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EVALUATION OF HEAVY METALS IN VARIOUS
CIGARETTE BRANDS MARKETED IN PAKISTAN AND
THEIR IMPLICATIONS FOR PUBLIC HEALTH
Altaf Hussain1,Kafeel Ahmad1,*, Zafar Iqbal Khan1,Asma Ashfaq1, Ijaz Rasool Noorka2, Fahim Arshad3,
Muhammad Sohail1, Humayun Bashir1, Asma Zafar1, Syed Usman Mahmood7, Zagham Khan6,
Muhammad Sher5, Hazoor Ahmad Shad5, Mian Jahan Zaib Rashid1, Naunain Mehmood4, Ghazanfar
Ali1,Shehnaz Bibi1, Sana Iqbal1, Fauzia Batool1, Fauzia Naseem Taj1, Anum Nisar1, Rabia Abdullah1
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Department of Chemisrty, University of Sargodha, Sargodha, Pakistan
6
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habituation is mainly caused by nicotine which is
used in different proportions by different users.
Cigarette smoke is highly injurious to health as it
contains 4000 identified compounds which could be
carcinogenic [1]. Among these highly toxic chemical
substances, heavy metals, particularly lead and
cadmium enter through lung inhalation in human
bodies. So smokers and non-smokers are at equal
risk of toxicity.
Accumulation of Pb, Ni, Cd and Cr in tissue
fluids occurs through continuous exposure [2,3,4].
Cd, a highly toxic metal for human body, gets
absorbed into the lungs by its sole significant source
i.e. tobacco smoking [4]. Renal damage, fragility of
bones, brain damage, problems in nervous system
and red blood cells are among the other
repercussions of inhaling smoke full of toxicants like
Pb, Co, Cd, Cr, Se, Ni and As [5,6,7].
Copper and Zinc are the trace elements
required to human body in adequate levels for
enzyme functioning but their buildup may result in
toxicity. Copper may culminate in toxicity if
ingested in larger amounts causing apoptosis [8].
Zinc induces oxidative stress when elevated levels
are present [9].
The aims of the present study were to check the
mineral composition and toxicities in various
cigarette brands, communicate the status of
hazardous and harmful factors of toxic metals
present in them and compare the levels of metals in
Pakistani cigarettes with literature reports, cigarette
sold or smoked around the world.

ABSTRACT
Severe health complications result from
tobacco smoking, hence an insight into metallic
concentrations of cigarettes was needed. Five
cigarette brands commercially sold in Pakistan were
investigated for their heavy metal contents. The
collected samples were analyzed using an Atomic
Absorption Spectrophotometer and GFAAS. The
mean content of Cd in different brands of cigarettes
was 0.3918+0.022 mg/kg, Pb (1.992+0.10 mg/kg),
Al (649.28+4.15 mg/kg), Cr (11.34+1.033 mg/kg),
Mn (54.48+2.604 mg/kg), Fe (43.86+1.49 mg/kg),
Co (0.8042+0.088 mg/kg), Ni (6.522+0.204 mg/kg),
Cu (19.218+1.224 mg/kg) Zn (65.692+2.28 mg/kg),
As (13.074+1.526 mg/kg), Se (0.668+0.06 mg/kg)
and Hg was 8.044+0.552 mg/kg (range 6.91-8.99
mg/kg). Positive but non-significant correlation
among Mn, Al, Fe, Ni, Co, As, Cd and Se was
observed while negative but non-significant
correlation was observed between Al, Pb Cu and Zn.
Based on the data generated by current study and
data from already available literature, a comparison
of the content of different metals in various cigarette
brands is made to judge the influence of smoking and
metal element exposure to health. Meanwhile,
continuous monitoring and tobacco control is
advised to ensure public health safety.

KEYWORDS:
Heavy metals,Health risk,Cigrette brands,Smokes,Lungs
diseases,Punjab,Pakistan

MATERIALS AND METHODS
INTRODUCTION
Sample Collection. Sampling was done for
five different cigarette brands used excessively in
Pakistan. Five replicates were taken for each sample.
Figure 1 shows the five major cigarette brands.

Men, women and children widely use tobacco
smoke throughout the world. Passive smokers are
also at risk as they inhale the toxic smoke. Cigarette
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Sample Preparation. Samples were initially
placed in oven to remove moisture content and then
treated mixture of 4ml H2SO4 and 8 ml H2O2 for
DERXW KDOI DQ KRXU WR XQGHUJR ³ZHW GLJHVWLRQ
PHWKRG´2QHJUDPVDPSOHZDVWDNHQIRUGLJHVWLRQ
Till the discoloration of sample, the digestion on a
hot plate continued. The resulting sample was put in
labeled plastic bottle after filtration and 25ml
volume was made by adding distilled water.

Absorption Spectrophotometer Perkin-Elmer AAS5000
(Perkin-Elmer
Corp.,
1980)
and
Spectrophotometer (U-2900/2910 Double Beam
Spectrophotometer). The metals under consideration
were Lead (Pb), Zinc (Zn), Mercury (Hg), Copper
(Cu), Selenium (Se), Chromium (Cr), Aluminum
(Al), Iron (Fe), Nickel (Ni), Manganese (Mn),
Arsenic (As), Cadmium (Cd) and Cobalt (Co).
Very sensitive hydride technique is required to
determine the concentrations of As, Hg, Al and Se
[10]. Atomic absorption spectroscopy (AAS) is less
sensitive as compared to the hydride technique so
intense hollow cathode lamps are required. As, Hg,
Al and Se were analyzed in aqueous standards [11].
Lower detection limits, mg to μg, can be detected by
coupling AAS with hydride generation. It can be
done for volatile elements like Se, Sb, Ge, As and Hg
(Senaratne and Shooter, 2004).

Quality check. In order to regulate quality of
the sample analysis, repeated analysis for the metals
were done againstNational Institute of standard and
technology, Standard Reference Material (SRM
1570). Obtained results were within ±2% range of
the prescribed values. Instrument calibration was
made by running blank standards after obtaining five
readings. For precision of analysis, the coefficients
of variation of replicate analysis were determined
and variations within or below 10% were taken into
account.

Statistical analysis. The obtained results were
statistically tested using SPSS and the level of
significance was kept at 0.001, 0.01 and 0.05.
Correlation was also applied for the metals in the
experimental cigarette brands.

Sample Analysis. The labeled samples were
then analyzed for their metal content by Atomic

FIGURE 1
Cigarette Brands
TABLE 1
Analysis of variance for various metal elements in Cigarette
Metal
Elements

(Mean + S.E.)
Capstan

Gold Leaf

Embassy

Red &White

Pine

Total mean

Sig. level

Cd

0.345+ 0.037

0.386+ 0.037

0.411+ 0.013

0.431+ 0.017

0.386+ 0.009

0.3918+0.022

Ns

Pb

1.83+ 0.145

1.94+ 0.105

2.12+ 0.101

1.96+ 0.109

2.11+ 0.041

1.992+0.10

Ns

Al

639.2+1.87

665.1+6.04

619.0+1.93

704.9+2.57

618.2+8.38

649.28+4.15

*

Cr

11.1+1.42

10.5+0..49

10.4+1.54

13.9+0.14

10.8+0.1.46

11.34+1.033

Ns

Mn

46.6+1.83

53.6+1.74

59.2+4.46

60.7+3.07

52.3+1.92

54.48+2.604

*

Fe

40.4+2.33

45.3+2.39

39.0+0.83

48.1+0.79

46.5+1.11

43.86+1.49

**

Co

0.715+0.17

0.836+0.03

0.893+0.04

0.906+0.03

0.671+0.17

0.8042+0.088

Ns

Ni

4.86+0.15

7.96+0.34

6.32+0.15

6.55+0.24

6.92+0.14

6.522+0.204

***

Cu

17.31+1.52

17.01+1.96

22.42+0.69

18.89+1.66

20.55+0.29

19.218+1.224

Ns

Zn

62.68+1.69

62.79+4.07

70.70+0.43

63.44+2.45

68.85+2.76

65.692+2.28

Ns

As

10.74+1.61

14.08+2.20

13.35+1.07

13.29+1.49

13.91+1.26

13.074+1.526

Ns

Se

0.605+0.137

0.760+0.073

0.678+0.073

0.630+0.026

0.643+0.022

0.66825+0.06

Ns

Hg

7.57+0.830

7.85+0.040

6.91+0.129

8.99+0.902

8.90+0.860

8.044+0.552

Ns
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39.04-48.16 mg/kg, 4.86-7.96 mg/kg and 6.91-8.99
mg/kg. The order of accumulation for all the metals
was also obtained. Highest metal concentrations (Cd,
Al, Cr, Mn, Fe, Co, hg) were found in Red &White.
Embassy (Pb, Cu, Zn) and Gold Leaf (Ni, As, Se)
had highest concentrations for other metals.
Correlation was applied among the studied
heavy metals (Table 2). Most of the metals were
positively and negatively correlated with other
metals and displayed non-significant results.
Positive but non-significant correlation among Mn,
Al, Fe, Cd, As, Se, Ni, and Co was observed while
negative and non-significant correlation was
observed between Cu, Zn, Al, and Pb. Mn
correlation with Cd and Hg, Cr correlation with Hg,
Cu correlation with Zn and Zn correlation with Se
and As was positive and significant.

RESULTS AND DISCUSSIONS
ANOVA was applied to check variation in
metal concentrations in the five cigarette brands
(Red & White, Embassy, Pine, Gold Leaf and
Capstan; Table 1). Pb, Cr, Cd, Co, Cu, Ni, Zn, As
and Se varied non-significantly (p>0.05) in the
selected cigarette brands. The concentrations ranged
from 1.83-2.12 mg/kg, 0.345-0.431 mg/kg, 10.4413.99 mg/kg, 0.671-0.906 mg/kg, 17.0-22.42 mg/kg,
62.68-70.70 mg/kg, 10.74-14.08 mg/kg and 0.6050.760 mg/kg for Pb, Cr, Cd, Ni, Co, Cu, As, Zn, and
Se respectively. Al (p<0.05), Mn (p<0.05), Fe
(p<0.01), Ni (p<0.05) and Hg (p<0.01) levels varied
significantly in the brands under investigation. The
respective concentrations of aforementioned metals
were 618.2-704.98 mg/kg, 46.64-60.70 mg/kg,

FIGURE 2
Graphical representation of different metal elements in various Cigarette Brands
TABLE 2
Correlation between metals in Cigarette brands marketed in Pakistan
Correlations
Al
Al
Cr
Mn
Fe
Co
Ni
Cu
Zn
As
Se
Cd
Hg
Pb

