganisms involved in
biological filtration can handle pH fluctuations in the
range of 6 to 9 and have the most activity in the range
of pH from 6.5 to 8.5. As Figure 4 shows, by changing of pH in the sludge, COD removal efficiency is

FIGURE 3
The variation of the Y coefficient with time and temperature of heating the sludge.

FIGURE 4
The COD variation in temperature 60°C and Different pHs
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FIGURE 5
The trend of changes of the yield coefficient (Y) in the temperature 60°C and
different pH of the sludge

FIGURE 6
A comparison between the COD effluent at the different Temperatures
with the standard of disposal and reuse

FIGURE 7
A comparison between COD effluent output at temperature 60°C and different pHs of the sludge

met, but not at higher temperatures. As shown in Figure 7, in the pH=9, the maximum efficiency of COD
removal is obtained; and in this pH, standard of reuse
in agricultural is met.

Comparison between COD of effluent output with the disposal standard and reuse. As
shown in Figure 6, at the temperature of 40°C, the
maximum COD removal efficiency is achieved. At
this temperature, standard wastewater disposal into
the accepting water and reuse in agricultural are met.
At a temperature of 50°C, they are able to meet the
effluent disposal regulation into the accepting waters
just for half an hour. At a temperature of 60°C for 30
and 60 min effluent standard for agricultural uses is

CONCLUSIONS
The results showed that with increasing temperature in the sludge to a temperature of 40°C, due
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to increased bacterial activity, COD removal efficiency is increased, and also the amount of sludge
production is increased. By increasing the temperature, activity of microorganism increases to an extent
logarithmically and this is to some extent that microbes are able to endure the temperature increase.
By increasing the temperature more than tolerance
of mesophilic bacteria due to the loss of the bacterial
enzyme and coagulation of proteins in the cytoplasm
of bacteria, growing bacteria or mesophilic spores
are missing, but bacteria having spore and also some
species of thermophilic bacteria (tolerance limit of
45-60°C) remain in the environment and continue to
break down organic material. So, with the increase
of temperature more than the mesophilic to the thermophilic extent the amount of COD in wastewater
output is increased, but the amount of sludge production is reduced. Also, in different times and temperatures of sludge, a temperature of 60°C for half an
hour is capable to decrease the kinetic coefficient of
Y from 0.63 to 0.37 (approximately a 42%- reduction in the surplus sludge), but soluble COD in minor
amounts in refined effluent is increased compared to
the control reactor and COD removal efficiency
reached to 83 percent. With increasing time to warm
the sludge for an hour at a temperature of 60°C, the
kinetic coefficient of Y is reduced from 0.62 to 0.33
(surplus sludge almost dropped 48%) but the COD
removal efficiency is lower and reaches lower than
60%. As a result, the soluble COD in wastewater
output increases. The different pHs at the temperatures of 60°C, heating the sludge in pH=9 kinetic coefficient of Y is reduced from 0.62 to 0.34 (approximately a 44%- reduction in the excess sludge) but
soluble COD in the refined effluent increases and
COD removal efficiency increased to 80%. Hence, it
can be concluded that the temperature of 60°C at the
retention time of 60 minutes and pH =9 are selected
as the best option for reducing the sludge.
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THE RELATIONSHIP BETWEEN CLIMATE CHANGE
AND FOREST DISTURBANCE IN TURKEY
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has been better understood nowadays [1, 2].These
carious disturbance sources may have positive or
negative relations with each other [3].
In Europe, Asia and America continents, both
the biotic and abiotic disturbances affect and consequently shape the forest systems, compositions,
structures, and functional features. Various disturbance types can be observed in a single forestland.
Depending on the region, the type, severity and frequency of disturbance vary. These differences also
affect the level of disturbance. For instance; in a
study on Parangalista Reserve Area of Bulgaria, it
has been determined that the most important disturbance factor for the forestlands was the wind, and
that at least 18% of the forestlands have been influenced from the wind disturbances in last 150 years.
On the other hand, bark beetles (Ips typho-graphus)
have led to the collapse of some of the living trees in
same period, but the disturbance ZDVQ¶WLQHSLGHPLF
level. Also the effects of forest fires in last 200 years
have remained limited, and occurred only in 4% of
the study area [4]. In another study on Black Taiga
Region of Siberia, in north vegetation dominated by
Picea obovata, Abies sibirica, and Pinus sibirica
species, different phases in 18 different stands have
been examined after forest fire, wind throwing, and
insect distur-bances [5]. According to a comprehensive study examining the natural disturbances that
have occur-ed in European forestlands between 1850
and 2000, European forests have suffered from various levels and types of disturbances. For instance,
between the years of 1950 and 2000, approximately
annually 35 million m3of forest have been exposed
to various disturbances; while storm disturbances
were res-ponsible for 53% of these disturbances, forest fires were responsible for 16%, snow disturbance
for 3%, and other abiotic factors for 5%. Biotic distur-bances were responsible for 16% of the disturbance, and half of this disturbance was caused from
the bark beetles. 7% of the disturbance originates
from an unknown disturbance or the combination of
these disturbances. Considering the forest fire disturbances, more than 90% of the burned areas in Europe are in Portugal, Spain, France, Italy, Greece,
and Turkey [6]. In USA, the natural disturbances
such as forest fires, drought, new-coming insect, insect and pathogen epidemias, storms, ice storms, and
landslides had significant effects on the forests [7].
Today, in many of forest ecosystems in North America, species composition and structure are considered

ABSTRACT
As well as in entire world, the forests are under
significant and various risks in Turkey. All the
threats towards the existence and health of forests are
of biotic or abiotic characteristics. Especially due to
the rapid population growth and increased need of
new residential areas in recent years, the pressure of
humans on forestlands and the increases in climate
extremities bring the most significant threats ever.
The climate change occur-ring under the effects of
gases released to the atmo-sphere significantly affects the forests. Because of these alterations, the disturbances on forests to date increased in severity and
frequency. The climate changes lead to alterations in
level and structure of the direct and indirect disturbances on the forests. Among the factors damaging
the forests in Turkey, forest fires and epidemic insects share the first ranks. In this study, where the
effects of drought in forestlands on forest fire and insect disturbances, the SPEI drought index and GenHUDO'LUHFWRUDWHRI)RUHVWU\¶VGDWDZHUHXWLOL]HG. According to the results of regression test performed in
this study, it is seen that there are relationships of
SPEI with burned areas that can be expressed with
second-order equation and with insect disturbance
that can be expressed with first-order equation.

KEYWORDS:
SPEI, forest fire, insect, drought, damage, silviculture.

INTRODUCTION
Since the early ages, various natural and human-induced disasters have led significant deteriorations in forests. As well as in past, this situation has
become a more important threat under the effects of
negative conditions brought by climate change, increased human population, and industrialization.
These disturbances are shaped by the global position
of the forest, the climate condi-tions, the species of
tree, and the human activities. For this reason, various disturbances at various levels are observed in entire world. The distur-bances in forest affect not only
the forests itself but also many landscaping projects
such as micro-climate, hydrology, and soil erosion,
and the impor-tance of the fact that these disturbances affect the ecosystems and shape the landscapes
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occur in next decades [3]. According to another
study, in case that the actual climatic conditions in
Northeastern China will continue without any alteration, the possibility of fires in future is positively
related with the alterations in temperature and precipitation [15].
The extremities in precipitation and temperatures also affect the insect disturbances in forestlands, as well as forest fires did. But the size of
disturbance varies depending on many factors such
as the tree species, habitat conditions, and etc. One
of the most important risks in forest eco-systems is
the effects of droughts, which have lengthened or become severer due to the climate changes, on the diseases and pathogens. The distur-bance that would
occur in a forest under drought conditions is shaped
by 3 factors. Those are the nutritional behaviors of
insect or fungus, the affected potion of tree, and the
water stress severity [16]. For instance; according to
a study in SW-USA, 1-year or longer droughts increased the risk of insect attack in Pinus edulis, and
also increased the rate of deaths. On the other hand,
in Juniperus monosperma growing in same region, a
drought lasted for 3 years or more led to disturbance
that would cause an opening in crown of trees [17].
In this study, in order to examine if there is a
relationship between forest fires and insect disturbance and drought in forestlands in Turkey, the level
of drought was calculated. In order to determine the
level of drought, the Standardized precipitation
evapotranspiration index (SPEI) drought index was
utilized. SPEI (Standardized precipitation evapotranspiration index) index has been developed in year
2010, and used in many climatic and hydrologic
studies to date [18]. For instance; in study that has
been carried out in Chili-Southern America in order
to accurately reveal the drought level, it has been observed that, in Coquim-bo Region, various sizes of
drought conditions increased in recent decades and
the continuity of extreme climatic events became
more frequent [19]. In study of Yu et al. [20], where
the same index was utilized, for 609 locations determined in China, the SPEI values have been calculated for the years between 1951 and 2010, and various characteristics such as long-term trend of
drought, the percentage of affected areas, severity,
duration and frequency have been calculated and examined. The obtained results indicated that, since
1990, the severe drought has become more important. Thus, the area of drought regions has increased by 3.72% annually.
The SPEI (The Standardized Precipitation
Evapotranspiration Index), which has been used in
determining the drought level in research areas, is
very similar with mathematical SPI (Standardized
precipitation index). But, differently from that, the
temperature was added into the calculations in this
system. SPEI, when compared to Sc-PDSI, is of
much more advantages since it is of multi-scalar nature, which is much more important in viewing the

to have been shaped by natural disasters [8].
Majority of the disturbances in forestlands of
Turkey consist of forest fire and insect disturbances.
Between the years of 1995 and 2014, a total of
18,735 forest fires have occurred, and a total of
112,138 hectare of forestlands have been burned in
those forest fires. This means annually 937 forest
fires and 5,607 hectare of burned areas. The insect
disturbance level is 430,434 m3 in volume and
532,187 ha in area. This means annually mean
21,522 m3volume disturbance and 26.609 ha area
disturbance [9].
Each of various factors leading to disturbances
in forest has different effects. Some of them lead to
loss of great amount of trees, some of them alter the
structure and organization of the forests without
leading to mass deaths like cover forests do. Under
some of conditions and at some places, the disasters
alternate with each other. For instance; drought generally weakens the trees and leads to the insect, disease epidemia and forest fire. Insect and disease infection prepare the ground for further forest fires,
while sometimes the forest fires sometimes lead to
new disease infections and insect disturbances [7]. In
year 2005 in USA, a spruce bark beetle (Den-droctonus rufipennis) outbreak in Homer-Alaska can be
given as an example for that. That outbreak both led
the loss of many trees and also led the burn up of 200
ha forestland [10].
The changes in climatic conditions such as
drought and high temperatures affect the disturbance regimes by altering the forest fire frequency
and insect outbreaks [11]. Nowadays, the climate
change directly and indirectly alters the relationship
between the forest and the forest disturbance factors.
When the disturbances exceed the natural level, the
function of disturbances and their effect on the structure of forest become extreme. In order to determine
the potential future changes in distur-bance factors,
it is required to know how the cli-mate change will
affect the disturbance regimes [12].
Forest fire regime is directed by the climatic
conditions, flammable materials, and human factors. All these factors are dynamic, and the complex
relationship between them creates a mosaic structure
in forest fire regimes all around the world [13].Under
the effects of climatic conditions changing in recent
years, the alterations occurred in shape and dimensions of the disasters in forests. From the aspect of
forest fires, the forest fires occurring in Mediterranean shores of Europe pose a significant risk for the
forests. In fact, the forest fires are the component of
Mediterranean eco-systems. But, in a study, where
all the fires in recent 130 years in Valencia region of
Spain, it has been determined that, while the correlation between the increase in fire activity and climate
factors was very low in early 1970s, the correlation
became high after 1970s [14]. Moreover, in case of
continuity of projected and existing climate change
conditions, it is estimated that more forest fires will
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des-truens (Wollaston) Dendroctonus micans
(Kuge-lann), Rhyacionia buolliana (Denis &
Schiffer-müller), Thaumetopea pityocampa (Denis
& Schiffermüller), Thaumetopoea wilkinsoni Tams.
Neodiprion sertifer (Geoffroy), Diprion pini (L.),
Dioryctria sylvestrella (Ratz.), Acleris undulana
(Walsingham), Lymantria dispar (L.) and Euproctis
chrysorrhoea (L.). From the aspect of forest fires, 12
PLOOLRQKDRI7XUNH\¶VIRUHVWODQGVDUHORFDWHGLQILUHsensitive regions. This region consists of the 1700km
long and 160km wide coastal line between
.DKUDPDQPDUDúDQGøVWDQEXO [26].
SPEI is calculated in similar way with SPI. But,
rather than precipitation (P), it uses the differ-rence
between the precipitation and evapotrans-piration
(P-ET0) as data. Climatic water balance compares the
actual water amount (P) to atmos-pheric vapor deficiency (ET0). For this reason, it is more suitable for
measuring the drought severity rather than using
only the precipitation [18]. Cli-matic water balance
is calculated for different time scales (1-48
months).In this study, in examining the relationship
between fire and drought, the mean SPEI1 values regarding the fire season (May-September) were taken
into consideration. In exa-mining the relationship between insect disturbance and drought, the mean
SPEI12value was consi-dered. The data used in calculating SPEI in study areas were obtained from [27]
by entering the grid-cell coordinates.
In this study, between the years 1995 and 2014,
the relationship between the volumetric data regarding burned area and insect disturbances and the SPEI
values were examined. By utilizing Mann Kendall
test, it was examined whether there is an increase or
decrease in course of time in insect and forest fire
disturbances. And then, by utilizing, Wilcoxon test,
it was examined if those values belonged to the same
population. In final regression analysis, it was attempted to reveal the level of relationship of SPEI
with insect and forest fire disturbances.
Mann-Kendall test is a useful test because there
is no necessity for the data to conform to any distribution. In Mann-Kendall test, among the non-parametric tests, the Kendall correlation is calculated
6
as:Ϛ ൌ QሺQషሻ

drought analysis. In climate scenarios regarding the
future, the indices involving temperature in its formulae. But, PDSI is lack of this useful multi-scalar
feature of the PDSI, which is useful in determining
the level of drought in rear seats of the cars. The reason for developing SPEI was this deficiency in PDSI.
SPEl is based on the precipitation and PET (potential
evapotrans-piration). SPEI offers the determination
of altera-tions in evaporation (the fluctuations in
tempera-tures and the trends) and the accuracy of
PDSI and the multi-temporal characteristic and the
simplicity in calculation of SPI together. It is expressed that this index in more useful in determining,
observing and examining the drought conditions and
global warming [21].
The data obtain from this index will be directly
and indirectly made use of in determining the way of
utilization of the technique to be used in silvicultural
activities for the maintenance and regeneration in the
forests in semi-arid and arid areas as well as the selection of this technique [22]. Natural and artificial
forest vegetations in semi-arid and arid areas are of
low level of growth perfor-mance and adaptation because they are formed in extreme growth conditions
rather than normal growth conditions [23]. This increases the possi-bility of fires, insects and epidemia
disturbances in natural forests and afforestation areas
for such areas [24]. Therefore, the aim of silvicultural interven-tions in these areas should be for
providing the wellness and increase the quality of the
forests as well as maintaining these forests. In this
regard, it needs to relate the climate conditions
closely to silvicultural activities and sudden changes
should be taken into consideration.

MATERIALS AND METHODS
The forest and insect disturbance statistics of
General Directorate of Forestry kept for Turkey was
used as material in this study. The study area consisted of forestlands in Turkey and total forestland is
totally 21,389,783 ha [25].There are 29 regional directorates affiliated with General Directorate of Forestry (Fig. 1). The ones having lowest forest intensity
among these regional direc-torates are those established in Central Anatolia, Eastern Anatolia, and
Southeastern Anatolia regions. Correspondingly, a
lower level of distur-bance is experienced in those
regions. In this study, since the records regarding the
previous years are insufficient, only the data regarding the period of 1995-2014 has been utilized. Although the number of insects actively damaging the
forests in Turkey varies between the years, it is approximately 50. The leading ones among them from
the aspects of total disturbance and area deployed are
Pityokteines curvidens (Germ.), Cryphalus piceae
(Ratz.), Ips sexdentatus (Boerner), Ips typographus
(L.), Ortho-tomicus erosus (Wollaston),Tomicus
minör (Hartig), Tomicus piniperda (L.), Tomicus

ሾ



ሿ

while Mann-Kendall test statistic is calculated as
u(t):
ሾ െ ሺሻሿ

ݑሺݐሻ ൌ
ξݐݎܽݒ
u'(t) is calculated similarly with u(t) in series in opposite direction.
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FIGURE 1
Study area and fire (number-area) and insect (area-volume) status
study were performed by using R 3.0.2 software.

In calculation of Wilcoxon signed rank statistic,
which was performed 99% bilateral confidence
level, the formulas below are used.
 ሺ ାଵሻ
 ሺ ାଵሻ
ܷଵ ൌ ܴଵ െ భ భ  and
ܷଶ ൌ ܴଶ െ మ మ 
ଶ
ଶ
n1 and n2, respectively, represent the volume of first
and second group, while R1 and R2 represent the
ranking numbers in first and second group. The small
one among the obtained U1andU2values is used in U
statistics significance table. If the sampling size is
large, then the standard normal approach is used for
revealing the significance level:
 ݖൌ ሺܷ െ ݉௨ ሻȀߪ௨ 
Where, z is the z point used in standard normal
distribution tables, while
and
, if null hypothesis is correct, are mean and standard deviation
for U and found in following way:
݉௨ ൌ ݊ଵ ݊ଶ Ȁʹ
and
భ మ ሺభ ାమ ାଵሻ

ߪ௨ ൌ ට

ଵଶ

RESULTS
The p values for the Wilcoxon signed rank test
performed between burned area and insect volume
disturbances and SPEI values are presented in Table
1. Given the table, the Ho hypotheses are rejected
since the p values of Wilcoxon signed ranking test
performed for both factors and SPEI values calculated for the regions. So, the factors and the SPEI
values are statistically different from each other. The
trend figures of 6 selected regions of high burned
area and insect disturbances are presented in Fig. 2.
The graphics in first line indicate the burned area,
while others indicate the insect disturbance.
From the aspects of burned area and insect disturbances, although there is no clear trend, seasonal
trends draw attention when the regions are considered separately. For instance; an increase is seen in
insect disturbances in Antalya after the year 2003.
Even if it was the region, where the largest fire occurred, there is no clear trend in Antalya in terms of
forest fires. The same applies to ø]PLULQWHUPVRILQ
sect disturbance and burned area graphics. ,Q0X÷OD
region, decreases are seen in



For Wilcoxon signed rank test, the Ho hypothHVLV ZDVHVWDEOLVKHGWREH³7KHUH LVQRVWDWLVWLFDOO\
significant difference between the factors (Burned
area, Insect disturbance) and SPEI values. As third,
regression analysis was utilized in order to determine
if there is a relationship between SPEI and burned
area data and insect volume disturbances. As well as
calculating SPEI, the statistical analyses used in this
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Insect Damage (m3)

Burned Area (ha)

FIGURE 2
u(t) and u'(t) graphics of burned area and insect disturbance for Antalya,
ø]PLU0X÷OD0HUVLQ%DOÕNHVLUDQG.DKUDPDQPDUDúFLWLHV
burned area until 2007 and insect disturbance since
2008. While there is an increase trend in burned area
in Mersin until the year 2005, a continuous decrease
trend is seen in insect disturbances. ,Q %DOÕNHVLU
while there is a continuous increase trend in burned
area since the year 2000, there is a decrease until the
year 2003 and a continuous increase in insect disturbance since then (Fig. 2).
In graphics, the trends are more significant in
insect disturbances than they are in burned areas.
From the aspect of burned areas, it is thought that the
large fires are more effective on the burned area
trends.

TABLE 1
Wilcoxon signed rank test results
Region /
Burned Area ±
Insect Damage
Factors
SPEI p value
±
SPEI p value
3.815 10-6
7.629 10-6
Antalya
-6
3.815 10
7.629 10-6
Balikesir
-6
3.815 10
3.815 10-6
Izmir
-6
7.629 10
1.526 10-5
K0DUDú
-6
7.629 10-6
7.629 10
Mersin
-6
3.815 10
3.052 10-5
Mugla
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FIGURE 3
Mean value of burned area and insect disturbance in study area and the trend graphics of
these values (Antalya-%DOÕNHVLU-ø]PLU
led to 3.7 times increase in insect distur-bance, while
WLPHVLQFUHDVHLQ%DOÕNHVLUUHJLRQKDVOHGWR
times increase in insect disturbance in year 2004
(Fig. 4). Similarly, 11 times increase of SPEI in
.DKUDPDQPDUDúLQ\HDUKDVOHGWR5.7 times increase in volume loss, while 1.7 times increase in
SPEI in year 2009 in Mersin has led to 1.7 times increase in volume loss and 40 times increase in SPEI
LQ0X÷ODLQ\HDUKDVOHGWRWLPHVLQFUHDVHLQ
volume loss.
Considering the burned area and insect disturbance values for all the regions, it is seen that either
burned area size or insect disturbance is higher in the
same year. The exceptional situations occurred in 5
UHJLRQVH[FHSW IRU0X÷OD region generally in years
2007 and 2008, and similar situations were observed
LQ 0X÷OD UHJLRQ LQ \HDUV    
and 2007in terms of burned area and insect disturbance.
Via the regression test that was performed as

Considering the extreme disturbance years, apSUR[LPDWHO\  WLPHV LQFUHDVH LQ $QWDO\D UHJLRQ¶V
SPEI drought value in year 2008 in pro-portion to the
whole-period mean value has led to 10 times increase
in burned areas. ,Q0X÷ODUHJLRQDWLPHVLQFUHDVH
has occurred in SPEI in year 1996, and it has led to
6.6 times increase in burned area. Similarly, 3.5
times increase in SPEI in Kah-UDPDQPDUDú in year
2012 has led to 7.5 times increase in burned area in
proportion to general ave-rage of 20 years (Fig. 4).
Considering the deviations from mean values in
other regions; 3 times increase in SPEI in year 2002
LQ%DOÕNHVLUKDVOHGWRWLPHVLQFUHDVHLQEXUQHG
area, WLPHVLQFUHDVHLQ63(,LQø]PLULQ\HDU
has led to 3.6 times in-crease in burned area, and 2.4
times increase in SPEI in Mersin has led to 5 times
increase in burned area.
In Antalya region in year 2009, the 11 times increase in SPEI in proportion to general average has
led to 3 times increase in insect disturbance. In ø]PLU
region in year 2002, a 4 times increase in SPEI has
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FIGURE 4
Mean value of burned area and insect disturbance in study area and the trend graphics
RIWKHVHYDOXHV .DKUDPDQPDUDú-Mersin-0X÷OD 
rienced. Although the levels of burned area and inVHFWGLVWXUEDQFHVGHWHUPLQHGLQ.DKUDPDQPDUDúUH
gion seem to be lower in proportion to other regions
in Fig. 4, these values are the highest values in recent
20 years. There is a similar situation in Mersin; the
years, 2007, 2008 and 2009 were droughty. High
level of forest fires and insect disturbances occurred
in these years.
For that reason, because of the destruction of
forests to a significant degree in the study area in
these years, establishing new forests in these areas
should be realized through especially artificial regeneration and vegetation activities. However, the
fire activities especially in pure calabrian pine stands
are of high possibility for natural rehabili-tation depending on the seeds abounding in the fire years because of the species under risk [28]. In this regard, it
should be benefited especially from the branches
where partly burnt pine cones remain and immediate
and abundant calabrian pine regene-ration should be
provided via spread branch with cones method after
a topsoil treatment through a rake. On the other hand,
if the rotation age has not come yet in the stands

third analysis in this study, the relationship of burned
area and insect disturbance with SPEI were examined. Given these graphics, it can be seen that there
is a 2nd order relation between SPEI and bur-ned areas and 1st order relation between SPEI and insect
disturbance. As a result of regression analy-sis, it
was determined that the decrease in SPEI values explains 66.68% of the increase in burned area. It also
explains 48.53% of insect disturbance. The finding
that there was no relation between the SPEI and insect disturbance in Mersin region played significant
role in this low level (Fig. 3-4).
The relationship of extreme disturbance levels
with SPEI for fire and insect disasters is seen in Fig.
4. For insect disturbance, no increase trend is seen in
regions. It graphic, it draws attention that, in year
2008, both of the burned area and insect disturbance
levels were high in Antalya region due to the high
level of drought. In years 2005, 2006 and 2007 years
2012 and 2013, the drought was observed in
.DKUDPDQPDUDú DQG FRQVHTXHQWO\ KLJK OHYHOV RI
burned area and insect disturbances were expe-
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climate change, human factor or other factors, the
changes that occurred in severity or frequency of
these disturbances may severely damage the forest
ecosystems. Today, the existence of global warming
is beyond the dispute [31, 32, 33]. According to the
observations made via meteorology stations, this increase also applies to Turkey and our country will
significantly be affected from the climate change
[34, 35]. In studies performed on Turkey, it is estimated that maximum temperatures between the
years 2071 and 2100 will increase by 5.6°C in proportion to the mean value of the period of 1961-1990.
It has been also projected that the precipitation will
decrease by 30-40% in Aegean, Thrace, Western and
Central Black Sea, Southern Anatolia and Central
Anatolia, where the precipitation is also important
for the fires [36]. In other studies performed on Mediterranean region, conditions of the transition to hotter climate, which are now being felt and probably
will last until the year 2050, have been determined.
The increase in temperatures will trigger the increase
in forest fires. The obtained results indicate that more
forest fires will occur and the changes will occur in
amount and structure of flammable material if the actual climate conditions will continue [37, 38]. These
information are in parallel with the results of our
study. It has been determined that hotter and
droughty climatic conditions will dominate the Mediterranean in near and further future. Since the Mediterranean region has semi-moist climate with semidroughty summer season, it has been significantly
affected from any decrease in precipitation. For this
reason, a change would have very important effects,
especially in rainy reason. Hotter and droughty conditions will lead to desertification via the increases
in erosion, salification and forest fires [39]. There is
a significant relationship between the decrease in
moisture content of flammable materials in forest
ground and human-originated fire activity [40]. Even
though majority of the forest fires in Turkey are anthropogenic, there is an obvious relationship between drought and fire start and spread for both of
natural fires [41] and anthropogenic fires [40].
One of the results of global warming is the
spread of insects, especially the bark beetles, towards
the higher altitudes and high latitudes as a result of
increase in temperature [42, 43, 44]. Especially the
invasive pests can be more dangerous, since they
have no natural enemies in new deployment areas.
This situation may lead to changes in forest structure
and composition, stand type and stand structure in
further centuries. First of the biotic pests having negative effects on the forests is the insects. Especially
since the effects of multiple insects are observed together in trees or since the fungus and insects damage the trees together, the records have been kept in
this parallel. Due to the drought, problems emerge in
physiological defense mechanisms of trees, this
leads to the outbreak of thermophilic insects. For instance; the case in Turkey in year 2008 is thought to

which encounter the insect disturbance intensively,
as suitable loggings as possible should be made
based on their growth age. So, all the individuals exposed to insect disturbance should be removed in order to avoid a new kind of damage. For this, the required interventions should be made in all layers.
Since insect disturbance especially in young stands
is closely related to the future of forests, the interventions for increasing the stand durability within
the framework of young stand or silvicultural
maintenance measures should be definitely made.
As a result of this study, among all the regions,
the fact that Antalya-7DúD÷ÕO fire that was the largest
forest fire ever in Turkey corresponded to the highest
SPEI level is attention-grabbing since it indicates the
relationship of severe drought with large forest fires
and the match between SPEI index and large fire
(Fig. 5).
Additionally, it was determined that high values in burned area are related with the drought in that
year, while the high level of insect disturbances is
related with the drought of previous year.

FIGURE 5
SPEI values corresponding to extreme disturbance levels.

DISCUSSION
Forests may be severely damaged due to the
factors such as extreme air conditions, insects or epidemias or human-originated negative effects, forest
fires and air pollution; these effects may even destroy
the forests [29, 30]. All these factors affecting the
forests are in fact the components of the forests.
Throughout the history, all these disturbance factors
have had sometimes positive and sometimes negative effects on the forest ecosystem. But, through the
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decrease occurred in precipitation, it has been determined that the potential increase in evapotranspiration led to increase in drought. Hence, rather than
SPI calculated by considering only the precipitation
level or rain, it is thought that the use of SPEI would
provide more realistic results. It is known that the
drought is a determinative factor for fires, in study of
Hall and Brown [55] in USA by using SPI and PDSI,
significant correlation has been determined between
the drought and the burned area. In study of Dimitrakopoulos et al¶V >@ VWXG\ D UHODWLRQ KDV EHHQ
found between the SPI and burned area. It has been
specified that sometimes SPI6 and sometimes SPI12
played significant role in burned area size [52]. Similarly, statistically significant and positive correlation was found between SPEI1 and burned area in
our study. This can be explained with the loss of
moisture of flammable material in fire season. In
those regions, the summer drought is seen to play effective role in fire start and spread. This situation has
also been revealed by Varol and Ertugrul [56, 57] in
their study on Antalya by specifying the positive relationship between KBDI and burned area.

be such an epidemic case. Moreover, in growth, survival and reproduction of the insects, the trees in
drought stress provide better conditions [45]. For instance; the survival and reproduction of Lepidoptera,
Ortoptera, Homoptera and mites can be easier in
plants having drought stress [46]. Csoka [47] has determined in Hungary that increased frequency and
severity of drought played significant role in certain
forest insect disasters. In 30 years until the year of
study, a significant increase trend in relation with the
drought inclination has been found with 6 insect species. Similar results have also been obtained in studies examining the relationship of drought with fires
as well as the insects and diseases. One of the most
important insects, whom are provided with appropriate conditions by the drought, is the bark beetles. It
has been found with bark beetle disasters that the effects can be seen up to even 1-2 years later the year
of drought [48, 49]. The fact that the trees under
drought stress weaken and become the nutrient
source for bark beetles, the secondary pests, leads the
increase in population of these insects and consequently the increase in level of disturbance. The excessive increase in population forces these insects to
attack healthy trees when they cannot find nutrient.
In this case, they become primary and physiologic
pests and epidemic disturbance emerge. Thus, similar results have been obtained by Rouault et al., [50]
in their study examining the relationship between the
drought in Europe and the population of forest insects. In that study, it has been found that the water
stress caused from consecutive drought years leads
to increase in bark beetle population and the outbreak
occurs because these insects attack even healthy
trees. Romme et al. [51], in their study in Colorado,
have achieved similar results. Significant and positive relationship between the level of water stress
caused from drought and the level of secondary
SHVWV¶GLVWXUEDQFHKDVEHHQGHWHUPLQHG>@,QRXU
study, it was determined that there is a negative correlation between SPEI12 values and insect disturbances in next year, so the increase in drought also increases the insect disturbance.
6 regions subjected to examination in terms of
high level of fire and insect disturbance have Mediterranean climatic conditions. No clear trend could
be found in terms of burned area or insect disturbance for examined 20 years. As an exception for this,
an LQFUHDVHWUHQGLVVHHQLQEXUQHGDUHDLQ%DOÕNHVLU
region and decrease trend in insect disturbance in
Mersin region. In similar results, for example in the
study of Dimitrakopoulos et al. [52] that has been
performed for 5 different regions of Greece between
the years 1961 and 1997, no statistically significant
increase could have been found in burned area size.
Similarly, in studies of Pausas [53] and Piñol et al.
[54], where the areas burned in Spain in last 30 years
have been examined, no clear trend could be found.
In another study of Piñol et al. [54], even though no
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THE EFFECTS OF ORGANIC AMENDMENTS ON SOIL
WATER RETENTION CHARACTERISTICS UNDER
CONVENTIONAL TILLAGE SYSTEM
Metin Mujdeci*, Serdal Simsek, Veli Uygur
Department of Soil Science and Plant Nutrition, Faculty of Agriculture, Suleyman Demirel University, 32260, Isparta, Turkey

largely controlled by organic matter content and tillage practices. Turkish soils typically contain very
low organic matter content [2] and farmers traditionally practices conventional tillage system. Therefore
Turkish soils are prone to degradation in soil structure and water retention properties.
The soil physical properties such as development and sustaining a good structure, the stability of
the aggregates, the water holding capacity, the aeration, tilth and distribution of different sized-pore volumes are related to the organic matter budget of a
soil [3]. For this reason organic matter incorporation
into the soil is one of the most common practices to
improve the physical properties of the soil and to ensure continuity of soil tilth. The effects of organic
materials such as farmyard and poultry manure,
straw of cereals, municipal waste compost, biosolids
on the physical and chemical properties of soils have
been investigated by many researchers [4-9]. However there are lacks of information about their short
or long term effects in dwarf apple orchards in Turkey.
Different soil tillage methods can influence
moisture related soil physical attributes such as pore
size distribution, pore location and distribution in
any specific aggregates, total porosity, infiltration,
bulk density etc. [10-14]. In fact all of these physical
soil attributes determines the amount of plant available water holding capacity of a soil. The predominant
size of pores was found to be related with the soil
tillage practices that higher average pore size was reported for conservational tillage than the conventional tillage [14]. The excessive tillage of a soil results in an evenly distribution of pores in an aggregate whereas the conservation tillage bears heterogeneous distribution that the inner sites of the aggregate
shows higher porosity than the outer sites [14]. This
sort of distribution of the porosity may contribute
plant available water content of soils. Type and frequency of tillage practices exert preeminent
influence the soil porous system and consequently
the pore size distribution in soils [15-17]. This effect
in different tillage system, in fact, strongly related
with the soil properties such as aggregation, soil
texture, organic matter content, crop sequence etc.
[17-19].

ABSTRACT
Soil physical quality attributes such as pore distribution, water holding capacity, aggregation, and
bulk density can be manipulated by enriching soil organic matter content. Addition of organic materials
with differing origins is therefore efficient and environmentally friendly agricultural practice. The aims
of this study were to test the effects biosolids (BS)
and farmyard manure (FYM) application on water
retention characteristics, bulk density and available
water content of apple orchard soil under conventional tillage (CT) practice. FYM treatment performed better for the measured traits. Water holding
capacities around wilting point and around field capacity were apparently improved and a net increase
in plant available water holding capacity was obtained by organic matter treatments. We can therefore conclude that the organic matter incorporation
into soil can increase the response of a soil against
extreme water condition such as drought and floods.

KEYWORDS:
Organic matter; water holding capacity; soil structure; soil
physical attributes

INTRODUCTION
Like all living organisms, plants also need water to sustain their vital activities. Plants uptake the
required water by their root system and relatively
small portion of it may be taken by leaves, trunk and
branches. The retention and movement of water in
soil environment, plant uptake and translocation and
even its evaporation into the atmosphere are all energy-related phenomena [1]. Therefore the energy
status of water characterizes the availability of water
in soils. Most of the plants can only uptake water
bound pressure, which is an expression of energy
level, range between 0.033-1.5 MPa. The available
water content of soils is influenced by a variety of
soil and environmental attributes. Along with other
soil parameters soil structure is a key function to manipulate water retention and movement in a specific
soil environment. Soil structure on the other hand is
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TABLE 1
Some physical and chemical properties of organic materials and experiment soil [8].
Clay
(%)
27.27
26.87
-

Soil depth
0-10 cm
10-20 cm
BS
FYM

Silt
(%)
38.27
40.20
-

Sand
(%)
34.47
32.93
-

Texture
class
CL
L
-

OM
(%)
1.73
1.41
54.18
44.01

CaCO3
(%)
29.99
30.76
-

pH
7.50
7.59
6.97
7.78

EC
(dS m-1)
0.170
0.178
2.53
1.91

TABLE 2
Main effects of treatments on volumetric water content (%) of soils at different suction pressure,
plant available volumetric water content and bulk density
Treatments
BS
CT
FYM
Depth (cm)
0-10
10-20

0.001*
47.92B
46.69C
48.75A

0.10
33.75B
32.68C
34.37A

Suction pressure (bar)
0.33
1.00
5.00
29.61B
27.49B
20.22B
28.47C
26.67C
19.99C
30.62A
28.62A
20.40A

10.00
19.34B
18.93C
19.80A

15.00
18.08B
17.77C
18.27A

Available water
(%)
11.53B
10.69C
12.36A

Bulk density
(g cm-3)
1.423B
1.438A
1.415B

48.95a
46.62b

34.01a
33.19b

30.19a
28.95b

19.79a
18.92b

18.59a
17.49b

11.59a
11.46b

1.403b
1.447a

28.10a
27.09b

20.44a
19.97b

*Different capital letters in the same column indicate significant difference between the treatments; different lower case letters
indicate the differences between depths

and organic materials used in this study are given in
Table 1. Fractions of sand, silt and clay were determined by Bouyoucos hydrometer [23]. Dichromate
wet-oxidation method of Walkley-Black and weight
loss method upon ignition were used organic matter
contents of soil and organic materials, respectively
[24]. pH and EC were measured in suspensions of
1:1 soil:water and 1:2.5 organic material:water with
combined electrode and EC meter [24]. Calcium carbonate equivalent of soil was determined by a manometric method using Scheibler calcimeter [25].
Five years old apple orchard consisting of Galaxy Gala cultivar grafted on dwarf M9 rootstock
planted in 3x1 m spacing was used in the study. The
experiment was set up in completely randomised
block design with 4 replicates. Each replication consisted of 10 trees. 30 ton ha-1 of biosolids (BS) and
farmyard manure (FYM) were applied to each plot
through late March. Conventional tillage (CT) or the
control plots did not receive any organic matter treatment, but they were tilled about 20 cm depth with the
chisel, and then rototilled about 15 cm depth. The
same soil tillage practices were also practiced to the
organic matter received plots.
The effect of treatments were determined by
taking soil samples at the end of growth season.
Disturbed and undisturbed soil samples were taken
from surface (0-10 cm) and sub-surface (10-20 cm)
soil layers. Undisturbed soils were sampled by 100
cm3 stainless steel soil cores. These samples were
used to determine soil water holding characteristics
at 0.001, 0.1, 0.33, 1 bar suction pressures whereas
disturbed soil samples were used at 5, 10, 15 bars
pressure [26]. The available water holding capacity
of soil was calculated from the difference in the
moisture content between 0.33 and 15 bars [26]. The
bulk density was determined using undisturbed soil
cores [27].
In order to determine the critical pore size

The co-effects of organic treatment and tillage
system can better reveal the constructive effect of organic matter to enhance moisture related soil physical attributes and soil health. For example no tillage
and minimum tillage treatments with residue application on either surface or incorporation in to plough
layer maintained higher moisture content than the
treatments without organic amendments under rice
system [20]. Similar results were also reported for
maize cultivation under semi-arid climate zone [21].
Water scarcity in relation to global warming is
one of the most significant preceding problems of the
World therefore the efficient use of available fresh
water resources, including the rainfall, has significant consequences for human well-being and nutrition. This feature has specific contribution to the
problem in the semi-arid regions such as Isparta,
Turkey with rainfall regime disorder. Therefore water management via organic matter amendment and
soil tillage methods are of great importance in fruit
orchards where fresh water requirement is very high.
In this respect, the aim of this study was to investigate the constructive effects of organic treatments
(farmyard manure and biosolids) in relation to conventional tillage on soil water characteristics of a medium textured soil under dwarf apple cultivation.

MATERIALS AND METHODS
This study was carried out in 5 years old apple
orchard in Research farm of Suleyman Demirel University 870]RQH¶¶¶(¶¶¶1 
The soil of the research field is defined as ³Typic
Xerofluvent´ sub-group according to the 7th approximation or Calcaric fluvisol according to
FAO/UNESCO classification system [22]. Some
physico-chemical properties of the experimental soil

4076

© by PSP

Volume 26 ± No. 6/2017 pages 4075-4081

Fresenius Environmental Bullet

TABLE 3
Comparison of water retention curves of the treatments by paired t test
Paired Differences

Pairs

Mean

Std.
Deviation

CT-BS

-0.742

0.426

CT-FYM

-1.373

0.761

BS-FYM

-0.631

0.379

Std. Error
Mean

95% Confidence Interval of
the Difference
Lower

Upper

t

df

Sig.
(2-tailed)

0.161

-1.137

-0.348

-4.609

6

0.004

0.288

-2.077

-0.669

-4.771

6

0.003

0.143

-0.981

-0.280

-4.403

6

0.005

(0.1-5 μm) contribute as high as 35% to total porosity in clayey soils [33] which is responsible for holding water about wilting point. Relatively higher response of these types of pore to organic matter treatments may be attributed to the formation of clay-organic matter complexes.

responsive to treatments re-organised form of Jurin's
law equation, which describes the rise and fall of a
liquid within a thin capillary tube, given below was
used [28]:
 ܦൌ ͲǤʹͻȀ݄

where D is the diameter of the pores (cm), h
suction applied to soil in cm water column.
The data showed a skewness range between 0.621 and 0.441 with 0.472 skewness standard error
(comprehensive data not shown). Since the skewness
values are below 2 x skewness standard error the data
set showed normal distribution [29]. The data set was
subjected to analysis of variance (ANOVA) in
Minitab statistical package by using GLM
multyvariate analysis [30]. The main effects of
treatments were separated by Duncan test at 95%
confidence interval. The obtained water retention
curves were compared with paired t test at p<0.05
confidence level.

RESULTS AND DISCUSSION
FIGURE 1
Treatment-induced changes in water retention
characteristics in plant available range

Water Holding Capacity. The main effects of
both organic matter treatments and depths on water
holding capacity at differing suction pressure were
given in Table 2. The volumetric water contents were
significantly improved at any pressure. Therefore the
total available water content of soil increased. The
main effect of organic matter treatments were found
as in descending order FYM>BS>CT. Despite
changes at any pressure were significant detrimental
improvements were obtained at a pressure below 1
bar (Table 2) and around the wilting point.
Incorporation of organic matter into soil enhance soil
aggregation which arrange primary or textural and
secondary or structural pore systems [31, 32]. Structural porosity can be improved by organic matter addition that increases the pore space between microaggregates and between aggregates, which contains
macro-pores such as inter-pedal voids, bio-pores and
desiccation cracks [33]. Pores holding water at a
pressure above the wilting points are regarded as
multiple scales of pores, of which the pores with diameters between 0.01 and 0.1 μm consist of the
spaces between clay platelet bundles. This indicates
that the organic matter addition cannot differ the organization such pores therefore we found relatively
small changes at 15 bar suction. The ultramicropores

Soil organic matter content is strongly linked
with the size and stability of soil aggregates and
inversely related to soil depth. We found typically
higher organic matter content in the 0-10 cm soil
depth (Table 1). This difference can play key role in
the responce of the soil at differing depths. Filho et
al. [34] determined that aggregates with diameter
over 2 mm were to consist of as much as 23% more
organic matter than the ones with smaller sizes. In a
similar manner Zhang et al. [35] found that >2 mm
sized soil aggregates were better responded to
application of crop residues. Correspondingly stable
macro aggregates having a diameter above 0.5 mm
contain higher organic carbon than the ones with
non-resistant smaller sizes [36]. The formation of
higher sized aggregates indeed improve the amounts
of pores holding water below 0.33 bar pressures.
Treatment-induced net changes in water holding
capacity were more apparent at these ranges in this
study.
The main effect of depth was highly similar to
organic matter addition in manner (Table 2). The surface layer showed significantly higher volumetric
water content at any suction value. This behaviour is
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changes were significantly higher in the surface
layer. In fact as we considered the homogeneity and
magnitude of organic matter incorporation, broadcasted organic matter was mixed in to the soil by
chiselling and rototilling practices. The practices can
enable more organic matter in the surface layer.
Therefore the overall impacts were rather apparent in
the superficial layer. Mujdeci et al. [38] reported that
organic matter addition related changes in soil physical attributes were detrimental in the top 10 cm
layer. The other point is the soil texture can change
dramatically as a function of depth which in turn one
of the soil properties influence the impacts of organic
matter on physical traits either in short or longer
terms [5, 19, 41, 45]. Here we determined considerable changes in relatively short term possibly due to
low organic matter content of the experimental soil
(Table 1).

probably related to structural changes induced by organic matter incorporation. The organic matter decay
well and bound the soil particles or grow existing aggregates towards increasing pore volume [37, 38].
Pore Size Distribution. Despite very short
time, only one growth season, soil pore-size distribution was largely influenced by the organic matter
treatments under conventional tillage system. The t
test also revealed that there are significant changes
in water retention curves in plant available water
range (Table 3). The most responsive pore sizes to
organic matter incorporation were related to wilting
point and field capacity of soil (Figure 1). In terms
of plant water availability the critical pore sizes
range 0.2±ȝP (meso pores) [39] whereas macro
pores mediates the infiltration, drainage and soil aeration. The organic matter addition from either BS or
FYM improved the amount of pores 0.3 ȝP which
are gathered around wilting point and above  ȝP
which contributes either water storage or soil aeration and drainage. The FYM treatments have better
improved the measured pores size distribution than
the BS. In contrast, pores around 0. ȝP diameter
responded to relatively smaller extent but statistically significant (Table 2). Similar manner was reported for pore sizes gathered around the water retention of 0.05 bar [5]. On the other hand, the larger
amendment rates of composts resulted in the larger
increments in these soil aeration and drainage related
pores that makes soils responsive to excessive water
cases. Khaleel et al. [40] also determined increased
water holding capacity in low retention range upon
organic waste incorporation. Tsadilas et al. [7] determined an increase of gravimetric water content at
both wilting point and field capacity through biosolids amendments to a clay loam soil. They found an
increase in available water content mainly due to
higher increase in field capacity. Nyamangara et al.
[6] determined that cattle manure application enhanced soil water retention capacity. In contrast,
Haynes and Naidu [3] concluded that there were not
significant changes in available water content of
soils depending on simultaneous increase in water
content at both wilting point and field capacity. It can
be therefore generalised that the enhancing effect of
organic matter can be a function of soil and properties of organic matter sources, the amount and frequency of organic matter addition, and some other
environmental factors and agricultural practices [6,
17, 28, 33, 41-44]. The reports given above may indicate that the organic matter addition from any
source ameliorate the soil structure and distribution
of pore size to respond the soil against extreme water
cases i.e. water scarcity and waterlogging.
The soil depth was also a significant consequence for the overall impact of organic matter to
soil pore distribution or water retention characteristics in plant available range (Figure 2). The treatment
induced changes were similar in manner but the

FIGURE 2
The effect of depth in relation to organic matter
addition on water retention characteristics in
plant available range
Bulk Density. Organic matter treatments
caused a significant change in the soil bulk density
of either 0-10 or 10-20 cm depths (Table 2). CT treatment showed relatively higher bulk density than organic treatments. The main effect of the treatments
ZHUH IRXQG LQ GHVFHQGLQJ RUGHU DV )<0%6&7
This quick response of the soil to organic matter was
related to low organic carbon content of the soil. In
contrast, Nyamangara et al. [6] reported inconsistent
response to cattle manure application by both portioning into three and one under tropical environments. Despite many other soil attributes can be influenced by organic matter incorporation the bulk
density requires relatively longer period to respond
soil structure enhancement. Indeed, there is an established direct relationship in bulk density changes as
a function of net soil organic C increases caused by
any type organic waste amendments. A favourable
soil structure is essential for sustainable crop production, and the soil bulk density is preeminent indicator
of a good development of the soil structure [46]. In
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[4] Canbolat, M. Y., Hanay, A. and Anapali, O.
(1996) Effects of organic waste material application on the eroded soils in the aralik wind erosion area. Ataturk Uni. J. Agric. Fac., 27 (3),
448-460.
[5] Aggelides, S. M. and Londra, P. A. (2000) Effects of compost produced from town wastes
and sewage sludge on the physical properties of
a loamy and a clay soil. Bioresource Technol.,
71, 253±259.
[6] Nyamangara, J., Gotosa, J. and Mpofu, S.E.
(2001) Cattle manure effects on structural stability and water retention capacity of a granitic
sandy soil in Zimbabwe. Soil Till. Res. 62, 157±
162.
[7] Tsadilas , C. D., Mitsios I. K. and Golia, E.
(2005) Influence of biosolids application on
some soil physical properties. Commun. Soil.
Sci. Plan. 36, 709±716.
[8] Mujdeci, M. (2011) The effects of organic material applications on soil penetration resistance.
J. Food Agric. Environ. 9 (3&4), 1045-1047.
[9] Gulser, C. and Candemir, F. (2012) Changes in
penetration resistance of a clay field with
organic waste applications. Eurasian J. Soil Sci.
1, 16±21.
[10] Evans, S.D., Lindstrom, M.J., Voorhees, W.B.,
Moncrief, J.F., and Nelson. G.A. (1996) Effect
of subsoil and subsequent tillage on soil bulk
density, soil moisture, and corn yield. Soil Till.
Res. 38, 35-46.
[11] Hill, R.L. (1990) Long-term conventional and
no-tillage effects on selected soil physical properties. Soil Sci. Soc. Am. J.54, 161-166.
[12] McGarry, D., Bridge, B.J. and Radford, B.J.
(2000) Contrasting soil physical properties after
zero and traditional tillage of an alluvial soil in
the semi-arid subtropics. Soil Till. Res. 53, 105115.
[13] Bai, W., Sun, Z., Zheng, J., Liu, Y., Hou, Z.,
Feng, L., Qian, C., Yang, N., Chen F. and Zhe,
Z. (2016) The combination of subsoil and the incorporation of corn stover affect physicochemical properties of soil and corn yield in semi-arid
China. Toxicol. Environ. Chem. 98(5-6), 561570.
[14] Gao, L., Becker, E., Liang, G., Houssou, A.A.,
Wu, H., Wu, X., Cai, D. and Degré, A. (2017)
Effect of different tillage systems on aggregate
structure and inner distribution of organic carbon. Geoderma, 288, 97±104.
[15] Peth, S., Horn, R., Beckmann, F., Donath, T.,
Fischer, J. and Smucker, A.J.M. (2008) Threedimensional quantification of intra-aggregate
pore-space features using synchrotronradiation-based microtomography. Soil Sci.
Soc. Am. J. 72, 897-907.
[16] Kravchenko, A.N., Wang, A.N.W., Smucker,
A.J.M. and Rivers, M.L. (2011) Long-term
differences in tillage and land use affect intra-

terms of manageable agricultural tools, a desired
bulk density may be obtained by continuous organic
matter addition, a good crop rotation and reduced
tillage practices [5, 7, 38]. Similarly Liu et al. [19]
tested the tillage systems and mulching on the physical traits of an apple orchard soil and they found no
significant differences in bulk density in the first year
but significant enhancing effects were identified in
the subsequent two years. On the other hand, the
quality and stability of organic matter added is also a
matter of fact for favourable bulk density development [38]. For this reason FYM treatment better enhance bulk density than the BS application.
Treatment-induced improvement in bulk density was more detrimental in superficial surface layer
(0-10 cm). Despite soil tilled about 20 cm depth, the
surface layer responded better due probably to relatively higher rate of organic matter in the superficial
surface layer, and the difference on microbial community in changing soil depth [47]. Stimulation of
soil microbial and faunal activity through enriching
the organic matter content of soil will favour improved soil aggregation and increased soil porosity
[3] thus improve soil bulk density. In fact the decomposition of organic matter occurs relatively quicker
in the uppermost layer due to better oxygen circulation and aeration [48].

CONCLUSIONS
Different organic matter application under conventional tillage practice had varied effects on the
water-holding capacity at different suction, bulk density, and available water content of the studied soil.
The most apparent changes in water holding capacity
were obtained about wilting point (15 bars pressure)
and above field capacity (<0.33 bar pressure). Subsequently we can conclude that organic matter incorporation especially FYM, is an easy, feasible and environmentally friendly way of improving soil physical attributes in apple orchard soils low in organic
matter content.
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ABSTRACT

INTRODUCTION

Carbon monoxide (CO) is an odorless, colorless and toxic gas that results from incomplete combustion of coal and fossil fuels. The aim of this study
was to evaluate cardiovascular mortality (CVM) attributed to CO levels in Ahvaz, Bushehr and Kermanshah, as the major cities in south western of Iran,
with population of 2000000 people during 2013 The
measured CO data in 2013 by 10 monitoring stations
were used in this study. CO data, temperature and
pressure were collected through Ahvaz, Bushehr and
Kermanshah Meteorological Organization and Iranian Environmental Protection Agency (EPA). Then,
these data were processed by Excel software through
correcting temperature and pressure, encode, averaging and filtering. Finally, all data were processed to
make input file of Air Q model. The results showed
that the maximum and the minimum concentration
of CO were associated with Ahvaz and Bushehr with
annual averages of 8.51 and 3.76 mg/m3, respectively. This could be due to higher fuel consumption
gasoline in vehicles in Ahvaz in comparison with
Kermanshah and Bushehr. Cardiovascular mortality
during 2013 which was attributed to CO in Ahvaz,
Bushehr and Kermanshah were 15, 10 and 3 cases,
respectively. The finding of this study showed that
maximum and the minimum cases of CVM attributed to carbon monoxide level were estimated 4.3
and 1.4 percent for Ahvaz and Bushehr.

Based on different studies, exposing to air pollutants leads to many diseases particularly CVM and
respiratory disorders as well as decreasing in life expectancy [1-5]. According to the report of World
Health Organization (WHO), thousands of people in
megacities around the world have suffered from air
pollution [6-9]. The most important symptoms of air
pollution encompassed shortness of breath, cough,
hospital admissions, asthma attacks, repertory disease, cardiopulmonary disease and death [10-14].
The main sources of pollutants in urban areas are
transportation systems, fossil fuel combustion, residential wood burning, coal combustion, tobacco
smoking, industries and stationary source diesel
combustion [10, 6, 8, 15-18]. Carbon monoxide as a
silent killer is an odorless, colorless and tasteless gas
and can be replaced with oxygen in our body [11, 16,
17, 19, 20]. Ahvaz, Bushehr and Kermanshah as a
polluted cities in Iran has encountered anthropogenic
source of pollutants (transportation and fuel combustion) and natural air pollution [6-8, 21]. Mohammadi
et al in a study has shown different health endpoint
of exposures to carbon monoxide. Result of this
study indicated that there was an association between
excess cases of CVM and concentration of carbon
monoxide in Ahvaz in 2009 [22]. In similar work,
Goudarzi et al studied the association between daily
mortality and carbon monoxide levels in Tehran in
2009 [23]. Also, Zallaghi et al have shown an association between carbon monoxide levels in ambient
air and an increase in daily mortality at Ahvaz, Bushehr and Kermanshah [24]. Air Q software was

KEYWORDS:
Carbon monoxide; Cardiovascular; Mortality; Iran.
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FIGURE 1
Location of studied cities (Ahvaz, Kermanshah and Bushehr)
province. It is attached to Persian Gulf and with an
area of 70 square kilometers. Geographically, Bushehr is located in 50, 83710 from the east and 28,
9576 0 from the north [1].

proved to be a valid and reliable tool to estimate the
potential short-term effects of air pollution, predicts
health endpoints attributed to criteria pollutants, and
allows the examination of various scenarios in which
emission rates of pollutants are varied [6, 7, 4, 5].

Air Pollution Data. In this study, data were
collected in the form of EXCEL file, by Ahvaz, Bushehr and Kermanshah EPA (Fig. 1). The EPA was
collected data of carbon monoxide as 1-hour average.

MATERIAL AND METHODS
In this retrospective study, we used AirQ model
to quantify impact of CO on human health in three
main cities at south western of Iran during 2013. We
also applied the Iranian EPA data to provide input
file for air quality screen of AirQ model.

Data analysis. The most important part of analysis is data processing that encompasses modification of temperature and pressure, the deletion,
spreadsheet, synchronization, code writing, Calculating daily mean based on codification and primary
filtering and secondary filtering. We calculated cardiovascular deaths associated with carbon monoxide
by AirQ2.2.3 based on the application of Relative
Risk (RR), Attributable Proportion (AP) and Baseline Incidence (BI).
Term of AP in percentage was calculated as following formula:
AP= SUM {[RR(c)-1] u p(c)} /SUM [RR(c) u p(c)] (1)
Where: Relative risk (RR) is the risk of an event
(or of developing a disease) relative to exposure.

Description of study area. Ahwaz. The capital
city of Khuzestan province, with an area of 140
square kilometers, is coordinated in 48 to 49 degrees
and 29 minutes of the eastern longitude in the Greenwich meridian and 30 to 32 degrees and 45 minutes
of the northern latitude from the equator [25-27]. The
city is 22.5 meters above sea level. Its climate is hot
and semi humid with long summer and short winter
[6, 8, 28].
Kermanshah. The city is located in the central
part of Kermanshah province with the position of 47
degrees and 4 minutes of the east and 19 degrees and
34 minutes of the north [29-31]. The territory is kind
of semi-arid and with cooler steppes [29-31]. Its area
is 90 square kilometers and its elevation from sea
level is about 1200 meters [32].

RR = Incidence in the exposed / Incidence in the non-ex(2)
posed

Therefore number of each case per unit of population which is caused by air pollutants exposure
can be estimated as:
IE = I u AP
(3)
If size of population is known, the number of
cases attributable to the exposure will be estimated

Bushehr. Seaport is the capital of Bushehr
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monoxide pollutant in people over 65 years are depicted in Figure 1. In general, cumulative cases of
CVM caused by CO for Ahvaz, Kermanshah and Bushehr were estimated 61, 53 and 43 percent, respectively. These percentages were correspondent to the
days that carbon monoxide concentration was exceeded from 13.5 milligram per cubic meter.

as the following equation:

NE = IE u N

(4)
Where: NE is the estimated number of cases attributed to the exposure. N indicates the size of the
investigated population.
Attributable proportion was multiplied at baseline incidence and divided to 105. Obtained value
should be multiplied at population (106as population). The results will be the excess cases of health
endpoint attributed to air pollutants.
Exposure Assessment. The required parameters for the software (annual average, interval concentration of daily average, summer average, winter
average and 98 percentile of CO concentration) were
obtained from raw data of CO pollutant. Exposed
populations were 10000000, 857000 and 221000 for
Ahvaz, Kermanshah and Bushehr, respectively.

FIGURE 2
Cumulative cases of CVM related to carbon
monoxide pollutant

RESULTS
The annual average, summer average, winter
average and 98 percentile of CO concentration in
three mentioned cities is presented in Table 1. The
average concentration of CO in Ahvaz was greater
than Bushehr and Kermanshah concentrations during
2013, respectively.

DISCUSSION
In this study, we evaluated CVM as a main
health outcomes resulted from carbon monoxide exposure in people over 65 years, using AirQ model in
Ahvaz, Kermanshah and Bushehr , Iran. Results
showed that Ahvaz is the most polluted cities among
all. Sum of CVM attributed to carbon monoxide in
Ahvaz, Bushehr and Kermanshah were 15, 10 and 3
cases in 2013. The higher percentage of these deaths
perhaps could be the result of higher average carbon
monoxide or because of sustained high concentration
days in Ahvaz. Table 1 and figure 1 have illustrated
average carbon monoxide concentrations and associated health effects during 2013. Table 2 indicates relative risk, attributable proportion and estimated
number of excess cases attributed to carbon monoxide. According this table, the relative risk (RR) of
cardiovascular deaths has 1/007 (0.24 percent per
CI= 0.0/5 and 0.96 percent per CI= 0.95). Based on
Table 2, attributable proportion for Ahvaz, Bushehr
and Kermanshah were 1.289, 2.8964 and 4.1569 percent. Based on results of Goudarzi et al, 3.4% of total
cardiovascular mortality cases were attributed to carbon monoxide in people over 65 years [23]. High
percentage of the observed cardiovascular mortality
in this study was attributed with high concentration
of measured carbon monoxide in Ahvaz. In a study
in Ahvaz, Iran on 1000000 residents, the number of
mortality attributable to CO was 11 cases in people
over 65 years [22]. Zalaghi et al reported that approximately 3.5 percent in Ahvaz, 2.7 percent in Kermanshah and in Bushehr 0.4 percent of total CVM related to carbon monoxide in people over 65 years
[24]. Our study showed that CVM cases were associated with high concentration of carbon monoxide

TABLE 1
Summary of concentrations of Carbon monoxide
Ahwaz, Bushehr and Kermanshah during 2013
Parameter
Annual Average
Summer Average
Winter Average
Percentile 98

Bushehr
3.764
4.342
2.263
18.32

Kermanshah
6.251
6.892
3.352
24.632

Ahwaz
8.512
9.823
6.892
38.23

Relative risk and estimated attributable proportion percentage for cardiovascular deaths were estimated in table 2. According to the model default, the
baseline incidence (BI) of this health endpoint was
497 per 105 of population. Therefore estimated number of excess cases at central relative risk
(RR=1.007) were 15, 10 and 3 persons for Ahvaz,
Kermanshah and Bushehr, respectively.
TABLE 2
Estimated relative risk indicators and the component attributable to carbon monoxide in people over 65 years cases attributable to cardiovascular deaths (BI= 497)
Indicator
Estimate

RR
(Medium)

Estimated
AP (%)

Estimated
AP (%)

Bushehr
Kermanshah
Ahwaz

1.007
1.007
1.007

1. 289
2. 8964
4. 1569

1. 289
2. 8964
4. 1569

Estimated
number of
excess cases
(persons)
3.4
10.4
15.2

Cumulative cases of CVM attributed to carbon
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Scope, 4(2): e24318.
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from 2011 through 2013. Environmental
Science and Pollution Research, 23(21):220017.
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AAK, Neisi A, Zalaghi E. (2014) Health effects
of exposure to particulate matter less than 10
microns (PM10) in Ahvaz. Journal of JQUMS,
18(5):45-53.
[7] Goudarzi G, Geravandi S, Salmanzadeh S, javad
Mohammadi MJ, Zallaghi E. (2014) The
Number of Myocardial Infarction and
Cardiovascular Death Cases Associated with
Sulfur Dioxide Exposure in Ahvaz, Iran.
Archives of Hygiene Sciences, 3(3).
[8] Goudarzi G, Mohammadi MJ, Ahmadi Angali
K, Mohammadi B, Soleimani Z, Babaei A, Neisi
A, Geravandi S. (2013) Estimation of Number
of Cardiovascular Death, Myocardial Infarction
and Chronic Obstructive Pulmonary Disease
(COPD) from NO2 Exposure using Air Q
Model in Ahvaz City During 2009. Iranian
Journal of Health and Environment, 6(1):91102.
[9] Neisi A, Goudarzi G, Akbar Babaei A,
Vosoughi M, Hashemzadeh H, Naimabadi A,
Mohammadi MJ, Hashemzadeh B. (2016) Study
of heavy metal levels in indoor dust and their
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Loft S, Sørensen M, Tjønneland A, Overvad K,
Raaschou-Nielsen
O.
(2011)
Chronic
obstructive pulmonary disease and long-term

in Ahvaz during 2013. Previous investigation on urban air pollution showed that all cases of CVM had
statistically significant association with carbon monoxide level between the two age groups (less than 65
yrs, over 65 yrs) [16]. Also results of this study
demonstrated the impact of carbon monoxide concentration and an increased incidence of CVM.

CONCLUSION
According to the present research findings,
4.3% in Ahvaz, 3.2% in Kermanshah and 1.4% in
Bushehr of total cardiovascular mortality was associated to inhaling carbon monoxide in people over 65
years. High percentage of the observed this health effects in Ahvaz was associated with high concentration of measured carbon monoxide that was emitted
by transportation systems, industries inside the city
and power plants in surrounding. It was mentioned
previously that carbon monoxide concentration was
higher than national ambient air quality standard
(NAAQS) guidelines values. We recommend conducting further studies to evaluate health effects of
CO and hazardous air pollutants such as PAHs in all
megacities of Iran.
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Dyeing wastewater has a major environmental influence due to disposal of this effluent into the receiving water, which causes adverse effects to aquatic
life or humans by mutagenic and carcinogenic impacts [13-16]. Thus, the remove of dyes from industrials effluents before their discharge into water bodies is essential. Methyl red (MR) or acid red 2 is a
mono-azo dye that is applied in textile industry and
laboratory assays. It can cause skin and eye sensitization and pharyngeal or digestive tract irritation
[17-19]. Several physical, chemical and microbial
techniques such as advanced oxidation, membrane
technologies, coagulation-flocculation, biological
degradation, chemical oxidation, electrochemical
techniques, and adsorption have been used for the removal of the dyes from dying effluents [20, 21].
Among these methods, adsorption process is widely
applied to remove organic pollutants [22, 23]. This
technique is among the most effective methods with
high removal efficiency [24, 25]. Activated carbon
because of simplicity, high surface area and high
sorption capacity has been generally investigated as
sorbent to remove organic and inorganic pollutants
from wastewater. But, the main disadvantages of this
sorbent are high-cost and difficulty to recovery [23,
26]. In addition to activated carbon, application of
other non-convectional sorbents including banana
trunk fibers [20], durian seed [17], Annona squmosa
[27], Galactomyces geotrichum [18], Eichornia
crassipes [28], kaolin [29], feldspar [30] and tree
bark powder [31] have been applied to remove MR
from aqueous phases. Nowadays, the interests are focused on using low cost sorbents to uptake dyes from

ABSTRACT
In this study, an organo-clay, montmorillonite
(Mt), was used for the removal of methyl red (MR)
from aqueous solution. The effect of different parameters on the sorption, such as contact time, pH, adsorbent dosage, initial MR concentration and ionic
strength was investigated in batch system. The
sorbent was specified by Fourier transform infrared
spectroscopy (FTIR) and X-ray diffractometer
(XRD). The optimum uptake capacity of the sorbent
(30.84 mg/g) was achieved within 30 min. The solution pH had a significant effect on the sorption capacity of MR by Mt. The experimental data of the
sorption was well fitted by pseudo-second-order kinetic and Freundlich isotherm models. The results
showed that the Mt can be applied as an effective and
cheap sorbent for the removal of MR from aqueous
solutions.

KEYWORDS:
Adsorption, Montmorillonite, Methyl Red, Kinetic, Isotherm

INTRODUCTION
Water pollution due to the development of different industries is known to be among the major
problems that the world is facing [1-7]. Many organic and inorganic pollutants have been discharged
from different industries into water bodies [8-12].
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Batch adsorption experiments. Adsorption
experiments of MR azo dye by Mt were done in
batch mode to study the influence of various factors
on the sorption, such as contact time (0-60 min), pH
(2-12), Mt dosage (1-5 g/L), MR dye concentration
(100-500 mg/L), and ionic strength (25-100 mg/L
Ca2+ ions). All experiments were conducted into 250
mL conical flask with 100 mL of dye solution at
room temperature (25 ºC) and were agitated by an
orbital shaker (250 rpm). After the process time, the
suspension of adsorbent and adsorbate was centrifuged at 3500 rpm (for 20 min) and the color decrease was measured by UV-Vis spectrophotometer.
Experiments were conducted in duplicates and the
average values were considered. The uptake capacity
(mg/g) of MR removal by Mt was determined by the
following equation:
ሺ െ ୣ ሻ
ୣ ൌ
ሺͳሻ

Where qe (mg/g) is the uptake capacity of the
sorbent, C0 and Ce (mg/L) are the initial and final
MR concentration, V (L) is the solution volume and
m (g) is the Mt mass.

aqueous media. Montmorillonite is a natural component that is commonly used as an adsorbent to remove different organics and inorganics pollutants.
Owing to some prominent properties, including lowcost, high sorption capacity, high surface area, ecofriendly and absence of toxicity, montmorillonite is
considered as a suitable adsorbent for dyes uptake
from aqueous media [32, 33].
In this study, montmorillonite (Mt) clay was
therefore used as sorbent to remove methyl red (MR)
from dye containing wastewater. The effects of various parameters include contact time, pH, adsorbent
dosage, dye concentration, and solution ion strength
were investigated on the sorption.

MATERIAL AND METHODS
Materials. Methyl red (MR) dye was purchased from Alvan Sabet Co, Iran. The clay of montmorillonite (Mt) was acquired from Laviosa Co, Italy. H2SO4 and NaOH were obtained from Merck
Co, Germany. The chemical structure and other
properties of MR are presented in Table 1. The cationic exchange capacity (CEC) of Mt was 108
meq/100 g [32]. The solution pH was adjusted via a
digital pH-meter (50-pp-sartorious model) by adding
0.1 N H2SO4 or NaOH solution. Other chemical used
in present study were of analytical grade. The stock
solution of MR (1000 mg/L) was made by dissolving
1 g MR in 1 liter deionized water.

RESULTS AND DISCUSSIONS
Characterization of Mt. The FTIR spectrum
of the adsorbent before and after MR sorption is presented in Fig 1(a). As can be seen, both the Raw-Mt
and the Colored-Mt displayed the specification of Mt
peaks. The bonds at 3627 and 3627 cm-1 corresponded to hydroxyl ions and water molecules vibrations, respectively. The IR peak at 1635 cm-1 can be
related to magnesium and aluminum bounded H2O
molecules. The absorption peaks at 521 and 463 cm-1
were specific of Al-O-Si and Si-O-Si stretching vibrations, respectively [34]. The new peak in the Colored-Mt at about 1700 cm-1 can be associated to C=C
stretching bands due to the sorption of MR onto the
Mt.
The X-ray diffraction (XRD) patterns of RawMt and Colored-Mt are illustrated in Fig. 1(b). The
XRD basal spacing of Raw-Mt increased by sorption
of MR. The increasing in the basal spacing of the
Colored-Mt depicted that dye molecules intercalated
into Mt and subsequently created a new composite.
Therefore, the results illustrated that structural alterations at basal spacing of the Colored-Mt resulted
from the sorption of the dye by the sorbent. Wang et
al. (2004) expressed that the interlayer space of the
montmorillonite increased owing to the uptake of
BG5 and BV10 dyes onto the adsorbent [35].

Characterization and analysis. FTIR spectra
of the sorbent were analysed in the region of 4004000 cm-1 with a spectrometer (JASCO, FT/IR-6300
Japan). The compositions of Mt were also identified
by X-ray diffractometer (Bruker, D8ADVANCE,
*HUPDQ\ XVLQJ1LILOWHUHG&X.ĮUDGLDWLRQ
Å). The MR content in the solution was analyzed
through an UV-Vis spectrophotometer (PG Instrument Limited Model) at its maximum wavelength,
515 nm.
Purification of Mt. For the purification of the
clay, 30 g of Mt was poured in 1 L of deionized water. A mechanical agitator (250 rpm for 24 h) was
used to mix the suspension at room temperature
(25°C). To remove impurities the suspension was
centrifuged at 4000 rpm (for 20 min); the centrifugation pellet contained the impurities of the clay, which
had dark color. The purified Mt (lighter color) was
dried (105 ºC for 24 h) and was finally passed
WKURXJKDVLHYHRIȝPWRUHPRYHG\H[13].

TABLE 1
General properties of MR dye.
Scientific name

General name

Chemical formula

Methyl Red

Acid red 2

C15H15N3O

Chemical structure

4089

Ionization

Ȝmax(nm)

Acidic

515
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FIGURE 1
The characteristics of the Mt (a) FTIR and (b) XRD

FIGURE 2
(a) Effect of the contact time on the sorption of MR dye (initial dye concentration=200 mg/L, adsorbent
dosage=1 g/L, and initial pH=7) and (b) pseudo-second-order kinetic.
first-order and the pseudo-second-order models, to
reach a better understanding of the sorption process
[36]. The pseudo-first-order model [2] is given by
Eq. (2):
ሺݍ െ ݍ௧ ሻ ൌ ݈݊ݍ െ ݇ଵ ݐሺʹሻ
Where qe (mg/g) and qt (mg/g) are the amounts
of MR dye adsorbed onto the Mt surface at equilibrium and at a given time t (min), respectively; K 1
(1/min) is the rate constant of the pseudo-first-order
kinetic. K1 and qe correspond to the slope and the intercept of the linear plot of lnሺୣ െ ୲ ሻ versus time
(min).
The pseudo-second-order kinetic model is illustrated by the following equation:
ͳ
ݐ
ݐ
ൌ
   ሺ͵ሻ
ଶ
݇ଶ ݍ
ݍ
ݍ௧
Where; K2 (g/mg. min) is the rate constant of
the pseudo-second-order kinetic model. K2 and qe
can be obtained from the cut off and the slope of t/qt
versus t (min) in Eq. 3, respectively.

Effect of contact time. The effect of different
contact times (0-60 min) on the sorption of MR in an
initial content of 200 mg/L was investigated and the
results are presented in Fig. 2(a). As can be seen, the
increase of the contact time to 30 min led to a rapid
increase in the sorption capacity, so that the uptake
capacity increased from 15.1 to 64.48 mg/g for 10
and 30 min and equilibrium was achieved at after
about 30 min contact time. The fast sorption of MR
at the beginning of the sorption time can be due to
the accessibility of a high numbers of vacant sites on
the adsorbent surface. Ahmed et al. reported that the
contact time reached equilibrium after 6 hours during the removal of MR dye using modified durian
seed [17]. In another study by Haris et al., the equilibrium time of the removal MR by banana trunk fibers was observed at contact time of 45 min [20].
Kinetic study. Experimental data was described by two kinetic models, namely the pseudo-
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removal efficiency of MR dye by sugarcane bagasse
significantly increased for pH in the range of 3 to 7
[39].
The influence of different dosages (1 to 5 g/L)
of the Mt on the sorption of MR dye was investigated
for DQLQLWLDOFRQFHQWUDWLRQRIPJ/DWÛ&DQG
the corresponding results are depicted in Fig. 3(b).
As seen, the uptake capacity was reduced with increasing the sorbent dosage. This decrease at high
dosage of Mt can be due to the unavailability of pollutant molecules that cannot cover all the surface active sites of the sorbent. In other words, a large number of the active sites of the adsorbent surface cannot
reach saturation at high dosages of Mt. Thus, a dose
of 1 g/L was selected as optimal dosage for the subsequent experiments.

As it can be observed in Table 2, the highest
value of correlation coefficient (R2) corresponded to
the pseudo-second-order kinetic model. Thus, this
kinetic model was well fitted by experimental data
from MR sorption onto the surface of Mt as adsorbent. Santhi et al. concluded that experimental data
of the MR sorption by activated carbon prepared
from Annona squmosa can be accurately fitted via
pseudo-second-order kinetic model [27].
Effect of solution pH and adsorbent dosage.
The solution pH is a significant factor in adsorption
processes [37, 38]. The solution pH has an impact on
the ionization, dissociation, nature and surface properties of the sorbent [1, 2]. The impact of the pH in
the range of 2 to 12 on the sorption of MR by Mt was
evaluated and the corresponding results are illustrated in Fig. 3(a). As it can be seen, the uptake capacity of the sorbent decreased for increasing pH.
The maximum uptake sorption was obtained for pH
2 with a sorption capacity of 170 mg/g. Acidic pH
had a significant effect on the sorption capacity of
Mt, and hence pH 2 was selected as optimal pH. This
result may be due to change in the surface charge of
MR dye molecules and functional groups of the Mt.
In the study of Santhi et al., the maximum uptake capacity of the MR by activated carbon was obtained
at pH equal 4 [27]. Abdullah et al. observed that the

Effect of the initial dye concentration. The
effect of initial MR concentrations (100 to 500
mg/L) at 1 g/L of sorbent was evaluated and the results are shown in Fig. 4(a). As observed, the uptake
capacity of the sorbent quickly increased from 70.7
up to 455.0 mg/g by increasing the dye concentration
from 100 to 500 mg/L. This phenomenon can be due
to an increase in the driving force of the pollutant
molecules including Wan der Waals's force to the
vacant sites of the sorbent surface which occurs for
increasing concentrations of the adsorbent [2, 1].

TABLE 2
Parameters of pseudo-first-order and pseudo-second-order kinetic models.
Pseudo-first-order
Adsorbate
MR

qe, calculated
 (mg/g)
5.49

qe,experimental
(mg/g)
30.84

2

K1 (1/min)

R

0.05

0.97

Pseudo-second-order
qe, calculated
K2
(g/mg.min)
(mg/g)
33.55
0.006

R2
0.98

FIGURE 3
(a) Effect of the pH on the sorption of MR dye (contact time=30 min, initial dye concentration=200
mg/L, and adsorbent dosage=1 g/L) and (b) effect of the adsorbent dose on the sorption (contact
time=30 min, initial concentration=200 mg/L, and solution pH=2).
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FIGURE 4
(a) Effect of the initial dye concentration on the sorption of MR dye (contact time=30 min, adsorbent
dosage=1 g/L, and pH=2), (b) Langmuir isotherm and (c) Freundlich isotherm models
TABLE 3
Parameters of Langmuir and Freundlich isotherms obtained in the present study.
Adsorbate
MR

Qm (mg/g)
1052.6

Langmuir isotherm
b (l/mg)
R2
0.0016
0.93

RL
0.54

Freundlich isotherm
Kf (l/g)
n
5.49
0.83

R2
0.99

on the value of RL= 0.54, the sorption system of MR
dye onto Mt was favorable.
The Freundlich isotherm model is given by Eq.
(6):
ͳ
݈݊ݍ ൌ ݈݊݇  ൬ ൰ ݈݊ܥ ሺሻ
݊
Where Kf (L/g) and n are constants of the isotherm and shows the capacity and the intensity of the
sorption, respectively. The parameter of Kf was obtained from the cut off and n is achieved from the
gradient of liner plotting of ln qe versus ln Ce.
Fig. 4(b) and (c) shows the Langmuir and
Freundlich isotherm plots for the uptake of MR dye
onto the sorbent. Table 3 also illustrates the parameters of Langmuir and Freundlich isotherm models
obtained from the present study. As shown, the sorption data were well described by the Freundlich isotherm model. Ahmed et al. also reported that the experimental data of MR dye onto modified durian
seed was accurately fitted by the Freundlich isotherm model [17].

Isotherm study. The Langmuir and Freundlich
models are commonly used to describe isotherm data
[40, 41]. The Langmuir isotherm assumes that monolayer adsorption occurs at binding sites by homogenous energy levels [42]. The Langmuir isotherm [2]
can be linearized by the following equation:
ܥ
ܥ
ͳ
ൌ

ሺͶሻ
ݍ ܳ ܾܳ
Where Ce (mg/L) is the equilibrium content of
MR, qe (mg/g) is the uptake capacity of Mt at equilibrium time. The parameters Qm (maximum sorption capacity) and b (the Langmuir constant) can be
obtained from the slope and the intercept of the liner
plot of Ce/qe against Ce, respectively. A dimen-sionless constant separation factor, RL, is associated to
the Langmuir isotherm model. This parameter called
also the equilibrium factor is defined by Eq. (5):
ͳ
ܴ ൌ
ሺͷሻ
ͳ  ܾܥ
The value of RL shows that sorption process is
unfavorable (RL>1), irreversible (RL=0), liner
(RL=1) and favorable (0< RL<1). In this study, based
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Comparison with other studies. The maximum uptake capacity of MR dye by Mt in the present
study was 1000 mg/g. The comparison to other Q m
values found in the available literature clearly show
that Mt can be considered as a very effective sorbent
for the removal of MR dye from aqueous solutions
(Table 4).

Effect of the ionic strength. The investigations on the influence of the ionic strength in the adsorption system especially in dye containing
wastewaters is important, because these aqueous
suspensions typically have a high-level of salt ions
[13]. In this study, CaCl2 was used as a model salt to
evaluate the influence of the electrolyte content on
the sorption of the dye by Mt. Experiments were
done by adding different amounts of CaCl2 (25 to
100 mg/L of Ca2+ ions) into 100 mL dye solution
(200 mg/L) containing 1 g/L adsorbent; experiments
were conducted for 30 min contact time, at pH 2 and
at room temperature. As shown in Fig. 5, the uptake
capacity of Mt in the removal of MR for 25 mg/L of
Ca2+ ions was 172.85 mg/g, whereas it was 169.29
mg/g in the absence of salt. It can be therefore concluded that the ionic strength had not a significant
positive effect on the adsorption capacity [43]. By
increasing the electrolyte concentration of dye solution from 25 to 100 mg/L of Ca2+ ions, the adsorption
capacity partially decreased from 172.85 mg/g to
155.71 mg/g; the active sites of the Mt may be
blocked at high salt concentrations, and hence the
MR molecules cannot access to all active sites of the
sorbent. This result illustrated that Mt can be effectively employed for the adsorption of MR azo dye
from aqueous solutions even in the presence of salt
ions.

CONCLUSION
In this study, montmorillonite (Mt) clay was
used as a cheap adsorbent for the removal of methyl
red (MR) from aqueous solutions. The effect of various parameters, such as contact time, pH, adsorbent
dosage, initial dye concentration and solution ion
strength, on the sorption was assessed. 30 min was
needed to reach equilibrium and acidic pH (2) was
found to be optimal. Experimental data was well fitted by pseudo-second-order kinetic and Freundlich
isotherm models. The results illustrates that Mt is a
low cost, eco-friendly, non-toxicity, and has high uptake sorption of the considered dye; it is therefore a
promising material for the removal of MR from
aqueous solutions.

FIGURE 5
Effect of the initial dye concentration on the sorption of MR dye (contact time=30 min, adsorbent
dose=1 g/L, MR concentration=200 mg/L, and pH =2)

TABLE 4
Comparison of maximum sorption capacity Mt with other sorbents
Adsorbent
Feldspar
Rice Hulls
Annona squmosa
Kaolin
Modified durian seed
Modified banana trunk fiber
Montmorillonite

Maximum adsorption capacity
0.7
3.3
40.48
64.10
348.62
555.56
1052.6
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lots of researchers have studied on degradation
process and reaction kinetics of pyrethroid pesticides by laboratory simulation, and many research
results have been accumulated about the degradation study in soil [11, 15], water[11-13] and other
media as well as under a variety of light sources [15,
16].
Fenvalerate is a kind of important pyrethroid
pesticides. Its photo-degradation rate and pathways
have been studied through laboratory simulation
[9-11, 15-19], however, the degradation process is
rarely reported in natural water, offshore brackish
water, agricultural soil, etc. By means of laboratory
self-made high-performance photo-degradation
device, this article study on photo-degradation of
fenvalerate in Jiulongjiang River [20, 21].

ABSTRACT
This article study on photo-degradation of pyrethroid pesticides in estuary water by means of
HPLC-DAD. Samples were degraded in a
self-made photo-reactor, separated through integrating high performance liquid chromatography
(HPLC) and tested with diode array detector (DAD).
Photo-degradation reaction of fenvalerate was
studied. The results show that the photo- degradation kinetics of fenvalerate in Jiulong River estuary
water follows the first-order reaction. Degradation
rate of fenvalerate was strongly influ- enced by pH,
initial concentration of H2O2 and illumination time,
whereas the effect of salinity on degradation rate of
fenvalerate is not obvious in the natural water.
Degradation rate of fenvalerate in this estuary water
was 97% after 10 seconds under UV light, and the
main degradation products are not stable in this
degradation system, with their concentration first
increasing and then decreasing, reach to maximum
in 8 seconds, degradation rate is 71.6% in 10 seconds.

EXPERIMENTS
Reagents. Merck Company ( Tedia Company,
Inc. USA), Water is ultra-pure water (Guangdong
Lebaishi Group Co., Ltd.). Fenvalerate standards
(1000mg/L, hexane) were purchased from the Ministry of agriculture environmental protection research institute.

KEYWORDS:
Estuary, Pyrethroid, Fenvalerate, Photo-degradation

Photo-degradation process. The fenvalerate
pesticide was photo-degraded in laboratory
self-made photo-chemical degradation device (reference [22]). Light source is a 15W low pressure
mercury lamp, the radiation is mainly 253.7nm
short wave UV, is a cold light source. The photo-degradation process of pyrethroid pesticides in
estuary water was studied in accordance with the
steps of reference [22-24] .

INTRODUCTION
Pyrethroid pesticides were used widely in agricultural production[1], more and more pesticides
drain in estuaries and coastal waters via rivers,
rainfall and atmospheric transmission, becoming
one category of important research objects in offshore marine pollutants. Compared with the biological process, photo-degradation is one of the
primary ways about removing pesticides from offshore waters [2-4]; however, the photo-degradation
rate and process are controlled by reaction media
and illumination conditions [5-14]. For that reason,

Analysis. After illumination, samples were
collected, separated by Agilent 1100 HPLC combined with C18 column and tested by DAD & MS
detector. Details consulting reference[24].
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species and pH.

Sample collection. Water samples were
collected from the estuary of Jiulong River,
24.396480e N, 117.919000e E . The sample
was filtered through 0.45 micron filtration membrane, ready for use. The other steps are the same as
1.2.
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Photo-degradation kinetics. In order to expound the characteristics of photo-degradation of
fenvalerate in water, the first- order reaction kinetic
model was used to fit the experimental results of
photo-degradation of fenvalerate, and the results
were shown in Figure 1. The photo-degradation of
20mg/L fenvalerate in pure water followed the first
order reaction. With 20mg/L fenvalerate at 25ć,
photo-degradation rate constant was 0.1796/ second,
half life was 3.86 seconds and the correlation coefficient was 0.9924.
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FIGURE 2
HPLC chromatograms of fenvalerate(A) and its
degradation products(B & C) in water ([fenvalerate]0=20mg/L, illumination intensity=2500Lux, temperature=25Ԩ, salinity=0 ,
pH=7)

FIGURE 1
Relationship of lnC/C0 and time(second) for the
degradation of fenvalerate in water solution at
Ԩ
25Ԩ

FIGURE 3
Ultraviolet spectrum of fenvalerate(A) and its
degradation products(B & C) in water ([fenvalerate]0=20mg/L, illumination intensity=2500Lux, temperature=25Ԩ, salinity=0,
pH=7)

Effects of various factors on the degradation rate of fenvalerate. In order to further explain
the degradation characteristics of fenvalerate in
water, the chromatograms and spectral characteristics of fenvalerate was studied in pure water. As
shown in Figure 2, the absorption intensity of fenvalerate gradually decreased with the prolonging of
illumination time and two main products (B&C)
were generated. The UV spectra of products (B&C)
has similar bands with fenvalerate A (shown in
Figure 3), which indicates that the main products
and fenvalerate have similar chromophores. According to the mass spectra and spectral characteristics of fenvalerate(references24), the structural
formula of the product B and C is inferred as shown
in figure 2. In the nature River water, the degradation rate of fenvalerate was affected by salinity,
reactive oxygen species, pH and other conditions.
The task group has done a lot of related work20-24,
so this paper mainly studies the effects of several
common parameters on salinity, reactive oxygen

FIGURE 4
Effect of salinity on the degradation rate of fenvalerate ([fenvalerate]0=20mg/L, illumination
intensity=2500Lux, temperature=25Ԩ, pH=7)
Under UV light system, the effect of salinity
on the degradation rate of fenvalerate was studied
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and the results were shown in Figure 4. Throughout
the whole process of degradation,The degradation
rate of fenvalerate was no significant change with
the increase of salinity. The results show that the
effect of salinity was not obvious.
Figure 5 shows the effect of hydrogen peroxide with different initial concentrations on the degradation rate of fenvalerate. As expected, the degradation rate of fenvalerate is increasing with the
increase of the concentration of hydrogen peroxide
(within this concentration range). This may be
caused by an increase of the concentration of hydrogen peroxide, which leads to the generation of
hydroxyl radicals or reactive oxygen species. The
concentration of hydrogen peroxide is 22.2 h
10-3mg.L-1, the degradation rate of fenvalerate
reached 91.9% after 10 seconds illumination.

degradation, the degradation rate of fenvalerate was
decreased gradually with the increase of pH value.

FIGURE 5
Effect of initial concentration of H2O2 on degradation rate of fenvalerate ([fenvalerate]0=20mg.L-1, illumination intensity=2500Lux, temperature=25Ԩ
Ԩ, salinity=0ˈ
pH=7)

FIGURE 7
Relationship of lnC/Co and time for the degradation of fenvalerate in water solution at 25Ԩ

Photo-degradation of fenvalerate in estuary
water. Photo-degradation kinetics. Photo-degradation of fenvalerate follows the first order reaction(figure7) in estuary water. With 20mg/L fenvalerate at 25Ԩ, illumination 2500Lux, the photo-degradation rate constant is 0.248/ second,
half-life is 2.79 seconds and the correlation coefficient is 0.9859. Compared with figure 1, it is apparent that photo-degradation rate of fenvalerate in
estuary water is quicker than that in pure water.
Clearly its concentration change rate with time is
influenced by other substances in estuary water, and
its linear relationship is poorer than that of pure
water.