1

Cr

.527*
1

Mn

.302
.415
1

Fe

.338
.170
.044
1

Co

.202
-.026
.484
.195
1

Ni

.184
-.209
.435
.364
.175
1

Cu

-.256
.050
.399
-.452
-.108
.115
1

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

559

Zn

-.267
-.037
.137
-.370
-.235
.139
.805**
1

As

.045
-.160
.085
-.006
-.142
.477
.299
.517*
1

Se

Cd

Hg

Pb

.235
-.081
.021
.183
.432
.332
-.297
-.116
.131
1

.425
.390
.525*
.062
.394
.340
.490
.386
.367
.265
1

.529*
.530*
-.045
.580*
.011
.131
-.131
.081
.159
.276
.422
1

-.366
-.036
.284
.054
.257
.280
.408
.480
.208
.195
.494
-.005
1
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health problems after ingestion of Hg [26]. Similar
pattern is observed by Zn which otherwise is
required for human body [27]. Zn and Se
accumulation is tolerated by human systems but high
doses cause anemia, hair loss, vomiting, irratibility
[28], skin allergy, arteriosclerosis and damage
pancreas (Lenntech, 2010). Mean levels showed that
the Pakistani brands contain higher levels of Zn than
that of cigarettes available in Ohio, India and
Germany. It had been projected that oral cancer
would rise in general population as more adults and
children are taking up smoking habit [29].
Esophageal, pancreatic and urinary bladder cancers
would equally be found among smokers [30,31]. Cr
is another heavy metal with serious health
implications. Its recommended daily dose is 50-200
μg [32]. The toxicity includes liver and kidney
damage, gastric ailments, skin rashes and lung
cancer [33]. The cigarettes in Pakistani market had
higher values for the studied heavy metals except for
Cr which was higher in UK and Korean cigarettes
[34]. 7KH -RUGDQLDQ FLJDUHWWHV¶ HOHPHQWDO
concentrations did not compare will with the current
study. Lower levels of Mn in developing countries in
contrast to the developed countries [35,36]
corroborated well with the present study.
Cobalt (Co) is required in smaller amounts in
body but cardiac problems may arise once the level
inside tissues goes high. 0.02-1.0 mg/kg is
recommended dietary intake for Co. The
recommended daily intake for copper (Cu) is 0.5
mg/kg. The present levels ranged from 17.0-22.42
mg/kg which were quite high. This level could
VHYHUHO\DIIHFWWKHVPRNHUV¶KHDOWK[37]. Nickel (Ni)
also exceeded its critical value recommended by
FAO/WHO [38]. The smoker itself and passive
smokers could face serious complications due to the
higher Ni levels. Zn, Cu and Ni were uniformly
distributed in all components of a cigarette. The
daily intakes estimated for Cu, Co, Cd, Pb and Zn are
10-30 μg, 50 μg, 0.4-1.2 μg, 8-10 μg and 8.8-14.4
mg respectively [38, 39].
Zn-Cd ratio is of importance in humans as
tissues deficient in Zn manifest greater activity due
to Cd toxicity. Cd displaces Zn in enzymes and binds
at Zn binding sites. Elevated levels of Zn can relieve
organ systems of Cd toxicity. Other heavy metals
like Cu, Co, and Ni have synergism with Cd and
enter lungs and bloodstream causing organ damage.
The rate of transfer of heavy metals through tobacco
smoke is not well characterized yet [22]. Metal
correlation was not significant among the brands
which could be reflective of similar geochemical
source.
Metals are a common part of cigarettes but their
levels depend mainly on the geography of the area
where the production takes place (Nnorom et al.
2005). However, it is yet to be understood that the
differences depend on the industrial development of
that particular area or its location. Higher metal

CONCLUSIONS
Cigarette smoking is one of the main exposure
routes of toxic metals like Cd and Pb. The
concentrations of Pb and Cd in the present study
were lower than the specified values for these
metals. Pb usually ranges from 1-2 Ɋg/g and Cd
ranges from 1-3 Ɋg/g [12,13]. Filter cigarettes had
Cd and Pb concentrations of 1.7Ɋg/g and 2.4 Ɋg/g
respectively (Mussalo-Rauhamaa et al, 1986) which
were more than the current study. Normally
cigarettes have about 1-2 Ɋg of Cd and through an
estimate it is seen that a smoker smoking 20
cigarettes per day may take in 1 Ɋg of Cd daily.
Ambient air contains below 5 mg/kg of Cd and even
lower amount of Cd (0.01 Ɋg) of airborne origin gets
absorbed in lungs in a day. The tobacco grown on
soil containing high Cd and Pb would have higher
metal concentration in its lamina; different cigarette
brands, therefore, markedly differ in their particulate
levels of these metals depending on the type of soil
[14]. The level of Cd varied between 0.345-0.431
mg/kg in the current study. These values were
different from other studies carried out in UK
(0.132-0.264 mg/kg) and Korea (0.154-0.308
mg/kg). This difference could be due to the soil type,
growth conditions, tobacco type and the treatment
process. The obtained values for Pb (Table 1) were
higher than UK (0.22-ȝJJ DQG.RUHD -1.19
ȝJJ-XQJHWDO 7ZHQW\FLJDUHWWHVDGD\SXW
in 1-ȝJ Pb and 2-ȝJ&GLQWKHVPRNHU [15,16].
Qualitative similarity among the elements of
sampled brands pointed out that tobacco leaves were
the main route of entry of these heavy metals in
cigarettes. Moreover, it would be a futile effort to
compare the brands, hence a general profile was
given more attention and anomalies were noted.
Several reasons could be given for discrepancies in
quantitative patterns of the elemental samples like
extent of metal contamination in soil over which
tobacco plants were grown, pH of the soil [17] and
soil fertilization [18]. The presence of metals in
plants also depended upon the geography of the
region and absorption rate [19,20]. Climatology and
treatment processes adding more metals in cigarettes
could be the potent reasons for elemental presence in
smoking products which could even be carcinogenic
[21]. Lungs absorb significant amount of the
carcinogenic metals (Pb, Se, Al, Hg, Cr, As and Cd)
through smoking [22].
As may get absorbed in lungs of children
through smoking in parents [23]. Chronic exposure,
even at lower levels, causes nerve damage inducing
tingling, weakness of hand and feet, numbness;
hyper-pigmentation in skin; diabetes and damage to
blood vessels [24].
Hg is a neurotoxin and after entering human
system it readily transports through membranes
finding its way to the nervous [25]. Each age group
from adults to developing fetuses may suffer severe
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digestion, J. Toxicol. Sci., 33, 415-420.
[10] 3RKO 'U %  ³'DV NRQWLQXLHUOLFKH
+\GULGV\VWHP´ /DERrpraxis 12, 11. Jahrgang,
Vogel Verlag.p.1.
[11]
Welz,
B.
(1983)
Atomabsorptionsspecktrometrie,
Verlag
Chemie, Weinheim.p.1.
[12] Mussalo-Rauhamaa, H., Salmela, S.S.,
Leppaen, A. and Pyysalo, H. (1986) Cigarettes
as a source of some trace and heavy metals and
pesticides in man, Archives of Environmental
Health, 41, 49-55.
[13] Watanabe, T., Kasahara, M., Nakatsuka, H. and
Ikeda, M. (1987) Cadmium and lead contents of
cigarettes produced in various areas of the
world, Science of the Total Environment, 66,
29-37.
[14] Pappas, R.S., Plozin, G.M., Watson, C.H.and
Ashley, D.L. (2007) Cadmium, lead and
thallium in smoke particulate from counterfeit
cigarette compared to authentic US brands,
Food Chem Toxicol, 45, 202-209.
[15] Kalcher, K., Kern, W. and Pietsch, R. (1993) Cd
and Pb in the smoke of filter Cigarette. Science
of the Total Environment, 128, 21-35.
[16] Massadeh, A.M., Alali, F.Q. and Jaradat, Q.M.
(2005) Determination of cadmium and lead in
different cigarette brands in Jordan,
Environmental Monitoring & Assessment, 104,
163-170.
[17] Mulchi, C.L., Bell, P.F., Adamu, C.A. and
Chaney, R. (1987) Long-Term availability of
metal in sludge amended acid soil, J Plant Nutr
10, 1149-1161.
[18] Adamu, C.A., Bell, P.F., Mulchi, C.L. and
Chaney, R. (1989) Residual metal levels in soil
and leafaccumulations in tobacco a decade
following farmland application of municipal
sludge, Environ Pollut, 56, 113-126.
[19]Anderson, K.A., Magnuson, B.A., Tschirgi,
M.L. and Smith, B. (1999) Determining the
geographical origin of potatoes with trace
metals analysis using statistical and neural
network classifiers, J Toxicol Environ Health
47, 1568-1575.
[20] Schwartz, S.H. and Hecking, L.T. (1991)
Determination of geographical origin of
agricultural products by multivariate analysis of
trace metal composition, J Anal Spectrom, 6,
637-642.
[21] Garg, A.N., Singh, V., Chutke, N.L. and
Ambulkar, M.N. (1995) Trace elements
characteristics of Indian cigarette tobacco by
instrumental neutron activation analysis, J
Radionuclear Anal Chem, 195(1), 161-172.
[22] Stephen, W.E., Calder, A. and Newton, J.
(2005) Source and health implications of high
toxic metal concentrations in illicit Tobacco
products. Environ Sci Technol 39, 479-488.
[23] Chiba,M. and Masironi, R. (1992) Toxic and

contents were reported in India [40], Brazil [41] and
Poland [42].
This study would suffice for the lack of data
about heavy metals and their concentrations in
cigarette brands sold commercially in Pakistan. The
data could be utilized by the state authorities like
Ministry of Environment, Ministry of Health and
other global health authorities like WHO and
UNICEF. Moreover, the study highlights the risks to
smokers and general population caused by Pb and
Cd. The study confirms that many heavy metal
pollutants are actually present in tobacco leaves.
Hence long term monitoring of tobacco production
is required and it is recommended that tobacco
control programmes be implemented in Pakistan to
salvage the population of dire risks of tobacco
smoking.
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THE REMOVAL OF FLUORIDE BY ACTIVATED CARBON
MODIFIED BY DIFFERENT REAGENTS
Xinbo Chen, Cong Li*
College of Civil Engineering and Architecture, Zhejiang University, Hangzhou, Zhejiang, 310027, China

However, according to the WHO [2], the
concentration of fluoride higher than 1.5 mg/L may
give rise to the risk of dental and skeletal fluorosis in
both children and adults [3]. More than 200 million
people are affected by excess concentration of
fluoride in drinking water worldwide [4]. Moreover,
high concentration of fluoride in water may increase
the risk of toxic effects to aquatic species. It has
reported that green alga ³&KORUHOOD S\UHQGRLGRVD´
suffered a 37% growth inhibition, when exposed to
2 mg/L of fluoride for 48 h [5]. Because of the harm
of high concentration of fluoride in drinking water,
many researchers are studying in how to remove the
fluoride in drinking water.
In recent years, several techniques have been
developed for removing excessive fluoride in
drinking water, including: coagulation/precipitation,
ion exchange, electrodialysis, reverse osmosis,
Donnan dialysis, adsorption and so on [6-8].
Comparing with other techniques, adsorption is an
economical and efficient technology in removing
fluoride in water.
There are many materials has been used as
adsorbents to remove fluoride, including bone char,
activated carbon, activated alumina, zeolite,
wollastonite and so on [9-11]. Among those
adsorbents, activated carbon was the most
extensively used adsorbents for removing fluoride in
drinking water. Activated carbon is a porous material
containing carbon, and has highly developed pore
structure [12]. So, it is often used as a kind of
extremely fine adsorbent. Compared with other
adsorbent, activated carbon has highly chemical
stability and it is easy to regeneration. Due to its
chemical stability and resistance to acid and alkali,
activated carbon can be applied over a wide range of
pH.
However, conventional carbons are not very
effective as fluoride adsorbents, and many different
strategies have been put forward to increase their
fluoride adsorption capacity. Therefore, some
reagents have been used for the impregnation or

ABSTRACT
Fluoride is the basic element that human body
needs, however excessive intake can be harmful to
human body. So it is very important for people to
remove the excess fluoride in drinking water.
Activated carbon has been used as a typical
adsorbent for removal of fluoride in drinking water.
There are many studies investigate in removing
fluoride of high concentration, and few researches
focus on the removal of low concentration of
fluoride. According to the experimental results,
Coaly activated carbon is more efficient in adsorbing
fluoride than coconut shell activated carbon. After
modification by KMnO4, K2S2O8, K2FeO4
respectively, activated carbon has good effects on
adsorbing fluoride in drinking water, especially the
activated carbon modified by K2S2O8. The efficiency
of fluoride adsorption onto activated carbon is
clearly in nature because the amount of fluoride ion
adsorbed onto activated carbon increased with
increasing temperature and decreasing pH.
Adsorption of fluoride by coaly activated carbon
with the modification can be a good fitting in
Pseudo-first-order reaction kinetic and Pseudosecond-order reaction kinetic. By comparing the
value of R2 of the Langmuir model and Freundlich
model, can be confirmed the good representation of
the experimental date by these two models can be
confirmed.

KEYWORDS:
fluoride, adsorption, activated carbon, modification

INTRODUCTION
Fluoride is the most electronegative and the
most reactive element of all chemical elements in the
Periodic Table [1]. Appropriate concentration of
fluoride in drinking ZDWHULVJRRGWRSHRSOH¶VKHDOWK\
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modification of vegetal carbons in order to improve
their fluoride capacity. For example, cashew nut
shell carbons impregnated with zirconium [13],
Scandinavia spruce wood carbon impregnated with a
boiling mixture of AlCl3 and FeCl3 [14], rice straw
carbon modified with KMnO4 [15], and coconut
shell carbons modified with aluminum nitrate [16].
A.A.M. Daifullah et al used KMnO4 to
modified the activated carbon, and find that modified
activated carbon derived from steam pyrolysis of
rice straw has good potential as a cheap and effective
adsorbent for fluoride in aqueous solutions [15].
Hernández-Montoya find that carbons obtained from
pecan nut shells modified with a calcium solution
extracted from egg shells were more effective for
fluoride removal than those using the nut shell
precursor as such [17].
There are many researches focusing on how to
remove the high concentration of fluoride in
drinking water, however, few researches study to
remove low concentration fluoride. Fluoride of low
concentration also has harm to human health, so it is
significant to study the removal of low concentration
of fluoride in drinking water.

The K2FeO4 were made in laboratory.
Methods. (1) Adsorption experiment. Coaly
activated carbon and coconut shell activated carbon
were used to adsorb the low concentration of fluoride
(3 mg/L), by comparing the capacity of adsorbing
the fluoride, choose one kind of activated which is
better in removing fluoride to be modified by
KMnO4, K2S2O8 and K2FeO4. The factors (including
temperature and pH) which affect the capacity of
activated carbon were studied to find the most
suitable condition for adsorption.
(2) Analysis. The experiment was conducted in
an electrical thermostatic oscillation tank (DKZ²
450B). The samples were filtered using the 0.22
micron filter. Fluoride concentration was analyzed
by DIONEX ICS-2000 Integrated Reagent-Free IC
System (USA), and an auto-sampler (DIONEX ASDV, USA).

RESULTS AND DISCUSSION
Different kind of activated carbon. Due to the
highly developed porosity, large surface area, and
versatile surface chemistry of activated carbon, it has
been regarded as a good adsorbent for removing
pollutants from water [18]. As show in the Figure 1,
coaly activated carbon is more effective than coconut
shell activated carbon in removing fluoride and the
removal rate was 37.2%. The removal rate of
coconut shell activated was only 19.2%. This is
related with their different surface area and pore
volume. Reaction process can be divided into two
stages. In the first stage, fluoride is adsorbed so
quickly; in the second stage, the adsorbent do not
adsorb fluoride. Adsorption became equilibrium
after 3 hour.

MATERIALS AND METHODS


Materials.
(1)
Activated
carbons
preparation. There are two kinds of activated
carbons: coaly activated carbon and coconut shell
activated carbon. The activated carbon was
purchased
from
Longneng
Comprehensive
utilization of fly ash company (China). All other
reagents (NaF, KMnO4, K2S2O8, K2FeO4 etc.) were
analytical or better (Purity>99%).
The
physicochemical properties of activated carbon are
shown in Table 1.
All activated carbons were washed using
deionized water and stand in deionized water at the
room temperature for 24 hours. Then the activated
carbons were wash using deionized water and dried
at 105 Υ for 12 hours. The activated carbons
modified by KMnO4, K2S2O8 with the concentration
of 10 g/L and K2FeO4 with 2 g/L, after shaking and
heating for 6 hours, the activated carbons were
washed by deionized water and dried at 105 Υ for
12 hours. The materials were subsequently placed in
an airtight container for further use.

Modification by different reagents. Coaly
activated was modified by different reagents. Coaly
activated carbons were put into the solutions with the
shaking for 6 hours. It is seen from the Figure 2 that
fluoride adsorption of coaly activated carbon
modified by K2O8S2 is more efficient than modified
by KMnO4 and K2FeO4. By comparing the Figure 1
and Figure 2, it is obviously that coaly activated
carbon modified by K2O8S2 is much better than coaly
activated carbon without modification, the removal
rates of fluoride almost reach to the 50.7. The
removal rate of coaly activated carbon modified by
KMnO4 and K2FeO4 were 19.1% and 19.3%, even

(2) Other reagents. The reagents used during
the experiment including KMnO4, K2S2O8, NaF,
NaOH, HCl are all analytical or better (Purity>99%).
564

© by PSP

Volume 26 ± No. 1a/2017, pages 563-571

Fresenius Environmental Bulletin


with and without modification by K2O8S2. It can be
seen from the images that the structure of coaly
activated carbon modified by K2O8S2 was more
loose and that is why it is more efficiency in
removing fluoride in drinking water.

lower than the coaly activated carbon without
modification. Coaly activated carbons modified
have more efficiency may related to their difference
of surface structure. Figure 3 was the SEM images
of the coaly activated carbon magnified 5000 times

TABLE 1
The physicochemical properties of activated carbon

Types of activated carbon
Coaly activated carbon
Coconut shell activated carbon

mesh

Iodine value
(mg/g)

Methylene blue
(mg/g)

Ash
(%)

Moisture
(%)

Intensit
y (%)

pH

4-8
4-8

738
924

136
132

19.26
2.45

4.75
18.16

82.9
98.8

7.36
9.66

Coaly activated carbon modified by K2O8S2

160

160

Coaly activated carbon
Coconut shell activated carbon

140

Coaly activated carbon modified by KMnO4
Coaly activated carbon modified by K2FeO4

120

F² concentration/(Pmol/L)

F² concentration (Pmol/L)

140

100
80
60
40
20

120
100
80
60
40
20

0
0

1

2

3

4

0

5

0

Time /(h)

1

2

3

4

5

Time/(h)

FIGURE 1
The fluoride concentration with different kinds of
activated carbon

FIGURE 2
The fluoride concentration with coaly activated
carbon modified by different reagents

(a)

(b)

FIGURE 3
The comparison of SEM images of the coaly activated carbon magnified 5000 times
(a): Coaly activated carbon without modification (b): Coaly activated carbon modified by K2O8S2
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these images, the surface of coaly activated carbon
modified by K2O8S2 was smooth. To the contrary,
there are many strings in the surface of coaly
activated carbon modified by KMnO4 and there are
many holes which are similar to honeycomb in the
surface of the coaly activated carbon modified by
K2FeO4. Due to the result that the capacity of
fluoride adsorption onto coaly activated carbon
modified by K2O8S2 is much better than the coaly
activated carbon modified by KMnO4 and K2FeO4,
the structures of coaly activated carbon modified by
KMnO4 and K2FeO4 may be destroyed during the
modification.

(c)

The effect of modification temperature by
K2O8S2. In the experiment, coaly activated carbon
was modified by K2O8S2 under 25°C and 35 °C to
find the effect of modification temperature on the
removal of fluoride. It can be seen from Figure 5 that
the modification temperature has great effect on the
removal efficiency. When the modification was
increased from 25°C to 35°C, the removing rate was
increased from 47.4% to 80.2%.
The effect of temperature on removal of
fluoride. As shown in the Figure 2 and Figure 5, the
coaly activated carbon modified by K2O8S2 under
35°C has the best efficiency in removing fluoride in
drinking water. So, the coaly activated carbon
modified by K2O8S2 was chosen for further
experiments. In this experiment, the adsorption
temperature was studied to find the effect on the
removal of fluoride. Figure 6 was the comparison of
the fluoride adsorption by coaly activated carbon
modified by K2O8S2 under different temperature. It
can be seen that the removal rate of fluoride
increased a little with the temperature increasing.
When the adsorption temperature was 15°C, 25°C,
35°C, 45°C, the removal rate of fluoride was 78.5%,
81.4, 81.7%, 83.8% respectively. This means the
adsorption temperature has a little effect on the
removal rate of fluoride.

(d)

(e)
FIGURE 4
The comparison of SEM images of the coaly
activated carbon magnified 150000 times
(c): Coaly activated carbon modified by
K2O8S2 (d): Coaly activated carbon modified
by KMnO4
(e): Coaly activated carbon modified by
K2FeO4

The effect of pH on removal of fluoride. It
can be seen in the Figure 7 that the pH has the
obvious effect on the removal of fluoride. The
removal rate of fluoride decreased with the pH
increasing. The best removal rate was 89.3% when
the pH was 3. That means the acidic condition was
more suitable for the adsorption of fluoride by coaly
activated carbon. This is similar to that observed for
fluoride adsorption onto aluminum-impreganted
activated carbon on to low-cost materials [19].

Figure 4 has shown the SEM images of the
coaly activated carbon modified by K2O8S2, KMnO4,
K2FeO4 magnified 150000 times. As it has shown in
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-COH + F² я -CF + OH²
In this mechanism, with an increase in solution
pH, there will be the competition for the adsorbent
site between the OH² and F².
For both mechanisms, an equivalent number of
OH² and F² must be occurred to maintain the
electroneutrality of solution [21].

The possible reason for the increasing of
fluoride sorption with the decreasing pH has been
studied. The fluoride adsorption can be explained by
following two combination reactions [20, 21].
-COH + H+ я -COH2+
-COH2+ + F² я -CF + H2O
The net reaction
-COH + F² + H+ я -CF + H2O
Where ±COH represents the surface hydroxyl group.
These reactions indicate that the fluoride can be
considered as fully located on the surface.
Meanwhile, the fluoride sorption by activated carbon
is specific. The pH of solution should increase after
the sorption [21].
Another mechanism [21]:

160

140

Coaly activated carbon modified
by K2O8S2 under 25Ԩ

120

Coaly activated carbon modified
by K2O8S2 under 35Ԩ

15Ԩ
25Ԩ
35Ԩ
45Ԩ

140

F² Concentration/( Pmol/L)

160

100
80
60
40
20

120
100
80
60
40
20

0
0

1

2

3

4

0

5

1

2

3

4

5

6

Time/(h)

Time/(h)

FIGURE 6
The effect of temperature on the removal of fluoride
with coaly activated carbon
modified by K2O8S2

FIGURE 5
The fluoride concentration with coaly activated
carbon modified by K2O8S2 under different
temperature
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Dynamic experiment. In order to find the
mechanism of the adsorption of fluoride by coaly
activated carbon, this study chose Pseudo-first-order
reaction kinetic and Pseudo-second-order reaction
kinetic to fit experimental data with the 35 Υ of
modification temperature [22]. The dynamical
equations are listed in Table 2.
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FIGURE 7
The effect of pH on the removal of fluoride with coaly activated carbon
modified by K2O8S2
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TABLE 2
Dynamical equations of adsorption of fluoride onto activated carbon
Dynamic

Nonlinear form

Parameters
qe ² Adsorption equilibrium quantity of

Pseudo-first-order reaction kinetic

fluoride by per mass of coaly activated
carbon.
 ௧ ൌ ݍ ൈ ሺͳ െ ݁ ିభ ௧ ሻ

qt ² Adsorption quantity of fluoride by per
mass of coaly activated

carbon

for

adsorption time t.
k1² Adsorption rate constant.
qe ² Adsorption equilibrium quantity of

Pseudo-second-order reaction kinetic:

fluoride by per mass of coaly activated
ݍ௧ ൌ

carbon.