Spectrum and chromatograms characteristics. The spectral and chromatograms characteristics of fenvalerate and its main photo- degradation products are studied in estuary water, shown as
figure 8 and figure 9. Fenvalerate (A) generated a
variety of degradation products in the estuary water,
the main photo-degradation products are B and C.
Products (B & C) have similar spectral bands with
fenvalerate A, which indicaties that the main products have similar chromophore with fenvalerate.
Compared with pure water, the reten- tion time of
fenvalerate A and the main products (B&C) was
slightly delayed, the UV spectra were blue shifted,
and the two main products(B&C) remain the same
with the performance of fenva- lerate A. fenvalerate
A. The results showed that the main degradation
products of fenvalerate in estuary water could be
the same as that in pure water, the structural formula of the products is shown in figure 10.

FIGURE 6
Effect of pH on photo-degradation of fenvalerate
([fenvalerate]=20mg.L-1, illumination intensity=2500Lux, temperature=25Ԩ, salinity=0, no
hydrogen peroxide)

Degradation rate of fenvalerate and its
products. Degradation rate of fenvalerate and its
products are shown figure 11. The photo- degradation rate of fenvalerate reached 97% in estuary

The photo-degradation process of fenvalerate
was studied with pH from 3 to 7. The results were
shown in figure 6. During the whole process of
4099

© by PSP

Volume 26 ± No. 6/2017 pages 4097-4102

Fresenius Environmental Bullet

valerate between estuary water and pure water is
distinctly different, and the main degradation products is almost the same, degradation rate of fenvalerate and degradation products are changed only
by photosensitizer in river water , but did not alter
the results.
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FIGURE 8
HPLC chromatograms of fenvalerate(A) and its
degradation products(B & C) in estuary water of
Jiulong River ([fenvalerate]0=20mg/L, illumination intensity=2500Lux, temperature=25ć, salinity=19.5 , pH=6.9)
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FIGURE 10
Mass spectrums of fenvalerate (A) and its main
photo-degradation products B and C

FIGURE 9
Ultraviolet spectrum of fenvalerate(A) and its
degradation products(B & C) in estuary water of
Jiulong River ([fenvalerate]0=20mg/L, illumination intensity=2500Lux, temperature=25ć, salinity=19.5 , pH=6.9)
water when it was illuminated 10 seconds, the concentration of product C came to the maximum at 8
seconds, then degraded and the degradation rate
was 71.6% at 10 seconds. Adding 22.2h10-3mg.L-1
hydrogen peroxide, when it was illuminated 10
seconds, degradation rate of fenvalerate was 88.1%
and the concentration of product C also came to the
maximum at 8 seconds, then degraded and the degradation rate was 27.1% at 10 seconds. The results
show that hydrogen peroxide quenched that part of
the photosensitizer in estuary water, reduce photodegradation rate of fenvalerate and the main degradation products[2,3]. Approximately the same salinity and pH, the photo- degradation rate of fen-

FIGURE 11
Degradation rate of fenvalerate and its products
in estuary water of Jiulong River ([fenvalerate]0=20mg/L, illumination intensity=2500Lux, temperature=25ć, salinity=19.5,
pH=6.9, (1) without hydrogen peroxide, (2) with
22.2h10-3mg.L-1 hydrogen peroxide)
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[6] Ruzo L O, Holmstead R L, Casida J E. (1977)
Pyrethroid photochemistry: decamethrin (deltamethrin) [J]. Journal of Agricultural and Food
Chemistry, 25: 1385±1394ˊ
[7] Ruzo L O, Casida J E. (1980) Pyrethroid photochemistry: mechanistic aspects in reac- tions
of dihalovinyl- cyclo- propane- carboxy- late
substituents[J]. Journal of Chemistry Soci- ety
(London) Perkin I, 728±732ˊ
[8] Ruzo L O, Casida J E. (1981) Pyrethroid photochemistry: (S)-a-cyano-3- phenoxybenzyl
cis-(1R, 3R, 1'R or S)-3-(1', 2'-dibromo-2',
2'-dihaloethyl)-2,2-dimethycyclopropane-carbo
xylates: tralomethrin and tralocythrin[J]. Journal of Agricultural and Food Chemistry, 29:
702±706ˊ
[9] Coly A, Aaron J J. (1994) Photochemical spectrofluorimetric method for the determination of
several aromatic insecticides[J]. Analyst, 119:
1205-1209ˊ
[10] Coly A, (1994) Ph.D. Thesis, Universite
C.A.Diop.Dakar, Senegalˊ
[11] Mikami N, Takahashi N. Hayashi K, Miyamoto
J. (1980) Photodegradation of fenvalerate
(sumicidin) in water and on soil surface[J].
Journal of Pesticide Science, 5: 225-236ˊ
[12] Zhou Yazhu, Gong Daoxin, Wang Chuangang.
(2006) On pKRWRO\VLVRIĮ-cypermethrin in different pH buffer solutions[J]. Journal of Hunan
Agricultural University (Natural Scien- ces),
32(3): 333-335ˊ
[13] Hua Rimao, Tang Feng, Yue Yongde. (1995)
The effects of five pesticides on the photodegradation of triadimefon[J]. Environ- mental
Chemistry, 14(1): 21-24ˊ
[14] Hongxia Zhu. (1984) Retention and movement
of reactive chemicals in soils[D]. Beijing: Beijing(China) Agricultural University.
[15] Yury N. Samsonov, Leonid M. Pokrovskii.
(2001) Sensitized photo-decomposition of high
disperse* pesticide chemicals exposed to sunlight and irradiation from halogen or mercury
lamp [J]. Atmospheric Environment, 35:
2133-2141.
[16] Hua Rimao,Yue Yongde,Tang Feng, Li Xuede,
Fan Defang. (1997) Effects of four kinds of
pesticides on the photolysis of three pyrethroid
insecticides under three illuminating lights [J].
China Environment Science, 17(1): 72-75ˊ
[17] M. Ferna´ndez-A lvarez, L. Sa´nchez- Prado,
M. Lores, M. Ferna´ndez-A lvarez, L.
Sa´nchez-Prado, M. Lores, C. García-Jares, R.
Cela. (2007) Alternative sample preparation
method for photochemical studies based on
solid phase microextraction: Synth- etic pyrethroid photochemistry [J]. Journal of Chromatography A, 1-12.
[18] Hua Rimao,Yue Yongde, Tang Feng.(1995) The

CONCLUSIONS
The photo-degradation of fenvalerate was
studied in estuary water by means of self-made
photo-degradation system. Compared with the degradation process of fenvalerate in pure water and
estuarine water, degradation rate of fenvalerate in
estuary water was faster than that in pure water, but
it was not related to hydrogen peroxide, pH and
salinity.The main degradation products of fenvalerate in estuarine water and pure water were the
same, degradation rate of fenvalerate and degradation products are changed only by photosensitizer
in river water , but did not alter the results .
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methods for reusing the nickel slag have been reported13. However, there are no reports about preparation of cordierite ceramics mainly from nickel
slag. Nickel slag is rich in SiO2 and MgO which is
the ideal raw material for cordierite (2MgO·
2Al2O3·5SiO2)..
Recently, several methods including organic
foam impregnation14, mechanical foaming15,16 and
pore forming agent methods17,18 have been proposed to fabricate porous cordierite ceramics.
Among these methods, pore forming agent method
is the most widely used and effective technique.
Guo10prepared porous cordierite ceramics using rice
husk as pore forming agent and La2O3 as fluxing
agent, it was found that the flexural strength, porosity and TEC reached 11.38MPa, 45.02%, 3.03×106
/Ԩ, respectively. Sandoval19fabricated porous cordierite ceramics with potato starch as pore forming
agent through microwave pretreatment and found
that the porosity reached. 40%. Therefore, in this
paper, the flexural strength, open porosity and TEC
are analyzed by using single pore forming agents
(rice husk) or composite pore forming agents (adding Fe2O3 or starch), providing the basis for the
selection of pore forming agents.

ABSTRACT
Porous cordierite ceramics were fabricated by
pore forming agent method from high-magnesium
nickel slag sintered at 1100Ԩ~1380Ԩ for 2h. The
rice husk, Fe2O3 and starch were used as pore forming materials. The characterization was focused
on phase evolution and microstructures using XRD
and SEM. The flexural strength, open porosity and
thermal expansion coefficient (TEC) were investigated in detail. XRD confirmed that a significant
improvement in the cordierite formation at 1300Ԩ,
whereas the sintering process at 1200Ԩ was insufficient. The SEM observation showed that the
sample sintered at 1380Ԩ was relatively porous.
Compare to 30wt% rice husk sample, the open porosity (37.53%~40.26%) of 20wt% rice husk and
10wt% starch sample exhibited a slightly increase
and TEC (1.75×10-6/Ԩ~3.12×10-6/Ԩ) was lower,
without significant reduction of the flexural
strength (20.12MPa~23.32 MPa), as the sintering
temperature changed from 1300Ԩ to 1380Ԩ, which
made it desirable candidate as adsorption materials.

KEYWORDS:
nickel slag; cordierite; rice husk; Fe2O3; starch; TEC

EXPERIMENTAL
INTRODUCTION

Raw material composition and phase analysis. Air-cooled nickel slag (Xiangshui Delong
Nickel Industry Co., Ltd, China) was used as raw
materials together with Kaolin (Shanghai Chemical
Reagent Co., Ltd, China, C.P). Chemical compositions of raw materials were shown in Table 1.
Rice husk (Yancheng Rice mill, China ) was boiled
for 30min with diluted hydrochloric acid of 10% to
remove inorganic impurities. After washing, drying
and grinding, the rice husk powder was prepared as
a pore forming agent. Fe2O3 (Sinopharm Chemical
Reagent Co., Ltd, China, AR) was used as a foaming agent. Starch (Tianjin Bodi Chemical Co., Ltd,
China, C.P) was used as a organic pore forming
agent.
The XRD pattern of nickel slag was shown in
Fig.1. The result confirmed that the major mineral
in the nickel slag were crystallized clinoenstatite

Cordierite is one of the most popular ceramics
for its interesting properties of low thermal expansion coefficient(3×10-6/Ԩ) and low thermal conductivity(1W/m·K ~2W/m·K)1, 2. In recent years, porous cordierite is synthesized primarily via solidstate phase reaction3, 4 and sol-gel5,6 methods, using
natural minerals or the pure chemical oxide as the
raw materials7. The disadvantages of these processes include high fabrication costs and complicated processing procedures. Finding an alternative
method to use inexpensive and rich-sourced materials, especially the industrial byproducts8,9 such as
rice husk10 and fly ash11, to prepare porous cordierite ceramics is therefore essentials. Nickel slag is
a kind of industrial waste discharged from nickel
smelting or stainless steel smelting process12. Many
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TABLE 1
Main chemical composition of raw materials˄
˄wt%˅
Raw materials
Nickel slag
Kaolin

SiO2
55.99
46.54

Al2O3
4.86
39.50

MgO
28.31
²

Fe2O3
7.38
²

CaO
0.92
²

Cr2O3
0.93
²

MnO
0.44
²

TiO2
0.08
²

IL
0.76
13.96

TABLE 2
Prescription for each sample˄wt%˅with different pore forming agents
Sample number
A1
A2
A3
B1
B2

Nickel slag
35.51
35.51
35.51
35.51
35.51

Kaolin
52.84
52.84
52.84
52.84
52.84

MgO
2.47
2.47
2.47
2.47
2.47

(Mg,Fe)2(SiO3)2 (pdf #35-0610) and forsterite ferroan (Mg, Fe)2SiO4 (pdf #85-1348), in which the
Mg was partially replaced by Fe. There is also a
small amount of enstatite MgSiO3 (pdf #76-0525).

Al2O3
9.18
9.18
9.18
9.18
9.18

Rice husk
20
30
40
20
20

Starch

Fe2O3

10
10

was identified by X-ray diffraction (XRD, D/MaxRB Rigaku, Japan). In addition, scanning electron
microscope (SEM, JSM-5610 JEOL, Japan) was
used to observe the microstruc-tures of the fractured
surface. Coefficient of ther-mal expansion between
room temperature and 1000 Ԩ was measured by a
thermal dilatometer (ZRPY-PCY-1400, Hunan
Xiangke Company, China).

RESULTS AND DISCUSSION
Phase analysis. In order to explore the cordierite forming process, the XRD patterns of A1 samples sintered at temperature of 1100Ԩ~1380Ԩ are
shown in Fig.2.
Cordierite
Pyrope
Enstatite syn

Spinel
Mullite
Cristobalite

FIGURE 1
XRD patterns of nickel slag

1380

Sample preparation and characterization
method. The composition of cordierite was designed by choosing stoichiometric point of low expansion area (partial magnesia - aluminum) of Si
O2-Al2O3-MgO ternary phase diagram, which meets
the content of MgO, A12O3 and SiO2 was 14.1%,
35.8% and 50.1%, respectively. The nickel slag was
used as the raw material, kaolin, Al2O3 and MgO
were added as the calibration materials. Rice husk,
Fe2O3 and starch were used as pore forming agents.
Five kinds of content of pore forming agents were
designed in order to discuss the influence on the
ceramics properties. Final prescription was shown
in Table 2. Firstly, the raw materials were mixed
enough with pore forming agents and ball-milled
together for 2h, then 5wt% PVA solution was added
and uniformly blended with the milled powder mixture. After pelleting, the mixture was pressed at
5MPa and drying. Finally, the resulting samples
were fired in air at 1100Ԩ㹼1380Ԩfor 4h.
Open porosity of the fired samples was determined by Archimedes method. Flexural strength of
the samples was assessed by universal testing machine (Instron-2230, UK). The phase composition

1350

Ԩ

1300
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55

60

65

70

Ԩ

Ԩ

Ԩ

Ԩ

75

80

2T q

FIGURE 2
XRD pattern of A1 at temperature of
1100Ԩ~1380Ԩ
At 1100Ԩ, the Fe in the forsterite ferroan and
clinoenstatite is released from the crystal structure
along the crystal boundary under the oxidizing atmosphere8. The resulting MgSiO3 has a high free
energy and is in an unstable state, which is expected
to react with Al2O3 in the starting materials. Then,
pyrope (pdf #83-1712) and spinel (pdf #77-0436)
were formed. In addition, MgO and Al2O3 also
combine into a spinel21. Mullite (pdf #73-1253) is
generated through the reaction between Al2O3 and
SiO2. Cristobalite (pdf #82-0512) phase is also de4104
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ficant decrease.
(1)

40

MgSiO3  Al2O3 o MgAl2O4  SiO2

(2)

35

3MgSiO3  Al2O3 o Mg 3 Al2 ( SiO4 ) 3

(3)

30

Flexural strength/MPa

tected. These reaction proceeds as follows:
MgO  Al2O3 o MgAl2O4

(4)
2 SiO2  3 Al2O3 o Al6 Si2O13
At 1200Ԩ, cordierite (pdf #82-1541) phases
begin to appear, indicating that crystals in various
forms to participate in the formation of cordierite20,21. The reaction proceeds as follows:

1200
1300
1350
1380
26.57

Ԩ

Ԩ

Ԩ

27.32
25.41

24.89

25

Ԩ

23.57
21.96

21.45

20

18.23

15
10.32

10

11.32

12.23

6.83

5

2 Al6 Si2O13  6 MgSiO3  5SiO2 o 3(2 MgO  2 Al2O3  5SiO2 )
2Mg 3 Al2 ( SiO4 ) 3  4 Al2O3  9 SiO2 o 3(2MgO  2 Al2O3  5SiO2 )

(5)
(6)

0

A1

A2

A3

(a)

2 MgSiO3  2 Al2O3  3SiO2 o 2 MgO  2 Al2O3  5SiO2

(7)
(8)
At 1300Ԩ, the peaks of pyrope and enstatite
disappeared whereas spinel is still detected, indicating that the cordierite is formed incompletely.
When the temperature reaches above 1350Ԩ, the
peak intensity of cordierite increases, but the weak
peaks of spinel are still detected.

50

2MgAl2O4  5SiO2 o 2MgO  2 Al2O3  5SiO2

1200
1300
1350
1380

45
40
36.96

Open porosity/%

35
30

33.64

25

Ԩ

Ԩ

30.58
27.82

26.32

Ԩ

32.42
30.78

29.56

Ԩ

28.96
26.48

24.43
22.45

20
15
10

Open porosity and flexural strength analysis. The flexural strength and open porosity of A1,
A2 and A3 are shown in Fig.3 (a) and (b), respectively. It can be seen that the better comprehensive properties obtained in A2 with 30wt% of
rice husk, the flexural strength is 21.96MPa~
25.41MPa, the open porosity is 26.48%~30.78% at
temperatures of 1300Ԩ~ 1380Ԩ. In addition, the
open porosity of samples increases as rice husk
increasing, but the flexural strength drops obviously
at the same temperature. This can be explained that
rice husk in the sample was burned into gas in high
temperature environment, then the gas was released
and a lot of pores began to form in the place where
the rice husk existed at first10,22. When rice husk
content is increased to 40%, a large number of
pores are formed in the interior, resulting in sharp
decrease of the bending strength.
The flexural strength and open porosity of B1
and B2 are shown in Fig.4 (a) and (b), respectively,
which indicates that the high open porosity
(37.53%~40.26%) present in B2 with 20wt% rice
husk and 10wt% starch at 1300Ԩ~1380Ԩ, but the
flexural strength (20.12MPa~23.32MPa) of B2 is
lower than B1. One of the main reasons is that the
foaming temperature of Fe2O3 is around 1200Ԩ. It
is understood that the available liquid phase due to
Fe2O3 as a sintering aid to promote solid particles
closer and the densification of cordierite ceramics23.
On the other hand, the pores of starch (10wt%) and
rice husk (20wt%) pore-forming samples are fine
and good connectivity17. Compared to starch
(30wt%) samples reported by Fang Zhang et al24,
the flexural strength of rice husk (20wt%) and
starch (10wt%) is higher.
To sum up, the open porosity of B2 is higher
than A2 , and the flexural strength has no signi-

5
0

A1

A2

A3

(b)

FIGURE 3
Influence of rice husk content on the flexural
strength (a) and open porosity (b) of A1, A2 and
A3 at temperature of 1200Ԩ
Ԩ~1380Ԩ

Morphology analysis. Fig.5 shows the fracture surfaces of A2 and B2 sintered at 1380Ԩ. As
Fig.5 (e) shows, the pores of A2 exhibit irre-gular
open pores and there is large size pore structure
(>20
ȝm). In Fig.5 (f), B2 has many small
pores(<ȝm) generated from the decompo-sition
of starch. The interconnections between pores is
higher than that of rice husk (30wt%).This result is
consistent with the previously mentioned varia-tion
in open porosity. We can also see, there are many
regular and polygonal cordierite grains. All these
can make combination of the particles stron-ger.
This conclusion is consistent with the pre-viously
mentioned variation in flexural strength.
Coefficient of thermal expansion. The CTE
of A2 and B2 is shown in Fig.6. As the figure
shows, the CTE of A2 decreases from 3.51×10-6/Ԩ
to 2.17×10-6/Ԩ, while that of B2 decreases from
3.12×10-6 /Ԩ to 1.75×10-6/Ԩ, with increasing sintering temperature from 1300Ԩ to 1380Ԩ. These
results indicating that the CTE of A2 is larger than
B2. As we all know, the CTE mainly depends on
cordierite. Therefore, the gradual growth of cordierite crystals results in the decrease in CTE with
increasing sintering temperature. On the other hand,
the pore formed by starch are smaller and more
4105
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which can absorb part of the expansion caused by
the thermal vibration of particles, thereby reducing
the CTE of B2.
30.16
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0
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42.73
40.26
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38.68

35

37.53
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CONCLUSION

Ԩ

Ԩ

Ԩ

In this study, porous ceramics having cordierite crystalline phases were made from nickel slag,
kaolin, magnesium oxide and alumina using different pore forming agents. SEM observation of
20wt% rice husk and 10wt% starch sample sintered
at 1380Ԩ revealed a porous structure compared to
30wt% rice husk sample. Open porosity was significantly improved by adding 20wt% rice husk and
10wt% starch as composite pore forming agents and
the TEC is lower, without significant reduction of
the flexural strength, which make it a promising
candidate as adsorption materials.

Open porosity/%

25
20
16.69

15
9.64
6.27

5
0

2.84

B1

(d)

1400

Ԩ

30

10

1380



(c)
45

1360

FIGURE 6
TEC of A2 and B2 at temperature of
1200Ԩ~1380Ԩ

5

B1

1340

Ԩ

B2

FIGURE 4
Influence of different pore forming agents on the
flexural strength (c) and open porosity (d) of B1
and B2 at temperature of 1200Ԩ
Ԩ~1380Ԩ
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environmental fate were paid more attention. The
microbial degradation was considered the most
important way of chlorothalonil degradation [9,10].
In addition, chlorothalonil was largely metabolized to its more toxic and persistent 4-hydroxy metabolite[11,12]. It could lead to greater harm. 4hydroxy-2,5,6-trichloroisophthalonitrile (hydroxychlo
rothalonil, was referred to as HC) was considered the
most important primary metabolite resulting from
chlorothalonil breakdown. It was often found in
soil, water and plants. Until now about 20 kinds of
metabolites have been detected during chloro thalonil biotransformation by soil microbial consortia
or pure culture strains [13-16].Therefore, in the
process of biodegradation of organic pollutants, not
only need to focus on the number of parent pollutants, but also must pay attention to intermediate
metabolites.
At present, The degrading dynamics of chlorothalonil by soil microbial consortia have been studied extensively [17,18]. Several soil microorganisms capable of co-metabolizing low concentrations
of chlorothalonil at the presence of other carbon
sources were isolated [19,20]. However, there were
only a few studies on the isolation of pure culture
capable of degrading high concentrations of chlorothalonil without providing other carbon sources. In
this study, Pseudomonas fluorescens BJQ-11, a
strain that could degrade chlorothalonil was isolated. Its degradation potential and the application for
environment protection were studied. The strain
BJQ-11 was capable of utilizing chlorothalonil as
the sole carbon sources, and could degrade 4hydroxy-2,5,6-trichloroisophthalonitrile.

ABSTRACT
A strain BJQ-11 capable of highly degrading
chlorothalonil was isolated from soil. The strain
BJQ-11 was identified as Pseudomonas fluorescens
based on 16S rRNA and analysis of morphology,
physiological and biochemical characters. The
optimal pH value and temperature were 7.0-7.5 and
25-30ć. The 7d degradation rate of 50 mg/L chlorothalonil by strain BJQ-11 could reach about
98.6% in inorganic salt medium. The strain BJQ-11
could degrade chlorothalonil and 4-hydroxy-2,5,6trichloroisophthalonitrile (hydroxychlorothalonil,
was referred to as HC). HC was an important intermediate metabolite of chlorothalonil biodegradation by strain BJQ-11. The strain BJQ-11 also had
high tolerance to chlorothalonil. It could tolerate at
least 800mg/L chlorothalonil under the experimental conditions. It was believed that the strain
BJQ-11 could be used for control of chlorothalonil
(or hydroxychlorothalonil) pollution.

KEYWORDS:
chlorothalonil; biodegradation; Pseudomonas fluorescens

INTRODUCTION
Chlorothalonil, a nonsystemic foliar fungicide,
was used to control fungal pathogens in various
fruit and vegetable crops, as well as in tree farming
practices[1]. It was invented in 1963 by the Diamond Alkali Co. and was first registered for use in
the United States in 1966. The chlorothalonil residue might bring some trouble to soil microbes,
aquatic systems and public health [2-4]. Previous
studies demonstrated that chlorothalonil could decrease the numbers of soil microorganisms and the
activity of soil enzyme[5-7]. For human, chlorothalonil could cause dermatitis, severe eye and skin
irritation, and gastrointestinal discomfort [8]. Chlorothalonil was considered to be moderately persistent in soil, and the half-life of chlorothalonil in
field situations could even reach 6 months (US
EPA). Therefore, chlorothalonil degradation and

MATERIALS AND METHODS
Chemicals and Media. Chemicals: chlorothalonil (99.5%) was purchased from Sigma-Aldrich
Company. All other chemicals used were of analytical grade and commercially available.
Culture media: (1). Inorganic salt medium:
(NH4)2SO4 0.1 g, MgSO4·7H2O 0.2 g, K2HPO4
0.1g, CaSO4 0.05 g, FeSO4·7H2O 0.01 g, water 1 L,
pH 7.0. (2). Isolation medium: inorganic salt medi4108
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um containing chlorothalonil (50 mg/L) was used to
isolate chlorothalonil degrading bacteria. (3). Enrichment medium: peptone10 g, beef extract powder 3 g, yeast extract powder 5 g, sodium chloride 5
g, water 1 L, pH7.0.

mg/L. Then the strain BJQ-11 was inoculated respectively for shaking cultivation at 30ć. OD600
was determined regularly, so as to evaluate the
tolerance of strain BJQ-11 on chlorothalonil.

Isolation and identification of chlorothalonil degrading bacteria. The soil sample was
collected from cropland in Nanjing City, China, in
which chlorothalonil has been used for more than 5
years. 5.0 g soil sample was placed in 100ml isolation medium for shaking culture at 30ć (120 rpm).
The concentration of the residual chlorothalonil was
determined every 24h [21,22]. 5ml culture solution
with 3d degradation rate >70% was transferred to
enrichment medium containing same concentration
of chlorothalonil, and continuously transferred for
more than 5 times. After the degradation effect was
verified again, the above enrichment medium was
coated on inorganic salt culture plate containing
chlorothalonil for inverted culture at 30 ć . The
eugonic bacterial colonies were selected and repeatedly streaked on the culture plate to obtain the
pure culture. The new isolates were identified by
using 16SrRNA sequence analysis.

RESULTS AND DISCUSSION
Identification and characterization of chlorothalonil degrading bacteria. A bacterium capable of utilizing chlorothalonil as the sole carbon
sources was isolated from soil samples and named
it BJQ-11. It was straight or curvulate bacillus, 0.60.8×2.5-3.0 um in size, G+, motile, aerobic, no
spore, and it forms circular and wet colonies on
nutrient broth plates. It was positive in tests for
oxidase, catalase, V.P. test and gelatin liquefaction,
but negative for starch hydrolysis test and denitrification test. The strain BJQ-11 was identified as
Pseudomonas fluorescens according to 16S analytical method. The identification result was consistent
with that of BiologTM microorganisms identification
system (The 16S analysis of strain BJQ-11 was
commissioned to Shanghai SANGON company,
GenBank accession number KY858968).

Effect of temperature on the growth of
strain BJQ-11. Inoculums of chlorothalonil degrading bacteria were prepared in advance[23]. 3%
strain BJQ-11 inoculum was incubated in inorganic
salt culture medium containing 50mg/L chlorothalonil. OD600 was determined every 12h after the
shaking culture.

2.4

OD600

2.0

1.6

o

1.2

Effects of pH on the growth of strain BJQ11. mpH of inorganic salt culture medium (containing 50mg/L chlorothalonil) was adjusted to 6.0, 6.5,
7.0, 7.5 and 8.0. Then they were inoculated with
3% inoculum respectively. The shaking culture was
performed at 30ć. OD600 was taken regularly.
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FIGURE 1
Effect of temperature on the growth of strain
BJQ-11

Degradation of chlorothalonil by strain
BJQ-11. 3% strain BJQ-11 inoculum was inoculated in inorganic salt culture medium containing
50mg/L chlorothalonil, and then place it in the
shaker (120rpm, 30ć). The concentration of chlorothalonil
and
4-hydroxy-2,5,6trichloroisophthalonitrile(HC) were determined
every 24h [21,22].

Effects of temperature and pH on the strain
BJQ-11 growth. The strain BJQ-11 could maintain
high-level growth at 25-30ć, but the growth of the
strain BJQ-11 could be inhibited sharply at 40ć,
resulting in poor growth (Fig.1). The experimental
data showed that the strain BJQ-11 could grow at a
wider range of temperature. Generally, the temperature could affect the growth rate and degradation
ability of microorganism. The increase of the temperature would cause the acceleration of enzymatic
degradation reaction, but the excessively high temperature would lead to the inactivation of degrading
enzymes and other enzymes [24,25]. Based on the
above factors, 25-30ć was considered as the optimum temperature of the strains BJQ-11 for growth
and degrading chlorothalonil.

Degradation of HC by strain BJQ-11. The
inorganic salt culture medium containing 10mg/L
HC was inoculated with 3% strain BJQ-11 inoculum, and then place it in the shaker (120rpm, 30ć).
The concentration of HC was determined regularly.
Tolerance of the strain BJQ-11 on chlorothalonil. The concentration of chlorothalonil in the
inorganic salt medium was adjusted respectively to
50mg/L, 100mg/L, 200mg/L, 400 mg/L and 800
4109
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the experimental conditions. Although the strain
BJQ-11 would be significantly inhibited by
800mg/L triclopyr, it still could effectively degrade
triclopyr (because chlorothalonil was used as the
sole carbon source in the study). According to the
existing results, it was inferred that: ķThe strain
BJQ-11 had good tolerance on chlorothalonil. ĸ
The strain BJQ-11 had a strong degradation ability
to chlorothalonil, which could be used in a wider
range of chlorothalonil concentration. Ĺ It was
possible that the strain BJQ-11 was used in the
bioremediation of chlorothalonil pollution. The
degradation ability of the strain BJQ-11 might be
closely related with the long-term use of chlorothalonil in cropland soil. Generally, soil microorganism that continuously encounter the artificially
synthesized compound might induce the ability to
degrade the compound [26,27].

The growth status and degradation ability of
microorganism were usually affected by pH. The
experimental results showed that the growth of the
strain BJQ-11 at pH 7.0 or 7.5 was more than that
of other pH conditions(Fig.2), and the optimum pH
of the strain BJQ-11 was pH7.0-7.5. Generally, pH
could affect the growth rate and degradation ability
of microorganism. The pH could not only cause the
change of the degrading ability through influencing
microbial growth, but also could directly influence
the activities of relevant degrading enzymes.

2.4

OD600

2.0

1.6

Concentration of chlorothalonil (mg/L)

pH6.0
pH6.5
pH7.0
pH7.5
pH8.0

1.2

0.8

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

Time(d)

FIGURE 2
Effect of pH on the growth of strain BJQ-11
Degradation of chlorothalonil and HC by
the strain BJQ-11. The results in Fig.3 showed
that the chlorothalonil could be rapidly degraded by
the strain BJQ-11. The degradation rate of chlorothalonil (50mg/L) by the strain BJQ-11 could reach
about 98.6% in 7d. Degradation of chlorothalonil
under the experimental conditions was fitted to the
first order decay model (C=C0·e-kt  ³W´ ZDV WKH
GHJUDGDWLRQ WLPH ³N´ ZDV WKH GHJUDGDWLRQ UDWH
constant, ³&0´ ZDV initial concentration. C=50e0.3895t
, R2=0.9894, half life=1.79d. At the same time,
it was found that HC concentration rises first and
then falls in the degradation process of chlorothalonil. HC could be degraded by the strain BJQ-11
(Fig. 4). These results suggested that the strain
BJQ-11 could completely degrade chlorothalonil,
and HC was an important intermediate metabolite
of chlorothalonil biodegradation by strain BJQ-11.
It was believed that the strain BJQ-11 could be used
for control of chlorothalonil (or HC) pollution.
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would decrease significantly if the concentration of
chlorothalonil increased to 400mg/L or 800mg/L
(Fig.5). The results showed that the growth of the
strain BJQ-11 had been inhibited by 400mg/L chlorothalonil, but it was still growing. Therefore, it
was preliminarily considered that the strain BJQ-11
could tolerate at least 800mg/L chlorothalonil under
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Effect of concentration of chlorothalonil on the
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CONCLUSION
In this study, Pseudomonas fluorescens BJQ11 was isolated from soil, which could degrade
chlorothalonil. The optimal pH value and temperature of strain BJQ-11 were 7.0-7.5 and 25-30ć.
The strain BJQ-11 also had high tolerance to chlorothalonil. It could tolerate at least 800mg/L chlorothalonil under the experimental conditions. The
degradation rate of chlorothalonil (50mg/L) by the
strain BJQ-11 could reach about 98.6% in 7d. The
experimental results suggested that the strain BJQ11 could completely degrade chlorothalonil, and
HC was an intermediate metabolite of chlorothalonil biodegradation. It was believed that the strain
BJQ-11 could be used for control of chlorothalonil
(or HC) pollution.
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during gamete formation and mitosis in zygote [15]. It is possible to induce polyploid plants artificially using natural and synthetic chemicals by
interfering with mitotic spindle. Colchicine which is
a naturally occurring alkaloid is commonly used in
the induction of polyploidy by disorganizing spindle formation and preventing nuclear and cell division [6,7]. During polyploidy induction actively
growing explants containing a meristem such as
germinating seeds [8], shoots [9], roots [10], embryogenic callus [11, 12], non-embryogenic callus
[12], nodal segments [13], cotyledons [14], and
hypocotyls [15] are mostly preferred [7, 16].
Polyploidy has been used in agriculture and
horticulture as a breeding tool to enhance nutritional and ornamental characteristics such as increased
plant, leaf, flower, fruit and seed size [17, 18]. It
should be also taken in to consideration that the
level of polyploidization depends highly on the
appropriate agent for inducing polyploidy, concentration of applied chemical, duration of treatment
and sufficient penetration of chemical with regard
to the application type [17, 19, 20].
The genus Helianthus exhibits a wide diversity
which is originated from free interspecific hybridization, introgession and polyploidy [21, 22]. Helianthus genus has the basic chromosome number
(haploid) of 17 and the cultivated sunflower is the
diploid form. Several variable ploidy levels of 2x,
4x and 6x exist between the perennial species such
as H. occidentalis, H. hirsutus and H. tuberosus
[23-25].
Helianthus annuus L. (sunflower) is one of the
essential oil crops throughout the world and Turkey,
and is also extensively grown as a forage crop and
for its ornamental value as well as for production of
dyes, vegetable and seeds [26, 27]. The sunflower
oil has been preferred globally and, it is rich in
unsaturated fatty acids (oleic acid) and vitamin E. It
is also useful as raw material in production of biodiesel oil [28]. Because of growing demand in
vegetable oil production in Turkey, a possible way
to increase the production is to induce polyploid
Helianthus varieties [29]. There are extensive work
in progress on various aspects of H. annuus but
limited work has been performed on the induction

ABSTRACT
In the present study we aimed to observe the
effects of different doses of colchicine during optimizing the appropriate time and dose on poly-ploid
sunflower production. When the sunflower seeds
germinated and cotiledonary leaves opened, cotton
balls soaked in aqueous solutions of 0.2%, 0.4%
and 0.6% colchicine were applied to apical shoots
for 12 h in three sets for each concentration. The
process was repeated three consecutive days. Morphological, anatomical and photosynthetic pig-ment
analyses were performed. According to the results
shoot length, stoma number, stoma size, total chlorophyll, chlorophyll a, b and carotenoid contents
were decreased. In higher concentrations of 0.4%
and 0.6% the reduction was more sensitive. Additionally, SEM results revealed some defects in
pollen morphology. Although no pollen was produced in 0.6% colchicine treatment, the pollen
grains were tied to each other forming a mass by
exine wall bridges in 0.4% colchicine treatment.
However these defects were rare in 0.2% colchicine. Our results demonstrated that 0.4% and 0.6%
colchicine application for a duration of 12 h induced toxic effects on growth and development of
sunflower seedlings.

KEYWORDS:
Chlorophyll, Colchicine, Helianthus annuus, Pollen,
Polyploidy, Stoma.

INTRODUCTION
Polyploidy has been an important factor in
plant evolution and speciation. It is also an advantageous event in agricultural and horticultural systems for improving the plant breeding [1]. It has
been suggested that most of the modern monocots
and dicots have undergone polyploidization during
some stage of their evolution. It is possible that
over prolonged periods of time, plants accumulated
sets of chromosomes from closely or distantly related species through mutations and defects in meiosis
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natants were measured at 470, 645 and 663 nm
spectrophotometrically [35]. To detect the defects
in pollen morphology, mature floral buds were
separated and dried in a drying incubator at 37ºC.
The dried mature anthers involving pollen grains
were collected and coated with 11 nm gold particles
by using an automated sputter coater and then examined with a SEM (JEOL JMS-59 10LV).
Analysis of variance of all the experimental
data was done with SPSS 20.0 computer program.
One way analyses of variance (ANOVA) with Tukey's post-hoc HSD were performed. The mean differences are significant at p<0.05 levels.

of polyploidy, besides Dhesi and Saini [30], Gupta
and Roy [31], Downes and Marshall [32] and Singh
[33] achieved to induce autotetraploid H. annuus.
The present study was undertaken in a view to
study the growth and developmental abnormalities
of colchicine induced H. annuus during optimization the appropriate dose and time on polyploid
sunflower production.

MATERIALS AND METHODS
The seeds of diploid Helianthus annuus L. var.
08TR003 were provided from Republic of Turkey,
Ministry of Food Agriculture and Livestock, Directorate of Trakya Agricultural Research Institute for
Field Crops. Surface-sterilized seeds in 1% NaOCl
solution were sown in pots and left for germination.
The apical shoots of ten days old seedlings which
still have their cotyledonary leaves were treated
with cotton balls soaked in aqueous solutions of
0.2%, 0.4% and 0.6% colchicine. According to
Gautam and Kumar [34], the treat-ment was performed for 12 h in three consecutive days for each
concentration and subsequent to each treatment set
a recovery period of 12 h was allowed (Figure 1).

RESULTS
To assess the dose-dependent developmental
abnormalities of colchicine induced sunflower the
average shoot lengths were measured. Colchicine
treatment inhibited the shoot elongation significantly, and after a 38 days period, it decreased by
38.6 % in 0.2%, 60.8 % in 0.4%, and 83.7% in
0.6% in comparison to controls (Table 1). The results represented that the dose-dependent inhi-bition
occurred progressively in the highest concentration
of 0.6% (Figure 2). Moreover, the young leaves of
apical shoot lost their normal appearance in 0.4%
and 0.6% colchicine treatment. The leaves were
smaller, wrinkled and the apical shoot did not develop well principally in 0.6% colchicine treatment
at the end of 38th day.
TABLE 1
Comparison of some growth parameters in control and colchicine treated leaves of sunflower.
The data with different letters are significantly
different according to Tukey's post-hoc HSD test
for independent samples at p<0.05. Values represent means ±SD.

FIGURE 1
(a) Cotyledonary leaves of sunflower before
colchicine application. (b) Colchicine application
for 12 h by use of cotton balls (arrows) soaked in
colchicine solutions.
After colchicine treatment the plants were
grown to maturity for 38 days. Morphological,
anatomical and biochemical analysis were performed to reveal the effects of colchicine both in control and treatment groups at 38th day. For morphological analysis, the shoot lengths were measured
and alterations in apical meristems of shoots were
recorded. The anatomical observations were carried
out by counting the stomata number and measuring
stomata length and width. The superficial sections
of lower epidermis containing stomata were photographed with KAMERAM soft-ware, assisted by a
KAMERAM color camera and an Olympus BX-51
light microscope. For photo-synthetic pigment
determination (total chlorophyll, chlorophyll a,
chlorophyll b, chlorophyll a/b, and carotenoids),
leaves were homogenized in 80% ice-cold acetone
with chilled mortar and pestle. The homogenates
centrifuged at 3000 g for 10 min (+4ºC). The super-

Growth
param.
Stem
length
(cm)
Stoma
density
(number
in mm2)
Stoma
length
(μm)
Stoma
width
(μm)
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control

0.2%
colc.

0.4%
colc.

0.6%
colc.

43.7d
±2.6

26.9c
±7.9

17.1b
±6.8

7.1a
±1.4

136.1a
±22.2

74.9b
±11.3

65.0b
±14.8

33.2b
±1.69

27.4a
±2.2

36.8b
±3.9

32.2ab
±4.0

7.8b
±1.0

7.4b
±0.7

8.8a
±0.8

9.3a
±0.9

132.2a
±21.2
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sented in Table 2. Chlorophyll a, chlorophyll b,
total chlorophyll and carotenoids were gradually
decreased after colchicine induction in comparison
to control. Total chlorophyll was reduced by
13.01% 14.81% and 22.76% in 0.2%, 0.4% and
0.6% respectively. In a similar way, the chlorophyll
a content was decreased by 2.80%, 4.04% and
14.64% in 0.2%, 0.4% and 0.6% respectively. The
chlorophyll b was reduced by 24.90% in 0.2%,
30.05% in 0.4% and 32.20% in 0.6%. The carotenoids which protect chlorophyll from photo-damage
diminished by 6.63% in 0.2%, 9.87% in 0.4% and
18.44% in 0.6%. According to the results the highest reduction in photosynthetic pigments was observed in 0.6% colchicine induction with regard to
control.

FIGURE 2
Control and colchicine treated sunflowers at 23 th
day. Bar: 5 cm.
Based on anatomical analysis, some stomatal
alterations at the end of 38th day in colchicine induced sunflower leaves were observed (Table 1).
Although there is no significant difference between
control and 0.2% colchicine induction, the stoma
number was reduced by 43.4% and 50.8% in 0.4%
and 0.6% respectively. Similar to morphological
results, the reduction was significant in the 0.4%
and 0.6% colchicine. Moreover stomata length and
width were affected after colchicine induction.
Stoma length was reduced by 17.41% in 0.2%. In
contrary stoma length was increased by 11% in
0.4% colchicine induction. Even though there is no
significant difference between control and 0.6% in
stoma length, we observed many immature and
abnormal stomata in the sunflower leaves of 0.6%
colchicine induction. Besides, the width of stoma
was decreased by 12.74% in 0.4% and 19.69% in
0.6% colchicine induction (Figure 3).

TABLE 2
Comparison of chlorophyll content (mg ml-1) and
carotenoids (mg ml-1) in the control and colchicine treated leaves of sunflower. The data with
different letters are significantly different according to Tukey's post-hoc HSD test for independent samples at p<0.05. Values represent
means ±SD.
Pigment
Concent.
(mg ml-1)
Total Chl.
Chl. a
Chl. b
Chl. a/b
Carot.
(x+c)

control

0.2%
colc.

0.4%
colc.

0.6%
colc.

658.2a
±2.2
354.1a
±1.2
304.3a
±1.8
1.2c
182.9a
±0.9

572.5b
±7.6
344.2b
±5.7
228.6b
±6.6
1.5b
170.7b
±7.0

560.7c
±20.0
340.3c
±7.0
212.9c
±5.7
1.6a
164.8c
±7.9

508.4d
±7.4
302.2d
±19.2
206.3d
±26.5
1.5b
149.1d
±5.7

In addition to morphological, anatomical and
biochemical alterations, SEM analysis revealed
some defects on pollen development. No significant
alterations were observed in the colchicine induction of 0.2%. However 2 or 3 pollen grains were
tied to each by exine wall bridges rarely (Figure 4ac). Although no pollen grains were produced in the
0.6%, the pollen grains were tied to each other
forming a mass by exine wall bridges in the 0.4%
colchicine induction (Figure 4d-f).
Flow cytometry was performed to determine
DNA ploidy. The treatment of seedlings with colchicine solutions induced no polyploidy according
to cytometric analysis. It can be also indicated that
we succeed to obtain tetraploid sunflower in the
lower doses (0.1%, 0.2% and 0.3%) and time points
(5 h and 8 h) according to our preliminary test results (data not shown).

FIGURE 3
Stoma images of control and colchicine treated
sunflowers. (a) Control (arrow indicates stoma
pore). (b) 0.2% colchicine induction. (c) 0.4%
colchicine induction. (d) 0.6% colchicine induction. (e) Immature stoma. (f) Abnormal stoma
without a pore (arrow). The bar (ȝP) in (f)
also applies to (a)-(e).
The effects of colchicine induction on photosynthetic pigments of sunflower which captures
light energy necessary for photosynthesis are pre-
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FIGURE 4
SEM micrographs of sunflower pollens. (a) Control. (b) Normal pollen grains (arrows) after 0.2% colchicine induction. (c) Rarely observed tied pollen grains after 0.2% colchicine induction. (d) Mass of tied
pollen grains (in chambers) after 0.4% colchicine induction. (e) Higher magnification (x2) of (d). (f). No
pollen grains after 0.6% colchicine induction. A: anther, t: trichome.
an increased survival of explants with application of
lower concentrations than colchicine [6, 7, 36, 37].
However, Caperta et al. [38] exhi-bited that microtubule disruption is not sufficient alone for the
production of polyploid cells. So the nature of the
polyploidy process and molecular mechanism of
polyploidy induction are still unclear.
Morphological, anatomical, biochemical and
molecular parameters are used frequently to reveal
the alterations during developmental stages or stress
conditions in living organisms [39-42]. Similarly in
natural polyploidy or chemical-induced polyploidy
plants, these parameters should be analyzed and
compared to 2n individuals. In polyploid plants
larger leaf area, larger cells, larger stomata, dark
green color due to increase in total chlorophyll and
bigger pollen grains are evident [7, 8, 26, 43]. The
presented results revealed that different concentrations of colchicine (0.2%, 0.4% and 0.6%) decreased shoot length, stoma number, stoma size,
total chlorophyll, chlorophyll a, b and carotenoids,
and caused abnormal pollen development in contrary.
Although stoma size is often used to identify
potential polyploidy plants, it is an indirect method
for ploidy assessment. The researchers also indicated that in mixoploid plants stoma size can be unreliable and should be supported with another technique [7, 13]. It has been also known that abio-tic
stress factors such as heavy metals and synthetic
chemicals induce a rapid alteration in stoma size as
well as reduction in photosynthetic pigments [4345]. Singh [33], presented meiotic chromosome
abnormalities and infertility in autotetraploid sunflower. Besides, Gautam and Kumar [34] reported
cytomixis forming aneuploids and polyploids in
pollen mother cells of polyploid sunflower. Pollen
grain of H. annuus has a quite thick exine with

DISCUSSION
We aimed to evaluate the toxic effects of different concentrations (0.2%, 0.4% and 0.6%) of
colchicine during polyploid sunflower induction.
Singh [33], applied different concentrations of colchicine (0.1 to 0.5%) to axillary buds of sunflower
for 8 h in three sets for each concen-tration as our
subsequent preliminary tests (data not shown).
Based on their results tetraploid plants were only
generated in the concentrations of 0.25% and 0.35%
with the ratio of 20% and 34.28% respectively. A
similar process was performed by Srivastava and
Srivastava [26] treating sunflower (var. morden)
seedlings (2-5 days old) with 0.4%, 0.5% and 0.6%
colchicine for 12 h in three sets for each concentration. The researchers concluded that the colchicine
doses were effective for induction of polyploidy
and, 4n, 8n, and 16n plants were gene-rated. Moreover Gautam and Kumar [34] treated sunflower
with different concentrations of colchi-cine (0.2%,
0.4% and 0.6%) to the apical shoots of seedlings
which still have their cotyledonary leaves for 12 h
in three sets for each concentration as we performed. According to their results tetraploid plants
generated with the ratio of 4% while the remaining
plants reverted or showed mixoploidy. It has been
clear that the level of polyploidization depends
highly on the concentration of applied colchicine,
duration of treatment, penetration of colchicine,
type of explant and species [17, 19, 20]. One of the
arguments is about the type of chemical used. Some
other synthetic herbicides such as oryz-alin and
trifluralin are also used for disorganizing microtubule assembly during cell division. It has been approved that they are often more effective at stable
ploidy induction because they have a higher affinity
for plant tubulins than colchicine. They also have
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and allotetraploid Rhododendron / µ)UDJUDQW
$IILQLW\¶Hort. Sci., 42, 31-34.
[10] Kim, Y.S., Hahn, E.J., Murthy, H.N. and Paek,
K.Y. (2004) Effect of polyploidy induction on
biomass and ginsenoside accumulations in adventitious roots of ginseng. J. Plant Biol., 47,
356-360.
[11] Gmitter, F.G., Ling, X.B., Cai, C.Y. and
Grosser, J.W. (1991) Colchicine-induced polyploidy in Citrus embryogenic cultures, somatic
embryos and regenerated plantlets. Plant Sci.,
74, 135-141.
[12] Gao, S.L., Chen, B.J. and Zhu, D.N. (2002) In
vitro production and identification of autotetraploids of Scutellaria baicalensis. Plant
Cell Tiss. Org., 70, 289-293.
[13] Chen, L.P., Wang, Y.J. and Zhao, M. (2006) In
vitro induction and characterization of tetraploid Lychnis senno Siebold et Zucc. Hort. Sci.,
41, 759-761.
[14] Stanys, V., Weckman, A., Staniene, G. and
Duchovskis, P. (2006) In vitro induction of
polyploidy in Japanese quince (Chaenomeles
japonica). Plant Cell Tiss. Org., 84, 263-268.
[15] DeCarvalho, J.F.R.P., DeCarvalho, C.R. and
Otoni, W.O. (2005) In vitro induction of polyploidy in annatto (Bixaorellana). Plant Cell
Tiss. Org., 80, 69-75.
[16] Ascough, G.D., Erwin J.E. and van Staden J.
(2007) In vitro propagation of four Watsonia
species. Plant Cell Tiss. Org., 88, 135-145.
[17] Shao, J., Chen, C. and Deng, X. (2003) In vitro
induction of tetraploid in pomegranate (Punica
granatum). Plant Cell Tiss. Org., 75, 241-246.
[18] Glowacka, K., Owski, S.J. and Kaczmarek, Z.
(2010) In vitro induction of polyploidy by colchicine treatment of shoots and preliminary
characterization of induced polyploids in two
Miscanthus species. Ind. Crop. Prod., 32, 8896.
[19] Allum, J.F., Bringloe, D.H. and Roberts, A.V.
(2007) Chromosome doubling in a Rosa rugosa
Thunb. hybrid by exposure of in vitro nodes to
oryzalin: The effects of node length, oryzalin
concentration and exposure time. Plant Cell
Rep., 26, 1977-1984.
[20] Rubuluza, T., Nikolova, R.V., Smith, M.T. and
Hannweg, H. (2007) In vitro induction of
tetraploids in Colophospermum mopane by
colchicine. S. Afr. J. Bot., 73, 259-261.
[21] Dorado, O., Rieseberg, L.H. and Arias D.M.
(1992) Chloroplast DNA introgression in
southern California sunflowers. Evolution, 46,
566-572.
[22] Vanzela, A.L.L., Ruas, C.F., Oliveira, M.F. and
Ruas, P.M. (2002) Characterization of diploid,
tetraploid and hexaploid Helianthus species by
chromosome banding and FISH with 45S
rDNA probe. Genetica, 114, 105-111.
[23] Schuster, W.H. (1993) Die Züchtung der

spike like projections [46, 47]. However in the
present study, after colchicine induction the pollen
grains were tied to each other forming a mass by
exine wall bridges which are one of the sterility
reason as reported by Graybosch and Palmer [48].
Moreover in the present study, no pollen grain was
formed after 0.6% colchicine induction (Figure 4).
Based on our results 0.4% and 0.6% colchicine application during 12 h are toxic to sunflower
(var. 08TR003) seedlings during polyploid plant
induction. As our preliminary tests show, lower
concentrations (0.1%, 0.2% and 0.3%) and shorter
durations (5 h and 8 h) may be more effective for
polyploidy induction and survival in sunflower (var.
08TR003).
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achieve self-sufficiency in wheat [3]. More than 90
% flour we eat is white or refined flour, which consists of only the ground endosperm of the wheat kernel [4]. There are many commercial grades of flour
in the market depending upon the different blends of
wheat; therefore, the composition of flours varies
from one region to region. Geographic region, transportation, milling process and wheat variety can affect the quality of wheat in different countries [5].
The quality of flour and storage conditions after milling is very important in the shelf life of flour.
Wheat and wheat products constitute a significant food resource for the world¶VSRSXODWLRQ:KHDW
and cereals have been grown in Pakistan for many
years as they constitute a part of life in both urban
and rural areas. Wheat, barley, maize, oats, rye, rice,
millet etc. are the main types of cereals grown in Pakistan. Pakistan is the 8th largest wheat producer,
contributing about 3.17% of the world wheat production from 3.72% of the wheat growing area [6].
Wheat flour plays an important role in our daily food
and used in different food products like bread, cookies, buns, pastries etc. [7]. More than 90 % flour used
is white or refined flour consists of only the ground
endosperm of the wheat kernel [2]. There are many
commercial grades of flour in the market depending
upon the different blends of wheat; therefore, the
composition of flours varies from one region to region. Geographic region, milling process and wheat
quality can affect the quality in different countries
[5]. The quality of flour after milling is important and
its storage conditions to increase the shelf life of
wheat flour. The environ-mental factors not only affect the grain yield and protein harvest but also the
nutritional quality of the product [8]. Transportation
and milling process can affect the quality of wheat
flour.
Physico-chemical properties such as, protein,
moisture, ash, gluten, hardness and pH are of technological and nutritional importance. Their proportion in the wheat flour depends on the variety of
wheat grain used and depends on the

ABSTRACT
Wheat flour samples (n=40) in triplicates of
two different varieties (fine and super) were collected from various sources (Mills and Chakis) of
Hazara Division, KP, Pakistan. Samples were analyzed for nutritional quality parameters (pH, moisture, ash, protein, hardness and wet gluten) by using
standard methods and micro, macro and toxic elements by using Atomic Absorption Spectrometry
(AAS). All the parameters exhibited significant variations in outcomes of two different sources and two
varieties. Low wet gluten (10.70 to 19.33% in Mills
and13.73 to 26.23% in Chakkis) and high ash contents (1.73 to 10.86% in Mills and 1.8 to 11.06% in
Chakkis) were observed during analysis. The concentrations of the micro and macro elements were
found LQWKHIROORZLQJRUGHU0J&ޓD)ޓH=ޓQޓ
Cr>0Q & ޓX ޓ1L while the concentrations of the
toxic metals in samples of both the sources were detected LQWKHIROORZLQJRUGHU3E&ޓGޓ$V. Different
concentrations of toxic, essential elements and physicochemical variations provide basis that a detailed
survey should be conducted to assess the nutritional
worth and health risks based on staple food among
Pakistani population.

KEYWORDS:
Flour Mills, Nutritional Quality, Physico-chemical analysis, Toxic and vital metals and Wheat flour.

INTRODUCTION
Wheat (Triticum aestivum L.) grain is a staple
food used to make flour for leavened, flat and
steamed breads, biscuits, cookies, cakes, breakfast
cereal, pasta, noodles, or biofuel and provides more
nourishment than any other food grains [1] and contributes 68-75% of total food intake in daily diet for
the people of Pakistan [2]. Because of Green Revolution, Pakistan was the first country in Asia to
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FIGURE 1
Map of area showing sample collection points at major cities of Hazara Division, KPK, Pakistan.
standards recommended by the FRXQWU\¶V industrial
standards [4]. Changes in the physico-chemical
properties of flour during storage have been widely
documented [9, 10, 11]. Wheat is the most favorite
cereals used to produce flour due to the high content
of gluten [12]. High content of gluten helps in making bread or chapatti and create elastic toughness that
holds its shape well once baked staple. It provides
upwards of 60% of the protein and carbohydrate in
the average diet [13]. Moisture in flour is very imSRUWDQWIDFWRUDQGLW¶VQRUPDOO\UDQJHVIURP-14%.
When moisture content rises above 14 percent, flour
is susceptible to fungus and mold growth, flavor
changes, enzyme activity, and insect infestation.
Apart from containing nutrients (high level of
vitamins, proteins, minerals and cellulose fibers)
wheat grain and flour also contains several elements
(Cu, Zn, Fe, Ni, Mn etc.) which are vital to our biological functions, but hazardous to our health in high
concentrations [14, 15] [16]. Several toxic heavy
metals that may accumulate in the wheat flour in
high concentration and can be harmful for human
health includes mercury, lead, cadmium, aluminum,
arsenic, zinc and others. These metals concentration
will come in food due to environmental pollution
[17] [18].
Therefore, it is important to assess the quality

of wheat flour at regular intervals. In the proposed
study, nutritional quality of wheat flour of different
Mills and Chakkis [small units] of Hazara division
(Haripur, Abbottabad and Mansehra city) was assessed. This work has not been done before in the
region and reported in the literature.

MATERIALS AND METHODS
The study was conducted in Microbiology and
Instrumental Labs of COMSATS Institute of Information and Technology Abbottabad, KP, Pakistan.
Samples Collection. Comprehensive sampling
plan was followed to cover Hazara division and a total of 40 wheat flour samples in triplicates of two different qualities (Fine and Super) from 20 large Mills
(GHQRWHGZLWK³M´) and 20 small Mills called Chakkis (GHQRWHGZLWK³&´) of Hazara division (Haripur,
Abbottabad and Mansehra) were collected in 2013
and 2014 (Fig. 1), in leak proof sterile containers as
per to standard method [19] to avoid cross contamination from different appropriate sites. A 1000g of
each sample was immediately
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C= Chakkis M= Mills (All samples were fine flour while 4-7, 10-12 were super fine)
FIGURE 2
Average Moisture contents of wheat flour samples collected from Mills and Chakkis
transported to the laboratory and subsequently analyzed for its nutritional quality and elemental analysis.

Toxic, Micro and Macro Elemental Analysis.
Wheat flour samples were digested using the single
nitric acid digestion method. This approach was
partly modified from [21]. One gram of sample was
placed in a 250-ml digestion tube and 10 ml of concentrated HNO3 was added. The sample was heated
for 45min at 900C, and then the temperature was increased to 1500C at which the sample was boiled for
at least 8 h until a clear solution was obtained. Concentrated HNO3 was added to the sample (5 ml was
added at least three times) and digestion occurred until the volume was reduced to about 1 ml. The interior walls of the tube were washed down with a little
distilled water and the tube was swirled throughout
the digestion to keep the wall clean and prevent the
loss of the sample. After cooling, 5 ml of 1% HNO3
was added to the sample. The solution was filtered
using Whatman No. 42 filter paper and <0.45 μm
Millipore filter paper and then transferred quantitatively to a 25-ml volumetric flask by adding distilled
water. The concentrations of Pb, As, Cd, Cr, Cu, Mn,
Ni, Mg, Fe and Zn in the final solutions after digestion were determined by an Atomic Absorption
Spectrometer (AAS).

Materials used. All the chemicals and standards used were of analytical grade and purchased
from Merck Company, UK and supplied by Geo Diagnostic Suppliers, Pakistan.
Physicochemical and Elemental Analysis.
Wheat flour samples were analyzed for pH, ash,
moisture, protein, hardness and wet gluten by the reported methods [20]. A pH meter (JENWAY 3310)
was used to determine the pH of 10% suspension of
flour in water after standardizing with buffer at pH
7. The moisture content of flour samples was determined by the method No. 44-15 as described in
AACC, 2000. Similarly, Ash content was determined by incineration of the sample by method No.
08-01 as described [20]. Similarly, Wet gluten content was determined according to method No.158 as
described [20]. Protein content of the wheat flour
was analyzed by Near Infrared Reflectance (NIR)
Spectroscopy ICC Standard Method No. 159. The
particle size index (hardness) of each sample was determined by sieving through sieve shaker model RX86-2 using U.S. standard sieve No. 70 using the
method No. 55-30 as described [20]. Metals content
have been determined using acid digestion method
on Atomic Adsorption Spectrophotometer (AAS
Vario 6 Analytical Jena).

Data Analysis. All the results of physicochemical parameters and heavy metal concentration of
the wheat flour collected from the Mills and Chakkis
of Hazara Division (KPK) were analyzed and represented in graphical and tabulated form using Microsoft Excel 2010.
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C= Chakkis M= Mills (All samples were fine flour while 4-7, 10-12 were super fine)
FIGURE 3
Average Protein contents of wheat flour samples collected from Mills and Chakkis

wheat flour samples collected from different locations of Hazara division (KPK) had different moisture contents. In case of Mills, the average moisture
content range was from 11.45 to 14.23 %, with least
moisture content observed in sample 19 and highest
in sample10 which was super fine flour. While in
case of flour samples of chakki, the moisture content
was observed in the range of 9.53 to 12.76 % with
least in samples (C-9) and highest in sample (C-2) as
shown in Fig -2. These finding are in consistent with
the previous studies 12.92-13.42% [23]. Similarly,
another study conducted on the physicochemical
composition of domestic and commercial wheat
flour of different cities of Pakistan and reported 12.115.5% moistures in samples collected from different
cities of Punjab province and Islamabad [24].
The average moisture content ranges in both the
cases were like the Codex Alimentarius Standard for
wheat flour (Codex Stan 152-1995). Low moisture
content was observed in the flour samples of most of
the Chakkis as compared to the moisture content of
Mills. Moisture content is dependent on genetic
makeup of wheat varieties and the climatic conditions greatly influence the moisture content [7]. The
low moisture levels in the results indicate the presence of low yeast content which indicates that such
wheat flour samples are suitable for storage and
would be less prone to microbial attack. When moisture content of flour rises above 14 percent, it attracts
mold, bacteria, and insects, which cause deterioration of flour during storage and is more susceptible
to fungus and mold growth, flavor change, enzyme
activity, and insect infestation [25]. According to
Turkish Food Codex (1999) and Codex Alimentarius
standards maximum moisture should be 14.5 and
15.5% respectively [26].

RESULTS AND DISCUSSION
A total of 40 wheat flour samples (in triplicates) were collected between May 2013 to April,
2014 from different Mills and Chakkis of Hazara Division KPK (Abbottabad, Manshera and Haripur).
Samples were analyzed for physico-chemical parameters, micro, macro and toxic metals level and compared with the guidelines for wheat quality established by Pakistan Standard and Quality Control Authority.
pH. The average pH range of flour samples of
Mills was from 5.69 to 6.47 while samples from
Chakkis had average pH range from 6.28 to 6.9. The
higher average pH was recorded in Mill 3 (6.47)
whereas lowest value of pH was observed in Mill 19
(5.63). While considering the samples of Chakkis,
highest pH was observed in sample 12 (6.9) and lowest pH was observed in sample 1 (6.28) collected
from chakki. Wheat flour usually has a pH between
6.0 and 6.8 as reported in Pearson's Chemical Analysis of Foods [22]. That makes most flour slightly
acidic, but close to neutral in terms of pH. White
flour is often bleached using chlorine. Testing the pH
of flour is required when it is important to know how
much chlorine has been applied. Our results show
that the pH of all the samples was between the optimum ranges for the wheat flour except some fine
quality white flour collected from the Mills (4, 6, 10,
14, 19 and 20) which were slightly towards acidic
side.
Moisture Content. The results revealed that

4122

© by PSP

Volume 26 ± No. 6/2017 pages 4119-4127

Fresenius Environmental Bullet

C= Chakkis M= Mills (All samples were fine flour while 4-7, 10-12 were super fine)
FIGURE 4
Average Hardness of wheat flour samples collected from Mills and Chakkis
characteristics related to the way of the endosperm
breaks down. Differences in wheat hardness result
probably from adhesion between starch granules and
storage proteins. Wheat hard-ness is influenced especially by genetic factors and can be influenced also
by environment and other factors like moisture, lipids, protein content etc. [27]. Wheat bread quality
like texture and sensory quality can be increased by
the addition of Soybean and basil seeds [28].

Protein Content. The results of average protein content in samples of Mills were recorded in the
range of 9.08 to 11.20% and in case of Chakkis the
range was from 9.36 to 11.72%. The highest protein
content (11.20%) was observed in sample (M-19)
and the lowest protein content was recorded in sample (M-2) which was 9.08%. In case of Chakkis,
highest protein content was recorded for sample (C11) which was 11.72% and lowest for sample (C-2)
which was 9.36%(Fig. 3).
In both the cases, the average protein content
ranges meet the standards (minimum 7.0%) given by
Codex Standard for wheat flour (Codex Stan 1521995). Variation in protein content among wheat is
due to differences in their genetic makeup as well as
differences in environmental and production conditions prevailed during growth stages. Our results revealed that most of the Chakkis and Mills have high
value of protein content as com-pared to the standards which is 7.0% [24]. reported 11.8-12.6% in
samples collected from different cities of Punjab
province and Islamabad and 15.2% in their own organization YDULHW\³3DN´

Wet Gluten. The results of average gluten content in the flour samples of Mills was recorded in the
range of 10.70 to 19.33% and in case of Chakkis the
range was from 13.73 to 26.23%. It is evident from
the results that wet gluten content in wheat flour varied significantly among different locations of Hazara
division. Highest average wet gluten content was
recorded in Mill¶VVDPSOH 0-12) which was 19.33%
whereas lowest value was observed in sample (M-9)
which was 10.7%. Considering the samples of Chakkis, highest average wet gluten content was observed
in sample (C-7) which was 26.23% and lowest average gluten content was observed in sample (C-9)
which was 13.73% as shown in Fig. 5.
The differences in gluten content among different region samples of Hazara district may be related
to the variation in climatic conditions and cultural
practices. Previous study indicated 13-19% (low
quality) wet gluten in the samples of different cities
and 26 in commercial variety (moderate quality). In
Mills the quality of wet gluten was low and in case
of Chakkis, it ranges from low to moderate level.
Gluten contents were low as compared to gluten
(28.47-38.83%) reported in previous study [23]. Wet
gluten reflects protein content and is a common flour
specification required by end-users in the food

Hardness. The average hardness value of flour
samples of Mills ranged from 34.66% to 51.63% and
the range of hardness value of chakki flour samples
was from 39.53% to 54.36 %. Highest value of hardness was recorded in sample (M-16) which was
51.63% whereas lowest value was observed in sample (M-2) which was 34.66%. In the samples of
Chakkis, highest average value of hardness was observed in sample (C-17) which was 54.36% and lowest hardness value was observed in sample (C-1)
which was 39.53% (Fig. 4). All the samples collected
were soft. Hardness and softness are the milling
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C= Chakkis M= Mills (All samples were fine flour while 4-7, 10-12 were super fine)
FIGURE 5
Average Gluten (C-1 and M-1) and Ash Contents (%) (C-2 and M-2) of wheat flour
samples collected from Mills and Chakkis
higher ash contents than previous study which indicates that wheat flour samples collected were poor in
quality and nutritional value. This difference may be
due to different genotypes of wheat flour and due to
environmental factors [23]. In Pakistan both urban
and rural people are mostly dependent on wheat flour
to fulfill their daily intake and energy requirement.

industry. High content of gluten helps in making
bread or chapatti and create elastic toughness that
holds its shape well once baked staple. Gluten plays
a key role in determining the unique baking quality
of wheat by conferring water absorption capacity,
cohesiveness, viscosity, and elasticity on dough [29].
Ash Content. The average ash content of wheat
flours samples collected from Mills ranges from 1.73
to 10.86% with least in sample (M-13) while highest
in sample (M-1). In case of Chakkis, the ash content
ranges from 1.8 to 11.06% with least in sample (C2) and highest in sample (C-18) as shown in Fig. 5.
Ash content of all samples from both the sources
were high and above the maximum standard limits
(2% ash content on dry basis 1.5% on after grinding
and milling process) set by Punjab Food Authority,
Pakistan [30]. Ash is composed of inorganic matter
naturally present in wheat kernels. Besides providing
needed minerals to the diet, ash increases yeast fermentation by providing minerals to yeast. The results
of both the sources (Mills and Chakkis) indicate that
these samples have high ash content which means the
wheat flour is of poor quality with high percentage
of small or shriveled kernels. The high level of ash is
generally associated with the addition of bran in the
wheat [24] reported 1.7-1.8% in samples collected
from different cities of Punjab province and Islamabad and 0.9% in commercial and their own organizaWLRQ YDULHW\ ³3DN ´ 3UHVHQW VWXG\ VKRZHG PXFK

Concentration of Macro and Micro Elements. In case of macro elements, the concentration
of Mg in samples of Mills ranged from 23.56 mg/kg
to 40.36 mg/kg and from 23.00 mg/kg to 40.14
mg/kg in Chakkis. The results of Ca concentrations
in the samples of Mills was observed in the range of
3 to 12.00 mg/kg while in case of Chakkis the range
of Ca was from 6.00 to 21.27 mg/kg (Table-1).
In the results obtained from sampling locations,
among the concentrations of micro elements, average Mn concentrations in the samples of Mills was
observed in the range of 0.30 to 0.73 mg/kg while in
case of Chakkis the range of Mn was from 0.20 to
0.45 mg/kg. The Fe concentration was detected in
samples of Mills in the range of 1.80 to 4.12 mg/kg
and in Chakkis, it was observed in the range of 2.00
mg/kg to 6.10 mg/kg. The range of Cu concentration
in the sample of Mills was from -0.002 mg/kg to 0.080 mg/kg and in the samples of Chakkis, the
range was from -0.020 mg/kg to 0.20 mg/kg. The average Zn concentration in wheat flour samples of
Mills
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TABLE 1
Concentration of Macro, Micro and Toxic elements in wheat flour collected from Chakkis
Metals Analysis of Mills
Metal Type
Average
Concentration
(mg kg-1)
a
Macro elements
Ca
7.91
Mg
30.8
Micro elements a
Mn
0.488
Fe
2.744
Cu
0.0861
Zn
0.9473
Cr
0.575
Ni
0.055
Toxic elements b
Cd
0.0561
Pb
0.1878
As
0.00
Macro elements a
Ca
Mg
Micro elements a
Mn
Fe
Cu
Zn
Cr
Ni
Toxic elements b
Cd
Pb
As
a
b

Range

Median

3-12
23.56-40.36

8.339
30.95

480
1730

0.3-0.73
1.8-4.12
-0.002-0.08
0.32-1.6
-0.002-0.2
0.01-0.1

0.4499
2.712
0.068
0.9041
0.5216
0.0458

33
2.1
25
33
33

0.0016-0.016
0.004
0.1-0.3
0.174
0.00
0.00
Metals Analysis of Chakkis [small units]

Permissible Limit
By FAO/WHO (mg kg-1)

1.00
2.00
0.00

10.79
30.815

6-21.7
23-40.14

10.0246
32.131

480
1730

0.3359
4.1247
0.0747
0.872
0.1811
0.121

0.2-0.45
2-6.1
-0.02-0.2
0.5-1.6
0.07-0.25
0.07-0.2

0.328
4.559
0.088
0.834
0.172
0.119

33
2.1
25
33
33

0.021
0.4633
0.00

0-0.08
0.3-0.7
0.00

0.0015
0.4666
0.00

1.00
2.00
0.00

Permissible limit for different metals set by FAO
Permissible limit for different metals set by FAO and WHO
of contamination [32, 33]. Mn is mineral required in
trace amount for many enzymatic activities for human health but in higher amount it can be poisonous
[34]. Similarly, a comparative study of metals in
wheat plants irrigated with contaminated water conducted by [35] from the same area (Abbottabad) and
found the concentration of Mn (4.9mg/kg) which is
almost like our average ranges (4.88mg/kg) in samples collected from Mills of Hazara division.

ranged from 0.32 to 0.904 mg/kg, and in case of
Chakkis the concentrations ranged from 0.50 to 1.60
mg/kg. Zn is important for various physiological
functions of the wheat plants and tolerance against
salt stress conditions by increasing the K concentration and decreasing Na level [31]. The range of Cr
concentration in the sample of Mills was from -0.002
to 0.20 mg/kg and in the samples of Chakkis, the
range was from 0.070 to 0.250 mg/ kg. The Ni concentration was observed in the range of 0.010 mg/kg
to 0.10 mg/kg in case of Mills samples while the
range of Ni concentration in case of Chakkis was
from 0.070 mg/kg to 0.20 mg/kg (Table-1). From
these tabulated results, the concentrations of the micro and macro elements in samples of Mills and
Chakkis of Hazara were observed in the following
order 0J & ޓD ) ޓH = ޓQ & ޓU !0Q & ޓX ޓ1L.
Among these essential metals, Mg, Ca and Fe were
the most abundant metals in samples of both the
cases i.e. Mills and Chakkis with Zn, Mn, Ni and Cu
in lesser concentrations (Table-1).
In this study, the median concentrations of all
the essential metals in wheat flour samples of Mills
and Chakkis were not above the tolerance limits of
respective standards except Mn and Pb in case of
Chakkis. It has been reported that variation in wheat
flour contains trace metals such as Fe, Mn, Mg, Cu,
and Zn may be due to environmental condition such
as whether during the cultivation, raining and levels

Concentration of Toxic Metals. Among the
toxic elements (Pb, Cd and As), the concentrations
of Pb in wheat flour samples of Mills ranged from
0.02 to 0.30 mg/kg, and in case of Chakkis the concentrations of Pb ranged from 0.30 to 0.70 mg/kg.
Cadmium(Cd) was detected in samples of Mills in
the range of 0.002-0.016 mg/kg and in case of Chakkis, it was observed in the range of 0.00 to 0.08
mg/kg (Table-1). While the concentration of As in
the samples of both the Mills and Chakkis was not
detected, it was observed 0.00% (Table-1).
The concentrations of the toxic metals in samples of Mills and Chakkis were observed in the folORZLQJRUGHU3E&ޓGޓ$V/HDGZDVIRXQGLQhigher
concentration as compared to other toxic metals in
samples of both sources i.e. Mills and Chakkis while
the concentration of As was not detected. Like the
results of macro and micro elements, the median
concentrations of all these toxic metals in wheat flour
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owners and lab assistants for the completion of this
work.

samples of Mills and Chakkis were also below the
tolerance limits of respective standards. A comparative study reported the value of Pb and Cd in wheat
flour conducted across the world [36] and our results
of Cd were like other studies but Pb concentrations
were higher than the reported countries. Similarly, a
comparative study of metals in wheat plants irrigated
with contaminated water conducted by [34] from the
same area (Abbottabad) and found the concentration
of Pb (0.35 mg/kg) which is higher in case of Mills
(0.188 mg/kg) and lower in case Chakkis (0.463 mg
/kg). Another study reported the presence of heavy
metals like Zn, Cu, Pb etc. in potato crops and suggested to control the concentration of heavy metals
in the food crops so that human health should not be
affected [37]. Another study suggested the use of
lake sediments for detecting the heavy metals in soil
to manage the toxicity in soil and bioaccumulation in
plants and to halt access into food chain [38].
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ucts with commercial and/or social interest in a sustainable manner is therefore a key strategy for solving such problems [2].
One of the main difficulties facing the agro-industrial waste industry is the lack of technological
capacity and financial resources to provide a final
destination that ensures their appropriate management from generation to final disposal. Currently,
there are several biotechnological alternatives, developed as part of a sustainable system that allow the
recovery of agro-industrial wastes, which can subsequently be transformed into a variety of products
with commercial value [3, 4]. There is a great interest in the exploitation of agricultural waste due to the
high chemical content, including pigments, polyphenolic compounds, essential oils and fibers, which can
be used in diverse processes [5]. Biomaterial production from agro-waste can be achieved through extraction or fermentation processes, either with pretreatment to obtain fermentable sugars or without
pretreatment by solid-state fermentation (Figure 1).
Various types of wastes are used as substrates,
but recent research has focused mainly on the use of
waste from commodities, which have high rates of
production worldwide, such as sugar cane, maize,
rice, and wheat.

ABSTRACT
Agricultural residues are an attractive source of
several chemicals that may be transformed into high
value-added products using a wide range of novel
chemical or microbiological treatments to optimize
their use. Their exploitation is a topic of environmental and economic importance. The production of
biomaterials from a range of agricultural wastes has
been achieved through extraction or fermentation
processes either with pretreatment to obtain fermentable sugars or without pretreatment using solid-state
fermentation. The fermentable sugars can be used as
feedstock in biotechnological processes, in order to
obtain bioenergy in the form of heat, electricity and
biofuels, as well as high-added value biomaterials.
At present, the majority of research is being conducted to obtain bioproducts through fermentation.
Because of their economic importance, the production of biomaterials such as enzymes, biopolymers,
biosolvents, biosurfactants, organic acids and pigments, have been extensively studied. In this paper,
research surrounding the production of these biomaterials by fermentation over the past five years is
discussed, highlighting the product yield from each
process.

BIOMASS AND AGRO-INDUSTRIAL WASTE

KEYWORDS:
agro-industrial waste, fermentation, biomass, biorefinery,
biopolymers, biosolvents.

In popular use, the term biomass is applied to
refer primarily to materials obtained through photosynthesis mainly by green plants, algae, and photosynthetic bacteria and that are used as feedstock for
producing fuels, chemicals and other industrial and
manufactured products. Primary materials such as
wood residues as well as wastes from the agricultural
(agro) industry and secondary materials, such as the
organic fraction of municipal solid waste and animal
manure, are also included [6], along with the biomass contained in other industrial sectors waste
streams such as the ones in the production of biofuels
and organic effluents from the biomass processing
industry [7]. Biomass is produced for a number of
purposes, including traditional uses such as food and
feeds, fiber and structural materials.

INTRODUCTION
The agro-industry integrates agricultural, livestock or forestry production, the beneficiation or
transformation process as well as marketing of the
products. Agro-industrial wastes are solid or liquid
materials generated from direct consumption of primary products or their industrialization, and that are
no longer useful for the process that generated them
[1]. The management of these wastes is often unappropriate and their final treatment and disposal can
have several environmental impacts. The proper exploitation of agro-industrial waste to generate prod-
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FIGURE 1
General steps for valorization of agricultural waste to obtain biofuels and biomaterials. Source: Own
compilation

indirect production of biofuels and/or biomaterials
[2, 15].

The conventional use of biomass for energy
continues in several parts of the world, but it has generally been replaced by fossil fuels in large scale
power generation, industrial production, and transportation. However, in recent years, biomass utilization has received increasing attention for its role in
providing renewable sources of energy, chemicals,
and other industrial products, at higher efficiencies
and with greater selectivity than previously possible
[8, 9].
The agro-industry generates large amounts of
organic residues, which are an important source of
cellulose, hemicellulose, and lignocellulose [9]. Iqbal et al. [2], Demirbas [10], Kobayashi and Fukuoka
[11], Perez et al. [12], Fu and Mazza [13], and Rocha
et al. [14] have reported the content of cellulose
(13.2-66.59%), hemicellulose (14.8-40%) and lignin
(1-42 %) for several common agri-food wastes,
among them corn cob, corn stover, rice straw, wheat
straw and sugar cane bagasse, among others.
Although some fungal strains can use lignocellulosic materials as substrates without pretreatment,
they should generally be pretreated to increase the
availability of their components and to obtain fermentable substrates that can be used for the direct or

BIOREFINERY
The production and development of biomaterials is based on the concept of biorefinery [16, 17].
The International Energy Agency (IEA) [18] defines
biorefinery as a facility that sustainably generates
products of commercial interest using only biomass
as substrate. The biorefinery concept can be thought
of as the equivalent of an oil refinery where there are
different materials derived from petroleum. In the
case of a biorefinery, the feedstock is biomass, which
includes agricultural, food industry and municipal
organic waste residues, among others [15, 17].
Through a combination of technologies, they are
transformed mainly in energy as hydrogen, heat,
electricity or biofuels and other biomaterials with
high added value in the market [7, 19]. The use of
biomass as part of the biorefinery concept involves a
series of sequential processes including preparation
and processing into products of interest (Figure 1).
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TABLE 1
Enzymes obtained by fermentation of substrates from agro-industrial waste
Residue
Wheat bran
Corn cob
Wheat grain and wheat
straw (1:9)
Wheat stubble
Soybean hulls
Waste paper
Wood
Coffee husks
Coffee pulp
Cherry residues
Sawdust
Citrus residues
Corn cob
Corn cob

Enzyme
Cellulase
Endoglucanase

Maximum activity
22.8 FPU/g
0.35 U/mL

Reference
[28]a
[29]a

A. niger 38

Endoglucanase

9.3 U/mL

[30]a

A. fumigatus
A. niger NRRL3
A. niger NRR3L3
A. niger NRR3L3
Lactobacillus sp. ASR-S1
Penicillium verrucosum
P. montanense
A. heteromorphus MTCC 8818
Paecilomyces variotii
Rhizopus stolonifer JS-1008
Penicillium janthinellum CRC
87M-115
A. foetidus MTCC 4898

Exoglucanase
Cellulase
Cellulase
Cellulose
Tannase
Tannase
Tannase
Tannase
Tannase
Xylanase

83 U/g
984 U/L
578.8 U/L
136 U/L
0.85 U/g
115.99 U/g
41.64 U/mL
1.84 U/g
16 U/g
13.9 U/g

[31]a,b
[55]
[55]
[55]
[32]a
[56]a,b
[57]a
[33]a
[58]a
[34]a,b

A. niger B03

Xylanase

55.3 U/mL

[35]

Xylanase

8450 U/g

[36]a,b

Xylanase

996 U/mL

[37]b

Inulinase

300.5 U/g

[38]a

Inulinase
Inulinase

4.433 U/gds
1.77 U/gds

[64]a,b
[64]a,b

Inulinase
Inulinase

1.92 U/gds
0.088 U/gds

[64]a,b
[64]a,b

Polygalacturonase

57.7 U/mg

[39]

Pectin lyase

88.57 U/mg

[39]

Lemon peel
Orange peel
Apple pomace

A. versicolor
K. marxianus NRRL 7571
R. microsporus var.
rhizopodiformis
R. microsporus var.
rhizopodiformis
A. oryzae
A. oryzae
A. oryzae

Pectinase
Pectinase
Pectinase

[68]a,b
[68]a,b
[68]a,b

Orange peel

P. oxalicum PJ02

Pectinase

313 U/mL
290 U/mL
185 U/mL
36.88 U/mL(exo-pectinase)
0.62 U/mL (endo-pectinase)

Streptomyces sp CN902

Protease

90.5 U/g

[74]a

Bacillus subtilis GA CAS8

Alkaline protease

217.26 U/mL

[77]a,b

B. alcalophilus LW8
Mud microorganisms
A. oryzae S2
P. chysogenum
Pleurotus ostreatus
Ganoderma lucidum
Trametes versicolor IBL-04
B. subtilis GXA-28
A. niger GS1
A. niger
R. microsporus var. oligosporus
A. niger
Colletotrichum lindemuthianum
Trichoderma harzianum
Cladosporium sp
Saccharomyces cerevisiae NRRL
Y-12632

Alkaline protease
Alkaline protease
Amylase
Amylase
Laccase
Laccase
Laccase
Fibrinolytic enzyme
ȕ-xylosidase
Phytase
Phytase
ȕ-mannanase
Chitin deacetylase
Lipase
L-asparginase

510 U/mL
47331 U/g
494.13 U/g
550 U/mL
226 U/L
31 U/mL
49.7 U/mL
986 U/g
386.7 U/g
65.32 U/g
Unreported
561.3 U/g
392 U/g
4 U/g
3.74 U/g

[78]b
[40]a,b
[82] a,b
[83]
[41]
[85]a,b
[86] a,b
[42]a
[43]a
[44]a
[45]
[46]a,b
[47]a
[48]a
[49]a,b

Invertase

235 U/g

[50]a

Wheat bran
Wheat grain, corn cob
and malt sprouts
(1.5:2.4: 0.6)
Pressmud
Artichoke leaves
Sugar cane bagasse
Orange rinds
Sugar cane bagasse
Lemon peel
Lemon peel

Wheat bran: chopped
dates (5:5)
Groundnut oil cake and
cabbage leaf
Bagasse sugarcane
Soy bean fiber
Soy bean meal
Linseed oil cake
Agave leaves
Orange peels
Rice straw
Soy bean
Corn pericarp
Orange peel
Rice flour
Apple
Exoskeleton of shrimp
Bagasse and castor oil
Wheat grains
okara (soybean residue)
a

Producing microorganism
Trichoderma reesei RUT C30
Aspergillus niger MS82

Kluyveromyces marxianus var.
marxianus (MTCC-188)
A. terreus
A. parasiticus

[69]b

Solid state fermentation; b Statistical optimization for production; c Mutant strain

and cellulose in the biomass is due to the heterogeneous nature of the biomass particles, their surface,
and the presence of hemicellulose-lignin complex
[20, 21]. Therefore, for most lignocellulosic residues, a pretreatment is required to increase the availability of components for saccharification. Further,
they are subsequently subjected to one or more treat-

Besides solvents such as ethanol, which is used
as a biofuel, the principal biomaterials obtained from
biorefinery activity are proteins and enzymes, organic acids, pigments, antioxidants, prebiotics, immunological agents, flavorings, and biopolymers [4,
17]. The recalcitrant nature of lignocellulosic biomass is the factor that most affects the yield of saccharification. Resistance to hydrolysis of the lignin
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increased 26.5 fold [30]. Addition of surfactant, such
as Tween 80 (0.3%), to the A. fumigatus growth medium, leaded to a 1.7 fold increase of enzyme production (Table 1), because the surfactant favors the
permeability of the substrate by the fungi [31]. The
maximum activity of endoglucanase was performed
in the exponential growth phase, while during the
VWDWLRQDU\ SKDVH WKH KLJKHVW ȕ-glucosidase activity
occurred [29]. The effect of substrate on the cellulase
production by A. niger NRRL 3 in solid state fermentation (SSF) has been reported (Table 1), when soybean hulls were used instead of waste paper as carbon source, a higher production of cellulase was obtained, because the first substrate is a source of diverse nutrients. Particularly, ȕ-glucosidase showed
1.7 fold higher activity using soybean hulls instead
of waste paper, and even 7.2 times higher compared
with wood support; however fermentation time was
extended for achieving this [55].
Tannase is a hydrolytic enzyme that catalyzes
the hydrolysis of the ester side chains of gallotannins, ellagitannins, and complex tannin gallic acid
esters. Tannase has importance at the industrial
level, mainly in the production of beverages such as
beer, wine, tea, coffee, in clarifying juices and production of gallic acid [56]. Several strains of fungi
and bacterial produce tannase by SSF of agroindustrial residues; among them, Penicillium verrucosum
and P. montanense have shown the highest enzymatic activity (Table 1). Studies with P. verrucosum
demonstrated that highest tannase activity is observed during the exponential phase (96 h), suggesting that enzyme synthesis is related to the growth
[56]. However, a study on extracellular tannases SSF
production by Lactobacillus sp. ASR S1, showed
that the time for maximum activity depends also on
the residue used. Using coffee husk the maximum
activity was reached at 72 h, but when tamarind seed
powder was used as substrate, the maximum tannase
production (0.63 U/gds) was obtained at 48 h [32].
Other less common waste materials can also be exploited as a biomass source for enzyme production.
Beniwal et al. [33] evaluated the Indian Rosewood
sawdust as tannin source for tannase production by
Aspergillus heteromorphus MTCC 8818 and determined that the addition of 0.05% of MgSO4 and
0.15% of KCl favors the production of tannase with
a yield of 1.84 U/g dry substrate.
Xylanases are a set of hydrolytic enzymes
which catalyze the cleavage of glycosidic bonds of
hemicellulose chains. At the industrial level they are
mainly used in the paper bleaching process, which
reduces the use of toxic chemicals [59, 60]. The best
producers of xylanases are fungi of Aspergillus genus, however other fungi have also been studied (Table 1). Based on the diversity in the biomass composition, some authors have suggested combining different substrates and using the mathematical models
to establish an optimal combination to obtain the
maximum production of enzymes.

ments to hydrolyze polymers into fermentable substrates, which can be used for the direct or indirect
production of biofuels and/or biomaterials [22, 23].

BIOPRODUCTS
The type of substrates used, the pretreatment
and the process conditions employed (temperature,
time, pH, enzymes, microorganisms, solvents, oxygen concentration, etc.) are among the main factors
that determine the bioproduct obtained in the biorefinery process [24, 25]. In the following sections, the
yield and the various microorganisms involved in the
fermentation process to obtain bioproducts such as
enzymes, biopolymers, biosolvents, pigments, and
organic acids are discussed.
Enzymes. Currently, the enzyme industry is
the core of the biotechnology industry. Research in
this field is focused on production with higher yields
and at lower cost, such optimized processes can be
achieved by the use of genetically modified microorganisms, where it is possible to obtain enzymes
with improved properties.
Depending on the microorganism used for fermentation, it is possible to synthesize cellulase [2628], endoglucanase [29,30], exoglucanase [31], tannase [32, 33], xylanase [34-37], inulinase [38], polygalacturonase [39], pectin lyase [39], protease [40],
lipase [41], fibrinolytic enzymH >@ ȕ-xylosidase
[43], phytase [44, 45], ȕ-mannanase [46], chitin
deacetylase [47], laccase [48], L-asparaginase inYHUWDVH>@LQYHUWDVH>@Į-amylase [51], lichenase [52], and among others (Table 1).
Fungi are producers of industrially valuable enzymes [37]. Zygomycetes is a microorganism showing particular potential in the mass production of enzymes and it is capable of producing amylases, celOXODVHV SHFWLQDVHV SURWHDVHV VWHURLG Į-hydroxylase, phytases, tannases, urease, and lipase from
agro-industrial waste [53].
Cellulases are enzymes that catalyze the hydrolysis of glycosidic bonds and are frequently used
in saccharification of lignocellulosic biomass. The
three principal activities of the cellulase enzymes are
endoglucanase, exoglucanase DQG ȕ-glucosidase.
The main microorganisms used for mass production
are Aspergillus niger and Trichoderma reesei [27,
54] but other fungal genus has also been reported
(Table 1). The enzymatic activities obtained by fermentation depend strongly on the residue and on the
growth conditions used in the fermentation process.
The genus Aspergillus mainly synthesizes endoglucanase and exoglucanase, and very low amount
RIȕ-glucosidase; however, by optimizing the conditions of the growth medium or mixing substrates it is
possible to increase the endoglucanase production
(Table 1). When wheat grain and wheat straw (1:9)
were used as substrate, the yield of endoglucanase
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of inulinase, but the enzymatic activity depends,
apart from each substrate, the microorganism and the
mode of operation used in the fermentation process.
A. terreus produced inulinases with 2.5 fold greater
activity than inulinases produced by Kluyveromyces
marxianus NRRL 7571 when artichoke leaves
wastes were used as substrate. When banana leaves
and garlic wastes were used as fermentation substrate, K. marxianus NRRL 7571 produced inulinases with higher activity (3.8 and 40.3 fold, respectively) than those synthesized by A. terreus, in
the same conditions.
A. parasiticus synthesized inulinases from
sugar cane bagasse wastes with 20.11 fold higher activity than those produced by K. marxianus NRRL
7571 using the same substrate (Table 1). Instead, A.
versicolor synthesized inulinases with higher activity (1.4 fold) than the one produced by A. parasiticus
when orange rinds were used as substrate [64].
Moreover, it has been reported that inulinases synthesized by K. marxianus NRRL 7571 show higher
activity from the fermentation of sugar cane bagasse
in a packed-bed bioreactor with a controlled air flow
than in conventional SSF [61].
Pectinases are enzymes that catalyze the hydrolysis of pectin polymer, enzymes belonging to
this type are: polygalacturonase, pectin lyase, and
pectin esterase. They are especially useful in the beverage industry for juice clarification [66, 67]. The
main pectinase producer microorganisms are fungi
of Aspergillus [68] and Penicillium [69] genus, however they can also be synthesized by bacteria such as
Bacillus [70]. The most suitable agro-industrial
wastes for the synthesis of pectinases are those with
significant contents of pectin such as citrus and pome
[67]. A. oryzae was able to synthesize pectinases by
SSF from apple, lemon and orange wastes, however,
time of maximum production varied depending on
the substrate used (Table 1). The highest enzymatic
activity (313 U/mL) was obtained at day 4 of fermentation when lemon peel waste was used as substrate, whereas with orange peel the maximal enzyme activity waste was obtained at day 6 (290
U/mL), and apple pomace waste until the 8th day of
fermentation (185 U/mL). In addition to the carbon
and nitrogen source, pH and temperature, the pectinase synthesis is strongly influenced by the moisture
content of the medium, due to growth and enzyme
secretion inhibition when moisture content is above
70% [68]. Damasio et al. [39] evaluated the effect of
different substrates on the synthesis of polygalacturonase and pectin lyase by Rhyzopus microsporus
var. rhizopodiformis, a thermoloterant microorganism, and determinate that R. microsporus synthesized high levels of polygalacturonase (57.7 U/mg)
and pectin lyase (88.6 U/mg) using lemon zest. The
thermal stability of the synthesized polygalacturonase was determined and showed an optimum
performance temperature of 65 °C and remained
completely stable at 55°C for 90 min. Pectinases

The synthesis of xylanase by Rhyzopus stolonifer using corn cobs as a carbon source was optimized. The statistical design of the study assessed
four variables: nitrogen source, initial moisture content, content of inorganic salts, and the presence of
surfactant. The results showed that the initial moisture content and nitrogen source significantly affected the activity of the xylanase, which was at its
maximum under the following conditions: 0.5 g/g
urea, 0.022 g/g ZnSO4, 0.08 g/g of Tween 80 and 3.0
g/g of water. Dobrev et al. [37] utilized wastes from
wheat bran, corn cobs and malt sprout to produce a
variety of xylanases by A. niger B03 (Table 1), the
optimization was evaluated through response surface
methodology and a 25-1 fractional factorial model. It
was determinate that maximum xylanase production
was reached at optimal conditions of (NH4)2HPO4
2.6 g/L, urea 0.9 g/L, malt sprout 6.0 g/L, corn cobs
24.0 g/L, and wheat bran 14.6 g/L). In this case, the
enzymatic activity obtained was 1.33 fold higher
than basic medium without any nutrient optimization. Xylanase synthesis is also determined by physical characteristics of biomass substrate such as:
crystalline or amorphous in nature, particle size, porosity and surface area [34]. Composition of hemicellulose significantly varies from source to source
and this is an important factor for xylose production
and subsequently for xylanase synthesis. Oliveira et
al. [35] Found that the highest production of xylanases by Penicillium janthinellum CRC 87M-115
(Table 1) was obtained by using corn cob as substrate (55.3 U/mL), followed by oat husk (54.8
U/mL), corn husk (23.8 U/mL) and sugar cane bagasse (23.0 U/mL), which is possibly due to the hemicellulose contents of each substrate: 42.5, 38.4,
44.5, and 23%, respectively. In another study, it was
found that the maximum production of xylanase by
Aspergillus foetidus MTCC 4898 was obtained with
wheat bran. Production was 11.96 times greater than
that obtained from corn cobs, 12.59 times more than
wheat straw, and 8.06 times more than rice bran, it
may be due to the soluble sugars available at the beginning for PLFURRUJDQLVP¶V growth, and also to the
higher content of protein and lower lignin content
compared to the rest of substrates [36].
Inulin is a polymer formed with fructose units
that can be found as reserve carbohydrate in plants
and bacteria, thus inulinase is the enzyme responsiEOH IRU FDWDO\]LQJ WKH K\GURO\VLV RI ȕ-1,2 fructan
from this polymer [61]. Inulinase is of special interest to the food industry in the production of high
fructose syrups, and although these can be obtained
by chemical means they have certain disadvantages
compared to the enzymatic methods such as formation of difructose anhydrides, which produce undesirable color [62, 63]. Inulinase is mainly obtained
from microorganisms such as bacteria, yeast and filamentous fungi, such as Penicillium, Fusarium and
Aspergillus genus [64, 65]. Substrates with high concentrations of inulin are suitable for the production
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stable and can operate at low water activity [75]. Proteases synthesized by A. oryzae LBA 01 through fermentation showed maximum activity at pH 5.0-5.5
and an optimum temperature range from 55 to 60 °C,
enzyme activity decreased at pH values near neutrality, while proteolytic activity raised when the temperature was increased [76].
Recent studies have demonstrated the potential
of enzymes synthesized by microorganisms isolated
from extreme environments. Bacillus subtilis GA
CAS8 was isolated from marine ascidian Phallusia
arabica, and it is able to synthetize a thermo and alkaline stable protease. Optimizing the fermentation
of groundnut oil cake and cabbage leaf as carbon
source, it was possible to obtain proteases with maximum enzymatic activity at 50 °C and pH 9, which
even retained 60% of its activity at pH 12 [77]. B.
alcalophilus LW8 is an isolated microorganism from
Lonar Lake, by fermentation of waste bagasse sugarcane supplemented with NaCl (1%), ammonium
sulphate (0.5%), KH2PO4 (0.05%), K2HPO4 (0.05%)
and Na2CO3, this microorganism was able to synthesize proteases with activity at a wide range of pH (712) with maximum proteolytic activity at pH 10; additionally, the enzymatic activity was improved even
more in the presence of Ca2+, Ba2+, Mg2+, Zn2+, Fe3+,
Cu2+ and Mn2+ ions [78].
Amylases catalyze the hydrolysis of starch into
glucose units and represent one of the main groups
of enzymes used in the food and beverage industry,
pharmaceutical, textile, detergents and paper, among
others [79, 80], constituting approximately 25% of
the world market for enzymes. Amylases can be obtained from plants, animals and microorganisms,
nevertheless, the utilization of enzymes from fungal
and bacterial sources have a greater importance [81].
Aspergillus is one of the most widely used genus in
the synthesis of amylases due to its high production
yields and their capacity to metabolize different carbon sources. One of the parameters that strongly affects amylases synthesis is the nitrogen source.
Sahnoun et al. [82] determined that to improve A.
oryzae S2 amylase production by SSF it was necessary to start from agro-industrial waste with high nitrogen content, such as tuna waste powder, wheat
gluten waste, and soyabean meal, wherein the higher
enzyme activity was obtained when using soybean
meal (494.13 U/g) as substrate.
Penicillium chrysogenum was able to synthesize amylases with maximum activity at pH 9 by
submerged fermentation (SmF) using mustard oil
cake (327 U/mL), and wheat bran (505.8 U/mL) as
carbon source, and maximum activity at pH 6 using
linseed oil cake (550 U/mL) (Table 1). However,
amylases showed good activity at pH 3 (184 U/mL),
suggesting the broad application potential that can
have these enzymes, both in the food industry (acidic
media) and the textile industry (alkaline medium)
[83]. SmF of broken rice, starchy potato, rice straw
and wheat straw wastes were more suitable for Į-ȕ-

synthesized by Penicillium oxalicum PJ02 showed
lower enzymatic activity than those synthesized by
Aspergillus sp., but they may represent an alternative
in the fermentation of orange peel powder for exoand endo-pectinases through the optimization of
growing conditions and supplementing with NH4Cl
as nitrogen source [69].
Other less popular microorganisms for synthesizing pectinases are bacteria of Bacillus genus. Bacillus pumilus produced exo-pectinases that showed
higher enzymatic activity when using sugar beet
pulp (3.4 U/mL) as a solid substrate compared to
wheat brand (0.4 U/mL); no enzymatic activity was
achieved while employing pomace grape, orange
peel, apple pomace, banana peel plate and sunflower
residues [70].
Proteases encompass a wide number of enzymes that catalyze peptide bonds hydrolysis reactions of the proteins and polypeptides. Currently,
they constitute the most important commercial
group, constituting about 60% of world enzymes
market and about 40% are obtained from microorganisms [71]. Proteases have spread their application
from food, beverages and pharmaceutical industries,
to the textile, detergent and fertilizer production [72,
73]. Similarity to cellulases and xylanases production, the combination of substrates can improve the
production of proteases. Streptomyces sp. CN902
showed increased production (17.7%) of alkaline
protease using a mixture of wheat bran and chopped
dates (5: 5), compared with wheat bran alone [74].
Aspergillus niger has been widely employed in
the synthesis of enzymes and is a GRAS microorganism. SSF of a combined carbon source from
wheat bran (0.50) and soybean meal (0.50) by A. niger LBA 02 produced greater proteolytic activity
(262.78 U/g) than fermentation of single substrates,
also there were increases in the protease production
of 30.5%, 1.42%, 99.4%, and 224.8% when using a
medium composed of wheat bran (0.125), soybean
meal (0.625), cottonseed meal (0.125) and orange
peel (0.125) residues compared to the fermentation
of individual substrates, which demonstrated the
synergistic effect with the nutrients of each substrate
in the production of proteases [71].
It has been reported that protease synthesis by
several microorganisms can vary significantly using
the same substrate. A comparative study evaluated
the proteases production of several strains of fungi
by SSF from wheat bran and soybean bran. Proteases
synthesized from wheat bran fermentation by A. oryzae, A. flavipes, P. roquefortii, 159 and 162; showed
maximum proteolytic activity at alkaline pH,
whereas A. niger 40018 and A. brasiliensis had
higher production enzyme at acid pH, on the other
hand, proteases from A. brasiliensis and 58 (synthesized from wheat bran and soybean bran, respectively) showed a maximum enzymatic activity at pH
7. It has also been reported that alkaline enzymes activity, besides to their stability at basic pH, are heat
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and J-amylases synthesis by B. amyloliquefaciens,
comparing the yields to those obtained from corn
cobs, corn starch, rice bran, rice husk, straw and
wheat residues which was attributed to poor starch
content in these substrates [84].
Laccases are multi-cooper enzymes that catalyze the phenol oxidation, which can be used in bioremediation process, dying, food industry, bioleaching of pulp paper, among others. Laccases production is carried out by several fungi which use them
to degrade lignin from biomass, including agro industrial wastes [85, 48]. Nisa et al. [85] evaluated
different substrates as a carbon source to laccases
synthesis by Ganoderma lucidum including wheat
straw, apple pomace, peanut shells and orange
peels., The orange peels were the most efficient substrate for laccase production with 31 U/mL at the
seventh day of fermentation, the enzymatic activity
exhibited decay through time. Trametes versicolor is
another important white rot fungus which is studied
to exploit lignocellulosic biomass to synthetize laccase and similar enzymes (such as lignin peroxidase)
from agro industrial wastes. T. versicolor IBL-04
was grown in several substrates to evaluate maximum laccase production (Table 1). According to the
study, rice straw and wheat straw were the most suitable substrates, where the maximum activity was
achieved at the fifth (49.7 U/mL) and the sixth (35.3
U/mL) day of fermentation, respectively. However,
it was observed that when using banana stalk the
maximum activity was 60.7 U/mL at the eighth day
of incubation, this is due to the different nature of
each substrate, besides the time, the optimum pH is
also different between each of them [86]. Additionally, laccase production from corn cobs waste was
improved 4.2 % with addition of glucose, as extra
carbon source, and yeast extract, as additional nitrogen source. Besides, an increase in carbon: nitrogen
ratio from 5:1 to 25:1 improved significantly laccase

yield, but further increase (30:1) reduced laccase
production by T. versicolor [87].
Wastes used as feedstock and maximum activities reported in the production of other enzymes
with less commercial use, DVILEULQRO\WLFHQ]\PHȕ[\ORVLGDVH SK\WDVH ȕ-mannanase, and chitin
deacetylase are showed in Table 1.
Biopolymers. Synthetic polymers have a disadvantage from a sustainability perspective, because
they are produced from non-renewable hydrocarbons and are non-biodegradable [88]. Several studies
have assessed the use of agro-industrial waste as fermentable substrates for the production of biopolymers (Table 2).
Exopolysaccharides (EPS) produced by fungi
and bacteria (such as the lactic acid bacteria, LAB)
have antitumor, hypoglycemic and immunostimulating activity. It was shown that EPS produced by
Inonotus obliquus from ground corn stover had antioxidant activity using 2,2-diphenyl-1-picrylhydrazyl
radical (DPPH) with an IC50 (mg/mL) between 1.32
and 4.35 [89]. Similarly, EPS synthetized by B.
megaterium RB-05 from jute wastes as carbon
source, were evaluated as potential antioxidants
[90]. Fungi, such as Morchella esculenta are also effective EPS producers, this microorganism was able
to produce 54% more biopolymers adding 10 g/L of
chicken feather peptone compared to basic medium
(only yeast and glucose) [91] (Table 2).
There are six main monomers used as building
blocks for biopolymer synthesis: hydroxyalkanoates,
lactic acid, succinic acid, ethylene, 1,3-propanediol
and cis-3,5-cyclohexadien-1,2-diols, which are synthetize in vitro, and polyhydroxyalcanoate (PHA),
which synthesis is conducted in vivo. Other monomers are polymerized in vitro to form poly(lactic
acid) (PLA), poly(butylene succinate) (PBS), polyethylene (PE), poly(trimethylene terephthalate)
(PTT), and poly(p-phenylene) (PPP) [96, 97].

TABLE 2
Biopolymers produced by microorganisms using agro-industrial wastes as carbon source
Residue
Corn cob
Jute
Rice straw
Rice straw
Rice straw
Chicken feathers
Used palm oil
Frying oil
Wheat cob
Tequila bagasse
Jatropha
Coconut water
Cane juice
a

Producing Microorganism
Inonotus obliquus (CBS314.39)
Bacillus megaterium RB-05
B. cereus PS 10
B. firmuss NII 0830
B. sphaericus 0838
Morchella esculenta
Cupriavidus necator
C. necator H16 NCIMB10442
Burkholderia sacchari DSM 17165
Saccharophagus degradans ATCC 43961
Pseudomonas oleovorans ATCC 29347
Lactobacillus confuses
L. confusus.

Biopolymer
Exopolysaccharide
Exopolysaccharide
Poly-3-hydroxybutyrate
Poly-3-hydroxybutyrate
Poly-3-hydroxybutyrate
Exopolysaccharide
Poly-3-hydroxybutyrate
Poly-3-hydroxybutyrate
Poly-3-hydroxybutyrate
Polyhydroxyalkanoates
Polyhydroxyalkanoates
Exopolysaccharides
Exopolysaccharides

Solid state fermentation; b Statistical optimization for production.
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Yield
Not quantified
0.297 g/g
10.61 g/L
0.16 g/L
0.08 g/L
4.8 g/L
0.8 g/g
1.2 g/L
0.22 g/g
1.5 g/L
26.06 g/g
18 g/L
62 g/L

Reference
[89]a,b
[90]
[101]b
[102]
[102]
[91]
[92]
[93]
[94]
[95]
[96]
[106]a
[106]a
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TABLE 3
Biosolvents produced by microorganisms using agro-industrial wastes as carbon source
Residue

Producing microorganism

Biosolvent

Spoilage fruit palm
(Phoenix dactylifera L.)

Clostridium acetobutylicum ATCC 824 and
Bacillus subtilis DSM4451

ABE

Cabbage

C. acetobutylicum DSM 792

ABE

Barley straw

C. beijerinckii P260

ABE

Sugarcane bagasse

C. acetobutylicum B5313

ABE

Potato
Starch waste and 3% glucose

C. acetobutylicum NRRLB-591
C. beijerinckii B-466
C. saccharoperbutylacetonicum

Yield
5.8 g/L (acetone)
14.9 g/L (butanol)
0.86 g/L (ethanol)
4 g/L (acetone)
6 g/L (butanol)
0.5 g/L (ethanol)
13.56 g/L (acetone)
30.86 g/L (butanol)
2.78 g/L (ethanol)
5.93 g/L (acetone)
16.9 g/L (butanol)
2.48 g/L (ethanol)

Reference
[110]

[111]

[123]
[124]c

Butanol

6.4 g/L

[126]

Butanol

0.270 g/g
1.36 g/L (acetone)
5.61 g/L (butanol)
0.30 g/L (ethanol)
6.18 g/L
9.30 gL
16.4 g/L
8.8 g/L
4.93 g/L
8.05 g/L
16.2 g/g

[127]

Algal biomass and 1% glucose

C. saccharoperbutylacetonicum

ABE

Potato
Potato
Cassava
Wheat bran
Rice bran
Algae
Sugarcane juice

Aspergillus niger
Saccharomyces cerevisiae
C. saccharoperbutylacetonicum N1-4
C. beijerinckii ATCC55025
C. saccharoperbutylacetonicum
C.saccharobutylicum DSM 13864
C. acetobutylicum JB200

Ethanol
Ethanol
Butanol
Butanol
Butanol
Butanol
Butanol

[128]
[112]
[112]
[113]c
[114]c
[115]
[116]
[117]c

growth [102]. Furthermore, other species such as
Paracoccus denitrificans [103], Cupriavidus necator
[92, 93, and 105], Comamonas testosteroni and
Pseudomonas sp. [104] have also been studied.
Cavalheiro et al. [105] determined that an increase in
dissolved oxygen of Cupriavidus necator culture
medium, using glycerol waste as carbon source, doubled the yield of PHB. The addition of fat or oil residues favors the production of PHB, and generally of
PHA, as fatty acids obtained by enzymatic hydrolyVLVDUHPHWDEROL]HGYLDȕ-oxidation for PHA synthesis.
Using 20% of palm oil the yield of PHB synthesis by C. necator (Table 2), was 0.8 g/g at 144 h
[92], but when using waste frying oil at same concentration the yield of PHB was increased to 1.2 g/L
after 72 h. In contrast, when using pure vegetable oil,
50% less PHB was obtained [93].
The production of these polymers, regardless of
their origin, is also dependent on culture medium
conditions. Seesuriyachan et al. [106] evaluated the
production of EPS by Lactobacillus confusus, by fermentation of coconut water and cane juice, obtaining
yields of 62 g/L for cane juice and 18 g/L for coconut
water. But, when the nitrogen source was reduced 5
fold, the EPS synthesis increased to 62 g/L when using the cane juice as a substrate.

PHAs are synthesized for carbon and energy
storage in response to stress or excess of carbon
sources and the lack of at least one essential nutrient
such as nitrogen, oxygen or phosphorus [92]. The
functional properties of the PHA depend, among
other factors, on the type of fatty acid, specifically
aliphatic chain length and the presence of unsaturation [98]. 3+$¶VDUHPRUHFRPPRQO\FRPSRVHGE\
3-hydroxyalkanoates with variation on length and
composition, which produce a wide range of potential applications [99]. Poly-ȕ-hydroxybutyrate
(PHB), the most studied PHA, is similar to polypropylene regarding to its low oxygen permeability and
thermoplastic properties, which largely determine its
application potential, but because of its high production cost the commercialization on a large scale has
not been possible [100]. Like other biomaterials, it is
possible to reduce their costs of production using
agroindustrial waste as substrates and optimizing the
factors affecting the particular biopolymer production. Species from Bacillus genus are among the
most frequently used microorganisms for PHB production (Table 2). Sharma et al. [101] determined
that the pH of the medium has a greater positive effect on PHB production by B. cereus PS 10 from fermentation of rice waste, although the influence of
NH4Cl and the substrate concentration is also observed. Differences in the capacity to produce PHB
have been described for two Bacillus species (Table
2). While B. firmus NII 0830 showed greater capacity to produce PHB than B. sphaericus 0838 from
rice straw, a longer incubation time was necessary to
achieve a better performance since the synthesis of
PHB occurs in the stationary phase of bacterial

Biosolvents. Solvent production from the fermentation of sugars is a longstanding technology
that has been extensively studied because of environmental problems caused by petroleum exploitation
[107]. More recently, the utilization of agro-industrial wastes as a carbon source has gained importance
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clearly observed that productivity (g/Lh) improved
182% and 212%, respectively [123]. In a similar
way, in situ solvent removal system was also implemented to improve ABE fermentation production by
C. acetobutylicum B 5313 from sugarcane bagasse
as fermentable substrate (Table 3), this system used
oleyl alcohol and decanol (4:1) as extractant, and it
was concluded that the optimized method was more
effective for butanol extraction (90-92%) and ethanol (85-90%) than acetone extraction (35-40%)
[124].
Immobilizing cells for ABE fermentation is another strategy for reducing negative effects of butanol on productivity. C. acetobutylicum was used for
producing ABE in a continuous operation system
with immobilized cells in bricks, synthetic sponge
and nonwoven fabric; the ABE fermentation yields
were higher with cells immobilized in bricks and
nonwoven fabric, than those obtained by using synthetic sponge as a support [125]. Although, immobilized cells from C. acetobutylicum NRRL B-591
produced a lower butanol yield compared with those
obtained from ABE fermentation of potato starch
with free cells (5.6 g/L vs. 6.4 g/L, respectively), it
was possible to reuse the cells in more cycles [126].
Glucose supplementation to the fermentation
medium is another strategy employed to increase
ABE fermentation performance because it increases
cell proliferation early in the process. C. beijerinckii
B-466 showed increased production of butanol and
acetone from starch industry waste water (0.270 and
0.173 g/g) compared to the yield obtained from the
fermentation of brewery waste liquid (0.25 and
0.046 g/g), both treatments were supplemented with
glucose (3%), but brewery waste liquid is a complex
matrix for fermentation by C. beijerinckii B-466
[127]. Similarly, Ellis et al. [128] observed an increase of 2.65 times ABE fermentation production
(from 2.74 to 7.27 g/L) by C. saccharoperbutylacetonicum using wastewater algae biomass as
a carbon source with the addition of 1% glucose to
the fermentation medium. Moreover, when C. saccharoperbutylacetonicum N1-4 was employed to
convert cassava starch (60 g/L) and cassava chip (initial sugar content 65 g/L) to butanol, similar yields
were found compared to control (glucose) fermentation: 16.9 and 16.4 g/L, respectively, vs 16.2 g/L for
control, due to the absence of inhibitory effect of
compounds in the wastes employed [113] (Table 3).
When wheat bran was used as substrate by C.
beijerinckii ATCC55025, butanol yield was 6.3 g/L
at 72 h of fermentation, but when P2 medium
(KH2PO4,
K2HPO4,
ammonium
acetate,
MgSO4+2O, MnSO4+2O, FeSO4+2O, NaCl, paminobenzoic acid, thiamin, and biotin,) was supplied, the butanol production increased 39.7%. Nevertheless, additional glucose did not improve butanol
production [114].

in the context of sustainable development and low
cost processing [108]. First generation biofuels have
certain drawbacks because they are obtained from
food crops, which have priority to be used to satisfy
the food needs of the population, however, second
generation biofuels can be obtained from agro-industrial wastes [109]. Some biosolvents that can replace those derived from petroleum are acetone, nbutanol and ethanol (Table 3) which are synthetized
through well-known ABE (acetone, n-butanol and
ethanol) fermentation mainly by Clostridium acetobutylicum and C. saccharobutylicum. The last one is
the best strain for this purpose, and unlike ethanolic
fermentation microorganisms, it is capable of metabolizing pentoses directly from hemicellulose through
the pentose phosphate pathway [110].
Butanol is less corrosive and has higher energy
content than ethanol but it is toxic at concentrations
above 1%, therefore it is produced at yields not
higher than 12 g/L. Modified strains have been developed to improve their resistance to the toxicity of
butanol with yields greater than 20g/L, depending on
the substrate used as carbon source [118].The advantage of using agro-industrial waste to obtain biosolvents and other biomaterials is that they have a
very low cost; however, the process for their use may
represent the biggest economic obstacle, due to the
formation of inhibitors, low conversion rate and
mainly to the special requirements of the microorganisms used [119, 120]. Clostridium, one of the
most used microorganisms in ABE fermentation
(Table 3), has low efficiency of solvent conversion,
requires strict anaerobic conditions and supplementation of expensive reducing agents [121, 122]. For
overcoming these drawbacks, optimization of ABE
production using mixed cultures has been investigated. Abd-Alla and El-Enany [110] used a consortium of C. acetobutylicum ATCC 824 and Bacillus
subtilis DSM 4451 (Table 3) to obtain ABE from the
spoilage of fruit palm sugars (Phoenix dactylifera L.)
and it was observed that Bacillus exerts a positive
effect in the fermentation, because it works as a consumer of oxygen in the culture to create an anaerobic
atmosphere for Clostridium preventing the supply of
a reducing agent or nitrogen flushing to remove the
oxygen. Besides, some studies have demonstrated
that waste source influenced significantly on bioproducts yield. Survase et al. [111] evaluated residues of cabbage, tomatoes, and carrots as substrates
for ABE fermentation by C. acetobutylicum DSM
792 (Table 3). In general, the three substrates the
ABE production (in 41, 43 and 34%, respectively)
because the content of fermentable sugars as well as
the presence of vitamins, minerals and certain amino
acids contained in the residues. To reduce the toxic
effect of butanol on fermentation process, an integrated fermentation product removal system (simultaneous fermentation and recovery) was used in the
ABE fermentation of barley straw and corn stover
hydrolysates by C. beijerinckii P260 and it was
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used. Surfactant obtained showed high stability in
salt concentrations (13-15%), wide pH range (2-12)
and elevated temperature (40-100 °C). Similarly, another study showed that the production of sophorolipids in submerged fermentation by Starmerella
bombicola NRRL Y-17069 was mainly influenced
by oleic acid concentration, pH, and yeast concentration in the extract these variables were used in a BoxBehnken design to predict the maximum production
of biosurfactant, with concentrations of yeast extract
and oleic acid of 5 g/L and 20 g/L, respectively and
at pH 3. The maximum obtained yield of sophorolipids (18.2 g/L) (Table 4), is lower than the maximum reported for other studies, which was attributed
to the difficulties in the control of pH and aeration of
growth medium because the experimentation was
carried out on a laboratory scale [132]. Other important parameter that showed positive influence in
the production was ammonium nitrate as nitrogen
supplementation (0.1 g-N/L) which increased considerably sophorolipids production (Table 4) using
corncob hydrolysates (with a heat treatment at 121ºC
for 20 min), however it had no effect on cell growth
[133]. An alternative technique to improve the
sophrolipids yield was carried out by Rashad et al.
[134] by applying a double solvent extraction
method with methanol in a first step followed by a
second extraction with ethyl acetate from sunflower
oil cake and crude soybean oil. In the other hand, it
has been reported that some compounds present in
the residues used as substrates may significantly reduce the surfactant yields obtained. As it was evidenced in the sophorolipid production by Starmerella bombicola ATCC 22214 using jatropha oil
and karanja oil; the phorbol esters present in both
oils and pongamol in karanja oil negatively affected
the production compared to the yields obtained when
using refined sunflower oil [141].
Rhamnolipids are another type of glycolipids
formed by several L-rhamnose units linked to a chain
fatty acid [130]. For the synthesis of these compounds, it has been found that the substrate characteristics influence the production and the quality of
the surfactant. The synthesis of rhamnolipids by
Pseudomonas aeruginosa PAO1 from palm oil did
not improve with the increase of initial substrate concentration (20, 50, 100 g/L), due to the heterogeneous and low solubility of it, the yields obtained were
very close to those of basal medium (glucose as control). However, rhamnolipids produced from palm
oil reduced to a greater extent the surface tension
than those from glucose [135]. Reddy et al. [136] determined that by combining mango kernel oil and
glucose (1:1) as carbon source (Table 4), the rhamnolipid yield increased 56% compared to the yield
obtained by using only mango kernel oil, and 800,
341.5 and 368.4% compared to the combination of
palmitic, linoleic, and stearic acids, respectively.

In the case of rice bran (initial sugar content 9.7
g/L) as substrate for C. saccharoperbutylacetonicum, butanol yield was 4.93 g/L from 96 h of fermentation and was 4.39 g/L at 120 h for de-oiled rice
bran (initial sugar content 27.8 g/L), the yield of
ABE to sugars (g/g) was 0.57 and 0.32, respectively
[115].
Biosurfactants. Surfactants are amphiphilic
molecules that have the ability to reduce the surface
tension that exists between two phases of different
polar nature. Biosurfactants have recently gained attention due to their biodegradability, biocompatibility, and broad spectrum of application [129]. A number of studies have used biotechnological techniques
to generate secondary metabolites with surfactant
activity (Table 4) using agro-industrial waste that
may decrease their cost and make them attractive
from an economic point of view. Recently, the dispersant capacity of biosurfactants has been studied
in the context of the bioremediation of hydrocarbon
contaminated environments, as they have the advantages of low toxicity and high biodegradability
[130, 131].
Several studies have established the optimal
conditions to obtain a maximum biosurfactant yield,
and it has been found that the use of waste with high
contents of lipids or the addition of them to the culture media is a key factor, because a large supply of
fatty acids to synthesize the biosurfactant is an essential requirement. Likewise, the type of fatty acids
present in the substrate used as the carbon source affects the chemical composition of surfactants biosynthesized [141].
Glycolipids, a type of biosurfactant, are compounds which contain a hydrophilic portion with one
or more monosaccharides residues bound by a glycosidic linkage to a hydrophobic portion, according
to the type of carbohydrate present in them, they can
be classified in: a) sophorolipids, b) mannosylerythritol lipids, c) rhamnolipids, d) trehalose lipids, e)
succinoyl-trehalose lipids, f) cellobiose lipids, and g)
oligosaccharide lipids [142]. About twelve types of
sophorolipids have been identified, whose structures
change depending on the presence of a carboxyl
group or ester, acetylation degree of sophorose and
unsaturation degree of the aliphatic chain [141]. The
most common microorganisms that are able to synthesize sophorolipids include some strains belonging
to Candida genus such as C. apicola, C. bombicola
(sometimes referred to as Starmerella bombicola),
C. batistae, C. riodocensis, C. floricola and C. stellate. Although other species are also included, such
as: Rhodotorula bogoriensis, Wickerhamiella
domercqiae, and Pichia anomala [143, 144].
Elshafie et al. [145] showed that higher
sophorolipids production by C. bombicola ATCC
22214 was obtained when two carbon sources (2%
glucose and 10% corn oil) were simultaneously
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TABLE 4
Biosurfactants from agro-industrial wastes as carbon source
Residue
Wheat grains
Corncob
Sunflower oil cake and crude soybean oil
Jatropha oil
Palm oil
Mango kernel oil and glucose (1:1)
Soybean oil
Soybean flour
Okara and sugarcane bagasse
Squid pen
Vine-trimming shoots hydrolyzates
a

Producing microorganism
Starmerella bombicola NRRL Y-17069
S. bombicola NBRC 10243
Candida bombicola NRRL Y- 17069
S. bombicola ATCC 22214
Pseudomonas aeruginosa PAO1
P. aeruginosa DR1
P. aeruginosa LB1
Bacillus amyloliquefaciens XZ-173
B. pumilus UFPEDA 448
B. licheniformis TKU004
B. tequilensis ZSB10

Biosurfactant
Sophorolipids
Sophorolipids
Sophorolipids
Sophorolipids
Rhamnolipids
Rhamnolipids
Rhamnolipids
Lipopeptides
Surfactins
Lipopeptides
Lipopepetides

Yield
18 g/100 g
33 g/L
49.5 g/100 g
6.0 g/L
0.43 g/L
2.8 g/L
11.7 g/L
5.01 g/100 g
3.3 g/kg
0.55 g/L
1.52 g/L

Reference
[132]b
[133]
[134]a
[141]c
[135]c
[136]
[147]
[137]a,b
[138]a,b
[139]b
[140]b

Solid state fermentation; b Statistical optimization for production; c Mutant strain
TABLE 5
Organic acids produced by microorganisms using agro-industrial residues as carbon source
Residue
Gluten-free flour
Bread
Corn stalk
Corn stalk
Liquid pineapple
Cake
Pastry
Tea
Corn stover
Sugarcane Bagasse
Corn stover
Sugarcane bagasse
Corn cob molasses
Jerusalem artichoke powder
Wheat straw
Microalgal biomass
Corn stover straw
Corn stover
Straw
Apple pomace ultrafiltration sludge
Cassava peel
Corncobs

a

Producing microorganism
Actinobacillus succinogenes ATCC55618
A. succinogenes
Escherichia coli with ptsG mutation
E. coli BA408
E. coli AFP 184 (ATCC PTA-5132)
A. succinogenes ATCC55618
A. succinogenes ATCC55618
Lactobacillus plantarum MTCC6161
L. rhamnosus and L. brevis
Lactococcus lactis IO-1
Bacillus coagulans NL-CC-17
B. coagulans C106
Bacillus sp. XZL9
B. coagulans XZL4
B. coagullans IPE22
L. paracasei LA 104
Pediococcus acidilactici DQ2
B. coagulans NL01
Phanerochaete chrysosporium
Aspergillus niger NRRL567
A. niger
A. niger ATCC 10549

Organic acid
Succinic acid
Succinic acid
Succinic acid
Succinic acid
Succinic acid
Succinic acid
Succinic acid
Lactic acid
Lactic acid
Lactic acid
Lactic acid
Lactic acid
Lactic acid
Lactic acid
Lactic acid
Lactic acid
Lactic acid
Lactic acid
Oxalic acid
Citric acid
Citric acid
Citric acid

Yield
22 g/L
47.3 g/L
57.87 g/L
23.1 g /L
6.26 g/L
24.8 g/L
31.7 g/L
13.82 g/L
20.95 g/L
10.8 g/L
90.3 g/100 g xylose
4 g/L*h
74.7 g/L
134 g/L
46.48g/100 g
35.42 g/L
101.9 g/L
56.37 g/L
22.84 mg/L
44.9 g/100 g
88.7 g/L
48.8 g/Kg

Reference
[153]a
[154]a
[155]c
[156]c
[157]
[158]a
[158]a
[159]a,b
[160]
[161]b
[162]b,c
[163]
[164]
[165]b,c
[172]
[173]b
[166]
[174]b
[167]a
[168]b
[169]b,c
[170]a,b

Solid state fermentation; b Statistical optimization for production; c Mutant strain

from wastewater [149, 150], however, the main
drawbak is that the yields obtained are considerably
low. A study performed in SSF to optimize the surfactin production by Bacillus amyloliquefaciens XZ173 [151] using a response surface methodology,
found that temperature, water content, inoculum
size, and glycerol were significant variables for surfactin yield (Table 4). In a similar study using the
same strain (B. amyloliquefaciens XZ-173) the combination of substrates resulted in a better performance; a higher yield of biosurfactant was obtained
when combining soy flour and rice stubble rather
than if they were used separately, because soy flour
is more easily used by the microorganism and rice
stubble powder (with a larger contact surface) improves the availability of the carbon source [137].
Slivinski et al. [138] found that the production
of surfactin from B. pumilus UFPEDA 448, using
okara (waste from production of soybean milk rich
in protein) with the addition of sugarcane bagasse as
a bulking agent (Table 4), was not affected by the

Nitschke et al. [146] achieved the production of
rhamnolipids from soybean oil as a potential and
cheap substrate for Pseudomonas aeruginosa LBI.
The obtained biosurfactant presented high potential
in the emulsification of oil and animal fats, and displayed antimicrobial activity against Bacillus cereus
and Mucor miehei at a dose of 64 μg/mL, and inhibition for Neurospora crassa, Staphylococcus aureus and Micrococcus luteus at 256 μg/mL.
Lipopeptides are principally produced by Bacillus sp. The use of lipopeptides is not yet widespread because they cannot currently be produced in
large quantities [147]; however, they have been gaining commercial importance because of its antimicrobial, antivirals, and antitumor properties [148].
Among the wide variety of lipopeptides, surfactin is
one of the most popular of them, which not only exhibits an excellent wetting property to be used as a
biosurfactant, it also has antitumor, antibiotic and
antiviral activities; furthermore, it inhibits the formation of fibrin clots and removes heavy metals

4138

© by PSP

Volume 26 ± No. 6/2017 pages 4128-4152

Fresenius Environmental Bullet

tion of CO2, which can be assimilated by A. succinogenes. Zhang et al. [158] also demonstrated that
MgCO3 is a component that favors the production of
succinic acid, in this case employing A. succinogenes ATCC 55618 for fermenting cake and
pastry hydrolysates as fermentable sugar source,
where they obtained yields of 24.8 and 31.7 g/L, respectively (Table 5).
Moreover, the presence of oxygen during fermentation is critical to the production of succinic
acid and depends on the characteristics of each microorganism. Wang et al. [155] optimized succinic
acid production by E. coli with ptsG mutation from
corn stalk hydrolysates using a two-stage fermentation process in bioreactor, starting with aerobic
phase and later generating an anaerobic environment, yield was 58.17% higher than yield obtained
using only anaerobic conditions.
E. coli BA408 is able to efficiently metabolize
both glucose and xylose in strict anaerobic conditions producing up to 23.1g/L of succinic acid [156].
While E. coli AFP 184 (ATCC PTA-5132) was capable of produce 6.26 g/L of succinic acid during the
aerobic phase (Table 5), and from 24 to 40 g/L when
the fermentation takes place in both aerobic and anaerobic phase [157].
Lactic fermentation is a relatively quick process where high amounts of lactic acid are produced
depending on the microorganism and the conditions
of temperature, pH, oxygen and source of nitrogen
used. Like succinic acid, lactic acid is employed in
the food and pharmaceutical industries; and it is obtained mainly from petroleum [155]. Even when
Lactobacillus, Lactococcus and Bacillus are the
most common strains for lactic acid production,
other lactic acid microorganisms has been studied.
According to Zhao et al. [166] Pediococcus acidilactici DQ2, a thermotolerant microorganism, was
able to produce a high concentration of 101.9 g/L of
lactic acid.
Cellulose is the main fraction used during the
production of lactic acid from lignocellulosic residues because xylose is a sugar that is not very easy
to metabolize for microorganisms of commercial interest [163]. Among the lactic acid bacteria that are
capable of metabolizing both glucose and xylose are:
L. rhamnosus, L. brevis [160], L. pentosus, Lactococcus lactis, and Bacillus coagulans [162] (Table
5). Cui et al. [160] evaluated the lactic acid fermentation by L. rhamnosus and L. brevis (Table 5) using
both substrates, and they demonstrated that yields
obtained of lactic acid were similar using a single
strain or mixed cultures at 36 h: 17.7, 16.71, and
20.95 g/L using L. rhamnosus, L. brevis and L. rhamnosus+L. brevis, respectively. Similar yields from
mixed cultures, inoculated simultaneously, were
reached at 12 h (17.5 g/L); furthermore, it was observed that L. brevis showed preference for glucose
to xylose. Gowdhaman et al. [159] exploited the tannase activity of L. plantarum MTCC 6161 to utilize

production of proteases during the fermentation process, neither differences were found when using hydrolyzed or unhydrolyzed okara.
Another lipopeptidic biosurfactant was obtained when pen powder was used as the only carbon
and nitrogen source by B. licheniformis. This biosurfactant reduced ZDWHU¶V surface tension from 72.30
to 25.42 mN/m at a concentration of 350 mg/L, was
stable at pH 7-11 and to heat treatment (120 ° C for
20 min), it also displayed antimicrobial activity
against Escherichia coli BCRC13086 and Staphylococcus aureus BCRC10780 [139].
Recently, hydrolysates of vine-trimming
shoots were successfully used as substrate (Table 4)
by the strain B. tequilensis ZSB10 [140]. This halotolerant strain produced an extracellular lipopeptide
which reduced the surface tension of water to 38.6
mN/m with a critical micelle concentration of 177.14
mg/L. The crude biosurfactant was also effective in
the emulsification of kerosene with E24 values of
47%.
Organic acids. Demand for organic acids has
grown due to their increasingly varied applications,
primarily in the pharmaceutical, chemical and food
industries [152]. The main organic acids which have
been obtained from fermentable substrates are succinic, lactic, citric, and oxalic acids (Table 5).
Succinic acid is used as a precursor of a lot of
high-value products such as 1, 4-butanediol, tetrahyGURIXUDQ DQG Ȗ-butyrolactone [175], reflecting the
importance of green technologies for helping to diminish the negative effect of the petrochemical industry on the environment. Succinic acid is mainly
produced by Actinobacillus and Escherichia strains
with yield up to 47.3 g/L (Table 5). However, new
genetically modified strains of Escherichia coli and
Saccharomyces cerevisiae have been recently obtained to exploit them in succinic acid production
[176]. Several studies have focused on the feedstock
and other variables that influence the production of
this acid. The production of succinic acid by A. succinogenes showed to be 2.9 fold higher (Table 5) using bread waste instead of wheat even though the
concentration of fermentable sugars in bread are less
than those in wheat, 0.47 g/g and 0.984 g/g, respectively; the higher yield is possibly due to the type and
availability of fermentable sugars in each feedstock
[154].
Du et al. [153] developed a method for producing succinic acid from the fermentation of glutenfree flour by A. succinogenes ATCC 55618. The results showed that the concentration of succinic acid
was three times greater in treatments with high glutamate and methionine content (15.9 g/L vs 64.2
g/L), which are essential during the fermentation of
A. succinogenes. Moreover, an initial concentration
of 30 g/L of MgCO3 significantly improved succinic
acid production (64.2 g/L) since it favored produc-
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5), which can use both hexoses and pentoses as carbon sources, obtaining L-lactic acid with up to 95%
purity with batch fermentation and 99.6% with fedbatch fermentation. According to the authors, the
high purity of L-lactic acid could be due to a mutation in the D-lactate dehydrogenase gene. Wang et
al. [165] managed to obtain high production of Llactic acid with high purity (99%) from Jerusalem artichoke powder as a substrate for the thermophilic
bacterium B. coagulans XZL4 (Table 5). They also
observed that the yield of lactic acid was higher with
simultaneous saccharification and fermentation than
separate hydrolysis and fermentation, because in this
last stage a cellulase inhibition may take place due to
high concentration of lactic acid in the medium. Lactic acid can also be obtained by chemical synthesis
and as a byproduct of the synthesis of polylactic acid.
However, from chemical synthesis a racemic mixture of DL-lactic acid is obtained, as opposed to fermentation in which optically pure isomers can be obtained. The optical purity is important in the production of crystalline polymers, which have higher stability [173, 174].
Citric acid is the second largest fermentation
product, only after ethanol [168, 169]. In addition,
there is an increasing demand of this acid due to its
multiple applications, principally in food and beverage industry, but also important in pharmaceutical
and cosmetic. Alternative substrates of low cost and
strains that can use said substrates are necessary to
enhance the development of economic processes for
citric acid production. A. niger is an attractive microorganism that in optimal conditions is able to produce important amounts of citric acid. Dhillon et al.
[168] demonstrated that supplementation with low
concentration of ethanol or methanol worked as inducer in the production of citric acid, due to stimulation activity of citrate synthase in the case of methanol. For ethanol, it was determined that it can be used
as carbon source and also, generates the inhibition of
aconitase activity in the tricarboxylic acid (TCA) cycle. Furtherly, as mentioned before genetic modification of microorganisms is a common tool for improving the yields of biomaterials including citric
acid. The UV-mutation of wild Aspergillus strain
improved 4.87 fold citric acid production (88.73
g/L), and increased even more, to 45.97 fold, when
parameters such as fermentation time, substrate concentration, initial pH and inoculum size were optimized [169] (Table 5). Focusing on the multiple
properties of citric acid, Ashour et al. [170] carried
out a biological evaluation in vitro of the citric acid
synthetized by A. niger ATCC 10549 from fermentable sugars of corncob (48.4 g/kg), The study
demonstrated that citric acid obtained diminished
33% the melanin synthesis in a B16 melanoma cell
line assay with a low cytotoxicity, at a dose of 200
μg/mL. Moreover, its anti-allergic activity was
proved, the authors accomplished a 45% activity in-

tannins present in tea as carbon source to synthetize
glucose and subsequently lactic acid, and by a fractional factorial design determined that the initial concentration of substrate had the highest effect on the
yield of lactic acid, compared to the other evaluated
variables which were moisture and yeast extract content.
Even when lactic acid from xylose can be produced, high concentration of this sugar can inhibit
the production of some strains. B. coagulans NLCC-17 was able to ferment xylose faster and more
efficient than B. coagulans NL01 (15.7 and 23.49
g/L at 24 and 36 h, respectively), due to better adaptation for xylose metabolism presents in corn stover
[162]. Wang et al. [164] demonstrated that Bacillus
sp. XZL9 was able to efficiently metabolize glucose,
xylose and arabinose from corncob molasses in fed
batch fermentation, and interestingly, they found a
higher preference for xylose (average consumption
1.09 g/L*h) as substrate for fermentation than glucose (average consumption 0.55 g/L*h), therefore,
lactic acid yield was 4.3% higher when xylose was
used as carbon source.
Moreover, the fermentation process may have
other barriers which reduce the yield of lactic acid,
especially the by-products generated during pretreatment of the lignocellulosic material such as furfural
and hydroxymethylfurfural (HMF), which as well as
xylose also inhibit microbial growth [171]. One approach performed in order to eliminate inhibitors
from acid pretreatment, was to detoxify sugarcane
bagasse hydrolysates passing them through amberlite resin, the furfural concentration decreased by
92.4% [161], and the yield of lactic acid was 10.8
g/L; in contrast, lactic acid was not produced when
the substrate was not previously detoxified (Table
5). Instead of incorporating a substrate detoxification, Zhang et al. [172] successfully isolated a thermophilic bacteria identified as Bacillus coagulans
IPE22 which showed ability to ferment pentoses,
hexoses and cellobiose into lactic acid with a particular resistance against the inhibitors produced during
the pretreatment of lignocellulosic material. A similar study achieved the isolation of Bacillus sp. NL01,
a thermophilic bacteria which produced 56.37 g/L of
lactic acid using corn stover as a low-cost fermentable substrate and in an energy efficient production
process [174]. Additionally, Nguyen et al. [173]
used the edible microalgae Hydrodictyon reticulum
as biomass to obtain lactic acid with the strain L. paracasei LA104, results evidenced that culture media
supplied with 5 g yeast extract showed similar yield
of lactic acid (35.42 g/L) than those fed with 7 and
10 g of yeast extract (36.37 and 36.0 g/L), which
must be considered in the cost of industrial production of lactic acid.
Ye et al. [163] conducted a study that evaluated
the anaerobic production of lactic acid from the fermentation of xylose using B. coagulans C106 (Table
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(Monascus sp.), rubropuntamine (Monascus sp.),
lovastatine (Monascus, Aspergillus) [186,187], actinorhodin (Streptomyces coelicolor), and kalafungin (Streptomyces coelicolor) [188], among others.
Additionally, the yield of production depends
not only on the strain but also on the culture conditions. Using different strains of Aspergillus terreus,
it was observed that A. terreus ATCC 74135 was
more efficient for lovastatin synthesis from rice
straw than strain ATCC 20542 (260.85 mg/kg and
175.85 mg/kg, respectively), besides it was observed
that additional nitrogen source had not effect over
pigment yield, but when oil palm frond was used as
the carbon source, the additional nitrogen (soybean
meal) improved lovastatin synthesis, obtaining
yields of 70.17 and 63.76 mg/kg for A. terreus
ATCC 20542 and A. terreus 74135, respectively
[180]. Complementary, the effect of pH on lovastatin
production by A. terreus has been reported, the
lovastatin yield decreased from 0.052 to 0.034
mg/mL when pH of the culture media changed from
5.5 to 4.0, but the effect was less significant with increasing pH to 6 where the yield was 0.046mg/mL
[181].
Monascus purpureus is another fungus extensively employed to produce pigments, it is able to
synthesize at least six different molecules with colorant properties, which are classified as: a) yellow
pigments, including monascine and ankaflavine; b)
orange pigments, as monascorubrine and rubropunctatine; and c) red pigments, which include monascorubramine and rubropuntamine [189, 190].
Nimnoi et al. [182] investigated the production
of red pigment by M. purpureus from several substrates, among which corn meal, coconut and peanut
meal showed highest yields (129.63, 63.50 and 52.50
U/gds, respectively). As well, supplementation with
8% of glucose to the corn meal experiment improved
pigment yield 6.0 fold (Table 6), while with other
sugars such as galactose, sorbose and psicose the improvement was lower.

Pigments. The toxicity of synthetic pigments
used in food and medicines has led to a search for
new pigments from natural sources that have low or
no toxicity [177]. However, in order to have commercial interest, the feedstocks must produce high
yields and be easy to meet the demand of various industrial activities where they are applied (food, drugs
and cosmetics). Besides, with the aim to show this
alternative as economically attractive, raw material
must be cheap and strategies for optimizing high
yields with minimum inversion of energy, time and
infrastructure need to be designed. By optimizing biotechnological processes, it is possible to obtain pigments from bacteria, yeast, mold and algae; these
processes are carried out under controlled conditions
using mathematical models to enhance variables that
influence the production of pigments (nutrients, pH,
and temperature) and generate maximum yields
[178, 179]. Some of the developments using different microorganism for the production of pigments
using agro-industrial residues as a carbon source are
shown in Table 6.
Chemical nature of the pigments produced depend mainly on the type of microorganism used.
Some of the pigments which can be obtained by microorganisms (in synthetic or complex media) are:
rivoflavin (Bacillus subtilis, Ashbya gossypi), melanin (B. thuringiensis H-14, Streptomyces virginiae,
Cryptococcus sp, Yarrowia lipolytica), carotenoids
(Rhodotorula rubra), canthaxantin (Dietzia maris),
astaxanthin (Phaffia rhodozyma), lycopene
(Blakslea trispora), violacein (Chromobacter violaceum, Janthinobacterium lividum), pyocyanin
(Pseudomonas aeruginosa), prodigiosin (Serratia
sp., Streptomyces sp.), naphthoquinone (Fusarium
sp.), monascine (Monascus sp.), ankaflavine
(Monascus sp.), monascorubrine (Monascus sp.), rubropunctatine (Monascus sp.), monascorubramine

TABLE 6
Pigments produced by microorganisms using agro-industrial wastes as carbon source
Residue
Rice straw
Groundnut shells
Corn meal
Corncob
Rice wastewater
Sweet potato
Potato powder
Rice fluor
Liquid pineapple
Corn cob
Rice
a

Producing Microorganism
Aspergillus terreus (ATCC 74135 and
ATCC 20542)
A. terreus
Monascus purpureus CMU001
M. purpureus KACC 42430
M. purpureus MTCC 369
M. purpureus MTCC 369
M. purpureus MTCC 369
M. ruber HS4000
Chromobacterium violaceum UTM5
Penicillium resticulosum
M. pilosus NBRC4520

Pigment
Lovastatin
Lovastatin
Red pigment
Red pigment
Red pigment
Red pigment
Red pigment
Total pigments
Violet pigment
Red pigment
Lovastatin

Yield
260.85 g/Kg by ATCC 74135 and
175.85 g/Kg by ATCC 20542
0.052mg/mL
129.63 U/g
25.42 OD U/g
20.44 U/mg
4.488 ODU/mL
6.94 ODU/mL
204.8 U/mL
285 mg/L
497 mg/L
ȝJJ

Solid state fermentation; b Statistical optimization for production; c Mutant strain
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(195 mg/L); this suggest that it is necessary a static
step of incubation for the adaptation of the microorganism to culture medium. Subsequently, agitation,
aeration and shear stress steps in the incubation favor
the pigment production, due to the requirement of
molecular oxygen for hydroxylation of tryptophan
with the production of an intermediate 5-hydroxytryptophan. Another less common microorganism,
Penicillium resticulosum, has been also studied for
pigment production using corncob residues as carbon source producing a red pigment. The pigment
presented a maximum absorption at 496 nm and decreased when the medium was acidified; this pigment did not cause abnormal clinical symptoms nor
hepatic nor renal damage in mice when it was administrated at a dose of 500 mg of pigment/kg
weight during 28 days [197].

In a similar study for the synthesis of red pigment by M. purpureus MTCC 369 from rice
wastewater fermentation (Table 6), it was demonstrated that addition of inorganic nitrogen source, as
NH4Cl or NH4NO3, has a negative effect on pigment
biosynthesis because those compounds do not favor
nitrogen donation in Shift base reaction to convert
orange pigment into red [191]. Another study with
M. purpureus MTCC 369 was used to ferment sugars
from sweet potato and it was determined that the
presence of K2HPO4 and MgSO4 have a more significant effect on red pigment synthesis than KH2PO4,
KCI, or ZnSO4 [192]; in contrast in a different study
where potato powder was used as a carbon source,
the principal nutrients that affected pigment synthesis were K2HPO4, MgSO4, KCl and ZnSO4 [193].
Although Monascus pigments are considered safe
and show anti-cancer, anti-inflammatory, and antitumor activities, the production of citrinin, a nephrotoxic mycotoxin may occur, this fact depends
mainly on the strain of Monascus employed, carbon
and nitrogen source, and pH [194]. Recent studies
have reported the effect of oxygen supply on citrinin
concentration present on Monascus pigments. Yang
et al. [195] used a rice flour medium to produce red
pigment from M. ruber HS.4000 using peptone and
NaNO3 as nitrogen source and they found that aeration has greater effect on the synthesis of citrinin
than on synthesis of pigments; when oxygen supply
was decreased from 500 L/h to 300 L/h, a decrease
of 73.2% of citrinin synthesis occurred (from 29.6 to
7.9 mg/L), but the synthesis of pigments was increased by 11.9%, from 183 to 204.8 U/mL.
It has also been observed that color shades depend on pH and substrate used as carbon source, and
other environmental factors during the fermentation.
For example, it was evaluated the pigment production of M. purpureus using corn cobs as substrate,
and it was determined that low pH conditions (pH 5)
stimulates the production of red pigments, while
high pH conditions (pH 6) favors the yellow ones. In
addition, temperature affects the maximum absorption wavelength [183]. Similarly, pigments obtained
from cheese whey and soy protein as fermentable
substrates by M. purpureus, showed colorimetric parameters corresponded to red (Hº 1.57) and orange
(Hº 47.06) shades, respectively, and pigments produced by Fusarium graminearum showed orange
(Hº 44.33) shade employing feather meal and yellow
(Hº 73.67) tone using soybean meal as carbon source
[196]. Less common microorganisms have been
also studied for pigments production. Aruldass et al.
[184] evaluated violacein production for Chromobacterium violaceum UTM5 using liquid pineapple
waste as growth substrate. Authors found maximum
pigment yield (285 mg/L) when 10% of liquid pineapple waste was added to culture medium (Table 6)
and performing two stages of incubation: static-agitation; unlike to static-static incubation (179 mg/L),
agitation-static (178 mg/L), and agitation-agitation

CONCLUSIONS
There is a growing tendency to develop biotechnological processes to obtain value-added products from agro-industrial waste, so that dependence
on fossil fuels is decreased. The agro-industrial
wastes with more potential to be used as carbon
source, are those generated in the food industry,
which contain considerable amounts of fermentable
sugars, which by appropriate saccharification and
fermentation can be transformed into many biomaterials. However, these procedures must be optimized to increase the yields of products obtained,
through the genetic modification of microorganisms
or using statistical design. Moreover, solid-state fermentation is an efficient process to obtain products
of high added value from a wide variety of agro-industrial wastes. These techniques have proven to be
a sustainable means of reducing the waste generated
by agro-industry.
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ALGAE MICROFLORA OF PAMUKKALE THERMAL
WATER (UNESCO, 485) 45 YEARS AGO AND NOW
Sevilay Ozturk Ulcay1,*, Oguz Kurt1, Mehmet Ozturk1, Huseyin Guner2
1

Department of Biology, Faculty of Sciences and Letters, Manisa Celal Bayar University, Yunusemre±Manisa 45140, Turkey.
2
Department of Biology, Faculty of Sciences, Ege University, Bornova±ø]PLU 35100, Turkey

preliminary examination by Skuja and Regel between the years 1932±1935 [7]. Also the first detailed study on the algae flora of the thermal waters
was made by Güner [7] on Pamukkale. Then come
studies that have been made by Aysel et al. [8],
Ünal [9], Ulcay et al. [10, 11] dDGÕUFÕ HW DO [12],
Yüksel et al. [13]. The main aim of this study was
investigating the algae flora of the Pamukkale region and comparing the results with the composition of algae in 1966.

ABSTRACT
The first detailed study of the thermal waters
flora of Turkey was carried out in 1966 by Güner
and it was HQWLWOHG ³7KH 0LFURIORUD RI 3DPXNNDOH
7KHUPDO:DWHUV´In this study we investigated the
algae flora of the region in 2008-2010. The results
were compared with the composition of algae in
1966. Twenty taxa were identified this research
which is half of GüQHU¶Vstudy. In both studies, the
5 common taxa (Phormidium cortianum, P. versicolor, Spirulina subsalsa, Navicula microstauron
and Cylindrocystis brebissonii) were identified.
Epilithic algae flora of CaCO3 deposition which has
very special environments was investigated due to
flow rate of thermal water in Pamukkale and affection of human activities.

MATERIALS AND METHODS
Study Area. 3DPXNNDOH ƍƎ1± 29°
ƍ Ǝ (  LV ORFDWHG LQ WKH SURYLQFH RI 'HQL]OL LQ
southwest Turkey (Fig. 1).

KEYWORDS:
flora, travertine, cyanophyceae, bacillariophyceae, conjugatophyceae.

INTRODUCTION
The history of the use of thermal waters of
Pamukkale starts, with the establishment of the
ancient city of Hierapolis in BC 197. The name of
the Hierapolis comes from queen of the Amazons
Hiera, but also it was referred to as "holy city". St.
Philip (one of the Disciples of Christ's) was killed,
and on behalf of him a mausoleum was built here.
For this reason, Hierapolis is also important in
terms of religious tourism interest.
Pamukkale has a worldwide reputation with
Hierapolis ancient city, travertine formation and
thermal water (Figs. 1, 2). Pamukkale was listed
with 485 list number in UNESCO world heritage
list in 1998.
There was a deposition of CaCO3 with the
travertine formations due to chemical content of the
thermal water. This travertine surfaces and thermal
water provides a special environment for many
algae.
The first study was made by Davis [1] on
thermal algae in Yellowstone. Later, several studies
were made in this regard [2-6].
The first thermal algae study of Turkey is a

FIGURE 1
Location of Pamukkale
ƍƎ1± ƍƎ( .
TABLE 1
Comparison of the taxa numbers of the studies.
Algae
[7]
This study
Cyanophyceae
19
17
Bacillariophyceae
13
2
Conjugatophyceae
8
1
Total taxa
40
20
The ancient city of Hierapolis was built on the
Pamukkale like a white castle. This white castle
composed of travertine is 2700 m long, 600 m wide
and 160 m high. Pamukkale has 17 thermal sources
which temperature ranging from 35±100 °C. Source
of travertine constituent has been used since the
ancient period. Thermal water flow travertine with
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More and long time running water leads to the development of algae so that travertine becomes colorful. Therefore, thermal water runs within certain
program.

channel 320 m long after leaving the source. The
thermal water is poured on the 60±70 m travertine
terraces, ends with artificial pool. Temperature is
always 35 °C and thermal water rich in CaCO3.

TABLE 2
Taxa list and detailed comparison of the studies.
Taxa
Cyanophyceae
Synechococcus elongatus (Nägeli) Nägeli
Gloeocapsa gelatinosa Kützing (Fig. 6)
Gloeocapsopsis cyanea (Krieger) Komárek & Anagnostidis (Fig. 7)
Chroococcus minutus (Kützing) Nägeli
Pseudanabaena galeata Böcher
Pseudanabaena sp. Lauterborn (Fig. 8)
Jaaginema pseudogeminatum (G.Schmid) Anagnostidis & Komárek (Fig. 9)
Geitlerinema jasorvense (Vouk) Anagnostidis (Fig. 10)
Geitlerinema amphibium (C.Agardh ex Gomont) Anagnostidis
Spirulina corakiana Playfair
Spirulina labyrinthiformis Gomont
Spirulina subsalsa Oerstedt ex Gomont (Fig. 11)
Leibleinia epiphytica (Hieronymus) Compère (Fig. 12)
Leptolyngbya foveolarum (Rabenhorst ex Gomont) Anagnostidis & Komárek (Fig. 13)
Leptolyngbya lagerheimii (Gomont) Anagnostidis & Komárek
Leptolyngbya purpurascens (Gomont ex Gomont) Anagnostidis & Komárek
Leptolyngbya sp. Anagnostidis & Komárek (Fig. 14)
Leptolyngbya subtilis (West) Anagnostidis (Fig. 15)
Leptolyngbya valderiana (Gomont) Anagnostidis & Komárek

[7]

This study

x
x
x
x
x
x
x
x
x (as Oscillatoria amphibia
C.Agardh)
x
x
x

x
x
x

x (as Lyngbya lagerheimii (Möbius) Gomont)
x (as Phormidium purpurascens
(Kützing) Gomont)
x
x
x (as Phormidium valderianum
Gomont)

Komvophoron sp. Anagnostidis & Komárek (Fig. 16)
Phormidium ambiguum Gomont
Phormidium animale (C.Agardh ex Gomont) Anagnostidis & Komárek (Fig. 17)
Phormidium autumnale (C.Agardh) Trevisan ex Gomont (Fig. 18)
Phormidium cortianum (Meneghini ex Gomont) Anagnostidis & Komárek (Fig. 19)
Phormidium formosum (Bory de Saint±Vincent ex Gomont) Anagnostidis & Komárek
Phormidium terebriforme (C.Agardh ex Gomont) Anagnostidis & Komárek
Phormidium versicolor Wartmann ex Gomont
Oscillatoria sancta Kützing ex Gomont
Oscillatoria tenuis C.Agardh ex Gomont
Lyngbya interrupta (Kützing) Wolle ex Forti (Figs. 20, 21)
Isocystis infusionum (Kützing) Borzì
Calothrix fusca (Kützing) Bornet & Flahault (Figs. 22, 23)
Gloeotrichia echinulata (Smith) P.Richter

x
x
x
x
x (as Oscillatoria cortiana
Meneghini)
x (as Oscillatoria formosa Bory
de Saint±Vincent ex Gomont)
x (as Oscillatoria terebriformis
C.Agardh)
x (as Lyngbya versicolor Wartmann ex Gomont)
x
x

x

x

x
x
x
x

Bacillariophyceae
Cyclotella meneghiniana Kützing
Encyonopsis microcephala (Grunow) Krammer

x
x (as Cymbella microcephala
Grunow)
x (as Melosira arenaria Moore
ex Ralfs)
x (as Fragilaria construens
(Ehrenberg) Grunow)
x
x (as Synedra acus Kützing)
x
x (as Rhoicosphenia curvata
Kützing)
x
x (as Navicula interrupta
(W.Smith) Schmidt)

Ellerbeckia arenaria (Moore ex Ralfs) R.M.Crawford
Staurosira construens Ehrenberg
Synedra pulchella Kützing
Ulnaria acus (Kützing) M.Aboal
Mastogloia smithii Thwaites ex W.Smith
Rhoicosphenia abbreviata (C.Agardh) Lange±Bertalot
Cymbella affinis Kützing
Pinnularia biceps W.Gregory
Diploneis interrupta (Kützing) Cleve
Navicula microstauron Ehrenberg
Denticula elegans Kützing
Rhopalodia gibba (Ehrenberg) Otto Müller

x
x
x (as Navicula gibba Ehrenberg)

Conjugatophyceae
Mougeotia robusta (De Bary) Wittrock
Spirogyra fluviatilis Hilse
Spirogyra turfosa F.Gay
Zygnema pectinatum (Vaucher) C.Agardh
Cylindrocystis brebissonii (Ralfs) de Bary
Roya obtusa (Brébisson) West & G.S.West

x
x
x
x
x
x (as Closterium obtusum Brébisson)
x
x

Cosmarium laeve Rabenhorst
Cosmarium vexatum West
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Sampling. Samples were collected seasonally
from 2008 to 2010. Sampling area breaks 3 parts of
according to substratum and water. These parts are
as follows; thermal water channels (Fig. 3), travertine pools (Fig. 4) and vertical surfaces of travertine
(Fig. 5).

Fresenius Environmental Bullet

Sigee [34], Guiry and Guiry [29] used for identification of bacillariophyceae and conjugatophyceae.

RESULTS
The aim of this study was to make a comparison with the first detailed study [7] on the Turkey
thermal waters algae flora (cyanophyceae, bacillariophyceae, conjugatophyceae). As a result, total of
20 taxa (17 cyanophyceae, 2 bacillariophyceae and
1 conjugatophyceae) were identified in this study.
Comparison of these two studies is presented in
detail at Tables 1 and 2.

Identification. Samples identified in laboratory by a morphologically. Geitler [14, 15], Desikachary [16], Güner [7], Castenholz [17], Vasishta
[18], Pankow [19], Komárek and Anagnostidis [2024], Anagnostidis and Komárek [25, 26], John et al.
[27], Ulcay et al. [10, 11, 28], Guiry and Guiry [29],
Komárek and Hauer [30] used for identification of
cyanophyceae samples. Smith [31], Pentecost [32],
John et al. [27], Guiry et al. [33], Bellinger and

FIGURES 2-5
Images of sampling area; (Fig. 2) General view of Pamukkale travertine; (Fig. 3) Thermal water channels;
(Fig. 4) Travertine pools; (Fig. 5) Vertical surfaces of travertine.

FIGURES 6-23
Some cyanophyceae of Pamukkale; (Fig. 6) Gloeocapsa gelatinosa; (Fig. 7) Gloeocapsopsis cyanea; (Fig. 8)
Pseudanabaena sp.; (Fig. 9) Jaaginema pseudogeminatum; (Fig. 10) Geitlerinema jasorvense; (Fig. 11)
Spirulina subsalsa; (Fig. 12) Leibleinia epiphytica; (Fig. 13) Leptolyngbya foveolarum; (Fig. 14)
Leptolyngbya sp.; (Fig. 15) L. subtilis; (Fig. 16) Komvophoron sp.; (Fig. 17) Phormidium animale; (Fig. 18)
P. autumnale; (Fig. 19) P. cortianum; (Figs. 20, 21) Lyngbya interrupta; (Figs. 22, 23) Calothrix fusca.
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TABLE 3
The inferences of travertine controlled the flow of water.
Positive inferences
± ensured the continuity of the water by controlling the flow of
water
± providing a continuous flow of water is protected travertine
± Pamukkale travertine protection is provided in the list of world
heritage

Negative inferences
± despite all the precaution observed a significant decrease in
thermal water, based on previous years
± periodically cleaning of algae because of visual pollution
± decreasing of specific taxa and biodiversity (especially species
and habitat diversity)

FIGURE 24
Detailed compared taxa number of both studies.
[2] Tilden, J.E. (1898) Observations on some west
American thermal algae. ± Botanical Gazette
25/2, 89-105.
[3] Copeland, J.J. (1936) Yellowstone thermal
myxophyceae. ± Ann. N. Y. Acad. Sci. 36, 1232.
[4] Castenholz, R.W. (1967) Aggregation in a
thermophilic oscillatoria. ± Nature 215, 12851286.
[5] Castenholz, R.W. (1969) Thermophilic bluegreen algae and the thermal environment. ±
American Society for Microbiology; Bacteriological Reviews 33 (4), 476-504.
[6] Castenholz, R.W. (1996) Endemism and biodiversity of thermophilic cyanobacteria. ± Nova
Hedwigia 112, 33-47.
[7] Güner, H. (1966) Die Mikroflora der thermallwasser von Pamukkale [The Microflora of
Pamukkale Thermal Waters]. ± Scientific reports of the Facuty of Science Ege University,
SSø]PLU
[8] $\VHO 9 dHOLN $ <D\ÕQWDú $ and ùLSDOGezerler U. (1992) Zonguldak-,OÕNVX NDSOÕFDVÕ
DOJ IORUDVÕ >7KHUPDO ZDWHU DOJDH RI =RQJXOGDN
,OÕNVX@± Ege Üniversitesi Su Ürünleri Dergisi
9 (33-36), 72-82.
[9] hQDO 7   ø]PLU %DOoRYD $JDPHPQRQ 
NDSOÕFDVÕPLNURVNRELNYHPDNURVNRELNDOJ floUDVÕ >The microscopic and macroscopic algae
IORUD LQ ø]PLU %DOoRYD $JDPHPQRQ  WKH KRW
spring]. Master Thesis. Ege University.
[10] Ulcay Öztürk, S., Öztürk, M., Kurt, O. and
7DúNÕQ (   0DQLVD LOL YH oHYUHVLQGHNL
NDSOÕFDODUGD\D\ÕOÕúJ|VWHUHQPDYL-yHúLODOJW
rleri [Blue-green algae of Manisa thermal
spring]. ± Ulusal Biyoloji Kongresi Bildiri
.LWDEÕ-108.
[11] 8OFD\6g]WUN0.XUW27DúNÕQ(and

There are differences of the distribution ratio
and number of taxa between the two studies. On the
other hand, dominant group is cyanophyceae, bacillariophyceae and conjugatophyceae classes are
respectively in both studies (Fig. 24).

DISCUSSION
There are some changes around of Pamukkale
and thermal water since 1966. These changes can
be summarized in the form of thermal water reduction and human activities (Table 3). The purpose of
this study was to investigate the effects of these
changes on the algae flora and made a comparison
with the first detailed study [7].
There are 5 common taxa in two studies.
These are Phormidium cortianum, P. versicolor,
Spirulina subsalsa, Navicula microstauron and
Cylindrocystis brebissonii. Identified taxa are calcicole and epilithic.
The main differences in both studies are 20
taxa identified in this study is half of GüQHU¶VVWXG\
The most likely cause of this is a decrease in the
sampling areas. Decrease of sampling areas due
from reduction in Pamukkale thermal water flow
rate, runoff water of travertine controlled, not required coloration caused by algae on travertine and
therefore periodically cleaning of algae, chlorination of the pool, cut off the water flow when the
coloration of the travertine.
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AN ASSESSMENT OF THE IMPORTANT
MORPHOLOGICAL PROPERTIES OF ANATOLIAN BLACK
PINE SEEDLINGS IN SEMIARID FOREST NURSERY
Ozlem Eken*, Nuri Oner
Department of Forest Engineering, Faculty of Forestry, Cankiri Karatekin University, 18200, Cankiri, Turkey

specific morphological traits. Despite the considerable emphasis on physiological tests for seedling
quality and performance, the fact remained that morphological traits were still the easiest and quickest to
PHDVXUHRQDQRSHUDWLRQDOEDVLV¶¶ Deligoz [7] evaluated seedling quality, measuring seedling morphological characteristics (seedling age, seedling height,
root collar diameter, multiplicity, etc.).
Height and stem diameter of morphological
characteristics, provide the best estimate of seedling
performance after out-planting. The best predictor of
survival is diameter [8]. Ucak et al. [9] stated that
seedling height was affected by different irrigation
programs. Seedlings with morphological attributes
such as greater seedling stem diameter and root system size have a higher chance of survival [10].
Thompson [11] stated that ³height and root collar diameter are practiced by many forest nurseries as a
basis for separating out stock of poor quality. Owing
to ease of most morphological parameters' measurements makes them the most popular method for
measuring seedling quality¶¶.
Efthimiou [12] stated that the selection of correct species and the proper positioning of the plantings had increased the riperian forest surface area.
Black pine seems to be proper for semiarid forests.
In this study, we assessed the quality of the Anatolian black pine seedlings grown under forest nursery
conditions. We compared morphological properties
of the seedlings at different ages and growth types.

ABSTRACT
The use of quality seedling is important in
reforestration studies. In this study, seedling quality
for Anatolian black pines were evaluated at forest
nursery in semiarid Cankiri conditions. For this
reason, quality of seedlings with different origins
were evaluated using their morphological properties
such as seedling height (cm), root collar diameter
(mm), dry root weight (g), stem dry weight, and
number of lateral roots. Five groups of Anatolian
black pines seedlings (1+0 and 2+0 aged, tubed, and
bare-rooted Ismetpasa and Amsaya origins) were
used and data were compared by two-tailed
independent t-test. Results showed that 2+0 aged
seedlings grown in tubes developed better than
others and that a significant difference occurred
between two age groups and growth types.

KEYWORDS:
Anatolian black pine, Seedling quality, Semiarid, Black
pine growth type, Seedling age, Cankiri

INTRODUCTION
Turkey's forest existence is approximately 21
million ha, which correspoQGVWRRIQDWLRQ¶V
area. However, 53% of the forested land is fertile,
while the rest is highly degraded [1]. Requirement
for wood raw material is increasing due to increased
population and industrial development. Therefore,
reforestation/afforestation should be applied in degraded areas to meet required wood material [2].
The use of quality seedlings is important to increase the success of reforestation studies [3].
Duryea [4] VWDWHGWKDWµµVHHGOLQJHYDOXDWLRQVQHHGWR
be refined so that they predict not only growth as
well as survival but also performance of specific
seedlLQJORWVRQSDUWLFXODUVLWHV¶¶. Quality seedlings
is defined as a seedling of which genetic adaptation
is adequate for site conditions and meet expectations
in terms of physiological properties associated with
morphological features [5]. Pinto [6] indicated that
³VHHGOLQJ PRUSKRORJ\ KDV HYROYHG LQWR FODVVLILFD
tion that correlates seedling survival and growth with

MATERIALS AND METHODS
This study was carried out at Kenbag forest
nursery station in Cankiri. The city of Cankiri is
located 40º 34' North latitude and 33º 30' East
longitudes in the north of Central Anatolian Region
of Turkey. Research area is located at 6 km north of
Cankiri city center and covers approximately 34.8
ha. Elevation from sea level is 750 m and slope is 2%
at the east-west direction at the forest nursery station.
The climate in the region is semiarid and annual
temperature, humidity, and rainfall is 11.4ºC, 63.2%,
and 418 mm, respectively [13]. Soils of Kenbag
forest nursery is clay-loam (50.6%). The soil pH is
7.67, which is slight alkaline and CaCO3 content is
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numbers of lateral roots between root collar and 15
cm depdt were determined. Secondly, we measured
fresh weight of root and stem. Thirdly, seedlings
were dried at 24 hours in oven at 105oC (±2) and dry
weight of root and stem were measured. The
seedlings in different age and growth media were
compared by morphological properties using
independent t-test statistics at 5% level of
significance.

4.91%. In addition, according to water class analysis,
irrigation water is "C3S1" (low in sodium), and rich
in bicarbonate.
In this study, we assessed 500 Anatolian Black
Pine seedlings in 5 groups. Each group included 2
different ages (1+0 and 2+0) and two growth medias
(tube and bare-root). The seedlings were belonged to
Ismetpasa and Amasya origin. In addition, seedling
quality classes were evaluated according to the TSI
standard called ³7KH 6WDQGDUG RQ &RQLIHURXV 7UHH
6HHGOLQJ´ 760DUFK 
We measured height and root collar diameter of
seedlings with a ruler with 0.1 cm sensitivity and a
caliper with 0.1 mm sensitivity, respectively, We
selected 4 samples randomly in each group for
laboratory analyses. Firstly, samples of seedlings
were cleaned, washing with tapwater, and then

RESULTS
Descriptive statistics of morphological properties of measured Anatolian black pine seedlings are
given in Table 1, and Table 2 [14].

TABLE 1
Morphological characters of 2+0 aged, bare-rooted and tubed seedlings of Ismetpasa and Amasya origin

Parameters
H (cm)
RCD (mm)
H/RCD
SDW (g)
RDW (g)
SDW/RDW

Min
2.10
1.21
0.64
0.41
0.25
1.49

Ismetpasa (bare-rooted)
Max
Mean±SE
11.10
5.12±0.17
5.79
2.63±0.08
3.52
2.02±0.06
1.61
0.80±0.27
0.80
0.45±0.13
2.00
1.73±0.12

CV
33.40
29.66
29.21
68.75
57.78
13.87

Min
5.50
2.38
1.62
2.26
1.98
1.09

Ismetpasa (tubed)
Max
Mean±SE
14.60
10.72±0.19
5.89
4.00±0.09
4.38
2.77±0.06
4.15
3.14±0.45
3.32
2.64±0.31
1.39
1.18±0.07

CV
18.00
23.25
20.94
28.98
23.48
11.86

Min
2.00
1.29
0.50
0.88
0.63
1.23

Amasya origin
Max
Mean±SE
16.50
7.59±0.25
7.24
3.05±0.11
5.74
2.65±0.09
2.72
1.66±0.43
0.93
0.75±0.06
2.95
2.15±0.41

CV%
32.41
35.08
33.21
51.81
17.33
38.60

H; height, RCD; root collar diameter, SDW; stem dry weight, RDW; root dry weight, SD; standard error, CV;
coefficient of variation
TABLE 2
Morphological characters of 1+0 aged, bare-rooted and tubed seedlings of Ismetpasa origin

Parameters
H (cm)
RCD (mm)
H/RCD
SDW (g)
RDW (g)
SDW/RDW

Min
0.60
0.12
0.70
0.13
0.04
1.61

Max
3.20
1.82
6.67
0.20
0.09
5.13

Bare-root
Mean±SE
1.49±0.050
0.78±0.038
2.27±0.111
0.17±0.02
0.66±0.01
2.89±0.77

CV
33.56
48.72
48.90
23.53
3.03
53.29

Min
2.60
0.60
1.29
0.32
0.34
0.72

Max
6.50
2.31
5.69
0.45
0.62
1.10

Tube
Mean±SE
4.27±0.086
1.31±0.031
3.36±0.079
0.37±0.03
0.42±0.07
0.91±0.08

CV%
20.14
23.66
23.51
16.22
33.33
17.58

H; height, RCD; root collar diameter, SDW; stem dry weight, RDW; root dry weight, SD; standard error, CV;
coefficient of variation
TABLE 3
Significance (P) values of black pine seedlings by differences in growth types and ages
Parameters
H (cm)
RCD (mm)
H/RCD
RDW (g)
SDW (g)
RDW/SDW
LT

1+0 Tube/Bare-root
0.000*
0.000*
0.000*
0.002*
0.001*
0.002*
0.000*

2+0 Tube/Bare-root
0.000*
0.000*
0.000*
0.001*
0.005*
0.005*
0.068NS

1+0/2+0 Tube
0.000*
0.000*
0.000*
0.004*
0.001*
0.056NS
0.275NS

Ismetpasa/Amasya
0.000*
0.002*
0.000*
0.083NS
0.145NS
0.634NS
0.090NS

H; height, RCD; root collar diameter, SDW; stem dry weight, RDW; root dry weight, SD; standard error, CV;
coefficient of variation
*Significant at 5% level of significance
NS: not significant at 5% level of significance
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FIGURE 1
Means of black pine seedlings at 1+0 aged in
different growth type

FIGURE 2
Means of black pine seedlings at 2+0 aged in
different growth type

FIGURE 3
Means of black pine seedlings at 1+0 and 2+0
aged in same growth type

FIGURE 4
Means of black pine seedlings at 2+0 aged in
different origins

cultivation type and origin grown in semiarid region
were measured.
Our results showed that, 1+0 aged Anatolian
black pine seedlings grown in nylon container had
mean height 4.27 cm and mean root collar diameter
1.31 mm. In another study [15], 1+0 aged Anatolian
black pine seedlings grown in enso type container
had a mean height 12.09 cm and mean root collar diameter 3.47 mm. Due to the fact that seedlings
grown in enso type container developed better than
seedlings grown in nylon container. Results of similar studies [16-17] showed that Anatolian black pine
seedlings with bare-root and 1+0 aged showed a
good development in.
Bare-rooted and 2+0 aged Amasya black pine
seedlings developed better than bare-rooted and 2+0
aged Ismetpasa black pine seedlings. In a study [16],
Amasya origin seedlings yielded similar results with
Sarpuncuk origin black pine seedlings. The seedlings which Ismetpasa and Amasya origins at 2+0

Anatolian black pine seedlings were compared
separately same age group (1+0 tubed / bare-rooted)
and growth type (1+0/2+0 tubed). Results evaluated
by using independent t-test statistics at 5% level of
significance. Measured properties were shown in Table 3. Measured properties are shown with mean values; 1+0 aged in different growth type mean (Figure
1), 2+0 aged in different growth (Figure 2), different
ages in same growth type (Figure 3), and different
origins in same age (Figure 4).
Results of analyses showed that 2+0 aged and
tubed seedlings were developed better than 1+0 aged
bare-rooted seedlings.

DISCUSSION
Morphological characteristics of height, root
collar diameter, root dry weight and stem dry weight.
Anatolian black pine seedlings which different age,
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aged developed better than Tota origin at 2+0 aged
in terms of shoot and root dry weight [18].
2+0 aged and bare rooted Anatolian black pine
seedlings with height and root collar diameter
smaller than 5 cm and 3 mm respectively, are improper for planting. Accordingly, Amasya origin
seedlings were suitable for planting but Ismetpasa
origin seedlings were not suitable in terms root collar
diameter (mean 2.63). On the other hand, according
to TSI standards, Ismetpasa origin seedlings with
minimum 2 mm of root collar diameter are proper
for planting.
The results showed that 4% of 1+0 aged-tubed,
83% of 2+0 aged-tubed, and 4% of 2+0 aged-barerooted seedling of Ismetpasa origin met the height
criteria; and 3% of 1+0 aged-tubed, 100% of 2+0
aged-tubed, and 82% of 2+0 aged-bare-rooted seedling met the criteria for root collar diameter to be
classified in the first class according to TSI criteria.
In Ismetpasa origin 1+0 aged-bare-rooted seedlings
did not meet TSI quality criteria. In Amasya origin,
25% of 2+0 aged-bare-rooted seedlings met the
height criterion and 83% met the root collar diameter
criterion of TSI quality classification [19]. Root
percent values of bare-rooted and 2+0 aged black
pine seedlings grown Cankiri nursery station was
greater than seedlings grown in Egirdir forest
nursery [20].
The seedling with 2.0-3.0 of shoot/root ratio
grows better in arid regions [21]. Shoot/root ratio of
bare rooted and 2+0 aged Anatolian black pine seedlings were 2.56 g in Ismetpasa origin and 2.22 g in
Amasya origin, indicating that these seedlings may
be grown successfully in arid and semiarid regions
of Turkey.
Guner et al. (2016) suggested that stem dry
weight/root dry weight is important for afforestation
in arid and semi-arid regions and that when stem dry
weight/root dry weight exceeds 3, root trimming becomes necessary [22]. Accordingly, in our seedlings,
stem dry weight/root dry weight was below 3 for all
the cases, indicating that these seedlings can be used
in afforestation/reforestation activities in semi-arid
regions of Anatolia.
Tubed and 2+0-aged seedlings of Amasya
origin outperformed those of Ismetpasa origin, suggesting that the Amasya seedlings can be preferred
over Ismetpasa seedlings in reforestation/afforestation practices in semiarid regions of Anatolia.
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ABSTRACT

INTRODUCTION

In this study, the effects of body and root exWUDFWVRI³6LGHULWLVOLEDQRWLFD´SODQWRYHUDFHW\OFKR
linesterase (AChE: E.C.3.1.1.7) enzyme were investigated. Sideritis libanotica has been traditionally
used to aid digestion, strengthen the immune system
and suppress common cold, the flu, allergies and
shortness of breath, sinus congestion, and even pain
and mild anxiety. AChE catalyzes the hydrolysis of
acetylcholine, a neurotransmitter substance which
functions in certain parts of nervous system. When
acetylcholine is hydrolyzed by AChE, the passage
between the nerves ends. In diseases related to
memory loss, it has been detected that acetylcholine
is decomposed in a very short time. It has also been
observed that inhibiting the enzyme that breaks
down acetylcholine strengthens the passage between
the nerves. In this study, human plasma and erythrocytes were used as enzyme sources and they were
treated with methanol and hexane extracts of the
SODQW¶V ERG\ DQG URRWV 8VLQJ DFHW\OWKLRFKROLQH LR
dide (AChI) as a substrate and dithiobisnitrobenzoic
acid (DTNB) as a coloring agent, changes in esterase
activity were spectrophotometrically measured. The
results indicate that some forms of body and root extracts from the plant inhibit plasma and/or erithrocyte AChE. I50 values (concantrations where enzyme
DFWLYLW\GURSVWRR IRUSODQWERGLHV¶PHWKDQRODQG
hexane extracts over plasma AChE activity was
1.066x10-3 and 5.888x10-3, respectively, while plant
URRW¶V PHWKDQRO H[WUDFW¶V ZDV [-3. Plant
URRW¶V KH[DQH H[WUDFW KDG QR LQKLELWLRQ HIIHFW RQ
plasma AChE. On erithrocyte AChE levels, I50 valXHVIRUSODQW¶VERG\DQGURRWPHWKDQROH[WUDFWVZHUH
0.1679x10-3 and 0.2136x10-3, respectively. Neither
body nor root hexane extracts had inhibitory effects
on erithrocyte AChE levels.