ݍ ଶ ݇ଶ ݐ
ͳ  ݍ ݇ଶ ݐ

qt ² Adsorption quantity of fluoride by per
mass of coaly activated

carbon

for

adsorption time t.
k2 ² Adsorption rate constant.
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FIGURE 8
Kinetic fitting of fluoride adsorption by coaly activated carbon
TABLE 3
Adsorption kinetic parameters
qe ȝPROJ

The kinetics of reaction types

k1/k2 J ȝPRO.h))

R2

Pseudo-first-order reaction kinetic

56.01

8.979

0.9853

Pseudo-second-order reaction kinetic

59.64

0.001

0.9933

The fitting results were shown in Figure 8 and
Table. 3. It can be seen that adsorption of fluoride by
coaly activated carbon can be a good fitting.
Equilibrium adsorption quantity of Pseudo-firstorder reaction kinetic and pseudo-second-order
UHDFWLRQ NLQHWLF ZDV  ȝPROPJ DQG 
ȝPROPJ UHVSHFWLYHO\ DQG WKH HTXLOLEULXP

adsorption quantity from the experiment was 57.15
ȝPROPJ ,W PHDQV WKDW no matter from degree of
fitting or the equilibrium adsorption quantity, the
adsorption of fluoride by coaly carbon not only
conforms to Pseudo-first-order reaction kinetic but
also conforms to Pseudo-second-order reaction
kinetic. It is known that Pseudo-first-reaction kinetic
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fluoride onto activated carbon modified by K2O8S2
were modeled using the Langmuir and Freundlich
models [25]. The Isotherm equations are listed in
Table 4.
The isotherm parameters are in Table.5. The
applicability of isotherm equation is compared by
judging the correlation coefficients R2. The values of
R2 are the measure of the goodness-of-fit, confirming
the good representation of the experimental data by
these models. The values of R2 of Langmuir model
and Freundlich model are 0.9895 and 0.9983
respectively. It is seen from Figure 9 and Figure 10
that the two models fit the experimental data
reasonably well.

was based on the Lagrange first order reaction
kinetics model, and complied with the equation of
adsorption was influenced by mass transfer rate.
That is to say, adsorption was affected by the
Specific surface area of coaly activated carbon [23].
As the same with the Pseudo-first-order reaction
kinetic, Pseudo-second-order reaction kinetic show
that adsorption by coaly activated carbon was
Chemical adsorption. There are some Chemical
bonds between adsorbent and adsorption material,
for example: Covalent bond, Hydrogen bonding and
so on [24].

3.0

60

2.5

50

2.0

40

Qe / (Pmol/g)

Ce/Qe / (g/L)

Isotherm modeling. In this study, the
experimental data of equilibrium isotherm for
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FIGURE 9
Adsorption isotherm of fluoride by activated
carbon using Langmuir model

FIGURE 10
Adsorption isotherm of fluoride by activated carbon
using Freundlich model

TABLE 4
Isotherm Model equations of adsorption of fluoride onto activated carbon
Model

Nonlinear form

Parameters
Qe²Adsorption equilibrium quantity of fluoride by
SHUPDVVRIFRDO\DFWLYDWHGFDUERQ ȝPROJ

Langmuir model

ܳ ൌ

Ce²The concentration of fluoride when the

ݍ ܾܥ
ͳ  ܾܥ

DGVRUSWLRQHTXLOLEULXP ȝPRO/
q0²Monolayer adsorption capacity.
b²Constant of Langmuir model.
Qe²Adsorption equilibrium quantity of fluoride by
per mass of coaly DFWLYDWHGFDUERQ ȝPROJ

Freundlich model

ݍ௧ ൌ

Ce²The concentration of fluoride when the

ݍ ଶ ݇ଶ ݐ
ͳ  ݍ ݇ଶ ݐ

DGVRUSWLRQHTXLOLEULXP ȝPRO/
Kf²Constant of Freundlich model.
nf ²The strength of adsorption.
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TABLE 5
Model isotherm parameters for the single metal adsorption system
Langmuir model

Freundlich model

q0 ȝPROJ

b(l/mg)

R2

Kf ȝPROJ

nf

R2

91.74

0.0065

0.9895

1.5408

1.44

0.9983
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PRODUCTION AND RELEASE OF MICROCYSTIN-LR IN
MICROCYSTIS AERUGINOSA TREATMENT USING
CHEMICAL ALGICIDE
Xiao Sun, Can Wang*, Min Ji
School of Environmental Science and Engineering, Tianjin University, Tianjin 300072, China

Chemical compounds, particularly algicides
(any toxic chemical added to water, eradicating
cyanobacteria) or algistats (any chemical or
additive added to water, inhibiting or retarding
microalgal growth through direct action or chemical
modification of water column) [10,11], have been
investigated; some of these substances are copper
chlorine,
chlorine
dioxide,
sulfate(CuSO4),
potassium permanganate, hydrogen peroxide, and
ozone. Microcystis aeruginosa growth can be
inhibited by adding algicides or algistats because
these chemicals can destroy cyanobacterial
membrane to varying degrees. For example,
chlorine shows the strongest ability to impair cell
integrity of a majority of cells (88%) compromised
in the first few minutes; CuSO4 also exhibits an
algistatic potential in a seven-day treatment [1].
These chemical treatments have been successfully
applied on cyanobacterial blooms. However,
harmful toxins are produced and released when
cyanobacterial cells are impaired or destroyed
[12-15]. These toxins threaten human health
because these toxins can cause skin rashes and liver
cancer; some of these substances are also strong
neurotoxins [16, 17].
Microcystin, a class of hepatotoxin produced
by freshwater cyanobacteria, is one of the most
prevalent toxin [18]. Microcystins constitute a
family of more than 50 closely related cyclic
heptapeptides, identified mainly by a substitution of
amino acids on two positions of a specific structure
[19]. Microcystin-LR (MC-LR), named on the basis
of the two amino acids leucine (L) and arginine (R),
is one of the most commonly occurring microcystin
analog; MC-LR is also one of the most toxic
microcystins, with an LD50 of 50 mg·kgí1 in mice
[20]. Microcystins are hazardous to human health;
for example, cyanobacterial blooms have increased
the prevalence of liver cancer and mortality [21]. To
solve these problems, the World Health
Organization (2004) has set a provisional Drinking
Water Guideline of  ȝJā/í1 MC-LR; however,

ABSTRACT
In this study, the effects of copper sulfate
(CuSO4) on the production and release of
microcystin-LR (MC-LR) during Microcystis
aeruginosa treatment were investigated. The results
shows the inhibition of M. aeruginosa growth after
CuSO4 was added and a portion of intracellular
substances contained MC-LR was released at the
same time. At 1.5 mg·Lí1 CuSO4, cell density
decreased from 14 × 106 ·mLí1 to 4 × 106 ·mLí1
compared with that of the control group;
extracellular MC-/5LQFUHDVHGIURPȝJā/í1 to
 ȝJā/í1. Through the experiments it can be
found that microcystin is a primary increasing
metabolite when cells multiply. And CuSO4 could
inhibit MC-LR production through affecting cell
metabolism; the effects of CuSO4 could be affected
by Cu2+ concentration and adsorption capacity of
algal cells. And a suitable dosage, pH, dosing
period or reaction time of CuSO4 can reach a good
effect when considering the less harm to the
environment.

KEYWORDS:
microcystin-LR, release, growth dependent, adsorption
capacityˈdosage

INTRODUCTION
Cyanobacterial blooms are among the most
serious global issues because of water resource
shortage and water pollution control [1]. With
societal development, fresh water eutrophication
has
exacerbated
because
of
increasing
cyanobacterial blooms [2, 3]. Approximately 50%
of cyanobacterial blooms are toxic [4]. This
condition has caused not only serious effects on
animal and plant life but also diseases and death of
human [5-9].
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systematic research on factors affecting the
production and release of MC-LR during chemical
treatment is insufficient. Therefore, the production
and release of MC-LR during algicide treatment
must be considered.
CuSO4, one of the most commonly applied
algicides, has been used extensively to control algal
blooms. This algicide is economical, effective, and
easily applied [10, 11, 22]. The mechanism of
intoxication can be summarized as follows.
Negatively charged substituents or functional
groups containing sulfur, nitrogen, and oxygen are
found on algal cell walls; these groups can attract
Cu2+; Cu2+ then accumulates on the cell surface and
moves into the cell interior through physiological
mechanisms. Intracellular Cu2+ can destroy the
chloroplast and directly affect photosynthetic and
respiratory capacities of cells; as a result, algal
growth is inhibited [23]. In this experiment,
M. aeruginosa cells were treated with CuSO4 at
different dosages, reaction times, pH levels, and
dosing periods. The characteristics of MC-LR
release during algicide treatment were also
investigated in detail.

stable phase, and decline phase).
MC-LR extraction and detection. MC-LR
extraction was divided into several steps. First,
microalgal suspension was destroyed using an
ultrasonic cell disrupter (FS-300N, Shanghai
Shengxi Ultrasonic Instrument Co., Ltd.) for 10 min;
the solution was then centrifuged at 9,000 rpm for
10 min at 4 °C (refrigerated centrifuge used to
purify the filtrate was provided by SIGMA
Laborzentrifugen GmbH); the supernatant was
removed and refrigerated. MC-LR was extracted
from water samples by using a C18 solid phase
extraction cartridge. The cartridge was initially
primed with methanol (10 mL) and then with
distilled water (15 mL); afterward, the sample was
passed through (flow rate, 10 mL·miní1) a vacuum
suction. The cartridge was washed with 20%
methanol (10 mL) and dried by drawing air for 2
min. The cartridge was further washed with 100%
methanol (10 mL), and the extraction was allowed
to evaporate by using a rotary evaporator; the
residue was then placed in 2 mL of mobile phase
for HPLC analysis [25].
Analytical methods. The cell density of
M.aeruginosa was determined under a microscope
by using a hemacytometer counting method. Preand post-dosing filtrates were determined through
three-dimensional fluorescence analysis (Fluorolog
3-21, Horiba Jobin Yvon). TOC was determined
using a total organic carbon analyzer (TOC-VCPH,
Shimadzu). MC-/5 LQ  ȝ/ RI H[WUDFWV ZDV
analyzed using an HPLC system (Waters-e2695,
Waters Corp.) with UV detection at 238 nm. The
mobile phase was 60% methanol with 0.05% v/v
TFA, and flow rate was 1 mL·miní1.