Acetylcholinesterase (AChE) is a widespread
enzyme in various central and peripheral tissues, particularly in the nerve and muscle systems. It is found
in all conducting tissues of all animal species investigated [1, 2]. AChE distinguishes itself from other
esterases due to its ability to hydrolyze acetylcholine, especially at the terminal points of nerve communications [3, 4]. It is also present in various tissues
and cells, like erithrocytes, and in many different
forms [5].
The genus Sideritis is represented in Turkish
flora by 46 species, of which 31 are endemic [6, 7,
8]. Sideritis libanotica is also known locally by its
FRPPRQQDPH³EDOEDúÕRWX´ 0RXQWDLQ7HD,URQ
wort). It is reported that the Sideritis species is used
in rural areas both in Turkey and in Europe as a pain
killer, antirheumatic, digestion facilitator, and antimicrobial [9, 10], antifeedant [11], antistress [6], analgezik [7], antioxidant [12, 13, 14, 15], antibacterial
[16] and antiflamatory agent [17]. The Sideritis L.
species contain volatile oils and tannin, and are used
locally as a medical tea due to its stimulating, appetizing, and stomach-pain killing properties [18]. The
infusions of the above-ground parts of some Sideritis
species are used in Turkish folk medicine as tonics,
carminatives, anti-inflammatories, anti-spasmodics,
diuretics, digestive medicines and in the treatment of
colds [19, 20,21, 10]. Sideritis species growing in
Turkey are also known to be rich in essential oils [16,
22, 23], diterpenes [24, 25], flavonoids and phenylethanoid glycosides [26, 27].
In this study, the effects of the methanol and
hexane extracts of the body and roots of the Mountain Tea Plant on the acetylcholinesterase activity in
human plasma and erythrocytes were investigated.
The aim of the study was to determine the I50 values
for plant body and roots of Sideritis libanotica as inhibitors of AChE. It also presented an oppotunity to
investigate in vitro effects of soluble extracts of these
plants on AChE. In this study, I50 is defined as the
point where the enzymatic activity drops to 50 %.

KEYWORDS:
Acetylcholinesterase, inhibition, plant extraction, serum,
erythrocyte, sideritis libanotica
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left to dissolve for three days as well. The solvents
of the root extracts were then evaporated at 40° C in
the evaporator. The undissolved portions were dried,
weighed, and subtracted from the initial amounts.
0.056 g was taken from the hexane extract and
0.6137 g was taken from the methanol extract. These
were also dissolved separately in 10 mL 0.05 M
(pH=8) sodium phosphate buffer [30, 31, 32, 33].

MATERIALS AND METHODS
Materials. All chemicals were of reagent grade
and were purchased from Sigma Chem. Co. (St
Louis, Missouri, USA). Sideritis libanotica was collected between April and September 2015, from Gaziantep, Turkey. The plants were identified according to the relevant literature [28], with Voucher No:
8413.

Biochemical analysis. Measurement of
AChE activity. AChE activity was determined by
the method suggested by Ellman et al.[34], using thiocholine esters as substrates. The reaction mixture in
the final volume of 3 ml contained 0.1 ml 10 mM
DTNB reagent (prepared in 0.005 M phosphate
buffer, pH 7, containing 15 mg of Na-HC03 (10 ml)),
0.1 ml of properly diluted enzyme and 2.7 ml of
buffer (0.05 M sodium phosphate buffer, pH 8). The
blank contained buffered substrate, DTNB and
heated enzyme. The mixture was pre-incubated for 5
minutes at 37 °C, and the reaction was initiated by
addition of 0.1 ml 3 M substrate (acetylthiocholine
iodide). The mixture was incubated for 5 minutes,
and the increase in absorbance was measured as 412
nm.
The optimal pH and temperature values of serum and erythrocyte enzymes were taken as 8.5-9
and 30 °C and 8-8.5 and 35 °C, respectively [34].

Preparation of Human Plasma. The blood reTXLUHGIRUWKHVWXG\ZDVSURYLGHGE\.Õ]ÕOD\ 7XUkish Red Crescent). The blood was placed into anticoagulant tubes and held for a short while before it was
centrifuged to separate the plasma, which was kept
in the deep-freeze as 3-5 ml samples [29].
Preparation of Human Erythrocyte Hemolysate. The blood SURYLGHG E\ .Õ]ÕOD\ ZDV SODFHG
into anticoagulant tubes with an acid-citrate dextrose
(ACD) solution, which prevented coagulation and
provided a good nutrition medium for the erythrocytes. The blood was kept in tubes at +4 0C and was
processed within three days.
To separate the erythrocytes, the blood was
placed into 10 ml tubes which were then centrifuged
for 20 minutes at 1500 rpm. The resulting plasma and
leukocyte layers at the top of the tubes were carefully
aspirated. Erythrocytes that remained at the bottom
of the tubes were then washed twice with 0.9% NaCl
solution.
The erythrocytes obtained as such were then
hemolyzed with ice-water one and a half times their
volume. The hemolyzed erythrocytes were pooled
and were stirred for 30 minutes with a magnetic stirrer in a cold beaker to ensure full hemolysis. The hemolysate was centrifuged at +4 0C at 8000 rpm for
60 minutes. The white layer of cell membranes at the
bottom of the tube were discarded and the hemolysate was carefully recovered [29].

Finding the I50 Values for the Acetylcholinesterase Enzyme Inhibitors. The upper parts and
the roots were added in four different concentrations to the enzyme properly diluted as described
above. Enzyme activities were calculated after inhibitor addition. Plots of Inhibition percentage vs.
I (inhibitor concentration) were prepared. The I 50
values of each extract were calculated over these
plots. (The I 50 value is the inhibitor concentration
required to inhibit the activity by 50 %.) At this
stage of the study, four different substrate concentrations and three different inhibitor concentrations were examined, separately for the plant
body and the roots. The results were converted
into Lineweaver-Burk plots, some of which indicated non-competitive inhibition.

Preparation of the Plant Extracts. Mountain
Tea plants were gathered from their natural habitat,
along with their roots. The plants were identified and
left to dry in the shadows, after which they were
grounded into powder form in a mill. 7.5 gram portion of the body of the Mountain Tea plant powder
was extracted in 200 mL hexane, while a separate
5.83 gram was extracted in 200 mL methanol, both
of which were left to dissolve for three days. The solvents of the extracts were then evaporated at 40° C
in the evaporator. The undissolved portions were
dried, weighed, and subtracted from the initial
amounts. 0.7897 g was taken from the hexane extract
and 0.1071 g was taken from the methanol extract.
These were dissolved separately in 10 mL 0.05 M
(pH=8) sodium phosphate buffer. On a separate
bench, 15 grams of the roots were extracted in 200
mL hexane and another 15 grams were extracted in
200 mL methanol, and like the body parts, these were

RESULTS AND DISCUSSION
The concentrations of the solutions used in the
measurement of the plasma AChE inhibition activity
were as follows: for the body-methanol phase, a dissolved amount of 176.5 mg/100 mL; for the bodyhexane phase, a dissolved amount of 394.85 mg/mL;
for the root-methanol phase, a dissolved amount of
306.8 mg/100 mL; and for the root-hexane phase, a
dissolved amount of 56 mg/mL.
The concantrations of the solutions used in the
measurement of the erythrocyte AChE inhibition activity were as follows: for the body-methanol phase,
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a dissolved amount of 119.5 mg/100 mL; for the
body-hexane phase, a dissolved amount of 123.8
mg/100 mL; for the root-methanol phase, a dissolved
amount of 306.5 mg/100 mL; and for the root-hexane
phase, a dissolved amount of 52.75 mg/mL.
Four separate measurements of the body-methanol, body-hexane and root-methanol extracts,
which displayed inhibition effects on human plasma
AChE, were plotted against % activity and I50 values
were calculated. These values were (Figure 3)
1.066x10-3, (Figure 6) 5.888x10-3, and (Figure 9)
0.1743x10-3 mg/mL, respectively.
Following section displays all the gathered data
in graphs.

Fresenius Environmental Bullet

FIGURE 3
The Lineweaver-Burk graph of plasma AChE
inhibition by the body exract of dried Sideritis libanotica in hexane phase

FIGURE 1
The Lineweaver-Burk graph of plasma AChE
inhibition by the body exract of dried Sideritis libanotica in methanol phase

FIGURE 4
Activity % vs plasma inhibitor concentration
graph for the body exract of dried Sideritis libanotica in hexane phase
Based on the regression equation of above
graph, AChE plasma I50 value for Sideritis libanotica
body in hexane phase is found as 5.888 mg.mL -1.

FIGURE 2
Activity % vs plasma inhibitor concentration
graph for the body exract of dried Sideritis libanotica in methanol phase
Based on the regression equation of above
graph, AChE plasma I50 value for Sideritis libanotica
body in methanol phase is found as 1.066 mg.mL -1 .

FIGURE 5
The Lineweaver-Burk graph of plasma AChE
inhibition by the root exract of dried Sideritis libanotica in methanol phase

4165



© by PSP

Volume 26 ± No. 6/2017 pages 4163-4169

Fresenius Environmental Bullet

FIGURE 9
The Lineweaver-Burk graph of erithrocyte
AChE inhibition by the root exract of dried Sideritis libanotica in methanol phase

FIGURE 6
Activity % vs plasma inhibitor concentration
graph for the root exract of dried Sideritis libanotica in methanol phase
Based on the regression equation of above
graph, AChE plasma I50 value for Sideritis libanotica
root in methanol phase is found as 0.1743 mg.mL -1.

FIGURE 10
Activity % vs erithrocyte inhibitor concentration
graph for the root exract of dried Sideritis libanotica in methanol phase
Based on the regression equation of above
graph, AChE erythrocyte I50 value for Sideritis libanotica root in methanol phase is found as 0.2136
mg.mL-1.
To understand the inhibition type of the plant
extracts, 1/V vs. 1/S inhibition plots (LineweaverBurk) were plotted. (Figures 1, 4, 7, 10) The enzyme
activities were measured for four different substrates
and three different inhibitor concentrations. (Each
line in these graphs display the activity speed for a
different concantratio.) In the control group, enzyme
activity was detected in four different substrate concentrations. Since, in the experiments conducted, the
hexane extracts of roots had no effect on plasma
AChE enzyme inhibition, and hexane extracts of
body and roots had no effect on erythrocyte AChE
enzyme inhibition, the inhibitor concentrations for
these tests were not given.
When the findings were compared to similar
studies, it was noted that the values found for the
URRW¶V PHWKDQRO SKDVHV LQ RXU VWXG\ ZHUH VLJQLIL
cantly lower; that is, the plant extract had higher inhibition activity compred to other studies in literature. The least effect on human plasma AChE was
exhibited by the Mountain Tea body extract in the
methanol phase.
The aim of the study was to determine the I 50
values of the plant Sideritis Libanotica Subsp. Linearis Labil as inhibitors of AChE, and to examine in

FIGURE 7
The Lineweaver-Burk graph of erithrocyte
AChE inhibition by the body exract of dried Sideritis libanotica in methanol phase

FIGURE 8
Activity % vs erithrocyte inhibitor concentration
graph for the body exract of dried Sideritis libanotica in methanol phase
Based on the regression equation of above
graph, AChE erythrocyte I50 value for Sideritis libanotica body in methanol phase is found as 0.1679
mg.mL-1.
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vitro effects of its extracts. The inhibitor concentration causing 50% inhibition (I50) was calculated from
the activity-inhibitor concentration graphs.
The plots were drawn using the Excel program,
along with control values without inhibitors. To
draw the plots, the curves were extrapolated and the
points intercepting the x-axis were determined.
The results can be summarized as below:
1- The Mountain Tea plant displayed noncompetitive inhibition on human plasma and erythrocyte AChE.
2- In the hexane phase, the Mountain Tea body
extracts displayed non-competitive inhibition on human plasma AChE but no inhibition on erythrocyte
AChE.
3- In the methanol phase, the Mountain Tea
body displayed non-competitive inhibition on both
human plasma and erythrocyte AChE.
4- In the hexane phase, the Mountain Tea roots
showed no inhibition on human plasma and erythrocyte AChE.
Organic solvents considerably reduce AChE
activity of the human erythrocyte membrane at 37 °C
under in vitro conditions. Changes in the human
erythrocyte membrane-bound AchE may be one of
the factors determining membrane mobility [35].
Turkish people have a tradition of using plant
species for the treatment of infectious diseases, cancers and various ailments [36-37].
Many plants and chemicals at comparatively
low dosages impress the metabolism by altering normal enzyme activity, especially by inhibition of a
specific enzyme [36,38]. In this study, the effects of
soluble extracts of the plant on AChE activity were
investigated in in-vitro conditions. The results
clearly display that the plant has inhibitory effects on
AChE, which is an important enzyme for the nervous
system of the human body. As such, the conventional
use of these plants for ailment of diseases was partly
proved to potentially have positive effects.
7KHGUXJVIRUWKH$O]KHLPHU¶VGLVHDVHDUHJHQ
erally obtained from pharmacokinetic plants [39, 4041]. Considering the only drug group exhibiting sucFHVVLQ$O]KHLPHU¶VGLVHDVHLV the acetylcholinesterase inhibitors, and Sideritis libanotica plant and its
roots displayed inhibitor properties in our study, we
believe the plant to be an effective candidate for a
QHZ LQJUHGLHQW HVSHFLDO\ LWV URRWV¶ PHWKDQROH H[
tracts.
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ABSTRACT
A large area of carbonate-saline soil is distributed in western Jilin Province. To effectively prevent
and treat the frost heaving damage of engineering
structures, this paper studied the frost heaving characteristics of carbonate-saline soil in western Jilin
Province, where such phenomena as frost heaving of
roadbeds as well as cracking and damaging of headrace channels have become increasingly severe.
With carbonate-saline soil obtained from different
sampling points and depths in the Daan and Sanzhigou areas of Jilin Province as the research object, the
influences of temperature, moisture content, compaction degree and salt content on the frost heaving
characteristics of soil samples were studied and analysed through laboratory frost heaving tests. The results showed that the frost heaving ratio of the soil
samples, which had little differences in similar properties, increased with an increase in moisture content, salt content and compaction degree generally,
and soil samples with a higher salt content had the
best frost heaving compaction degree. Influences of
temperature on the frost heaving ratio were related to
the salt content, where the freezing point of a soil
sample with a high salt content was lower and the
unfrozen-moisture content was higher. Moreover,
there was no obvious temperature interval with constantly changing frost heaving deformation. The
frost action lasted longer, ice crystals and salt crystals developed sufficiently and the ultimate frost
heaving ratio reached a higher value. Soil samples
from the Daan area have the characteristics of high
clay content, large specific area, strong water holding capacity, low freezing point and long duration of
frost action, and the ultimate frost heaving ratio of
these soil samples was higher than those of the Sanzhigou area. Considering the synthetic effects from
internal and external causes, a comprehensive study
is carried out for the frost heaving properties of carbonate-saline soil in different areas combined with
soil properties and external factors.

,1752'8&7,21
Western Jilin Province is a typical seasonally
frozen ground region with a large distribution area of
salty soil. Field investigation and sampling studies of
1RQJ¶DQ 'DDQ =KHQODL DQG RWKHU DUHDV VKRZ WKDW
the soils are more alkaline and are mainly distributed
with alkaline carbonate-saline (saline-alkali) soil.
Most soil samples have a high clay content, inferior
permeability and weak drainability. Frost heaving,
which is caused by soil freeze/thawing deformation
as a result of low temperature as well as water and
salt migration, is commonly seen in winter. In recent
years, frost heaving of the roadbeds of highways and
railways [1], cracking and damaging of headrace
channels, frost heaving deformation [2-6] of retaining structures of water conservancy projects and
other issues have become increasingly severe. The
freezing and thawing effects of the soil have been
simulated, and the freezing characteristics of the soil
have been studied [7, 8]. Some scholars have also
made efforts towards environmental risk assessment
and environmental improvement [9, 10]. Researchers have shown that carbonate-saline soil is usually
used as the padding of the aforementioned engineering structures. The compactness of engineering
structure padding should reach over 90%, as per
standard requirements, and soil masses of such compactness are subject to frost heave. Thus, experimental research of frost heaving on carbonate-saline
soil is carried out in this paper with carbonate-saline
soil from the Daan and Zhenlai areas in Jilin Province as the research object to study the frost heaving
mechanism. The results of this study can facilitate
the effective prevention and treatment of the damage
to engineering structures under the frost heaving action of carbonate-saline soil and can offer theoretical
and practical significance.

4170



Volume 26 ± No. 6/2017 pages 4170-4179

© by PSP

Fresenius Environmental Bullet

TABLE 1
Basic properties of soil sample
Sampling
point

Sampling
depth
(cm)

Daan

30
20
30
Sanzhigou
40
50

Natural
moisture
content
(%)
19.79
18.17
21.98
19.06
17.65

Granularity composition (%)
Silt
Clay

Sand

Specific area
(m2/g)

2-0.075 mm

0.075-0.005 mm

<0.005 mm

5.50
14.70
21.20
30.30
29.10

52.80
59.70
60.90
52.50
54.50

41.70
25.60
17.90
17.20
16.40

199.56
104.09
89.38
74.82
74.43

Cation exchange capacity (mmol/100 g)

12.11
14.21
11.46
8.72
9.55

TABLE 2
Dissolving salt content of soil sample
Sample
Sampling
depth
point
(cm)
Daan

Dissolving salt content (mmol/100 g)
Na

+

Mg

2+

Ca

2+

K

+

-

HCO3

Cl

-

2-

SO4

2-

CO3

Total dissolving salt
(%)

30

6.174

1.061

0.337

0.410

3.424

2.550

1.882

0.000

0.550

20
30
Sanzhigou
40
50

3.152
1.380
0.924
0.696

0.695
0.779
0.421
0.358

0.189
0.189
0.126
0.168

0.109
0.096
0.090
0.021

1.932
1.405
1.054
0.790

1.100
0.550
0.450
0.450

0.209
0.628
0.293
0.316

0.000
0.000
0.000
0.000

0.286
0.157
0.115
0.080

0$7(5,$/6$1'0(7+2'6

Sample point 1: land development and consolidation project area in western Jilin Province - 1KM
to the west of Gaojiawopeng Village, Taishan Town,
'DDQ &LW\ FRRUGLQDWHV 1 ƍƎ (
ƍƎ
Sample point 2: land development and consolidation project area in western Jilin Province ± the
Sanzhigou area of Zhenlai County, coordinates: N:
ƍƎ(ƍƎWKHVDPSOHORFDWLRQ
is shown in Fig. 2, and the basic physical properties
of the soil samples are shown in Tables 1 and 2.

Experimental Materials. The research group
carries out field investigation and sampling in the
carbonate-saline soil distribution area in the Daan,
Zhenlai and other places in western Jilin Province repeatedly. As shown in Fig. 1, the surface soil is dry
and grey white, and the soil mass is dry, compact and
hard in the Daan research area.



Zhenlai

Daan

FIGURE 1
Saline-alkali surface in the Daan research area

FIGURE 2
Sample point diagram

The surface soil in spring and autumn in
Zhenlai County is extremely dry and grey white and
contains more saline-alkali plaques. This is due to an
abundance of soluble salt crystals.
To study the influence of environmental factors
on frost heaving characteristics, soil samples at a certain depth in the Daan area are selected. Soil samples
are selected at the same depth in the Sanzhigou area
of Zhenlai County to contrast the frost heaving properties of different types of soil. The frost heave test
is carried out with the aforementioned soil samples.

Experimental Methods. Experimental Facilities. In this experiment, the test specimens are
placed in the programmable temperature tester, as
shown in Fig. 3. The temperature accuracy of the
tester is 0.1 °C and the temperature control range is
-40 °C to 120 °C .
The research group controls the temperature
and time programming of the tester, as well as observe and recode the salt-frost heaving
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FIGURE 3
The schematic diagram of the programmable temperature tester and the experiments

0.0 %

Salt content

Daan

Sanzhigou

Sanzhigou

Sanzhigou

Sanzhigou

30 cm soil sample

20 cm soil sample

30 cm soil sample

40 cm soil sample

50 cm soil sample

1.5 %

2.0 %

3.0 %

0.3 %

0.5 % 1.2 %

Compact degree

Moisture content

Temperature

18 %

0

-2

-4

1.5 %

1.2 %

85 %

90 %

95 %

20 %

22 %

24 %

-8

-6

-10

26 %

-15

-20

-25

Frost heaving ratio observation

FIGURE 4
Frost heaving test design
The research group prepares soil samples according to the influence factors given in Fig. 4 and
pack them into circular organic glass pipes, whose
inner diameter is 5 cm and height is 10 cm, under a
compaction degree of 85%, 90% and 95%, respectively, based on a given moisture content and salt
content. To prevent air drying, the sample is covered
with a plastic film on the top and bottom. The height
of each sample is 8 cm with an expansion space.
Next, it is placed into a dilatometer, as shown in Fig.
3, and the dilatometer is placed in a freezing-thawing
box, as shown in Fig. 3 for the frost heaving test.
Before the test, the sample is stabilized under
constant temperature for 24 h (in cases of a sample
with a salt content<1.5%, the constant temperature is
5 °C  IRU D VDPSOH ZLWK D VDOW FRQWHQW  WKH
constant temperature is 20 °C ). Then, the temperature decreases at a rate of 1 °C /2 h and remains for
6-8 h at each temperature interval, and the frost heaving deformation at each level is observed and recorded. Considering a large volume of observation
data, no detailed list is offered, but reference [15] is
offered in this paper.

deformation respectively under temperatures of 0
°C , -2 °C , -4 °C , -6 °C , -8 °C , -10 °C , -15 °C , 20 °C and -25 °C with a rate of temperature fall of
1 °C /2 h. Then, they set the temperature stabilizing
time at each level as 6-8 h and proceed to the next
temperature interval automatically.
Experimental Methods. Previous studies [1113] showed that soil frost heaving is mainly affected
by temperature, moisture and soil properties.
Whereas the carbonate-saline soil obtained from
Daan City and the Sanzhigou area of Zhenlai County
is studied in this paper, previous research findings
are analysed and compared [14], and frost heaving
tests on different soil samples are conducted under
different freezing temperatures, moisture contents,
salt contents and compactness. Under a fixed compactness, frost heaving tests are carried out on soil
samples with different moisture contents and frostheaving deformation of soil samplers under different
temperatures is recorded. Fig. 4 shows the values of
the influences factors.
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TABLE 3
Ultimate frost heaving ratio of soil samples with different salt contents under different moisture contents
Moisture content (%)
18
20
21
22
24
26
0.3600
0.5733
0.9900
1.0300
1.9933
1.7800
0.00
0.30
0.1467
0.3433
0.5233
0.6433
1.0467
1.3300
0.50
0.1567
0.400
0.7967
0.8500
1.2033
1.4633
Daan
1.20
0.0033
0.5433
0.8033
0.8633
1.4567
2.2900
-0.2100
0.6600
0.9767
1.2333
1.6700
2.5100
1.50
0.1800
0.4167
0.6733
1.0233
1.20
1.50
0.5033
0.6500
1.2166
1.8767
Sanzhigou
0.7300
1.1600
1.4733
2.0200
2.00
3.00
0.8167
1.3567
1.7433
2.2267
Note: Data in the table show the average value of the ultimate frost heaving ratio of the soil samples under three compaction degrees
corresponding to moisture contents.
Soil sample

Salt content (%)

TABLE 4
Frost heaving ratio of the soil samples with different compaction degrees under different salt contents
Compactness
0.85
0.9
0.95
0.00
0.3483
1.0950
1.9200
0.30
0.3750
0.4567
1.1850
Daan
0.50
0.3983
0.8283
1.2083
1.20
0.4583
1.0717
1.4500
1.50
0.7867
1.3633
1.2700
1.20
0.4125
0.5225
0.7825
1.50
0.7175
1.1225
1.3450
Sanzhigou
2.00
0.8925
1.5200
1.6250
3.00
1.0550
1.7350
1.8175
Note: Data in the table show the average value of the frost heaving ratio of soil samples under different moisture contents corresponding to compaction degrees.
Soil sample

Salt content (%)

TABLE 5
Ratio of the frost heaving deformation increment in the total frost heaving deformation of the soil
samples with different salt contents in a temperature interval
Salt content Temperature interval ( °C )
Soil sample
(%)
0.00
0.30
0.50
1.20
1.50

Daan

0̚-2
0.9396
0.9462
0.7629
0.3682
-0.0878

-2̚-4
0.0397
0.0588
0.2115
0.5067
0.7401

-4̚-6
-0.0070
-0.0187
-0.0201
0.0108
0.1133

-6̚-10
-0.0009
-0.0145
0.0027
0.0124
0.1058

-10̚-15
0.0100
0.0069
0.0076
0.0443
0.0655

-15̚-25
0.0186
0.0213
0.0354
0.0575
0.0630

1.20
0.6309
0.1062
0.1361
0.0381
0.0206
0.0682
1.50
0.4889
0.3650
0.0870
0.0390
0.0407
-0.0205
2.00
0.2732
0.4072
0.1432
0.1257
0.0425
0.0082
3.00
0.2215
0.4694
0.0603
0.2082
0.0341
0.0065
Note: Data in the table show the average value of the frost heaving deformation increment in the total frost heaving deformation
of the soil samples with different salt contents in corresponding temperature intervals.
Sanzhigou

(;3(5,0(17$/5(68/76

Tables 3-5 and Figs. 5-7 show the frost heaving
ratio of the soil samples with the changes in moisture
content, salt content, compaction degree and temperature.

Generally, frost heaving characteristics of soil
masses are reflected by the frost heaving ratio. In this
research, soil samples are placed into organic glass
pipes for the frost heaving test under confined conditions; thus, the frost heaving ratio is calculated using the ratio between the frost-heaving deformation
and the freezing depth in Equation (1) as follows:
K

'h
u100%
h0

',6&866,212)(;3(5,0(17$/5(68/76
In the experiment process, slight shrinkage deformation but no swelling deformation occurs in all
soil samples at 10 °C -0 °C because of the decrease
in temperature and water loss from air drying, mainly
because the soil samples with a salt content of less
than 1.5% exhibit no salt expansion at 10 °C -0 °C ,
while those with a salt content of no less

(1)

ZKHUHȘLVWKHIURVWKHDYLQJUDWLRH[SUHVVHGLQ
%; ᇞh is the frost-heaving deformation, the soil frost
height increment, expressed in cm; h0 is the original
height of the sample in the frost heaving test, expressed in cm.
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FIGURE 5
Relation between the frost heaving ratio and the moisture content of the soil samples
with different salt contents
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FIGURE 6
Relation between the frost heaving ratio and the compaction degree of the soil samples
with different salt contents
Influence of Moisture Content and Salt Content on the Frost Heaving Ratio of Soil Samples
from the Daan Area. Table 3 and Fig. 5 show the
influences of moisture content on the frost heaving
ratio of soil samples. Generally, the frost heaving ratio of all soil samples increases with the increase in
moisture content under a fixed salt content; the frost
heaving ratio of soil samples with different salt contents also increases with the increase in salt content
except for those with a salt content of 0%. Considering the features that the frost heaving ratio changes
with moisture content is related to freezing of free
water and content of unfrozen water in the freezing
process [17], and the salt content affects the content
of unfrozen water, thus influences of moisture content and salt content are discussed together.

than 1.5% exhibit crystallization at 10 °C according
to the solubility [16] of sodium bicarbonate. Since no
water is separated out from the sodium bicarbonate
crystal, salt expansion is not obvious. It is observed
that the decrease in temperature results in weak salt
expansion of carbonate-saline soil under non-freezing conditions. Thus, frost heaving characteristics of
carbonate-saline soil are discussed when the temperature is below 0 °C . To analyse the influence of
moisture content, salt content, compaction degree
and temperature on the frost heaving ratio, frost
heaving characteristics of soil samples with the same
basic properties obtained from the Daan area at a certain depth are first analysed, then those of soil samples with different properties from different areas but
obtained at the same depth are contrasted.
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FIGURE 7
Relation between the ratio of the frost heaving deformation increment in the total frost
heaving deformation and the temperature of the soil samples with different salt contents
tent of 0%. Meanwhile, the ultimate frost heaving ratio of the soil samples with a higher salt content
(1.2% and 1.5%) remains higher.

First, free water in the pores of soil samples
with a higher moisture content is gradually frozen
with the decrease in temperature when the temperature is below 0 °C . The higher the moisture content,
the more ice crystals that form and the larger the volume expansion and the frost heaving ratio. Meanwhile, solid salt in the pore solution will be separated
out, salt expansion occurs when the temperature decreases gradually and the salt content in the pore solution exceeds the solubility. Thus, if the salt content
of the soil samples is higher, more solid particles will
be separated out, salt expansion will be obviously
seen, and the frost heaving ratio will be higher.
Then, more Na+ will be absorbed around soil
particles with a higher salt content in the soil samples, the hydrated film will be thicker and the content
of unfrozen water will be higher [18, 19]. A part of
the unfrozen water in the pores is gradually frozen
and the frost action lasts longer when the temperature
continues to decrease in the freezing process, which
facilitates full growth of ice crystals. Therefore, the
unfrozen moisture content of soil samples with
higher salt content is higher under a fixed temperature, and a higher frost heaving ratio comes under
lower temperature.
However, due to the low content of salt, soil
samples with a salt content of 0% obtained from the
Daan area contain less film water, so most water is
frozen when the temperature just begins to decrease.
As a result, the frost heaving ratio is obviously higher
than that of soil samples with a salt content of 0.3%
and 0.5% when the moisture content is 18% and
reaches a maximum when the moisture content is
24%. For relatively low salt content of soil samples
with a salt content of 0.3% and 0.5%, there is no obvious salt expansion, and salt prevents the freezing
of part of the water, so the ultimate frost heaving ratio is lower than that of soil samples with a salt con-

Influence of Compaction Degree on the Frost
Heaving Ratio of the Soil Samples. Influences of
compaction degree on the frost heaving ratio of soil
samples are shown in Table 4 and Fig. 6. The results
show that the frost heaving ratio of soil samples increases with the increase in compaction degree under
a fixed salt content, except for those with a salt content of 1.5% obtained from Daan. The analysis indicates that the influence of compaction degree on the
frost heaving ratio is mainly related to the air gap,
pores between soil particles, and changes of unfrozen moisture content.
First, soil samples with a lower compaction degree have a larger air gap between soil particles and
ice crystals and salt particles fill in the air gap during
the freezing process so that the space between soil
particles will not increase obviously.
When the compaction degree increases, the soil
mass is compacted and pores shrink; ice crystals and
salt crystals generated from the freezing process fill
in all pores, and more crystal particles will be separated out as temperatures continue to reduce, and
then soil particles are rearranged, with the space between soil particles enlarging, resulting in a higher
frost heaving ratio.
When the compaction degree reaches a fixed
value, excessively compact particles will confine deformation development; consequently, soil samples
with an overlarge compaction degree become stable
in frost-heaving deformation. That is the reason why
soil samples with a salt content of 1.5% and a compaction degree of 90% obtained from the Daan area
have a higher frost heaving ratio than those with a
compaction degree of 95%.
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Influence of Temperature on the Frost Heaving Ratio of the Soil Samples. Table 5 and Fig. 7
show the influence of temperature on the frost heaving ratio. The frost heaving deformation increment
covers a very different proportion in the total frost
heaving deformation in different freezing temperature intervals. It can be discovered from the experimental process that frost-heaving deformation of soil
samples with different salt contents occurs at different initial temperatures; in other words, the freezing
point is different. Soil samples with a higher salt content have a lower freezing point, which accords with
a higher content of unfrozen water. Therefore, influences of temperature on the frost heave ratio are related to the salt content and are closely related to
changes in the content of unfrozen water in the temperature-fall period. With a lower salt content, the
freezing point of soil samples with a salt content of
0% and 0.3% is relatively higher, most water is frozen at 0--2 °C , and the frost-heaving deformation is
most obvious, the frost heaving deformation increment covers approximately 94% of the maximum
value. If the temperature continues to decrease, the
content of unfrozen water will decrease and frostheaving deformation proceeds continuously as soil
samples continue frost heaving and deforming
faintly.
When the temperature interval is 0--2 °C , the
content of unfrozen water in the soil samples with a
salt content of 0.5% is slightly higher than that in soil
samples with a salt content of 0% and 0.3%, and
most water is frozen. The frost heaving deformation
increment covers approximately 76% of the maximum value. The content of unfrozen water decreases
gradually, and the frost heaving deformation increment covers approximately 21% of the maximum
value when the temperature interval is -2--4 °C . If
the temperature continues to decrease, the content of
unfrozen water will decrease continuously and the
frost heaving deformation will increase slightly.
The pore solution in soil samples with a salt
content of 1.2% obtained from the Daan area contains a higher salt content. Only a part of water is
frozen when the temperature interval is 0--2 °C , and
the frost heaving deformation increment covers approximately 36.8% of the maximum value. If the
temperature decreases to -2--4 °C , some unfrozen
water will be frozen and the frost action becomes
stronger, while the frost heaving deformation increment covers approximately 50.7% of the maximum
value. If the temperature decreases to -4--15 °C and
-15--25 °C , the frost heaving deformation increment
covers approximately 6.7% and 5.8% of the maximum value, respectively. It can be determined that
soil samples with a higher salt content continue to
deform at each temperature interval, but not obviously in cases of acute changes of frost-heaving deformation.
The frost-heaving initial temperature of soil

samples with a salt content of 1.5% is -4 °C ; when
the temperature interval is 0--2 °C , the content of
unfrozen water reaches the maximum and the frost
heaving deformation is a negative value; when the
temperature interval is -2--4 °C , the content of unfrozen water decreases slowly, the frost action becomes stronger, and the frost heaving deformation
increment covers approximately 74% of the maximum value. When the temperature decreases to -15
°C , the frost heaving deformation increment covers
approximately 19.7% of the maximum value. If the
temperature continues to decrease, the content of unfrozen water will decrease and frost-heaving deformation proceeds without obvious drastic changes.
Based on the above analysis, the salt content affects not only the initial temperature of frost heaving
and the temperature interval of constantly changing
frost action but also the change of the unfrozen moisture content, and then the ultimate frost heaving ratio. The frost heaving is a result of the interaction of
heat and mass [13]. Higher salt content leads to
higher content of unfrozen water and longer duration
time of frost action, thus ice crystals and salt crystals
develop fully, and the ultimate frost heaving ratio is
higher.
Contrastive Analysis of the Frost Heaving
Ratio of the Soil Samples from the Daan and Sanzhigou Areas. Soil samples from Sanzhigou were
obtained from different depths at the same sampling
point. Table 1 and Table 2 show that the soil properties differ slightly with an increase in depth. The content of silt particles is 52.5%-60.9% and that of clay
particles is 16.4%-41.7%. Both the content of clay
particles and the specific area are obviously lower
than that obtained from Daan. Silty clay is present at
20-30 cm of depth from the earth surface and sandy
clay appears at 40-50 cm of depth.
As shown in Table 3 and Table 4, the frost
heaving ratio increases with an increase in the moisture content and compaction degree under a fixed salt
content. The same is true of soil samples obtained
from the Daan area and those with different salt contents.
By comparing the frost heaving ratio of the soil
samples with the same salt content (1.2% and 1.5%)
obtained from the Daan and Sanzhigou areas, it is
clear that the frost heaving ratio of the former is generally higher than that of the latter. According to the
analysis of Table 1, the content of clay particles obtained from the Daan area is obviously higher than
that obtained from the Sanzhigou area, resulting in a
larger specific area, a smaller average capillary radius, a stronger binding energy of water and water
holding capacity of soil. A part of the water is absorbed on the surface of clay particles, the freezing
point is lower, the frost action lasts longer, ice crystals fully develop and the ultimate frost heaving ratio
reaches a higher value. Because of the higher content
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tical to the influence of salt content of the soil samples obtained from the Daan area on the freezing
point.

of clay particles and larger total volume of superficial hydrated film, the moisture content in the corresponding pore solution decreases, the solution concentration increases, more salt crystals will be separated out and the salt expansion effect is significant.
As a result, the higher the content of clay particles
obtained from the Daan area, the higher the ultimate
frost heaving ratio under the same moisture content
and salt content.
As shown in Table 5, the frost heaving deformation of the soil samples with a salt content of 1.2%
and 1.5% obtained from the Sanzhigou area changes
drastically at different temperature intervals from
that obtained from the Daan area; when the temperature interval is 0--2 °C , the frost heaving deformation increment of soil samples with a salt content
of 1.2% and 1.5% obtained from the Sanzhigou area
covers approximately 63.09% and 48.89% of the
maximum value, respectively, while that obtained
from the Daan area covers approximately 36.82%
and 8.78%, respectively, mainly because the content
of silt obtained from the Sanzhigou area is higher
than that obtained from the Daan area, but the content of clay particles is higher. Although soil samples
with the same salt content have been prepared as per
experimental requirements, the freezing point is still
higher. Based on studies by Xu Xuezu et al, sandy
soil has the highest soil water potential under the
same moisture content, followed by silt and clay.
Soil samples obtained from the Sanzhigou area contain 14.7%-30.3% sand grains, higher than those obtained from the Daan area, and 16.4%-41.7% clay
particles, lower than those obtained from the Daan
area. When the temperature begins to decrease, the
soil water potential in the pore solution of the Sanzhigou soil samples is higher, and the constraint of
most water is smaller. There is more unfrozen water
in the pore solution of soil samples obtained from the
Sanzhigou area in the form of free water and capillary water; most soil samples are frozen when the
temperature decreases to -2 °C . If the temperature
continues to decrease, frost-heaving deformation
further increases and becomes stable.
It is observed through comparing the frost
heaving deformation increment of soil samples with
different salt contents obtained from the Sanzhigou
area at different temperature intervals that those with
a higher salt content have a lower freezing point.
When the temperature interval is 0--2 °C , the frost
heaving deformation increment of soil samples with
a salt content of 1.2%, 1.5%, 2.0% and 3.0% covers
approximately 63.09%, 48.89%, 27.32% and
22.15% of the maximum value successively, and approximately 10.62%, 36.5%, 40.72% and 46.94% of
the maximum value successively at -2--4 °C . Soil
samples with a higher salt content have a lower
freezing point. The frost action reaches the maximum when the temperature decreases to -4 °C , iden-

&21&/86,216
Based on the experimental study of soil samples obtained from the Daan and Sanzhigou areas
and the analysis of the influence of temperature,
moisture content, compaction degree and salt content
on the frost heaving ratio, conclusions are drawn as
follows:
(1) When the temperature interval is 10-0 °C ,
carbonate-saline soil shrinks and deforms to a certain
extent with the decrease in temperature; when the
temperature is above 0 °C , the decrease in temperature results in weak salt expansion;
(2) When the temperature is below 0 °C and
continues to decrease, the frost heaving ratio increases with the increase in moisture content and salt
content. Higher salt content leads to a higher content
of unfrozen water and longer duration time of frost
action; thus, ice crystals and salt crystals develop
fully, and the ultimate frost heaving ratio is higher;
(3) The influence of the compaction degree on
the frost heaving ratio is mainly related to the air gap
between soil particles, porosity, and changes of unfrozen moisture content. Generally, the frost heaving
ratio increases with the increase in the compaction
degree. When the compaction degree reaches a fixed
value, the soil mass will be compacted and confined
to deform. Surrounded by plenty of Na+, soil particles with a higher salt content will be hardly frozen;
therefore, soil samples with a higher salt content can
reach the best compaction degree;
(4) The influence of temperature on the frost
heaving ratio is related to the salt content; soil samples with a lower salt content have a higher freezing
point and obvious temperature intervals of constantly changing frost heaving deformation; if the
salt content is higher, the freezing point is lower, the
content of unfrozen water is higher, there is no obvious temperature interval with constantly changing
frost heaving deformation, the frost action lasts
longer, ice crystals and salt crystals fully develop,
and the ultimate frost heaving ratio reaches a higher
value;
(5) Soil samples obtained from the Daan area
contain more clay particles than those obtained from
the Sanzhigou area. The content of clay particles in
soil samples obtained from the Sanzhigou area is
lower, the water potential in the pore solution is
higher, the binding energy of water is weaker, and
most water is frozen when the temperature begins to
decrease. The content of clay particles in soil samples obtained from the Daan area is higher, the specific area is larger, the water holding capacity of soil
is stronger and the freezing point is lower. When the
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temperature decreases to -4 °C , the frost action
reaches the maximum and lasts longer, ice crystals
fully form, and the ultimate frost heaving ratio is
higher than that of soil samples obtained from the
Sanzhigou area.
Based on the research findings of frost heaving
characteristics of soil samples obtained from the
Daan and Sanzhigou areas, frost heaving characteristics of soil samples with identical or similar properties obtained from the same sampling point change
regularly with the change of salt content, moisture
content, compaction degree and temperature, while
those of soil samples with different properties obtained from different sampling points make a difference. In conclusion, the frost heaving characteristics
of salty soil are affected by internal and external factors, such as granularity composition, salt content,
moisture content, compaction degree and temperature, which are mutually related. The frost heaving
characteristics of soil obtained from different places
should be comprehensively studied and combined
with soil properties and external factors.
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resulted in quality deterioration [5-11]. Among water sources, the rivers are waterways of strategic ecological and economic importance all over the world,
providing water for drinking, domestic, agricultural,
industrial purposes and fresh water ecosystem [1,
12]. Unfortunately the rivers are most vulnerable to
natural and anthropogenic contaminations [13].
Increasing level of contaminations not only impairs the water quality but also threatens aquatic
ecosystems, social prosperity, economic development and human health [14, 15]. Water users are dependent on its quality; if it is poor the user must pay
additional cost of water treatment or incur at least
the property damage or health risk [16, 17]. Therefore, in environmental protection policy the monitoring of water quality has one of the highest priorities [13, 18]. Monitoring water quality of a river on
regular basis provides helpful information about the
health of a river basin [19]. River water quality and
suitability for industrial, domestic and irrigation utilization depends on the dissolved minerals.
River Indus has the largest canal irrigation system in Asia. Pakistan economy is mainly based on
agriculture. Majority of its population depends on
River Indus for multi uses including drinking water
supplies, domestic use, agriculture, power generation, industry, navigation, tourism and recreation
[20, 21]. River Indus has been reported the as most
vulnerable river to contamination from natural and
anthropogenic sources in lower Indus Basin [22, 23].
However, so far, no such study has been carried out
in remote areas of upper Indus basin. Therefore, this
study was aimed to investigate the water quality of
River Indus and its tributaries in upper Indus Basin
and evaluate the water suitability for drinking and
irrigation purposes.

ABSTRACT
This study investigates the water quality for
drinking and irrigation uses in upper Indus Basin,
northern Pakistan. For this purpose water samples
were collected from the River Indus and tributaries,
and analyzed for the physicochemical parameters including physical, anions, total alkalinity and hardness. Furthermore, water was analyzed for selected
elements by Perkin Elmer atomic absorption spectrometer (AAS-PEA-700). The concentrations of
various physicochemical parameters were found
within the safe guidelines set by the international organizations such as world health organization
(WHO) and national organization Pakistan environmental protection agency (Pak EPA) for drinking
and irrigation water. Sodium adsorption ratios
(SAR) in the studied water samples were found
>1.3. Statistical analyses revealed that geogenic and
anthropogenic have increased the concentrations of
FHUWDLQSK\VLFRFKHPLFDOSDUDPHWHUV¶LQWKH5LYHU,Q
dus and its tributaries. However, water quality of the
River Indus and its tributaries in upper Indus basin
are safe and suitable for the drinking, domestic and
irrigation purposes, therefore, this study strongly
recommend uses for drinking, domestic and agriculture purposes in upper Indus Basin.

KEYWORDS:
Drinking water, irrigation water, upper Indus Basin, Basha
dam, Turbela dam

INTRODUCTION
Fresh water is one of the most vital and precious resource to support life and development [1].
Water quantity demand and its quality deterioration
were rapidly increased during the last century [2-4].
In environment, the mobile contaminant could find
their ways into water sources from the natural (bed
rocks and ore deposits) and anthropogenic (domestic, agriculture, mining and industrial) activities and

MATERIALS AND METHODS
Study Area. River Indus is one of the largest
rivers in southern Asia. The total length of River
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K
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TABLE 1
Instrumental analytical condition for analyses of selected metals
Air
Acetylene Wavelength
Lamp current Slit width Detection limits
(L/min)
(L/min)
(nm)
(Ma)
(nm)
(mg l-1)
17.0
2.0
422.7
10
0.7
0.0015
17.0
2.0
324.8
15
0.7
0.0015
17.0
2.3
288.3
30
0.2
0.005
17.0
2.0
766.5
12
0.7
0.003
17.0
2.0
285.2
6
0.7
0.00015
17.0
2.0
279.5
20
0.2
0.0015
17.0
2.0
589.0
8
0.2
0.0003

FIGURE 1
Map of the study area showing location of sampled tributaries with altitude (m)
4ºC for analyses. Basic parameters like total suspended solid (TSS) were measured on filtration
method adopted from APHA [27]. All water samples were analyzed for major anions such as chloride
(Cl), phosphate (PO4) and nitrate (NO3) by HACH
Spectrophotometer (DR 2800) and total hardness
and alkalinity using titration procedures adopted
from the Muhammad et al. [25]. Elements such sodium (Na), potassium (K), calcium (Ca), magnesium
(Mg), copper (Cu), iron (Fe) and manganese (Mn)
were measured in the filtered water samples using
Perkin Elmer atomic absorption spectrometer
(AAS-PEA-700) under standard operating conditions (Table 1).
For precision and accuracy the anions and cations (elements) were analyzed (triplicates) for each
sample. Certified standard solutions Fluka Kamica
(Buchs, Switzerland) of selected seven elements
were prepared with double distilled water. Furthermore, after every 10 samples two standards Fluka
.DPLFD %XFKV6ZLW]HUODQG DQGDEODQN ȝJO1
  ȝJ O-1 DQG  ȝJ O-1) of respective elements
were analyzed on AAS.

Indus is about 2880 km with a drainage area of
912000 km2 extending across portions of Afghanistan, China, India and Pakistan. River Indus is divided into upper and lower Indus Basin. The upper
River Indus basin is upstream of Turbela Dam. River
Indus in upper Indus Basin is about 1125 km long
and having drainage area of 170000 km2 [24]. Upper
Indus Basin are rich in ore deposits, therefore, there
is continuous exploration and mining activities that
resulted in surrounding water and soil contamination
[25, 26]. River Indus and its tributaries are used for
multi purposes including drinking water supplies,
domestic use, agriculture, power generation, industry, navigation, tourism and recreation. As the River
Indus is very long, therefore, this study was conducted in part of upper Indus Basin between Thakot
and Basha (Fig. 1).
Sampling and Analyses. Representative water
samples of River Indus and its tributaries were collected in between the Turbela Dam and proposed
site of Basha Dam in spring season (Fig. 1). Collected samples were transported and kept in dark at
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TABLE 2
The concentrations of physicochemical parameters (mg l -1) in the study area
Sampling sites

TSS a

River Indus at Bhasha
Gah
Bhasha Gah Tributary
Harban Nala Tributary
Darail Khawar Tributary
Samar Nala Tributary
Shori River Tributary
Lutar Nala Tributary
Kandiyan River Tributary
Doong Tributary
Jalkot Nala Tributary
Zaid Khawar Tributary
Mandraz Nala Tributary
Keyal Khawar Tributary
Patan Nala Tributary
Dubair Khawar Tributary
Lorin Nala Tributary
Khan Khawar Tributary
Kund Nala Tributary
Shang River Tributary
River Indus at Thakot
WHO drinking standard
Pak EPA drinking
standards
Irrigation water guidelines

a
b

NO3

Cl

PO4

Fe

Mn

Cu

K

Ca

Mg

11.26

Total Alkalinity
320.00

0.23

8.00

0.01

0.24

0.07

0.01

2.85

32.72

28.26

8.11

1.18

12.67
17.33
5.74

100.00
80.00
70.00

1080.00
1100.00
760.00

0.16
0.13
0.38

5.50
22.00
9.00

0.01
0.00
0.04

0.14
0.14
0.11

0.09
0.03
0.01

0.44
0.03
0.02

4.32
0.47
2.28

45.13
5.95
17.91

29.60
3.71
3.33

9.18
2.93
3.32

1.20
1.05
0.76

14.56
6.67
29.90
20.00

90.00
120.00
80.00
100.00

560.00
1080.00
620.00
400.00

0.22
0.36
0.26
0.21

13.00
20.00
12.00
8.00

0.01
0.02
0.01
0.04

0.10
0.09
0.16
0.19

0.02
0.03
0.03
0.03

0.03
0.02
0.02
0.02

0.48
0.72
0.54
1.17

11.34
17.43
4.54
10.36

5.89
6.73
11.11
11.34

0.54
0.93
1.02
1.09

0.14
0.20
0.32
0.27

14.94
19.37
16.03

70.00
200.00
50.00

320.00
180.00
300.00

0.22
0.15
0.12

5.00
14.00
7.00

0.02
0.00
0.00

0.20
0.15
0.16

0.05
0.04
0.05

0.02
0.01
0.02

0.70
0.39
0.33

4.16
5.25
6.04

9.93
6.54
14.39

1.49
1.09
0.72

0.56
0.43
0.20

14.04

100.00

660.00

0.40

11.00

0.00

0.16

0.05

0.01

0.38

4.72

16.43

1.33

0.42

17.08

60.00

300.00

0.14

10.00

0.00

0.29

0.06

0.11

0.46

4.22

13.45

0.98

0.35

9.25
10.58

90.00
80.00

380.00
520.00

0.15
0.24

6.00
16.00

0.01
0.00

0.18
0.23

0.04
0.05

0.02
0.02

0.42
0.63

16.01
12.83

14.30
10.64

2.13
0.69

0.44
0.16

19.79
19.02

90.00
110.00

420.00
360.00

0.10
0.15

9.50
18.00

0.01
0.01

0.22
0.21

0.05
0.06

0.02
0.02

3.52
0.57

36.53
19.15

16.43
12.94

4.49
4.31

0.67
0.85

13.30
18.54
29.75

110.00
90.00
100.00
500.00

540.00
320.00
600.00

0.14
0.23
0.11
10.00

7.50
12.00
15.00
250.00

0.00
0.02
0.02
5.00

0.20
0.23
0.27
0.30

0.06
0.06
0.07
0.5

0.02
0.02
0.01
2.00

2.33
2.70
3.07
10.00

29.10
16.82
30.61
200.00

11.58
7.56
26.33
150.00

3.91
3.22
6.62
200.00

0.66
0.71
1.00

10.00

<250

<5

0.30

<0.5

2.00

10.00

100.00

50.00

50.00

5.00

0.20

0.20

300.00

100.00

8.00

Total suspended solid
Sodium adsorption ratio (SAR)
suspended and settle able form, discharged from natural (weathering and erosion) and anthropogenic
(agriculture and mining) sources. These TSS are rich
in organic nutrients and may leads to eutrophication,
oxygen depletion and turbidity. Furthermore, the
TSS reduces photosynthetic activity and increase
surface water temperature. Excess TSS may also attribute a shift toward more sediments tolerable species and affect the aquatic insects and food chain
[29]. The settling of sediment may destroy habitat
for benthic organisms, suffocate bottom-dwelling
organisms and fish eggs and disrupt the reproduction
of aquatic species US EPA [30]. These solids also
affect the food consumption of fish at various stages
of life [31].
The values of total hardness were the maximum (200.00 mg l-1) in the Jalkot Nala, while minimum (50.00 mg l-1) in the Zaid Khawar. Similarly,
total alkalinity values were highest (1100 mg l-1) in
the Harban Nala, while lowest (180 mg l-1) in the
Jalkot Nala. Nitrate concentrations were highest
(0.40 mg l-1) in the Mandraz Nala and lowest (0.10
mg l-1) in the Lorin Nala. The concentrations of PO4
in the Darail Khawar, Kandiyan River were found
highest (0.04 mg l-1) and lower than detection limits
in the Harban Nala, Jalkot Nala, Zaid Khawar, Mandraz Nala, Keyal Khawar, Dubair Khawar and Kund
Nala (Table 2). Higher NO3 and PO4 concentrations
promote and accelerate the eutrophication in water
bodies [1]. The concentrations of NO3 and PO4 of
this study were found within the drinking water permissible limits of Pakistan environmental protection

Reproducibility of results was found to 90±5% confidence level. Therefore, for interpretation of results
the average value of each sample was used. All
chemicals used in analyses were of analytical grade
and purchased from MERCK, Germany. All analyses were performed in the Biology laboratory,
COMSATS University, Abbottabad, Pakistan.
Sodium Adsorption Ratio (SAR). Sodium
adsorption ratio (SAR) is an important parameter for
determination of the irrigation water quality. The
values of SAR were calculated from the ratio of sodium to calcium and magnesium and calculated using the equation adopted from the Nishanthiny et al.
[28]:
ே
ܵ ܴܣൌ ೌశಾ
i
ට

మ

Statistical Analyses. Mathematical calculations (means) and statistical analyses (one-way
ANOVA, correlation analysis and principle components analysis) were obtained for water physicochemical parameters using Excel 2007 (Microsoft
Office) and SPSS 21 (SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION
Physicochemical Parameters. Results of the
physicochemical parameters were summarized in
the Table 2. The values of TSS were highest (29.90
mg l-1) in the Lutar Nala, while lowest (5.74 mg l-1)
for the Darail Khawar. Total suspended solid are
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concentrations were found within the permissible
limits of drinking water set by Pak EPA [32] and
WHO [33]. Potassium is one of the essential elements for normal body functions of human. Its low
concentrations may cause deficiency that leads to
hypertension, kidney diseases, asthma, heart problems and muscle and bladder weakness. However,
its high concentration could cause rapid heartbeat,
reduced renal function, ovarian cysts and cystitis
[42]. Potassium is one of the essential elements and
required in plant enzymes and proteins. Its deficiency may cause chlorosis and necrosis and growth
rate reduction [43, 44]. Similarly, Na, Ca and Mg
concentrations were ranged from 0.54-9.18, 4.1645.13 and 3.33-29.60 mg l-1, respectively (Table 2).
Highest concentrations of Na (9.18 mg l-1), Ca
(45.13 mg l-1) and Mg (29.60 mg l-1) were observed
in Bhasha Gah, a tributary of River Indus. The concentrations of Na, Ca and Mg were found within the
permissible limits of drinking water set by Pak EPA
[32] and WHO [33]. Low concentrations of Na can
cause deficiency problems in human that include fatigue, depression, low blood pressure and dehydration. However, its high concentrations are responsible for toxic effects such as headaches, hypertension, stroke, nausea, kidney and stomach problems
[25]. Deficiency of Ca and Mg in drinking water
may cause cardiovascular diseases in human [45].
Sodium adsorption ratio of irrigation water was
calculated from the concentrations of Na, Ca and Mg
and found within the maximum allowable limits of
NSWCC/IWQG Pak [34]. Irrigation water containing higher Na concentrations are of great concern
due to its effects on the soil. Its higher concentration
in water produces the adverse effect on soil properties. Soil particles adsorbed and attached the Na
from water, making it hard, compact and impermeable to water penetration. Elements such as Ca and
Mg are important because of their effect to counter
the Na. The SAR determined the irrigation water
suitability in term of Na hazards [46].

agency (Pak EPA) [32] and world health organization (WHO) [33]. In the study area, NO3 and PO4
concentrations were found below than those reported by Muhammad et al. [25]. Similarly, Cl concentrations were highest (22.00 mg l-1) in the Harban
Nala and lowest (5.00 mg l-1) in the Doong stream,
a Tributary of River Indus (Table 2). Chloride concentrations were found within the permissible limit
of drinking water set by Pak EPA [32] and WHO
[33], and irrigation water national surface water
classification criteria/irrigation water quality guidelines for Pakistan (NSWCC/IWQG) Pak [34].
The concentrations of Fe were the highest for
Keyal Khawar (0.29 mg l-1), while the lowest in the
Shori River (0.09 mg l-1) as shown in the Table 2.
The concentrations of Fe were found within the permissible limits of drinking water set by Pak EPA
[32] and WHO [33] and irrigation water standards
NSWCC/IWQG Pak [34]. In the study area, Fe concentration was higher than those reported by Shah et
al. [35]. Iron is one of the essentially required elements for the plant cell wall, protein and chlorophyll
[36]. However, at higher concentrations it may cause
toxic effects such as the injured or necrotic spots on
leaves and productivity reduction [37, 38]. Among
animals, it is essentially required in protein and enzymes. However, surpassing the tolerable limit it
may cause toxicity. The Mn concentrations were
found maximum in Bhasha Gah (0.09 mg l-1), while
minimum in the Darail Khawar (0.01 mg l-1) as
shown in the Table 2. Manganese concentrations
were found within the maximum allowable limits of
drinking water set by Pak EPA [32] and WHO [33],
and irrigation water standards NSWCC/IWQG Pak
[34]. In the study area, Mn concentrations were
found lower than those reported by Khan et al. [7] in
Shah Alam River (River Kabul). However, higher
Mn concentrations in drinking water could cause
mental diseases such as Manganism and Alzheimer's
in human beings [26]. Manganese toxic effects to
plants and could cause the alteration of absorption,
translocation, utilization of elements (Ca, Mg, Fe
and P) and enzyme activity, leaf chlorosis and necrotic spots and decrease in production [39, 40]. The
concentrations of Cu were found highest (0.44 mg l1
) in Bhasha Gah, while lowest (0.01 mg l-1) in the
Jalkot Nala, Mandraz Nala, main River Indus at
Thakot and Bhasha Gah as shown in the Table 2.
The concentrations of Cu were found within the
maximum allowable limits of drinking water set by
Pak EPA [32] and WHO [33]. However, Cu in Bhasha Gah, a tributary of the River Indus, has crossed
the irrigation water standards NSWCC/IWQG Pak
[34]. Deficiency effects of Cu include the plant stem
twisting and bending, inhibition of photosynthesis,
sterile pollen production. However, its toxic effect
includes biomass reduction [39, 41].
Potassium concentrations were found highest
(4.32 mg l-1) in Bhasha Gah, while lowest (0.33 mg
l-1) in the Zaid Khawar as shown in the Table 2. Its

Statistical Analyses. Statistical comparison using
one-way ANOVA for the River Indus and its tributaries revealed that variations among contamination
sources are insignificant (p<0.783). This means that
these tributaries contribute nearly equally to the
mean water contaminations level of the study area.
Table 3 summarizes the correlation matrix of physicochemical parameters in water. Correlation matrix
provides interesting information on physicochemical parameters sources and pathways [25, 26]. Correlation matrix revealed that some of the pairs have
higher correlation at significant level between the element pairs including Fe-Mn (r=.602) and Fe-Mg
(r=.442) suggesting a common source of these elements. Calcium is highly correlated with K (r=.899),
Mg (r=.664) and Na (r=.873) suggesting their high
geochemical association.
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TABLE 3
Pearson correlation of physicochemical parameters (n=66) in the study area
Parameters
TSS
Hardness
Alkalinity
NO3
Cl
PO4
Fe
Mn
Cu
K
Ca
Mg
Na
SAR

TSS
1

Hardness
.047
1

Alkalinity
-.235
-.107
1

NO3
-.435
-.020
.320
1

Cl
.150
.235
.387
.086
1

PO4
-.058
-.106
.090
.364
-.166
1

*

Fe
.389
-.143
-.559
-.457
-.161
-.150
1
**

Mn
.163
.078
-.129
-.430
-.262
-.342
.602
1
*
*
**
***
**
*

Cu
-.122
-.052
.428
-.161
-.286
-.074
-.109
.522
1
*
*
*
*

K
.041
.051
.189
-.174
-.318
.279
.230
.539
.477
1
***
**
***
**

Ca
-.095
.152
.240
-.247
-.213
.126
.163
.572
.479
.899
1
**
***
***

Mg
.178
.037
-.019
-.278
-.382
-.121
.442
.805
.482
.594
.664
1
*
*

Na
.038
.145
.222
-.264
-.187
.086
.254
.678
.514
.847
.873
.760
1
***

SAR
.074
.120
.260
-.254
-.023
.070
.219
.531
.377
.685
.645
.523
.904
1

* Significant at the level 0.05, ** Significant at the level 0.01, *** Significant at the level 0.001

TABLE 4
Factor loading of physicochemical parameters in water (n=66) of the study area
Parameters
PC1
PC2
PC3
TSS
-.13
.20
.75
Hardness
.00
.28
.47
Alkalinity
.34
-.47
.44
NO3
-.10
-.76
.30
Cl
-.13
-.05
.86
PO4
-.57
.23
.29
Fe
.09
-.28
.81
Mn
.27
-.22
.78
Cu
.16
.05
-.08
K
.06
-.15
.87
Ca
-.02
-.08
.89
Mg
.37
-.49
.57
Na
.27
.02
.91
SAR
.32
.12
.75
Eigen value
3.79
3.20
1.55
Loading %
27.08
22.82
11.09
Cumulative %
27.08
49.90
60.99
Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
Dominant values of element in each factor is reported in bold n means number of samples.

Table 4 summarizes the PCA results with varimax normalization (PCA-V) in water of the study
area. The PCA method resulted in a reduction of initial dimension of data set to four components having eigenvalues higher than 1.00 (before and after
rotation), and explained 72.08% of the water data
variation. The PC1, PC2, PC3 and PC4 components
accounted for the 27.08, 22.82, 11.09 and 11.09% of
the total variance. Metals such as Na and K were
found to be strongly associated with Ca in the first
component (PC1) suggesting the influence of limestone and dolomite bed rocks minerals such as talc
carbonate schist. The PC2 include the Fe, Mn and
Mg demonstrates the influence of the ultramafic
rock. The PC3 has high loading of NO3 and PO4 suggesting that their sources could be influenced form
the upstream agriculture activities. Nitrate and PO4
level could be influenced from rocks and agriculture
in the area. The PC4 revealed higher loading Cu that
could be attributed to the geochemical weathering of
upstream ore deposit. This study was found consistent with previous studies reported by Muhammad et al. [25, 26].

CONCLUSIONS
Physicochemical parameters of the River Indus
and its tributaries were found within the drinking
and irrigation water guidelines set by the Pak EPA
and WHO. Statistical analyses revealed that physicochemical parameters of the River Indus and its
tributaries get elemental contaminations from the
natural sources (weathering and erosion of bed
rock), and NO3 and PO4 from anthropogenic (agriculture) sources. It is concluded that water quality of
the study area is suitable for drinking, domestic and
irrigation purposes. Therefore, this study strongly
recommends its utilization for domestic use and irrigation of agriculture fields. This study recommends
the water quality assessment for potentially toxic element in upper Indus Basin.
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SEASONAL VARIATIONS OF HEAVY METALS IN WATER,
SEDIMENT AND TISSUES OF TWO FRESHWATER FISH
SPECIES (CYPRINION MACROSTOMUM AND CAPOETA
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(TIGRIS BASIN), TURKEY
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Heavy metals in the aquatic environment are
considered as serious pollutants due to their toxicity
for organisms and human health [2]. Many fish are
found at the top of the food chain and metals in the
environment, accumulate in various tissues and organs of fish and subsequently transferred to man
through the food chain [3]. Fish species are used to
biologically monitor and determine environmental
levels of anthropogenic pollutants [4].
Two species belonging to Cyprinideae, Cyprinion macrostomum Heckel, 1843 and Capoeta trutta
(Heckel, 1843) family were selected for this study
because of the abundance in the Batman Dam and
common distribution in The Tigris and The Euphrates river basins [5]. Both fish species are important
nutrient sources for the people residing in the region
[6].
In order to provide irrigation and power generation, both the Batman Dam and hydroelectric power
plant were built in 1999 on the Batman stream in the
Southeastern Anatolia in Turkey [7]. Agricultural
drainage and municipal wastewater discharges from
the villages are potential sources of pollution. Furthermore, substances brought by the rivers during the
rainy season also contribute to it. However, there is
no industrial pollution source around the reservoirs
[8].
This study was carried out to determine some
heavy metals such as Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd
and Pb concentrations in water, sediment, liver, gill
and muscle tissues of the two fish species (C.
macrostomum and C. trutta) obtained from the Batman Dam. The results of this study will provide information for both quality of the water and the safety
and health of the fish, which are commercially important in the Batman Dam.

ABSTRACT
In this study, seasonal variations of Cr, Mn, Fe,
Co, Ni, Cu, Zn, Cd and Pb levels in water, sediment
and organs (liver, gill and muscle) of Cyprinion
macrostomum and Capoeta trutta taken from Batman Dam were investigated. Generally, Fe had the
highest concentrations in water, sediment and tissues
of the fish among the metals that were studied. The
heavy metal concentration in water was higher in the
summer. Co, Ni, Cu and Zn values were below the
detection limit in all seasons. In sediment, the metal
concentrations were in order as follows: Fe > Mn >
Ni > Cr > Zn > Cu > Co in. All metal concentrations
in the sediments were higher than those in water and
fish. Heavy metal accumulation in the sediment was
higher in autumn and winter. The highest metal levels were found in the liver and the gill of Cyprinion
macrostomum and Capoeta trutta, whereas, lower in
the muscle tissue. The average heavy metal concentration in the muscle of Cyprinion macrostomum was
higher in the spring and summer, however; was
higher in autumn and winter for Capoeta trutta. The
metal levels in muscle tissues of the fish were lower
than the acceptable values in fish tissues.

KEYWORDS:
Capoeta trutta, Cyprinion macrostomum, Heavy Metals,
Sediment, Batman Dam.

INTRODUCTION
Many of the elements may be considered as
heavy metals, are natural elements of the aquatic
ecosystem. Concentrations have significantly increased in certain circumstances, such as the geochemical structure of the ground that the aquatic system flows over, the industrial effluents and urban
sewage released into rivers, modern agricultural
practices, even though this has contributed to enhance the crop production and mining activities [1].

MATERIAL AND METHODS
Study area. This study was carried out with
samples taken seasonally from different stations of
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no. 1 filter paper, and 100 ml of the water sample
was adjusted to pH 3.5 with HCI. The sediment samples were homogenized at 110°C for 48 h to obtain
constant dry weight. Of each sediment samples, 0.1
g was weighed and transferred to microwave digestion tubes. In each sample tube, 9 ml 37% HCl, 3 ml
65% HNO3 and 2 ml HF 40% solutions were added,
and the samples were digested in a microwave oven
(Milestone Start D Microwave Digestion System).
After cooling, the samples were transferred to 15 ml
Falcon tubes.
Approximately 5 g of the epaxial muscles on
the dorsal surface, the entire liver and gill racers
from fish samples were taken. The samples were
dried approximately at 85°C for 72 h, and then 0.1 g
(d.w.) of each sample was weighed and transferred
to a digestion microwave. Sample tubes, 7 ml 65%
HNO3 and 1 ml 30% H2O2 solutions were added to
each sample tube. After solubilization using the digestion microwave oven, the tubes were cooled
down to room temperature and diluted to 15 ml with
ultra-pure water. Since heavy metal concentration in
the sediment samples was very higher than that in
water and fish samples, AAS was preferred for analysis. The metal concentrations in the sediment samples were detected with an Agilent 200 Atomic Absorption Spectrophotometer. The wavelengths of the
elements were as follows: Cr; 357.9 nm, Mn; 279.5
nm, Fe; 248.3 nm, Co; 240.7 nm, Ni; 232.0 nm, Cu;
324.8 nm, Zn; 213.9 nm, Cd; 228.8 nm, Pb; 217.0
nm. The detection limits for AAS were: Cr; 0.920 ȝJ
L-1, Mn; 0.052 ȝJ/-1, Fe; 0.076 ȝJ/-1, Co; 0.184 ȝJ
L-1, Ni; 0.030 ȝJ/-1, Cu; 0.055 ȝJ/-1, Zn; 0.033 ȝJ
L-1, Cd; 0.017 ȝJ/-1, Pb; 0.160 ȝJ/-1. Water and all
of the fish samples was analyzed triplicate for determination of Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb
by using an Agilent 7700 Inductively Coupled
Plasma Mass Spectrometer (ICP-MS). The detection
limits of ICP-MS were:&UȝJ/-1, Mn; 0.037
ȝJ/-1)HȝJ/-1&RȝJ/-1, Ni; 0.805
ȝJ/-1&XȝJ/-1=QȝJ/-1, Cd; 0.002
ȝJL-1 DQG3EȝJ/-1. Working standard solutions for system calibration and control of analytical
accuracy were obtained by dilution of the stock solutions (1.000 mg l-1 for AAS, 1 mg l-1 for ICP-MS).
The accumulation levels of metal concentrations
were expressed as mg kg-1 dry weight (dw) for sediment, ȝJ/-1 for water, mg kg-1 wet weight (ww) for
fish tissues. Heavy metal concentrations in the standard reference materials were compared with the certified values in Table 1. International certified reference materials were used for river sediment
LGC6189 (LGC Standards, Teddington, UK), fish
muscle (DORM-2, National Research Council Canada) and liver (DOLT-3, National Research Council
Canada) were analyzed in the beginning and at end
of each batch of samples to assess accuracy and precision of the analytical method.

the Batman Dam between July 2013 and April 2014
(Figure 1). The Batman Dam is located on the Batman Stream, which constitutes a natural border between %DWPDQDQG'L\DUEDNÕUSURYLQFHV7KHFRRU
dinates of the Batman Dam are 38º 14' 5.72" N 41º
5' 55.37" E, altitude is 659 m and has 49 km² of the
lake area. The body volume of the dam is 7.181
dam³, height from the streambed is 85 m and volume
of the lake in normal water level is 1175 hm³. The
dam, which was constructed from rocks is one of the
main tributaries of the Tigris River, was built for irrigation, flood prevention and producing electricity
[7]. Recently, in addition to the rise in pollution, agricultural developments substantially increased the
contamination of fish with heavy metals. Therefore,
the quality of this ecosystem has been deteriorating
due to agriculture and human activities. Although
fish are the main nutrition of the people living near
the Batman Dam, there has not been any studies conducted evaluating heavy metal concentrations in fish
from the Batman Dam.

FIGURE 1
Map of Batman Dam (Tigris Basin, Turkey).
Sampling procedure. The water samples were
taken with 1L plastic bottles by immersing the bottles by commencing from the surface of the water to
the bottom.
Sediment samples were taken with a plastic
shovel from surface sediment layer and stored in polyethylene bags. At the laboratory, sediments were
dried for 24 h.
Fish were obtained seasonally from the commercial fish which were maintained from the region
surrounding the Batman Dam. Fish samples were
transported to the laboratory in ice on the same day.
Length and weight of each fish species were measured and weighted. All fish samples were kept at
í30°C until analysis. This study was performed according to the Ethic Rules (2013/22) of Institute of
Natural and Applied Science of Dicle University.
Analytical procedures and analysis. Water
samples were filtered through a 0.45 mm Whatman
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TABLE 1
Concentrations of metals found in the certified and observed reference material sediment
(LGC6189), fish muscle (DORM-2) and liver (DOLT-3) (mg kg-1)
Sediment (LGC6189)
Metals
Cr
Ni
Cu
Zn
Mn
Co
Cd
Pb

Certified

Observed

93±8
34±3
87±8
460±30
1120±60
3.3±0.5
87±6

92.21±37.2
33.38±0.4
87.7±10.7
424.02±156.5
1318.3±56.2
2.92±0.4
72.03±3.2

Muscle (DORM-2)
Recovery
(%)
99
98
101
92
117
88
83

Certified

Observed

34.7±5.5
19.4±3.1
2.34±0.16
25.6±2.3
3.66±0.34
0.18±0.031
0.043±0.008
-

40.78±7.3
19.67±0.9
2.33±0.2
24.78±1.4
4.61±0.31
0.21±0.01
0.05±0.003
-

Liver (DOLT-3)
Recovery
(%)
117
101
99
97
125
115
116
-

Certified

Observed

2.72±0.3
31.2±1.0
86.6±2.4
19.4±0.6
-

3.26±0.2
32.25±0.9
96.67±2.0
21.53±0.8
-

Recovery
(%)
119
103
111
110
-

TABLE 2
The heavy metal concentrations in water from the Batman Dam (ȝJ/-1) (Tigris River)
Summer
Autumn
Winter
Spring
EC (1998)
WHO (2004)
USEPA(2009),MCL

Cr
ND.
ND
0.18
0.20
50
50
100

Mn
6.29
1.55
ND.
ND.
-

Fe
13.23
4.58
5.31
11.49
200
300
300

Co
ND.
ND.
ND.
ND.
-

Ni
ND.
ND.
ND.
ND.
20
70
-

Cu
ND.
ND.
ND.
ND.
2000
2000
1300

Zn
ND.
ND.
ND.
ND.
100
5000
5000

Cd
0.02
0.002
ND.
ND.
5
3
5

Pb
2.51
2.40
2.36
2.25
10
10
15

MCL: Maximum Contaminant Level and ND: Not detected
TABLE 3
The heavy metal concentrations (mgkg-1 dry weight) of sediment and seasons with annual
mean from the Batman Dam
Seasons

N

Cr

Mn

Fe

Co

Ni

Cu

Zn

Cd

Pb

Summer
Autumn
Winter
Spring
Mean

3
3
3
3
12

50.08±3.51a
82.16±29.32ab
114.24±16.84b
64.65±24.52a
77.78±30.72

1957.12±331.51a
1999.01±59.04a
2292.05±29.98a
1919.67±173.95a
2041.96±223.34

39882.19±1589.8a
49806.21±3056.6b
39660.84±3977.2a
34455.45±258.2a
41536.15±6169.1

9.41±1.14a
10.89±3.27ab
16.98±4.46b
11.06±3.15ab
12.09±4.09

157.01±48.00a
240.76±112.30a
211.40±32.13a
147.68±41.21a
189.21±69.43

28.99±9.01a
29.52±10.32a
35.25±2.16a
32.71±7.72a
31.62±7.27

55.90±2.59a
63.22±12.86a
68.32±1.08a
61.01±4.75a
62.11±7.57

ND.
ND.
ND.
ND.
ND.

ND.
ND.
ND.
ND.
ND.

Mean values and ± standard deviation. ND: Not detected, values in parentheses indicate the minimum and maximum levels.
a,b,c values with different letters are significantly different at p<0.05 level.

the Batman Dam, Fe was the highest in water samples .
Sediment. The results of the heavy metal analysis in the sediments are shown in Table 3. The Cd
and Pb concentrations in sediment were lower than
the detection limits of AAS. The heavy metal concentrations of sediment were in the order of Fe > Mn
> Ni > Cr > Zn > Cu > Co. The mean concentrations
of Cr, Mn, Co, Cu and Zn increased in winter, while
Fe and Ni in autumn. Furthermore, the least metal
concentratin was in summer. Fe concentration of
sediment in summer was statistically different compared to other seasons. Concentrations of Cr and Co
increased significantly in winter (p<0.05). The seasonal variation of Mn, Ni, Cu and Zn concentrations
in the Batman Dam were not statistically significant(p>0.05).

Statistics. The variety between fish tissues and
sampling stations were evaluated with variance analysis (one-way ANOVA) and the significance of difference between average values was evaluated by
Duncan Test. Non-parametric Kruskal±Wallis test
was used to determine significance of variation between different groups in seasonal comparisons.
When statistical variations were detected in Kruskal±Wallis test, Mann±Whitney U was used for multiple comparisons. Differences were considered as
significant at p<0.05.

RESULTS
Water. Seasonal changes of heavy metal concentrations in water taken from the Batman Dam are
given in Table 2. The Co, Ni, Cu and Zn concentrations were below the limits detected by ICP-MS. Fe
and Pb were detected in all seasons, while Cr accumulation in winter and spring, Mn and Cd in summer
and autumn. Cr concentration was detected at the
highest value in the spring; Mn, Fe, Zn and Pb concentrations were found to be highest in summer. In

Fish. The heavy metal concentrations in the
liver, gill and muscle tissues of C. macrostomum and
C. trutta from the Batman Dam are summarized in
Tables 4 and 5. Cu, Zn and Cd concentrations in the
liver and Cr; Mn, Ni and Pb concentrations in gills
of C. macrostomum and C. trutta were determined at
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MUSCLE

GILL

LIVER

TABLE 4
The heavy metal concentrations (mg kg-1wet wt) in tissues of Cyprinion macrostomum in different
seasons from the Batman Dam (Tigris Basin)
Summer
Autumn
Winter
Spring
Mean
P value
Summer
Autumn
Winter
Spring
Mean
P value
Summer
Autumn
Winter
Spring
Mean
P value

N
4
4
4
4
16
4
4
4
4
16
4
4
4
4
16

Cr
0.18±0.02
0.21±0.05
0.17±0.01
0.28±0.12
0.21±0.07 y
0.39
0.21±0.01
0.26±0.08)
0.23±0.04
0.22±0.04
0.23±0.05 y
0.70
0.163±0.01
0.159±0.03
0.14±0.02
0.17±0.02
0.16±0.02 x
0.39

Mn
1.67±0.10
3.78±3.29
1.16±0.35
3.00±1.37
2.40±1.93 y
0.22
10.31±4.58
6.67±2.95
5.04±1.16
6.74±1.68
6.91±3.68 z
0.12
0.40±0.16
0.26±0.09
0.23±0.09
0.34±0.04
0.31±0.12 x
0.23

Fe
77.25±8.5
132.24±56.3
126.23±9.9
183.18±116.5
129.72±69.9 z
0.05
41.10±9.49
53.04±25.14
50.85±7.81
45.72±11.62
47.68±14.37 y
0.46
12.20±2.2 bcd
8.72±2.10 a
6.79±1.52a
9.48±0.75a
9.30±2.55 x
0.02

Co
0.02±0.01 bd
0.05±0.02 ac
0.03±0.01 bd
0.07±0.02 ac
0.04±0.02 y
0.02
0.03±0.01
0.05±0.02
0.04±0.01
0.03±0.003
0.04±0.01 y
0.34
0.005±0.001
0.006±0.001
0.004±0.001
0.007±0.002
0.01±0.001 x
0.15

Ni
0.18±0.03 bd
0.28±0.08 ac
0.19±0.02 bd
0.32±0.10 ac
0.24±0.09 y
0.01
0.23±0.01
0.30±0.11
0.25±0.03
0.24±0.01
0.26±0.06 y
0.55
0.18±0.01
0.19±0.04
0.16±0.03
0.17±0.02
0.17±0.02 x
0.43

Cu
35.58±10.1 cd
50.78±11.07 d
55.35±9.71 a
83.71±30.3 ab
56.36±23.90 y
0.01
0.82±0.36
3.70±3.13
0.71±0.06
0.75±0.08
1.49±1.93 x
0.46
0.55±0.16
0.48±0.20
0.30±0.05
0.41±0.07
0.43±0.15 x
0.08

Zn
12.73±1.77 bcd
17.60±2.62 ad
18.52±2.15 ad
26.79±6.90 abc
18.91±6.30 z
0.005
10.01±1.14
13.01±2.60
12.82±2.06
12.35±0.86
12.05±2.04 y
0.11
4.30±0.58
4.54±0.26
4.91±1.38
5.03±0.53
4.69±0.78 x
0.47

Cd
0.19±0.09
0.36±0.22
0.51±0.20
0.29±0.09
0.34±0.19 y
0.2
0.03±0.004
0.04±0.01
0.05±0.01
0.03±0.003
0.04±0.01 x
0.05
0.025±0.001
0.024±0.01
0.022±0.003
0.023±0.003
0.02±0.003 x
0.72

Pb
0.11±0.02
0.12±0.03
0.09±0.01
0.16±0.08
0.12±0.05 y
0.21
0.156±0.01
0.163±0.03
0.131±0.02
0.134±0.01
0.15±0.02 z
0.11
0.08±0.01
0.07±0.01
0.06±0.01
0.06±0.01
0.07±0,01 x
0.16

Mean values and ± standard deviation. Values in parentheses indicate the minimum and maximum levels. Values with different letters are significantly different at p<0.05 level, N number of samples. (a Summer, b Autumn, c Winter, d Spring)
Seasonal differences in tissues, .x, y, z Mean differences between the tissues.

MUSCLE

GILL

LIVER

TABLE 5
The heavy metal concentrations (mg/kg wet wt) in tissues of Capoeta trutta in different seasons from the
Batman Dam Lake (Tigris Basin)
Summer
Autumn
Winter
Spring
Mean
P value
Summer
Autumn
Winter
Spring
Mean
P value
Summer
Autumn
Winter
Spring
Mean
P value

N
4
4
4
4
16
4
4
4
4
16
4
4
4
4
16

Cr
0.10±0.04 bcd
0.34±0.14 ac
0.16±0.01 ab
0.27±0.17 a
0,22±0,14 xy
0.01
0.10±0.02 bcd
0.27±0.07 ac
1.28±0.17 abd
0.22±0.02ac
0,47±0,49 y
0.005
0.07±0.02 bcd
0.20±0.01 acd
0.15±0.01 ab
0.14±0.03 ab
0,14±0,05 x
0.005

Mn
1.43±0.54 b
4.70±0.30 ac
1.28±0.26 b
5.76±5.30
3,29±3,14 y
0.02
9.79±2.59 c
11.53±1.91 d
13.68±0.94 ad
7.44±1.18 bc
10,61±2,85 z
0.02
0.34±0.07 bc
0.60±0.08 a
0.55±0.07 a
0.53±0.15
0,50±0,13 x
0.04

Fe
87.57±13.1
90.66±32.5
103.78±19.2
97.15±24.42
94,79±21,9 xy
0.78
37.56±6.4 bcd
57.63±19.6 ac
774.5±165.4abd
49.61±6.4 ac
229,83±333,3 y
0.008
4.80±0.9 bcd
12.21±2.1 ad
7.84±2.51 a
7.19±1.3 ab
8,01±3,2 x
0.01

Co
0.04±0.01 bcd
0.07±0.02 ac
0.05±0.01 ab
0.13±0.10a
0,07±0,06 y
0.02
0.03±0.003 c
0.05±0.02 c
0.20±0.03 abd
0.03±0.002 c
0,08±0,07 y
0.02
0.01±0.002 b
0.01±0.002 ad
0.01±0.002
0.01±0.001 b
0,01±0,002 x
0.02

Ni
0.05±0.03 b
0.33±0.11 ac
0.09±0.02 b
0.31±0.25
0,20±0,18 xy
0.03
0.06±0.02 bcd
0.18±0.09 ac
1.07±0.18 abd
0.12±0.03 ac
0,36±0,43 y
0.005
0.11±0.19
0.08±0.01
0.06±0.02
0.05±0.01
0,07±0,09 x
0.15

Cu
3.28±0.54 cd
3.25±2.22 cd
8.92±1.78 abd
26.64±18.73abc
10,52±13,03 y
0.006
0.50±0.09
0.47±0.06
0.55±0.09
0.54±0.12
0,52±0,09 x
0.32
0.59±0.54
0.30±0.06
0.25±0.03
0.31±0.06
0,36±0,28 x
0.68

Zn
11.37±0.67 cd
10.66±2.47c
14.90±2.02 ab
19.69±13.54 a
14,16±7,24 z
0.03
10.04±0.75 c
10.58±0.39c
7.14±0.48 abd
10.81±0.95 c
9,64±1,64 y
0.03
3.31±0.55
4.23±0.45 d
4.01±0.78 d
2.30±1.27 bc
3,46±1,07 x
0.03

Cd
0.12±0.04
0.08±0.02 d
0.07±0.01 d
0.24±0.17 bc
0,13±0,10 y
0.03
0.02±0.002 bd
0.04±0.004 a
0.03±0.01
0.03±0.001 a
0,03±0,01 x
0.03
0.01±0.003 bcd)
0.03±0.002 acd
0.02±0.002 ab
0.02±0.01 ab
0,02±0,01 x
0.007

Pb
0.09±0.01 bcd
0.19±0.02 ac
0.11±0.01 ab
0.17±0.11 a
0,14±0,07 x
0.01
0.17±0.01 bcd
0.24±0.05 ac
0.96±0.25 abd
0.26±0.08 ac
0,41±0,35 y
0.008
0.06±0.01 bc
0.14±0.02 ad
0.15±0.09 a
0.08±0.02 b
0,11±0,06 x
0.01

Mean values and ± standard deviation. Values in parentheses indicate the minimum and maximum levels.
Values with different letters are significantly different at p<0.05 level, N number of samples (a Summer, b Autumn,
c Winter, d Spring) Seasonal differences in tissues.x, y, z Mean differences between the tissues.

and Cd in the winter. There was no significant seasonal difference in muscle and gills of C. macrostomum, except Fe (p>0.05).
Cr, Ni and Pb in liver tissue of C. trutta in autumn, Mn, Co, Cu, Zn and Cd had the highest values
in the spring. In the summer, Cr, Co and Pb and in
spring-winter Cu accumulations were significantly
different from all seasons. On the other hand, in the
winter, Cr, Fe, Ni, Co, Zn and Pb accumulations in
the gills were significantly different than in all seasons (p<0.05). However, there was no significant
difference in Cu accumulation. Although, Cr, Mn,
Fe, Co, Zn and Cd accumulations were higher in the
muscle of C. trutta, there was no significant difference in Ni and Cu accumulations (p>0.05).

the highest levels. However, the muscle tended to accumulate less metal than different tissues.
In general, metal accumulation in different tissues of the fish was different form. The level of a
given metal also showed significant differences between the tissues throughout the year in fish samples.
Mn and Zn concentrations in the gill, muscle and
liver tissues of C. macrostomum and C. trutta were
found to be statistically significant. Cu and Cd concentrations in the liver tissues of the fish were determined to be higher than the other tissues. Ni, Co and
Cr concentration in muscle of C. macrostomum was
different than the gill and liver tissues of the same
fish species (p<0.05). In both species, Pb concentration was the highest in the gills, and the least in muscle tissues.
The results on heavy metal concentrations in
the tissues of fish taken seasonally from the Batman
Dam are summarized in Figure 2 for C. macrostomum and C. trutta. Cr, Mn, Fe, Co, Zn, Cd and Pb
accumulations in C. trutta increased in autumn and
winter. In the liver of C. macrostomum, Cr, Fe, Co,
Ni, Cu, Zn and Pb increased in spring, Mn in autumn

DISCUSSION
Heavy metal concentrations in the Batman
Dam were considerably lower than those found in
the previous studies in the Tigris River [9-11]. In our
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FIGURE 2
The heavy metal concentrations in tissues of Cyprinion macrostomum and Capoeta trutta in
different seasons from Batman Dam (Tigris Basin).
in the rainy seasons [24].
In the present study, the highest metal accumulations in the tissues of C. macrostomum and C.
trutta were in the liver and the gill tissues, while the
lowest metal accumulations were detected in muscle
tissues. It is well known that high induction levels of
metallothionein occur in liver tissue of fishes [25].
The highest accumulations of Cr, Mn, Ni and Pb
were determined in the gills for both species. The
high metal concentration in the gills is attributed due
to the fact that gills have a large surface area due to
the lamellar structures; have in direct contact with
the external environment and short-range diffusion
between water and blood [26-27]. The accumulation
of Cu, Mn and Zn in the muscles of C.macrostomum
and C. trutta was lower than that of samples of the
same species living in the Atatürk Dam, while the
accumulation of Fe was higher [28].
The average of heavy metal concentrations in
the muscle of C. macrostomum was higher in spring
and summer, while it was higher in autumn and winter for C. trutta. The relatively concentrations of
heavy metals in summer and spring were high in
Capoeta umbla in Keban Dam Lake [29]. TekinOzan [30] reported that metal levels in the muscle of
Boops boops from the Antalya Bay increased in
spring. Seasonal changes of metal concentrations in
fish depend on physical and chemical parameters of
water, feeding age [31-32], growth and reproductive
cycle of fish [33]. Higher metal concentrations in
trench muscle in the spring may be due to increased
metal input or bioavailability caused by snowmelt or

study, we found that concentrations of all metals (except Pb) were lower than those reported by Varol
[12] in the water of the Batman Dam. However,metal
concentrations in water samples were highest than in
the Hazar Lake. It has beenrecorded in several studies on water analaysis, heavy metals increase in the
summer [11, 13-16]. Our work has been consistent
with those of them. In the summer, the water level
decreases due to increase of evaporation, which in
turn, increases metal accumulation [16]. Heavy
metal levels in water depend on the physicochemical
parameters of water, such as temperature, pH, salinity and EC [17]. The concentrations of heavy metal
in the Batman Dam were lower than the permitted
concentration for drinking water quality guidelines
[18-20].
Sediments are places of nutrition, sheltering
and spawning ground for many living beings; moreover, metals and other toxic substances are deposited. Heavy metals left to aquatic ecosystems usually
bind to the particles and precipitate, and accumulate
in sediment [21-22]. Fe concentration in the sediment was rather high. Iron is generally the most
abundant metal in all of reservoirs, which is one of
WKHPRVWFRPPRQHOHPHQWVLQWKH(DUWK¶VFUXVW[23].
According to study carried out in the the Tigris River
sediment, the accumulation of Mn, Fe, Ni and Zn
were higher, whereas, that of Co and Cu were lower
[22]. It was found that heavy metal accumulation in
the sediment was higher in the autumn and winter
months, while it was lower in the summer months. It
may be attributed to increase of metal concentration
in the sediment due to metals carried by rain waters
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lake turnover, which affects water quality parameters [34].