MATERIALS AND METHODS
Chemical reagent. MC-LR standard was
purchased from Beijing Express Technology Co.,
Ltd. M. aeruginosa was obtained from Tianjin
University, China. Methanol used for HPLC and
trifluoroacetic acid were purchased from Shanghai
Anpel Scientific Instrument Co., Ltd.
M. aeruginosa growth inhibition and
MC-LR release experiments. M. aeruginosa was
cultivated in a BG11 culture medium under
optimum conditions (t = 28 °C, I   ȝ(āPí2·sí1)
for several days to extend scale before use.
M. aeruginosa in logarithmic phase (cell density
was approximately 5.0 × 106 ·mLí1 to 6.0 × 106 ·mLí1)
was used in growth inhibition and MC-LR release
experiments [24]. 2.0 mg·Lí1 of CuSO4 was added
to M. aeruginosa culture. Three-dimensional
fluorescence and TOC values of filtrate before and
after treatment were determined. The effects of
dosage, reaction time, pH, and dosing period were
investigated. Dosage and pH ranged from 0.5
mg·Lí1 to 2 mg·Lí1 and from 8 to 11, respectively.
Reaction time was set at 2, 24, 72, and 144 h.
CuSO4 was added to the medium in four different
periods (adjustment phase, logarithmic phase,

RESULTS AND DISCUSSION
Change in filtrate pre- and post-dosing. M.
aeruginosa was grown from the pure cultures
(BG11) to investigate the effects of chemical
treatment on cells. The culture was treated in two
parts: (a) without chemical treatment and (b) with 2
mg·L±1 CuSO4. After 48 h, the cells from each
portion were removed by filtering these cells
through a membrane filter; the filtrate was
examined using a TOC Analyzer and Fluorolog
3-21. The result of three-dimensional fluorescence
analysis is shown in Fig. 1.
The results indicates that TOC of
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CuSO4-treated culture (48 mg·Lí1) was higher than
that of the untreated culture (26 mg·Lí1). This
finding was caused by the release of toxins after the
cell disruption. In the study of Kenefick [26],
collected cells were analyzed through scanning
electron microscopy (SEM) and transmission
electron microscopy (TEM). SEM and TEM
micrographs indicated that CuSO4-treated cells
likely collapsed compared with those of the control
cells. The membranes of the treated cells were no
longer intact; as a result, the overall cell integrity
was lost. Therefore, intracellular substances were
released and TOC increased. The main component
of filtrate determined by three-dimensional
fluorescence analysis was humic acid-like, which is
one of main dissolved organic matter in freshwater
microalgae [27-29]. Different fluorescence signals
can be considered as the parameters to estimate the
microcystin concentration [30].

Effects of CuSO4 dosage on M. aeruginosa
growth and MC-LR release. The effects of CuSO4
dosage on cell density and MC-LR release were
determined (Fig. 2). CuSO4 dosages were adjusted
to 0.5, 1.0, 1.5, and 2.0 mg·Lí1. The results [Fig.
2(a)] indicated that CuSO4 inhibited M. aeruginosa
growth remarkably; the effects of growth inhibition
increased as CuSO4 dosage increased but reached a
stable value when dosage was as high as 1.5 mg·Lí1.
These results were caused by the changes in Cu2+
concentration and the limited adsorption capacity of
algal cells. A high Cu2+ concentration results in an
increasing Cu2+ deposition on the cell surface and
transfer to cell interior. Thus, M. aeruginosa growth
inhibition was enhanced; however, Cu2+
concentration beyond the adsorption capacity of
algal cells cannot be used effectively; as a
consequence, the inhibition curve is stable [23].

(b)

(a)

FIGURE 1
Three-dimensional fluorescence analysis of filtrate before and after dosing:
(a) no chemical treatment, (b) with 2 mg·L-1 CuSO4.

(a)

(b)

FIGURE 2
The effect of dosage on microcystis aeruginosa treatment: (a) Effects on microalgae cell density (b)
Effects on MC-LR concentration. Experimental conditions: pH: 9.6, T: 28°C, initial cell density:
6.0×106 ·mL-1, dosing period: the logarithmic phase, reaction time: 48 h.
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(b)
FIGURE 3
The effect of dosing period on microcystis aeruginosa treatment:
(a) Effects on microalgae cell density (b) Effects on MC-LR concentration. Experimental
conditions: pH: 9.6, T: 28°C, dosage: 1.5mg·L-1, reaction time: 48 h.
(a)

Total MC-LR decreased and extracellular
MC-LR increased when dosage was increased
because growth was inhibited and cells were
destroyed [Fig. 2(b)]. Microcystin is a primary
metabolite that increases when cells multiply [31];
cell growth was inhibited by CuSO4, resulting in
decreased MC-LR. As cells were disrupted, MC-LR
was released, thereby increasing extracellular
MC-LR. Intracellular MC-LR per unit cell
decreased as CuSO4 dosage increased; the results
indicated that CuSO4 could affect cell metabolism
and inhibit MC-LR production. In addition, all of
the curves were stable when the dosage was 1.5
mg·Lí1 because the adsorption capacity of algal
cells was limited. Thus, suitable dosage of algicides
should be administered to improve treatment effects
and alleviate toxic effects.

caused by an increase in cell density and lysis.
Intracellular MC-LR per unit cell also increased
during growth. The results indicated that the
MC-LR production increased as microalgal cells
grew; high MC-LR production was reached in the
decline phase. Microalgal cells release large
amounts of MC-LR if dosing is performed in the
decline phase; this release negatively affects water
environments. In addition, MC-LR production is
related to M. aeruginosa growth environment; for
instance, a severe environment induces MC-LR
production. The effects on microalgal cell density
and MC-LR concentration were analyzed; the
results indicated that CuSO4 added to the culture in
the adjustment phase can effectively control
microalgal cell density and considerably decrease
MC-LR release.

Effects of dosing period on M. aeruginosa
growth and MC-LR release. The effects of dosing
period on cell density and MC-LR release were
determined (Fig. 3). In Fig. 3(a), low-dosage
CuSO4 did not significantly affect the immediate
removal or growth inhibition of microalgae except
in the adjustment phase. The cells could adsorb
sufficient Cu2+ because of low microalgal cell
density in the adjustment phase; thus, the growth
was inhibited. In other dosing periods, the
microalgal cell density increased, and less Cu2+ was
absorbed by each cell; therefore, the harmful effects
were exacerbated.
In Fig. 3(b), total MC-LR and extracellular
MC-LR increased during growth; this increase was

Effects of pH on M. aeruginosa growth and
MC-LR release. The effects of pH on cell density
and MC-LR release were determined (Fig. 4). pH
was adjusted to 8, 9, 10, and 11 by using
hydrochloric acid or sodium hydroxide. In Fig. 4(a),
the effect of added CuSO4 on microalgal growth
inhibition was slightly decreased as pH increased.
This result indicated that low pH was conducive for
CuSO4 treatment.
In Fig. 4(b), total MC-LR and extracellular
MC-LR increased as pH increased because CuSO 4
elicited the weakest effect at high pH. As pH
increased, microalgal cell density and the amount of
produced and released MC-LR increased.
Intracellular MC-LR per unit cell increased as pH
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increased because microalgal cell metabolism was
less affected at high pH. This result could be
attributed to the weak effect of CuSO4 on
microalgal cells at high pH. Indeed, microalgal cell
metabolism was exposed to low toxic effect when
pH increased. Therefore, MC-LR production per
unit cell increased.

remained intact and could be observed after the
reaction time reached 144 h. This result indicated
that CuSO4 could not eradicate microalgal cells in a
short reaction time.
The effects of reaction time on MC-LR
concentration was determined [Fig. 5(b)]. Reaction
time did not affect total MC-LR; however,
extracellular MC-LR increased as reaction time was
prolonged. This result indicated that CuSO4-treated
microalgal cells lost activity in a short time
(approximately 24 h) and almost stopped producing
MC-LR. Microalgal cells were disrupted
continuously; thus, the release percentage of
MC-LR increased as reaction time was prolonged.
The effects on microalgal cell density and MC-LR
concentration were further analyzed; the results
showed that CuSO4 could not effectively eradicate
microalgal cells in several days. High amounts of
MC-LR are likely released into the environment.
This condition should be further investigated.

Effects of reaction time on M. aeruginosa
growth and MC-LR release. The effects of
reaction time on cell density and MC-LR release
were determined (Fig. 5). In Fig. 5(a),
M. aeruginosa growth was further inhibited when
reaction time was prolonged; this trend became
gradual after the reaction time reached 72 h. This
result showed that CuSO4-treated microalgal cells
almost lost activity and stopped proliferating when
the reaction time reached 72 h. Some microalgal
cells were lysed but not completely disrupted;
therefore, approximately half of the microalgal cells

(b)
FIGURE 4
The effect of pH on microcystis aeruginosa treatment: (a) Effects on microalgae cell density (b) Effects
on MC-LR concentration. Experimental conditions: T: 28°C, dosage: 1.5mg·L-1, initial cell density:
5.0×106 ·mL-1, dosing period: the logarithmic phase, reaction time: 48 h.
(a)

(a)

(b)
FIGURE 5
The effect of reaction time on microcystis aeruginosa treatment: (a) Effects on microalgae cell density
(b) Effects on MC-LR concentration. Experimental conditions: pH: 9.6, T: 28 °C, dosage: 1.5mg·L-1,
initial cell density: 5.0×106 ·mL-1, dosing period: the logarithmic phase.
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CONCLUSIONS
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will make the relevant bacteria resistant to the
existing antibiotics, and cause the failure of
antibiotics in clinical application. The conventional
wastewater treatment facilities are designed for
regular pollutants removal, so the antibiotics cannot
be effectively removed. SAs are frequently detected
in treated wastewater. Consequently, it is of great
significance to develop an effective and economical
technology to remove the SAs residues from
aqueous solution.
A series of technologies have been developed
to remove sulfonamides, including physical,
biological and chemical methods [7]. Adsorption
process, as a physical treatment, has received
increasing attention in recent years due to the
development of different kinds of new adsorbents [810]. Biological treatment was not effective in
antibiotics removal. Chemical methods, especially
the advanced oxidation processes (AOPs), are
considered to be high efficient for antibiotic
degradation [11-16]. However, the relatively high
cost limited their practical application.
Adsorption is often used for advanced
treatment of trace organic pollutants in water and
wastewater. Activated carbon as a traditional
adsorbent has widely used in water treatment, and
also has a certain application for adsorption of SAs
[17]. Among carbon materials, carbon nanotubes
(CNTs) are expected to be better adsorbents because
their structures are well defined and their surfaces
are relatively uniform in comparison with activated
carbon and other carbon materials [18,19].
CNTs can be seen as graphene layers curl,
whose basic structure is a two-dimensional array of
carbon atoms covalently connected via sp2 hybrid
orbitals to form a honeycomb sheet [20], so in
proportion to the number of graphene layers it can be
divided into single-walled carbon nanotubes
(SWCNTs) and multi-walled carbon nanotubes
(MWCNTs). At the beginning time, the middle of
layer and layer in MWCNTs is easy to become the
center of trap and capture all kinds of defects, so the
wall of MWCNTs is usually covered with small hole
like defects. The p pathways overlapping each other
in graphene layer of carbon nanotubes form highly
delocalized big ʌbond, and the ELJʌERQGVRQWKH
surface of carbon nanotubes are the chemical basis

ABSTRACT
In this study, Fe3O4/MWCNTs nanocomposites
were prepared, characterized and applied for
removing sulfamethazine (SMT) from aqueous
solution. The experimental results showed that the
specific surface area was 424.65 (MWCNTs) and
273.56 m2/g (Fe3O4/MWCNTs), and their maximal
sorption capacity was 259.1 (MWCNTs) and 114.8
mg/g (Fe3O4/MWCNTs), respectively. The potential
of zero charge (pHPZC) of MWCNTs,
Fe3O4/MWCNTs was about 5.25 and 3.86. The SMT
adsorption by both adsorbents could be described by
pseudo second-order and the Langmuir models. The
adsorption of SMT was spontaneous and
endothermic process. The value of pH had obvious
influence on SMT sorption. The ionic strength had
no apparent influence on equilibrium sorption
capacity. MWCNTs and Fe3O4/MWCNTs are
promising adsorbents for removing sulfamethazine
antibiotics from aqueous solution.

KEYWORDS:
Sulfamethazine; carbon nanotubes; adsorption; antibiotics;
magnetic.

INTRODUCTION
Sulfonamides (SAs) antibiotics have been
widely applied for the prevention and treatment of
bacterial infectious diseases. SAs are the general
term that describes a class of drugs with the structure
of sulfanilamide, which are mainly used as human
and veterinary pharmaceuticals [1-3]. They have
been detected in the surface water, groundwater and
even drinking water because they can enter into the
environment through different ways, such as human
and animal excretion, wastewater discharge, solid
waste landfill and agricultural runoff [4-6]. Because
of its low biodegradability, carcinogenicity, and
ability of causing allergic reactions in human beings,
they may pose a potential threat to human health and
ecological environment even at a very low
concentration. What is more serious is that
antibiotics exposed to environment for long term
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certain amount of MWCNTs and 100 mL NaOH
solution (0.2 M) were put into a four-necked round
bottom flask, and the reactor was stirred violently for
30 min under the protection of Ar gas. A 100 mL
mixed solution of FeSO4·7H2O (0.01 M) and
Fe2(SO4)3 (0.01 M) was prepared, and 0.2 mL
concentrated sulfuric acid was added to prevent the
oxidation of Fe2+. The solution was then dropped
into the flask, and the reactor was stirred sequentially
under the protection of Ar gas at 80 °C for 2 h. Then
the nanoparticles were cooled and washed by
deionized water for two times, and finally dried in a
vacuum freezing dryer and stored for use. The
weight ratio of MWCNTs and Fe3O4 was 1:1.

of non-covalent bond compound for carbon
nanotubes with some macromolecules with
conjugate performances. Large specific surface area,
abundant porous structure, flake nanostructures, and
strong interaction with pollutant molecules make
CNTs become an effective adsorbent [21].
CNTs is a kind of hydrophobic material with
strong van der Waals force, high surface activity and
high length to diameter ratio, but it is easy to
agglomerate or twist and the application in water
pollution control is limited. Thus, before CNTs is
applied for the removal of pollutants in water,
modification of the surface properties can further
enhance the sorption performance of CNTs. The
hydrophilic in aqueous solution increased and a
certain amount of reactive functional groups are
modified on the surface at the same time, so as to
improve sorption characteristics of the poisonous
and harmful pollutants in water phase by CNTs.
Modification of surface functions is a very effective
method for adsorbing pollutants of trace or low
concentration from water. Magnetic materials for
sorption process have aroused more and more
attention in recent years, and it is widely applied in
the process of removal of inorganic and organic
pollutants in water. Magnetic carbon materials
effectively combine the advantages of effective
sorption and rapid separation of magnetic materials,
and the use of magnetic carbon materials for
adsorption of organic pollutants has been reported in
recent years, but there is almost no research on the
adsorption of SAs.
The main objective of this study was to
investigate the performance, characteristics and
mechanism of sulfamethazine (SMT) adsorption
onto Fe3O4/MWCNTs nanocomposites. The
physicochemical and morphological properties of
the sorbents were determined using SEM, FT-IR and
BET. The effect contacting time, adsorbent dosage,
temperature, pH and ionic strength on SMT
adsorption was investigated in detail.

Characterization
of
magnetic
nanocomposites. The morphologies of MWCNTs
and Fe3O4/MWCNTs were characterized by a ¿eld
emission scanning electron microscope (Hitachi SU8010). The Brunauer-Emmett-Teller (BET) surface
area was examined by nitrogen sorption-desorption
isotherm measurements at 77 K on a NOVA 3200e
surface area and porosity analyzer, before each
measurement the sample was de-gassed in a vacuum
oven at 80 ƕC for 5 h. The zeta potential of adsorbents
in aqueous solution was determined by zeta potential
measuring instrument (JS94H2, Powereach,
Shanghai). Infrared spectra were registered by a FTIR spectrometer (Horiba Bruker) at room
temperature in the range of 8000-350 cm-1.
Adsorption experiments. SMT was used as a
model sulfonamide antibiotic for all adsorption
experiments, and the chemical structure of SMT is
shown as follows:

H3C
NH2

N
O

MATERIALS AND METHODS

H3C

Chemicals. In this study, sulfamethazine (SMT)
was purchased from Alfa Aesar, and the purity
was >99%. MWCNTs were obtained from Chengdu
Organic Chemistry Co. Ltd., Chinese Academy of
Sciences. All chemical reagents used in the
experiments were of analytical grade. All solutions
were prepared with deionized water without further
SXUL¿FDWLRQ

N

NH

S
O

All adsorption experiments were performed by
batch equilibrium method. Five mL of SMT aqueous
solution (40 mg/L) in 0.04 M NaNO3 was mixed
with 5 mL of 0.4 g/L nanocomposites in a 25-mL
bottle. As a control, 5 mL of DI water was added to
one set of bottle without adsorbent. The ionic
strength of solution was set to 0.02 M by NaNO3, and
pH value was adjusted to about 7.0 with 0.1 M HCl
or 0.1 M NaOH. The bottles were put in a water-bath
shaker at 150 rpm and 25 Υ. For studying the effect
of sorption time, samples were taken at different

Preparation
of
Fe3O4/MWCNTs.
Fe3O4/MWCNTs magnetic nanocomposites was
synthesized through injecting Fe2+ and Fe3+ into the
alkaline solution containing MWCNTs by chemical
co-precipitation method. Briefly, the water-bath in
the reaction device was regulated to about 80 °C. A
580
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disperse spectroscopy (EDS) of Fe3O4/MWCNTs
indicated the presence of iron, confirming the
existence of iron compounds like magnetite.

time intervals (10, 20, 30, 40, 60, 80, 100 min, 2 h, 4
h, 8 h, 12 h and 24 h, respectively), and filtered by
SLQ W\SH ILOWHU  ȝP  607 FRQFHQWUDWLRQ ZDV
quantified
by
high
performance
liquid
chromatograph (HPLC) (Agilent 1200 Series,
Agilent, USA) equipped with a diode array detector
(DAD) and an XDB-C18 (4.6×150 mm) column.
The detection wavelength was 255 nm and the
column temperature was 30 °C. The mobile phase
was a mixture of distilled water and ethanol in a ratio
of 55:45 (v/v). The sorption capacity of the carbon
nanomaterial was calculated according to the
following equation:
 ି
ݍ௧ ൌ ሺ బ  ሻܸ
(1)

where C0 is initial SMT concentration; Ct is the
concentration of SMT at time t; m is the mass of
adsorbent (g); and V is the volume of solution.
For studying the effects of initial SMT
concentration, the initial concentration of SMT in
aqueous solution was 2, 4, 10, 20, 40, 60, 80 and 100
mg/L. The ionic strength of solution was adjusted to
0.02 M by NaNO3, and pH values were adjusted to
about 7.0 with 0.1 M of HCl or 0.1 M NaOH.
For studying the effects of temperature, the
SMT concentration was set to 20 mg/L and the
carbon nanoparticles mass was 2 mg in a 10 mL of
mixed solution. The ionic strength of aliquots of
suspension was set as 0.02 M by NaNO3, and pH
value was adjusted to about 7.0, the temperature was
set to 298, 308 and 318K, respectively.
For studying the effects of pH, the SMT
concentration was 20 mg/L and the carbon
nanoparticles mass was 2 mg in a 10 mL of mixed
solution. The ionic strength of solution was set to
0.02 M by NaNO3, and pH value was adjusted to 2,
3, 5, 7, 8 and 9 with 0.1 M of HCl or 0.1 M NaOH.
For studying the effect of ionic strength, the
ionic strength was adjusted to 0, 0.01, 0.02, 0.05, 0.1
and 0.2 M by NaNO3, and pH value was adjusted to
about 7.0.

FIGURE 1
SEM images of MWCNTs (a)
and Fe3O4/MWCNTs (b)

The N2 sorption/desorption isotherms and pore
size distribution curves of MWCNTs and
Fe3O4/MWCNTs are presented in Fig. 2. The
isotherms were type IV and hysteresis loops were
type H3 according to the Brunauer-DemingDeming-Teller (BDDT) classification, which was
typical for highly ordering mesoporous materials
with hexagonal structure and narrowed size
distribution. Two adsorbents had similar pore size
and their pores were mainly mesoporous, which can
be seen from the corresponding pore size distribution
curves. The physical performance of MWCNTs and
Fe3O4/MWCNTs is shown in Table 1.
Zeta potential is the potential difference
between the dispersion medium and the stationary
layer of fluid attached to the dispersed particles,
which can determine the surface acidity or basicity
of the adsorbent. The variation of the zeta potentials
of MWCNTs and Fe3O4/MWCNTs samples with pH
is shown in Fig. 3. It can be seen that all samples
changed from positive zeta potential to negative one
gradually with increase of pH value, suggesting that

RESULTS AND DISCUSSION
Characterization of adsorbents. The
morphology of MWCNTs and Fe3O4/MWCNTs is
shown in Fig. 1. It can be seen from Fig. 1a that
individual MWCNTs had a long length with average
diameters of 20-30 nm. They were usually bent and
entangled with each other intricately. Fig. 1b showed
the microstructure of Fe3O4/MWCNTs synthesized
by a chemical process, indicating that magnetite
particles were successfully precipitated on the
surface of MWCNTs. As shown in Fig. 1b, a great
amount of spherical magnetite particles were
dispersed unevenly on the surface of MWCNTs,
mainly because the chemical co-precipitation was
difficult to control, and the magnetite particles were
easily self-assembled into aggregates with larger
dimensions. In addition, the spectra of energy
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consistent with that described in the literature [22].
The pHPZC of carbonaceous materials depended on
surface acidic functional groups [23]. The higher the
concentration of surface acidic functional groups,
the lower pHPZC value of carbonaceous materials is
[24], which also indirectly suggested that
Fe3O4/MWCNTs surface contained more acidic
functional groups than MWCNTs.

the surface charges of all samples were from positive
to negative, which were beneficial for the adsorption
of cationic molecules in neutral solution. According
to the zeta potential values in the whole pH range
tested in this study, we can conclude that the
potentials of zero charge (pHPZC) of MWCNTs and
Fe3O4/MWCNTs were about 5.25 and 3.86,
respectively. The pHPZC of Fe3O4/MWCNTs was
much lower than original MWCNTs, which was

FIGURE 2
N2 sorption/desorption isotherms (a) and pore size distribution curves (b) of MWCNTs and
Fe3O4/MWCNTs
TABLE 1
Physical performance of MWCNTs and Fe 3O4/MWCNTs