In: FAO. 2014. Report of the Expert Meeting on
the Review of Fisheries and Aquaculture Activities in the Euphrates-Tigris Basin, Erbil, Iraq,
11-12 November 2012. Food and Agri culture
Organization, Fisheries and Aquaculture Report
1079: viii + 125 pp.
[7] DSI, (2014). http://www2.dsi.gov.tr/baraj/ detay.cfm?BarajID=188.
[8] Varol, M., Gökot, B., Bekleyen, A. and ùHQ%
(2012) Spatial and temporal variations in surface water quality of the dam reservoirs in the
Tigris River basin, Turkey. Catena, 92, 11±21.
[9] Gumgum, B., Unlu, E., Tez, Z. and Gulsun, Z.
(1994) Heavy Metal Pollution in Water, Sediment and Fish From the Tigris River in Turkey.
Chemosphere, 29(1), 111-116.
[10] Karadede-$NÕQ+ and Unlu, E. (2007) Heavy
Metal Concentrations in Water, Sediment, Fish
and Some Benthic Organisms from Tigris River,
Turkey. Environmental Monitoring and Assessment, 131, 323-337.
[11] Varol, M., Gökot, B. and Bekleyen, A., (2010)
Assessment of water pollution in the Tigris
River in DiyarbakÕr, Turkey. Water Practice and
Technology, 5 (1).
[12] Varol, M. (2013) Dissolved heavy metal concentrations of WKH .UDONÕ]Õ 'LFOH DQG %DWPDQ
dam reservoirs in the Tigris River basin, Turkey.
Chemosphere, 93, 954±962.
[13] Karadede-Akin, H. (2009) Seasonal Variations
of Heavy Metals in Water, Sediments, Pondweed (P.pectinatus L.) and Freshwater Fish (Cc.
umbla) of Lake +D]DU (OD]Õ÷-TURKEY).
Fresen. Environ. Bull., 18(4), 511-518.
[14] øEUDKLP $7$ and Omar, H.M. (2013) Seasonal variation of heavy metals accumulation in
muscles of the African Catfish Clarias gariepinus and in River Nile water and sediments at Assiut Governorate, Egypt. Journal of Biology and
Earth Sciences, 3(2), 236-248.
[15] %DKQDVDZ\ 0 .KÕGU $$ and 'KHÕQD 1
(2011) Assessment of heavy metal concentrations in water, plankton, and fish of Lake Manzala, Egypt. Turkish Journal of Zoology, 35(2),
271-280.
[16] Duman, F. and Kar, M. (2012) Temporal Variation of Metals in Water, Sediment and Tissues
of the European Chup (Squalius cephalus L.).
Bulletin of Environmental Contamination Toxicology, 89, 428-433.
[17] Wong, C.K.C., Cheung, R.Y.H. and Wong,
M.H. (2000) Heavy metal consentrations in
green-lipped mussels collected from Toloharbor
and markets in Hong Kong and Shenzhen. Environmental Pollution, 109-165.
[18] USEPA (2009) National Primary Drinking Water Regulations. United StateS Environmental
Protection Agency, EPA 816-F-09-004.
[19] WHO (2004) Guidelines for Drinking Water
Quality, third ed. World Health Organization,

CONCLUSION
The concentrations of metal in the water, sediment and fish tissues (C. macrostomum and C.
trutta) found in the Batman Dam were significantly
lower than of the previous studies conducted on the
Tigris River. The metal accumulation in the muscles
of C. macrostomum and C. trutta are lower than the
acceptable values for fishes specified by the Food
and Agriculture Organization [35], World Health
Organization [19] and Turkish Food Codex [36]. As
a result, it can be concluded that the muscle tissues
of C. macrostomum and C. trutta living in the Batman Dam, which are consumed as food by the people
in the region and have economic importance for the
region, is suitable for human consumption and does
not incorporate risk. However, we believe that such
studies should be carried out periodically in terms of
environmental considerations.
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sintering process come into the sintering flue gas,
such as SO2 [4-6], NOx [7, 8], PCDD/Fs [9, 10] and
particular matters [11]. 40%-60% of all the SO2 produced by the iron and steel smelting industries come
from sintering process, so control of SO2 in sintering
directly affects the SO2 emission reduction in the
whole steel industry. It is of great significant to study
the formation process of SO 2 in the sintering process.
Formation mechanism and exhaust gas absorption are two separate aspects on the control of SO2.
The methods to reduce the emission of SO2 during
sintering should be based on the formation mechanism of SO2. The simulation of mini-sintering has
been tested to guarantee the accurate control of sintering process, and it takes instant photos during sintering as well [12]. Additives in sintering mixture
have been studied, such CaO [13], CaCO3 [14], CeO2
[15] and so on. The rising content of MgO in sintering mixture improves the mobility of furnace clinker,
so that the efficiency of the desulfuration can be improved [16]. Material balance of SO2 in sintering flue
gas has been analyzed, and the results show that SO2
is mainly come from the sulfur compounds in sintering ore and fuels [17].
As is reported that the formation process of SO2
during sintering is influenced not only by sintering
temperature [18-20], but also by coke content [21]
and alkalinity of sintering mixture [22, 23]. Therefore, this paper chose to use iron ore and coke that
come from the actual industrial production to study
the formation process of SO2.

INTRODUCTION

EXPERIMENT

Sulfur dioxide (SO2) can be oxidized into sulfuric acid mist and sulfate aerosol in the atmosphere,
which is a primary precursor of environmental acidification [1]. SO2 produced by industry occupies
80%-90% of all the SO2 emissions, while iron and
steel smelting industries are considered to be the
main sources of all the industrial emission [2]. Sintering, coking, iron-making and steel-making are the
four principal processes in iron and steel smelting industries which release pollutant gases [3]. Large
numbers of air pollutants which are produced in the

Experimental setup. Electromagnetic air
pump (ACO-16, Zhejiang Sensen Group) is used to
transport dry clean air into a tube furnace, and the air
flow rate is monitored by mass flowmeter (FL-802,
Shenzhen Flowmethod). Temperature of the tube
furnace is controlled by self-made temperature control box, and the heating rate is set to be 16.5 °C/min.
Sintering mixture is located in the middle

ABSTRACT
Sulfur dioxide (SO2) is a type of the main air
pollutants in sintering flue gas. SO2 has received extensive attentions because it is a precursor of environmental acidification. According to the influential
parameters of the sintering process and the material
composition of sintering mixture, the formation process of SO2 during the rise of sinter temperature from
25 °C to 1000 °C has been studied in this paper. And
the results show that 66.67% sulfur in the sintering
mixture is released in the form of SO2 into the sintering flue gas under different sinter temperatures. Producing reactions of SO2 tend to be drastic when the
sinter temperature rises up to 700 °C. The mass of
SO2 produced during the temperature rises from 700
°C to 1000 °C occupies 91.66% of the total SO 2 in
the sintering process. Analysis on material balance
suggests that concentration of SO2 released from the
sintering is related not only with the sinter temperature, but also with the content of S in the coke and
the alkalinity of sintering mixture. The rising coke
content promotes the release of SO2, and the peak
concentration of SO2 reaches 229 mg/m3 when the
coke content is 7%. CaCO3 in sintering mixture has
a suppression effect on SO2, and the peak concentration of SO2 is only 112 mg/m3 when the alkalinity of
sintering mixture is 2.0.
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1 air pump ,2 mass flowmeter,3 high temperature resistant steel tube,4 tube furnace,
5 Temperature control box,6 sinter mix(6-1 sinter zone,6-2 combustion and melting zone,6-3 dryingpreheating zone,6-4 over-wet zone),7 condenser tube,8 triple valve,9 tai gas absorber,10 gas analyzer
FIGURE 1
Schematic diagram of experimental setup
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FIGURE 2
XRF spectrogram of sintering mixture
into 4 parts, the sinter zone, combustion and melting
zone, drying-preheating zone, and over-wet zone.

of the pipe which is of high-temperature resistance.
The length of the high-temperature resistant pipe is
100cm and the inside diameter of it is 6.0cm. The
experimental temperature rises from room temperature (25 °C) to the actual sinter temperature (1000
°C), and the rising time is set at 60min. Sintering gas
flows out from the bottom of the tube furnace into
the condenser tube. Sintering gas is distributed by the
three-way valve. Amount of the sintering gases are
brought into the gas analysis equipment and the other
brought through exhaust scrubber. The produced gas
is tested by gas chromatography (Agilent 6890A,
USA) and gas analyzer (KANE-950, UK). The experimental setup is displayed in Fig 1.
In actual sintering process, sinter lay from the
top to the bottom sintering mixture in Fig 1 is divided

Experimental materials. A series of sintering
mixtures with different contents have been made up
before the sintering experiments. Iron ore, coke and
lime flux are mixed uniformly and the diameter of
sintering mixtures is set between 3~5mm. 1500g sintering mixture is placed into the middle of the hightemperature resistant pipe which stands in the tube
furnace. Clean and dry air is pumped into the pipe,
and it will be heated in the tube furnace. The sample
of sintering mixtures has been characterized by XRF
(EDAX Eagle III, USA) to analyze its material composition. XRF spectrogram of sintering mixture is
shown in Fig. 2.
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FIGURE 3
Release of SO2 in sintering process

FIGURE 4
XRF spectrogram of sintering ore
TABLE 3
Elemental composition of the sintering ore
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It can be found out from Fig. 2 that the sintering
mixture is made up of Fe, Ca, Si, Al and so on. Contents of these elements are given in Table 1. Content
of Fe occupies 78.05% in sintering mixture. Ca and
Mg which are used to change the alkalinity of sintering mixture occupy 11.02% and 2.36% respectively.
The sulfur occupies only 0.36% in sintering mixture.
The coke acts as a kind of combustion improver
in sintering, and elemental analysis on it has been
tested referring to Coke--Determination of proximate analysis (GB/T 2001-2013). The result is displayed in Table 2.
It can be seen from Table 2 that the reductive
coke contains S and N which can be formed into SO2
and NOx. These data imply that SO2 and NOx in the
sintering flue gas probably come from the organic
nitrogen and sulfur in the coke [24, 25].
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RESULTS AND DISCUSSIONS
Effect of sinter temperature on release of
SO2. Iron ore, coke and other additives are mixed to
granulate. Diameter of sintering mixtures is selected
between 3~5mm, the coke content is 7%, and alkalinity R=1.8. Flow rate of air is monitored at 2.0
L/min, and the sinter temperature rises from room
temperature (25 °C) to 1000 °C in 60 min. The sinter
temperature rises uniformly as the heating time
moves forward, and the concentration of SO2 produced in sintering process changes as sinter temperature rises. Results are presented in Fig. 3.
As is shown in Fig.4 that SO2 can be detected
as soon as the temperature rises up to 335 °C. The
release of SO2 appears intermittent when the sinter
temperature is between 300-600 °C. Concentration
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of SO2 begins to increase as well as the release rate
when the sinter temperature is higher than 600 °C.
The peak concentration of SO2 reaches 230mg/m3 at
880 °C, which keeps for minutes and turns out a
sharp decrease. When sinter temperature rises up to
1000 °C, the concentration of SO2 goes down to less
than 100 mg/m3 at last. The changing concentration
of O2 in the sintering indicates that it begins to decrease when the temperature comes to 350 °C. Concentration of O2 decreases quickly when the temperature rises up to 700 °C, and it reduces to less than
5% as soon as the sinter temperature reaches 820 °C.
A slight rise of the O2 content appears above 900 °C.
The reason why concentration of SO2 exists an
intermittent releasing between 300 °C and 600°C is
that this temperature range coincides with the ignition point of coke. S exists in the coke mainly in the
form of organic sulfur. The release temperature of
organic sulfur is quite low since it is easy to release
into sintering flue gas. Content of SO2 produced between 300°C -600 °C is not big because the mass of
organic sulfur in coke is small. SO2 accelerates to release as the sinter temperature rises up to 700 °C, and
the sintering reaction goes more and more intensively. The mass of SO2 produced above 700°C is
much more than that of SO2 produced between
300°C -600 °C, because the sulfides and sulfates
begin to be pyrolyzed in sintering mixture. In order
to find out the mass of SO2 produced under different
sinter temperatures, the curve of SO2 in Fig.3 has
been integrated segment by segment. Consequence
of the calculations suggests that 91.66% of the SO2
is produced when the sinter temperature is above
700°C.
The sintering ore has been produced after simulated sintering for 60min, and the XRF spectrogram
of it is illustrated in Fig. 4.
It can be found out from Fig. 4 that the main
constituent elements of sintering ore are still made
up of Fe, Ca, Si, Al and so on. Contents of these elements are given in Table 3. Content of Fe increases
to 79.79% in sintering ore, because the whole mass
of the sintering ore is smaller than that of sintering
mixture while the mass of Fe keeps the same. Content of sulfur decreases to 0.12% in sintering ore,
which means 66.7% of the total sulfur has been released into the flue gas in form of sulfur oxides during the sintering process.

FIGURE 5
Effect of the coke content on the release of SO 2
in sintering
Fig. 5 shows that SO2 can be detected by gas
analyzer until sinter temperature reach 600 °C when
the coke content of sintering mixture is 5%. The
changing concentration of SO2 reaches the peak
value twice in the whole sintering process. The first
peak concentration of SO2 reaches 57mg/m3 at the
sinter temperature 660 °C, and the second peak concentration reaches 36 mg/m3 at 810 °C. Concentration of SO2 quickly decreases to zero at 870°C. Release of SO2 begins at 520°C when the coke content
of sintering mixture is 6%. The first peak concentration of SO2 reaches 19mg/m3 at the sinter temperature 610 °C, and the highest concentration reaches
162 mg/m3 at 745 °C. As sinter temperature continues to rise up, the concentration of SO2 decreases
rapidly and it decreases to zero at 865 °C. SO2 can
be detected at 530°C when the coke content of sintering mixture is 7%. The changing concentration of
SO2 reaches the peak value twice as well. The first
peak concentration of SO2 reaches 35mg/m3 at 580
°C, and the second peak concentration reaches 229
mg/m3 at 820 °C. The concentration of SO2 decreases rapidly to zero at the sinter temperature 900
°C.
It can be found in Fig. 5 that the release of SO2
starts earlier when coke content of sintering mixture
is 7% and 6% when compared with 5%. The increasing of coke content leads to more carbon in sintering
mixture, which promotes the rising of sinter temperature. As the sintering reaction goes more and more
intensively, the peak concentrations of SO2 tend to
increase along with the coke content. On one hand,
sulfides such as FeS, FeS2, CuS, and CuS2 are pyrolyzed in sintering mixture; on the other hand, CO can
be produced in partially reductive atmosphere when
the combustion of coke is incomplete, and the reaction between CO and FeS2 will promote the release
of sulfur in sintering mixture.
Elemental analysis of the coke in Table 2 shows
that content of S in the coke is 2.135% and content
of C is 80.665%. Sulfur in coke releases to flue gas
in form of SO2 during the process of combustion.
More content of coke in sintering mixture leads to
more SO2 and CO in sintering flue gas. In this experiment, concentration of CO has also been monitored

Effect of the coke content on release of SO2.
In order to discuss the effect of the coke content on
the release of NOx, three types of sintering mixture
have been prepared and each of them is 1500 g. The
alkalinity of sintering mixtures are all set to be 1.8,
and the coke content of sintering mixtures are set to
be 5%, 6% and 7% respectively. The air flow rate is
controlled at 2.0 L/min. Results of the sintering experiment are shown in Fig. 5.
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be detected until sinter temperature reaches 520 °C
when the alkalinity R is 1.8. The peak value of SO2
concentration appears twice in the whole sintering
process. The first peak concentration of SO2 reaches
31 mg/m3 at the sinter temperature 555 °C, and the
second peak concentration reaches 226 mg/m3 at 830
°C. Concentration of SO2 decreases to zero rapidly
at 870°C. Release of SO2 begins at 505 °C when the
alkalinity R is 1.9. The first peak concentration of
SO2 reaches 26 mg/m3 at the sinter temperature 580
°C, and the highest concentration reaches 145 mg/m3
at 850 °C. As sinter temperature continues to rise up,
the concentration of SO2 decreases rapidly and it decreases to zero at 990 °C. SO2 can be detected at
540°C when the alkalinity R rises to 2.0. The changing concentration of SO2 reaches the peak value
twice as well. The first peak concentration of SO 2
reaches 21 mg/m3 at 625 °C, and the second peak
concentration reaches 112 mg/m3 at 880 °C. The
concentration of SO2 decreases to 6 mg/m3 when the
sinter temperature reaches 1000 °C.

in the process of simulated sintering, and the results
are shown in Fig.6.

FIGURE 6
Concentrations of CO under different coke content
Fig.6 shows that the concentrations of SO2 is
positively correlated with CO in sintering flue gas.
In the partially hyperthermal and reductive atmosphere, some generated CO will participate in the reactions with metal sulfides like FeS2. The reaction is
shown in Eq. (1).
(1)
FeS2&2ĺ)H6&26
The generated COS is quickly oxidized as long
as contacting with oxygen in flue gas. When content
of oxygen is poor, the reaction between COS and O2
is shown in Eq. (2):
2COS+O2ĺ&22+S
(2)
When content of oxygen is enriched, FeS2,
COS and S are all oxidized to SO2 completely, reactions are shown in Eq. (3)-(5).
FeS2+O2ĺ)H2O3+SO2
(3)
COS+O2ĺ&22+SO2
(4)
S+O2ĺSO2
(5)

FIGURE 7
Effect of the alkalinity on the release of SO 2 in
sintering
Fig. 7 suggests that the release of SO2 is greatly
influenced by the alkalinity of sintering mixture. The
peak concentration of SO2 decreases gradually as alkalinity rises up. The rising alkalinity leads to more
liquidoid in sintering mixture, which makes the top
temperature of sinter zone falling down. Release of
SO2 in sintering is suppressed as the high sinter temperature maintains a shorter time. On the other hand,
limes in the liquid phase of sinter zone have a strong
chemisorption on SO2, which make the release of
SO2 become more difficult. In addition, characteristic of alkaline fluxes also affects the release of SO2.
The particle size of fluxes (such as CaO and
Ca(OH)2) is very small but the specific surface area
of them is big. The physical absorption of fluxes furtherly suppress the release of SO2 as well.

Effect of the alkalinity on release of SO2. A
certain amount of flux is usually needed in sintering
mixtures [26, 27]. Alkaline fluxes Such as dolomite,
limestone, and quicklime are used in this work. Alkalinity of the sintering mixture is calculated by Eq.
(6).

R

M1
M2

(6)

In the equation, R represents the alkalinity of
the sintering mixture; M1 represents the percentage
content of CaO; M2 represents the percentage content of SiO2.
To find out the effect of the alkalinity on the
generation of SO2, three types of sintering mixture
have been made and each of them is 1500 g. The alkalinity gradient of these sintering mixtures are set
to be R=1.8, 1.9 and 2.0 respectively. The coke contents of sintering mixtures are all set to be 7%. The
air flow rate is controlled at 2.0 L/min. Results of this
experiment are shown in Fig. 7.
The changing concentrations of SO2 with different alkalinity have been shown in Fig. 7. SO2 can

ANALYSIS ON THE RELEASE OF SO2 DURING SINTERING
Sintering mixtures are composed of iron powder materials (iron ore, steel rolling scales and
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FIGURE 8
The release of SO2 under different sinter temperatures
into SO2 (Reaction ƻ,2).
Sulfur in some sulfides (such as FeS2, ZnS and
PbS) is easy to release as well. FeS2, ZnS and PbS
will be pyrolysed as long as the sinter temperature
rises up between 500 °C and 700 °C. Fe 2O3 will be
produced by the oxidation reaction (Reaction ƻ,3)
between FeS2 and O2 at 556 °C when the oxygen is
sufficient, and a small quantity of Fe3O4 is also produced in partially hyperthermal conditions (Reaction
ƻ,4). FeS2 can be pyrolyzed into FeS and S when
the sinter temperature is above 565 °C (Reaction
ƻ,5). S will be oxidized into SO2 in conditions with
adequate oxygen (Reaction ƻ,6 ). However, H2S
(Reaction ƻ,8) and COS (Reaction ƻ,9) will be
produced when S is contacted with H2 and CO in partially reductive atmosphere. While the FeS produced
in pyrolysis will be oxidized into Fe2O3 and SO2 (Reaction ƻ,7). Some SO2 can be catalyzed into SO3
by Fe2O3 (Reaction ƻ,10). As the moisture content
of sintering flue gas is relatively high, SO3 can be
easily adsorbed on the inwall of the steel tube [30],
or absorbed by the water vapors during sintering,
which is heavily corroding the steel tube in this simulated sintering experiment.
Pyrolysis of CuSO4 starts at 650 °C (Reaction
ƻ,11), and the produced SO3 is furtherly decomposed into SO2 and O2 (Reaction ƻ,12). The oxygenolysis of CuFeS2 and Cu2S occurs in a higher sinter temperature (Reaction ƻ,13), the sulfur in which
is difficult to release. When the sinter temperature
rises up to 800 °C, the sulfur in CuFeS 2 and Cu2S
begins to be oxidized into SO2 (Reaction ƻ,14 ƻ,17). The release of sulfur in sulfate is the most
difficult, which needs a higher sinter temperature
and a longer sintering time. Pyrolysis of MgSO4

steel slags) with combustion improvers (such as
coke), alkaline fluxes (dolomite, limestone and
quicklime) and water. The granulated sintering mixture is quickly heated from room temperature to
1000 °C, and all the physical and chemical reactions
occurs during the sintering process in 60min. Some
components of the sintering mixture are sulfur-containing substances, such as sulfur compounds in the
iron ore and sulfur organics in the coke. Thus, SO 2
and SO3 are produced by different kinds of sulfurcontaining substances reacting with O2 in the flue gas
under different temperatures during the sintering
process. These experiments have analyzed the generation of SO2 in different sintering process when
taking the diverse forms of the sulfur-containing substances into consideration.
In order to work out the release rule of SO2 during sintering, the form of sulfur in sintering mixture
must be found out [28]. Because the degree of difficulty for the release of sulfur is directly influenced
by the form of it. Form of sulfur in iron ore is distinct
from the coke. Sulfur in iron ore is in the form of
sulfides (FeS2, CuFeS2, CuS, ZnS, PbS) and sulfates
(CaSO4, BaSO4, MgSO4), while sulfur in coke is in
the form of organic sulfides [29]. Thermodynamic
analysis on organic sulfides, sulfides and sulfates indicates that the sinter temperature for the release of
SO2 is changing within the form of sulfur. Results
are presented in Fig. 8.
In the sintering process, the oxidation reaction
(Reaction ƻ,1 ) between elemental sulfur and O2
occurs firstly at 300 °C, but this reaction is very faint
because the mass of elemental sulfur is small. When
the sinter temperature rises up between 300 °C and
500 °C, the organic sulfur in sintering mixture begins
to release in form of H2S. Then the H2S is oxidized
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starts at 895 °C (Reaction ƻ), and the produced
SO3 is furtherly decomposed into SO2 and O2 (Reaction ƻ,19). Pyrolysis of CaSO4 usually happens until the sinter temperature reaches 1350 °C, but the existence of carbon in coke can reduce its temperature
requirement in a large scale (Reaction ƻ,20 and
ƻ,21). Meanwhile, existence of Fe2O3 can promote
the pyrolysis of CaSO4 as well (Reaction ƻ,22).

,QWHJUDWHGGHVLJQIRU62UHGXFWLRQZLWKZDVWH
KHDWUHF\FOLQJGXULQJWKHLURQRUHVLQWHULQJSUR
FHVV,URQPDNLQJ 6WHHOPDNLQJ
[5] +<X&;=KDQJ+):DQJ  62 $E
VRUSWLRQLQWKH6LQWHU%HGGXULQJWKH6LQWHULQJ
3URFHVV,6,-,QWHUQDWLRQDO
[6] +0/RQJ;/&KHQ7-&KXQ400HQJ
3 :DQJ   6XOIXU EDODQFH FDOFXODWLRQ RI
QHZ GHVXOIXUL]DWLRQ WHFKQRORJ\ LQ WKH LURQ RUH
VLQWHULQJ SURFHVV 0HWDOOXUJLFDO 5HVHDUFK 
7HFKQRORJ\
[7] ;+)DQ=<<X0*DQ;/&KHQ4&KHQ
6 /LX<6 +XDQJ   (OLPLQDWLRQ %HKDY
LRUVRI12[LQWKH6LQWHULQJ3URFHVVZLWK)OXH
*DV5HFLUFXODWLRQ,6,-,QWHUQDWLRQDO

[8] 0*DQ;)DQ:/Y;&KHQ=-L7-LDQJ
=<X<=KRX  )XHOSUHJUDQXODWLRQIRU
UHGXFLQJ12[HPLVVLRQVIURPWKHLURQRUHVLQ
WHULQJ SURFHVV 3RZGHU 7HFKQRORJ\  

[9] @;/LX-:DQJ;:DQJ7=KX  6LP
XOWDQHRXVUHPRYDORI3&'')VDQG12[IURP
WKHIOXHJDVRIDPXQLFLSDOVROLGZDVWHLQFLQHUD
WRUZLWKDSLORWSODQW&KHPRVSKHUH
[10] ( *XHUULHUR$ *XDUQLHUL 6 0RVFD * 5RV
VHWWL05RWDWRUL  3&'')VUHPRYDOHI
ILFLHQF\E\HOHFWURVWDWLFSUHFLSLWDWRUDQGZHWILQH
VFUXEEHULQDQLURQRUH VLQWHULQJSODQW -RXUQDO
RI+D]DUGRXV0DWHULDOV
[11] @0*DQ=<-L;+)DQ;/&KHQ4/L/
<LQ;1+H<=KRX7-LDQJ  (PLVVLRQ
%HKDYLRU DQG 3K\VLFRFKHPLFDO 3URSHUWLHV RI
$HURVRO 3DUWLFXODWH 0DWWHU 30  IURP
,URQ 2UH 6LQWHULQJ 3URFHVV ,6,- ,QWHUQDWLRQDO

[12] = &KHQJ -<DQJ / =KRX < /LX 4 :DQJ
 6LQWHUVWUHQJWKHYDOXDWLRQXVLQJSURFHVV
SDUDPHWHUVXQGHUGLIIHUHQWFRQGLWLRQVLQLURQRUH
VLQWHULQJSURFHVV$SSOLHG7KHUPDO(QJLQHHULQJ

[13] '.&KHQ+<+X =;X +/LX-;&DR
-+ 6KHQ + <DR   )LQGLQJV RI SURSHU
WHPSHUDWXUHVIRUDUVHQLFFDSWXUHE\&D2LQWKH
VLPXODWHGIOXHJDVZLWKDQGZLWKRXW62&KHP
LFDO(QJLQHHULQJ-RXUQDO
[14] -=KDQJ-/L<0DR-%L0=KX==KDQJ
/=KDQJ'=KDQJ  (IIHFWRI&D&2DG
GLWLRQRQDVKVLQWHULQJEHKDYLRXUGXULQJ.&2
FDWDO\VHGVWHDPJDVLILFDWLRQRID&KLQHVHOLJQLWH
$SSOLHG7KHUPDO(QJLQHHULQJ
[15] <&KHQ=*XR=:DQJ  ,QIOXHQFHRI
&H2RQ12[HPLVVLRQGXULQJLURQRUHVLQWHULQJ
)XHO3URFHVVLQJ7HFKQRORJ\
[16] 9)LHUUR-$GiQH])*DUFLD/DELDQR  
(IIHFWRISRUHJHRPHWU\RQWKHVLQWHULQJRI&D
EDVHG VRUEHQWV GXULQJ FDOFLQDWLRQ DW KLJK WHP
SHUDWXUHV)XHO
[17] ;)DQ=-L0*DQ;&KHQ7-LDQJ  
,QWHJUDWHG DVVHVVPHQW RQ WKH FKDUDFWHULVWLFV RI

CONCLUSIONS
In this paper, Effects of sinter temperature,
coke content and alkalinity on the release of SO2 during sintering have been studied. The results indicate
that 66.7% of sulfur in sintering mixture is emitted
into the sintering flue gas in the form of SO2, and
91.66% of all the SO2 is produced when the sinter
temperature rises above 700 °C. The rising coke content of the sintering mixture promotes the release of
SO2; the alkalinity of the sintering mixture inhibits
the release of SO2, and the concentration of SO2 in
sintering flue gas is reduced with the increasing of
alkalinity. Thus, selecting proper combustion improvers and controlling suitable content of coke and
CaCO3 in sintering mixtures can effectively cut
down the release of SO2.
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DETERMINATION OF HEAVY METAL CONCENTRATION
IN FISH SPECIES IN KAMPAR MINING LAKE, PERAK
STATE OF MALAYSIA
Kok Weng Tan*, Ke Zheng Sze
Department of Environmental Engineering, Faculty of Engineering and Green Technology, Universiti Tunku Abdul Rahman,
31900 Kampar Perak Malaysia

sified as environmental pollutants due to their significant toxic effect to humans, animals and plants. For
example, Minamata disease, it is a neurological syndrome caused by severe mercury poisoning in food
chain in Minamata Bay, Japan in 1956 [3]. Blackfoot
disease in South-western Coast of Taiwan was discovered during period 1956-1960 as exposure of arsenic in drinking water and causes the endemic peripheral vascular disease [4].
Malaysia was one of the largest tin producers
and tin mining have always been part of the economy
of the country [5]. There are high amounts of tailing
left behind as a result of those mining activities, and
it creates a problematic environment for plants and
animals due to the high levels of heavy metal contamination. Tailings are regarded as anthropogenic
deposits with considerable concentrations of a number of elements such as Cu, Pb, Zn, Cd, Sn and As
[6,7]. Heavy metal such as Pb, As, Cd are considered
potential carcinogens associated with a number of
diseases, including cardiovascular, bladder, liver,
kidney, nervous system ,blood and bone disease [8].
Fish products are found containing high level of metals due to the pollution of water and sediments in the
mining site [9]. Heavy metals content in organism
tissue will be normally found higher compared in the
water body as it tends to biomagnified. Likewise,
heavy metals may be biomagnified in the food chain
and eventually lead to physiological impairment at a
higher trophic and human consumer [10]. It is vital
to examine the muscles of the fish though muscle tissues are not active tissues in accumulating heavy
metals.
This study aimed to assess the concentrations of
cadmium (Cd), chromium (Cr), zinc (Zn), arsenic
(As) and lead (Pb) in the tissues of fish species collected from Kampar tin mining lake, Perak Malaysia
and compare to the with Malaysian Food Act (MFA)
and WHO/FAO permissible limits. If the concentration goes beyond the permissible limit defined by, it
can result adverse health effects toward the consumer of fish products.

ABSTRACT
This study aimed to assess the concentrations of
cadmium (Cd), chromium (Cr), zinc (Zn), arsenic
(As) and lead (Pb) in the tissues of fish species collected from Kampar tin mining lake, Perak Malaysia.
A total of 9 individual fish were caught and comprise
of 3 species. There were Oreochromis niloticus,
Cichla ocellaris and Puntius gonionotus. The samples were analysed using inductively coupled plasma
mass spectrometry (ICP MS). The result showed the
content of heavy metals in Cichla ocellaris and Puntius gonionotus which followed the order:
Cd<Pb<As<Cu<Cr<Zn. However, Oreochromis niloticus sample was slightly different as the sample
contained higher content of As and followed the
ranking: Cd<Pb<Cu<Cr<As<Zn. Overall, low content of heavy metals were determined in the samples
and paired Sample T-Test showed that the P>0.05 at
95% confidence level. Hence, there were no significant differentiate of heavy metal content among the
fish samples. This study determined that the fish species caught in the mining lake were contaminated
with low concentration of heavy metals (As, Cd, Cr
and Pb). Although, the highest essential element - Zn
concentrations were determined in the all fish tissues,
it did not exceed the Malaysian Food Act (MFA) and
WHO/FAO food standards.

KEYWORDS:
Heavy metal, fish, human health risk, Kampar Lake, Malaysia

INTRODUCTION
Heavy metals such as mercury, copper, lead,
zinc and cadmium are non-biodegradable and toxic
in nature causing serious ecological and human
health issues. Those heavy metals have a long halflife and the high possibility of it accumulating in different organs of the human body [1]. Long-term exposure to heavy metals can be carcinogenic, affecting the central and peripheral nervous system and
circulatory system [2]. Hence, heavy metals are clas-

MATERIAL AND METHODS
Study Site. Kampar is a township located at the
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FIGURE 1
Location of sampling site
water to avoid contamination [13] Figure 2, 3 and 4
showed the fish species used in this study.

middle part of Perak State (Figure 1). It has a total
area of 14.4 km² and the population is 98,978 approximately. Kampar Town was famous for the rich
tin reserve and it was once an active mining township
during the early of 1900s. However, after the collapse of tin mining industry in 1984, these large mining sites become lakes and lot of abandoned mining
lakes can be found in Kampar. These tin mining
lakes may contained huge amount of tailings and
might have an upsetting effect on the ecosystem or
even affect human health. Westlake was chosen as
case study area which has been used as recreational
area for Kampar community. The sampling location
was located at 4°19'59.6"N 101°08'05.7"E. Several
freshwater flora and fauna species found in the lakes
including freshwater prawns, Puntius gonionotus,
Oreochromis niloticus and Cichla ocellaris, Phragmites karka, Hanguana malayana, Scirpus grossus,
Monochoria hastate, Saccharum spontaneum, Eichornia crassipes and Limnocharis flava [11].

FIGURE 2
Puntius gonionotus

Sample collection and laboratory procedure.
Oreochromis niloticus, Cichla ocellaris and Puntius
gonionotus fish species were selected in this study.
The samples were collected from Westlake, in AprilMay 2016 with the help of local fishermen. A total
of 9 individual fish were caught and comprises of
three target species. The samples analysis was based
on standard method [12].The fish samples were
transported to the lab as soon as possible by storing
in polyethylene bags that were filled with ice. The
ILVK¶VOHQJWKDQGZHLJKWwere measured and recorded
in-situ. The length was measured in centimetre (cm)
and the weight in gram (g). Samples were frozen at a
temperature of -20°c prior to analysis. All of the laboratory wares were soaked in nitric acid for 48
hours, and rinsed five times with distilled water, followed by rinsing another five times with deionized

FIGURE 3
Cichla ocellaris

FIGURE 4
Oreochromis niloticus
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All samples were analysed using Inductively
Coupled Plasma Mass Spectrometry (ICP-MS).
Heavy metals which were selected in this study are
Cr, Cu, Pb, Zn, Cd and As. Four standards and a
blank were prepared in order to constitute the calibration curve. Calibration standard solutions 50ppb,
100ppb, 500ppb and 1000ppb were prepared and
transfered to calibration bottle at a minimum volume
of 40ml. Table 1 showed the weight and length of the
Oreochromis niloticus, Cichla ocellaris and Puntius
gonionotus samples which were collected from study
area. After the flesh was dissected, the sample weight
was measured before drying it. After dried at 80c
for two days, the dry weight of the sample was measured again in order to calculate the moisture content
within the muscle tissue. The moisture content was
calculated using Eq 1. Each of the dry weight concentration of heavy metals need to be converted to
wet weight concentration as dietary of human intakes
are reported as wet weight ingestion. The wet weight
is calculated based on the Eq.2. Table 2 showed the
wet weight, dry weight and moisture content of samples
Moisture wetbasis = 100 x (Wet Weight ± Dry
Weight/Wet Weight) (Eq.1)
Wet Weight = (Dry Weight) (1 ± (Percent moisture content/100)) (Eq. 2)

RESULTS AND DISCUSSION
Heavy metals content. Since the dietary intakes for humans are reported in terms of wet weight
ingestion, the dry weight concentration need to be
converted to wet weight concentration in order to
carry out the health risk assessment and the calculated values were showed in Table 3. The conversion
was based on Eq. 1 and Eq.2 respectively. The average concentrations of heavy metals (wet weight)
were determined in three different species of fish
with standard deviation and compared with Malaysia
Food Act and Regulation (MFA) 1983 and
WHO/FAO permissible limits as shown in Table 4
[14, 15].
TABLE 3
The average concentration of heavy metals
(mean with SD) in three different fish species
(mg/kg) (wet weight)
Sample

Weight(g)
386
440
372
Weight(g)
106
50
138
Weight(g)
311
140
158

Wet weight
(g)
38
41
43
Wet weight
(g)
15
11
22
Wet weight
(g)
29
20
18

Zinc
(Zn)

Arsenic
(As)

Cadmium
(Cd)
0.000
3
(0)

Lead
(Pb)

0.009
(0.0087)

0.147
(0.0058)

0.028
(0.0095)

Cichla
ocellaris

0.017
(0.0012)

0.0057
(0.0002
6)

0.173
(0.025)

0.0021
(0.0013)

0.000
1
(0)

0.001
(0.000
5)

Puntius
gonionotus

0.021
(0.0046)

0.0122
(0.0053)

0.147
(0.035)

0.0038
(0.0033)

0.000
1
(0)

0.001
(0.000
1)

0.007
(0.003
5)

Dry weight
(g)
7
9
10
Dry weight
(g)
3
2
4
Dry weight
(g)
5
4
5

FIGURE 5
The average concentrations of heavy metals in
tissue of fish species (mg/kg) (wet weight)

Moisture
Content, %
81.6
78.0
76.7

TABLE 4
Permissible limit of metal concentration in fish
Metals
Cd
Cr
Pb
Cu
As
Zn

80.0
81.8
81.8

82.8
80.0
72.2

WHO/FAO
(mg/kg)
0.5
0.2
0.5
30
0.01
40

MFA
(mg/kg)
1.0
2.0
30
1.0
100

Based on Figure 5, essential element of zinc
(Zn) was observed as highest content in the three fish
species, ranging from 0.15-0.17 mg/kg. The mean
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Copper
(Cu)

Length(cm)
27
28
25
Length(cm)
20
15.5
21.5
Length(cm)
26
19
22

TABLE 2
Wet weight and Dry weight of Oreochromis
niloticus Cichla ocellaris and Puntius gonionotus
samples
Oreochromis
niloticus
A
B
C
Cichla ocellaris
A
B
C
Puntius gonionotus
A
B
C

Chromium
(Cr)
0.0203
(0.0038)

Oreochromis
niloticus

TABLE 1
Weight and Length of Oreochromis niloticus,
Cichla ocellaris and Puntius gonionotus samples
Oreochromis niloticus
A
B
C
Cichla ocellaris
A
B
C
Puntius gonionotus
A
B
C
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the sample from Beranang mining pool, Selangor
[18]. Oreochromis niloticus from Kampar mining
lake contained 0.0089 mg/kg of Cu, 0.147 mg/kg of
Zn, 0.0003 mg/kg of Cd and 0.007 mg/kg of Pb
which were relative lower compared the sample from
Beranang mining lakes.
The result showed that similar content of heavy
metals in Cichla ocellaris and Puntius gonionotus
which followed the ranking: Cd<Pb<As<Cu<Cr<Zn.
However, Oreochromis niloticus was slightly different as the sample contained higher content of As and
followed the ranking: Cd<Pb<Cu<Cr<As<Zn. The
results were comparable to the study from Beranang
mining lake, Selangor. O. niloticus from the mining
lake contained the highest content of Zn and contained lowest content of Zn which are (0.434±0.105
mg/kg) and (0.016±0.003 mg/kg) respectively [18].
Cd, Zn and Ni had the highest transfer factor, which
reflects the high capacity of vegetables cultivated by
inhabitants [19]. According to Wang¶V study, zinc
having a higher bio-concentration factor (BCF)
which is 355ml/g compared to Cadmium which only
has 11.2ml/g of BCF [20]. Hence, Zinc tends to accumulate more in the tissues of fishes compared to
Cadmium. Exposure to Zn greater than 225mg may
lead to acute adverse effect include nausea, vomiting,
loss of appetite, abdominal cramps, diarrhoea, and
headaches [21]. In this study, Zn accumulated the
highest content in the muscle tissue; it is still within
the permissible limit of MFA which is 100 mg/kg
(MFA 1983). Similarly, Zn was recorded in high
concentrations in various studies [6, 18, 22, 23].
Jezierska and Witeska state that concentration
of metals found in fishes normally follow the ranking:
Cd<Cu<Pb<Zn [22]. The result of this study for
three different species of fishes has similar sequence.
However, the results also showed that the tissue contained higher concentrations of Cu compared to Pb.
This may be caused by different solubility factors including water temperature, water acidification, water
hardness and water salinity. As soil pH decreased,
the availability and mobility of metal ions increased
due to the chemical form in which these metal ions
are present in soil solutions [24]. Water acidification
(pH< 7) will able to change the solubility of Cu and
eventually increase the accumulation of Cu in a
ILVK¶VERG\:ater acidification can damage the epithelia and make the fish more permeable to Cu. All
these reasons justified the higher concentrations of
Cu were found in the tissue compared to Pb. Unmaintained mining activities can cause high values
of dissolved heavy metals in water resources [25]. It
might be accumulated by aquatic organisms and be
highly toxic even at low levels [26]. Based on the result, it clearly states that Kampar Westlake water is
still not contaminated with heavy metals and the fish
products are safe for consumption.

content of Zn in Oreochromis niloticus and Puntius
gonionotus sample were determined as 0.147 mg/kg
and 0.147 mg/kg. Cichla ocellaris accumulated
highest content of Zn at 0.173 mg/kg. However, all
samples are within the MFA 1983 and WHO/FAO
permissible limit (100 mg/kg and 40 mg/kg).
Puntius gonionotus sample was observed the
highest average concentration of chromium (Cr)
among the three fishes; having a value of 0.021
mg/kg while the Cichla ocellaris sample was recorded the lowest content at 0.017 mg/kg. According
to International Atomic Energy Agency (IAEA)-407,
it reported that a permitted level for Cr in marine organism is 0.73mg/kg [16]. This indicated that the Cr
concentration in three selected species of fish were
within the permissible concentration.
The contents of copper (Cu) in the fish species
were between the range of 0.0057 - 0.0122 mg/kg
while the Puntius gonionotus accumulated the highest concentration of Cu and Cichla ocellaris was recorded as lowest concentration of Cu. According to
Malaysia Food Act (MFA) 1983, permissible limit of
Cu concentration in fish tissue is 30 mg/kg. Hence,
there were no fish samples excess the limit of the
standards.
Apparently, Oreochromis niloticus has higher
tendency in accumulating of Arsenic (As) compared
to the other fish species. Oreochromis niloticus sample was recorded average 0.028 mg/kg of As which
did not have significant differentiate with than other
sample species. The Cichla ocellaris sample only accumulated 0.0021 mg/kg while Puntius gonionotus
sample accumulated 0.0038 mg/kg of As. Yet, the As
level in three sample species do not exceed the MFA
permissible level which is 1.0 mg/kg.
The Malaysian Food Act (MFA) sets a Cd concentration limit of 1.0 mg/kg in fish while a maximum Cd content of 0.5 mg/kg was set by the
WHO/FAO. Three different species of the fishes
were observed as low content of Cd, ranging from
0.0001-0.0003 mg/kg and did not excess the permissible limit. Oreochromis niloticus accumulates the
highest amount of Pb compared to other fishes. Oreochromis niloticus accumulated 0.007 mg/kg of Pb
while the Cichla ocellaris fishes accumulated
0.001mg/kg and Puntius gonionotus fishes accumulated 0.001mg/kg of Pb. Three fish species did not
exceed the MFA and WHO/FAO permissible limits
(2.0 mg/kg and 0.5mg/kg).
In this study, the concentration of Pb, As and
Cd in the muscle tissue were found relatively lower
compared with Ahmad et al. study [17] whereas Puntius schwanenfeldii obtained from ex tin mine in
Sungai Lembing contained 0.19 mg/kg of Pb, 0.82
mg/kg of As and 0.13mg/kg of Cd in the muscle tissue. Three fish species from study area recorded
ranging 0.0021 to 0.028 mg/kg of As, 0.0001 to
0.0003 mg/kg of Cd and 0.001 to 0.007 mg/kg of Pb.
In addition, Oreochromis niloticus in study area contained lower level of Zn, Pb, Cd and Cu compared to

Pearson Correlation. The correlation coefficients of the heavy metal variables in fish samples as
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shown in Table 5. The result shows that there are correlation is significant between As, Cd and Pb at 95%
confidence level. Overall, three species of fish contained low content of heavy metals, paired sample Ttest showed that the P>0.05 at 95% confidence level
as shown in Table 6. Hence, hypothesis alternative is
rejected and there were no significant differentiate of
heavy metals content among the fish samples.
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TABLE 5
3HDUVRQ¶VFRUUHODWLRQPDWUL[IRUWKHKHDY\PHWDO
concentration in fish samples
Cr
Cu
Zn
As
Cd
Cr 1
.240
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.406
.351
Cu .240
1
-.078
-.790
-.825
Zn -.986
-.078
1
-.550
-.500
As .406
-.790
-.550
1
.998*
Cd .351
-.825
-.500
1
.998*
Pb .309
-.849
-.461
.995*
.999*
*. Correlation is significant at the 0.05 level (1-tailed)

Pb
.309
-.849
-.461
.995*
.999*
1

TABLE 6
Paired Sample T- Test of heavy metal (Cr, Cu,
Zn, Ar, Cd, and Pb) contents in fish samples
Paired samples
t
Oreochromis Niloticus - Cichla
0.281
ocellaris
Oreochromis Niloticus - Puntius
0.647
gonionotus
Cichla ocellaris - Puntius go0.358
nionotus

df Sig. (2-tailed)
5

0.790

5

0.546

5

0.735

CONCLUSIONS
The average of heavy metals (Cu, Zn, Cr, Pb,
As, Cd) for three different species of fishes were determined and compare with WHO/FAO, MFA 1983
permissible limits in food and fish products. The result showed that similar concentration of heavy metals in Cichla ocellaris and Puntius gonionotus in an
order of Cd<Pb<As<Cu<Cr<Zn. However, Oreochromis niloticus was slightly different as the sample
contained higher content of As than Cr and Cu. Nevertheless, the heavy metals concentrations in fish tissues of Oreochromis niloticus, Cichla ocellaris and
Puntius gonionotus did not exceed the WHO/FAO
and MFA permissible limits. Three species of fish
contained low content of heavy metals. Although the
fish muscle tissues is the largest edible part that we
consume, yet some of the population may consume
the organs. In addition, fish organs can used to produce fish meal which used to feed pig and poultry.
Besides, the potential for human health risk may become more severe when the extent of domestic
wastewater directly discharges into Westlake rapid
housing development in the adjacent areas. To further elucidate the human health risk, detailed assessment would be carried out which based on heavy
metals concentrations, food consumption pattern and
target group.
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COMPARISON OF ANTIFOULING ADDITIVES ACTIVITY
AGAINST MARINE BIOFILM BACTERIA
Burcu Omuzbuken, Asli Kacar*
Dokuz Eylul University, Institute of Marine Sciences and Technology, Haydar Aliyev Bul. No:100, 35340, Inciralti, Izmir, Turkey

biofilm structure [1]. Living organisms attach and
growth on man-made surfaces, so this situation
causes functional complications to many types of
equipment and ships. In the process of biological
fouling, bacteria are held to the surface and producing extracellular polymeric substances slime, forms
the bulk biofilm structure. According to this category of biofouling is defined as microfouling, or
more commonly biofilm. It is important to emphasize this situation happens anywhere in both natural
and industrial environments [2]. The next process is
macrofouling organisms held irreversibly to the
slime layer [3]. Biofouling is a notable problem for
underwater sWUXFWXUHVVXFKDVVKLS¶VKXOOVFKDQQHOV
cables, fish cages, the columns of bridges and oil
platforms and other seaport or hydrotechnical strucWXUHV>@)RXOLQJRIWKHVKLSV¶KXOOVFDXVHGE\PD
rine organisms, as a consequence of these increased
attritional drag and corrosion, loss of maneuverability, regularly dry-docking, and introduction of invasive organisms [5].
It is a well-known fact that the protective coatings are used in a wide range in the shipbuilding industry and are increasingly being developed [3].
Several antifouling technologies have been developed over the years [6]. Throughout history, the most
powerful marine coatings applied from with toxic
metal compounds, such as copper, zinc to fight
against for prevent of fouling. The central question
then becomes: despite efficient in minimizing fouling, the release and accumulation of such compounds in marine waters are contrary or harmful to
the environment [5]. The need for powerful antifoulants, which prevent the attachment and growth of
marine organisms on submerged structures [7,8].
Furthermore, antifouling paints applied to the surface ship applications, not only surfaces that will be
exposed in contact with the fouling, but also the
spread of biocides in the marine environment and
they must comply with legislation and regulation [9].
The influence of copper-based paints is ever so often
enhancer by the inclusion of booster biocides, e.g.
copper pyrithione or isothiazolone [10]. The biocides are brought evenly into doubt for being hazardous to the environment, however the confidence of
biocides has been reported by some authors [11, 12,
13, 14, 15, 16].
Biocide containing components are currently
utilized and adopted to the hulls of ships and boats

ABSTRACT
Microbial fouling (biofilms) can lead to undesirable formation in the marine environment. Especially, underwater equipment need regular maintenance, which causes to significant economic loss. In
order to prevent biofilms, various metals and biocides have being utilized antifouling additives. The
main purpose of this study was to investigate biocidal activities of various antifouling additives
against biofilm bacteria (Pseudoalteromonas agarivorans, Vibrio lentus, Alteromonas genoviensis and
Exiguobacterium homiense) which were isolated
from 7XUNH\¶VPDULQHHQYLURQPHQW Inhibition concentrations of the additives were analyzed with the
MIC test and disc diffusion method at varying concentrations. The minimum inhibitory concentration
for each bacterial isolate was determined using
Mueller±Hinton Agar including six metals (Hg, Cd,
Ni, Zn, Cu and As), three biocides (zinc pyrithione,
chlorothalonil and citric acid) and their mixtures.
Antibiotic susceptibility test was performed by an
agar disc diffusion method using four antibiotics
(ampicillin, ciprofloxacin, tobramycin and vancomycin). As a result of the screening of inhibition
concentrations of the additives; zinc pyrithione and
mercury exhibited the highest antimicrobial effects
against biofilm bacteria. Additionally, it was determined that the most effective antibiotic was a ciprofloxacin. The results of the all analysis indicated that
Pseudoalteromonas agarivorans was the most resistance species compared to the other isolates.
Overall, the use of biocides, metals and other chemicals for the control of biofilms in antifouling systems tended to be random and these chemicals were
environmentally harmful. From this point of view,
antifouling additives should be cautiously selected
and investigated in terms of effective dose.

KEYWORDS:
Biofilm bacteria, microfouling, antifouling additives, biocide, metal

INTRODUCTION
Developing many bacteria in aquatic surface,
liquid - solid and liquid - air surface constitutes the
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were defined as the lowest concentration that
showed no growth (Table 1).

to avoid the development of bacteria, algae, mussels
and other invertebrates [17, 18]. Thus, remarkable
coastal concentrations have been determined in areas
of high yachting activity, particularly in marinas and
sportive areas. A relative general environmental assessment of biocides used in antifouling paints was
reviewed by Voulvoulis et al. [19], supplied promote
for the use of the cautious principle with in according
to policies on antifouling products. It is true that the
concentration levels of some biocides were not high
enough to have critical toxic effects immediately on
higher species, yet the fact remains that their chronic
influences at low concentrations are unknown and
problematic to confirm. Moreover, one argument
against this cannot be ignored: the cautious rules
should be consulted for help with respect to the utilize of biocides and proved to be a well basis on
which to formulate policies to the marine environment [14, 19, 20].
It is now clear that the control of biofilm and
biofouling is very important in many respects; so our
study serves as a window to an understanding of the
determination of various antifouling additives (metals, biocides and antibiotics) tolerances of marine
microfouling bacteria.

Antibiotic Susceptibility Test. Antibiotic susceptibility test was performed by an agar disc diffusion method, using Mueller±Hinton Agar (Difco,
USA) and four antibiotics: ampLFLOOLQ $0ȝJ 
ciprofloxacLQ &,3ȝJ WREUDP\FLQ 70ȝJ 
DQG YDQFRP\FLQ 9$  ȝJ  %HFWRQ 'LFNLQVRQ
Gmbh, Heidelberg) [23]. Mueller Hinton Agar medium was prepared and 100 μl biofilm bacteria were
spread on agar plate and incubated at 26 °C. After 2
hours incubation, antibiotic discs were placed. Antibiotic inhibition zones were evaluated after 24 h incubation periods. Clear zones of inhibition were recorded by measuring the zone size.

RESULTS AND DISCUSSION
The results of minimum inhibitory concentrations of biocides and metals were given in Figure 12. The figures reveal that biofilm bacteria showed
higher tolerance to As and Ni. While, the highest resistance to nickel was in Exiguobacterium homiense
and Pseudoalteromonas agarivorans with 10 mM,
the resistance to arsenic was found in Exiguobacterium homiense and Vibrio lentus with 10 mM. Mercury was determined to be effective against biofilmforming bacteria even at very low concentrations
(0.02 mM) and cadmium followed mercury tolerance. The results of the present study, it was identified that copper and zinc indicate higher activity than
nickel. In addition, it can be seen from figure 2 that
zinc pyrithione (0.002 mM) was found to be most
effective biocide against the biofilm bacteria. Chlorothalonil (2,4,5,6-tetrachloro-isopthalonitrile) [6];
is a broad spectrum, nonsystemic biocide used on a
wide range of marine environment [24]. It has been
observed to degrade after 4 weeks in natural seawater. The main degradation products were choloro1,3- dicyanobenzene, trichloro -1,3- dicyanobenzene
and benzamide [14]. Zinc pyrithione (ZPT) is the
zinc chelate of 2 - mercapto pyridine - N - oxide zinc
salt [6], and has long been recognized as an influential bactericide, algicide and fungicide. Zinc pyrithione has lately been combined into antifouling paints
as a biocide, which is gradually released into the water as the paint ages [25]. On the other hand, citric
acid was detected as ineffective antifouling additives. Furthermore, Pseudoalteromonas agarivorans
and Vibrio lentus were the most resistant isolates
against both chlorothalonil - metal and citric acid metal mixtures. Vibrio lentus showed weak resistance against citric acid ± Cu and citric acid ± Zn
mixtures. Although, Vibrio lentus was the most resistant isolate against citric acid ± Cd and citric acid
± As mixtures. Alteromonas genoviensis also
showed weak resistance against citric acid ± Cd

MATERIALS AND METHODS
Test microorganisms. The biofilm forming
bacteria were isolated from on panel systems imPHUVHGLQWKHøzmir Bay (The Eastern Aegean Sea).
A comparative 16S rRNA gene sequences analysis
indicated that the isolates belonged to the species
Pseudoalteromonas agarivorans FJ040188, Vibrio
lentus
FJ200649,
Alteromonas
genoviensis
FJ200641 and Exiguobacterium homiense FJ200653
[21]. The bacterial suspension was prepared from
biofilm bacteria grown overnight on Zobell Marine
Broth (Difco) 26ºC to reach an OD600 of 1.5.
Minimum Inhibitory Concentration (MIC)
Test. Determination of the minimum inhibitory concentration (MIC) was carried out according to Zgoda
& Porter [22], with some modifications. The minimum inhibitory concentration for each bacterial isolate was determined using Mueller±Hinton Agar
(Difco, USA) containing for six metals; mercury
(HgClЇ), zinc (ZnClЇ), arsenic (NaAsOЇ), nickel
(NiClЇ), copper (CuClЇ), cadmium (Cd.SOЉ.HЇO),
three biocides; zinc pyrithione, chlorothalonil and
citric acid and their mixtures. A dilution series of the
additives, ranging from 0.0001-14mM, were prepared and stock solutions wHUHVWHULOL]HGDWȝP
membrane filter. An aliquot of 15 ml solution was
poured into petri plates and allowed to set in room
temperature. Later on, ȝORIWKHPLFURRUJDQLVPV
were spot inoculated with a micropipette on the surface of the agar plate. The plates were incubated at
26 °C for 24-48 h. The MIC values of the additives
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TABLE 1
Biocides and metals concentrations of mixture analysis
Biocides

Metals

Citric acid
Chlorothalonil

Hg
*0.1mM+
1mM
*0.1mM+
0.6 mM

Zn
*8 mM +
1 mM
*8 mM +
0.6 mM

As
*8 mM+
1 mM
*8 mM+
0.6 mM

Cu
*2 mM +
1 mM
*2 mM +
0.6 mM

Ni
*10 mM +
1 mM
*10 mM + 0.6
mM

Cd
*0.6 mM +
1 mM
*0.6 mM +
0.6 mM

*metal+biocide concentration

FIGURE 1
Minimum inhibitory concentration (MIC) of metals (mM) againts biofilm bacteria

FIGURE 2
Minimum inhibitory concentration (MIC) of biocides (mM) againts biofilm bacteria

FIGURE 3
Antibiotic inhibition zones (mm) of biofilm bacteria
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Kacar et al. [21] examined that the four different antifouling paints (fluorine resin, zinc oxide,
copper oxide and triazine diamine) were tested by
micro dilution method for all individual bacterial
strains. Antifouling paints containing fluorine resin,
zinc oxide showed similar performance to test
strains. However, the paint with triazine diamine and
copper oxide was detected to be the most effective.
Ozdemir and Ceyhan [38] conducted a similar study.
In their study, 10 different biocides (4-64 ppm) were
examined against 18 different bacterial isolates.
They found that biocides of organic N heterocyclic
compounds and quaternary ammonium bases were
the most effective against biofilm bacteria. Elexson
et al., [39] studied with biofilm forming Vibrio parahaemolyticus species. Linear alkyl-based solutions
showed the lowest MIC value with the highest
growth inhibiting effect was reported. They also investigated antibiotic resistance for 18 different compounds of antibiotics (gentamicin, ampicillin, penicillin, erythromycin, streptomycin, imipenem, tetracycline, nalidixic acid, vancomycin, norfloxacin,
ciprofloxacin, amikacin, bacitracin, kanamycin,
spectinomycin, septamin, rifampin and chloramphenicol). They determined that resistance bacitracin, tetracycline, chloramphenicol, rifampin, ampicillin, vancomycin, nalidixic acid, penicillin and
spectinomycin against biofilm bacteria. Brozel et
aO¶V>@VWXG\SURYHGWKDWELRFLGHVUHDFWZLWKFRP
ponents such as proteins and polysaccharides in the
biofilm matrix. In another study, Dosler and
Karaaslan have identified tobramycin, colistin and
ciprofloxacin antibiotics active against biofilm forming bacterium Pseudomonas aeruginosa [41].
As a result, the findings of the present study
well demonstrated the individual tolerance of marine
biofilm bacteria to metals, biocides were investigated, and zinc pyrithione and mercury showed
strong antimicrobial activity against all biofilm isolates. In general, individual biofilm bacteria are really sensitive to antifouling paints in vitro. It was believed that bacteria had more resistance in environmental systems. Biocides are the lesser influence to
biofilm bacteria than planktonic bacteria due to disposition of the outer layers of the biofilm matrix, the
blockage of inner channels of the biofilm construction and the presence of high volume microbial EPS
in the inner section of biofilms which are more robust to biocidal effect. Despite the fact that the use
of biocides, metals and other chemicals for the control of biofilms in antifouling systems tended to be
random and these chemicals were environmentally
harmful. From this point of view, antifouling additives, which are used for antifouling paints and coatings, should be cautiously selected and investigated
in terms of effective dose.

mixture. In additionally, Pseudoalteromonas agarivorans was weak resistance against chlorothalonil ±
Ni mixture.
According to antibiotic susceptibility test, the
isolates exhibited a minimum resistance to ciprofloxacin. On the other hand, the isolates Pseudoalteromonas agarivorans and Vibrio lentus showed high
resistance compared to the other isolates (Figure 3).
Ciprofloxacin is an antibiotic from group of quinolones [26], and includes 4- fluoroquinolone subgroup. Quinolones attack DNA gyrase of bacterial
enzyme and prevent to convert into the circular
structure [27]. Take into account the results of the all
analysis indicated that Alteromonas genoviensis was
the most sensitive biofilm species.
Underwater structures are highly sensitive to
corrosion in the marine environment by the reason of
the accumulation of marine organisms on these superficies [28]. If a marine coating gives rise to colonisation by marine biofilm bacteria, it is probable
that biofilms could improve which would influence
biocide release and hydrodynamic process. ȖĮ-Proteobacteria and CFB group bacteria are ascendant
groups in marine environment [29], and have been
notified from various marine biofilms [30]. Members of the Pseudoalteromonas and Alteromonas
have been most typically isolated from marine environments, etc. [7, 31]. Many researches have investigated of isolation of Pseudoalteromonas sp. from
several habitats, its biopolymer (including EPS) production and biofilm formation [32, 33]. Likewise,
the family Vibrionaceae includes bacteria inhabiting
aquatic environments, especially marine and estuarine waters. As mentions groups; marine biofilm
bacteria may have an advantage in successfully colonizing surfaces by becoming primary colonizers
[34]. But it was probable to be aware the community
composition of biofilm structure and how it was being influenced, it should be possible to make resuming that any metals and biocides within a coating will
target all bacterial species and ensure better antifouling efficiency [35]. Thus, marine antifouling paints
and coatings are highly convenient products, which
preserve ship hulls from sessile macroorganisms by
releasing active compounds in a controlled behaviour [10]. The most important applications for industrial paint producers is that paints ingredients for antifouling systems should be known for the tolerance
against marine biofilm bacteria. Despite the fact that
research on marine biofilm bacteria is limited. For
instance, in their study conducted in 2008, Kannan
and Lee [36] investigated antimicrobial activity of
metals such as zinc, chromium, manganese, mercury
and cobalt against marine bacteria using the MIC
method. They determined that mercury was the most
effective metal. Also, a study conducted by Teitzel
and Parsek in 2003 [37], metal tolerance was tested
on planktonic and biofilm forming of Pseudomonas
aeruginosa. They determined that metal tolerances
were Zn<Cu<Pb.
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[15] Ranke, J. and Jastorff, B. (2002) Risk comparison of antifouling biocides. Fresen. Environ.
Bull., 11, 769±72.
[16] Kristensen, J.B., Meyer, R.L., Laursen, B.S.,
Shipovskov, S., Besenbacher, F. and Poulsen,
C.H. (2008) Research review paper, Antifouling
enzymes and the biochemistry of marine settlement. Biotechnology Advances, 26, 471±481.
[17] Yonehara, Y. (2000) Recent topics on marine
antifouling coatings. Bulletin of the Society of
Sea Water Science, 54, 7 ± 12.
[18] Thomas, K.V., Fileman, T.W., Readman, J.W.
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booster biocides in the UK coastal environment
and potential risks of biological effects. Marine
Pollution Bulletin, 42, 677 ± 88.
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[22] Zgoda, J.R. and Porter, J.R. (2001) A convenient microdilution method for screening natural
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ABSTRACT
Grafting is an alternative approach to reduce
crop damage resulting from soil-borne pathogens
and increase plant abiotic stress tolerance, which in
turn increases crop production. There is usually consensus among researchers that grafting watermelons
improve most of the vegetative growth and yield
characteristics. On the other hand, there are still
some differences in the literature as to the effects of
grafting on some growth characteristics such as
flowering and fruit ripening date. Two growing cycles per year, i.e. for early growing season (EGS) and
late growing season (LGS) production, both of
which are widely preferred in temperate climates
have been investigated for their effects on plant
growth and yield parameters such as main stem
length, shoot dry weight, root length, number of days
male and female flower formation, fruit ripening
date and yield attributes. Two watermelon (Citrullus
lanatus (Thunb.) Matsum and Nakai) cultivars (cv.
'Anthem F1' and cv. 'Crimstar F1') were used as the
scion. Two C. maxima × C. moschata hybrids (cv.
'Shintoza F90' cv. 'Obez'), and one Lagenaria
siceraria rootstock cv. 'Macis' were used as rootstocks. Self-rooted and self-grafted plants were used
as control. EGS resulted in a reduction of main stem
length, number of lateral stems, number of leaves,
shoot dry weight and root length. On the other hand,
number of days first male and female flower formation and number of days first ripe fruit increased
comparing to LGS in both cultivars. However, some
interactions between the growing season and the
used cultivar also seem to exist. EGS reduced root
dry weight of cv. 'Crimstar' but increased fruit number and fruit yield per plant of cv. 'Anthem'. Some of
the plant growth and yield attributes increased when
a specific rootstock-scion combination and growing
cycle used. Neither the vigorous hybrids of C. maxima × C. moschata (represented by 'Shintoza' and
'Obez') nor Lagenaria siceraria represented by
'Macis' could be categorized as having constantly superior plant growth and yield traits for at least one of
the cultivars in at least one of the field trials.It is important to evaluate and select suitable rootstockscion for each growing condition created by ecology
and growing cycle, to guaranty high vegetative
growth and yield.

INTRODUCTION
Vegetable production with grafted seedlings
was originated in Japan as a way to manage soilborne Fusarium wilt (Fusarium spp.) diseases on
watermelon and its use has since spread to other
parts of the world and now includes both cucurbit
and solanaceous crops. Grafting is now common in
many parts of the world not only to manage soilborne diseases, but also to improve tolerance to abiotic stresses, efficiency of water and nutrient use,
fruit yield and quality [1-4].
*UDIWLQJ FDQ DIIHFW WKH SODQW¶V SHUIRUPDQFH
negatively or positively. It is not surprising that rootstocks have such a drastic impact on the scion and
scion fruit, because they can enhance plant vigor, improve disease resistant, raise tolerance of low/high
soil temperature. There is usually consensus among
researchers that grafting watermelons on Cucurbita
and Lagenaria tends to increase most of the vegetative growth and yield characteristics [5, 6]. Davis [7]
pointed in their review that some researchers classified the species and cultivars of the rootstocks used
in Japan on the basis of plant vigor and in general
'Shintosa' type rootstocks are more vigorous than the
bottle gourd rootstock cultivars. This may be why
\LHOG RI µ6KLQWRVD¶ JUDIWHG ZDWHUPHORQ DUH KLJKHU
than other combinations. Most combinations of watermelon and bottle gourd are acceptable, but a weak
bottle gourd rootstock was recommended when using an extremely vigorous watermelon cultivar. On
the other hand, there are still some differences in the
literature as to the effects of grafting on some growth
characteristics such as flowering and fruit ripening
date. Watermelon grafted onto bottle gourd caused
early formation of female flowers when compared to
other rootstocks [8]. In contrast, Yamasaki [9] reported that flowering is delayed in watermelon
grafted onto bottle gourd rootstocks. The differences
in flower initiation can resulting in delay in fruit maturity [10]. Many conflicting results have been reported on the changes in fruit quality resulting from
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seasons. In this way, a wide assortment of different
rootstock/scion combinations across both growing
cycles were documented to assist in selecting combinations and increasing the efficiency of future
evaluations.

grafting and the differences in previous studies explained by environment, rootstock-scion combination and also maturation. Davis [11] noted that the
difference in maturation probably causes additional
contradictory reports in the literature.
Farmers in many watermelon producing countries, especially in the temperate region such as
Spain, Italy, Greece, and Turkey usually prefer to
grow watermelons in one of the two main production
cycles, namely early season or late season [12].
Achieving early and late watermelon production represents a key factor for farmers to increase their net
income [13]. Early growing season (EGS) starts under low plastic tunnels in April when soil and air
temperatures are not suitable and continues as open
field production when temperatures increase. Late
growing season (LGS), on the other hand, starts directly in open fields in end June to beginning of July
and continues till autumn when soil and air temperatures become unsuitable. Plants might easily be exposed to sub-optimal air and soil temperatures if
EGS is the choice, while LGS can create a heat-stress
at the beginning of the production cycle in mid-summer.
As in many other watermelon producing countries, the use of grafted watermelon seedlings has become quite widespread in Turkey and C. maxima x
C. moschata hybrid is the most frequently used rootstock for watermelon grafting. It is followed by Lagenaria siceraria (personel communication). The
selection of a rootstock follows often either experience of the growers, the recommendations of the
seedling companies or the seed companies. Common
selection criteria are disease resistant and plant
growth. An additional but less used criterion is the
rootstock/scion combination, since the response of
the grafted plant depends on the functional relationship between scion and rootstock.
Several studies have been reported in grafted
watermelon plant growth, fruit size and yield under
different environments. However, no data is published concerning how growing cycles affect plant
growth and yield traits where plants can still be exposed to sub-optimal air and soil temperatures with
different rootstock-scion combinations. Still, studies
of rootstock-scion combinations are resource-demanding and rare, including in Turkey. Besides this,
many rootstock or scion varieties are developed under environments which differ from those in target
production areas. Therefore, assessing the consistency of combination performance across locations and/or time is important to farmers. Yet, such
studies are needed to assist in selecting a rootstock/scion combination maintaining consumer satisfaction and improving our understanding of the relative contributions of rootstock/scion combination
and environment to variability in growth and yield
traits. The purpose of this study was to evaluate different rootstock/scion combinations for their plant
growth and yield traits under early and late growing

MATERIALS AND METHODS
The experiments were conducted in the plastic
greenhouse (Experiment 1) and in the field (Experiment 2) during 2012 in the experimental fields of
Odemis Vocational Training School at Ege University, Izmir, Turkey (latitude 38°12'N, longitude
27°52'E, altitude 111m). Two watermelon (Citrillus
lanatus (Thunb.) Matsum&Nakai) cultivars namely
cv. 'Anthem F1' (Poltar Seed Company, Turkey), and
cv. 'Crimstar F1' (Sakata Seed Company, USA) were
chosen as scion material. These cultivars are widely
grown commercial production of watermelon in Turkey. Three commercial rootstocks were also selected
two of which were hybrids of C. maxima × C. moschata, namely cv. 'Shintoza F90' (Semillas Fito,
Spain) and cv. 'Obez' (Nickerson-Zwaan Seed Company, The Netherlands), and one being Lagenaria
siceraria, cv. 'Macis' (Nunhems Seed Company, The
Netherlands) and compared with self-rooted and
self-grafted ones. Cv. 'Shintoza F90', cv. 'Obez' and
cv. 'Macis' are from the most popular rootstocks
commercially available for watermelon grafting
worldwide [11, 14].
Seedlings of scions and rootstocks were grown
in a climate controlled greenhouses where cultural
practices were done according to Doolan [15]. Scions and rootstocks were grafted in all combinations
using the tongue approach grafting technique already described by Lee et al. [16] and Mohamed et
al. [17].
Early Growing Season (EGS): Grafted and
self-rooted seedlings were planted on 4th of April
(target transplanting in early spring). Seedlings were
planted to the plastic pots under high plastic tunnels
for experiment 1 and they were planted to the soil
under low plastic tunnels for experiment 2. High and
low plastic tunnels were removed on 3rd of May
when the air temperature was suitable for watermelon (20-25°C).
Late Growing Season (LGS): Grafted and selfrooted seedlings were planted on 21st of June (target
transplanting in early summer). Seedlings were
planted to the plastic pots under open conditions for
experiment 1 and they were planted to the soil directly to open field for experiment 2.
In experiment 1, grafted and self-rooted seedlings were planted to the 8 L plastic pots according
to Karaca et al. [18]. These plants were used for plant
root and shoot measurements. A randomized complete block design was followed by three replicates,
each consisting of 5 plants. For EGS, plastic bags
carry out from high plastic tunnel on 3rd of May
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All collected data were subjected to analyses of
variance (ANOVA) by using SPSS® version 19 statistical software on an IBM® computer. Significant
differences among groups were determined by DunFDQ¶VPXOWLSOHUDQJHWHVWDW3.

when the temperature was suitable (20-25 °C) for
watermelon. Five plants representing each replicate
were rooted for 35 days after planting as recommended by YetisLU DQG 6DUÕ >@ 6KRRW VKRRW DQG
leaves) dry weight (g plant-1), root length (cm) and
root dry weight (g plant-1) were determined. Roots
were washed and cleaned and then placed in drying
oven with circulating air at 65°C for 48 h than
weighed for dry weight.
In experiment 2, grafted and self-rooted seedlings were planted to the soil on 4th of April under
low plastic tunnels for EGS and on 21st of June directly to open field for LGS. All plants (for EGS and
LGS) were spaced at 1.18 m × 2.80 m within and
between rows, respectively, which gave a density of
3050 plants/ha. The experimental design was randomized complete blocks with 3 replicates with 8
plants in each replicate. Plants were fertilized to an
equivalent of 150 kg N/ha, 120 kg P 2O5/ha, 200 kg
K2O/ha, and 150 kg Ca (NO3)2/ha based on the soil
test results. All of the phosphorous was applied prior
to planting, while nitrogen, potassium and half of the
calcium was divided into 5 equal portions and applied through an irrigation system. The other half of
the calcium was sprayed directly onto the plants.
Weeding and spraying against pests were done as
needed. Climatic conditions during both growing
seasons are given in Figure 1.
Main stem length (cm), number of lateral
stems, number of leaves were recorded for 35 days
after planting for both growing season. Number of
days first male flower formation, number of days
first female flower formation and number of days
first ripe fruit were recorded on the whole plot basis.
Three subsequent harvests were performed in experiment 2, which lasted from mid-June to mid-July for
EGS and from the beginning of July to mid-September for LGS. Ripeness of the fruits were evaluated
according to Karaca et al. [18] and marketable fruits
were collected and the following measurements
were recorded: mean fruit weight (kg/fruit), number
of fruits per plant and fruit yield (kg/plant).

RESULTS AND DISCUSSION
Twelve plant growth and yield traits were followed in two cultivars grafted on three different rootstocks and grown in two different seasons. Main
stem length, number of lateral stems, number of
leaves, shoot dry weight, root length, root dry
weight, number of days first male flower formation,
number of days first female flower formation and
number of days first ripe fruit values are presented in
Table 1, while mean fruit weight, number of fruits
per plant, fruit yield are presented in Table 2 for different rootstock-scion combinations in both growing
seasons. Statistically significant differences were
identified for many growth and yield parameters in
different rootstock-VFLRQFRPELQDWLRQVZLWKWKHFY¶V
'Anthem', and 'Crimstar' in both growing seasons.
A consistency in the changes of plant growth
traits could be worked out from the numerical results
derived from both experiments. All plant growth
characteristics except number of days first female
flower formation, has been found significant for both
cultivars in both growing seasons (Table 1 and 2).
Changes in number of days first male flower formation were never statistically significant for both
cultivars in both growing seasons. Number of days
first female flower formation was significant only in
the EGS (S) for both cultivars. A similar interpretation could be made for the traits such as mean
fruit weight and fruit number reported in Table 2.
Mean fruit weight and fruit number were significant
only in EGS in cv. 'Anthem'(S), while being
significant in both growing seasons in cv. 'Crimstar'
(S).

FIGURE 1
Climatic conditions during growing seasons
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TABLE 1
Changes in plant growth characteristics of cv.¶V $QWKHP DQG 'Crimstar' as depending on different rootstock-scion combinations in both growing seasons
cv. 'Anthem'

Shintoza
Obez
Macis
Self-grafted
Self-rooted
Significance
Shintoza
Obez
Macis
Self-grafted
Self-rooted
Significance

Main
stem
length
(cm)
208 a
199 b
152 c
141 d
132 e
**
186 ab
193 a
181 b
166 c
170 c
**

Factor
EGS

LGS

Growing
Season

Interaction
cv. 'Crimstar'

LGS

Growing
Season

Interaction

No.
leaves

Shoot dry
weight
(g plant-1)

Root
length
(cm)

Root dry
weight
(g plant-1)

No. days first
male flower
formation

No. days first
female flower
formation

No. days
first ripe
fruit

11.0 a
9.3 b
6.0 c
6.3 c
7.0 c
**
9.3 a
9.7 a
8.3 ab
9.3 a
7.0 b
*

49 a
54 a
52 a
47 a
34 b
*
78 c
93 a
87 ab
85 b
70 d
**

14.2 a
13.7 a
14.3 a
11.4 b
9.0 c
**
21.1 a
15.3 b
22.5 a
13.7 b
7.4 c
**

56 ab
60 a
47 c
58 ab
53 b
**
60 b
58 bc
75 a
60 b
52 c
**

9.3 a
7.9 b
7.7 b
9.6 a
5.4 c
**
8.9 ab
9.3 a
8.1 b
8.6 ab
5.1 c
**

34.0
32.0
34.7
34.3
34.0
ns
18.7
14.7
17.7
18.0
18.3
ns

41.7 a
37.7 b
38.0 ab
35.7 b
38.0 ab
*
24.7
24.3
22.7
24.0
23.0
ns

83.0 a
83.0 a
79.3 b
83.0 a
79.3 b
**
59.0 a
55.0 b
55.0 b
52.3 b
55.5 b
*

EGS

167 b

7.9 b

47 b

12.5 b

55 b

8.0

33.8 a

38.2 a

81.5 a

LGS
Significance
Significance

179 a
**
**

8.7 a
*
**

83 a
**
*

16.0 a
**
**

61 a
**
**

8.0
ns
**

17.5 b
**
ns

23.7 b
**
ns

55.3 b
**
*

No.
lateral
stems

No.
leaves

Shoot dry
weight
(g plant-1)

Root
length
(cm)

Root dry
weight
(g plant-1)

No. days first
male flower
formation

No. days first
female flower
formation

No. days
first ripe
fruit

Shintoza
Obez
Macis
Self-grafted
Self-rooted
Significance
Shintoza
Obez
Macis
Self-grafted
Self-rooted
Significance

Main
stem
length
(cm)
208 a
194 b
180 c
140 d
118 e
**
217 a
205 b
154 e
167 d
185 c
**

11.0 a
8.7 b
8.3 b
6.3 c
5.7 c
**
9.7 a
10.0 a
7.7 b
10.3 a
7.3 b
**

42 b
43 ab
53 a
44 ab
36 b
**
123 a
114 a
99 b
56 c
61 c
**

11.8 a
11.0 a
8.5 b
7.9 b
6.9 b
**
21.8 a
18.3 b
16.6 b
5.1 c
4.2 c
**

56 ab
58 a
46 c
49 bc
44 c
**
59 ab
53 bc
64 a
49 c
47 c
**

7.4 a
7.6 a
7.0 a
7.4 a
4.1 b
*
9.0 b
8.7 b
7.3 c
10.4 a
4.4 d
**

30.3
30.7
30.3
35.3
33.0
ns
13.7
14.7
15.3
14.0
14.3
ns

32.3 b
38.7 a
36.3 a
39.0 a
35.3 ab
*
20.7
20.0
20.0
20.3
23.3
ns

72.0 b
72.0 b
72.0 b
75.7 a
72.0 b
*
52.3 b
63.7 a
52.3 b
48.0 c
48.0 c
**

EGS

168 b

8.0 b

44 b

9.2 b

51 b

6.7 b

31.9 a

36.0 a

72.7 a

LGS
Significance
Significance

186 a
**
**

9.0 a
**
**

91 a
**
**

13.2 a
**
**

54 a
*
**

8.0 a
**
*

14.4 b
**
ns

20.9 b
**
*

52.9 b
**
**

Factor
EGS

No.
lateral
stems

S SQVQRWVLJQLILFDQW

seasons were statistically not significant in both cultivars. Similarly, changes in fruit number and fruit
yield values significant and tend to be higher in early
season grown plants (S) of 'Anthem'. An explanation of this could that LGS seems to create a better
environment for plant growth characteristics as compared to EGS.
Interactions between growing season and rootstock-scion combinations were also statistically significant for many plant growth and yield traits of the
cultivars under investigation. Season × graft interaction was significant for main stem length, lateral
stem number, leaf number, shoot dry weight, root
length and number of days first ripe fruit values for
both cultivars, whereas interactions for fruit yield
was significant for cv. 'Anthem'; and interactions for
female flower formation was significant for cv.
'Crimstar'.
When Table 1investigated for plant growth
characteristics, a number of results for changes in

When individual rootstock-scion combinations
are not considered, meaningful and statistically significant differences could be reported for changes of
growth and yield traits depending on the growing
seasons. For instance, main stem length of both cultivars, when averaged across all rootstock-scion
combination, tend to be more longer in the LGS as
compared to the EGS (S). The dry weight, on
the other hand, was in average 3.5 g fewer (S)
in grafting combinations of cv. 'Anthem', and 4 g
fewer (S) in grafting combinations of cv.
'Crimstar' in LGS as compared to EGS. Plants of
both cultivars had also higher lateral stems number
(Sin cv. 'Anthem' and cv. S in cv. 'Crimstar') when grown in the LGS. Plants of both cultivars from early season experiment had a slightly
short root length and longer days for male-female
flower formation and first ripe fruit (S) as compared to plants from the late season experiment. Differences in mean fruit weight between both growing

4217

© by PSP

Volume 26 ± No. 6/2017 pages 4214-4221

Fresenius Environmental Bullet

plant growth parameters was promoted by rootstocks
[19, 20, 21].
It was also found that in some plant growth
traits, 'Shintoza' and 'Obez' (C. maxima x C. moschata rootstock) had highest growth values, 'Macis'
(Lagenaria rootstock), on the other hand, had same
values with self-rooted plants or increased growth
values but relative to self-rooted plants (Table 1).
For LGS, main stem length, number of lateral stems,
root dry weight in case of cv. 'Anthem'; number of
lateral stems, number of leaves, shoot dry weight,
root dry weight in case of cv. 'Crimstar'. Similarly,
shoot dry weight and root dry weight in EGS plants
of cv. 'Crimstar'. In agreement with our results, plant
growth increase at various levels was determined
based on rootstocks in previous studies with grafted
watermelon. Also, Davis et al. [11] reported that
squash interspecific hybrid rootstocks provided
more vigorous plant than the bottle gourd rootstocks.

plant growth traits could be worked out from our experiments. For instance, plants of both cultivars,
self-rooted 'Anthem' and self-rooted 'Crimstar' plants
had the lowest leaf number, shoot dry weight and
root dry weight values when compared to the grafted
plants in both growing seasons. In some cases, the
values for self-rooted plants are high that the lowest
values are from other rootstock-scion combinations.
'Macis'/'Anthem' (Lagenaria rootstock) had the lowest number of lateral stems and root length in EGS
(S), 'Macis'/'Crimstar' had the lowest main
stem length in LGS (S). Another rule for
changes in plant growth traits that 'Shintoza', 'Obez'
and 'Macis' rootstocks had similar and the highest
values than self-rooted plants. Such as, leaf number,
shoot dry weight of cv 'Anthem' and root dry weight
of cv. 'Crimstar' in EGS. Grafted plants increased
growth values by an average of %53, %55, 78% respectively compared to self-rooted plants. Our results are in agreement with previous studies that

TABLE 2
Changes in yield parDPHWHUVRIFY¶V'Anthem' and 'Crimstar' as depending on different rootstock-scion
combinations in both growing seasons
cv. 'Anthem'
Factor
EGS

LGS

Growing Season

Interaction
cv. 'Crimstar'
Factor
EGS

LGS

Growing Season

Interaction

Shintoza
Obez
Macis
Self-grafted
Self-rooted
Significance
Shintoza
Obez
Macis
Self-grafted
Self-rooted
Significance
EGS
LGS
Significance
Significance

Mean fruit weight(kg)
5.9 a
5.5 a
5.7 a
4.1 b
4.3 b
**
5.5
5.3
4.8
4.9
4.7
ns
5.1
5.0
ns
ns

Fruit number(per plant)
3.6 a
3.3 ab
2.5 bc
2.8 bc
2.0 c
**
2.8
2.7
2.2
1.8
1.7
ns
2.8 a
2.2 b
**
ns

Fruit yield(kg plant-1)
21.2 a
17.5 ab
14.0 bc
11.0 c
8.6 c
**
11.0 ab
14.0 a
10.0 bc
8.6 bc
7.6 c
**
14.4 a
10.3 b
**
*

Shintoza
Obez
Macis
Self-grafted
Self-rooted
Significance
Shintoza
Obez
Macis
Self-grafted
Self-rooted
Significance
EGS
LGS
Significance
Significance

Mean fruit weight(kg)
5.3 a
5.1 a
4.9 a
3.9 b
3.4 b
**
5.0 a
5.3 a
4.2 b
4.2 b
3.8 b
**
4.5
4.5
ns
ns

Fruit number(per plant)
3.7 a
4.0 a
2.8 ab
3.0 ab
2.0 b
*
4.0 a
3.0 ab
2.3 b
2.2 b
2.4 b
*
3.1
2.8
ns
ns

Fruit yield(kg plant-1)
19.0 a
20.3 a
13.4 b
11.8 bc
6.8 c
**
19.9 a
15.9 ab
10.1 bc
9.3 c
9.0 c
**
14.3
12.8
ns
ns

S SQVQRWVLJQLILFDQW
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bottle gourd rootstock either late flowering or early
flowering of female flower seemed to occur [9, 8].
Additionally, Davis et al. [11] pointed in their review
that watermelon maturity is often delayed in grafted
fruit and this difference in maturation probably
causes additional contradictory reports in the literature. Contrarily to the this report, our experiments
show that there were differences among graft combinations in relation to growing season for cv 'Anthem' and cv. 'Crimstar'. On the other hand, Satoh
[23] reported that sex expression and flowering order
are controlled by plant hormones. The rootstockscion combination may alter amounts of hormones
produced and their influence on grafted plants organs. The results found in this study were similar to
those of Xu et al. [10], who found the differences in
muskmelon flower initiation are negligible when
suitable temperatures occur at the beginning of the
growing season, but with less than optimal conditions, grafting to rootstocks can delay flowering for
up to one week.
The differences between self-rooted and selfgrafted plants may also worth to mention. In many
cases the values for self-rooted and self-grafted
plants are close to each other, for some cases the
highest and lowest values are from the self-grafted
vs. self-rooted plants (e.g. root dry weight value in
table 1 of 'Anthem' in EGS and 'Crimstar' in LGS),
which highlights the importance of the grafting effect. Similarly, grafting may also increase lateral
stem number in LGS for both cultivars.
When Table 2 investigated for yield characteristics, grafted plants increased yield values, this effect being greater in 'Shintoza' and 'Obez' (C. maxima x C. moschata rootstock) but 'Macis' (Lagenaria
rootstock) had same yield values with self-rooted
plants or increased yield values but relative to selfrooted plants. In agreement with our results, yield
increase at various levels was determined based on
rootstocks and cultivation conditions in previous
studies with grafted watermelon [24, 6, 25]. Also,
Sakata et al. [8] noted that yield and fruit weight of
hybrid rootstocks were higher than those with other
rootstocks.
The hybrids of C. maxima × C. moschata (represented by 'Shintoza' and 'Obez') could not be categorized as having constantly superior fruit yield
traits for at least one of the cultivars in at least one of
the growing cycle. The highest fruit yield values for
incidence can be reported for 'Shintoza'/'Anthem'
(21.2 kg/plant-1) in case of EGS (S), however
'Obez'/'Anthem' (14.0 kg/plant-1) did it better in the
case of LGS (S). Similar is in the case of cv.
'Crimstar', 'Shintoza'/'Crimstar' (19.0 kg/plant-1) and
'Obez'/'Crimstar' (20.0 kg/plant-1) for EGS (S),
'Shintoza'/'Crimstar' (19.9 kg/plant-1) for LGS
(S) had the highest fruit yield values (Table 2).
Another finding would be that the differences
between grafted and self-URRWHGSODQWV¶\LHOGSDUDP
eters depending on the growing season. The highest

Contrarily to above mentioned results, a rule
for some plant growth characteristics as depending
on cultivar, rootstock and / or growing season could
not be worked out from the results of our experiments. Neither the vigorous hybrids of C. maxima ×
C. moschata (represented by 'Shintoza' and 'Obez')
nor Lagenaria siceraria represented by 'Macis' could
be categorized as having constantly superior plant
growth traits for at least one of the cultivars in at least
one of the field trials. Grafted plants increased
growth parameters, these increases were more pronounced for some specific root-scion combinations
(Table 1). For example, for LGS, 'Obez'/'Anthem' increased number of leaves while 'Shintoza'/'Anthem'
decreased; 'Shintoza'/'Anthem' and 'Macis'/'Anthem'
increased shoot dry weight while 'Obez'/'Anthem'
decreased; 'Macis'/'Anthem' increased root length
while 'Obez'/'Anthem' decreased. Similar results can
be noted for root length and number of leaves of cv.
'Crimstar'. Female flower formation and first fruit
maturation were also increased when a specific rootscion combination used (Table 1). The latest female
formation was obtained from 'Shintoza'/'Anthem'
combination with 41.7 days while self-grafted 'Anthem' (35.7) and 'Obez'/'Anthem' (37.7) had the earliest. Contrarily to the cv. 'Anthem', 'Shintoza'/'Crimstar' caused early formation of female flower with
32.3 days when compared to other combinations.
Fruit maturation was delayed in 'Shintoza'/'Anthem'
and 'Obez'/'Anthem' combinations in EGS and only
'Shintoza'/'Anthem' combination in LGS. For LGS,
self-rooted and self-grafted 'Crimstar' plants had the
earliest ripe fruit. 'Macis'/'Crimstar' and 'Shintoza'/'Crimstar'with 52.3 days were slightly higher
than self-rooted 'Crimstar' plants and 'Obez'/'Crimstar' had the latest ripe fruit.
Data in the literature relating to the effects of
individual rootstock-scion combinations on plant
growth parameters in watermelon are not sufficient.
These increases for some specific root-scion combinations can be explained the effect of the rootstockscion interaction as a barrier for the translocation of
water and nutrients on the plant growth parameters.
Regarding the rootstock-scion interaction MartinezBallesta et al. [22] pointed in their review that the
rootstock-scion interaction is fundamental for optimal growth, water and nutrient uptake and transport.
A deficiency in mineral nutrients and water might
cause suppressed growth of the scion and low carbohydrate concentrations in the root will decrease root
growth, contributing to low water and nutrient uptake, and decrease the availability of carbohydrates
as energy resources for the active uptake of ions. Additionally, Ceylan et al. [2] observed in their study
that grafting in watermelon plants affected the plant
nutrient element content and yield. These effects
were altered by the rootstock-scion combinations being used.
Especially effect of grafting on flowering and
harvest date, some reports stated that depending on
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and yield in watermelon. European Journal of
Environment, DOI: 10.5053/ejen.2015.3.1.
[3] King, S.R., Davis, A.R., Zhang, X. and Crosby,
K. (2010) Genetics, breeding and selection of
rootstocks for Solanaceae and Cucurbitaceae.
Scientia Horticulturae, 127, 106-111.
[4] Rivero,R.M., Ruiz, J.M. and Romero, L. (2003)
Role of grafting in horticultural plants under
stress conditions, Food, Agriculture& Environment, 1(1), 70-74.
[5] Yetisir, H. and Sari, N. (2004) Effect of Hypocotyl Morphology on Survival Rate and Growth
of Watermelon Seedlings Grafted on Rootstocks
with Different Emergence Performance at Various Temperatures. Turk J Agric for
(TUBITAK), 28, 231-237.
[6] Alan, O., Ozdemir, N. and Gunen, Y. (2007) Effect of grafting on watermelon plant growth,
yield and quality. Journal of Agronomy, 6(2),
362-365.
[7] Davis, A., Penelope, P.V., Sakata, Y., Salvador,
L.G., Maroto, J.V., Lee, S.G., Huh, Y.C., Sun,
Z., Miguel, A., King, S., Cohen, R. and Lee,
J.M. (2008) µ¶&XFXUELW*UDIWLQJ¶¶&ULWLFDO 5H
views in Plant Sciences, 27(1), 50-74.
[8] Sakata, Y., Takayoshi, O. and Mitsuhiro, S.
(2007) The history and present state of the grafting of cucurbitaceous vegetables in Japan. Acta
Hort, 731, 159-170.
[9] Yamasaki, A., Yamashita, M. andFuruya, S.
(1994) Mineral concentrations and cytokinin activity in the xylem exudate of grafted watermelons as affected by rootstocks and crop load. J.
Jpn. Soc. Hort. Sci, 62, 817-826.
[10] Xu, S.L., Chen, Q.Y., Li, S.H. Zhang, L.L., Gao,
J.S. and Wang, H.L. (2005) Roles of sugar-metabolizing enzymes and GA3, ABA in sugars
accumulation in grafted muskmelon fruit. J.
Fruit Sci, 22, 514±518.
[11] Davis, A., Penelope, P.V., Hassell, A., King,
S.R. and Zhang, X. (2008) Grafting effects on
vegetable quality. HortScience, 43, 1670-1672.
[12] Benincasa, P., Massoli, A., Polegri, L., Concezzi, L., Onofri, A. and Tei, F. (2014) Optimising the use of plastic protective covers in field
grown melon on a farm scale, Italian Journal of
Agronomy, 9, 8-14.
[13] Ibarra, L., Flores, J. and Daz-Perez, J.C. (2001)
Growth and yield of muskmelon in response to
plastic mulch and row covers. Sci. Hortic. 87,
139-45.
[14] Dadashpor, A. (2012)Impacts of Different Salt
Source and Concentrations on Germination and
Seedling Growth of Many Pumpkin Seeds Used
as Rootstock in Iran, Genetika, 44, 235-250.
[15] Doolan, D.W., Leonardi, C. and Baudoin, W.O.
(1999) Vegetable seedling production manual.
In: FAO Plant Production and Protection Paper(FAO), no. 155 / FAO, Rome (Italy). Plant
Production and Protection Div. p:1-81.

yield increase is from EGS as compared to LGS. For
instance, when averaged across all grafted combinations, grafted cv. 'Anthem' plants was determined to
be higher by about 33% (mean fruit weight), 55%
(fruit number per plant), 104% (fruit yield) than selfrooted cv. 'Anthem' plants in the EGS while grafted
cv. 'Anthem' plants was determined to be higher by
about 11% (mean fruit weight), 53% (fruit number
per plant), 54% (fruit yield) than self-rooted cv. 'Anthem' plants in the LGS. Similar is in the case of
'Crimstar', grafted cv. 'Crimstar' plants increased by
about 50% (mean fruit weight), 75% (fruit number
per plant), 159% (fruit yield) than self-rooted cv.
'Crimstar' plants for EGS, but grafted plants increased mean fruit weight by about 26%, fruit number per plant 29% and fruit yield 70% than selfrooted cv. 'Crimstar' plants in LGS (Table 2). An explanation of this could that grafting increased yield
parameters more seriously in early season experiment as compared to late season production.