MWCNTs
Fe3O4/MWCNTs

SABET (m2/g)
424.655
273.557

Mesopore (cm3/g)
0.605
0.348

Average pore size (nm)
3.41
3.82

FIGURE 3
Zeta potential curves vs. pH of MWCNTs and Fe3O4/MWCNTs
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FIGURE 4
Infrared spectra of MWCNTs and Fe3O4/MWCNTs in deionized water, SMT solution, and SMT-NaNO3
solution

process of SMT by MWCNTs, Fe3O4/MWCNTs is
shown in Fig. 5a. It can be seen that the adsorption
of SMT was a quick process whether it was on
MWCNTs or Fe3O4/MWCNTs, and the adsorption
rate increased dramatically in the first 10 min, then
slowed down and achieved equilibrium at 12 and 8
h, respectively. This is mainly because at the
beginning of adsorption, a large number of
adsorption sites on the surface of adsorbent played
an important role in adsorbing SMT, but with the
surface of adsorbent was occupied by a growing
number of SMT molecules, it became more and
more difficult for SMT adsorption onto the surface
of adsorbent due to the repulsion force between SMT
molecules [25]. Nevertheless, carbon nanomaterials
usually exhibit obvious aggregation in aqueous
solution and form interstitial groove sites [26], as a
consequence, the adsorption sites for SMT were only
available for a couple of hours.
Different kinetic adsorption models, including
pseudo first-order, pseudo second-order [27] and
Weber-Morris models were used to analyze the
process of SMT adsorption, and the corresponding
results are shown in Fig. 5.
The pseudo first-order equation can be
expressed as
ሺݍ െ ݍ௧ ሻ ൌ ݈݊ݍ െ ݇ଵ ݐ
(2)
where qe (mg/g) is the amount of SMT adsorbed by
carbon nanoparticles at equilibrium; qt (mg/g) is the
amount of SMT adsorbed by carbon nanoparticles at
time t (min); and k1 (min-1) is the constant of the
pseudo first-order equation.
The pseudo second-order equation can be
described as
௧
ଵ
௧
ൌ
(3)
మ 

The infrared spectra of MWCNTs and
Fe3O4/MWCNTs in deionized water, SMT solution,
and SMT-NaNO3 solution are presented in Fig. 4. It
can be seen that the chemical groups of two
adsorbents were various. The peaks at 2647 cm-1
assign to the O-H stretching vibration, at 2294/2293
cm-1 and at 2116/2115 cm-1 all correspond to the NH stretching vibration, and at 1809/1858 cm-1 and at
1733 cm-1 refer to the O=C-Cl stretching and C=O
stretching, respectively. Besides, the peaks at
1560/1570 cm-1 match the O=C-O antisymmetric
stretching, at 1166/1203 cm-1 accord with the C-H
bending (aromatic), and at 1041 cm-1 and 641/635
cm-1 meet with the C-O and C-O-C stretching and CH bending (alkyl), respectively.
For MWCNTs, all functional groups had
weakened except C-H bending (aromatic),
suggesting the occurrence of SMT adsorption on the
surface of MWCNTs. For Fe3O4/MWCNTs, a
comparison of FTIR spectra of adsorbents in
deionized water, SMT solution, and SMT-NaNO3
solution indicated that plentiful chemical groups
existed on the surface of Fe3O4/MWCNTs after SMT
adsorption, especially for the N-H stretching
vibration. The change of the N-H stretching
vibration also proved the existence of SMT
adsorption. In addition, for two adsorbents, the C-H
bending (aromatic) of SMT shifted from 1166 and
1203 cm-1 to 1202/1181 and 1202/1204 cm-1,
respectively, suggesting that the benzene ring of
SMT was partly adsorbed onto the carbon
QDQRPDWHULDOVWKURXJKʌ-ʌDFFXPXODWLRQHIIHFW
Effect of contact time on SMT adsorption.
Removal efficiency is an important factor for
evaluating the quality of adsorbent, so adsorption
kinetics experiment is very necessary. In this
experiment, the initial concentration of SMT was 20
mg/L (pH 7.0), the mass of adsorbent was 2 mg, and
ionic strength was 0.02 M (NaNO3). The adsorption



మ 



where k2 (g·mg-1·min-1) is the constant of pseudo
second-order equation; and the meanings of qt, qe, are
as described as above. The values of k2 and qe can be
calculated through the slope and intercept of the
straight line obtained from the equation. Moreover,
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the original adsorption rate k (mg·g-1·min-1) can be
identified from k=k2qe2.
The related kinetic parameters were calculated
and presented in Table 2. The correlation coefficients
(R2) of SMT adsorbed onto MWCNTs and
Fe3O4/MWCNTs were calculated from pseudo firstorder equation, and they were 0.408 and 0.349,
respectively, and the adsorption capacity (qe(cal)) was
calculated to be 91.49 and 70.91 mg/g, respectively.
These results suggested that pseudo first-order
kinetic model was not consistent with the actual
results of two kinds of adsorbents. However, the
correlation coefficients (R2) for pseudo second-order
equation all exceeded 0.999, which were much
higher than those of the pseudo first-order equation.
What is more, the adsorption capacity (qe(cal))
calculated from the pseudo second-order equation

also accorded well with the experimental adsorption
capacity (qe(exp)). The results of curve-fitting
indicated that SMT adsorption onto two kinds of
adsorbents conformed the pseudo second-order
equation. Hence the adsorption rate of two sorbents
was all assumed to be controlled by chemical
adsorption.
The Weber-Morris equation can be described as
ݍ௧ ൌ ݇ௐெ  ݐଵΤଶ  ܥ
(4)
where C (mg/g) is the constant that involves
thickness and boundary layer; kWM (mg/g·min0.5) is
the constant of the intra-particle diffusion model;
and the meaning of qt is as described above. The
model is commonly used for the analysis of controlstep in response.

FIGURE 5
Adsorption kinetics of SMT by MWCNTs and Fe 3O4/MWCNTs

TABLE 2
Kinetics parameters for SMT adsorption by MWCNTs and Fe3O4/MWCNTs

MWCNTs
Fe3O4/MWCNTs

MWCNTs
Fe3O4/MWCNTs

Pseudo first-order
k1(min-1)
qe(cal)(mg/g)
0.152
91.488
0.242
70.908
Pseudo second-order
k2(g·mg-1·min-1)
qe(cal)(mg/g)
-3
100.402
1.035×10
4.453×10-3
73.638
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qe(exp)(mg/g)
99.800
73.600
k(mg·g-1·min-1)
10.435
24.149

R2
0.408
0.349
R2
>0.999
>0.999
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TABLE 3
Parameters of intra-particle diffusion model for SMT adsorption by MWCNTs and Fe 3O4/MWCNTs
MWCNTs
C (mg/g)
1
2
3

63.838

kWM(mg/g·min0.5)
3.686
0.606
0.004

R2
0.998
0.942
--

Fe3O4/MWCNTs
C (mg/g)
60.362

kWM(mg/g·min0.5)
1.474
0.230
0.019

R2
0.876
0.992
0.956

FIGURE 6
Adsorption isotherms of SMT by MWCNTs and Fe3O4/MWCNTs

adsorption equilibrium in further studies.

The parameters of intra-particle diffusion
model were calculated from data shown in Fig. 5d,
and the results were listed in Table 3. It can be seen
that the adsorption process was divided into two
stages, including surface adsorption of adsorbent and
slow diffusion of channel. All curves did not pass
through the origin point, indicating that intra-particle
diffusion was not the only controlling-step for
adsorption process. Meanwhile, the values of
intercepts (C) were positive, suggesting that intraparticle diffusion was not disturbed by boundary
layer. The intra-particle diffusion model was suitable
for describing the adsorption of SMT onto
MWCNTs and Fe3O4/MWCNTs. The slopes of three
phases were corresponding to different diffusion
models of adsorption process, respectively. Phase 1
was surface adsorption of adsorbent; Phase 2 was
slow diffusion of channel; and Phase 3 was the final
balance [28]. In particular, SMT molecules went into
the smaller pore after the outside surface reached
saturation, then the diffusion resistance increased,
and the diffusion rate gradually decreased till the
sorption balanced gradually. At early phase of
adsorption, it was large-pore diffusion; and at late
phase it was intra-particle diffusion.
For the same initial concentration of SMT, the
adsorption capacity of SMT onto two adsorbents
increased in the order of MWCNTs >
Fe3O4/MWCNTs, which is consistent with the
specific surface area presented in Table 1. Therefore,
pore-filling effect probably played an important role
in adsorption process. Based on above results, the
response time of 24 h was selected for ensuring the

Adsorption isotherm of SMT. The adsorption
isotherms of SMT onto MWCNTs and
Fe3O4/MWCNTs are shown in Fig. 6, and all
isotherms plotted as adsorption capacity qe (mg/g)
versus aqueous phase concentration Ce (mg/L) at
equilibrium. The adsorption isotherm of organic
pollutants by carbon nanomaterials can be described
by different isotherm equations. According to the
experimental data obtained in this study, four
adsorption models, including the Langmuir,
Freundlich, Henry, and Temkin models, were chosen
to fit the adsorption isotherm, and the adsorption
process was analyzed through the parameters
obtained by the fitting-curves. The linear forms of
the models are as follows:


ଵ
Langmuir equation:  ൌ  
(5)


ೌೣ

ಽ ೌೣ

Freundlich equation: ୣ ൌ    ୣ
Henry equation: ݍ ൌ ݇ு ܥ
Temkin equation: ୣ ൌ ݇ ் ݈݊ܥ  ݇ ் ݈݂݊

(6)
(7)
(8)

where Ce (mg/L) is SMT concentration at
equilibrium; qe (mg/g) is the amount of SMT
adsorbed onto carbon nanoparticles at equilibrium;
qmax (mg/g) is the theoretical maximum adsorption
capacity per unit weight of the carbon nanoparticles;
and kL, kF, kH, kT are sorption constants of the
Langmuir, Freundlich, Henry and Temkin models,
respectively.
The Langmuir model is an ideal model, based
on the assumptions of monolayer surface adsorption.
The Freundlich model is an empirical model. The
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hydrophobic interaction between SMT and the
adsorbents could be ignored at pH=7 [29]. As a
result, hydrophobic effect was also a main
adsorption mechanism.
The relationship of standard Gibbs free energy
change and standard equilibrium constant at
standard state is as follows:
ο ܩൌ െܴ݈ܶ݊݇ு
(9)
where R (8.314 J·mol-1·K-1) is gas constant; T (K)is
absolute temperature; and kH (L/g) is equilibrium
sorption constant of Henry model.
Sorption enthalpy is associated with the van der
Waals force between adsorbate and adsorbent, the
sorption entropy measures the freedom of adsorbate
molecules, and together they constitute the sorption
free energy. The relationship between Gibbs free
energy change quantity, enthalpy change and
entropy change can be expressed as
ο ܩൌ ο ܪെ ܶοܵ
(10)
Combining equations (9) and (10), the
following equation can be obtained:
ିοீ
ିοு
οௌ
݈݊݇ு ൌ
ൌ

(11)
ோ்
ோ்
ோ
The value of kH in Table 4 was substituted into
the above equation to calculate the free energy
change (ڹG), enthalpy change (ڹH), and entropy
change (ڹS), and the results were listed in Table 5.
The Gibbs free energy change was more
negative, indicating that the adsorption of SMT onto
MWCNTs or Fe3O4/MWCNTs was a spontaneous
process. All the value of ڹH was significantly
positive, illustrating that the adsorption was
endothermic process. Besides, all the value of ڹS
was positive, suggesting that the contribution of
entropy change in adsorption process to free energy
could not be ignored.