CONCLUSIONS
It has been demonstrated that watermelons on
Cucurbita and Lagenaria tends to increase most of
the vegetative growth and yield characteristics. Our
results additionally show that there may also be variability in plant growth and yield parameters (e.g.
leaf number, shoot dry weight, root length, female
flower formation, first ripe fruit and fruit yield) of
watermelons when different scion/rootstock combinations are grow in two subsequent growing cycles
in the summer. Late growing season creates a better
environment for plant growth traits and grafting increased yield parameters more seriously in early
growing season as compared to late season production. This also highlights the need for selecting suitable scion/rootstocks for each growing condition
created by ecology or growing cycle, to guaranty
high plant growth and yield.
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SOIL SALINITY APPRAISAL IN LARGE-IRRIGATION
AREAS BY USING EM38 TECHNIQUE
Harun Kaman1,*, Ahmet Kurunc1, Mahmut Cetin2
1

Akdeniz University, Faculty of Agriculture, Department of Agricultural Structures and Irrigation, 07058 Campus, Antalya, Turkey
Cukurova University, Faculty of Agriculture, Department of Agricultural Structures and Irrigation, 01330 Balcali, Adana, Turkey

2

tion, some factors such as geological structure,
climate, distance to the sea, topographic features
and natural drainage patterns can trigger off soil
salinity formation [1]. In irrigated areas, salinity
problems may arise in two ways [2]: (1) since all
irrigation waters contains dissolved minerals salt
even in lower concentrations, salt accumulation
occurs in soil with time as a result of irrigation
practices; (2) excess irrigation in order to prevent
salt accumulation in soil may cause the rise of
groundwater table especially in poorly drainage
areas. The rise of groundwater table with high levels of dissolved salts may cause salinity problems
[3]. Therefore, salt accumulation in plant root-zone
may closely be associated with the quality of irrigation water and/or the irrigation method used [4].
Depending on the plant species and varieties, increased soil salinities may affect plant growth and
decrease yield significantly.
Increases in soil salinity leads to reduction of
land available for agricultural production. Of the
ZRUOG¶V DJULFXOWXUDO DUHDV  DUH VRGLXP 
are salt affected soils and the remaining 40% are
only fertile agricultural areas. Throughout the
world, about 4×104 ha of land becomes unavailable
for agricultural production every year because of
salinization [5]. Although figures regarding the
amount of salt-affected areas have not been updated
yet, salt affected soils in Turkey are nearly equal to
20% of the irrigable area [6].
In large areas, easy and quick soil salinity appraisal by conventional techniques is not possible.
Because field and laboratory studies on conventional soil salinity appraisal techniques are difficult and
time consuming. Therefore, an instrument called
EM38 acting with electromagnetic induction technique is developed for the purpose of easy assessment and quantification of soil salinity especially in
large-scale agricultural areas. EM38 instrument
measures apparent electrical conductivity which is a
relative indicator of soil salinity. Depending on the
horizontal or vertical dipole positions use of the
EM38 instrument, salinity of 100 and 200 cm of
soil layers, respectively, can be determined. In this
study, assessment of soil salinity development in a
large scale irrigation area was compared by using
conventional method and EM38 technique.

ABSTRACT
In large irrigation areas, easy and quick soil
salinity appraisal by conventional techniques is not
possible due to the fact that field and laboratory
studies on conventional soil salinity appraisal techniques are difficult and time consuming. Therefore,
it has been lately witnessed that an instrument,
dubbed as EM38, acting with electromagnetic induction technique has been commonly used for the
purpose of easy assessment and quantification of
soil salinity especially in large-scale agricultural
areas. In this study, assessment of soil salinity by
conventional method and EM38 technique was
compared. The study is carried out in Serik Plain on
the Southern coastal Mediterranean region near
Antalya province, Turkey. Sampling points were
randomly selected in the studied area. Soil samples
as 6 layers on these selected sampling points were
collected. These soil samples were analyzed for soil
salinity by conventional methods (ECe, dS/m) in
the laboratory. EM38 lectures (ECa, dS/m) as apparent soil salinities were done at the same sampling points. As a result of the study, a significant
linear relationship was obtained between laboratory
soil salinity measurements (ECe) and EM38 readings (ECa). It was concluded that the developed
calibration equation can be used to precisely estimate soil salinity at any unsampled site in the study
domain.

KEYWORDS:
ECe, ECa, electrical conductivity, salinity estimation

INTRODUCTION
Salinity is one the most important factors
which plagues agricultural production by decreasing plant growth and yield in addition to impairing
soil quality. It is mainly an arid-zone problem leading to land desertification. Soil salinity also poses
major environmental hazard by degrading the quality of aquatic environment and decreasing wildlife
diversity. Soil salinity can occur naturally in areas
where the parent material is rich in salts. In addi-
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FIGURE 1
/RFDWLRQRIWKHVWXG\DUHDDQG(0OHFWXULQJVLWHV Ɣ

RESULTS AND DISCUSSION

This study was carried out in the southern part
of Antalya-Köprüçay irrigation district. It is located
ZLWKLQމމމ- މމމQRUWKODWLWXGHVDnd
މމމ- މމމHDVWORQJLWXGHV )LJXUH 
In the study area, 22 sampling points were selected randomly in order to determine soil salinity
by conventional methods and EM38 readings. The
EM38 readings were realized by placing the device
on the ground first in horizontal- than in verticaldipole orientations at these selected sampling points
in the area. As a precaution, any metal objects that
may influence the electromagnetic field of the
EM38 were removed during the lecturing process.
Soil samples were collected directly beneath the
EM38 reading site at each selected sampling points
as 6 layers including 0±30, 30±60, 60±100, 100±
130, 130±160 and 160± 200 cm-depth of soil profile. Collected soil samples (n=132) were air-dried,
grounded and sieved to pass through a 2-mm
screen. Saturation soil pastes were prepared using
100 g sub-samples, kept in the laboratory for 12
hours of equilibrium time and the saturation extracts were taken to measure standard electrical
conductivities (ECe) following the procedure described by USLS [7]. Calibration of EM38 instruments is done as explained by Diaz and Herrero [8].
Then, all the ECa readings were converted to the
standard ECe values by using calibration equations.
The contour maps of soil salinity were produced for
the converted standard ECe values by using geographical information system, ArcView 3.0a GIS
[9] and the procedure described by Cetin and Diker
[10].

Average soil salinity values for each layer of
the profile from 22 selected sampling points were
given in Figure 2. Electrical conductivity values of
the saturated soil paste extracts, ECe, increased
with increasing soil depth indicating that the vertical variability and level of salinity in the deeper
horizons were high. This kind of salinity development in irrigated areas is an indication of normal
profiles. Similar conclusions have been reported by
Cetin et al. [11] and Kaman et al. [12] at different
places. In a study realized in Spain by using EM
technique and EASP software, Amezketa [1] found
similar results and claimed that the main reasons of
increased salinity with increasing depth were improper use of the farm land and limited water use or
ineffective drainage conditions, i.e. inefficient
leaching in the area.
Soil salinity (ECe, dS/m)

MATERIALS AND METHODS

8
6
4
2

0

Soil Layer (cm)

FIGURE 2
Average soil salinity values for each layer of the
soil profile from 22 selected sampling points
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Average soil salinity values obtained by conventional method were 4.86 and 6.36 dS/m for 0100 (ECe1) and 0-200 cm (ECe2) soil profile, respectively. Similarly, average apparent electrical
conductivity values obtained by EM38 reading were
1.64 and 2.36 dS/m for 0-100 (ECa1) and 0-200 cm
(ECa2) soil profile, respectively.
The relationship between ECe and ECa was
shown in Figure 3. This result indicates a strong
linear relationship (R2=0.95) between ECe and ECa
for 0-100 cm soil profile. Similarly, point patterns
on the graphs for EM38 horizontal (ECa1) and
vertical-dipole position (ECa2) readings showed
that the relationship between these variables were in
the linear form with the determination coefficient of
R2=0.98 (Figure 4). This result indicates that calibration obtained for 0-100 cm soil depth can be
used to estimate soil salinity of 0-200 cm depth,
too. Similar conclusions were drawn Herrero et al.
[13] and Amezketa [14]. Both of these researchers
investigated soil salinity of 22 and 20 sampling
points, respectively, in an irrigated area by using
EM38 technique. They concluded that both ECa1
and ECa2 readings were similar (i.e. slopes close to
1 and intercepts close to 0).

10

ECa2 (dS/m)

9

6

8

ECe1 (dS/m)

y = 1.340x
5ð 

3

2

4

6

8

10

FIGURE 4
Linear regression equation between ECa1 and
ECa2 lectures obtained at the 22 sampling points
The spatial distribution patterns of soil salinity
of an area can be produced by using ECa reading
obtained by EM38 instrument [14]. Also in this
study, ECe values were calculated from ECa values
by using calibration equation given in Figure 3.
Then, the soil salinity contour maps of the study
area were produced for the converted ECe values by
using geographical information system, ArcView
3.0a GIS [9] and the procedure described by Cetin
and Diker [10].
Mapping results were depicted in Figure 5.
Patchy areas which are darker compared with the
other parts on the map indicate high soil salinity
levels. It is important to highlight that the nearer to
the Mediterranean Sea, the higher the soil salinity
development, revealing the negative impact of the
sea water intrusion on the lowlands irrigation located in the very vicinity of the Mediterranean. Also,
Kaman et al. [15] in a study related to seawater
LQWUXVLRQ WKURXJKRXWWKH$FÕVXFUHHNORFDWHGLQWKH
map and Kurunc et al. [16] in a study related to
spatial variation of some groundwater quality variables in the same irrigation district found some hot
spots of soil salinity.

0

4

4

ECa1 (dS/m)

y = 2.943x
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10

ECa1 (dS/m)

FIGURE 3
The linear association between ECa1 readings in
the horizontal dipole position and ECe1 values in
0-100 cm soil depth (n=22)


Soil salinity
Settlements
Streams
Mediterranean (Akdeniz)

FIGURE 5
Spatial variability of the soil salinity for 0-100 cm depth
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6DOW WROHUDQFH LQ $HJHDQ 5HJLRQ¶V ZKHDWV.
(Turkish with English abstract). Tr. J. of Agr.
and For., 23 (5), 1223±1229.
[7] USSL. (1954). Diagnosis and Improvement of
Saline and Alkali Soils, ed. LA Richards, Agriculture Handbook 60. USDA Washington, DC.
[Reprinted 1969].
[8] Diaz, L. and Herrero, J. (1992). Salinity estimates in irrigated soils using electromagnetic
induction. Soil Science, 154 (2), 151±157.
[9] ESRI. (1996). Using Arcview GIS. Environmental System Research Institute, Inc.,
Redlands, CA, USA.
[10] Cetin, M. and Diker, K. (2003). Assessing
drainage problem areas by GIS: A case study in
the Eastern Mediterranean Region of Turkey.
Irrigation and Drainage, 52, 343±353.
[11] Cetin, M., Ibrikci, H., Kirda, C., Kaman, H.,
Karnez, E., Ryan, J., Topcu, S., Oztekin, M.E.,
Dingil, M. and Sesveren, S. (2012). Using an
electromagnetic
sensor
combined
with
geographic information systems to monitor soil
salinity in an area of southern Turkey irrigated
with drainage water. Fresen. Environ. Bull., 21
(5), 1133-1145.
[12] Kaman, H., Cetin, M., Kirda, C., Kurunc, A.
and Sesveren, S. (2013). Using electromagnetic
induction technique to determine soil salinity
within layers of varying depths: A case study in
the Mediterranean farmlands, Turkey. Fresen.
Environ. Bull., 22 (9), 2554-2566.
[13] Herrero, J., Ba, A.A. and Aragües, R. (2003).
Soil salinity and its distribution determined by
soil sampling and electromagnetic techniques.
Soil Use and Management, 19, 119±126.
[14] Amezketa, E. (2007). Soil salinity assessment
using directed soil sampling from a geophysical survey with electromagnetic technology: A
case study. Spanish Journal of Agricultural Research, 5 (1), 91±101.
[15] Kaman, H., Kurunc, A., Sonmez, N.K., Çetin,
M., Yetgin Uz, B. and Bacalan, G.E. (2011).
Preliminary investigation of seawater intrusion
into inland through Acisu Creek in Antalya,
Turkey. Journal of Food, Agriculture & Environment, 9, 612-617.
[16] Kurunc, A., Ersahin, S., Sonmez, N.K., Kaman,
H., Uz, ø Uz, B.Y. and Aslan, G.E. (2016).
Seasonal changes of spatial variation of some
groundwater quality variables in a large
irrigated coastal Mediterranean Region of
Turkey. Science of the Total Environment,
554-555, 53-63.

CONCLUSION
In this study, analyzed soil salinity values by
conventional method and apparent electrical conductivity values by EM38 readings at horizontaland vertical dipole positions from 22 sampling
points were used as a material. The significant relationships between ECe and ECa1 and between
ECa1 and ECa2 were obtained. Using calibration
equation obtained for ECe and ECa1, EM38 readings were converted to obtain standard ECe values.
As a result, it was concluded that since the correlations between EM data and ECe were high and the
linear type association is statistically significant,
electromagnetic induction technique, i.e. EM38
device, can facilitates field spatial variability of soil
salinity with least effort. The electromagnetic induction technique require less soil sampling, because of that, handling of less soil samples, compared to conventional method.
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CHARACTERIZATION OF PHENOL-DEGRADING
BACTERIA FROM WASTEWATER TREATMENT PLANTS
BY 16S rRNA and PHENOL HYDROXYLASE GENES
Nilgun Poyraz*, Mehmet Burcin Mutlu
Department of Biology, Faculty of Science, Anadolu University, Eskisehir, Turkey

xylene are located within petrochemical products,
mostly gasoline and industrial solvents [3]. These
aromatic hydrocarbons can be found in coal
processing plants, textile factory wastewater, oil
refineries, pulp and paper bleaching plants, resin, and
pesticide industry wastewaters [4]. Phenol and its
derivatives are toxic, carcinogenic and dangerous.
So they must be found in a limited amount of
wastewater. An environmental concern level of 0.02
μg l-1 is suggested for water [5]. USEPA has set a
discharge limit of 0.1 mg l-1 of phenol in
wastewaters [6]. For these reasons biodegradation
and utilizing of phenol have attracted attention.
This research involved the treatment of
wastewater containing phenol, using physical,
chemical, biological and advanced treatment
methods. These methods include adsorption,
electrochemical treatment, chemical oxidation,
ozone oxidation of phenol, phenol with fenton
oxidation process, and advanced oxidation processes
[2]. The preferred method of treatment is determined
by the phenol concentration [4]. A range of 5-500 mg
l-1 of sewage containing phenol is considered
suitable for biological purification processes [3].
Biological treatment is used for the treatment of
many types of waste. It is divided into two groups of
aerobic
and
anaerobic
treatment
[2].
Microorganisms used in biological treatment and
microorganisms are able to degrade a phenol with
catabolic reactions using various aromatic
compounds as a carbon and energy source [3]. The
microorganisms removal of phenol include bacteria
Alcaligenes sp., Acromobacter sp., Rhodococcus sp.,
Rhodococcus erythropolis, Acinetobacter sp.,
Candida tropicalis, Candida maltosa, Pseudomonas
putida, Bacillus thermoleovorans, such as fungi
Fusarium sp., Aspergillus sp., Penicillum sp., and
Graphium sp. [7].
Since the presence of phenol is common in the
environment, some microorganisms use this
compound as a carbon and energy source. These
microorganisms are aerobic or anaerobic. Bacteria
transform phenol to water and carbon dioxide under
aerobic conditions, and the carbon dioxide and
methane in anaerobic conditions [7]. During the first
step in the aerobic biodegradation pathway of
phenol, molecular oxygen is used to add a second
hydroxyl group except hydroxyl groups present in

ABSTRACT
Phenol-degrading bacteria from different units
of wastewater treatment plants were investigated by
molecular analyses based on 16S rDNA and LmPH
(Large subunit multicomponent phenol hydroxylase)
gene. Phenol-degrading bacteria play a key role in
the conversion of phenol in wastewater treatment
systems. Characterization of these bacteria requires
the use of both cultural and molecular techniques. In
the present work, the samples were taken from
different units of two different wastewater treatment
plants in October 2015. In total, 89 phenol-degrading
and/or utilizing bacteria were isolated from
wastewater samples in mineral salt medium agar
with phenol as a sole carbon source. PCR
amplification of the 16S rRNA gene and LmPH
(Large subunit multicomponent phenol hydroxylase)
gene were applied. Sixty-five isolates which have
LmpH gene were sequenced. Sequence analysis
revealed that these isolates were Pseudomonas
denitrificans,
Pseudomonas
nitroreducans,
Pseudomonas linyingensis, Pseudomonas sp.,
øGHRQHOOD VS, Burkholderia multivorans and
Alcaligenes sp. These results showed that phenol
utilizing isolates belong to Proteobacteria phylum,
HVSHFLDOO\ *DPPD DQG %HWDSURWHREDFWHULD FODVVHV¶
gram negative representatives. In addition, our work
has shown the potential use of these isolates in
biological treatment of wastewater treatment
systems due to degrading phenol.

KEYWORDS:
Wastewater treatment plant; Biodegradation; Phenol;
PCR; ARDRA

INTRODUCTION
Phenol is the proper name of hydroxy benzene
and the general name of the hydroxy benzenes
compound derived class [1]. Phenol is crystalline,
colorless and has a unique odor. Phenols are
insoluble or slightly soluble compounds in water [2].
Phenol pollutants are commonly found in
industrial wastewater. Aromatic hydrocarbons such
as chlorophenol, benzene, toluene, ethylbenzene and
4227
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In this work we used culture dependent
techniques
and
molecular
characterization
approaches, Polymerase chain reaction (PCR),
Amplified
Ribosomal
Restriction
Analysis
(ARDRA), followed by sequence analysis to carry
out an investigation of phenol-degrading bacteria
from wastewater treatment plants. Then the phenol
hydroxylase gene involved in phenol degradation
was investigated. Finally the phenol tolerance limits
of isolates were detected.

ortho positions by phenol hydroxylase enzyme. The
reaction requires reduced pyridine nucleotides. The
resulting catechol (1, 2-dihydroxybenzene) molecule
is then degraded via two alternative ways [8]. Phenol
hydroxylase is responsible for the conversion of
phenol to catechol [9]. Phenol can be degraded in the
absence of oxygen. This process is developed less
than the aerobic process. The first report on the
absence of oxygen, degradation of this compound on
methanogenic conditions. Then, under nitrate,
sulfate, and ferric reducing conditions mechanisms
were studied [8].
There are many studies reporting the phenol
tolerance and phenol-degrading bacteria in samples
from wastewater treatment processes. Li et al., 2015
[10], studied the isolation of phenol-degrading
bacteria by Fourier Transform Infrared (FTIR)
spectroscopy. Other authors have studied the
isolation and molecular characterization phenoldegrading gram positive bacteria from oil
contaminated soil [11]. In another investigation,
aerobic bacteria isolated from soil contaminated with
industrial xenobiotic compounds using an
enrichment technique containing phenol as the sole
source of carbon and energy was isolated in pure
culture [12]. Movahedyan et al., 2008 [13], studied
for detection of phenol-degrading bacteria and
Pseudomonas putida in activated sludge by
SRO\PHUDVH FKDLQ UHDFWLRQ .DUJÕ DQG (NHU 
[14] investigated the biological degradation of 2,4dichlorophenol (DCP) by Pseudomonas putida. DCP
concentrations between 50 and 750mg l-1 was
studied for degradation. Giti et al., 2005 [15] studied
about phenol-degrading bacteria. They isolated these
bacteria from contaminated soil, oil hydrocarbons,
oil refinery wastewater, coal tar waste, river water
and activated sludge. 25 different colonies isolated
from environmental samples and two isolates were
identified as Pseudomanas putida. In addition,
determination of phenol utilization, biofilm
formation and respiratory activity of isolates were
studied. Experiments on biodegradation of phenol in
batch culture by pure and mixed strains of
Paenibacillus sp. and Bacillus cereus was applied
[16]. In different studies, phenol-degrading bacteria
were reported from different sources, for example
Acinetobacter species and Cobetia marinabacteria
were isolated from the intestinal contents of marine
creatures. These bacteria degraded almost 100 mg l1 phenol in seawater [17]. Maza-Márquez et al.,
2013 [18] studied biodegradation of olive washing
wastewater pollutants by highly efficient phenoldegrading strains Raoultella terrigena and Pantoea
agglomerans. Haddadi and Shavandi, 2013 [19]
reported phenol-degrading halophilic bacterium
from a hypersaline soil. The bacterium was identified
as Halomonas sp. strain PH2-2. Ochrobactrum sp.¶V
phenol degradation capacity was tested at different
pH levels, with different carbon sources and different
phenol concentrations [20].

MATERIALS AND METHODS
Sample collection and analysis. Wastewater
samples from two wastewater treatment plants in
Eskisehir were collected from different units in
October. These units were primary wastewater,
fat/sand removal unit, primary clarifiers unit,
activated sludge, secondary clarifiers and return
activated sludge pump. Samples were immediately
transported in sterile bottles and stored at room
temperature.
Isolation of phenol-degrading bacteria. An
enrichment culture technique was applied to isolate
bacteria from wastewater samples. A 1000 μl
wastewater sample from each unit was inoculated to
an Erlenmeyer flask containing mineral salt media
with 300 mg l-1 phenol [21]. Mineral salt media
consist of K2HPO4 2.75 g, KH2PO4 2.25 g,
(NH4)2SO4 1.0 g, MgCI2.6H2O 0.2 g, NaCI 0.1 g,
FeCI3.6H2O 0.02 g, CaCI2 0.01 g per liter distilled
water. The pH was adjusted to 7.0 and the medium
sterilized by autoclaving at 121 °C for 15 min [22].
All Erlenmeyer flasks were incubated at 37°C,
150 rpm for 7 days. After incubation 100 μl enriched
sample from each unit was inoculated to petri dishes
containing mineral salt medium agar with 300 mg l-1
phenol. After incubation, the microorganisms were
isolated on plates. Morphologically different and
distinct colonies are selected and transferred the
media for obtaining pure culture and further studies.
These cultures are stored in glycerol at -85 °C degree
[21].
Amplification of the 16S rRNA gene of the
isolates for identification. At the first step for PCR
amplification of the 16S rRNA gene and phenol
hydroxylase gene, boiling method was applied to
isolates for DNA extraction. Initially, a sample from
pure culture was transferred to Eppendorf tubes
containing 200 μl of sterile distilled water and
suspended. After waiting for 5-10 minutes in the
water bath which was set to 100°C, cells were lysed
and then samples were centrifuged at 10,000 rpm and
the supernatant was transferred to a sterile Eppendorf
tube as a template, was the kept at -20 for use. DNA
concentrations were measured with a NanoDrop
ND-1000
Spectrophotometer.
For
PCR
4228



Fresenius Environmental Bullet

Volume 26 ± No. 6/2017 pages 4227-4237

© by PSP

using 2% agarose gel which was run for 4 hours in
1X TBE (Tris-Boric acid-EDTA) buffer. ARDRA
patterns were grouped and one representative isolate
was selected from each profile for sequencing [25].

amplification of 16 S rRNA genes Bacteria specific
universal
primer
set
at
27F
¶AGAGTTTGATCATGGCTCAG-¶  DQG 5
¶-**77$&&77*77$&*$&77¶ were used
[23]. $PSOLILFDWLRQ ZDV DSSOLHG LQ  ȝO 3&5
UHDFWLRQPL[WXUHFRQWDLQLQJȝORI;PDVWHUPL[
which was prepared from 2X Master Mix (Biolabs
OneTaq® Quick-Load®2X Master Mix (M0486S)),
ȝ0 forward primer, ȝ0Ueverse primer and 1
ȝOWHPSODWH3&5ZDVSHUIRrmed in Techne TC-5000
Thermal Cycler at programme: a cycle of 94 °C for
3 min, 30 cycles of 94 °C for 15 s, 55 °C for 30 s,
and 72 °C for 2 min; plus an extension step of 7 min
at 72 °C.

Sequence analysis and nucleotide sequence
accession number. Sequence analysis was
performed with using 27F and 1492R primers. Then
16S rRNA gene sequences were compared with
reference
sequences
at
NCBI
(http://www.ncbi.nlm.nih.gov) using BLAST [26].
Finally, representative sequences were
determined and stored in GenBank with the
accession
numbers
KU311044-KU311053.
Phylogenetic analysis was performed with these
sequences and partial sequences from analysis were
added to the tree using Phylogeny.fr. [27-28]. All the
sequences obtained in this study were analyzed.

Detection of catabolic gene phenol
hydroxylase. For detection bacteria which have the
phenol hydroxylase gene, specific primer set pheUf
(5´CCAGG(C/G)(C/G/T)GA(G/A)AA(A/G)GAGA
(A/G)GAA(G/A)CT-¶  and pheUR (5´-CGG(A/T)
A(G/A)CCGCGCCAGAACCA -3´) were used [24].
Amplification was applied in a ȝO3&5UHDFWLRQ
PL[WXUH FRQWDLQLQJ  ȝO RI ; PDVWHU PL[ ZKLFK
was prepared from 2X Master Mix (Biolabs
OneTaq® Quick-Load®2X Master Mix (M0486S)),
ȝ0 forward primer, ȝ0reverse primer and 1
ȝO template. PCR was performed in a Techne TC5000 Thermal Cycler in programme (Table 1).

Growth assessment of isolated bacteria in
different concentration of phenol. The best phenoldegrading species and tolerance of bacteria were
determined from wastewater treatment plants with
an optic absorption study. 50 ml of mineral salt
medium in different phenol concentrations was
poured into the separated Erlenmeyer flasks. Then, 1
mL of bacterial suspension as McFarland 0.5
standard was provided and added into Erlenmeyer
flasks. For each bacteria, 4 Erlenmeyer flasks (with
300, 600, 900, 1200 mg l-1 phenol) were used. In the
control media, there was mineral salt medium and a
specific species, but without phenol. Media was
incubated at 37°C for four days and then, their optic
absorption was read in every 24h frequency at 550
nm in UV-visible spectrophotometer (Shimadzu
UV-160).

TABLE 1
Thermal cycler programme for amplification of
phenol hyroxylase gene
STEPS

STAGES

Initial
Denaturation
Step 1 (5
Cycles)
Step 2 (5
Cycles)

Step 3(25
Cycles)
Final
Extension

-

TIME
(minute)
10

TEMPERATURE
°C
94

Denaturation
Annealing
Extension
Denaturation
Annealing
Extension

1
1
1
1
1
1

94
58
72
94
57
72

Denaturation
Annealing
Extension

1
1
1
10

94
56
72
72

RESULTS
Isolation of phenol-degrading bacteria. After
incubation, the microorganisms were isolated on
MSM (Mineral salt medium) agar plates with 300 mg
l-1 phenol. Morphologically different and distinct 89
colonies are selected and transferred the media for
obtaining pure culture and further studies.

To check the quality of the products, they were
run in 1% agarose gels and visualized under UV
light. PCR products were purified with Promega
Wizard SV gel and PCR clean up system.

Amplification of the 16S rRNA gene and
phenol hydroxylase gene of the isolates for
identification. The DNA extraction method for the
16S rRNA gene from isolated microorganisms was
successful. DNA concentrations were measured as a
minimum 15.9 ng per microliter, maximum 113.2 ng
per microliter and average concentration value
approximately 45-50 ng per microliter for templates.
Approximately 1500 base pairs of bacterial 16S
rRNA fragments were amplified from

Amplified ribosomal DNA restriction
analysis (ARDRA). Phenol hydroxylase positive
isolates were grouped by amplified rDNA restriction
analysis (ARDRA) with the enzyme Hinf I (New
England, Biolabs). In this method for each restriction
reaction ȝO8Hinf ,HQ]\PHȝOHQ]\PHEXIIHU
ȝO3&5SURGXFWDQGȝO'1DVH-RNase free water
were used. Reaction mixtures were incubated at
37°C overnight. Banding patterns were analyzed by
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TABLE 2
Isolates and their closest matches in GenBank
Isolates
E6F-44
E5F-41
E5F-30
E3F-21
2AF-14
2EF-2
2EF-3
2EF-4
2EF-8

2EF-14

Isolation Source
Wastewater treatment plant
Primary Clarifiers
Wastewater treatment plant
Activated Sludge
Wastewater treatment plant
Activated Sludge
Wastewater treatment plant
Secondary Clarifiers
Wastewater treatment plant
Return- Activated Sludge Pump
Wastewater treatment plant
Fat/Sand Removal Unit
Wastewater treatment plant
Activated Sludge
Wastewater treatment plant
Activated Sludge
Wastewater treatment plant
Secondary Clarifiers
Wastewater treatment
Primary Clarifiers

plant

B
B
B
B
A
B
B
B
B

B

Closest Relative in Gene Bank
Pseudomonas sp. EGD-AKN5 16S ribosomal RNA gene,
partial sequence (KP036995.1)
Burkholderia multivorans gene for 16S rRNA, partial
sequence, strain: NBRC 102086 (AB681698.1)
Ideonella sp. O-1 gene for 16S rRNA, partial sequence
(AB557644.1)
Alcaligenes sp. x-1 16S ribosomal RNA gene, partial sequence
(HQ386706.1)
Pseudomonas sp. NBUS11 16S ribosomal RNA gene, partial
sequence (KF765795.1)
Pseudomonas nitroreducens strain TERI BD 16S ribosomal
RNA gene, partial sequence (KM503157.1)
Pseudomonas linyingensis partial 16S rRNA gene, strain
DHB-S122 (HG974513.1)
Ideonella sp. 0-0013 gene for 16S rRNA, partial sequence
(AB211233.1)
Burkholderia multivorans ATCC BAA-247 chromosome 1,
complete sequence
(CP009832.1)
Pseudomonas denitrificans strain H35C 16S ribosomal RNA
gene, partial sequence
(KT337532.1)

Similarity %
99% (1298/1299)
99 % (1291/1298)
99% (1290/1292)
100% (1165/1165)
99% (843/846)
99% (817/821)
99% (809/813)
98% (939/954)
98% (969/990)

97% (962/994)

FIGURE 1
Phylogenetic tree based on 16S rRNA gene sequences from isolates belonging to
bacteria (indicated by blue colors). The sequence of Desulfobacterium phenolicum was used
as the outgroup. The horizontal scale bar represents the number of substitutions per site.
detected which have the phenol hydroxylase gene.
Then these isolates were grouped with ARDRA.
Different profiles of 16S rRNA products which were
cut by enzyme HinfI were detected. 16 different
profiles were obtained from wastewater treatment
plant A and B.

PCR analysis for 89 isolates. After, the PCR
reactions were performed with phenol hydroxylase
gene large subunit targeted primers, products were
run at a 1% agarose gel. The presence of phenol
hydroxylase genes in isolates was identified by the
approximately 624 bp product. 65 isolates were
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FIGURE 2
Effect of phenol concentration on specific growth rate of bacterial strains after
incubation at 37 °C for 24 hours.

FIGURE 3
,VRODWHV¶JURZWKFXUYHLQPJO-1 phenol concentration as a carbon resource
growth and tolerance limit were detected in different
phenol concentrations. Optical absorption was
detected by increasing turbidity that shows bacterial
growth. Bacterial growth in different phenol
concentrations showed that all bacteria growth
increased. Positive control culture samples without
phenol showed the least turbidity. The growth
pattern of Pseudomonas denitrificans, Pseudomonas
nitroreducans, Pseudomonas sp.2AF21 and
Pseudomonas sp.E6F44 were similar. Their growth
was high in the phenol concentration of 300, 600 and
900 mg l-1. As a result, all of the 6 bacteria
inoculations into culture in 300 and 600 mg l-1
phenol concentrations turbidity and growth rate were
high (Figure 2).
Pseudomonas linyingensis and øGHRQHOOD VS
showed maximum growth at 300 mg l-1 phenol.
Pseudomonas
nitroreducans,
Pseudomonas
linyingensis and øGHRQHOODVSshowed no growth at
1200 mg l-1 phenol concentration, completely
inhibited. Ideonella sp. were able to grow in only 300
and 600 mg l-1 phenol concentrations. Pseudomonas
denitrificans,
Pseudomonas
sp.2AF21
and

Sequence analysis. After the analyzing
ARDRA results, 16 profiles were found to be
significantly different. The nucleotide sequences of
the purified PCR products of 16 isolates, which
belong to 16 different profiles, were sequenced. 10
isolates of 16S rRNA gene sequences were
compared with reference sequences at NCBI using
BLAST. According to the BLAST results, phenol
utilizing isolates belong to Proteobacteria phylum,
especially GDPPD DQG %HWDSURWHREDFWHULD FODVVLV¶
gram negative representatives. In addition, the most
abundant genus is Pseudomonas (Table 2).
Phylogeny of isolates. Phylogenetic analysis
was performed with sequences from the analysis
added to the tree. A phylogenetic tree was
constructed based on partial 16S rRNA gene
sequences of our identified isolates and other
representative genes retrieved from GenBank
(Figure 1).
Growth assessment of isolated bacteria in
different concentrations of phenol. Bacterial
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Pseudomonas sp.E6F44 showed growth at 1200 mg
l-1. Especially, Pseudomonas denitrificans showed
the greatest growth. In addition, when phenol
concentration was 300 mg l-1, a ODJ SKDVH GLGQ¶W
appear. Phenol concentration of 600 mg l-1 and above
a lag phase occurred. Pseudomonas denitrificans,
Pseudomonas
sp.2AF21
and
Pseudomonas
sp.E6F44 adaptation times seemed to be longer in
1200 mg l-1 phenol. The degradation was faster once

Fresenius Environmental Bullet

when once adapted. A lag phase of isolates was
observed after two days. Optimum growth
concentrations for Pseudomonas sp. 2AF21,
Pseudomonas sp. E6F44 and Pseudomonas
nitroreducans was 900 mg l1, Pseudomonas
linyingensis and øGHRQHOOD VS was 300 mg l-1,
Pseudomonas denitrificans was 1200 mg l-1 in 96
hour measurements (Figure 3-4-5-6).

FIGURE 4
,VRODWHV¶JURZWKFXUYHLQPJO-1 phenol concentration as a carbon resource

FIGURE 5
,VRODWHV¶JURZWKFXUYHLQPJO-1 phenol concentration as a carbon resource

FIGURE 6
,VRODWHV¶JURZWK curve in 1200 mgl-1 phenol concentration as a carbon resource
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Pseudomonas linyingensis.
Different species of phenol-degrading bacteria
have been reported before in the literature (Table 3).
From phenol-digesting activated sludge, partial
fragments of the 16S ribosomal DNA (rDNA) and
the gene encoding the largest subunit of
multicomponent phenol hydroxylase (LmPH) were
amplified by PCR and temperature gradient gel
electrophoresis (TGGE) was applied. The nucleotide
sequences of isolates were determined. For example
Nocardioides simplex, Variovorax paradoxus,
Acinetobacter sp., Xanthomonas albilineans,
Brevibacterium linens were identified [22]. The
sludge sample from Jurong Industrial Water Works
(Singapore) was transferred to shaking flasks
containing medium supplemented with phenol and
16S rRNA gene sequence analysis showed that strain
was identical to Acinetobacter calcoaceticus [39].
Unlike our results, Bacillus species were identified
and used in some degradation studies [11], [16] and
Streptococcus epidermis was identified and selected
for their ability to degrade phenol [12]. Other species
were Burkholderia multivorans, Stenotrophomonas
sp., Alcaligenes sp. and Bordetella petrii. There are
some studies for these isolates [10, 40-42]. Similar
to our study by Dong et al., 2008 [43] six phenoldegrading bacteria were isolated from soil. These
bacteria was identified as Pseudomonas,
Acinetobacter, Comamonas and Cupriavidus. PCR
amplification of 16S rDNA and partial largest
subunit of phenol hydroxylase (LmPH) gene was
applied. Phenol tolerances were detected. The
maximum tolerance detected was 10mM. In our
study we reported an isolate which shows 12mM
phenol tolerance. This concentration is too high for
degradation.
Additionally, Ideonella sp. was identified as a
phenol-degrading bacteria. Ideonella sp. belongs to
the class Betaproteobacteria. It shows mesophilic
features and grows in the temperature range of 12±
42°C. It grows aerobically, having a strictly
respiratory metabolism with oxygen as the terminal
electron acceptor; however, chlorate can serve as an
alternate terminal electron acceptor under anaerobic
conditions. It is chemoorganotrophic, utilizes
organic acids, amino acids, and carbohydrates as
carbon sources [44]. Ideonella is a lesser known and
studied organism for degradation and utilizing of
phenolic compounds and in our study Ideonella was
identified in both wastewater treatments A and B
from treatment plants.
In conclusion, we identified different phenoldegrading bacteria from two wastewater treatment
plants. Isolated phenol-degrading species have a
potential for phenol degradation. Using these
bacteria for the elimination of phenol is preferable to
older and highly expensive methods. These bacteria
could be used in industrial sewage, which has
phenolic pollution such as petrochemical waste

DISCUSSION
The pollution of surface and underground
waters with various organic compounds due to
increased industrialization is a serious concern for
WKH ZRUOG¶V environment. Many of these industrial
wastes have been identified as carcinogens and
mutagens. For this reason wastewaters must be
treated before discharge. As an alternative method,
the use of microorganisms in the treatment of
wastewater has become increasingly popular
because of its high efficiency, environmental
awareness, low cost and wide availability. There are
many different studies on biodegradation of various
compounds such as herbicides used in agriculture
[29], polyvinyl alcohol (PVA) used in textile and
paper manufacturing [30], pyridine used as solvent
in paint and rubber preparation [31], isatin and
anthranilic acid from denim manufacturing [32] and
antibiotics such as tetracycline [33]. In our study,
phenol degradation was studied in addition to
different biodegradation applications and 89
bacterial strains isolated from different units of two
wastewater samples. In addition, 65 strains which
produced a 624-bp PCR product were detected by
using pheUf and pheUr primers. This shows that 65
phenol-degrading isolates had the largest subunit of
multicomponent phenol hydroxylase (LmPH gene).
This gene was used as a molecular marker to detect
the functional and genetic diversities of phenoldegrading bacteria [22]. Phenol-degrading isolates
were identified as Pseudomonas denitrificans,
Pseudomonas
nitroreducans,
Pseudomonas
linyingensis, Pseudomonas sp., Ideonella sp.,
Burkholderia multivorans and Alcaligenes sp.by
using traditional procedures. These results showed
that phenol utilizing isolates belong to
Proteobacteria phylum, especially Gamma and
%HWDSURWHREDFWHULD FODVVLV¶ JUDP QHJDWLYH
representatives. The predominance of Proteobacteria
could be explained by this phylum being the most
phylogenetically diverse group in the Bacteria
domain [34]. In our study, especially different
Pseudomonas species were identified as dominant
phenol-degrading potential isolates. In different
studies, generally Pseudomonas putida was
identified as a phenol-degrading bacteria. [8, 13-15,
35-37]. There were different Pseudomonas species
that reported phenol degraders. The Pseudomonas
resinovorans strain P-1 and Brevibacillus sp. strain
P-6 were identified from pentachlorophenol (PCP)contaminated soils located in the PCP-contaminated
site in southern Taiwan. Pseudomonas resinovorans
strain P-1 phenol degradation ability was more
effective than Brevibacillus sp. strain P-6 [38]. Our
study differs from another studies the presence of
different Pseudomonas species dominantly. These
species were identified as Pseudomonas
denitrificans, Pseudomonas nitroreducans, and
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TABLE 3
Phenol-degrading bacteria and isolation sources
Source
Return sludge line of a municipal sewage treatment plant
(Ohdaira, Kamaishi, Iwate, Japan)

Aeration tank of an industrial coking wastewater treatment
plant in Taiyuan, China
Activated sludge from Jurong Industrial Water Works
(Singapore)
Wastewater and activated sludge from a petroleum chemical
plant
South Isfahan wastewater treatment plant
Activated sludge and phenol contaminated soils in Northwest
of China
Soil sample from Manas oil ± Industry area, station road
Pachora, Dist- Jalgaon in India.
Activated sludge of aerobic and anaerobic pools wastewater
of coking industries
Sludge samples from two different refinery wastewater
treatment plants of the petroleum producer Petrobras (Brazil).

High-strength phenol-containing industrial wastewaters
Activated sludge from coking plant

Activated sludge plants in South Africa.
Coke oven wastewater of Durgapur steel plant, India.
Sludge from Bioremediation Site-1, National Agricultural
Research Centre, Islamabad, Pakistan and from a combined
drainage of an Industrial area in Sector I-9, Islamabad,
Pakistan

Soil sample from a TCE and phenol co-contaminated site with
a depth of 0̽1.5 m (Pudong,Shanghai, China).

Sewage water sample from sewage treatment plant of Saidpur,
Patna, Bihar, India

water. These dominant phenol-degrading isolates¶
genotypic and phenotypic characteristics, abundance
and compositions in wastewater treatment plants are
TXLWHGLIIHUHQWIURPSUHYLRXVVWXGLHV¶ (Table 3).The
reason is that wastewater treatment plants show great
changes and different characteristics. These may be
daily composition and concentration of pollutant
compounds, wastewater treatment system types such
as domestic or industrial, average weather conditions
and the working capacity of the plant. These changes
affect microorganisms inhabiting wastewater
treatment plants.

Species/Genus
Valivorax paradoxus
Psychroserpens burtonensis
Pseudomonas putida
Nocardioides simplex
Xanthomonas albilineans
Pseudomonas flavescens
Acinetobacter lwoffii
Alcaligenes sp.

Reference
[37]

Acinetobacter calcoaceticus

[39]

Acinetobacter sp.
Pseudomonas sp.
Comamonas sp.
Pseudomonas putida
Acinetobacter sp.
Sphingomonas sp.
Streptococcus epidermis

[45]

Pseudomonas monteilii
Pseudomonas plecoglossicida
Diaphorobacter
Pseudomonas
Thauera
Comamonas
Pseudomonas aeruginosa
Sphaerobacter
Acinetobacter baumannii
Comamonas testosterone
Novospingobium naphtalenivorans
Pseudomonas aeruginosa
Alcaligenes faecalis
Rhodococcus
Stenotrophomonas
Lysinibacillus,
Comamonas,
Microbacterium
Pseudomonas
Halomonas
Bordetella
Stenotrophomonas sp.
Sinorhizobium sp.
Variovorax sp.
Sphingobium sp.
Citrobacter freundii

[9]

[13]
[46]
[12]
[47]
[36]

[48]
[49]

[50]
[51]
[52]

[53]

[54]
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front that moves from anode to cathode and a basic
front that moves from cathode to anode[10,11].At
the same time, The generation of OH- at the cathode
lead to the precipitation of the heavy metals called
WKH³IRFXVLQJHIIHFW´[12]. This is the main barrier to
EK remediation of heavy metal contaminated soil
[13,14].
Many studies have been performed to control
the soil pH value and enhance the capability of EK
remediation for metal removal, including adding
strong complexing agents such as EDTA (Ethylene
Diamine Tetra acetic Acid) into soil [15]and using
ion exchange membranes (IEM) to control the pH
value and zeta potential[16]. These modified techniques are complicated and ineffective because the
additional chemicals or devices result in secondary
contamination [17,18].
To eliminate the limitations of EK remediation,
many factors should be considered. First of all, it is
important to select better electrode material to increase the active sites, for the electrode directly interacts with the soil to carry heavy metals out into the
pore solution. Therefore, the electrode material is related to the efficiency of EK remediation. However,
there is less report on the effects of electrode materials on the removal efficiency of heavy metal. In this
work, the effects of three different electrode materials(e.g., graphite, stainless steel and titanium plate)
on the removal of Lead-contaminated soil near
amine tailing(Shaoguan, China) by EK remediation
was studied in detail with the purpose of improving
the efficiency of EK remediation.

ABSTRACT
The soil near a mine tailing was remedied by
electrokinetic method with different electrode materials(e.g., graphite, stainless steel and titanium plate).
The variations in removal efficiency and soil pH with
treatment time were determined. The removal efficiency of Lead reached a maximum of 76.95% when
using a voltage gradient of 1 V/cm and treated for 48
hours with graphite electrode; higher than 64.17% of
Lead removal efficiency was obtained with stainless
steel electrode, and 54.15% of total Pb removal with
titanium plate electrode. The improved removal efficiency was attributed to the more active sites for
transfer of electrons provided by graphite electrode,
compared to the stainless steel and titanium plate
electrode.

KEYWORDS:
Electrokinetic remediation, electrode material, Pb, soil

INTRODUCTION
Soil pollution becomes more and more serious
in recent years[1-4], the risk of heavy metal poisoning via consumption of food grown on contaminated
soil has increased[5,6]. Soil contaminated by heavy
metals has become evident recently in Shaoguan city
of Guangdong province in China along with the development of industry. Lead is one of the common
contaminant metals in the soil near mine tailings,
which results in harm to human health and the environment[7].
Over the past few decades, electrokinetic (EK)
remediation is tested to be one of the most effective
in situ or ex situ soil decontamination methods. Numerous investigations have shown its success in the
degradation of soil contaminants and the removal of
heavy metal [8,9]. During EK remediation processing, electrode reactions take place on its surface,
Ѹ
generating protons (H+) and hydroxyl (OH ) at the
anode and the cathode, respectively. The concentration of these ions near the electrodes creates an acid

EXPERIMENTAL
Soil preparation. Soil samples were collected
near amine tailing in Shaoguan city, China. The
measured concentration of Pb was462.77mg/kg for
the collected soil samples. Soil moisture content was
approximately 9.1%. Initial soil pH was6.5. The
electrical conductivity (EC) of the soil was
63.2us/cm. For each electrokinetic test, approximately 1000 g of dry soil sample was loaded into the
electrokinetic cell. Distilled water was used as the
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HNO3-HClO4 for determination of heavy metal concentration. An inductively coupled plasma-optical
emission spectroscopy (ICP-OES, Agilent) was used
to determine the concentration of total Pb. The pH
value and Pb concentration were measured for two
samples from each section, and two standard soil
samples (i.e., soil with a controlled concentration of
heavy metals) were analyzed for quality control. The
EK remediation experiments were repeated three
times.

electrolysis solution.

18000

Intensity/Counts

FIGURE 1
Schematic diagram of the electrokinetic laboratory apparatus (unit, cm).
Electrokinetic cell. EK remediation experiments were carried out in a rectangular translucent
plexiglas test cell with the following dimensions:
length = 26.0 cm, width = 10.0cm, and height = 10.0
cm, as depicted in Fig. 1. The soil was filled into the
cell up to a length of 20 cm. A constant voltage of 20
V (1 V cm-1) was applied with a DC power source.
Filter paper and an O-ring were used between the
electrode chambers and the soil cell to avoid leakage.
Both the anode and the cathode were the same electrodes(graphite, stainless steel or titanium electrodes), which were inserted into each electrode
chamber and connected with DC power. Electrodes
with a surface area of 54 cm2 (3×9×2 cm) covered
the whole soil cross-section to provide electric current evenly. Electrode chambers were filled with 0.1
M citric acid and citrate natrium, which were cycled
by pumps to avoid concentration gradients within the
compartments.
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FIGURE 2
Typical X-ray diffraction spectrumof air-dried
soil sample (D8 advance, Bruker, German).
TABLE 1
Composition and properties of the experimental soil
specimen.
Property
Texture(%)
Sand
Slit
Clay
Minerals (%)
Chlorite
Mica
Smectite
Kaolinite
Pinguite
Feldspar
Picrite
Initial pH
Cation exchange capacity (cmol.kg-1)
Total organic carbon (g.kg-1)
Moisture content (m%)
conductivity (us. cm-1)

Construction of polarization curves. Different electrode materials were analyzed by polarization curves with the purpose of choosing those appropriate to be used in EKR. All electrochemical
measurements were performed withPGSTAT-30
workstation (Autolab, Eco Echemie B.V. Company)in a three-electrode electrochemical cell. The
working electrodes were graphite, stainless steel or
titanium plate, a large platinum net was used as the
counter electrode and Hg/Hg2Cl2 electrode was used
as the reference electrode. The potentials in this paper were the values with respect to this reference,
evaluating the oxidation process at 298 K.

Value
19.3
62.4
18.3
58.5
12.0
4.4
3.6
2.7
15.1
3.7
6.5
15.3
10.9
9.1
63.2

RESULT AND DISCUSSION

Methodology. The soil sample was divided
into five sections within the cell, named S1±S5 from
anode to cathode. Different electrode materials were
used as anode and cathode electrode, at the same
time, the solution was refilled. Analysis was carried
out in the same way.
The pH value of soil was measured in the five
different sections by a pH meter (soil/water = 1/2.5).
Samples were air-dried and passed through a 100mesh screen (U 0.149 mm), then digested with HF-

Soil characteristics. Main physico-chemical characterization of the experimented soil, such as soil pH,
texture, organic carbon and cation exchange capacity
are shown in Tab. 1.Thesoil was composed of several
kinds of minerals; 3MgO4SiO2H2O was predominant and accounted for 58.5% of the total mineral
content. The tested soil of the coastal plain displayed
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was applied, which means this material had better
mass transference, and second one is stainless steel,
the current density of Ti electrode was the lowest,
due to its low reactivity.

a sandy texture which, according to the USDA classification system, can be attributed to the silt loam.
The soil was slightly alkaline, typical of Southern
China. The mineralogy analysis by X-ray diffraction
(Fig.2) indicated the presence of kaolinite clay
(85%), mica (14%) and quartz (1%).
The low cation exchange capacity (about15.3
cmol.kg-1ˈdue to low organic matter and clay contents) suggests that the Pb ion is not highly sorbed
onto the soil particles, which is propitious to migrate
to the cathode for the Pb ions in the soil[19].
0.008

Current changes during the experiments.
Electric current is an indication of the amount of ion
electro-migration. The changes in the electric current
during the treatments are shown in Fig.4. During the
EK remediation with graphite electrode, much more
current passed through the system than that with
stainless steel or titanium plate electrode, and the
current intensity fluctuated periodically. Current
density of the EK remediation with graphite electrode started at 4.97 mA/cm2and increased up to 5.82
mA/cm2.Then the current density decreased, the decay in current intensity was due to the combination
of the OH- and H+ ions, yielding H2O and thus removing ions that transport charge to the electrode
chambers[21].The current density increased to a
maximum value of 7.28 mA/cm2 after 31h with
graphite electrode, due to the precipitates re-dissolving and thus providing more ions for current
transport. While the maximum values of the current
density for the EK remediation with stainless steel
and titanium plate were 6.10 and 2.03 mA/cm2, respectively, lower than the current density with
graphite electrode, attributed to the low reactivity of
stainless steel and titanium plate electrode material.
In addition, the resistance in the interface between
different electrodes and electrolyte might increase
due to concentration polarization and water dissociation[22].
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FIGURE 3
Polarization curves of different electrode materials graphite, stainless steel and
titanium plate in 0.1 M NaOH solution, scan
rate: 2 mV/s.
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FIGURE 4
Variations of electric current intensity profile for
the EK remediation with different electrode materials graphite, stainless steel and titanium
plate.
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FIGURE 5
Soil pH profile for the EK remediation with different electrode materials graphite, stainless
steeland titanium plate.

Polarization curves. The current in the polarization curves represents the electrode reaction rate.
In general, the current is governed by the rates of the
following processes: (1) mass transfer;(2) electron
transfer at the electrode surface; (3) chemical reactions preceding or following electron transfer, such
as protonation or dimerization reactions; and (4)
other surface reactions, such as adsorption or electrode deposition[20].
Polarization curves attributed to the oxidation
process were obtained for each electrode material
(Fig.3). In this case, the graphite showed the highest
current density(about 7.6mA) after 1.5 V of potential

pH variation. Low pH value in soil is necessary when most heavy metals are removed by EK remediation [23]. Fig.5 shows the pH variations in the
soil profiles during EK remediation with different
electrode. The soil pH was 6.5 before EK remediation treatment. The pH of the soil close to the anode
was 4.5 after EK remediation with graphite electrode; significantly lower than that of other soil parts.
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It can be seen that the pH values in the soil bed drop
faster with graphite electrode than that with stainless
steel or titanium plate electrode, therefore, lead migration capability is enhanced with graphite electrode in lower pH condition.

100
Graphite
Steel
Ti

C/Co (%)

80

Total Pb concentration variation. The
changes of total Pb concentration in the soil bed during EK remediation are displayed in Fig. 6 and
Fig.7.The concentration of Pb was462.77mg/kg before EK remediation, Pb is removed from sections
near the anode and accumulated near the cathode.
After remediation for 48 hours, the average concentration of Pb for S1 to S5 region is 106.68 mg/kg with
graphite electrode, comparing to 165.80 mg/kg and
212.20 mg/kg with stainless steel electrode and titanium plate electrode. Consequently, 76.95% of total
Pb was removed with graphite electrode in contrast
to 64.17% and 54.15% of total Pb removal with
stainless steel electrode and titanium plate electrode,
respectively. Therefore, the removal efficiency was
enhanced with graphite electrode, which shows great
improvement of electro-migration velocity. The improved removal efficiency was attributed to the better reactivity and mass transference between electrode and soil with the graphite electrode than that
with the stainless steel and titanium plate electrode.
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FIGURE 7
Pb2+ distribution in soil after EK remediation
with different electrode materials graphite,
stainless steel and titanium plate.
Electrical conductivity. The results of the
electrical conductivity (EC) experiments are shown
in Fig.8. The electrical conductivity (EC) of the soil
was 63.2 us/cm. After EK remediation, the EC was
higher for region S5 because the precipitates re-dissolved due to higher concentration of Pb2+ ions. The
increase of H+ ion formation at the anodes as well as
increased Pb2+ ion desorpted from the particles contributed to the slight increase in the system conductivity.
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FIGURE 6
Pb concentration in soil after EK remediation
with different electrode materials graphite,
stainless steel and titanium plate.

FIGURE 8
Comparsion of conductance of remnant Pb2+ for
EK remediation with different electrode materials graphite, stainless steel and titanium plate.

2+

The largest removal velocity of Pb concentration is near the anode as shown in Fig.7.It can be presumed that the removal efficacy increased as more
Pb ions desorbed from the soil particles as a consequence of pH decline (Fig.5). Pb can be mobilized
from soil particles. Therefore, low pH value had the
significant influence on the removal efficiency improvement.

The EC of the EK remediation with graphite
electrode was higher than that with stainless steel or
titanium plate electrode, for there was higher concentration of Pb2+ ions migration with the graphite
electrode, due to the better reactivity and mass transference between electrode and soil with the graphite
electrode than that with the stainless steel and titanium plate electrode, which coincided with the pH
and Pb2+ distribution profiles shown in Fig.5 and
Fig.7.
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KHDY\PHWDOVLQIRRGFURSVJURZQRQUHFODLPHG
WLGDOIODWVRLOLQWKH3HDUO5LYHU(VWXDU\&KLQD
-+D]DUG0DWHU
[6] 6DOD]DU0-5RGULJXH] -+1LHWR */ DQG
3LJQDWD0/  (IIHFWVRIKHDY\PHWDOFRQ
FHQWUDWLRQV &G=QDQG3E LQDJULFXOWXUDOVRLOV
QHDUGLIIHUHQWHPLVVLRQVRXUFHVRQTXDOLW\DFFX
PXODWLRQDQGIRRGVDIHW\LQVR\EHDQ-+D]DUG
0DWHU
[7] 6KDKLG03LQHOOL(DQG'XPDWD&  5H
YLHZRI3EDYDLODELOLW\DQGWR[LFLW\WRSODQWVLQ
UHODWLRQZLWKPHWDOVSHFLDWLRQUROHRIV\QWKHWLF
DQG QDWXUDO RUJDQLF OLJDQGV - +D]DUG 0D
WHU
[8] $FDU<%DQG$OVKDZDENHK$1  3ULQFL
SOHVRIHOHFWURNLQHWLFUHPHGLDWLRQ(QYLURQPHQ
WDO6FL7HFKQRO
[9] 6XQ75DQG2WWRVHQ/0   (IIHFWV RI
SXOVH FXUUHQW RQ HQHUJ\ FRQVXPSWLRQ DQG UH
PRYDO RI KHDY\ PHWDOV GXULQJ HOHFWURGLDO\WLF
VRLOUHPHGLDWLRQ(OHFWURFKLP$FWD
[10] 0pQGH](03pUH]5RPHUR2%HOWUjQ('
&DVWUR 6 &RURQD -/ &RURQD $ &XHYDV
0&DQG%XVWRV(  (IIHFWVRIHOHFWURGH
PDWHULDO RQ WKH HIILFLHQF\ RI K\GURFDUERQ UH
PRYDOE\DQHOHFWURNLQHWLFUHPHGLDWLRQSURFHVV
(OHFWURFKLP$FWD
[11] /L ' ;LRQJ= 1LH <  1LX << :DQJ/
DQG /LX<<   1HDUDQRGH IRFXVLQJ SKH
QRPHQRQFDXVHGE\WKHKLJKDQRO\WHFRQFHQWUD
WLRQ LQ WKH HOHFWURNLQHWLF UHPHGLDWLRQ RI FKUR
PLXP 9,  FRQWDPLQDWHG VRLO - +D]DUG 0D
WHU
[12] 3UREVWHLQ5)DQG +LFNV5(  5HPRYDO
RIFRQWDPLQDQWVIURPVRLOVE\HOHFWULFILHOGV6FL
HQFH
[13] /X3)HQJ4<0HQJ4-DQG<XDQ7  
(OHFWURNLQHWLF UHPHGLDWLRQ RI FKURPLXPDQG
FDGPLXPFRQWDPLQDWHGVRLOIURPDEDQGRQHGLQ
GXVWULDOVLWH6HS3XULI7HFKQRO
[14] <HXQJ$7DQG 0LOHVWRQH   'HYHORS
PHQWVP\WKVDQGIXWXUHGLUHFWLRQVRIHOHFWURNL
QHWLFUHPHGLDWLRQ6HS3XULI7HFKQRO

[15] 2WWRVHQ/0 3HGHUVHQ$-DQG 5LEHLUR$%
+DQVHQ+.  &DVH VWXG\ RQ WKH VWUDWHJ\
DQGDSSOLFDWLRQRIHQKDQFHPHQWVROXWLRQVWRLP
SURYH UHPHGLDWLRQ RI VRLOV FRQWDPLQDWHG ZLWK
&X3EDQG=QE\PHDQVRIHOHFWURGLDO\VLV(QJ
*HRO
[16] $PUDWH 6 $NUHWFKH'( ,QQRFHQW & DQG
6HWD3   8VH RI FDWLRQH[FKDQJH PHP
EUDQHV IRU VLPXOWDQHRXV UHFRYHU\ RI OHDG DQG
('7$ GXULQJ HOHFWURNLQHWLF H[WUDFWLRQ 'HVDOL
QDWLRQ
[17] +DQVHQ+.5RMR$DQG2WWRVHQ/0  
(OHFWURNLQHWLFUHPHGLDWLRQRIFRSSHUPLQHWDLO
LQJV,PSOHPHQWLQJELSRODUHOHFWURGHV(OHFWUR
FKLP$FWD
[18] 5RMR $DQG&XELOORV /  (OHFWURGLDO\WLF

CONCLUSIONS
The application of electrokinetic remediation
with titanium plate electrode obtained about 54.15%
of total Pb removal of the soil near amine tailing in
Shaoguan city of Guangdong province in China after
48 hour treatment, and64.17% removed with stainless steel electrode. An enhanced EK method with
graphite electrode improved the removal efficiency
of Pb2+ to 76.95% of total Pb was reached after 48
hours treatment. The improved removal efficiency
was attributed to the better reactivity and mass transference between electrode and soil with the graphite
electrode than that with the stainless steel and titanium plate electrode. An increased production of H+
ions at the implemented anodes via water electrolysis
result in more Pb ions desorpted from the soil particles,. Therefore, the EK remediation with the graphite electrode is an effective and economical method
for Lead-contaminated soil remediation.
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recognized for thousands of years since most major
civilizations were developed near rivers and most
major cities in the past and today are constructed
next to rivers [3, 4]. This exploitation of rivers and
their adjacent ecosystems has led to their substantial
degradation [5, 6, 7, 8] that it is expected to worsen
because of the continuation of the riverine ecosystem
anthropogenic stressors and climate change [9, 10].
Measures for the protection, conservation and restoration of riverine ecosystem have become a priority
worldwide [10, 11]. To enhance water management,
including river management, the European Union
(EU) has implemented the Water Framework Directive (2000/60/EU) [12]. Based on this framework,
the Member-States of the EU need to standardize
methods and monitor the conditions of their basins
and its hydrologic network (rivers, streams, torrents)
in order to develop holistic management plans for the
protection of surface waters.
Monitoring is essential in order to develop
management plans for riverine ecosystems to meet
the various services required by today's dynamic societies and to be able to adjust them as the sociHW\¶V
priorities change [13]. Monitoring can be very effective when it is continuous, comprehensive and long
term [14]. In most cases, high-frequency monitoring
in riverine habitats can be forbidding because it is
resource intensive, expensive and challenging [15].
On the contrary, the goal is to develop and utilize
easy-to-use and efficient assessment and monitoring
methods that effectively determine anthropogenic
impacts on habitats [16]. In this case, reliable and inexpensive indicators that describe ecosystem integrity are preferred [17]. Indicators are extensively
used to monitor the status and trends in biodiversity
by the pan-(XURSHDQLQLWLDWLYHFDOOHGµ6WUHDPOLQLQJ
European 2010 BiodiYHUVLW\,QGLFDWRUV¶>@
When selecting these indicators, key characteristics
are repeatability, wide acceptance and capacity to
understand and
communicate them to decision makers and practitioners.

ABSTRACT
Riverine ecosystems offer many valuable services to human societies. Easy-to-use, reliable, inexpensive and efficient assessment and monitoring
methods that investigate ecosystem integrity need to
be developed for their conservation and protection.
Such tools are the bio-indicators, with many recommending the Odonata (dragonflies) as a very appropriate indicator. This study is the first attempt to
evaluate the potential of utilizing diversity indices on
Odonata species for riverine habitats in Greece. The
studied areas were along Sperchios River, Thermopyles spring and Kakavorema stream, located in
Sperchios River Basin (Central Greece). The analysis based on the number of different species and
three diversity indices, found differences among the
three habitats. Sperchios River had the highest biodiversity and Thermopyles spring the lowest. This
was also indicated by the water quality parameters
and riparian area widths measured. Overall the differences found in these three habitats indicate the potential usefulness of Odonata for evaluating riverine
habitats in Greece and the Balkans.

KEYWORDS:
bio-indicators, riparian habitat, Simpson Index, ShannonWiener Diversity Index, Shannon Wiener Equitability Index, water quality

INTRODUCTION
Riverine ecosystems are essential for human
societies because of the many services they provide,
not only in regards to their economic welfare but also
environmental values. Some of these ecosystems
services include: a) supply of freshwater, b) improved water quality, c) habitat for fish and wildfire,
d) erosion control, e) enhanced biodiversity, f) mitigation of drought and floods, g) recreational activities and h) ecotourism opportunities [1, 2]. The importance of riverine ecosystems services has been
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was determined. Finally, this study could provide a
tool to enhance riverine habitat degradation awareness in the Balkan region, a region with a lower level
of awareness on nature conservation compared to
other parts of Europe and not very active nature organizations [35].

Many and different indicators for water management are being investigated and have been established. Some indicators measure physical parameters
focusing on the trophic status of freshwaters that are
essential for the aquatic biological communities
[21]. Another option is biological monitoring or biomonitoring, a method that assess biological responses of organisms to changes in the environment.
It has been suggested that bio-indicators are more
powerful in assessing riverine conditions than physico-chemical indicators [22]. These changes captured by bio-indicators include anthropogenic stressors such as decreased water quality, degraded habitat
quality, altered flow regimes and biotic interactions
[23]. Monitoring riverine habitat res-ponses to anthropogenic impacts in particular has been facilitated
by investigating the entomofauna (mainly macroinvertebrates) [24]. These organisms are very good
bio-indicators, since riverine conditions affects their
communities richness, compo-sition and diversity
[25, 26, 27].
Hassall [28] suggested that a model taxon
should be used in order to increase monitoring efficiency. This should help simplify monitoring targets
and techniques. In this study, the focus was on one
order. Specifically, the Insecta Odonata (dragonflies) was chosen because they are considered good
indicators of environmental quality but also contribute highly to global biodiversity [29]. Campos et al.
[17] state that Odonata are an important tool in order
to assess the quality of freshwater habitats. The indicator values of this order have been used as a preliminary or complementary cost-effective monitoring
tool of river status and restoration practices [30, 31].
Overall, Odonata are widely used as bio-indicators
for the assessment of riverine ecosystems in many
developed countries, like the United Kingdom, Japan, USA, Australia and South Africa [32, 33, 34].
To our knowledge Odonata have not been used in
Greece as indicators for assessing riverine ecosystems and in general thus far. This is also related to
the fact that Greece does not have any resident
odonatologists, and all information on Odonata have
been collected by foreigners [35].
Riverine habitats in Greece are generally considered degraded and highly threatened ecosystems
[10, 11]. Greece, despite being part of the EU, has
done little to meet the requirements of the Water
Framework Directive [13]. Riverine ecosystems are
strongly affected in Greece by agricultural intensification, urban development and pollution while climate change results in their desiccation during the
summer [35]. This study is the first attempt to evaluate the application of the Odonata species in Greece
to assess riverine habitat conditions. This evaluation
took place in three different representative Mediterranean riverine habitats of lowland areas. Through
this evaluation the potential value of the Odonata
species as a rapid, scientifically-sound and accurate
tool on the condition of riverine habitats in Greece

MATERIALS AND METHODS
Study Areas. The study areas were along Sperchios River, Thermopyles spring and Kakavorema
stream, in Fthiotida Prefecture of Central Greece
(Figure 1). These areas were selected as they represent different riverine habitats. Specifically, one is a
large river (Sperchios), the other is a thermal spring
(Thermopyles) and the third is a small order stream
(Kakavorema). These are representative riverine
habitats of lowlands of Greece and of the Balkan
Peninsula.
Sperchios River is a perennial river that springs
from the Timfristos Mountain and ends in Maliakos
Gulf (Fthiotida Prefecture) with a total length of 82
km. Its watershed has a nearly rectangle shape and
covers an area of 1,540 km² [36] with an average elevation of 836 m. The peak of the watershed is in the
western part, near Timfristos Mountain and stands at
2,312 m, while the lowest elevation is 13 m near the
junction of the watershed with the National Road of
Athens±Lamia. Overall, the main channel of the
river has 63 different tributaries. Sperchios River is
included in the Natura 2000 Network of the European Union (GR2440002). The riparian area adjacent to Sperchios River is mainly forested consisting
of sycamores (Platanus orientalis), poplars (Populus
alba), willows (Salix alba) and alders (Alnus glutinosa).
Thermopyles spring, is a thermal spring, that
flows through a narrow pass on the east coast of central Greece between Kallidromon Mountain and Maliakos Gulf, about 136 km northwest of Athens. The
area is dominated by the coastal floodplain of Sperchios River, surrounded by steep forested mountains. The continuous deposition of sediment from
the river and the hot springs has substantially altered
the landscape during the past few thousand years.
The basic flora of the adjacent riparian area includes
tamarix (Tamarix spp), thistles (Onopordum acanthium) and reeds (Phragmites australis). Common
crops grown in the surrounding agricultural fields of
the riparian areas are cotton (Gyssypium ssp), alfalfa
(Medicago sativa), rice (Oryza ssp) and other cereals.
Kakavorema stream is a tributary to Sperchios
River, with a total watershed of 6.7 km². Kakavorema stream has intermittent flow that means it
flows most of the year, expect during the summer
months. The main flora of the adjacent riparian areas
consists of sycamores, poplars, sedges (Carex ssp),
reeds (Phragmites australis) and brambles (Rubus
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cies have been well studied [42] something that further facilitates their potential use as bio-indicators.
Odonata are also increasingly popular as monitoring
insects to citizen scientists and the general public
[28]. This indicates that they should be used as ambassadors of riverine habitat conditions because they
would have a high acceptance and adoption by the
policy makers and stake-holders and help raise
awareness among non-specialists [34]. Finally, this
order appears to be highly sensitive to climatic factors making it potentially an important bio-indicator
of climate change [14, 28].

ssp), while the crops grown in the agricultural fields
adjacent to the riparian areas are cotton, with olive
(Olea europaea) groves and other orchards also present.
Odonata as Riverine Indicators. To enhance
monitoring efficiently the goal is to find few indicators that can provide the best possible information in
regards to riverine habitat conditions. This allows
you to have more targeted and cost-effective approaches. Odonata have some very attractive features that render them as a prime candidate to be utilized as an indicator for riverine habitat conditions
that could subsequently help in the recommendation
of best management practices for their conservation,
restoration and protection [30].
Many researchers have found that Odonata
adults have a substantial indicator value when concerning rivenine habitat preference [17, 29]. They
are sensitive to anthropogenic stressors such as acidification, eutrophication, degradation of lotic and
lentic habitats and canalization of streams and rivers
[37]. This sensitivity led to significant declines of
many Odonata species in the Netherlands in the 20th
century. The reason for their sensitivity to riverine
conditions is that their adults reproduce near freshwater, while their nymphs (naiads) are exclusively
aquatic feeders on water microorganisms [38, 39]. In
addition, to their sensitivity to anthropogenic stressors, Odonata are resilient species that quickly recover when riverine habitats are restored [37]. Some
researchers have even developed a new biological
index based on adult Odonata populations the
"Odonata Community Index ± Corsica" to assess the
ecological status of watercourses [40].
Adult Odonata are one of the most easily recognizable insect groups because of their large size,
bright colors and unique behavior [41] making it a
favorable bio-indicator. Moreover, the ecological requirements, distribution and seasonality of these spe-

Insect Sampling. Each of the riverine habitats
had five sampling points (A, B, C, D, E). The coordinates and elevation of each location of the three
riverine ecosystems were determined with a GPS
unit. The distance between the five locations in each
of the three riverine ecosystems was at least 200 m.
The elevation range between the five sampling
points in Sperchios River was 25-31 m, in Thermopyles spring 4-13 m and in Kakavorema stream
36-85 m. The survey of the Odonata started in the
middle of July 2013 and lasted till the middle of September 2013; the period of greatest abundance of
Odonata in riverine habitats of Greece. Insect sampling during the first two weeks was conducted with
a net, and the samples were then transferred and
identified in the Laboratory of Forest Entomology
(Forest Research Institute, HAO ± Thessaloniki,
Greece) using the proper morphological keys. For
the rest of the sampling period, the different Odonata
species present would be observed and recorded.
Only when not sure, would the Odonata be collected
and indentified in the Laboratory of Forest Entomology. Besides the identification of species, the number of individuals per species was also counted.
Sampling was done twice every other day (8 am and
8 pm), lasted 30 minutes and covered an area with a
radius of 5 meters

FIGURE 1
The location of the studied areas in Greece (left). The studied areas were reaches along Sperchios
River, Kakavorema stream and Thermopyles spring (right), representative riverine habitats of lowlands in Greece.
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was done in order to provide some indicative information on the water quality and to assess if differences among the three riverine habitats exist. Water
samples were collected in plastic bottles of ½ l, and
analyzed at the Instrumental Analysis Laboratory of
the Eastern Macedonia and Thrace Institute of Technology, Kavala Greece that is certified by ISO
9001/2008. The water samples from the first sampling was analyzed for pH, conductivity, sodium
(Na+), potassium (K+) and calcium (Ca2+) concentrations while for the second sampling again for pH,
conductivity along with phosphate (PO4-3) concentrations. In all cases measurements were done using
standard methods [48]. Other studies have shown
that pH and conductivity are very important in predicting certain insect order richness [49] while high
nutrient concentrations are indicators of water pollution [14].
Finally, the width of wooded riparian areas was
also measured, using Google Earth maps. The
wooded riparian width can significantly impact on
riverine habitat conditions [50, 51, 52] and the population of certain insects [53].

in each sampling point. To avoid bias, the sampling
order was rotated, not only among the three areas,
but also among the sampling points. Each riverine
habitat area was surveyed 10 times.
Diversity Indices. To determine the condition
and integrity of the different riverine habitats, three
Diversity Indices were used; specifically the: a)
Shannon Wiener Diversity Index (H), b) Shannon
Wiener Equitability Index (EH) and c) Simpson's Index (D).
The Shannon Wiener Diversity Index (H) is
commonly used to characterize species diversity in a
community [43, 44]. It measures the abundance and
the evenness of a species. The proportion of species
(i) relative to the total number of species (pi) is calculated, and then multiplied by the natural logarithm
of this proportion (lnpi). The resulting product is
summed across species, and multiplied by -1. The
higher the number is, the higher the species diversity
is. The value of Shannon Wiener Diversity Index is
usually found to fall between the values of 1.5 and
3.5 and rarely surpasses 4.5. The formula of this index is the following:
+  S [OQ S
ZKHUHLVWKHVXPPDWLRQDQGSLVWKHSURSRUWLRQRI
individuals of each species belonging to the ith species of the total number of individuals.
The Shannon Wiener Equitability Index (J) is
calculated by the equation [43, 44]:
J = H/Hmax
where Hmax is the maximum possible H (maximum
possible diversity) assuming equal representation of
all species. It is calculated from the equation Hmax =
ln(S), where S is the number of the species of the
sample. It has a range from 0 to 1, with 1 indicating
complete evenness.
7KH6LPSVRQ¶s Index (D) measures the pro-bability of two individuals randomly selected from a
sample belonging to the same species (or some category other than the species) [45, 46, 47]. There are
two versions of the equation to calculate D. The
equation we used to estimate it is the following:
'  Q1 2
where n is the total number of organisms of a particular species and N is the total number of organisms
of all species.
The value of D ranges between 0 and 1, where
0 means infinite diversity and 1, no diversity. This
indicates the larger the value the lower the diversity.

RESULTS AND DISCUSSION
Riverine Features. The water quality parameters of the three riverine habitats are given in Table
1. In regards to the pH, Thermopyles spring had the
lowest values (< 7.50) for both sampling times. The
other two riverine habitats had similar values
(around 8) with Sperchios having the highest value
in October 2013 (8.17) and Kakavorema stream in
May 2014 (8.08). This should not be surprising since
both had flowing waters during the sampling time
and Kakavorema stream is a tributary to Sperchios
River. Researchers have established relationships
between the abundance of Odonata and water pH
[54]. Some researchers found that a pH range of 3.0±
5.0 severely limits Odonata species while for a pH
range of 6.0±7.0 the abundance of the Odonata is
substantially greater [55]. Others found that the pH,
only when lower than 3, affects Odonata negatively
[56]. For conductivity, Thermopyles spring had extremely higher values (12,897- ȝVFP  WKDQ
the other two riverine habitats, since it is a thermal
spring. For the other two habitats, values were similar, although Sperchios River conductivity was
higher (411- ȝVFP  WKDQ .DNDYRUHPD VWUHDP
(368- ȝVFP  LQ ERWK VDPSOLQJV $TXDWLF PD
croinvertebrates have an inverse relationship with
low conductivity that is the measure of dissolved
ions [37, 57]. Still conductivity values above 1,200
ȝVFPDUH FRQVLGHUHGDVWRRKLJK IRU2GRQDWD DQG
have a detrimental effect on them [55]. In regards to
the nutrients, Thermopyles spring again had substantially higher concentrations for Na+, K+ and Ca+2
than the other two habitats. The other two habitats
had similar Na+, K+ and Ca+2 concentrations. Finally,

Survey of Riverine Features. Additional features of the three riverine habitats were surveyed to
indicate potential differences. Specifically, these
were water quality parameters and riparian vegetation width.
Water sampling was done only twice in the fall
(October 1st 2013) and in the spring (May 18th 2014)
during typical baseflow conditions. The sampling
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the PO4-3 concentration in Kakavorema stream was
the highest with almost an order of magnitude
greater than the other two habitats. Thermopyles
spring followed with a concentration of PO4-3 almost
double that of the Sperhios River. Phosphates (PO 43
) tend to be fixed to soil particles and therefore reach
water bodies through soil erosion [58]. As a result,
most phosphorus (P) enters water bodies through anthropogenic activities and contributes to surface water pollution that can lead to algal blooms and eutrophication conditions [59]. Surface waters that
have concentration levels of 0.01 to 0.03 mg/l PO 4-3
tend to not have algal blooms. Higher concentration
levels lead to eutrophication conditions that aquatic
macroinvertebrates cannot survive in because of the
low levels of dissolved oxygen [60]. In our study, all
3 areas exceeded this limit, with Kakavorema stream
exhibiting the highest concentrations, indicating
highly polluted riverine habitats.
The average widths of the riparian areas of the
three riverine habitats were calculated at each of the
five different survey locations and differed subs-tantially. Specifically, in Kakavorema stream the riparian width ranged from 13 to 26 m, in Sperchios River
from 50 to 65 m and in Thermopyles spring from 11
to 14 m. The extent of the riparian vegetation is very
important for the water quality and health of riverine
habitats. The presence of dense vegetation reduces
soil erosion in the riparian areas and stream banks,
the main pathway for phosphorus to reach surface
waters [58, 61]. Dense riparian vegetation can reduce PO4-3 from overland flow from the adjacent agricultural fields [60]. The PO4-3 that is retained in the
riparian areas can be uptaken and stored by the riparian vegetation. This explains the lowest concentration of PO4-3 in Sperchios River but not the trend of
the other two riverine habitats.
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veolum with 22 % and 21 %, respectively. In Kakavorema stream the second most abundant species
was Sympetrum flaveolum with 22 % while in Thermopyles spring the second most abundant species
was Orthetrum brunneum with 35 %. In Thermopyles spring despite observing the largest number
of individuals (138), 84 % belonged to the two most
abundant species. Finally, it is inte-resting to note
that despite the fact that Crocothemis erythraea was
only 5 % of the total individuals in Sperchios River,
it was the most abundant in the other two riverine
habitats. Regarding the number of different species,
in Kakavorema stream 5 species were identified
(from a total of 90 individuals), in Sperchios River 6
species (from a total of 104 individuals) and in Thermopyles spring, only 4 different species (from a total
of 138 individuals). Finally, all species surveyed
were of the Least Concern (LC) based on the IUCN
Red List with populations stable except from the species that were the most abundant in the habitats (Orthetrum brunneum and Croco-themis erythraea)
whose populations are increasing [35].
Diversity indices calculated for each riverine habitat are presented in Table 3. For the Shannon
Wiener Diversity Index, Sperchios River and Kakavorema stream were similar and had substantially
larger values than Thermopyles spring. However in
all three habitats, values were below 1.5 indicating
an overall low biodiversity. In regards to the Shannon Wiener Equitability Index, Kakavorema stream
had the highest value and Sperchios River the lowest. Higher values mean less variation in communities among the species, indicating that Kakavorema
stream had the lowest species richness. Finally, for
the Simpson Index values, Kakavorema stream and
Sperchios River had similar values that were smaller
than Thermopyles spring. The larger values indicate
less diversity, and thus Thermopyles spring had the
lowest diversity value.
Based on the three indices in concert with species richness, Sperchios River performed better,
something that is in agreement with water quality parameters and riparian areas width data. Sperchios
River had the highest conductivity values but below
 ȝVFP WKH ORZHVW FRQFHQWUDWLRQ RI QXWULHQWV
and the widest buffer. Minaya et al. [62] found that
macroinvertebrates are more sensitively to the reach-

Odonata Species, Species Richness and Diversity Indices. In Sperchios River the most abundant species was Orthetrum brunneum, while in Kakavorema stream and Thermopyles spring the most
abundant species was Crocothemis erythraea (Table
2). In all three rivenine habitats the abundant species
were about half of the individuals surveyed. In Sperchios River the second and third most abundant species were Platycnemis pennipes and Sympetrum fla-

TABLE 1
The results of the water analysis for the first (October 1 st 2013) and second (May 18th 2014) sampling period.
Riverine Habitats
Sperchios River
Kakavorema stream
Thermopyles spring

Month/Year
1/10/2013
18/05/2014
1/10/2013
18/05/2014
1/10/2013
18/05/2014

pH
8.17
8.00
7.88
8.08
7.29
7.47

Water Quality Variables
K+ (mg/l)
Conductivity ȝ6FP
Na+ (mg/l)
411
14
5
446
388
9
4
368
16,110
*482
134
12,897
-

*dilution 1/60

4248

Ca+2 (mg/l)
48
49
400
-

PO4-3 (mg/l)
0.040
0.370
0.076
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TABLE 2
The species, the number and percentage of the species of Odonata surveyed from 15/7/2013-15/9/2013 in
the three riverine habitats.
Species
Crocothemis erythraea
Onychogomphus forcipatus
Orthetrum brunneum
Orthetrum cancellatum
Platycnemis pennipes
Sympetrum flaveolum

Kakavorema stream
#
%
45
50
13
14
5
6
5
6
22
24

Sperchios River
#
%
5
5
3
3
50
48
1
1
23
22
22
21

Thermopyles spring
#
%
67
49
1
~0
48
35
22
16

TABLE 3
The Shannon Wiener Diversity (H) and Equitability (J) and Simpson (D) Indices in the three riverine habitats.
,QGLFHV
Shannon Wiener Diversity (H)
Shannon Wiener Equitability (J)
Simpson (D)

Kakavorema stream
1.29
0.80
0.34

Sperchios river
1.31
0.73
0.33

Thermopyles spring
1.05
0.75
0.38

values of the other two indices for Kakavorema
stream indicated slightly lower biodiversity than
Sperchios River. The reason for the small difference
in values for these indices could be because 4 out of
the 5 survey sampling points of Kakavorema stream
had a riparian width greater than 15 m, a width that
some researchers consider adequate to maintain the
macroinvertebrate populations [64].

scale characteristics than the watershed-scale. This
suggests a stronger influence of the local habitat conditions, such as riparian vegetation and width. Some
researchers have found that aquatic biodiversity demands riparian buffers to be greater than 30 m and
established on both banks [63]. Only Sperchios
River had riparian area widths greater than 30 m.
Other researchers suggest a riparian area width of at
least 20 m [64] or 15 m [65] to maintain the composition and trophic conditions of the macroinvertebrates. Shorter widths affect negatively the macroinvertebrate communities. In Kakavorema stream, 4 of
the sampling point widths were greater than 15 m
and 3 greater than 20 m while in Ther-mopyles
Spring all widths were less than 15 m. This indicated
that Thermopyles spring should have lower biodiversity than Kakavorema stream.
Silva et al. [66] found that landscape para-meters of the adjacent riparian areas were more important for Odonata populations than water parameters. The very small width of the riparian areas (< 15
m) adjacent to Thermopyles spring along with its
very high conductivity and lowest pH suggest should
lead to the lowest biodiversity indices. Zivic et al.
[67] found that in thermal streams the increase in water temperature decreases macroinvertebrate species
diversity something also confirmed in our study as
Thermopyles spring had the lowest values for both
Shannon Wiener Diversity and Simpson indices.
Interestingly, the Shannon Wiener Equitability
Index indicated that Kakavorema stream had the
lowest biodiversity. The substantially higher concentration of PO4-3 in the water samples of Kakavorema stream compared to the other two riverine
habitats, could be a potential reason since this indicates a polluted aquatic habitat. This contradicts the
other two indices that had better diversity values for
Kakavorema stream than Theropyles spring. The

CONCLUSIONS
In this study, the potential use of bio-indicators,
specifically Odonata, were evaluated to indicate difference in riverine habitats in Greece. The evaluation
was done by employing three diversity indices. To
our knowledge this is the first systematic effort to
utilize Odonata as bio-indicators in Greece. The
three riverine habitats were a river, a stream and a
thermal spring, representative of Mediterranean and
Balkan flowing watercourses. Sperchios River had
values for all indices that exhibited the highest biodiversity and assembled the most species (6), probably because it had to the largest riparian area width,
and its waters had the lowest nutrient concentrations
and high conductivity that was less than 1,200
ȝVFP7KHUPSRO\OHVVSULQJ ZDVH[SHFW-ed to have
the lowest biodiversity values because of the very
small riparian area widths (less than 15 m), very high
ZDWHUFRQGXFWLYLW\ !ȝVFP DQGWKHUPDOZD
ters, something that was verified by two of the indices and the lowest number of species (4 species).
One of the indices, indicated the Kakavorema spring
had the lowest biodiversity value, probably attributed to the high PO4-3 concentrations in its waters, an indication of pollution.
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[7] Nava-Lopez, M.Z., Diemont, S.A.W., Hall, M.
and Avila-Akerberg, V. (2016) Riparian buffer
zone and whole watershed influences on river
water quality: Implications for ecosystem services near megacities, Environmental Processes, 3(2), 277-305.
[8] Selvi, K., Kaya, K., Akbulut, M. and Arinc Tulgar, A. (2015) Comparison of heavy metal concentrations on european chub (Leuciscus cephalus l., 1758) from Saricay creek and Atikhisar
reservoir (Canakkale ± Turkey), Fresenius Environmental Bulletin, 24 (2), 445-450.
[9] Karl, T.R., Melillo, J.M., Peterson, T.C. and
Hassol, S.J. (eds.) (2009) Climate Change Impacts in the United States. Cambridge University Press, New York.
[10] Vorosmarty, C.J., McIntyre, P.B., Gessner,
M.O., Dudgeon, D., Prusevich, A., Green, P.,
Glidden, S., Bunn, S.E., Sullivan, C.A., Reidy
Liermann, C. and Davies, P.M. (2010) Global
threats to human water security and river biodiversity. Nature, 467, 555-561.
[11] Zaimes, G.N. and Emmanouloudis, D. (2012)
Sustainable management of the freshwater resources of Greece. Journal of Engineering Science and Technology Review, 5(1), 77-82.
[12] Kalampouka, K., Zaimes, G.N. and Emma-nouloudis, D. (2011) Harmonizing Member State
Water Policies to the EU Water Directive
2000/60/EU: The Case of Greece, International
Journal of Geology, 2, 29-33
[13] Bush, A., Theischinger, G., Nipperess, D., Turak, E. and Hughes, L. (2013) Dragonflies: Climate canaries for river management. Diversity
and Distributions, 19(1), 86-97.
[14] Zaimes, G.N. and Schultz, R.C. (2011) Do randomly placed riparian conservation land-uses
improve stream water quality in Iowa, USA?
Polish Journal of Environmental Studies, 20(4),
1083-1092.
[15] Chittoor Viswanathan, V., Jiang, Y., Berg, M.,
Hunkeler, D. and Schirmer, M. (2016) An integrated spatial snap-shot monitoring method for
identifying seasonal changes and spatial
changes in surface water quality. Journal of Hydrology, 539, 567-576.
[16] Campos, F., Velasco, T., Sanz, G., Casanueva,
P., Albuquerque, M.T.D. and Antunes, I.M.H.R.
(2014) Ischnura Graellsii (Insecta: Odonata) A
Water Pollution Biovulnerability Indicator²
Probability Mapping Using Spatial Uncertainty.
River Research and Applications, 32(3), 483489.
[17] Parr, T.B., Cronan, C.S., Danielson, T.J.,
Tsomides, L. and Simon, K.S. (2016), Aligning
indicators of community composition and biogeochemical function in stream monitoring and
ecological assessments. Ecological Indicators,
60, 970-979.

Overall, the fact that these three riverine habitats are relatively close to each other and belong to
the same basin but still had differences, demonstrates
the potential use of Odonata as bio-indicators in
Greece but also in the Balkans. Though preliminary,
this study can be the basis of further investigations
that will include more replications in different representative riverine habitats throughout Greece and the
Balkans, in order to develop a guide on the application of Odonata as bio-indicators. Odonata species
easiness to identify and susceptibility to anthropogenic stressors further support their great potential in
being adopted by water managers in Greece and the
Balkans to assess the quality of riverine ecosystems
and their adjacent riparian habitats. Their attractiveness as an insect, could also lead to their monitoring
by volunteer groups with citizen scientists and the
general public. Developing such volunteer groups in
Greece and the Balkans, would enhance riverine and
riparian habitat protection, in a region were the
awareness levels of nature conservation is substantially lower than other parts of Europe.
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or under the sea [1, 2, 3]. Noise pollution, which is
considered as a component of environmental pollution, has unfavorable physical, physiological and
psychological effects on human health as presented
in the Table 1. It additionally has negative effects on
working performances of the individuals by reducing their productivity. The noise originated by the
road traffic which is a primary source and contributor of environmental noise pollution [3, 4, 5, 6].
In literature, many researchers carried out several studies based on the field measurement of different road noise descriptors and traffic noise parameters. A regression equation was developed as a
function of traffic density for modelling LA10, which
is exceeded the noise level for 10% of the time (the
average maximum level) [7]. In urban regions, most
of the road traffic instream is frequently impeded by
traffic lights therefore impeded traffic instream circumstances on urban roads conceive considerable
amount of various road traffic noise properties from
the highways to expressways. A prediction model of
road traffic noise using several traffic variables and
conditions of transportation was also proposed [8].
In that proposal, to improve a regression model
based on a-weighted equivalent noise level, different
variables and levels of road traffic noise were evaluated in Iran. In addition to developed regression
models, neural networks (NNs) and Fuzzy based
models were also utilized in urban road traffic noise
prediction [9, 10]. In this context, single and multilayer Artificial Neural Network (ANN) modelling
methods were proposed as road traffic noise prediction models [11, 12]. Additionally, Cirianni and
Leonardi proposed an Adaptive-Network-based
Fuzzy Inference System (ANFIS) for traffic noise
prediction. Stated model considered total traffic
IORZKHDY\YHKLFOH¶VSHUFHQWDJHDYHUDJHVSHHGDQG
road lane width as input variables when the equivalent sound level (Leq) was used as output variable in
the ANFIS model [10].

ABSTRACT
Urban traffic is currently considered as one of
the noise sources in the city of Erzurum province. As
a disturbing sound, noise has several effects on environmental health and should be determined precisely
in order to prevent or mitigate its effects in daily life
in cities. This study aims to predict traffic noise in
urban areas using with two well-known methods, artificial neural networks (ANN) and adaptive neuro
fuzzy inference system (ANFIS). In order to compare the results of the methods same input data set
consisting of total number of hourly vehicles, heavy
vehicles, their average speeds were used in prediction process and 10 percentile exceeded sound level
(L10) were produced as the output of the models. Results of the study outlined that ANFIS model operated better than ANN model for the prediction of the
noise originated by the urban traffic based on the statistical results, R2 of ANFIS and ANN models were
determined as 0.91 and 0.81 respectively. Additionally, this study concluded that the prediction of traffic noise under heterogeneous traffic which is mostly
complicated with based on vehicle number, driver
behaviors that causes to irregular pattern of factors.

KEYWORDS:
Traffic noise; artificial neural network; adaptive neuro
fuzzy inference system

INTRODUCTION
Noise is basically defined as the unwanted or
disturbing sound generated by various sources such
as construction works, traffic, exploitations etc. It
causes pollution when there is either excessive
amount of noise or an unpleasant sound that causes
temporary disruption in the natural balance on land

TABLE 1
Noise pollution effects [13]
Effects
Physical Effects
Physiological Effects
Psychological Effects
Effects on Work Performance

Examples
Hearing Default
High Blood Pressure, irregularity of heart rhythm
Sleepless and late sleeping, nervousness and
Reduction of productivity
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TABLE 2
Traffic noise models [14]
Model
FHWA STAMINA
FHWA TNM
CORTN
MITHRA
RLS-90
ASJ

Propagation
Energy type
Energy type
Energy type
Simple stream
Energy type
Energy type

Input parameters
Traffic volume, vehicle speed, road effect and environmental data
Traffic composition, traffic volume, vehicle speed, road type
Traffic volume, traffic type, vehicle speed, road effects, heavy vehicles
Traffic volume, traffic type, road effects, heavy vehicles
Traffic volume, traffic composition, road effects, parking data and environmental data
Traffic volume, traffic type, road effects

FIGURE 1
Typical multilayer feed-forward neural network structure

In addition to methodologies, noise estimation
models that United States the Federal Highway Administration models (US FHWA), United Kingdom
Calculation of Road Traffic Noise (UK CORTN),
Acoustical Society of Japan model (ASJ) and RLS90 (Richtlinien fur den Larmschutz an Straben) are
also used as national standard solutions for noise estimation in different countries. Propagation methods
and input parameters of these models were presented
in Table 2.
This study aims to evaluate the performances
of ANN and ANFIS models in urban traffic noise
prediction in Erzurum. Although these methods have
separately used for predicting traffic noise level in
the previous studies [10, 12, 15-17], in this study, input data of the models were common and with internationally accepted quality in order to provide comparable results for the assessment of the model performances.

human brain. The prediction models of neural network running as the processing of human brain [18].
ANN is a visible system which is able to respond to a question or ensure an output in response
to an input. The ANN is described from an exact
number of communicated units of computation,
which works as a collateral computation structure
and obtains their information from the experimentation which is ensured, therefore, the transfer function
of the ANN is not scheduled, but obtained through a
procedure of educating with experimental data. Under other circumstances, the network learns the function that connects the output with the input by the
projection agency of accurate samples of input/output doubles [19].
The most popular structure is the multilayer
feed forward network (MLF) among various neural
network architectures. The MLF creates a system of
simple communicated neurons (nodes), which are
considered as the basic working components of neural networks. Figure 1 outlines the structure of MLF
as a non-linear mapping between an input and output
vector. All of neurons in a layer are engaged in all
the neurons in the following layer in order to transfer
the information or signal from input layer to output
layer across hidden layer [11, 19, 20].

METHODOLOGY
Artificial Neural Network. Human brain is
accomplished of milliard neurons in charge of reasoning and carrying off signals from human body to
synapses [11]. ANN simulates the operation of the
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model implementation performed in three stages as
validation, training, and testing of the installed
model. The input importance chart was used in order
to assign the hierarchical importance of the input according to their influences on traffic noise prediction
in the implemented model. The input column importance was calculated as degradation in network
performance after the input was removed and not
used by the network [26]. The best combination of
the parameters, which are subsuming the network architecture and other parameters such as; learning ratio, momentum constant, number of hidden neurons,
understanding algorithm, and implementation function were performed in the prevalent simulations. In
ANN, the measured and predicted data were analyzed and the model was educated with neurons in
one single hidden layer between 2 and 15. During
this process the Akaike information criterion, the inverse test error, correlation coefficient (R) and R2
were checked in each layer respectively.
In the existing literature on the ANN model application, model training was achieved by utilizing
the training and testing subsets and contained 60%
and 20% of the data, respectively. Model validation
was done by utilizing the remaining 20% of data as
a holdout subset [11]. Differently from the literature,
in the present study, the dataset of noise computation
was composed of three groups: validation, training,
and testing which has a share of 70%, 15% and 15%
of the data, respectively.
As similarly an ANN model, same road traffic
data were used as the input of the ANFIS model implementation in order to produce the output, L10 as
presented in the Figure 3. The model was implemented using MATLAB ANFIS Toolbox.

Adaptive neuro fuzzy inference system. A
IX]]\ LQIHUHQFH V\VWHP XVHV IX]]\ ³if-then rules´
able to design the qualitative directions of human information and judgement operations without giving
work whole quantitative analyses. This fuzzy modeling or fuzzy recognition were primarily discovered
[21]. The modeling has ciphered out numberless operative applications in different systems such as;
control, estimation and inference [22, 23]. Recently,
it has been claimed that ANFIS is a worldwide estimator and submitted to describe highly non-linear
functions [20, 24, 25].
The ANFIS utilizing an offered input/output
data set which establishes a fuzzy inference system
where membership function parameters are identified by utilizing either back propagation algorithm,
or least squares method. The primary rule of learning
is the famous back-propagation method that makes
an effort to reduce some measure of error, generally
sum of squared of differences between outputs of
network and desired outputs. This lets the fuzzy system learn from the modelling data [10, 20]. ANFIS
consists of five layer such as; a) input, b) input membership function, c) rules, d) output membership
function and e) output as illustrated in Figure 2.
Data and Implementation. Road traffic data
including average speed, number of hourly total vehicles and hourly heavy vehicles were used as the input of the implemented ANN and ANFIS models for
the prediction of the noise originated by urban traffic
in Erzurum. 10 percentile exceeded sound level (L10)
were produced as the output of the models in the
study. Levenberg Marquardt algorithm were applied
using Alyuda Neuro Intelligence software in ANN

FIGURE 2
ANFIS Architecture
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FIGURE 3
Architecture of ANFIS used in the model

FIGURE 4
Membership functions of ANFIS model

FIGURE 5
ANFIS training errors
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model were completed in 30 epochs. Training errors
by each epoch of the model were presented in Figure
5.

In the ANFIS model, each input factor within a
range might be clustered into various class values at
Layer 1 to intensify fuzzy regulations. Therefore, the
number of parameters, which need to be pointed out,
is efficient as the rule is increased. It is a hybridlearning algorithm and the best factors were detected
in 30 epochs after trying diversified learning algorithms with diversified epochs. In applied model the
membership functions were chosen to be a
³JDXVVPI´ IRUHDFKLQSXWLQ WKH PRGHO7KH LQSXW
membership functions of the applied ANFIS model
were exhibited in Figure 4.
The ANFIS model was structured and trained
for validation within the study. Then, the validation
of ANFIS model were performed as the procedure
applied to educate the fuzzy inference system (FIS)
using training data set that contains desired input/output data pairs of the targeted system. In the
presented study, training of the established ANFIS

RESULTS AND DISCUSSION
In the literature, Avsar et al. determined the
correlation coefficients (R) between predicted and
actual equivalent sound levels (Leq) using both training and testing data as 0.7277 and 0.6899, respectively [18] while Cirianni and Leonardi respectively
determined same values as 0.8651 and 0.9352 [10].
As presented predicted and actual values (Figure 6),
the implemented ANN model concluded with a
higher R value between predicted and actual L10, that
is 0.9353, than the results of the previous studies.
Correlation coefficient is determined as 0.9353.
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FIGURE 6
The result of ANN model
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FIGURE 7
The result of the ANFIS model.
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[3] Hamamci, S.F., Dogru, A.O., Sari D., Ozkurt N.
and Seker D.Z. (2017) Determining characteristics of lands effected by noise pollution of airports. Fresen. Environ. Bull., 26, 69-74.
[4] Evangelidis, K., Konstantinidis, A. and Nikolaou, K. (2005) Estimating and visualising factors affecting traffic noise propagation by use of
advanced GIS techniques. Fresen. Environ.
Bull., 14(9), 835-840.
[5] Demirel, H., Sertel, E., Kaya, S. and Seker, D.Z.
(2008) Exploring impacts of road transportation
on environment. A Spatial Approach, 226(1-3),
279-288.
[6] Hadzi-Nikolova, M., Mirakovski, D., Ristova,
E. and Stefanovska, C.L. (2012) Modeling and
mapping of urban noise pollution with SoundPLAN software. International Journal for Science, Technics and Innovations for the Industry
MTM, 6 (5/2012), 38-42. ISSN 1313-0226.
[7] Rao, P.R. and Rao, M.G.S. (1991) Prediction of
LA10T traffic noise levels in the city of Visakhapatnam, India. Applied Acoustics, 34(2), 101±
10, DOI: 10.1016/0003-682X(91)90025-A
[8] Golmohammadi, R., Abbaspour, M., Nassiri, P.
and Mahjub, H. (2009) A compact model for
predicting road traffic noise, Iran. Journal Environmental Health Science and Engineering, 6
(3), 181-186.
[9] Cammarata, G., Cavalieri, S. and Fichera, A.
(1995) A neural network architecture for noise
prediction. Neural Networks, 8(6), 963-973.
[10] Cirianni, F. and Leonardi, G. (2005) Environmental assessment in urban settings: Road traffic noise in the metropolitan area of the straits of
Messina, Twelfth International Congress on
Sound and Vibration, 11-15 July, Lisbon.
[11] Arora, J.K. and Mosahari, P.V. (2012) Artificial
neural network modelling of traffic noise in
Agra-Firozabad highway. International Journal
of Computer Applications, 56(2), 6-10.
[12] Cirianni, F. and Leonardi, G. (2015) Artificial
neural network for traffic noise modelling.
ARPN Journal of Engineering and Applied Sciences, 10 (22),
[13] Ozkurt, N., Sari, D., Akdag, A., Kutukoglu, M.
and Gurarslan, A. (2013) Modeling of noise pollution and estimated human exposure around Istanbul Ataturk Airport in Turkey. Science of the
Total Environment, 482, 486-492.
[14] Steele, C. (2000) A critical review of some traffic noise prediction models. Applied Acoustics,
62, 271-287.
[15] Gundogdu, O., Gokdag, M. and Yuksel, F.
(2005) A traffic noise prediction method based
on vehicle composition using genetic algorithms. Applied Acoustics, 66, 799-809.
[16] Rahmani, S., Mousavi, S.M. and Kamali, M.J.
(2011) Modeling of road-traffic noise with the
use of genetic algorithm. Applied Soft Computing, 11, 1008-1013.

Predicted and actual L10 values of the ANFIS
model were presented as scattered plot in the Figure
7. In the figure, the X-axis denotes the actual values
measured in various regions of Erzurum. The Y-axis
denotes the resulting values obtained through the application of the ANFIS model.
The results of ANN and ANFIS compared by
calculating the correlation coefficients and R2 values
of measured and predicted data for both applied
models. As presented in the Table 3, this study resulted with the better performance of ANFIS model
in prediction of the traffic noise than ANN model as
the correlation coefficients and R2 values in ANFIS
model is higher than the values in ANN model.

TABLE 3
Comparison of ANN and ANFIS models
Model
ANN
ANFIS

Correlation coefficient (R)
0.9353
0,9548

Fresenius Environmental Bullet

R2
0,8748
0,9116

CONCLUSIONS
The prediction of traffic noise caused by heterogeneous traffic is often being complex which depends on total number of vehicles, hourly mean
number of heavy vehicles and average speed of traffic flow, which may result in irregular model of other
parameters. It is not possible at present for traffic
noise models to take only the number of vehicles into
consideration among the factors to estimate road
traffic noise because prediction of traffic noise under
heterogeneous traffic is mostly complicated because
of vehicle number, driver behaviors which may
cause irregular pattern of factors.
Present study is important since it considers the
performance of various procedures to evaluate road
traffic noise pollution and to predict traffic noise
level. The study concluded that ANFIS model has a
better performance in the estimation of the road traffic noise than ANN model. This result adds value in
to future research studies on traffic planning by
providing accurate road design model opportunities
with the lowest generated noise.
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PRODUCTION OF LACCASE IN OLIVE OIL MILL
WASTEWATER AND VINASSE BY IMMOBILIZED
TRAMETES VERSICOLOR AND TRAMETES TROGII
WITH DIFFERENT SUPPORTS
Elif Apohan*, Ozfer Yesilada
Inonu University, Arts and Science Faculty, Department of Biology, 44280, Malatya, Turkey

the extensively studied method for immobilization
of the cells and alginate is a widely tested material
for immobilization [6]. The other mostly tested
method is adsorption [7]. However, there is no
single ideal method for immobilization of all types
of microorganisms [8]. The support materials are
also important for long-term production of costeffective enzymes. Waste pine cones are available
in vast quantities. Therefore, it could also be used
as a cheap and natural adsorbent.
Laccase (EC 1.10.3.2, benzenediol:oxygen oxidoreductase) is copper-containing lignolytic enzyme, which catalyzes the oxidation of many phenolic and non-phenolic compounds [9-12]. It could
be used in various applications due to its low substrate specificity [13, 14]. Different applications for
this enzyme include pulp and paper production,
textile dye bleaching, bioremediation and effluent
detoxification [13, 15], as a component in washing
powder, in the removal of phenolics from wines
[11, 16, 17]. They could also be used in nanobiotechnology, synthetic chemistry and cosmetics
industry [18]. They are widely distributed in many
filamentous fungi, Basidiomycetes or Ascomycetes
[19, 20], in higher plants [10], in some bacterial
strains [21, 22] and in a few insects [19]. White rot
fungi are the preferred source for laccase production [13].
Wastewater pollution is a problem throughout
the world. Industrial wastewaters such as alcohol
factory wastewater (vinasse) and olive oil mill
wastewater (OOMW) have high polluting characteristics [23]. Vinasse is a dense, dark-colored liquid with high organic load and acidic pH [24].
Generally, the organic content of vinasse is equivalent to a biological oxygen demand (BOD) on the
order of 25±45 g/L and a chemical oxygen demand
(COD) of 70±120 g/L respectively [25]. The composition of OOMW shows great variability depending on kind of olive and ripeness, oil extraction
technology, and duration of aging. Its BOD and
COD values may be as high as 100 and 200 g/l,
respectively [26].
Because it is possible to reuse the immobilized
fungi and also maintain their long-term activity

ABSTRACT
Laccase production ability of immobilized
forms of Trametes trogii and Trametes versicolor in
vinasse and olive oil mill wastewater (OOMW) was
investigated. Immobilized fungi could be used
repeatedly and successfully produced laccase enzyme under repeated-batch mode. While the highest
laccase activity of T. trogii immobilized into alginate beads was 2.53 U/mL in vinasse after eleven
cycles, the highest activity as 3.33 U/mL was obtained in OOMW after two cycles. The highest
activities for T. trogii immobilized on pine cone
particles (PCP) were 1.02 U/mL in vinasse and 3.02
U/mL in OOMW after five cycles and six cycles,
respectively. On the other hand, the highest activity
by T. versicolor immobilized into alginate beads
was 1.28 U/mL in vinasse after fifteen cycles and
3.89 U/mL after two cycles in OOMW. For the
fungus immobilized on PCP, the highest activities
were 2.41 U/ml after two cycles and 3.29 U/mL
after three cycles in vinasse and OOMW, respectively. Laccase production potential of the immobilized fungi in OOMW was higher than the forms in
vinasse. The highest laccase activities obtained with
the immobilized fungi were generally higher than
the activities obtained by free cells. Immobilized
fungi also reduced the COD of these wastewaters.

KEYWORDS:
Laccase, immobilization, white rot fungi, olive oil mill
wastewater, vinasse

INTRODUCTION
The use of immobilized fungi has gained increasing interest for the production of valuable
substances such as extracellular enzymes. Immobilized cells have various advantages such as store
and reuse of the biomass and easier separation [13]. They can also resist the harsh environments
such as pH and toxic chemical concentrations [4].
Immobilization could also protect the cells from
adverse wastewater conditions [2, 5]. Entrapment is
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versicolor and T. trogii were incubated at 20, 30,
40, 50 and 60ࡈC for 1 and 5 hours. After cooling,
laccase activity was determined.

repeated-batch process is an effective way for laccase production [27].
Laccase production ability of immobilized
white rot fungi, Trametes trogii and Trametes versicolor in vinasse and OOMW was investigated
during repeated-batch process. Therefore, laccase
production ability of the fungi immobilized into
alginate beads was compared with the fungi immobilized on pine cone particles. The repeated use of
immobilized fungi and their bioremediation activity
were also determined.

Determination of COD. Spectroquant TR
320 and Spectroquant NOVA 60 devices and
standart COD kits were used for determination of
COD.
Assays. Laccase (E.C.1.10.3.2) activity was
measured by monitoring the increase in absorbance
at 420 nm. The amount of enzyme that oxidized 1
μmol of ABTS (2, 2 ±azino-bis (3ethylbenzthiazoline-6-sulfonic acid)) per minute
defined as one unite [13].
Results shown are the means of at least three
replicates.

MATERIAL AND METHODS
Organisms. Trametes trogii ATCC 200800
and Trametes versicolor ATCC 200801 were used
in this study. These are stock cultures at Inonu
University, Art and Science Faculty, Department of
Biology, Malatya, Turkey. These fungi were maintained at 4ºC, after sub culturing at 30ºC every 2-3
weeks on Sabouraud Dextrose Agar (SDA) plates.

RESULTS AND DISCUSSION
Because the immobilization of the cells can
protect and give stability to microorganisms [6], T.
versicolor and T. trogii were immobilized with
different supports and their laccase enzyme production abilities in OOMW and vinasse were investigated.
Immobilization with alginate is widely used
method for immobilization of organisms. It has
various advantages such as biodegradability, hydrophilic properties, presence of carboxylic groups
and natural origin. Low density and mechanical
stability make alginate highly suitable for many
biotechnological applications [7]. Therefore, it is
preferred support for cell immobilization. On the
other hand, pine cone is a cheap, natural and readily
available biosorbent. Because of epidermal and
sclerenchima cells contain cellulose, hemicelluloses
and lignin in their cell walls, it has good biosorptive
properties [28]. In this research, alginate and pine
cone particles (PCP) were used as supporting material for immobilization of a white-rot fungus T.
versicolor and T. trogii. Based on the preliminary
results (data not shown), the experiments performed
with immobilized T. versicolor and T. trogii were
conducted in sterile media containing 25% vinasse
and 25% OOMW, without the addition of nutrients
or pre-treatment.
T. versicolor immobilized on PCP produced
higher laccase enzyme than the fungus immobilized
into alginate beads in vinasse. Cells immobilized
separately into alginate beads and on PCP were
reused for 15 cycles in vinasse and the maximum
laccase activities determined were 1.28 U/mL and
2.41 U/mL, respectively (Fig 1).
Laccase production ability of T. trogii-alginate
beads in vinasse was also compared with the laccase production ability of T. trogii immobilized on
PCP (Fig 2). T. trogii-alginate beads produced
higher laccase enzyme activity than the T. trogii

Production of pellets. Fungi were precultured
in 250 mL flasks containing 100 mL Sabouraud
Dextrose Broth (SDB). Precultures were agitated on
shaking incubator at 150 rpm and 30 qC for 5 days.
Then, they gently homogenized under sterile conditions.
For getting fungal pellets, homogenate was
transferred into SDB medium and cultivated at 150
rpm and 30 qC for 5 days. After incubation, fungal
pellets were harvested and used [13].
Immobilization. The homogenate obtained as
stated above was mixed with 1% w/v alginate and
the mixture was dropped into 0.1 M CaCl2 solution
through a nozzle using a pastor pipette and cells
immobilized in Ca-alginate beads. These immobilized cells were washed with sterile distilled water
and incubated in SDB for 24 hours. Then, they
were filtered and weighted and transferred to
wastewater media [26].
The fungi were also immobilized on pine cone
particles (PCP). For immobilization, PCP (0.2 g)
was added into 250 mL flasks containing 40 mL
SDB and then, they were autoclaved (121ࡈC, 15
min). These sterilized media were inoculated with 2
mL fungus homogenate and incubated at 30 qC for
5 h statically. Then, the cultures were incubated at
110 rpm for 24 h. After that, the cultures incubated
at 150 rpm for two more days. After incubation, 60
mL sterile SDB was added and incubated under the
same conditions for 3 days. The obtained pellets
immobilized on PCP were weighted and then they
were transferred into wastewater media.
Effect of temperature on stability of crude
laccase enzyme. The culture filtrates (crude laccase) obtained from repeated-batch cultures of T.
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lized on PCP were 3.33 U/mL and 3.02 U/mL,
respectively (Fig 4).
The highest laccase activities obtained with T.
versicolor immobilized into alginate beads and on
PCP in OOMW were higher than the activities
obtained with the free cells of T. versicolor. On the
other hand, while the highest activity obtained with
T. versicolor immobilized on PCP in vinasse was
higher than the activity obtained with free cells, the
highest activity obtained with T. versicolor immobilized into alginate beads in vinasse was lower
than the activity obtained with free cells. The highest laccase activities produced by the immobilized
T. trogii cells in both wastewaters were higher than
values obtained by free cells [13, 27].

immobilized on PCP. The maximum laccase enzyme activity obtained with T. trogii-alginate beads
was 2.53 U/mL.
OOMW have serious effects on environment.
It contains phenolic compounds that could be oxidized by white rot fungal enzymes such as laccase.
Phenolics may also induce laccase production of
white rot fungi. Therefore, this wastewater was also
tested as a laccase production medium. As seen in
Figure 3, T. versicolor immobilized either into
alginate beads or on PCP was used for 20 cycles
and the maximum laccase activities determined in
OOMW were 3.89 U/mL and 3.29 U/mL, respectively (Fig 3). The maximum activities obtained
with T. trogii-alginate beads and T. trogii immobi-

FIGURE 1
Laccase production by immobilized T. versicolor under repeated-batch conditions in vinasse.

FIGURE 2
Laccase production by immobilized T. trogii under repeated-batch conditions in vinasse.
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FIGURE 3
Laccase production by immobilized T. versicolor under repeated-batch conditions in OOMW.

FIGURE 4
Laccase production by immobilized T. trogii under repeated-batch conditions in OOMW.
TABLE 1
Residual activity (%) of crude laccase enzyme of T. versicolor and T. trogii obtained from vinasse.
Temperature (qqC)
20
30
40
50
60

T. trogii
1h
93
96
94
87
89

T. versicolor
5h
93
94
92
69
54

1h
98
90
102
101
88

5h
95
103
106
86
59

TABLE 2
Residual activity (%) of crude laccase enzyme of T. versicolor and T. trogii obtained from OOMW.
Temperature (qC)
20
30
40
50
60

T. trogii
1h
105
103
106
106
104

T. versicolor
5h
99
103
103
87
77
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1h
98
95
103
101
87

5h
97
106
99
89
75
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TABLE 3
COD removal from OOMW and vinasse
Fungi
Immobilized T. versicolor
Immobilized T. trogii

COD removal (%)
Vinasse
23
17

OOMW
33
27

wastewater. It was determined that 72.09% of COD
could be removed in 6 days [30]. Saccomandi et al.
investigated the possible role of oxidase enzyme to
increase the polymerization of soil organic matter
[31]. Transgenic plants and microalgae secreting
recombinant laccase were also able to bioremediate
OOMW [32]. The polyamine content of the fungi
used in this study was also studies and various
factors such as incubation time, temperature, agitation rate and pH were detected as important parameters for polyamine production [33].

Thermostability of the enzymes was important
for biotechnological and industrial applications.
Therefore, the thermostability of crude laccase
enzyme obtained from vinasse and OOMW was
determined between the temperature values of 2060qC for 1 and 5 hours (Table 1 and Table 2).
T. versicolor crude laccase enzyme obtained
from vinasse medium was retained its stability for 5
hours. This crude laccase enzyme retained 102%
activity at 40 qC and 88% at 60 qC after 1 hour of
incubation. It was also stable at 40qC with its 106%
activity after 5 hours. This enzyme also retained its
59% activity at 60 qC after 5 hours of incubation
(Table 1). T. trogii crude laccase enzyme from
vinasse medium was also stable at the temperature
values used. It retained its 92% and 54% activity at
60qC after 1 and 5 hours, respectively (Table 1).
Similar thermostability results were also obtained with the crude laccase enzymes from
OOMW. The crude laccase enzymes of obtained
from this medium were highly stable. This crude
laccase enzyme was highly stable even at 60 qC.
The residual crude laccase enzyme activities of T.
versicolor and T. trogii after 5 hours were 75% and
77%, respectively (Table 2).
Because of the high pollution characteristics
of these two wastewaters, the COD reduction ability of these immobilized fungi during laccase production was also investigated. While immobilized
T. versicolor removed 23% and 33% of the COD of
vinasse and OOMW, immobilized T. trogii removed 17% and 27% of the COD of vinasse and
OOMW, respectively, after first used (Table 3).
Yesilada et al. investigated the biodegradation of
OOMW by Coriolus versicolor and Funalia trogii.
They reported that C. versicolor removed approximately 63% COD within 6 days and F. trogii removed approximately 70% COD of the OOMW
used during growth under optimum conditions and
also high biodegradation yields were obtained by
fungi immobilized in calcium alginate gels [26]. In
another study, Neifar et al. used C. polyzona and P.
coccineus immobilized on polyurethane foam to
overcome the negative effect of agitation on fungal
growth and efficiency in OOMW. It was reported
that immobilized fungi were responsible from COD
reduction during three consecutive batches without
remarkable loss of performances [29]. The immobilized Phanerochaete chrysosporium on wood chips
was also tested for biodegradation of coking

CONCLUSION
PCP and alginate could be utilized as suitable
supports for immobilized forms of T. versicolor and
T. trogii. These immobilized fungi could be used
repeatedly and laccase enzyme was successfully
produced under repeated-batch mode. Cheap and
natural immobilization supports such as PCP and
immobilized fungi may decrease the final cost. On
the other hand, highly thermostable crude laccase
enzymes can be obtained by these fungi. The immobilized fungi were also able to reduce the COD
value of these wastewaters.
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TOLERANCE AND RECOVERY ABILITY OF MOVING BED
BIOFILM REACTOR TO PHENOL AND CRESOL SHOCK
LOAD UNDER VARY DISSOLVED OXYGEN
CONCENTRATION
Yu-Mei Zhang, Hui-qiang Li*
College of Architecture and Environmental Engineering, Sichuan University, No.24 in South part of First ring road, Chengdu, China

logical treatment process (BTP) is often recommended to handle the CPW for its efficient and economic.
Operated under abnormal operation conditions,
one or several kinds of phenols concentration in the
CPW would increase suddenly, which would affect
the pollutant removal performance of the CPW treatment process. The impact of phenols shock load on
performance of various BTPs for phenolic
wastewater management has been investigated[3,4].
Therefore, the BTP can achieve high phenols shock
load tolerance ability by adopting suitable configuration and operation condition of the reactor,
whether being operated under anaerobic or aerobic
environment. However, previous researches were
mainly focused on the impact of phenols shock load
on phenols removal performance. It would be essential to investigate other pollutants removal performance of the BTP with phenols shock load in treating the CPW.
The activated sludge process (ASP), belonging
to the BTP, is used widely in wastewater management. Till now, most of the CPW has been treated by
the ASP, and relative long hydraulic retention time
(HRT) should be adopted to biological oxidation
phenols and ammonium simultaneously[5]. Moreover, the ASP had low pollutants shock load tolerance
ability in treating the CPW, especially under abnormal conditions[6]. Being operated without sludge recycle and blocking, low sludge production, high biomass concentration and volume utilization rate, the
moving bed biofilm reactor (MBBR) process has
been used widely to treat domestic and industrial
wastewater[7]. Movement of carriers in the MBBR
is achieved by aeration (aerobic MBBR) or mechanical stirring (anoxic or anaerobic MBBR). Aerobic
MBBR process has good performance on organic
and inorganic pollutants removal, which has been
used successfully to treat coal coking and gasification wastewater[8].
Operation parameters of aerobic MBBR affect
pollutant removal performance directly, such as pH
value, HRT and pollutants loading rate. DO concentration influences pollutant removal efficiency obviously in aerobic BTP and effect of DO concentration
on performance of aerobic MBBR process has been

ABSTRACT
Two lab-scale moving bed biofilm reactors
being operated under high dissolved oxygen (DO)
concentration
(HDMBBR)
and
low
DO
concentration (LDMBBR) were used to treat
simulated coal processing wastewater (CPW).
Removal of main pollutants (phenol, o-cresol,
ammonium,
thiocyanate
and
nitrogenous
compounds) from the simulated coal processing
wastewater was lower in the LDMBBR compared
with the HDMBBR.O-cresol shock load affected the
performance of both MBBRs more obvious than
phenol. Two equations are proposed to assess
tolerance to shock load and recovery ability after
exposure to shock load.&RQILJXUDWLRQDQGEDFWHULDIORUD
RIELRILOPDGKHULQJWRWKHFDUULHUVREWDLQHGIURPWKHWZR
UHDFWRUVZHUHGLIIHUHQWBiofilm was much thicker in
the LDMBBR than in the HDMBBR, which lead to
lower biodegradation rates in the LDMBBR because
of low mass transfer.

KEYWORDS:
coal processing wastewater, aerobic moving bed biofilm
reactor, dissolved oxygen concentration, phenol, o-cresol

INTRODUCTION
Coal processing wastewater (CPW), generated
from processes of coal coking, gasification and liquation mainly, contains hundreds of organic and inorganic pollutants[1]. Composition of the CPW is
different from one factory to another, which has
close relation with technology adopted in the coal
processing factory. Generally, phenolic compounds
(phenols) are main organic pollutants, and ammonium (NH4+-N) and thiocyanate (SCNØ) are major inorganic nitrogenous pollutants in the CPW[2]. In addition, nitrogen-containing organic compounds
(ONs) are usually containing in the wastewater, such
as pyridine, quinoline and aniline. Organic and inorganic pollutants containing in the CPW must be well
treated to prevent environmental pollution, and bio-
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maturity. The two reactors exhibited good pollutant
removal performance after long term operation, and
effect of phenol and o-cresol shock load on performance of the HDMBBR and LDMBBR could be
studied subsequently. Increase of influent phenols
concentration was employed to the two reactors simultaneously to facilitate the comparison of tolerance
and recovery ability to phenols shock load. Moreover, 15 days was adopted for each influent phenols
concentration level to minimize disturbance of bacteria adaptation on the research of phenols shock
load resistance ability of the two reactors. The experiment was divided into seven periods based on variation of influent phenol and o-cresol concentration,
and detail operation conditions are shown in Table 1.

investigated in detail[9]. Moreover, tolerance ability
of aerobic MBBR to pollutants shock load has close
relationship with DO concentration. However, most
of previous researches about the effect of DO concentration on pollutant removal performance of aerobic MBBR was to adjust DO concentration in a single reactor, which would be insufficient for the study
of DO concentration influence because biofilm configuration and bacteria population in the aerobic
MBBR need long term operation period to achieve a
pseudo stabilization with the variation of DO concentration.
In this study, two lab-scale aerobic MBBRs operated under different DO concentrations, high level
at around 5 mg/L (HDMBBR) and low level at about
1.5 mg/L (LDMBBR), were operated for a long time.
Simulated CPW was adopted as influent wastewater
of the two reactors, and wastewater quality was according to main pollutants usually containing in real
CPW. Comparison of tolerance and recovery ability
of the two reactors for main pollutants (phenol, ocresol, ammonium, thiocyanate and ONs) removal
with phenols (phenol and o-cresol) shock load was
investigated. In addition, quantitative comparison of
tolerance and recovery ability between the two reactors with phenols shock load was carried out, and the
difference was discussed based on different operation condition and biofilm structure adhering to carriers between the two reactors.

TABLE 1
Operation conditions during the experiments
Period

Day

I

II

III

IV

V

VI

VII

1-18

19-36

37-54 55-72 73-90 91-108 109-

200

400

600

125

Influent phenol

200

200

200

200

concentration (mg/L) (0.12)a (0.24) (0.36) (0.12) (0.12) (0.12) (0.12)

Influent cresol

100

100

100

100

200

300

100

concentration (mg/L) (0.06)b (0.06) (0.06) (0.06) (0.12) (0.18) (0.06)

0$7(5,$/6$1'0(7+2'6
a

Set-up and operation of the aerobic MBBR.
Two cylindrical reactors made of plexiglass with
working volume of around 6L (15 cm in diameter)
were used as the HDMBBR and LDMBBR. Carriers
adopted in the aerobic MBBR were cylindrical shape
(10 mm diameter) being made of polyethylene with
a density of about 0.97 g/cm3. Filling ratio (volumetric filling in empty reactor) of the carriers was
around 40% in both reactors. Compressed air was
supplied at the lower side of the reactor using diffusers with adjustable valves to support movement of
the carriers, and DO concentration in the reactor was
controlled by regulating inlet airflow rates using the
valves. The simulated CPW was supplied by peristaltic pump at the bottom of the reactors. Temperature of the two reactors was controlled by temperature control device.
Acclimated activated sludge collected from a
biological wastewater treatment facility in a fullscale coke plant was used as inoculum of the two reactors. DO concentration was controlled at 5.0±0.5
mg/L in the HDMBBR and at 1.5±0.2 mg/L in the
LDMBBR. HRT was kept at around 40 h, and temperature was kept at 30±2 °C throughout the experiments. The two reactors were operated relative stably for around five months using the simulated
wastewater to ensure bacteria adaptation and biofilm




b

phenol load rate (g phenol/L day)
o-cresol load rate (g o-cresol/L day)

Tolerance and recovery ability. It would be
suitable to measure the variation of bacteria population and activity under phenols shock load for the
comparison of tolerance and recovery ability between the two reactors, but the monitor of bacteria
population and activity variation is complicate and
time waste. Therefore, change of effluent pollutant
concentration with the employment and cancel of
phenols shock load was used, and detail calculation
methods are shown below:
Tolerance ability value = PCeff e1  PCeff b1
(1)
Phenolsin u Time

Recovery ability value =

PC eff e 2  PC eff b 2

(2)

PC eff b 2 u Time

PCeff-b1 ² Effluent pollutant concentration at the beginning of the increase of influent phenols concentration
PCeff-e1 ² Effluent pollutant concentration at the end
of the increase of influent phenols concentration
Phenolsin ² Increment of influent phenols concentration
PCeff-b2 ² Effluent pollutant concentration at the beginning with the change of influent phenols concentration
PCeff-e2 ²Effluent pollutant concentration at the end
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phenol concentration turned to normal level.

with the change of influent phenols concentration
Time ² Time interval at each operation condition
Experimental
wastewater.
Wastewater
adopted in the experiment simulated real CPW quality based on main pollutants containing in the CPW
generally, and quality of simulated wastewater is
shown as follows: phenol of 200 mg/L, o-cresol of
100 mg/L, pyridine of 25 mg/L, quinoline of 25
mg/L, aniline of 50 mg/L, NH4+-N of 150 mg/L,
SCNØRIPJ/NaHCO3 of 2000 mg/L, KH2PO4
of 150 mg/L, MgSO4 of 20 mg/L, ZnSO4 of 10 mg/L,
CaCl2 of 20 mg/L, CuSO4 of 15 mg/L and FeCl3 of
5 mg/L. Reagents used for synthesizing the simulated wastewater were gained from Hanson Shanghai
Chemical Reagent Co., Ltd. Phenols shock load was
applied by adjusting phenol and o-cresol concentration in the simulated CPW separately, and cresol was
used to indicate o-cresol below.

FIGURE 1
Evolution of phenol and cresol concentration in
the effluent of the HDMBBR and LDMBBR
with phenol and cresol shock load

Analytical methods. Samples were taken from
effluent of the HDMBBR and LDMBBR every other
day during the experiments and were analyzed immediately after filtered through 0.45-ȝPILOWHUSDSHU
Soluble phenol, cresol, NH4+-N and ONs were measured in accordance with standard methods[10]. SCNØ
was measured by ferric colorimetric method. DO
concentration level was handled using YSI O2-electrode.

Similarly, the HDMBBR had better cresol
shock load resistance performance than the
LDMBBR. Relative increase in effluent phenol concentration could be observed with the application of
cresol shock load, which was different from the effect of phenol shock load on cresol removal. Influent
cresol concentration of the two reactors returned to
100 mg/L from day 109 to 125. Cresol concentration
in the effluent of the HDMBBR recovered to normal
level within 16 days, but decreased to about 20 mg/L
in the effluent of the LDMBBR simultaneously. The
results obtained from Fig 1 indicated that endurance
limitation of phenols shock load was varied between
the two reactors in treating the simulated CPW, and
adaptability of the HDMBBR to phenol and cresol
shock load was stronger than the LDMBBR.
DO concentration was the main control factor
varied between the two reactors which would be the
dominant reason inducing different performance on
phenol and cresol removal, and Vinod and
Reddy[11] reported that DO concentration had close
relationship with phenols biodegradation rate in
treating phenolic wastewater using bioreactor. Different DO concentrations adopted in the HDMBBR
and LDMBBR were achieved by handling influent
air flow rate which would induce various wastewater
flow and carrier movement rates in the two reactors.
Water and carrier flow condition affected mass
transfer rate obviously, and substrate transfer rate
had close relationship with bacteria growth and pollutants biodegradation rate in bioreactor, especially
in biofilm process[12]. When the MBBR was suffered from the shock load of one or several phenols,
the removal of phenols would be severely affected.
And it would be useful to analyze main kinds of phenols containing in the phenolic wastewater to give
some advices on the design of treatment process aiming at removal of phenols from phenolic wastewater.

RESULTS AND DISCUSSION
Phenol and cresol removal. Relative low effluent phenol and cresol concentration of the two reactors was achieved, which is shown in Fig 1. Effluent cresol concentration of both reactors was a little
higher than effluent phenol concentration after long
stable operation period, although influent phenol
concentration was twice much as cresol. Therefore,
biodegradation rate of phenol is faster than cresol in
the MBBR whether being operated at high or low
DO concentration.
In other words, phenol was more readily to be
biodegraded than cresol under aerobic condition.
Two levels of phenol shock load were employed
from day 19 to day 54, and effluent phenol and cresol
concentration increased in different degrees. Negative effect of phenol shock load on phenol removal
in the LDMBBR was more obvious than in the
HDMBBR, and effluent phenol concentration of the
LDMBBR was nearly twice as much as the
HDMBBR with influent phenol concentration of 600
mg/L. Removal of cresol in both reactors was affected little with influent phenol concentration of
400 mg/L, and influent phenol concentration of 600
mg/L influenced cresol removal somewhat in both
reactors. Effluent phenol concentration of both reactors turned to normal level (concentration before the
employment of phenols shock load) when influent
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DQG 6&1Ø FRQFHQWUDWLRQV LQ WKH HIIOXHQW RI WKH
HDMBBR could be noticed several days after the
enhancement of influent phenol and cresol concentrations. However, NH4+-1DQG6&1ØFRQFHntrations
in the effluent of the LDMBBR declined little with
phenol and cresol shock load, which indicated that
the activity NH4+-1 DQG 6&1Ø UHPRYDO EDFWHULD LQ
the LDMBBR would be affected more readily than
in the HDMBBR.
Generally, biological removal of NH4+-N and
6&1Ø ZDV DFKLHYHG E\ DXWRWURSKLF EDFWHULD LQ WKH
BTP[13]. Activity of NH 4+-1 DQG 6&1Ø UHPRYDO
bacteria would be affected by toxic compounds, such
as phenols[14], and be suppressed as well by the fast
growth heterotrophic bacteria with plenty of organic
pollutants in the wastewater[15]. The maximal endurance concentrations to toxic compounds could be
achieved by cultivating NH4+-1DQG6&1ØUHPRYDO
bacteria. Relative higher residual phenols concentration in the LDMBBR comparing with the HDMBBR
would affected the activity of NH4+-1DQG6&1ØUH
moval bacteria more obviously, which induced
higher effluent NH4+-1DQG6&1ØFRQFHQWUDWLRQVRI
the LDMBBR. Moreover, activity of NH4+-N and
6&1Ø UHPRYDO EDFWHULD ZDV LPSURYHG ZLWK WKH HQ
hancement of DO concentration, which would ensure stronger tolerance and recovery ability to phenols shock load on NH4+-1DQG6&1ØUHPRYDOLQWKH
HDMBBR. ONs belongs to difficult biodegradable
generally. Effluent ON concentration in the
HDMBBR and LDMBBR is shown in Fig 3.

Nitrogenous pollutants removal. Nitrogenous
pollutants were one of main harmful and difficult biodegradable compounds containing in real CPW,
and transform of nitrogenous pollutant configuration
to eliminate or significantly decrease the detriment
of the CPW is an essential target in the CPW treatment process, especially under abnormal conditions.
BTP was a common used method to remove NH4+-N
DQG6&1ØIURPWKH&3:ZKLFKZRXOGEHDIIected
by implementing phenols shock load as well. Influent NH4+-1DQG6&1ØFRQFHQWUDWLRQVRIERWKUHDF
tors were maintained at around 150 mg/L and 100
mg/L respectively throughout the experiments, and
evolution of effluent NH4+-1DQG6&1ØFRQFHQWUD
tion with phenol and cresol shock load is shown in
Fig 2.

FIGURE 2
Evolution of NH4+-N and SCNØ concentration in
the effluent of the HDMBBR and LDMBBR
with phenol and cresol shock load
Effluent NH4+-N concentration of the
LDMBBR increased somewhat with influent phenol
concentration of 400 mg/L, while removal of NH4+N in the HDMBBR was affected little at the same
condition. Enhancement of effluent NH4+-N concentration was observed in both reactors with influent
phenol concentration of 600 mg/L. Effluent NH4+-N
concentration of the HDMBBR and LDMBBR increased more obviously with the enhancement of influent cresol concentration than phenol. Effluent
NH4+-N concentration in the HDMBBR returned to
initial value after the cancel of cresol shock load,
while NH4+-N removal performance in the
LDMBBR did not recover completely. A similar
HYROXWLRQ RI HIIOXHQW 6&1Ø FRQFHQWUDWLRQ FRXOG EH
obtained with phenol and cresol shock load. The activity of NH4+-1 DQG 6&1Ø UHPRYDO EDFWHULD ZDV
undermined with the increase in influent phenol and
cresol concentration, and the negative effect of cresol on NH4+-1DQG6&1ØUHPRYDOZDVPRUHGXUDEOH
than phenol.
Evolution of effluent NH4+-1 DQG 6&1Ø FRQ
centration is different from the variation of effluent
phenol and cresol concentration with phenol and cresol shock load. Further to say, decrease of NH 4+-N
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FIGURE 3
Evolution of ONs concentration in the effluent of
the HDMBBR and LDMBBR with phenol and
cresol shock load
No obvious difference of effluent ONs concentration between the two reactors was observed after
long term operation period. Variation of effluent
ONs concentration of the two reactors was different
with phenols shock load. Continued increase of effluent ONs concentration of the LDMBBR could be
observed with the enhancement of influent phenol
and cresol concentration. In addition, decrease of effluent ONs concentration of the HDMBBR was detected with influent phenol and cresol concentration
of 400 mg/L and 200 mg/L, respectively. However,
effluent ONs concentration of the HDMBBR declined little when influent phenol and cresol increased further to 600 mg/L and 300 mg/L, respectively. Recovery ability of the HDMBBR for ONs
removal would be interrupted almost completely if
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manifested directly that tolerance ability of the two
reactors for phenol removal was undermined with
the increase of phenol shock load, but tolerance ability for cresol removal was enhanced with the
heighten of cresol shock load at the given range. The
+'0%%5DQG/'0%%5¶VDGDSWDELOLW\RISKHQROV
shock load can explain the seemingly contradiction
results, which would be enhanced by the increase in
phenol shock load at the beginning of the experiments although each experimental period was control at a relative short time interval (15 days). What
needs to be stressed was that tolerance ability value
of the two reactors for phenol removal with phenol
shock load was much smaller than the value for cresol removal with cresol shock load, especially in the
LDMBBR. Therefore, negative effect of cresol
shock load on tolerance ability of the two reactors
was more obvious than phenol shock load, which
had no contradiction with the results obtained in Section 3.1.

phenols shock load enhanced to certain level. There
was another difference between the impact of phenol
and cresol shock load on ONs removal. More specifically, effluent ONs concentration turned to normal
level when influent phenol concentration recovered
to 200 mg/L and did not return to normal level with
the cancel of cresol shock load. The results proved
again that adverse effect of cresol shock load on the
activity of ONs removal bacteria was more than phenol.
Tolerance and recovery ability. Tolerance
and recovery ability for each pollutant removal in the
two reactors with phenol and cresol shock load
would be summarized below based on formulas (1)
and (2) to give quantitative comparison results. Subsequently, main reasons for the difference performance between the two reactors to phenol and cresol
shock load would be discussed below as well. Bioreactor has different tolerance and recovery ability to
toxic compounds shock load which has relationship
with several aspects, such as configurations of bioreactor, operation conditions and characters of inoculum[16-18]. Phenol shock load on bioreactor performance have largely focused on efficiency of pollutant removal[19-21]. However, the tolerance and recovery ability of bioreactors to phenol shock loads
have not been quantified. Tolerance and recovery
ability values of the two reactors with phenol and
cresol shock load are shown in Figs 4-6.
The calculated data shown in Figs 4-6 were obtained based on the above results and formulas (1)
and (2). Two points about the tolerance and recovery
ability value should be regarded: one was that the
lower values obtained from formula (1) indicated
better tolerance ability at the circumstance; the other
was that the higher absolute values drawn from formula (2) indicated stronger recovery ability to phenol and cresol shock load. Obtained results are
shown in Fig 4.
The HDMBBR had relative high tolerance ability for phenol and cresol removal with phenol shock
load of 0.24 g phenol/L day. However, tolerance
ability of the LDMBBR for phenol removal was not
strong enough to overcome negative effect of phenol
shock load level. Specifically, tolerance ability value
of the LDMBBR for phenol removal was almost 19
times more than the HDMBBR with phenol shock
load of 0.24 g phenol/L day, while the value of the
LDMBBR was just 1.5 times more than the
HDMBBR with phenol shock load of 0.36 g phenol/L day. Evolution of tolerance ability for cresol
removal with cresol shock load was different, and
tolerance ability values of the LDMBBR were almost 2 times more than the HDMBBR with cresol
shock load of 0.12 and 0.18 g cresol/L day. In addition, tolerance ability value of the two reactors for
phenol removal increased with the increase of phenol shock load and the value for cresol removal decreased with the increase of cresol shock load, which
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FIGURE 4
Summary of tolerance and recovery ability for
phenol and cresol removal of the HDMBBR and
LDMBBR with phenol and cresol shock load
In addition, besides the obvious effect of phenols shock load on tolerance ability of the two reactors for phenol and cresol removal, tolerance ability
for NH4+-N removal was affected more distinctly
WKDQ6&1ØDQGONs , which is shown in Fig 5-6. Biodegradation of NH4+-N in the wastewater was
achieved by autotrophic bacteria mainly, and some
kinds of heterotrophic bacteria have been reported to
transform NH4+-N as well[22]. The similar autotrophic and heterotrophic UHPRYDO IRU 6&1Ø DQG
ONs has been reported widely[23,24]. Although the
kinds and activity variation of NH4+-1 6&1Ø DQG
ONs removal bacteria with phenol and cresol shock
load were not monitored during the experiments, the
results obtained above indicated two aspects indirectly: one was that the negative effect of phenol and
cresol shock load on growth and activity of NH 4+-N
UHPRYDOEDFWHULDZDVPRUHREYLRXVWKDQ6&1ØDQG
ONs removal bacteria; the other was that autotrophic
removal of NH4+-N might be dominant in the two re-
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bacteria to phenol shock load in the HDMBBR was
outstanding. NH4+-N removal bacteria adaptation to
phenolic compounds would be enhanced with the
prolongation of the experiments, which would induce the similar tolerance ability value for NH4+-N
removal in both reactors when cresol shock load was
0.12 g cresol/L day. However, the tolerance ability
value for NH4+-N removal in the LDMBBR was 1.3
times more than in the HDMBBR after the cresol
shock load increased to 0.18 g cresol/L day. The results purposed that the already formed adaptability
of NH4+-N removal bacteria to phenols shock load
would be destroyed to some extent at the given cresol shock load level, especially in the LDMBBR, although the adopted cresol shock load was much
smaller than phenol. And proved again that cresol affected the activity of NH4+-N removal bacteria more
severely than phenol. According to the tolerance
ability value, negative effect of cresol shock load on
tolerance ability of both reactors was more obvious
than phenol shock load mostly.
Recovery ability value for the main pollutants
removal with phenol and cresol shock load is shown
in Fig 4 - 6 as well. No recovery ability value for
SCNØDQGNH4+-N removal in the HDMBBR was displayed in Fig 5 with phenol shock load of 0.24 g phenol/L day because effluent SCNØDQGNH4+-N concentration was affected little at the circumstance. Recovery ability value for ONs removal in the
HDMBBR was -0.057 with phenol shock load of
0.24 g phenol/L day, which indicated that the activity
of ONs removal bacteria would recover partly at this
moment. The value for SCNØDQGNH4+-N removal in
the HDMBBR emerged when phenol shock load increased to 0.36 g phenol/L day further, and the corresponding value was -0.016 and -0.0119, respectively. However, the value for ONs removal in the
HDMBBR was disappeared in Fig 6, which purported that the activity of ONs removal bacteria was
affected continuously at the phenol shock load level.
ONs containing in the simulated CPW was in the
form of pyridine, quinoline and aniline, which have
a similar configuration with phenols. Hence, the
ONs removal bacteria flora might take part in the biodegradation of phenol[26], which would induce
poor recovery ability with the increase of phenol
shock load besides the weakening effect of phenol
shock load on the activity of ONs removal bacteria.
Recovery ability values for SCNØ -0.0139 and -0.01)
and NH4+-N (-0.0232 and -0.0128) in the HDMBBR
are obtained in Fig 5 with cresol shock load of 0.12
and 0.18 g cresol/L day. The results had some differences from phenol shock load because the value for
pollutant removal was not acquired until phenol
shock load enhanced to 0.36 g phenol/L day, which
indicated a relative stronger interruption of cresol on
the activity of SCNØDQGNH4+-N removal bacteria
than phenol. Moreover, recovery ability for SCNØDQG
NH4+-N removal in the two reactors would be weakened with the increase of cresol shock load.

actors and heterotrophic bacteria might play an imSRUWDQWUROHLQ6&1ØDQG21VUHPRYDOEHFDXVHKHW
erotrophic bacteria had better tolerance ability to the
enhancement of organic load rate than autotrophic
bacteria[25].

FIGURE 5
Summary of tolerance and recovery ability for
NH4+-N and SCNØremoval of the HDMBBR and
LDMBBR with phenol and cresol shock load

FIGURE 6
Summary of tolerance and recovery ability for
organic nitrogen removal of the HDMBBR and
LDMBBR with phenol and cresol shock load
Similarly, tolerance ability value of the
LDMBBR for NH4+-N removal with phenol and cresol shock load was higher than the HDMBBR. The
value of the LDMBBR for NH4+-N removal was 8.3
times more than the HDMBBR with phenol shock of
0.24 g phenol/L day, and was 1.3 times higher than
the HDMBBR with phenol shock of 0.36 g phenol/L
day. The much greater variation of tolerance ability
value for NH4+-N removal between the two reactors
proved that negative effect of phenol shock load on
tolerance ability of the LDMBBR for NH4+-N removal was distinct and direct at the beginning of the
experiments. On the other hand, the value variation
between the two reactors turned to much smaller
with phenol shock of 0.36 g phenol/L day, which indicated that the adaptability of NH4+-N removal
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pollutants would be improved by enlarging DO concentration, and performance of nitrification would be
enhanced as well[28]. Therefore, pollutant removal
and phenols shock load resistance ability in the
HDMBBR were much better than in the LDMBBR.

No recovery ability value for the main pollutants removal could be observed in the LDMBBR
during the periods of phenol and cresol shock load
improvement, which proved lower recovery ability
of the LDMBBR to phenol and cresol shock load
comparing with the HDMBBR. Relative high recovery ability values for the main pollutant removal
were achieved in the two reactors with the decline of
phenol and cresol shock load. Hence, decrease of influent pollutant concentration would be an optimal
choice if performance of the MBBR process was affected obviously by the abnormal increase of influent pollutants concentration in treating the CPW. On
the other hand, no definite relationship of recovery
ability value for the main pollutant removal with the
decrease of phenol and cresol shock load between
the HDMBBR and LDMBBR could be gained. Calculation of recovery ability value was based on the
variation of effluent pollutant concentration at the
beginning and last of the change of phenol and cresol
shock load, and the judgment of recovery ability between the HDMBBR and LDMBBR should consider
the value of recovery ability and the concentration of
effluent pollutants.
Pollutant removal from wastewater in the
MBBR process was achieved mainly by bacteria in
the form of biofilm adhering to bio-carriers[27]. Appearance and scanning electron microscope (SEM)
pictures of carriers adhered by biofilm in both reactors after long term operation period is shown in Fig
7.
Biofilm grew on the inner surface of the carriers mainly, and obvious difference of biofilm could
be observed between the two reactors. Biofilm stuck
to carrier in the HDMBBR was much thinner than
the one in the LDMBBR, which would be induced
by different operation conditions adopted in the two
reactors. Further to say, biofilm grew more readily
on the carriers in the MBBR being operated at lower
influent air flow rate. Configuration and operation
conditions of the HDMBBR and LDMBBR were
similar, except for DO concentration adopted. DO
concentration in the MBBR was controlled by handling influent air flow rate, which would induce
faster moving velocity of carrier and stronger shear
stress of bubbles and water in the HDMBBR than in
the LDMBBR. Difference of phenols shock load resistance ability between the HDMBBR and the
LDMBBR could be analyzed by the variation of biofilm appearance. Penetration rate of pollutants from
wastewater to biomass affected pollutant removal directly in bio-reactor, especially in biofilm process.
Biofilm was much thicker in the LDMBBR than in
the HDMBBR, which would undermine penetration
effect of pollutants into biofilm in the LDMBBR.
Comparing with operation conditions of the
LDMBBR, penetration of pollutants would be enhanced in the HDMBBR by higher bubble and
wastewater flow rate. Moreover, removal of organic
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FIGURE 7
Apparentness and scanning electron microscope
(SEM) pictures of carriers covered by biofilm in
the HDMBBR (a) and LDMBBR (b)
Appearance of bacteria flora was different between the two reactors based on the SEM pictures.
Plenty of filamentous bacteria were observed in the
SEM picture of the carriers in the HDMBBR, while
rod-shaped bacteria were dominant on the surface of
the carriers in the LDMBBR. The obvious variation
of bacteria flora in the two reactors would be due to
the different operation conditions. Movement of the
carriers in the HDMBBR was more intense than in
the LDMBBR, which would induce plenty of filamentous bacteria on the surface of the carriers in the
HDMBBR. The results indicated that filamentous
bacteria have stronger adhesion ability than rodshaped bacteria for the characters of the filamentous
bacteria. In addition, the filamentous bacteria flora
have a higher porosity ratio comparing with the rodshaped bacteria flora (see SEM pictures of the carriers drawn from the HDMBBR and LDMBBR),
which would promote a better substrate and oxygen
transfer performance in the biofilm adhering to carriers obtained in the HDMBBR than in the
LDMBBR. Therefore, comparison of configuration
and bacteria flora in the biofilm adhering to the carriers between the HDMBBR and the LDMBBR
would support the results obtained above that tolerance ability for the main pollutants removal in the
HDMBBR with phenols shock load was stronger
than in the LDMBBR.
The MBBR operated at lower DO concentration had its advantage in treating the CPW as well,
such as smaller oxygen consuming, being used as nitrifying reactor for short-cut nitrogen removal to
save organic compounds consumed for denitrification[29]. The HDMBBR was suitable to be used in
treating the wastewater having large variation of
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biofilm reactor (MBBR) treating old landfill
leachate. Journal of Membrane Science, 286(1),
202-212.
[10] American Public Health Association. (1994).
Water Environment Federation (1998) Standard
methods for the examination of water and
wastewater.
[11] Vinod, A. V., & Reddy, G. V. (2005). Simulation of biodegradation process of phenolic
wastewater at higher concentrations in a fluidized-bed bioreactor. Biochemical engineering
journal, 24(1), 1-10.
[12] Harms, H., & Bosma, T. N. P. (1997). Mass
transfer limitation of microbial growth and pollutant degradation. Journal of Industrial Microbiology and Biotechnology, 18(2-3), 97-105.
[13] Chen, S., Sun, D., & Chung, J. S. (2008). Simultaneous removal of COD and ammonium
from landfill leachate using an anaerobic±aerobic moving-bed biofilm reactor system. Waste
Management, 28(2), 339-346.
[14] Ryu, H. D., Cho, Y. O., & Lee, S. I. (2009). Effect of ferrous Ion coagulation on biological ammonium nitrogen removal in treating coke
wastewater. Environmental Engineering Science, 26(12), 1739-1746.
[15] Maixner, F., Noguera, D. R., Anneser, B.,
Stoecker, K., Wegl, G., Wagner, M., & Daims,

wastewater quality, while the LDMBBR could be
used in treating the wastewater having relatively stable wastewater quality or the wastewater quality
easy to be handled, especially fit for treating nitrogenous compounds containing wastewater. Furthermore, effect of main nitrogenous pollutants shock
load containing in the CPW on the performance of
the HDMBBR and LDMBBR will be stated subsequently.

CONCLUSIONS
Effect of phenol and cresol shock load on pollutant removal performance of the MBBR process
under two DO concentration levels was studied in
two independent MBBR operated for about four
mouths. The HDMBBR had better phenol and cresol
shock load resistance ability than the LDMBBR.
Negative effect of cresol shock load was stronger
and more durable than phenol shock load on pollutant removal in both reactors. Tolerance ability for
phenol, cresol and NH4+-N removal with phenols
shock load in both reactors was more obvious than
6&1ØDQG21VUHPRYDOEDVHGRQTXDQWLWDWLYHFRP
parison among tolerance ability values obtained
from two formulas proposed firstly. Comparison of
recovery ability between the two reactors should
consider the recovery ability value and effluent pollutant concentration simultaneously. Different pollutant removal performance of the two reactors with
phenol and cresol shock load was due to variation
DO concentration, appearance of biofilm adhered to
the carriers and formation of bacteria flora in the biofilm. Adoption of DO concentration in the MBBR
can be selected based on variation range of
wastewater quality.
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DETERMINATION OF ELEMENTAL COMPOSITION OF
9$5,286&+,/'5(1¶63/$<'28*+6$03/(686,1*
XRF SPECTROMETRY
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.DKUDPDQPDUDú6Wo Imam University, Faculty of Art and Science, Department of Physics.DKUDPDQPDUDú-Turkey.
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2

Some metals such as copper, zinc, manganese
and iron are essential for human metabolism. Some
other metals such as cadmium, lead, arsenic, mercury, and nickel are toxic at certain levels [1, 2].
These essential metals play major roles in biological systems. As an example iron is a complementary fragment for many enzymes and proteins and is
also a vital component of proteins involved in oxygen transport, arrangement of cell growth and differentiation. Iron deficiency in humans can lead to
fatigue, decreased immunity and death [3]. Another
example of essential metals is Zinc, which is a
significant part of more than 200 enzymes involved
in metabolism, digestion, reproduction and wound
recovery. Zinc deficiency also leads to weakening
of the immune system and cognitive impairments
[4, 5]. Toxic elements can be very harmful at even
low concentrations when ingested over a long period of time [6]. Human exposure to such elements
can cause adverse health effects due to toxic properties leading to neurological defects, bone lesions,
renal degradation, and hypertension in human. Even
at trace levels, lead and cadmium have no physiological functions [7, 8]. As for lead, the main route
of exposure is through the gastro intestinal tract.
Children are more susceptible, since they can absorb higher quantities of lead (up to 50% of ingested amount) than adults (10% of ingested amount)
[9]. Lead can also enter the body through skin absorption, although this is less significant [9]. The
exposure to low levels of lead in children is common and is difficult to monitor because of the lack
of diagnostically definitive signs [10]. Exposure to
even low levels of lead can result in neurotoxic
effects and long lasting effects on neurobehavioral
functioning in children [10, 11].
The main sources of essential and toxic elements in environment are natural of present as result of industrial processes such as mining, agricultural facilities, anthropogenic origin, industrialization and traffic. The determination of metals in the
environment and in the products we use or consume
is important due to their positive and negative
health effects [9-13]. Undoubtedly, the most popular methods for determination of heavy and toxic

ABSTRACT
The aim of this study was to determine the elHPHQWDO FRPSRVLWLRQ RI YDULRXV FKLOGUHQ¶V SOD\
dough samples marketed in Turkey by X-ray Fluorescence (XRF) Spectrometry. These play dough
products were presented 13 different brands obtained from the stationery products market.
During this investigation various heavy metals
and trace elements were determined in various
kinds of childUHQ¶V SOD\ GRXJK VDPSOHV The elements including Al, K, Ca, Mn, Fe, Cu, Zn, As, Sr,
I, Hf, Hg, Cd and Pb were determined and analyzed
from these samples using an XRFS instrument. The
concentrations obtained [mean± S.D. (detected in
number of samples)] were: 2.44±0.57 % (4) for Al,
0.81±0.49 % (13) for K, 6.47±6.77 % (13) for Ca,
32.20 ±19.44 ppm (11) for Mn, 149.76±70.79 ppm
(13) for Fe, 53.60±16.72 ppm (12) for Cu, 63.16
±29.03 ppm (13) for Zn, 4.08±1.89 ppm (5) for As,
49.37±30.54 ppm (10) for Sr, 51.41 ±13.04 ppm
(12) for I, 39.44 ±13.45 ppm (11) for Hf, 1.59±0.76
ppm (5) for Hg, 17.21± 18.43 ppm (8) for Pb.
While Cd was not detected in any of the samples,
high levels of Pb, Zn, Cu, As and Hg were detected
in play dough samples.
Overall the results showed that a safety limit
DVVHVVPHQW QHHGV WR EH FRQVLGHUHG IRU FKLOGUHQ¶V
play dough samples regarding Pb, Cd, As and Hg
elements.

KEYWORDS:
Children, play dough, elemental composition, lead, mercury

INTRODUCTION
Play dough was first used as wallpaper cleaner
during 1930's in the USA. This type of dough contained flour, water, salt, hydrobromic acid and silicon oil. Later, these play dough products were marketed as toys for empowering and improving children's hand muscles.
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was calculated to minimize statistical error. The
measurement parameters of the sample pellets were
established by using WKH(SVLORQ(';5)V\VWHP¶V
internal software. Combination of features included
a-three dimensional, polarizing geometry, together
with a 600 W Gd-anode, X-ray tube and 100 kV
generator, up to 15 polarizing and secondary targets
and a high resolution PAN 32 detector (typically
H9EXWH9 FSV0Q.Į  6HFRQdary targets were irradiated by X-rays from Gd tube
under a vacuum equipped with a liquid nitrogen
cooled PAN-32 Ge X-ray detector having a Be
ZLQGRZ WKLFNQHVV RI ȝP WRJHWKHU ZLWK FU\VWDO
thickness of 5mm and area of 30 mm2. Then, sample pellets were irradiated by characteristic X-rays
of secondary targets. The power, current, and high
voltage of the Gd X-ray tube was 600W, 6mA and
N9UHVSHFWLYHO\7KHV\VWHP¶VVRIWZDUH (SVilon 5 software) automatically analyzed the sample
spectrum and determined the net intensities of element peaks as soon as the measurement was performed. A set of Auto Quantify, available from
PANalytical, was used for the calibration of this
application. Auto Quantify offers quantitative analysis without standards for the Epsilon 5 spectrometer. Epsilon 5's optional Auto Quantify routine
easily accomplishes the analysis of completely
unknown samples. Based on Fundamental Parameter calibrations it can handle concentrations from
100% to ppm levels, in a variety of sample types
including solids, powders and liquids. The Epsilon
5 EDXRF system shows superior performance for
certain elements including Cd, Sn, Sb, Pb, As, and
Cu with lower limits of detection as low as sub ppm
levels.

elements nowadays are X-ray Fluorescence Spectrometry (XRFS), Atomic Absorption Spectrometry
(AAS) and Inductively Coupled Plasma Atomic
Emission Spectrometry (ICP-AES) [14-17]. However, the need for exhaustive sample preparation for
AAS and ICP-AES, has led to increasing interest
towards energy dispersive X-ray Spectrometry
(EDXRF) in environmental investigations [18]. Xray Spectrometry, in its various forms is now a
powerful, well established and mature technique for
environmental analysis. It offers multi-element
capability, low cost, high speed and easy operation,
and its advantages and limitations are now well
understood [20-22]. More specifically EDXRF has
increasingly been applied, in the last twenty years,
to the analysis of aerosols, liquids, sediments, soils,
solid waste and other environmental samples. XRF
is a non-destructive and multi-elemental technique
that can be applied to any kind of sample: liquid or
solid (thick, intermediate or thin) and in many cases
with sufficient sensitivity for the determination of
many trace elements [23, 24].
This is the first study reported regarding
chemical safety of children play dough samples
with focus on selected toxic and essential elements.

MATERIALS AND METHODS
Sample collection and preparation. The play
dough samples were taken from various stationery
VWRUHVDQGPDUNHWVLQ.DKUDPDQPDUDú7XUNH\$OO
the samples were placed in crucibles and started
heating at 110 °C in order to ash inside a furnace.
To determine the ashing temperature of play dough
samples furnace temperature was increased at 30 °C
intervals. By this method the ashing temperature
was identified as 350 °C. Play dough samples were
kept in a flameless furnace for 3-4 h at 350 °C until
they turned into ash. Ash of the play dough samples
was removed from the furnace and crushed with a
mortar to convert the ash to a fine powder. This fine
powder was filtered by 75 mm mesh sieve in order
to unify the particle seize. Each sample was placed
in to plastic tube-bottle and labeled. Before analysis, the samples were kept in an oven at 110 °C for
3 h to remove any water trace left. Finally, the samples were compressed for 20 sec with 7 ton hydraulic press and reduced to 40 mm in diameter and the
pellets at the mass of 500±3mg were prepared prior
to analysis.

RESULTS AND DISCUSSION
As a result of XRFS analysis of the play
dough samples (13 brands), the following elements
were determined: Al, K, Ca, Mn, Fe, Cu, Zn, As,
Sr, I, Hf, Hg, and Pb. In order to protect brand
names, these play dough samples were labeled from
1 to 13. All of the 13 play dough samples contained
K, Ca, Fe and Zn elements, whereas none of the
play dough samples contained Cd element. The
majority of play dough samples (more than 10
brands) contained Mn, Cu, Sr, I, and Hf elements.
Only a few play dough samples contained Al, Hg,
As, and Pb elements.
The concentration levels obtained [mean ±
S.D. (detected in number of samples)] were: 2.44
±0.57% (4) for Al, 0.81±0.49 % (13) for K, and
6.47±6.77 % (13) for Ca. These elements were
present in the highest concentrations in play dough
samples. All the individual concentration results for
Al, K and Ca are listed in Table 1.

Measurement of elemental compositions in
cosmetic samples. Measurements of play dough
were performed with the EDXRF Spectrometer
(Epsilon 5, PANalytical, Almelo, the Netherlands)
including a three-dimensional polarizing optical
geometry. All the collected samples were measured
at least three times and the average of these results
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TABLE 1
Percent concentrations of Al, K and Ca in play dough samples (DYHUDJHıQ 
Play dough sample
d.s.1
d.s.2
d.s.3
d.s.4
d.s.5
d.s.6
d.s.7
d.s.8
d.s.9
d.s.10
d.s.11
d.s.12
d.s.13
N.D.=Not dedected

Al (Z=13)
N.D.
N.D.
2.15 ± 0.35
1.95 ± 0.13
N.D.
N.D.
N.D.
2.25 ± 0.52
N.D.
2.40 ± 0.11
N.D.
N.D.
N.D.

K (Z=19)
2.14 ± 0.01
0.99 ± 0.01
1.18 ± 0.01
0.69 ± 0.01
N.D.
0.58 ± 0.01
1.26 ± 0.01
0.56 ± 0.03
0.45 ± 0.01
0.58 ± 0.01
0.63 ± 0.04
0.51 ± 0.01
0.44 ± 0.01

Ca (Z=20)
14.89 ± 0.09
14.03 ± 0.03
14.50 ± 0.11
0.14 ± 0.02
3.52 ± 0.02
0.23 ± 0.03
8.01 ± 0.01
0.23 ± 0.002
0.24 ± 0.003
16.04 ± 0.26
13.63 ± 0.04
0.12 ± 0.02
0.19 ± 0.01

TABLE 2
Elemental concentrations of Mn, Fe, Cu, Zn, As, Sr, I, Hf, Hg and Pb in play dough samples
(mg kg-1; average r V, n=3)
Mn
(Z=25)
Fe
(Z=26)
Cu
(Z=29)
Zn
(Z=30)
As
(Z=33)
Sr
(Z=38)
I
(Z=53)
Hf
(Z=72)
Hg
(Z=80)
Pb
(Z=82)

d.s.1
33.34
± 4.56
270.26±
1.97
35.08
± 4.00
76.40
± 0.11
N.D.
73.66
± 3.80
67.63
± 1.38
52.17
± 1.38
1.70
± 0.11

d.s.2
22.03
± 1.39
172.23±
6.18
49.45
± 2.01
43.01
± 2.38
5.29
± 3.55
72.05
± 1.00
N.D.
46.32
± 1.55
0.99
± 0.03
9.88
± 0.04

N.D.

d.s.3
28.79
± 4.43
173.61±
3.13
N.D.
111.20
± 3.57
1.94
± 1.81
70.38
± 1.20
62.33
± 0.03
N.D.
2.58
± 3.05
62.51
± 1.08

d.s.4
89.06
± 2.31
202.13±
2.01
78.60
± 3.72
120.01
± 1.84
2.14
± 1.84
13.02
± 0.77
28.51
± 1.04
46.95
± 17.12
1.96
± 1.04
8.364
± 1.04

d.s.5

91.44±
4.66
34.49
± 1.87
46.51±
1.14

d.s.6
32.69±
0.38
81.80±
2.42
48.66
± 0.40
46.72
± 1.27

d.s.7
28.23±
7.87
280.43±
8.60
73.44
± 1.62
58.13
± 1.53
N.D.

N.D.

33.10
± 1.65
65.12
± 0.12
42.82
± 4.81

N.D.

d.s.8
22.83±
1.95
129.78±
3.23
44.61
± 1.48
44.36
± 0.19

d.s.10

N.D.

N.D.

21.03
± 0.78
37.71
± 1.03
32.70
± 9.49

d.s.9
24.03±
4.34
77.64±
2.91
55.27
± 0.59
36.61
± 0.76
5.14
± 0.76
22.75
± 0.29
41.14
± 0.01
38.17
± 0.01

100.42
± 4.07
60.49
± 0.41
62.19
± 5.84

66.87
± 1.01
58.58
± 0.39
37.57
± 7.28

N.D.
186.90±
5.90
29.53
± 1.11
71.25
± 2.10

d.s.11
31.49±
0.77
94.75±
5.73
70.01
± 1.63
91.47
± 1.63

N.D.

N.D.

N.D.

N.D.

35.79
± 3.72
10.92
± 1.52

45.22
± 9.32

N.D.

N.D.

N.D.

N.D

N.D.

N.D

N.D

N.D.

N.D.

14.87
± 1.53

8.91
± 0.78

N.D.

N.D.

12.81
± 0.24

N.D.

d.s.12
22.43±
4.84
104.27±
1.58
51.35
± 3.40
47.74
± 0.70
5.92
± 0.70
N.D
56.97
± 0.26
27.51
± 0.26
0.70
± 0.26
11.09
± 0.26

d.s.13
19.30±
0.45
81.66±
3.82
72.81
± 3.52
27.69
± 0.77
N.D.
20.43
± 0.43
57.44
± 0.61
36.52
± 4.21
N.D
9.22
± 0.55

N.D.=Not dedected

TABLE 3
Pearson correlation coefficients between metals in play dough samples
Al
Ca
Mn
K
Zn
Cu
Fe
As
Sr
Hf
I
Hg
Pb

Al
1
,144
,178
-,030
,520
-,392
,220
-,183
,307
,092
,018
,348
,373

Ca

Mn

K

Zn

Cu

Fe

As

Sr

Hf

I

Hg

Pb

1
-,235
,575*
,417
-,452
,523
-,154
,936**
,304
,194
,323
,315

1
,248
,609*
,444
,278
,104
-,200
,100
-,169
,539
,109

1
,353
-,195
,802**
-,094
,526
,288
,309
,564*
,237

1
-,167
,440
-,147
,374
,037
,193
,713**
,503

1
-,064
,011
-,391
,391
-,150
-,392
-,470

1
-,183
,475
,480
,204
,463
,148

1
-,118
,042
-,449
,238
,088

1
,481
,175
,273
,253

1
-,025
-,089
,443

1
-,023
,217

1
,613*

1

**p<0.01 ; *p<0.05
dough samples contained As and Hg, four (samples
numbered 2, 3, 4, and 12) of which contained both
elements. The average concentration for Pb was
17.21±18.43 ppm in the play dough samples. Pb
was present in 8 play dough samples. The high
standard deviation for Pb measurements was the
result of one play dough sample which contained
62.51±1.08 ppm Pb (sample number 3). The average concentration for Mn, Cu and Zn in the play
dough samples was 32.20±19.44 ppm, 53.60± 16.72
ppm, and 63.16±29.03 ppm, respectively.
Pearson correlation coefficients were calculat-

The remaining elements (Mn, Fe, Cu, Zn, As,
Sr, I, Hf, Hg, and Pb) were present in ppm (mg kg1
) concentrations and their individual sample concentrations are listed in Table 2. Among these elements, the lowest concentration belonged to Hg
with 1.59±0.76 ppm and the highest concentration
belonged to Fe with 149.76±70.79 ppm.
The most toxic elements present in the play
dough samples are As and Hg. The levels obtained
[mean ± S.D. (detected in number of samples)]
were: 1.59±0.76 ppm (5) for Hg and 4.08±1.89 ppm
(5) for As. It should be noted that only five play
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ed to determine the relationship among different
metals. SPSS software (Version 18.0) was used to
perform the statistical analyses. 6WXGHQW¶s t-test was
employed to estimate the significance of these values (also p<0.05). Pearson correlation coefficients
between metals (essential and non-essential) determined in play dough samples are presented in Table
3. The data shown in Table 3 indicate that there
were strong interactions between K/Fe, Ca/Sr, and
Hg/Zn.
To our knowledge, there is only one comparable study regarding chemical safety of products
intended for children has been reported which determined various concentrations of heavy metals
(Pb, Cd, Cr, Co, Ni, Mn, Cu and Zn) LQFKLOGUHQ¶V
play paint (artist paint and face paint) [25]. Metals
can be used in paints but their content should be
well established so that they do present a risk for
harming children. When compared to the results of
thiV VWXG\ FKLOGUHQ¶V SOD\ SDLQW VDPSOHV FRQWDLQHG
much higher concentration of Cu (108±260 ppm)
and Zn (130±564 ppm) [25@ +RZHYHU FKLOGUHQ¶V
play paint samples contained much lower concentrations of Pb (0.48±0.44 ppm) and Mn (19.8 ±88.2
ppm) [25]. It was also reported that Cd (0.04±0.04
ppm) ZDV SUHVHQW LQ WKHVH FKLOGUHQ¶V SOD\ SDLQW
samples [25], whereas no Cd was determined in any
of the play dough samples analyzed in this study.
It is important to note that the same four play
dough samples (2, 3, 4, and 12) contained various
concentrations of As, Hg and Pb at the same time.
Another important fact that needs to be emphasized
is that these play dough samples should not contain
any As, Hg or Pb. These results suggest that there is
a potentially significant health concern regarding
these play dough samples (2, 3, 4 and 12).

CONCLUSION
This study investigated the elemental compoVLWLRQ RI YDULRXV FKLOGUHQ¶s play dough samples
marketed in Turkey by X-ray Fluorescence (XRF)
Spectrometry. These play dough products were 13
different brands present in the stationery products
market. From these 13 brands four (2, 3, 4, and 12)
were found to contain various levels of As, Hg and
Pb. This result alone indicates that there is a need
for regulating and testing the play dough products
already in the market for their Cd, As, Hg and Pb
content.
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RELATIONSHIPS BETWEEN GRAIN YIELD AND
PHYSIOLOGICAL TRAITS OF DURUM WHEAT VARIETIES
UNDER DROUGHT AND HIGH TEMPERATURE STRESS IN
MEDITERRANEAN ENVIRONMENTS
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contributes significantly to yield stability under
stressed environments. Positive correlations of chlorophyll with grain yield make it possible to evaluate
genotypes with high yield stability and consequently, can be used as a selection criterion to identify the environment stress tolerance of wheat genoW\SHV%DOFDOÕ-2000 and Sölen-2002 cultivars are potentially good candidates for producing good yield in
the hot and dry climates in Mediterranean conditions.

ABSTRACT
Drought and associated high temperatures are
the major environmental stresses limiting wheat
productivity in Mediterranean region. To evaluate
the physiological and yield responses of durum
wheat varieties under high temperature and drought
stress in Mediterranean region, 15 durum wheat cultivars were grown in two consecutive years (200708 and 2008-09). The varieties were grown under
two temperature regimes viz. normal temperature
(normal sowing time) and high temperature (late
sowing time), and/with two water regimes viz. rainfed (RF) and supplement irrigation (SI) conditions.
Our results indicated that at rain-fed environment
(water stress) caused a significant reduction in physiological parameters and grain yield. Water stress reduced 30.0 and 13.8% grain yield in 2007-08 and
2008-09, respectively. Warm environment (heat
stress) caused significant reductions in physiological
parameters and grain yield of 54 and 32% in 200708 and 2008-09, respectively. Hence, delayed sowing associated with high temperature resulted in an
overall decrease in grain yield. Significant differences in grain yield was found among the varieties.
Based on the growth traits and economic-yield, the
cool irrigated environment is most suitable followed
by the environment in cool rain-fed. However, the
variety %DOFDOÕ-2000 and Fuatbey-2000 achieved the
highest yield under cool well-watered conditions and
hence best for grown under well-watered cropping
systems. Grain yield was strongly correlated with
SPAD value in cool environment (RF) while, negative correlation in warm conditions (RF). On the
other hand, grain yield was strongly correlated with
specific leaf weight (SLW) value in cool environment (RF). A negative correlation between grain
yield and flag leaf nitrogen content (FLNC) was observed under warm conditions (RF). A positive and
significant correlation between SLW and FLNC was
recorded under warm conditions (RF). The ash content (AC) has a positive correlation with FM in cool
environment (SI). A positive and significant correlation between FLNC and SPAD under cool (SI) and
warm (Rf) conditions. The chlorophyll fluorescence

KEYWORDS:
Chlorophyll fluorescence, grain yield, flag leaf area,
SPAD, durum wheat

INTRODUCTION
:KHDWUHSUHVHQWVDERXWRIWKHZRUOG¶VFH
real area, with over 220 million ha cultivated worldwide under abiotic stress conditions [1]. Wheat as a
strategic crop has a vital role on the national economy of the third world countries and known as a
main food crop in abiotic stress prone areas where
productivity is very low [2]. To support climate-related decisions such as which varieties to plant and
when, how much water is needed for irrigation;
monthly, seasonal and decadal climate predictions in
case of drought, are needed [3]. The global demand
for wheat by the year 2020 is forecasted around 950
million tonnes to meet food requirements imposed
by population growth. This target will be achieved
only, if global wheat production is increased by 2.5%
per annum. This must he achieved under reduced
water availability, a scenario of global warming, and
evolving pathogen and pest infestations [4].
The greater adaptation of bread wheat relative
to other cultivated species has made it one of the
most important global food crops cultivated across
different environments [5]. In the process of screening wheat genotypes for breeding, grain yield is considered the most important parameter [6]. Drought
and high temperature (heat) stress are considered to
be the two major environmental factors limiting crop
growth and yield [7].
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of heat stress will be critical in evaluating the effect
of climate change on crop production. Heat stress affect physiological, growth, development, yield, and
quality of crops. Short- and long-term stresses can
significantly affects growth and yield, particularly
when stresses occur at sensitive stages [7]. However,
given the limited knowledge of how the yield and
physiological traits respond to water and heat stress,
this correlative analysis has not been used as a selection criterion for durum breeding. Therefore, the
study was undertaken to determine the effect of heat
and water stress on some physiological traits of durum wheat at different growth stages and provide
valuable information that can be used for the genetic
basis of improvement of wheat to enhance yield under stress conditions.

These two stress factors induce many biochemical and physiological changes that influence various
cellular and metabolic processes that affect crop
yield and quality.
Heat stress, a major abiotic stress induces complex morpho-physiological changes in plants and reduces productivity [8, 9]. In addition, heat stress can
reduce carbohydrate production and translocation, as
well as increase carbohydrate starvation throughout
the periods of high respiration, especially during
high night temperature [10]. Carmo-silva et al. [11]
revealed that stomatal closure during high temperature and limited water availability resulted in increased leaf temperature, especially when ambient
temperature increased. This increases in leaf temperature resulted in a heat stress effect on the photosynthetic apparatus. Terminal heat stress is a major abiotic stress influencing yield in wheat [12].
The stay-green trait has been suggested as a
beneficial trait to determine heat stress tolerance
[12]. Stay-green plants have been used successfully
to select for yield and yield stability and revealed
as a promising selection criterion in wheat
[13]. Different physiological traits such as chlorophyll content; the normalized difference vegetation
index have also been associated with stress tolerance
[14]. The visual observation of stay-green trait has
been associated with maintenance of leaf chlorophyll
and photosynthetic capacity [15]. The studies on
stay-green trait of wheat genotypes are largely elusive [16], and are yet to be evaluated for their association with stress tolerance in the winter wheat [17].
It was reported that leaf area decreased noticeably
with increasing water stress could be attributed to decline in the cell enlargement and more leaf senescence in the plant under water stress [18]. Drought
led to substantial impairment of growth related traits
of plant in terms of leaf area, shoot fresh and dry
weight. Kamara et al. [19] revealed that water deficit
imposed at various developmental stages of maize
reduced total biomass accumulation. Chlorophyll is
one of the major chloroplast components for photosynthesis, and relative chlorophyll content has a positive relationship with photosynthetic rate. The decrease in chlorophyll content under drought stress
has been considered a typical symptom of oxidative
stress and may be the result of pigment photo-oxidation and chlorophyll degradation. Photosynthetic
pigments are important to plants mainly for harvesting light and production of reducing powers [20].
Understanding the physiological basis of water
stress tolerance in plants is important to select and
breed plants for improving crop water stress tolerance [21]. The research on physiological changes
that occur during leaf senescence due to drought
stress focused on loss of photosynthetic pigments,
degradation of protein, and re-absorption of mineral
nutrients [22]. Further, understanding the influence

MATERIALS AND METHODS
Plant material and growing conditions. The
field trials were conducted in Cukurova University
research area of Turkey ǯ1DQGǯ(
m above the sea level) during the 2007-08 and 200809 growing seasons. Commercially cultivated sixteen spring durum wheat genotypes were used as
plant materials (Table 1). The seeds of each genotype was sown at standard seed rate (450 seeds m-2)
in 8.4 m2 plots. Recommended fertilizer rates were
applied before sowing (triple super phosphate (60 kg
P2O5 ha-1, ammonium nitrate in three split doses
(40+80+40 kg N ha-ï  DW =DGRN¶V JURZWK VWDJHV
(ZGS) 00, 20 and 30, respectively).
Treatments and field design. Experiments
were established as an optimum sowing time (3 December, 2007) and late sowing time (6 March, 2008)
in the first year and optimum sowing time (21 October, 2008) and late sowing time (13 March, 2009) in
the second year. While the first sowing time represented the conventional sowing date, the second
sowing time with growing period was rather drought
and high temperature than the previous sowing time.
Daily mean temperature and amount of water in the
soil during the growing periods were given in Fig. 1
and Fig. 2, respectively. The experiment was set up
as a split-split plot design. Sowing times were allocated in main plots, optimum sowing (cool environment) and late sowing (hot environment) and sub
plots were irrigation conditions (rain-fed and irrigation) finally sub-sub plot put as a genotypes.
Measurement and calculation of traits. Flag
leaf chlorophyll photochemical properties, Fo, the
initial (the signal emitted when the PSII reactioncenters are open) and Fm, maximum fluorescence were
measured.
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FIGURE 1
Daily temperature during 2007-08 and 2008-09 growing seasons. Solit and dashed arrows
indicate anthesis in cool and warm environments.

FIGURE 2
Daily precipitation (mm) and irrigation during 2007-08 and 2008-09 growing seasons.
Solit and dashed arrows indicate anthesis in cool and hot environments.
The signal emitted when all the PSII reaction centers
are closed, and photochemical efficiency expressed
as the ratio of variable to maximum chlorophyll fluorescence. Fv/Fm ratio was determined on five individual leaves in each plot with a fluorescence induction monitor (Fim 1500; ADC Bioscientific, Hoddeston, UK) after dark adaptation for 30 min.
Flag leaf total chlorophyll was measured by the
SPAD meter (SPAD 502; Minolta Camera Co.,
Osaka, Japan).
Specific leaf weight was measured base on
randomly selected ten plants from each plot, their

flag leaves were separated and their area was calculated with a leaf area meter (model Li-Cor 3100).
The leaves were oven dried at 60°C to constant
weight and the specific leaf weight (SLW) was expressed as leaf weight per unit of leaf area. Flag leaf
nitrogen and ash conten were analyzed according to
the approved method of the American Association of
Cereal Chemists, Method 46-11.02 and Method 0801.01, respectively [23]. At harvest, grain yield ha-1
was estimated from square meter from the inner rows
per each plot.
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the cool rain-fed environment. It is also observed
that the variety %DOFDOÕ-2000 and Sölen-2002 performed the best over other tested varieties in respect
to important traits under stress environment (water
VWUHVV DQG KHDW VWUHVV  LQ ERWK \HDUV %DOFDOÕ-2000
and Fuatbey-2000 genotypes achieved the highest
yield under well-watered in both environment conditions.
The differences for showing of plant traits
among wheat genotypes under various environmental conditions could be due to the delay of the time
of sowing. Their variation could be attributed to
grain filling process that is harmfully affected by
high temperatures and shortened grains filling periods [25]. Drought stress along with high temperature
occur most frequently after heading, during the grain
filling period, which remarkably influence the yield
of the wheat [26]. Under heat stress, the reduction of
ZKHDW\LHOGFRXOGEHFDXVHGE\DFFHOHUDWLQJSKDVH¶V
development, accelerated senescence, increased respiration, reduced photosynthesis and inhibition of
starch synthesis in developing kernels [27]. The water deficit stress affects physiological processes in
plants [28]. Saleh [29] found that crop productivity
decreased under drought stress conditions. Facing
plants to drought stress during the grain filling period
is known to induce grain abortion and to reduce grain
filling capacity, i.e. sink strength adjusts to reduce
source capacity [30]. The delay of sowing date may
encounter the critical growth impairment with high
temperature. At grain filling, grain number was reduced under high temperature conditions [31]. Genetic variability exists among winter wheat genotypes in response to sowing dates and late-season
drought stress, and thus, the choice of sowing date
and cultivars are important as a management strategy
to optimise grain yields in such semi-arid regions
[32]. Water stress reduces plant growth and development, leading to hampered flower production and
grain filling and thus smaller and fewer grains [33].
A reduction in grain filling occurs due to a reduction
in the assimilate partitioning and activities of sucrose
and starch synthesis enzymes [20].
Maintenance of the appropriate plant water status during water-deficit and heat stress is essential
for wheat growth and yield. The adaptive physiological traits contribute greatly for yield performance
under environment stress conditions. The correlations reported among physiological traits and yield
made it possible to identify adapted genotypes under
stress conditions and to develop and release of genotypes with good agronomic adaptation to stress
conditions Chlorophyll content can determine the
photosynthetic rate and reflect photosynthetic potential and primary yield of crops [20].
It was observed that grain yield and flag leaf
total chlorophyll content (SPAD) value positively
and significantly correlated when plants grown under cool rainfed environment (CRf).

TABLE 1
Genotype name and source of seeds of durum
wheat used in the study
Cultivars
Akcakale-2000
$OWÕQWRSUDN-98
Amanos-97
$\GÕQ-93
%DOFDOÕ-2000
'L\DUEDNÕU-81
Ege-88
)ÕUDW-93
Fuatbey-2000
Gediz-75
Harran-95
Salihli-92
6DUÕFDQDN-98

Seed source (in Turkey)
GAP International Agricultural Research and
7UDLQLQJ&HQWHU'L\DUEDNÕU
GAP International Agricultural Research and
7UDLQLQJ&HQWHU'L\DUEDNÕU
Eastern Mediterranean Agricultural Research
Institute, Adana, Turkey
*DS$JULFXOWXUDO5HVHDUFK,QVWLWXWH'L\DUEDNÕU
Cukurova University, Adana
GAP International Agricultural Research and
7UDLQLQJ&HQWHU'L\DUEDNÕU
Aegean Agricultural Research Institute, Izmir
GAP International Agricultural Research and
7UDLQLQJ&HQWHU'L\DUEDNÕU
Eastern Mediterranean Agricultural Research
Institute, Adana, Turkey
Aegean Agricultural Research Institute, Izmir
GAP International Agricultural Research and
7UDLQLQJ&HQWHU'L\DUEDNÕU
Aegean Agricultural Research Institute, Izmir
GAP International Agricultural Research and
7UDLQLQJ&HQWHU'L\DUEDNÕU

Sölen-2002

Aegean Agricultural Research Institute, Izmir

Tüten-2002

Aegean Agricultural Research Institute, Izmir

Statistical analysis. Data were analyzed by usLQJµDQDO\VLVRIYDULDQFH¶ZLWKWKHKHOSRIFRPSXWHU
package MSTAT-C and the mean differences among
the treatments were adjusted with Least Significant
Test (LSD, 30.05) [24].

RESULTS AND DISCUSSION
Significant differences were observed for all
measured traits. Genotypes and environment contributed for the variation of yield (Table 2). The genotype × stress interactions showed significant differences among wheat genotypes to various environmental conditions. Our results indicated that at rainfed environment (water stress) and warm environment (heat stress) caused a significant reduction in
grain yield for all genotypes. Hence, delayed sowing
associated with high temperature resulted in an overall decrease in grain yield. Drought stress reduced
grain yield up to 30.0 and 13.8% at the first and the
second year, respectively. High temperature stress
also declined 54 and 32% grain yield at the growing
season of 2007-08 and 2008-09, respectively.
With cool rain-fed environment cultivar Fuatbey-2000 showed the heighest yield while with cool
irrigated environment Tüten-DQG6DUÕFDQDN-98
showed the best yield. On the other hand, under
warm rain-fed environment %DOFDOÕ-2000 and Sölen2002 showed the heighest yield while under warm
irrigated environment Akcakale- DQG %DOFDOÕ2000 produced the maximum yield. Based on the
growth tratits and yield, the cool irrigated environment is the most suitable environment followed by
4285



Fresenius Environmental Bullet

© by PSP

Volume 26 ± No. 6/2017 pages 4282-4291

Fresenius Environmental Bullet

TABLE 2
Durum wheat grain yield (g m-2) under different temperature and irrigation regimes in
2007-08 and 2008-09 growing seasons.
2007 / 2008
Cool environment
Supplement
Rainfed irrigation
600
806
567
776
619
784
619
725
590
835
480
700
551
828
565
905
548
959
533
847
594
872
593
822
681
841
609
876
584
908
582
832

Genotypes
Akcakale-2000
$OWÕQWRSUDN-98
Amanos-97
$\GÕQ-93
%DOFDOÕ-2000
'L\DUEDNÕU-81
Ege-88
)ÕUDW-93
Fuatbey-2000
Gediz-75
Harran-95
Salihli-92
6DUÕFDQDN-98
Sölen-2002
Tüten-2002
Mean
LSD0.05
Temperature (T) 34.9
31.0
Irrigation (I)
43.9
TxI
36.1
Genotype (G)
51.0
TxG
51.0
IxG
2.9
TxIxG

Hot environment
Supplement
Rainfed
irrigation
310
443
329
382
263
376
274
396
243
322
202
326
307
340
295
398
245
309
299
417
306
405
305
421
287
374
355
427
276
365
286
380

2008 / 2009
Cool environment
Supplement
Rainfed
irrigation
464
493
512
638
479
543
476
529
534
566
460
526
518
540
483
543
508
658
519
597
482
630
366
543
542
616
491
573
552
566
492
571

Hot environment
Supplement
Rainfed irrigation
343
371
327
403
305
375
263
372
353
478
272
333
298
406
329
394
272
444
285
338
297
427
324
392
262
374
292
344
275
384
300
389

88.4
9.5
ns
26.9
38.0
38.0
53.8

FIGURE 3
Coefficient of correlation between grain yield (GY) and flag leaf traits
*, **, significant P<0.05and P<0.01 probability respectively.
FLA (flag leaf area); SLW (specific leaf weight); AC (ash content); FLNC (flag leaf nirogen content);
SPAD (flaf leaf total chlorophyll); Fo (minimal fluorescence); Fv (fluorescence); Fm (maximal fluorescence); Fv/Fm (maximum potential quantum yield of PSII).
content (AC). Further, strong positive correlations
were observed between AC and Fm, as well as
FLNC with the SPAD value (Fig. 3). Concerning
warm rain-fed environment (WRf), the yield was
negatively correlated with the SPAD value (Fig. 3).

Our results indicated that yield was positively correlated with SLW, when plants grown at cool irrigated
environment (CIr) (Fig. 3). Flag leaf area (FLA), was
negatively correlated with (SPAD) and flag leaf nitrogen content (FLNC) values while specific leaf
weight (SLW) was negatively correlated with ash
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FIGURE 4
Drought and heat resistance induces for grain yield of durum wheats (Over two years mean).

FIGURE 5
Correlation between grain yield and drought and heat resistance indices (Over two years mean).
**, significant P<0.01 probability level.
under water deficit conditions [40]. The decrease of
grain yield of wheat by delaying sowing date as a result of exposure plants to high temperature, reduces
grain filling periods [41]. The optimum sowing of
wheat favored vigorous growth plant growth and
stored metabolites in heat prone areas [27, 39]. Under optimum irrigation, no significant correlation
was observed between grain yield and other morphological characters but, there was a strong positive
correlation between grain yield and other morphological characters under drought stress conditions
[42]. Grain yield positively correlated with green
leaf area at maturity stage and negatively correlated
with the rate of leaf senescence under drought stress
conditions [43]. However, Ismail et al. [44] could
not find any correlation between heat tolerance and
seed weight. Jiang et al. [45] found that a negative
correlation between stay-green and yield traits.
Leaf chlorophyll content or stay-green was correlated with the efficiency of transpiration, which affects to the enhancement of WUE under drought
stress condition [46]. Grain yield had a significant
positive relation with leaf area and chlorophyll content and, the correlation between leaf area and chlorophyll content was also positive. Furthermore, the
chlorophyll content can simultaneously enhance
grain yield, and plants with large leaves and grate
chlorophyll content can also produce higher grain
yield [33].
The mean values of drought resistance index
and heat resistance index (stress tolerance index-

The SLW was also observed positive correlation
with SPAD value but Warm-Rf, GY negatively correlated with SPAD, indicating leaves have to be light
green color for more grain yield. The data showed
that yield was negatively correlated with the FLNC
under warm irrigated environment (WIr) condition
(Fig. 3). The FLNC had dropped drastically under
Warm-Ir, while having negative association with
grain yield (r =- 0.539**).Warm-Ir and GY negatively correlated with the FLNC, indicating more nitrogen requirement of the crop than recommended
doses.
The reduction in leaf area under drought stress
conditions could be considered as an avoidance
mechanism which minimizes water losses [34] to
avoid the excessive transpiration with low stomatal
density [35]. Smaller leaves under drought stress, decrease light absorption capacity and photosynthesis
rate, and eventually leading to reduce plant growth
and yield [36]. It is noted that the chlorophyll reduction is identified as a drought response mechanism to
minimize light absorption by chloroplasts [37]. The
sensitivity of chlorophyll pigment with increasing
environmental stresses was previously reported [38].
Hozayn et al.[39] reported that the highest values of
certain vegetative traits and grain yields when wheat
was planted earlier in the growing season. They also
reported that the decrease in growth and yield attributed traits might be due to water stress during
grain filling stage and decreased wheat yield might
be due to the inhibition of photosynthetic efficiency
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STI) for characterizing drought and heat stress tolerance and adaptation of genotypes to stress conditions
are presented in Fig. 4. The genotype $\GÕQ-93
showed the highest resistance indexes (drought resistance index and heat resistance index) followed by
Akcakale-2000 and Amanos-97 and considered to be
most tolerant genotypes. Drought stresss index (DSI)
was negatively and significantly correlated with
grain yield under cool supplement irrigation (Fig. 5).
Moreover, heat stress index (HSI) was also positively and significantly correlated with grain yield
under warm supplement irrigation (Fig. 5). This
means, heat stress was more effective to grain yield
than drought stress under the warm environment.
The higher drought stress index (DRI) indicated that
more tolerance wheat genotypes under stress environments and might be used as stress tolerant index
(STI) in wheat breeding program. The STI is the significant trait to identify the stress-tolerant for high
yielding genotypes [47, 48]. These findings are in
full compliance with those of [49 - 62].
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the human body, DQG WKHLU GH¿FLHQF\ leads to
disease; thus, they must be supplied by food.
Throughout the world, there has been an increasing
interest in the use of supplementary foods,
including mineral elements, to prevent various
diseases such as osteoporosis, cardiovascular
disease, and aging and to combat mineral
deficiency. Therefore, analyzing the mineral
composition of a variety of food samples has
critical importance in the human diet as well as in
determining of the geographic origin of crops and
production yield [1-5].
Garlic (Allium sativum L.) belongs to the
Liliaceae family and is mainly produced in
Mediterranean and European Union countries,
India, China, and the USA. In 2011, Turkey
produced 79203 tons garlic on 9694 hectares of
field and was the fourteenth largest garlic producer
in the world, producing 0.33% of the world and
10.23% of Europe's total garlic production [6].
Garlic has been used as flavoring, preservative and
condiment in the food industry in items such as
pickled products, mayonnaise and tomato sauce. It
can also be added to yogurts, breads, soups, salads
and main dishes to give proper taste and aroma in
traditional Turkish cuisine. Garlic contains water,
FDUERK\GUDWHV SURWHLQV ¿EHU DQG IDW DV ZHOO DV
sulfur compounds, amino acids, minerals, vitamins
(B1, B2, C) and energy (39-140 cal/100 g), and thus,
it has been considered as a good source of nutrient
densities. It is known to be part of a group of
³IXQFWLRQDO IRRGV´ which have antimicrobial,
antioxidant,
anticholesterol,
anticancer
and
antiaging properties. In addition, scientific studies
have confirmed and recognized the medicinal
effects of garlic, including the reduction of risk
factors for cardiovascular disease, the lowering of
blood pressure and glucose concentrations, the
stimulation of immune function, and the restoration
of physical strength. The above mentioned positive
effects of garlic on human health are due to their
chemical composition [7-12].
The mineral element contents of garlic are
known to be affected by the genetic characteristics
of the plant; the physical, chemical and biological

ABSTRACT
The aim of this study was to evaluate the
concentration of major (N, P, K, Na, Ca, Mg, S),
and minor elemets (Zn, Fe, Mn and B) in garlic
bulbs grown in different geographic region of
Turkey. Mineral contents were determined using
Inductively Coupled Plasma-Optical Emission
Spectrometry (ICP-OES). Based on the results, the
overall mean (n=88) of the major element
concentrations of garlic bulb samples were
determined for N (23.81 g kg-1) P (3.90 g kg-1), K
(12.,33 g kg-1), Ca (0.42 g kg-1), Mg (105.09 mg kg1
) and S (10.23 g kg-1). On the other hand, the
overall mean (n=88) of the minor element
concentrations of garlic bulb samples were
determined for Zn (24.94 mg kg-1) Fe (114.69 mg
kg-1), Mn (7.27 mg kg-1), B (10.02 mg kg-1) and Na
(23.40 mg kg-1). Many positive correlations were
found between the some parameters analyzed but a
negative correlation was found between Fe and S.
Hierarchical cluster analysis is a useful tool for
differentiating garlic samples according to region.

KEYWORDS:
Major and minor elements, garlic, Turkey

INTRODUCTION
The major (e.g., Ca, P, Mg, S, K, Cl and Na)
and minor (Zn, Fe, Mn, Cu, etc.) minerals in food
are important not only because of their essential
nutritional value but also because of their beneficial
effects on human health. The biological roles of
these mineral elements, which are consumed in
food, in the human body are as follows: i) essential
constituents of enzymes and hormones; ii)
regulators of a variety of physiological processes,
such as osmotic pressure maintenance, oxygen
transport, muscle contraction, and central nervous
system integrity; iii) necessary for the development
and appropriate functioning of bones muscles and
teeth. Mineral elements cannot be synthesized by
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properties of the soil; weather conditions during the
growing season (temperature, rainfall and
humidity); type and amount of fertilizer used; and
the state of the plant¶s maturity at harvest
[7,8,13,14]. Characterization of the mineral profile
according to different geographic origins protects
domestic production and prevents illegal trade.
Therefore, the aim of this study was to evaluate the
concentration of biologically essential mineral
elements (N, P, K, Na, Ca, Mg, S), and minor
elemets (Zn, Fe, Mn and B) in garlic bulbs grown in
different regions of Turkey by using Inductively
Coupled Plasma-Optical Emission Spectrometry
(ICP-OES) following a microwave digestion cycle.
For this purpose, 88 garlic bulb samples were
collected from eight important regions of Turkey.
Correlation and hierarchical cluster analyses were
applied to investigate the relationship among
minerals and to differentiate garlic samples
according to region.

FIGURE 1
The geographical districts of garlic samples
Sample Preparation. Garlic bulb samples
were kept in cooled bags for transport to the
laboratory. On arrival, the bulbs were cleaned of
foreign material such as dust, soil particles, etc., and
their fresh weight was determined. The bulbs were
dried at 65 °C and ground.
The samples were prepared for ICP-OES
analysis according to the published method [15].
Approximately 0.1 g of ground garlic bulb samples
was accurately weighed and transferred into an
acid-washed Teflon digestion tube containing 4 mL
of 65% HNO3. The tube was heated in a microwave
oven (Berghof-MWS-2, Germany). The heating
program is shown in Table 1. After the microwave
digestion cycle, high-purity deionized water was
added to the digested solutions to adjust the final
volume to 14 mL. Three water blanks were run with
each batch of samples.

MATERIALS AND METHODS
Samples Collection. Garlic bulb samples were
collected from eight different regions that have
been recognized as important places for cultivating
and growing garlic in Turkey. These places were
the Kastamonu (n= %DOÕNHVLU n= .ÕUNODUHOL
(n=  0X÷OD n=  .DKUDPDQPDUDú n=8),
Karaman (n=6), Hatay (n=8) and Antalya (n=5)
regions (Figure 1).

Standard Preparation. Working standard
solutions were made from stock solutions (1000 mg
L-1) of all elements, which were supplied by
Inorganic Ventures Crop, USA. High-quality water,
obtained using a Human UP 900 system, was
exclusively used.

TABLE 1
Heating program in microwave digestion system
Step
1
2
3
T (ºC)
145
190
100
Power (%) 75
90
40
Time (min) 5
10
10

Determination
of
mineral
element
concentrations of garlic bulbs. Total phosphorus,
potassium, sodium, calcium, magnesium, sulfur,
zinc, iron and manganese concentrations were wet
digested with concentrated HNO3 (65% Merck) in a
Berghof-MWS-2 Model microwave [15], and garlic
bulb samples were analyzed using ICP-OES
(Inductively Coupled Plasma-Optical Emission
Spectrometry, Perkin Elmer Model DV 2100). The
instrument operating conditions and detection
wavelengths are given in Table 2.

TABLE 2
Operating conditions for ICP-OES and detection
wavelengths
Settings ICP-OES
Argon
plasma/coolant gas
flow (L/min)
Argon nebulizer gas
flow (L/min)
Argon auxiliary gas
flow (L/min)
Power (watt)
Plasma aerosol type
Nebulizer Type
Nebulizer set up
Sprey chember
Sample flow rate
(mL/min)
Replicates

15
0.55
0.2
1450
Wet
Meinhard
Instant
Per-Elmer

Fresenius Environmental Bullet

Detection Wavelengths
ȜQP
213.617
Phosphorus (P)
766.490
Potassium (K)
317.933
Calcium (Ca)
Magnesium (Mg) 285.213
181.975
Sulphur (S)
206.200
Zinc (Zn)
235.204
Iron (Fe)
Manganese (Mn) 257.610
249.677
Boron (B)
589.592
Sodium (Na)

Statistical Analysis. Mean values for the
variables were obtained by using Tarist, a statistical
software, and the correlation coefficients (r) were
calculated to indicate relationship between two
minerals. Hierarchical Cluster Analysis (HCA)
based on mineral contents was carried out by the
unweighted pair group method using arithmetic
averages (UPGMA) with a dissimilarity matrix
using JMP 7.

1.5
3
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TABLE 3
Total Nitrogen, phosphorus, potassium, calcium, magnesium and sulphur concentrations of
garlic bulb samples collected from different regions in Turkey
Minimum
Kastamonu (n=23) Maximum
Mean± SD
Minimum
%DOÕNHVLU
Maximum
(n=18)
Mean± SD
Minimum
.ÕUNODUHOL
Maximum
(n=11)
Mean± SD
Minimum
0X÷OD
Maximum
(n=9)
Mean± SD
Minimum
.DKUDPDQPDUDú
Maximum
(n=8)
Mean± SD
Minimum
Karaman
Maximum
(n=6)
Mean± SD
Minimum
Hatay
Maximum
(n=8)
Mean± SD
Minimum
Antalya
Maximum
(n=5)
Mean± SD
Minimum
General
Maximum
(n=88)
Mean± SD

N,
g kg-1
14.80
35.41
23.10±5.66
19.70
29.70
22.08±4.29
15.01
34.80
22.30±5.18
15.60
26.00
20.51±3.20
12.10
25.81
19.23±4.79
21.30
45.20
33.34±7.82
12.61
30.50
21.97±5.67
11.07
59.01
26.42±11.57
11.70
59.01
23.81±7.01

P,
g kg-1
2.66
3.93
3.39±0.36
3.45
5.07
4.17±0.62
2.92
4.87
3.72±0.50
2.52
4.36
3.73±0.58
3.72
5.23
4.29±0.47
3.78
5.97
4.96±0.80
3.25
5.64
4.11±0.76
3.03
4.78
4.01±0.58
2.52
5.97
3.90±0.67

K,
g kg-1
7.80
12.41
10.08±1.47
12.17
15.15
13.21±1.20
9.16
14.31
11.68±1.30
8.19
13.85
11.17±1.78
8.96
16.04
12.42±2.95
14.25
17.69
16.03±1.50
7.95
36.00
14.93±8.91
8.87
18.16
13.66±2.53
7.24
36.00
12.33±3.51

Ca,
g kg-1
0.32
0.59
0.42±0.09
0.35
0.73
0.49±0.15
0.15
0.73
0.30±0.12
0.24
0.59
0.44±0.13
0.42
1.32
0.63±0.29
0.25
0.42
0.30±0.07
0.48
1.02
0.63±0.17
0.27
0.59
0.37±0.09
0.15
1.32
0.42±0.18

Mg,
mg kg-1
1.52
176.47
65.40±54.03
1.59
187.50
73.57±75.94
1.62
221.71
107.04±69.30
6.46
259.69
111.09±87.32
53.5
216.13
125.16±55.44
116.66
296.92
196.33±73.80
55.36
206.45
123.27±52.42
1.62
253.38
102.55±68.95
1.52
296.92
105.09±71.48

S,
g kg-1
10.24
18.94
15.08±2.63
2.08
6.44
4.15±1.97
3.31
11.72
7.41±2.12
6.46
17.36
11.30±4.01
4.36
11.72
7.19±2.13
11.8
25.31
17.24±4.63
4.89
10.65
7.15±1.66
7.30
14.59
10.7±2.19
2.08
25.31
10.23±4.57

region (Table 3). Bloem et al. (2011) reported an N
content of 27.1-27.5 N mg kg-1 of garlic cloves
influenced by nitrogen and sulfur fertilization. Li et
al., [19] reported nitrogen values in the range
15.624-17.723 g kg-1 for garlic bulbs, which is
similar to our values.
Phosphorus is a major component of bones,
teeth and biological membranes. The dietary
functions of phosphorus are to support tissue
growth during development, pregnancy and
lactation. Phosphorus concentration ranged from
2.52 and 5.97 g kg-1 dry weight. The average
phosphorus concentration taken from these regions
was determined to be 3.90 g kg-1 dry weight. Its
highest average concentration (4.96 g kg-1) was
found in the Karaman region (Table 3). Values
reported by other authors were 1.29 mg kg-1 in
Nigerian garlic species [20], 6.01 g kg-1 for
Kastamonu garlic [21], and between 4.35 - 4.88 g
kg-1 [19] and 4.78 g kg-1 in garlic cultivars [22].
Potassium, sodium, and chloride are the major
electrolytes of osmotic pressure and electrolyte
balance within the body. However, potassium is a
cofactor for enzymes and plays important roles in
many systems such as the cardiovascular,
respiratory, digestive and endocrine systems.
Potassium concentrations of garlic bulb samples
varied between 7.24 and 36.00 g kg-1 dry weight
and the average concentration was determined to be
12.33 g kg-1 dry weight (Table 3). The highest
concentration (16.03 g kg-1) was found in the garlic
bulbs grown in the Karaman region (Table 3).

RESULTS AND DISCUSSION
High variability was observed in the
macroelements composition (N, P, K, Ca, Mg, S) of
garlic samples from different regions (Table 3).
Macroelement contents were found to be different
values depending on the regions. Some parts of the
garlic bulbs grown in different locations were found
to have inadequate elements, especially phosphorus
and zinc (Table 3, 4). This reason may be closely
related to concentrations of these elements in the
soil. The results showed that the amount of minerals
contained in garlic is a direct function of the
presence of these minerals in the soil, the amount of
sunlight, air, fertilizers, and water [16]. Lee et al.
[17] reported that K, P, Mg, and Ca were the main
components in garlic. Some mineral concentrations
obtained in this paper were similar to data reported
by Camargo et al., [18] who determined the mineral
content of garlic grown in agro-ecologic condition
of Argentina. Variations in the mineral composition
of garlic determined by different researchers may
be due to many factors, such as agro-climatic
conditions, farming conditions, genetic factors, and
analytical procedures.
The nitrogen concentrations of garlic bulb
samples taken from eight different regions varied
between 11.70 and 59.01 g kg-1 in dry weight and
the average concentration taken from these regions
was determined as 23.81 g kg-1 dry weight (Table
3). The highest average nitrogen concentration
(33.34 g kg-1) in garlic bulbs was from the Karaman
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TABLE 4
Total zinc, iron, manganese, boron and sodium concentrations of garlic bulb samples
collected from different regions in Turkey

Kastamonu
(n=23)
%DOÕNHVLU
(n=18)
.ÕUNODUHOL
(n=11)
0X÷OD
(n=9)
.DKUDPDQPDUDú
(n=8)
Karaman
(n=6)
Hatay
(n=8)
Antalya
(n=5)
General
(n=88)

Minimum
Maximum
Mean±SD
Minimum
Maximum
Mean± SD
Minimum
Maximum
Mean± SD
Minimum
Maximum
Mean± SD
Minimum
Maximum
Mean± SD
Minimum
Maximum
Mean± SD
Minimum
Maximum
Mean± SD
Minimum
Maximum
Mean± SD
Minimum
Maximum
Mean± SD

Zn,
mg kg-1
12.44
43.79
26.05±14.12
19.13
79.05
33.89±3.58
8.00
60.61
21.14±10.99
6.20
32.34
20.37±8.62
20.49
50.26
37.47±9.65
11.17
32.45
20.27±7.08
18.65
49.51
36.06±11.61
1.62
28.35
16.12±8.07
1.62
79.05
24.94±12.21

Fe,
mg kg-1
63.42
157.81
89.92±22.86
74.91
108.01
91.37±12.70
47.78
219.20
115.42±40.23
65.75
185.05
91.30±36.23
105.27
275.44
179.61±64.22
82.89
140.95
108.31±26.61
108.87
274.26
174.29±61.54
67.76
127.20
138.94±18.49
47.78
275.44
114.69±48.28

6D¶DGDWXDQG0VKHOLD [20] reported a concentration
of 68.26 mg kg-1. Li et al. [19] determined that the
potassium content of garlic bulbs in the different
selenium-sulfur interactions ranged from 8.31 to
11.52 g kg-1.
Foods of vegetable origin contain calcium,
which is known to be among the ¿rst essential
minerals in the diet. Calcium is required for normal
growth and development of the bones, the
regulation of nervous excitability and muscular
contraction. The concentration of Ca in garlic bulbs
ranged from 0.15 to 1.32 g kg-1 in dry weight and
the average concentration was determined to be
0.42 g kg-1 dry weight (Table 3). The highest
average calcium concentration (0.63 g kg-1) was
found in the garlic bulbs grown in both the
.DKUDPDQPDUDúDQG Hatay regions (Table 3). Other
values of Ca concentration in garlic bulbs from the
literature are 8.64 mg kg-1 in Senegalese garlic
species and 6.93 mg kg-1 in Nigerian species [20].
Li et al. [19] determined that the Ca content of
garlic bulbs in the different selenium-sulfur
interactions ranged from 0.68-1.03 g kg-1.
Magnesium, an essential dietary component, is
the second most common cation found in the body.
It is required for a wide range of fundamental
cellular reactions such as the stabilization of ATP
and the development and maintenance of bone. The
magnesium concentration ranged from 1.52 to
296.92 g kg-1 dry weight and the average
concentration was determined as 105.09 g kg-1 dry
weight (Table 3). The highest average magnesium
concentration (196.33 g kg-1) was found in the

Mn,
mg kg-1
4.53
7.78
5.96±1.11
7.61
10.94
8.41±1.42
4.80
19.96
8.01±2.95
4.71
9.33
6.67±1.68
6.31
9.64
7.88±1.43
6.14
11.09
8.67±1.71
5.48
10.06
7.43±1.66
3.15
9.14
6.53±1.63
3.15
19.96
7.27±2.12

B,
mg kg-1
6.04
15.70
8.04±2.54
15.58
48.44
24.93±13.43
7.68
17.75
10.82±3.17
4.71
8.07
6.15±1.48
6.15
11.14
6.91±1.72
7.68
9.74
8.93±0.88
5.47
10.16
6.60±1.48
8.1
29.54
13.31±6.06
4.71
48.44
10.02±5.98

Na,
mg kg-1
9.58
111.47
36.76±26.63
8.67
12.59
10.54±1.71
9.46
54.22
20.51±11.84
6.38
36.96
18.26±10.56
11.73
36.1
19.79±8.17
13.97
28.01
19.08±4.92
11.08
34.00
18.74±7.73
15.26
137.28
25.02±36.12
6.38
137.28
23.40±20.16

garlic bulbs grown in the Karaman region (Table 3).
6D¶DGDWX DQG 0VKHOLD [20] found 51.60 mg L-1 in
Chadian garlics, while Li et al. [19] found 0.102 0.144 g kg-1 in the garlic bulbs.
Sulfur is an essential element in the
composition of some amino acids such as
methionine and cysteine. In addition, some vitamins
such as thiamin and biotin, contain sulfur.
Therefore, it is an important mineral element for
both plants and humans [23]. Sulfur concentrations
of garlic bulb samples varied between 2.08 and
25.31 g kg-1 dry weight, and the average sulfur
concentration taken from these regions was
determined to be 10.23 g kg-1 dry weight (Table 3).
The highest average sulfur concentration (17.24 g
kg-1) was found in the garlic bulbs grown in the
Karaman region (Table 3). Bloem et al. [24] found
S at concenrations of 5.2-9.0 mg kg-1 dry weight in
garlic cloves after N and S fertilization. The
amounts of S in the garlic bulbs of the present study
were simiODU WR WKRVH VWXGLHG E\ ĩXUDZLN and
ĩXUDZLN [25].
The catalytic, structural, and regulatory
functions of zinc in the human body include the
following: i) as a component of a variety of
enzymes, including dehydrogenating enzymes and
carbonic anhydrase, ii) as part of the structure of a
number of proteins and cell membranes, iii)
influences hormone release and nerve impulse
transmission, and iv) regulates gene expression by
acting as transcription factors [26, 27]. Zinc plays
important roles in neurological and behavioral
development in children. The zinc concentrations of
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TABLE 5
The relation between some mineral element concentrations (r)
N
P
K
Na
Ca
Mg
S
Zn
Fe
Mn

P
K
Na
0,380*** 0,311** 0,120
0,706*** -0,278**
-0,282**

* P<0.05,

**P<0.01,

Ca
-0,194
0,088
0,102
0,006

Mg
0,439***
0,658***
0,436***
-0,028
0,022

S
0,319**
0,065
-0,005
0,154
-0,089
0,144

Zn
-0,024
0.214*
0,089
-0,030
0,486***
0,175
-0,006

Fe
-0,133
0,014
-0,045
-0,022
0,329***
0,183
-0,340***
0,367***

Mn
0,238*
0,256*
0,038
-0,014
-0,059
0,466***
-0,149
0,028
0,273**

B
0,309**
0,172
0,107
-0,096
0,023
0,121
0.086
-0,202
-0,157
0,229*

***P<0.001

garlic bulbs varied from 1.62 to 79.05 mg kg-1 dry
weight, and the average concentration was found to
be 24.94 mg kg-1 dry weight (Table 4). The highest
average zinc concentration (37.47 mg kg-1) was
found in the garlic bulbs grown in the
.DKUDPDQPDUDú UHJLRQ 7DEOH   The zinc values
obtained in our study are in agreement with zinc
contents of raw garlic published by deQueiroz et al.
[28] who reported a dry weight of 28.14 mg kg-1
and Akinwande and Olatunde [22] who reported
66.08 mg kg-1.
Iron is an essential component for a number of
vital functions in living organisms, including
growth, reproduction, healing, immune function and
the nervous system. It is a component of
hemoglobin, myoglobin and various tissue
enzymes. It aids in the transport and storage of
oxygen from the lungs to cells, assists in the return
of carbon dioxide from cells to the lung for
excretion, and prevents anemia [29]. In this study,
the iron concentration range was from 47.78 to
275.44 mg kg-1 dry weight and the average
concentration was determined to be 114.69 mg kg-1
dry weight (Table 4). The highest average iron
concentration (179.61 mg kg-1) was found in the
garlic bulbs grown in the .DKUDPDQPDUDú UHJLRQ
(Table 4). Values reported by other authors were
46.43-99.18 mg kg-1 [19], 95.40 mg kg-1 [30], and
42.10 mg kg-1 [31].
Manganese acts as a catalytic or structural
components of enzymes such as superoxide
dismutase, arginase and pyruvate carboxylase. It
also participates in different reactions and of
enzyme functions. The manganese content ranged
from 3.15 to 19.96 mg kg-1 dry weight and the
average manganese concentration was 7.27 mg kg-1
dry weight (Table 4). The highest average
manganese concentration (8.41 mg kg-1) was found
in the garlic bulbs grown in the %DOÕNHVLU region
(Table 4). Concentrations of Mn found in this study
were similar to those given by Li et al. [19].
Boron is an essential minor element for the
growth of many plants and is needed for membrane
function and bone metabolism, especially together
with calcium, magnesium, and vitamin D in the
body [32]. The boron concentrations of the garlic
bulbs varied from 4.71 to 48.44 mg kg-1 dry weight

and the average concentration of boron was
determined as 10.02 mg kg-1 dry weight (Table 4).
The highest value (24.93 mg kg-1) was found in the
garlic bulbs grown in the %DOÕNHVLU region (Table 4).
Choi and Jun [33] found 4.21 mg kg-1 B in their
garlic samples.
Sodium regulates osmotic and electrolyte
balance, nerve conduction, active cellular transport
and the formation of mineral apatite of bone in the
body. The sodium concentrations of the garlic bulb
samples taken from seven different regions varied
between 6.38 and 137.28 mg kg-1 dry weight, and
the average sodium concentration taken from these
regions was determined to be 23.40 mg kg-1 dry
weight (Table 4). The highest concentration (36.76
mg kg-1) was found in the garlic bulbs grown in the
Kastamonu region (Table 4). Similar results for
sodium were obtained by Sajid et al. [30] and
Odebunmi et al. [31].
Since mineral elements must be taken with
food by the human body, from the viewpoint of
human nutrition, consuming the recommended
dietary allowances (RDAs) of 100 g of garlic
accounts for 7% of P in adults. The amound of K,
Zn and Mn per serving of garlic supplies 3-5% of
the recommended daily intake of these elements for
adults, according to the results of in this study.
A correlation coefficient, a number
representing linear dependence and ranging from -1
to +1, was calculated to investigate thr garlic
samples of different regions (Tables 5).
The data were subjected to statistical analysis
and the correlation coefficient (r) was reported
between major and minor elements for 0 variables.
All variables showed significant correlation (at
0.05, 0.01 and 0.001) with at least one other
variable. The correlations between K-P (r=0.706),
Mg-P (r=0.0.658), Zn-Ca (r=0.486) and Mn-Mg
(r=0.466) were found to have high correlation
coefficients, while statistically significant negative
correlations were found between Na-P (r=-0.278),
Na-K (r= -0.282) and Fe-S (r=-0.340).
Figure 2. Shows the dendrogram obtained
from the HCA, which was performed on all the
analyzed elements to obtain a more simplified view
of the relationship among the regions. As seen from
the figure, two different clusters were observed.
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bioavailability in polish herbal medicaments.
Food Chemistry, 99: 670-679.
[3] Galdón, B.R., González, R.O., Rodríguez, E.R.
and Romero, C.D. (2008). Comparison of
mineral and minor element contents in onion
cultivars (Allium cepa L.). Journal of the
Science of Food and Agriculture. 88: 15541561.
[4] Strain, J.J. and Cashman, K.D. (2009).
Minerals and minor elements. In A
Introduction to Human Nutrition. Eds: Gibney,
M.J., Lanham-New, S.A., Cassidy, A. and
Vorster, H.H. John Wiley & Sons Ltd, pp:
188-237.
[5] Zhu, Y., Inagaki, K., Haraguchi, H. and Chiba,
K. (2009). Determination and size-fractional
distribution of the elements in garlic.
Analytical Sciences. 25: 137-140.
[6] FAO. (2013). FAOSTAT.; Food and
Agriculture Organization of the United
Nations., http://www.fao.org/faostat/en/#home
[7] Dong, D.Y., Lisk, D.J., Block, E. and Ip, C.
(2001). Characterization of the biological
activity RI Ȗ-Glutamyl-Se- methylselen
ocysteine. Cancer Research, 61: 2923-2928.
[8] El-Bayoumy, K., Sinha, R., Pinto, J.T. and
Rivlin, R.S. (2006). Cancer chemoprevention
by garlic and garlic-containing sulfur and
selenium compounds. The journal of Nutrition,
136: 864-869.
[9] Shukla, Y. and Kalra, N. (2007). Cancer
chemoprevention with garlic and its
constituents. Cancer Letters, 247: 167-181.
[10] Harini, K., Babu, S., Ajila, V. and Hegde, S.
(2013). Garlic: it's role in oral and systemic
health. Nitte University Journal of Health
Science, 3: 17-22.
[11] .RSHü, A., 3LąWNRZVND, E., /HV]F]\ĔVND, T.
and Sikora, E. (2013). Healthy properties of
garlic. Current Nutrition and Food Science, 9:
59-64.
[12] Gebreab, M.B. and Thirumurugan, G. (2014).
Therapeutic role and safety profile of garlic: A
Review. Journal of Nutritional Ecology and
Food Reserach, 2: 83-95.
[13] Ekholm, P., Reinivuo, H., Mattila, P., Pakkala,
H., Koponen, J., Happonen, A., Hellstro¨m, J.
and Ovaskainen, M. (2007). Changes in the
mineral and minor element contents of cereals,
fruits and vegetables in Finland. Journal of
Food Composition and Analysis, 20: 487-495.
[14] Chaturvedil, R. and Chaturvedi, S. (2011). A
review on different therapeutic uses and
antimicrobial potential of Garlic. South Asian
Journal of Experimental Biology, 1: 20-25.
[15] Boss, C.B. and Fredeen, K.J. (2004). Concepts,
instrumentation and techniques in inductively
coupled plasma optical emission spectrometry.
PerkinElmer Life and Analytical Sciences,
USA.

The different agronomic, environmental, soil and
climatic conditions were the parameters for the
formation of the clusters. The mineral
concentrations of the garlic bulbs grown in the
.DKUDPDQPDUDú DQG +DWD\ UHJLRQV VKRZHG WKH
highest similarity, while those of Kastamonu and
Balikesir regions had the lowest similarity.

FIGURE 2
Classification of the different regions by
hierarchical cluster analysis (HCA) on the major
and minor elements
Based on the results of the mineral element
concentrations of garlic bulb samples collected
from different regions in Turkey, garlic bulbs seem
to be a good source of essential elements. Garlic
bulbs were richest in N, K, S, P, and Ca, and were
poorest in Mg, Fe, Zn, Na, B and Mn. The
differences in the composition of not only the major
elements but also the minor elements between
garlic grown in different areas were determined.
The environment, as well as agronomic practices
such as the physical and chemical properties of soil
and fertilization programs, could affect the genetic
information of the seeds, determining changes in
the major and minor element composition.
However, garlic, owing to its nutritional and
medicinal properties, is one of the most popular
crops and commercial products in the world. The
data on the mineral content of garlic may also be
useful in determining geographic origin and
detecting illegal labeling.
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THE ROLE OF GLUTATHIONE IN THE DETOXIFICATION OF PERCHLOROETHYLENE
Yeliz Cakir Sahilli*
Department of Bioengineering, Faculty of Engineering, Munzur University, Tunceli,Turkey

chemicals through respirational and dermal ways;
and their health is at risk. People who are working
in dry cleaning sector are also under risk of cancer
and other similar diseases. Perchloroethylene
(1,1,2,2-tetrachloroetylen, tetrachloride, perchloro
ethylene, PCE, C2Cl4, Cl2C=CCl2) is a nonflammable but a volatile solvent. Even an amount
of 1 ppm of it in the air has a strong odor that can
be realized by people. Perchloroethylene is
produced
from
dichloroethane.
Since
trichloroethylene is another by-product, which is
liberated during this reaction, these two chemicals
are later separated from each other through
distillation technique. Like all other chlorinated
solvents, perchloroethylene also has a depressant
effect on the nervous system. Contacting to its
steam can cause dizziness, headache, dormancy and
blackouts; a continuous contact with human skin
causes
severe
dermal
problems
as
perchloroethylene dissolves all the oil in the skin.
Perchloroethylene is a solvent, which is
widely used in many applications, mainly in dry
cleaning. Its water solubility is limited; however, it
can fully mix with solvents like ethanol, acetone
and chloroform. Many of the organic substances
can also dissolve in perchloroethylene. Apart from
being used in dry cleaning, perchloroethylene is
also used in automotive and other sectors related to
metals in order to clean up the grease on metals. It
is included as a component in products like Tiriz
and stain removers. Another area of usage is the
production of hydrochlorofluorocarbon (HCFC)
coolers.
Dry cleaning is the process of cleaning textile
products by using a chemical solvent instead of
water. Various chemical substances are used in dry
cleaning processes such as, benzene, kerosene,
petroleum products, chloroform, carbon tetrachloride, perchloroethylene (tetrachloroethylene),
trichloroethylene, 1,2-trichlorotrifluoroethane, 1,1,
1-trichloroethane, decamethylcylcopentasiloxane,
n-propyl bromide. Among these chemical
substances, the use of perchloroethylene (PCE) in
dry cleaning centers is very common; and like all
others around the world, people in our region who
work in these dry-cleaning centers are intensively
exposed to this substance through respirational and
dermal ways.
Since people who work in these centers are

ABSTRACT
Environmental factors have important roles in
the development of cancer. Especially, the exposure
of chemicals existing in the workplace with people
is a very important issue. People at such places are
exposed to chemicals more especially via
respiratory and dermal route. Thus, their health is
under the risk. Dry cleaning centers are intensively
subjected to PCE, which is a common chemical
used at these work places, and the risk of cancer is
very high for them. The main aim of the present
study is to investigate, if PCE exposure results in
glutathione efflux from human erythrocytes. In the
present study, the changes in intracellular and
extracellular non-protein sulfhydryl (NPSH) levels
were determined in PCE exposed erythrocytes. PCE
significantly depleted intracellular NPSH level in a
time and concentration-dependent manner. PCE
significantly increased the NPSH levels measured
in the extracellular media. Along with the change in
extracellular nonprotein thiol levels, significant
increases in extracellular glutathione levels were
detected. Erythrocyte membranes were not
damaged over the course of PCE exposure as
indicated by the absence of lactate dehydrogenase
activity in the extracellular media. Utilization of
MK571 an MRP inhibitor decreased the rate of
glutathione efflux from erythrocytes suggesting a
role for this membrane transporter in the process.
The results of the present study indicate that
erythrocytes efflux glutathione when exposed to
PCE. In addition to glutathione oxidation,
glutathione efflux also contributes to intracellular
loss of glutathione when exposed PCE.

KEYWORDS:
Glutathione, Perchloroethylene,
cleaning

Erythrocytes,

Dry

INTRODUCTION
Environmental factors have an important
impact on the formation of cancer. Exposure to
various chemical agents in the working areas is one
of the more critical among these factors. People
who work in such areas are mainly exposed to
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in erythrocytes were then determined as described
by Sedlak [9]. %ULHIO\  ȝO RI HU\WKURF\WHV ZDV
O\VHG LQ  ȝO RI  7&$ SUHSDUHG LQ VRGLXP
phosphate-EDTA buffer (0.01 M sodium
phosphate/0.005 M EDTA). The erythrocyte lysates
were then centrifuged at 12.000 g for 5 min. At the
HQGRIFHQWULIXJDWLRQȝORIWKHVXSHUQDWDQWZDV
mixed with 1.9 ml of Tris-EDTA buffer (400 mM
Tris base, 20 mM EDTA, pH 8.9) containing 0.6
ȝPROPO '71% 7KH DEVRUEHQFLes of the samples
were then measured at 412 nm and the
concentrations of NPSH were calculated by using
the mM extinction coefficient of 13.1.

intensively exposed to PCE, several studies are
conducted on genotoxic and carcinogenic impacts
of PCE. When PCE enters to the body, it is first
metabolized to trichloroacetic acid (TCA). It is
found that TCA is hepato-carcinogenic (causing
cancer formation in liver cells) for mice [1,2].
Sweeney et al. (2009) [3] stated that the risk of
having cancer formation in liver cells increases for
mice that are exposed to PCE through respirational
ways. Another research denotes that PCE increases
the formation of renal tumors in mice [4].
GSH is an important tripeptide which consist
of glutamate, cysteine and glycine amino acids.
Cells, in general, involve considerably high levels
of concentration of GSH. GSH has a function of
dissoluble antioxidant within the cell and plays a
role to expel numerous free radicals from the
environment [5,6]. Apart from this, GSH also
expels many xenobiotics from the environment by
conjugation reactions catalyzed with glutathione Stransferase [7,8]. Thanks to these functions, GSH
provides protection to cells from toxic effects of
free radicals and other detrimental molecules.
Changes in glutathione levels of human
erythrocytes that are exposed to PCE compounds,
the factors affecting the extracellular glutathione
release and glutathione release were investigated.

Determination of extracellular NPSH levels.
Washed erythrocytes (0.25 ml) were resuspended in
KRP buffer in the presence of different
concentrations of PCE. Erythrocytes were then
incubated at 37 °C in a water bath for the indicated
time periods. At the end of incubation erythrocytes
were centrifuged and the supernatants were
transferred to clean tubes. The supernatants were
then acidified with the addition of concentrated
TCA to make 10% TCA final and then centrifuged
for 5 min at 12,000 g. The NPSH concentrations in
the supernatants were then measured as described
above.
Determination of LHD Activity. Lactate
dehydrogenase activity was determined in the
supernatants of PCE exposed erythrocytes using the
method defined by Welder and Acosta [10@ȝO
sample was transferred into clean tubes DQGȝO
NAHD solution (2.5 mg/ml NADPH dissolved in
10 ml 0. 0 SKRVSKDWH EXIIHU   ȝO  0
phosphate buffer and pyruvic acid (1 mg/ml) were
added. Variations in absorbance were recorded for 4
minutes. Total cytoplasmic LHD activity of intact
erythrocytes was similarly measured by hemolysis
of erythrocytes in distilled water.

MATERIAL AND METHODS
Materials. 3HUFKORURHWK\OHQH¶-Dithiobis(nitro benzoate) (DTNB), NAHD, MK571, Sodium
pyruvate was procured from Sigma Chemical Co.
(St. Louis, Missouri, U.S.A.). GT10; GSH
measurement kit was obtained from Oxford
Biomedical Research Inc. (Oxford, MI, USA).
Preparation of Erythrocytes. According to
required permissions, blood which was taken
(approximately 500 ml) from healthy volunteers are
kept in the commercial blood containers. Blood was
centrifuged at 2500 g for 5 minutes to separate
plasma and erythrocytes. The obtained erythrocyte
pellet was laved three times with potassiumphosphate-salt buffer (PBS) (9 volume 0.15M
NaCl, 1 volume 0.1M potassium-phosphate buffer,
pH 7.4) and prepared for the experiments.

GSH measurement. A colorimetric assay kit
was used to determine the GSH concentrations in
the supernatants (GT10; Oxford Biomedical
Research, MI, USA). The analytical GSH assay was
performed according to the manufacturer's
directions. The method is based on a chemical
reaction that resulted in a formation of a
chromophoric thione. In the first step, all
mercaptans in the sample react with 4-chloro-1methyl-7-trifluromethyl-quinolinium methyl sulfate
and generate thioethers. In the second step, a ßelimination reaction that took place under alkaline
conditions specifically transforms thioethers
obtained from glutathione into a thione which could
be measured at 400 nm. Briefly, the supernatants of
PCE exposed erythrocytes were collected, acidified
with the addition of concentrated MPA (final % 5
MPA), centrifuged, and incubated with provided
reagents. Samples were then measured for optical

Determination of intracellular nonprotein
sulfhydryl levels. Washed erythrocytes (0.25 ml)
were resuspended in 1 ml of Krebs Ringer
Phosphate (KRP) buffer (135 mM NaCl, 5 mM
KCl, 1.3 mM CaCl2, 1.2 mM MgSO4, 5 mM
glucose, 5 mM NaH2PO4, pH 7.4) during the
exposure to PCE. Cells were then incubated for the
indicated time periods at 37 °C in a water bath. At
the end of incubation, erythrocytes were removed,
centrifuged and the supernatants were discarded.
The nonprotein sulfhydryl (NPSH) concentrations
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membrane integrity was preserved over the course
of PCE exposure (Fig. 3). Therefore, it can be
concluded that NPSH determined in the
extracellular media was not a result of a leakage
from damaged erythrocyte membranes. Rather, it
mainly resulted from a transport process through
intact cellular membranes which is induced by PCE
exposure.

density with a spectrophotometer set at 400 nm.
The GSH contents of samples were calculated
according to the equation obtained from a GSH
standard curve prepared with known quantities of
GSH.
Statistical Analysis. Student-Newman-Keuls
Multiple Comparison and one-way analysis of
variance were used in the study. Tests were
conducted based on the statistical information
method. All tests were conducted on triple samples.
Results were presented as the arithmetic mean of
three different tests and ± standard deviation and p
< 0.05 values were accepted as statistically
significant.

RESULTS AND DISCUSSION
Initially, we investigated the effect of PCE on
intracellular and extracellular NPSH levels. For this
purpose, erythrocytes are incubated in KRP tampon
involving PCE at different concentration levels.
After incubation, NPSH concentration levels in
intracellular and extracellular media are determined
(Figure 1, Figure 2). Findings show that PCE brings
about significant decrease in intracellular NPSHs
and significant increase in extracellular NPSHs.

FIGURE 2
The effect of PCE on intracellular NPSH levels:
erythrocytes were exposed to the indicated PCE
concentrations in KRP buffer for the indicated
time periods. At the end of incubation
erythrocytes were removed and centrifuged. The
resulting erythrocyte pellets were washed once
with two volumes of phosphate buffer. NPSH
levels in washed erythrocytes were then
determined. Results are the mean and S.D. of
three separate experiments. p < 0.05.
*Significantly different from the control.
GSH significantly represents the intracellular
NPSH level in erythrocytes. However, it is difficult
to suggest that the increase in NPSH in the
extracellular media with GSH transport is induced
by PCE. For this purpose, GSH in the extracellular
media is directly measured after erythrocytes are
exposure to different concentration of PCE. Results
indicated that, a considerable amount of NPSH
identified in the extracellular media is GSH (Figure
4). This shows that PCE induces GSH transport
from erythrocytes. This situation indicates that
erythrocytes which are exposed to PCE compounds
produces some compounds containing acid-soluble
free-SH; and transports them out of the cell.
In order to demonstrate whether MPR
membrane carriers have a role in the transport of
GSH out of erythrocytes, GSH levels are measured
in the presence of MK571, which is an inhibitor of
MRP1. In order to determine the effects of MK571
on PCE induced GSH efflux from erythrocytes:
erythrocytes were incubated in KRP buffer in the
presence of different concentrations of PCE and
100 microM MK571. At the end of incubation,
samples were centrifuged and supernatants were
transferred to clean tubes. GSH concentrations were
then determined in the supernatants (Figure 5).
Results indicated that MK571 significantly

FIGURE 1
PCE induced NPSH efflux from erythrocytes:
Erythrocytes were incubated in KRP buffer in
the presence of indicated concentrations of PCE.
At the end of incubation samples were
centrifuged and supernatants were transferred
into clean tubes. NPSH concentrations were then
determined in these supernatants. Results are
the mean and S.D. of three separate
experiments. p < 0.05.
*Significantly different from the control.
In order to determine whether the NPSH
release from erythrocytes occurred as a result of
membrane damage, the LDH activity was measured
in the extracellular media following the exposure to
PCE. LDH activities in the media of PCE exposed
erythrocytes did not change significantly. The
obtained results indicated that erythrocyte
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in liver cells, increase in several liver enzymes,
bilirubin
disruption
are
also
emerged
[11,12,13,14,15,16].

decreased the GSH efflux from erythrocytes
suggesting that transporter is involved in the efflux
process. The results provided an evidence
indicating that MRP1 transporters are involved in
GSH efflux from erythrocytes. However, MRP1
inhibitor MK571 was not sufficient to completely
inhibit GSH efflux from erythrocytes.

FIGURE 4
PCE induced GSH efflux from erythrocytes:
erythrocytes were incubated in KRP buffer in
the absence and presence of indicated
concentrations of PCE. At the end of incubation
samples were centrifuged and supernatants were
transferred to clean tubes. GSH concentrations
were then determined in the supernatants.
Results are the mean and S.D. of three separate
experiments. p < 0.05.
*Significantly different from the control (0 PCE
concentration).

FIGURE 3
The effect of PCE on cellular membrane:
erythrocytes were incubated in KRP buffer
containing the indicated concentrations of PCE
for the indicated time period and the LDH
activities were determined in the supernatants.
Total cellular LDH activity in the erythrocytes
was determined following hemolysis of intact
erythrocytes in distilled water. The results are
the mean and S.D. of three separate
experiments. Supernatant LDH activities in PCE
exposed erythrocytes were not significantly
different from the control level.

Intracellular NPSH levels significantly
decreased with PCE concentrations we used in our
research. However, considerable NPSH levels are
also identified in the extracellular environment as a
result of PCE application. Our further studies
demonstrate that a critical amount of this NPSH
level is GSH. Therefore, it can be argued that
another way of intracellular GSH loss is GSH
outflow from cells.
In our research, GSH, which is reduced in the
extracellular environment by erythrocytes treated
with PCE, is identified. Hence, GSH outflow,
which is reduced by erythrocytes treated with PCE,
can also be considered as an additional reason for
intracellular GSH loss. Previous research
demonstrates that erythrocyte membrane is not
pervious to GSH under physiologic conditions [17].
In this regard, our research shows that PCE induces
events that trigger outflow of GSH from
erythrocytes.
Studies showing that MPR1 and MPR2 have a
role in the mechanism for GSH outflow from cells
as a result of PCE application are still in progress
[18,19]. It is known that there is MRP1 activity in
human erythrocyte membrane [20,21]. MRP1 is a
member of the ABC carrier family. It is found that
PCE strongly inhibits GSH outflow from
erythrocytes in the presence of MK571, which is an
inhibitor of MRP1. This shows that MRP1 has a
role in the outflow of reduced GSH from the cell.

McDermott and Heffron (2013) investigated
the vitro cytotoxic effects of dichloromethane
(DMC),
tetrachloroethylene
(PCE),
1,2
dichloroethane (DCE) and trichloroethylene (TCE)
which are among chlorinated organic solvents. In
the research, Jurkat T cells were exposed to each
solvent separately for 72 hours and formation of
reactive oxygen species (ROS), cell growth,
intracellular free Ca (Ca+2) concentration and
caspase-3 activity were measured. It is found that
there is an increase in the formation of ROS and
intracellular free Ca+2 related to the concentration
and this accompanies a decrease in cell growth. The
effect decreases respectively as the following:
µ3&(!7&(!'&0!'&(¶
Results of vitro mutation tests conducted with
PCE (Ames test) or DNA bonding tests are mostly
negative, except for several conditions in which
GSH metabolites are produced. It is observed that
as a result of acute exposure to high dose of PCE
(the level of exposure could not be identified),
hepatotoxic effects such as hepatomegaly, damages
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FIGURE 5
The effect of MK571 on PCE induced GSH efflux from erythrocytes: erythrocytes were incubated in KRP
buffer in the presence of different concentrations of PCE. At the end of incubation samples were
centrifuged and supernatants were transferred to fresh tubes. GSH concentrations were then determined
in the supernatants. Results are the mean and S.D. of three separate experiments. p < 0.05.
*Significantly different from the control.
**Significantly different from the corresponding control and PCE groups.
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Proportional to the rapid industrialization and
technological developments both in Turkey and
around the world, certain problems, especially
related to the safety of the people working in work
places, are emerging. Therefore, job safety has
become considerably important as it is necessary to
make work places safe by taking several
precautions before hand.
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However, these yield increases have caused rapid
destruction of ecosystem [4,5]. The destruction of
ecological balance which has negatively affected the
human, animal and environmental healths has forced
the people to search for new findings. As a result of
this, a lot of countries in the world have entered into
a quest against conventional agriculture and brought
on their agenda the organic production methods
[6,7]. Organic agriculture although accounting for
only 1% of the agricultural lands in the world, is one
of the fastest growing and developing sector.
Nowadays, many consumers in the developed
countries have been preferring to consume organic
foods [8]. The reasons for consumers to prefer
organic foods are that organic production improves
the soil structure [9, 10], increases biodiversity in the
soil [11], protects the environment [12, 13, 14, 15,
16], is better in terms of food quality and security
[15, 16, 17, 18], provides the sustainability in plant
productivity [10] and provides organic products
which consumers believe that they are more
nutritious [8, 19].
Organic agriculture is an agricultural system
designed to re-establish the ecological balance which
has been destroyed by the traditional agricultural
applications with the use of natural inputs and
environmentally friendly techniques [20]. The
product is under the control in all stages in this
system and certified [21]. The uses of chemical
fertilizers and pesticides are forbiden [3], but the use
of organic fertilizers in plant nutrition is allowed in
order to increase the organic matter and
microbiological activity of the soil [22]. In order to
provide the sustainability in soil fertility, the
populations of beneficial microorganisms in the
rhizosphere region of the soil need to be increased
[23]. Since organic agricultural regulations forbid
the use of synthetic fertilizers, the necessity of the
availability of a balanced realtionship between plant
and animal production has been emphasized. With
this point of view, organic production can be seen as
a prototype for the recyling of agriculture [24].
The interest to organic agriculture has caused
producers to turn to the organic production, and the
search for inputs that can be used in organic
agriculture has brought on the agenda by the
agricultural firms. One of the products is the plant

ABSTRACT
The interest of consumers to organic foods has
been increasing with a higher acceleration in each
passing day. Among the reasons for the interest in
organic consumption, the demand to consume higher
quality foods and environmental care play the main
role. In the study, the yield and food quality
characteristics of organically produced peppers were
compared to those of the conventionally produced
peppers. For this purpose, three different plant
activators (Crop-Set, Soil-Set and Manda 31) were
used to grow peppers in organic parcells and the
obtained results were compared to the results
obtained from control and conventional production
parcells in pepper production. At the end of the
study, as compared to the control, the yield, early
yield, fruit physical quality (fruit weight, fruit length
and diameter), total sugars, reducing sugars, total
chlorophyll, chlorophyll a and b values showed
increases with the application of plant activators.
Moreover, as compared to the conventional
production the Crop-Set and Manda 31 treatments
increased the total sugar, reducing sugar and total
chlorophyll contents of pepper. The results have
demonstrated that plant activators have positively
affected the yield and food quality of pepper
produced organically and could be used successfully
in organic pepper production.

KEYWORDS:
Fruit quality; organic agriculture; pepper; plant activator;
yield

INTRODUCTION
The limited amount of agricultural lands as
compared to the rapid increase in world population
has set the foundation for the generation of many
problems [1,2]. This increase in the world population
has forced people to obtain the highest possible yield
per area in the shortest time [3]. For this reason, the
µJUHHQ UHYROXWLRQ¶ SROLWLFV ZLWK WKH PRQRFXOWXUH
production and intense use of inputs have caused
more than 100% increases in the yield in 1960s.
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area on May 25 in 2013 and on May 21 in 2014 with
a row distance of 70 cm x 30 cm. The experiment
was designed according to the randomized complete
block experimental design with three replications
and 20 plants per replication.
The plant activator Crop-Set consists of
Lactobacillus acidophilus (893.80 g/l), plant extract
(147.15 g/l), manganese sulphate (27.25 g/l), ferrous
sulphate (16.35 g/l) and copper sulphate (5.45 g/l).
The other plant activator Soil-Set containes
Lactobacillus acidophilus (781.18 g/l), plant extract
(37.06 g/l), zinc chlorides (92.77 g/l), copper
chlorides (74.86 g/l), ferrous chlorides (77.86 g/l),
manganese chlorides (26.27 g/l). The third plant
activator used in the study, Manda 31 has 18
aminoacids including 66 mg proline, 69 mg alanine,
56 mg serine, 64 mg valine, 44 mg threonine, 49 mg
isoleucine, 48 mg glycine, 86 mg leucine, 207 mg
glutamic acid, 17 mg methionin, 27 mg histidine, 53
mg arginine, 10 mg tryptophan, 260 mg aspartic
acid, 17 mg cysteine, 53 mg phenylalanine and 37
mg tyrosine per 100 grams. Crop-Set and Soil-Set
were organically certified by OMRI, and Manda 31
by JACT.
The plant activators were applied three times
during the vegetation period in both years of the
study. While 60 cc/da Crop-Set and 30 cc/da Manda
31 were applied to both plant and soil surface, 100
cc/da Soil-Set was only applied to the soil surface by
spraying. In the conventional treatment in the study
after the application of 40 kg 15.15.15 (N, P 2O5,
K2O) fertilizer as a base fertilizer, 30 kg/da
potassium nitrate (%13 N, %46 K2O), 10 kg/da
ammonium nitrate (%33 N), 5 kg/da calcium nitrate
(%15.5 N, %26 CaO), 10 kg/da monoammonium
phosphate (%12 N, %61 P2O5) were applied to the
plants during the vegetation period. In order to fulfill
the microelemental requirements of plants, 500 g/da
of a commercial fertilizer containing 3% boron, 0.5
% copper, 5% iron, 5% molibden and 7% zinc was
applied to the plants three times using the drop
irrigation system.
Moreover, a control parcel which received no
treatment was established in the study in order to
compare the organic and conventional treatments.
A total of 9 harvests in the first year (6 july-27
september 2013) and 8 harvests in the second year
(13 July-18 september) were performed using the
criteria as described [27]. In the study, the
parameters including total yield (ton/da), early yield
(ton/da), mean fruit weight (g), fruit diameter (mm),
fruit length (cm), total and reducing sugars contents
of the fruit (mg/g), chlorophyll a, b and total
chlorophyll contents of the fruit were determined.
The early yield was determined by weighing
out the yield harvested during the first 30 days of the
harvest period [28].
Five hundred grams of fruit tissue from each
treatment were frozen in liquid nitrogen and used

activators that can be used in organic agriculture.
The plant activators have been defined as the
materials that activate the natural defense system in
plants, help plants to benefit more from plant
nutrients in the soil, protect the plants from stress
conditions and as a result increase the yield and
quality of the products [25]. Tosun and Ergun (2002)
[26] indicated that plant activators contain a
mechanism that activates the natural defense
mechanism and this mechanism is called Systemic
Acquired Resistance (SAR).
In this study, three plant activators (Crop-Set,
Manda 31 and Soil-Set) were used to produce
organic peppers and the data obtained were
compared to the data obtained from conventional
production and control (the parcels received no
treatment) treatments. The study has focused on the
yield and some fruit quality characteristics.

MATERIALS AND METHODS
The study was conducted in an open field
suitable for organic production in Yalvaç province
(Isparta, Turkey) during the 2013 and 2014 years.
The soil of the experimental area were clayed and
some of the physical and chemical characteristics of
the soil were presented in Table 1.
TABLE 1
Some of the physical and chemical
characteristics of the soil in the experimental
area
Parameters

Value

pH (1:2,5)
EC
micromhos/cm
(1:2.5)
Lime
(kalsimetrik) (%)
Organic matter
(%)
Nitrogen (ppm)
Phosphorus
(ppm)
Potassium (ppm)

8.07
148.30

Measured
Parameter
Calcium (ppm)
Magnesium
(ppm)

Value
4894.90
568

40.69

Iron (ppm)

1.29

2.49

Copper (ppm)

0.80

1330
5.20

Mangan (ppm)
Zinc (ppm)

1.74
0.63

590.29

Delta 07 hybrid pepper cultivar was used as
plant material in the study. The cultivar used is
suitable for growing in greenhouse and open field
conditions in spring and fall seasons and has sharp
type, bitter and dark green fruits.
Well-burned cattle manure (10 tons/ha)
obtained from naturally fed animals was applied to
the experimental area two weeks before the
plantation of the pepper plants. The cattle manure
used had a pH of 7.5, a salt ratio of 0.24 % and an
organic matter content of 25%. The manure
contained 0.56% N, 0.31% P2O5, 0,26% K2O and
0.34% CaO.
The seedlings were planted to the experimental
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TABLE 2
The effects of treatments on the yield and early yield in pepper
Yield (t/ha)
Early yield (t/ha)
Treatments
2013
2014
Mean
2013
2014
Mean
Control
18.5±2.22 ns
18.0±3.48 ns
18.3±2.63c
7.0±1.19 ns
6.8±0.67 ns
6.9± 0.87c
Crop-Set
23.5±3.75 ns
22.5±3.49 ns
23.0±3.29 bc
8.7±1.18 ns
8.1±0.40 ns
8.4± 0.85bc
Soil-Set
24.9±3.15 ns
24.3±2.25 ns
24.6±2.47b
8.5±0.49 ns
8.7±1.16 ns
8.6± 0.80b
Manda 31
24.0±2.89 ns
23.2±2.29 ns
23.6±2.38b
8.5±1.14 ns
7.9±0.96 ns
8.2± 0.99bc
Conventional
35.2±2.44 ns
34.8±2.57 ns
35.0±2.25 a
12.3±0.97 ns
12.5±0.29 ns
12.4± 0.64a
Mean
25.2±6.16 ns
24.6±6.23 ns
9.0±2.03 ns
8.8±2.11 ns
Data represent means ± standard deviations. Means within each column followed by the same letters are not significantly different at the
5% level of significance. ns: Nonsignificant.

TABLE 3
The effects of treatments on the mean fruit weight and fruit length in pepper
Mean fruit weight (g)
Fruit length (cm)
Treatments
2013
2014
Mean
2013
2014
Mean
Control
11.01±0.89 ns
11.70±0.67 ns
11.36± 0.80b
16.08±0.59 ns
16.01±0.61 ns
16.05±0.54 b
Crop-Set
12.36±0.46 ns
12.41±0.46 ns
12.39±0.41 ab
17.10±1.11 ns
16.30±0.38 ns
16.70±0.86 ab
Soil-Set
12.76±0.12 ns
12.32±0.56 ns
12.54± 0.43a
17.51±0.43 ns
16.78±0.13 ns
17.14±0.49 ab
Manda 31
12.04±1.18 ns
12.94±0.31 ns
12.49± 0.92a
16.58±1.09 ns
16.66±0.39 ns
16.62±0.73 ab
Conventional
13.16±0.31 ns
12.99±0.24 ns
13.08±0.26 a
17.77±0.55 ns
17.45±0.55 ns
17.61±0.52 a
Mean
12.27±0.97 ns
12.47±0.63 ns
17.01±0.93 ns
16.64±0.63 ns
Data represent means ± standard deviations. Means within each column followed by the same letters are not significantly different at the 5%
level of significance. ns: Nonsignificant.

TABLE 4
The effects of treatments on the fruit diameter and total soluble sugars in pepper
Treatments

Fruit diameter (mm)
2013

2014

Mean

Total soluble sugars (mg/g)
2013
2014

Control
13.72±0.59 ns
14.92±1.03 ns 14.32±0.99 b 27.68±0.87 ns
Crop-Set
14.39±0.05 ns
15.07±0.44 ns 14.73±0.47 b 31.22±4.57 ns
Soil-Set
14.53±0.34 ns
15.31±1.07 ns 14.92±0.83 b 30.06±4.38 ns
Manda 31
14.53±0.60 ns
15.25±0.76 ns 14.89±0.73 b 30.19±0.81 ns
Conventional
16.19±0.65 ns
16.15±0.67 ns 16.17±0.59 a 30.34±1.89 ns
Mean
14.67±0.94 b
15.34±0.83 a
29.90±2.82 b
Data represent means ± standard deviations. Means within each column and line followed by the
at the 5% level of significance. ns: Nonsignificant.

for the determination of total soluble and reducing
sugars contents, chlorophyll a and b, and total
chlorophyll contents. Chlorophyll a, b, and total
chlorophyll contents were measured using the
procedure as described [29].
Mesocarp tissue (5 g) from 20 fruits of each
treatment was homogenized in a Polytron
homogenizer with 20 ml of 95% ethanol for 2 min.
The homogenates were placed into a boiling waterbath for 10 min. After cooling to room temperature,
the extracts were centrifuged at 8000 g for 15 min
and the supernatants were filtered through GF/C
filter paper (Whatman). The pellets were extracted
again with 20 ml of 80% ethanol at 25 0C and the
supernatants were combined. Total soluble sugars
and reducing sugars were determined as described by
Dubois et al. (1956) [30] and by Honda et al. (1980)
[31], respectively. Glucose was used as a standard
for both assays.
The data obtained from the study were
subjected to the analyses of variance (ANOVA)
using MINITAB 17 statistical program and the
PHDQV ZHUH VHSDUDWHG ZLWK 7XNH\¶V WHVW DW WKH 
level of significance.

RESULTS AND DISCUSSION
The effects of plant activators (organic production), control and conventional treatments on the
yield and some fruit quality characteristics of pepper
were given in Table 2, 3, 4, 5 and 6. The data showed
that year x treatment interactions had no significant
effect on any of the parameters determined in the
study. The treatments had a significant effect on the
pepper yield and the highest yield (35 t/ha) was obtained from the conventional treatment (Table 2). As
compared to the control, all treatments caused an increase in the yield, and the highest yield was obtained from the Soil-Set treatment (24.6 t/ha) after
the conventional treatment. The increases in the
yield and the parameters (early yield, fruit weight,
fruit diameter and fruit length) influencing yield
caused by plant activator (organic productions) treatments as compared to the control could be explained
by the effects of plant activators causing a better usage of soil nutrients, the positive effects of plant activators on beneficial microorganism populations
and the availability of factors (nutrients, amino acids) affecting growth and development of plants in
plant
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Mean

30.77±2.00 ns 29.23±2.18 ns
32.10±2.17 ns 31.66±3.24 ns
30.50±0.22 ns 30.28±2.78 ns
35.97±2.00 ns 33.08±3.45 ns
32.14±1.57 ns 31.24±1.84 ns
32.30±2.50 a
same letters are not significantly different
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TABLE 5
The effects of treatments on the reducing sugars and total chlorophyll contents in pepper
Reducing sugars (mg/g)
Total chlorophyll (μg/mg)
Treatments
2013
2014
Mean
2013
2014
Mean
Control
13.94±1.18 ns
14.91±0.42 ns
14.43±0.95 b
1.59±0.38 ns
1.55±0.02 ns
1.57±0.24 c
Crop-Set
16.67±0.73 ns
15.68±0.74 ns
16.18±0.85 ab
2.45±0.06 ns
2.54±0.09 ns
2.50±0.08 a
Soil-Set
16.48±0.65 ns
14.85±1.62 ns
15.66±1.42 ab
2.06±0.36 ns
2.07±0.11 ns
2.07±0.24 b
Manda 31
16.74±2.41 ns
16.17±0.34 ns
16.45±1.57 a
2.20±0.20 ns
2.37±0.18 ns
2.28±0.19 ab
Conventional
16.43±0.52 ns
15.36±1.08 ns
15.90±0.96 ab
2.15±0.16 ns
2.10±0.18 ns
2.13±0.16 b
Mean
16.05±1.55 ns
15.39±0.96 ns
2.09±0.37 ns
2.12±0.37 ns
Data represent means ± standard deviations. Means within each column followed by the same letters are not significantly different at the
5% level of significance. ns: Nonsignificant.

TABLE 6
The effects of treatments on the chlorophyll a and chlorophyll b contents in pepper
Chlorophyll a (μg/mg)
Chlorophyll b (μg/mg)
Treatments
2013
2014
Mean
2013
2014
Mean
Control
0.65±0.05 ns
0.98±0.07 ns
0.82±0.19 b
0.94±0.33 ns
0.56±0.07 ns
0.75±0.30 b
Crop-Set
1.26±0.05 ns
1.34±0.10 ns
1.30±0.08 a
1.19±0.01 ns
1.19±0.15 ns
1.19±0.09 a
Soil-Set
1.13±0.38 ns
1.35±0.05 ns
1.24±0.27 a
0.93±0.03 ns
0.72±0.16 ns
0.83±0.15 b
Manda 31
1.14±0.09 ns
1.41±0.07 ns
1.28±0.16 a
1.06±0.13 ns
0.96±0.19 ns
1.01±0.16 ab
Conventional
1.15±0.07 ns
1.08±0.05 ns
1.12±0.07 a
1.00±0.10 ns
1.02±0.23 ns
1.01±0.16 ab
Mean
1.07±0.27 b
1.23±0.19 a
1.02±0.17 a
0.89±0.27 b
Data represent means ± standard deviations. Means within each column and line followed by the same letters are not significantly different
at the 5% level of significance. ns: Nonsignificant.

Total soluble sugar content was not significantly influenced by the treatments (Table 4). However, the year effect on total soluble sugar content
was statistically significant, and the highest sugar
content was obtained in 2014. In agreement with our
ILQGLQJV.LUDFÕHWDO  [39] have reported that
the total soluble sugar content of carrot showed significant variations depending on the years. Although
we did not determine any significant difference
among treatments in terms of total soluble sugar contents of pepper fruit, significant influences of plant
activators on the total soluble sugars have been reported in other crops including apple [40], carrot [39]
and date palm [41]. On the other hand, the effects of
the treatments on the reducing sugars were significant (Table 5). The highest reducing sugars content
was obtained from peppers treated with Manda 31
followed by Crop-Set and conventional treatments.
In agreement with our results an increase in reducing
sugars content have been reported in many crops
such as carrot [39] and date palm [41].
The fruit chlorophyll content is an important
quality characteristic of pepper fruit, which is mainly
responsible for the green color of the fruit and thus
affecting their appearance and consumer acceptance
[42, 43]. Total chlorophyll content of pepper fruit
significantly increased in response to all treatments
as compared to the control, suggesting a significant
improvement in the green color of pepper fruit (Table 5). The highest total chlorophyll content was observed in the Crop-Set treatment followed by the
Manda 31 treatment. The changes in total chlorophyll contents in response to treatments were mainly
due to the change in chlorophyll a content since there
were higher increases in chlorophyll a content in response to all treatments as compared to the changes
in chlorophyll b content (Table 6). The chlorophyll a

activators. The positive effects of the conventional
treatments on the parameters could be explained by
the readily presentation of nutrients that are needed
by the plants. As a fact, various researchers have indicated that the use of plant activators increases the
yield in potato [32, 33], cucumber [34], carrot [35]
and tomato [36, 37] as compared to the control. The
treatments had a significant effect on the early yield.
All the treatments have increased the early yiled as
compared to the control treatment. The highest early
yield was obtained from conventional treatment
(12.4 t/ha), and this was followed by Soil-Set (8.6
t/ha) and Crop-Set (8.4 t/ha) organic treatments (Table 2). Similarly, Unlu (2008) [38] has reported that
the use of plant activators in organic tomato production increased the early yield as compared to the control, but the conventional production resulted in a
higher early yield value as compared to the organic
production.
In the study, it has been determined that while
the treatments had a significant effect on the mean
fruit weight, fruit length and diameter, the years only
had a significant effect on fruit diameter. As compared to the control, all treatments increased fruit
weight, fruit length and fruit diameter, and the highest increases (13.08 g, 17.61 cm and 16.17 mm respectively) were obtained from the conventional
treatment. The highest fruit weight, fruit length and
fruit diameter in organically grown peppers were obtained from the Soil-Set treatment as 12.54 g, 17.14
cm and 14.92 mm respectively (Table 3, 4.). Similarly, it has been reported that tuber weight in potato
[32, 33], root length and diameter in carrot [35], fruit
weight in tomato [36, 37] fruit length and diameter
in tomato [37] were increased as compared to the
control with the application of plant activators.
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and organic matter dynamics in a marine loam
in the Netherlands. Soil Use and Management.
19, 157±165.
[10] Das, A., Patel, D.P., Kumar, M., Ramkrushna,
G.I., Mukherjee, A., Layek, J., Ngachan, S.V.
and Buragohain, J. (2017) Impact of seven years
of organic farming on soil and produce quality
and crop yields in eastern Himalayas, India.
Agriculture, Ecosystems and Environment. 236,
142±153.
[11] Tu, C., Ristaino, J.B. and Hu, S. (2006) Soil
microbial biomass and activity in organic
tomato farming systems: effects of organic
inputs and straw mulching. Soil Biology and
Biochemistry. 38, 247±255.
[12] Tilman, D. (1998) The greening of the green
revolution. Nature. 396, 211±212.
[13] Elmaz, O., Cerit, H., Ozcelik, M. and Ulas, S.
(2004) Impact of organic agriculture on the environment. Fresen. Environ. Bull. 13(11a) 10731079.
[14] Hafla, A.N., Macadam, J.W. and Soder, K.J.
(2013) Sustainability of US Organic beef and
dairy production systems: Soil, plant and cattle
interactions. Sustainability. 5, 3009±3034.
[15] (U\ÕOPD] *$ 'HPLU\UHN . DQG (PLU 0
(2015) Consumer behaviour towards organic
agriculture and food products in the European
Union and Turkey. Anadolu Journal of
Agricultural Sciences. 30, 199-206.
[16] Nandwani, D. and Sochinwechi, N. (2016)
Organic farming for sustainable agriculture.
(Eds. D. Nandwani), Volume 9, International
Publishing Switzerland, Springer, 1-35.
[17] Giles, J. (2004) Is organic food better for us?
Nature (London). 428, 796±797.
[18] Aggelopoulos, S., Arabatzis, G. and Pauloudi,
A. (2009) Agri-environmental policy of Eu: the
case of organic farming in greece. Fresen. Environ. Bull. 18(6), 1024-1030.
[19] Williams, P.R. and Hammitt, J.K. (2001)
Perceived risks of conventional and organic
produce Pesticides, pathogens and natural
toxins. Risk Analysis. 21, 319±330.
[20] 7DVEDVOÕ + =H\WLQ % $NVR\ ( DQG
.RQXVNDQ+0  2UJDQLN7DUÕPÕQ*HQHO
øONHOHUL 7& 7DUÕP YH .|\LúOHUL %DNDQOÕ÷Õ
$UDúWÕUPD 3ODQODPD YH .RRUGLQDV\RQ .XUXOX
%DúNDQOÕ÷ÕV$QNDUD
[21] Oztemiz, S. (2008) Biological control in organic
farming. Journal of Agricultural Faculty of
Gaziosmanpasa University. 25(2), 19-27.
[22] Gul, A., Tuncay, O., Tuzel, Y., Okur, B., Tuzel,
,+ *XPXV 0 0DGDQODU 1 2QR÷XU (
Orumlu, E.A., Turkusay, H., Yoldas, Z. and
Engindeniz, S. (2000) Organic tomato growing
in greenhouse. TUBITAK Turkish Agricultural
Research Project Publications, (Edit: Yuksel
Tuzel-(UVLQ2QR÷XU ø]PLU
[23] Okur, N. and Ortas, I. (2012) Mikrobiyolojik

content showed a significant change in response to
all treatments increasing to more than 30% in response to all treatments. On the other hand, chlorophyll b content only showed a significant increase in
Crop-Set treatment. In agreement with our results, an
increase in chlorophyll content has been reported in
organically grown pepper fruit in response to humic
acid application [43].

CONCLUSIONS
The most important limiting factor in the
development of organic farming is the absence of
adequate production inputs in terms of producers.
Especially in plant nutrition, the producers face
difficulties in finding adequate and certified products
in comparison with the conventional production. In
this study, three different organically certified plant
activators were utilized as plant activators. The
results have demonstrated that the use of plant
activators has increased the yield and quality
esspecially as compared to the control treatment in
organic pepper production.
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