value of n is between 0 and 1, representing the
strength of the effect of concentration on adsorption
capacity. The smaller n is, the better the performance
of adsorption is. If n is between 0.1 and 0.5, showing
that it is easy for adsorption; if n is greater than 2,
showing it is difficult for adsorption. In Henry model,
the adsorption capacity is in direct proportional to
the concentration. Temkin model is a proper model
for chemical adsorption based on strong electrostatic
interaction between positive and negative charges.
When SMT adsorption achieved equilibrium at
different temperatures (298, 308, 318 K), the fitting
results of four adsorption models were shown in
Table 2. It can be seen that only the Langmuir model
fitted all experimental data very well (R2>0.97),
indicating that SMT adsorption by carbon
nanomaterials conformed the Langmuir model, and
the adsorption process was monolayer sorption.
Considering that the Temkin model fitted reasonably,
it can be inferred that there was electrostatic
interaction for the adsorption of SMT. Although the
correlation coefficients (R2) varied significantly at
different temperatures, the value of n was all
between 0.1 and 0.5, illustrating that two adsorbents
had high adsorption capacity and the distribution of
adsorption energy was heterogeneous.
As shown in Fig. 6 and Table 4, the adsorption
capacity of SMT onto MWCNTs and
Fe3O4/MWCNTs at equilibrium increased with
increase of equilibrium concentration of SMT and
temperature, it reached equilibrium progressively.
The maximal adsorption capacity of SMT by
MWCNTs and Fe3O4/MWCNTs was approximately
259.07 and 114.81 mg/g at 318K, respectively.
Furthermore, from the infrared spectra, it can be seen
that MWCNTs and Fe3O4/MWCNTs were shortage
of the functional groups, so the negative effect on the

TABLE 4
Isotherm parameters for SMT adsorption by MWCNTs and Fe3O4/MWCNTs
Temperature(K)
qmax(mg/g)
kL(L/mg)
R2
kF
n
R2
kH(L/g)
R2
kT
R2

Langmuir

Freundlich
Henry
Temkin

MWCNTs
298
207.47
0.3
0.97
47.37
0.51
0.72
9.314
0.642
44.486
0.919

308
215.05
0.52
0.99
74.14
0.39
0.77
13.596
0.707
43.71
0.896

318
259.07
0.35
0.98
71.1
0.46
0.97
20.708
0.886
53.71
0.986

Fe3O4/MWCNTs
298
308
67.43
85.99
0.33
0.52
1
0.99
17.1
30.84
0.41
0.3
0.73
0.85
1.83
2.521
0.647
0.704
12.98
15.344
0.907
0.913

318
114.81
0.34
0.99
31.95
0.38
0.91
4.007
0.778
30.701
0.956

TABLE 5
Thermodynamic parameters for SMT adsorption by MWCNTs and Fe3O4/MWCNTs

MWCNTs
Fe3O4/MWCNTs

Temperature(K)
298
308
318
298
308

ڹG(kJ·mol-1)
-5.529
-6.683
-8.012
-1.497
-2.368
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ڹH(kJ·mol-1)

ڹS(kJ·mol-1·K-1)

31.475

1.584

30.874

0.303
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FIGURE 7
Effect of pH on sorption capacity of SMT by
MWCNTs and Fe3O4/MWCNTs

FIGURE 8
Effect of ionic strength on sorption capacity of
SMT by MWCNTs and Fe3O4/MWCNTs

Effect of pH on SMT adsorption. The effect
of pH on SMT adsorption is shown in Fig. 7. The
adsorption of SMT by two kinds of adsorbents
increased slowly from pH=2 to pH=7, and then
decreased suddenly at pH=9. The value of pH had a
significant influence on both the surface charge of
adsorbents and the state of adsorbate in solution [29].
The carbonaceous materials were all amphoteric
electrolyte and the surface charge at pHPZC (5.25 and
3.86, respectively) was opposite (from positive to
negative). SMT has two pKa (2.28 for pKa1 and 7.42
for pKa2), which can exist as zwitterionic species
from pH 2.28 to 7.42, positively charged species at
pH < 2.28, and negatively charged species at pH >
7.42 [53]. Thus, electrostatic interaction between the
SMT molecules and the surface of the adsorbents is
expected to dominate the adsorption process. When
pH < 7.42, the weak protonation ability of aniline
group on SMT had no obvious influence on
adsorption of SMT due to the low dissociation
constant (pKa1=2.28). SMT presented neutral form at
pH 2.28 to 7.42, and the adsorption was strengthened
by electrostatic attraction between the opposite
charges of the surface of adsorbents and SMT
molecules. When pH > 7.42, the adsorption was
suppressed due to the electrostatic repulsion of the
adsorbents and adsorbate with the same negatively
charges. In addition, the hydrophobic property of
deprotonation of anionic SMT was obviously
weaker than protonation of zwitterionic SMT, and
the reduction of DQLRQLF 607 IRU DWWUDFWLQJ ʌ
electron leaded to WKH ZHDNQHVV RI ʌ-ʌ ('$
interaction between the deionization groups on
graphite carbon structure with ʌ HOHFWURQ [30].
Therefore, the hydrophobic interactions between
adsorbents and adsorbate decreased when pH
increased (>7.42). Besides, the increase of solubility
of SMT caused by an increase of pH prevented the
adsorption of SMT.

Effect of ionic strength on SMT adsorption.
NaNO3 (concentration ranging from 0 to 0.2 M) was
used to investigate the effect of ionic strength on
adsorption capacity of SMT by MWCNTs and
Fe3O4/MWCNTs. From Fig. 8, it can be obviously
seen that the effect of ionic strength on the
adsorption of SMT by two adsorbents was not
obvious. Usually in the presence of electrolytes in
solution, the intensity of the interaction between
adsorbate and sorbent may change because of the
electrostatic shielding effect [31]. Na+ can produce
electrostatic interaction with SMT, and increase the
nonpolar of SMT. For SMT adsorption by MWCNTs
and Fe3O4/MWCNTs, the result shows that the
electrostatic interaction was not the main sorption
mechanism, possibly because the concentration of
NaNO3 was low, and the synergistic effect caused by
all sorts of influencing factors was not obvious.

CONCLUSIONS
The adsorption of SMT by MWCNTs and
Fe3O4/MWCNTs was both practicable, and their
sorption processes presented similar sorption
mechanisms. That is, hydrophobic effect and holeILOOLQJ HIIHFW ZHUH WKH PDLQ PHFKDQLVPV DQG ʌ-ʌ
accumulation effect also played a significant role in
the sorption. The kinetic analysis suggested that
chemical sorption controlled the sorption rate of
SMT, and the intra-particle diffusion model showed
that it was large pore diffusion at early phase of
adsorption and the late was intra-particle diffusion.
Moreover, the sorption isotherms of SMT indicated
that the sorption process fitted the Langmuir model
better. The equilibrium sorption capacity of SMT
increased with increase of temperature, and the
sorption was a spontaneous process. In addition,
adsorption of SMT had a trend from increase to
decrease when pH ranged from 2 to 9, but the ionic
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[11] Wang, J.L. and Xu, L.J. (2012) Advanced
oxidation processes for wastewater treatment:
formation of hydroxyl radical and application,
Crit. Rev. Environ. Sci. Technol., 42, 251-325.
[12] Wang, J.L. and Wang, J.Z. (2007) Application
of radiation technology to sewage sludge
processing: a review, J. Hazard. Mater., 143, 27.
[13] Chu, L.B., Wang, J.L. and Liu, Y.K. (2015)
Degradation of sulfamethazine in sewage sludge
mixture by gamma irradiation, Radiat. Phys.
Chem., 108, 102-105.
[14] Liu, Y.K., Hu, J. and Wang, J.L. (2014)
Radiation-induced removal of sulfadiazine
antibiotics from wastewater, Environ. Technol.,
35, 2028-2034.
[15] Liu, Y.K., Hu, J. and Wang J.L. (2014) Fe2+
enhancing sulfamethazine degradation in
aqueous solution by gamma irradiation, Radiat.
Phys. Chem., 96, 81-87.
[16] Liu, Y.K. and Wang, J.L. (2013) Degradation of
sulfamethazine by gamma irradiation in the
presence of hydrogen peroxide, J. Hazard.
Mater., 250, 99-105.
[17] Karanfil, T. and Kilduff J.E. (1999) Role of
granular activated carbon surface chemistry on
the adsorption of organic compounds. 1. priority
pollutants, Environ. Sci. Technol., 33, 32173224.
[18] Ji, L.L., Chen, W., Zheng, S.R., Xu, Z.Y. and
Zhu, D.Q. (2009) Adsorption of sulfonamide
antibiotics to multiwalled carbon nanotubes,
Langmuir., 25, 11608-11613.
[19] Wang, Z.Y., Yu, X.D., Bo, P. and Xing, B.S.
(2009)
Norfloxacin sorption and its
thermodynamics on surface-modified carbon
nanotubes, Environ. Sci. Technol., 44, 978-984.
[20] Allen, M.J., Tung, V.C. and Kaner R.B. (2010)
Honeycomb carbon: a review of graphene,
Chem. Rev., 110, 132-145.
[21] Pyrzynska, K. (2011) Carbon nanotubes as
adsorbents in the analysis of pesticides,
Chemosphere. 83, 1407-1413.
[22] Goncalves, A.G., Orfao, J.J.M. and Pereira
M.F.R. (2013) Ozonation of sulfamethoxazole
promoted by MWCNTs, Catal. Commun., 35,
82-87.
[23] Borah, D., Satokawa, S., Kato, S. and Kojima,
T. (2009) Sorption of As (V) from aqueous
solution using acid modified carbon black, J.
Hazard. Mater., 162, 1269-1277.
[24] Ren, X.M., Li, J.X., Tan X.L. and Wang X.K.
(2013) Comparative study of graphene oxide,
activated carbon and carbon nanotubes as
adsorbens for copper decontamination, Dalton
T., 42, 5266-5274.
[25] Guo, X.T., Yang, C., Dang, Z., Zhang, Q., Li
Y.J. and Meng Q.Y. (2013) Sorption
thermodynamics and kinetics properties of
tylosin and sulfamethazine on goethite, Chem.

strength of solution had no obvious influence on
SMT adsorption by MWCNTs and Fe3O4/MWCNTs.
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ABSTRACT

INTRODUCTION

To solve many problems such as estimation of
average monthly river inflow, it is necessary to
consider a time-dependent phenomenon which is
involved in several factors. So, a stochastic model
has to be obtained to calculate the probability of a
future amount of inflow. Studying of river behavior
and the ability to forecast the future events is a
prerequisite for the preparation of optimization
models. In the present study, methods for creating,
diagnosis and assessing the rate of compatibility
with seasonal ARIMA time series models have been
provided. It is also supposed that the seasonal
classification based on their statistical parameter
similarities, could lead to a better normalized series
in comparison to the other transformation methods.
The discussed methods are suitable for continuous
systems. The ARIMA method was used to predict
the future amounts of the inflow into the Karaj
reservoir by using its previous and present values.
For implementing models, first, it is necessary to
normalize the observed data with a logical
transformation method considering seasonalization.
The results showed that the best fitted model is an
annual series ARIMA (1, 0, 1) (2, 1, 1)12 with
logarithmic transformation for forecasting models. It
is also concluded that the 12 month forecast of
inflow is better than 24 months in terms of the
forecasted values.

It is obvious that forecasting the events play an
important role in our daily life [1]. Time series are
used as one of the most important methods to infer
results for the future. Time-series models have been
utilized to make reasonably accurate predictions in
the areas of climate change such as rainfall, sunshine
hours, temperatures as well as hydrologic process
such as discharge forecasting ,etc. [2]. Accurate
prediction of discharge is the key point to manage
the surface water resources, especially to calculate
the appropriate measures for flood and drought of
water resources. Increasing water demand, shows
the need to manage water resources in different
areas, specifically in arid and semi-arid regions [3].
Therefore, achieving a reliable method to forecast
the inflow of the river is crucial to plan for timely
operation of water resources. Since the process
related to water resources are often stochastic, they
are used more than time series for analyzing and
forecasting of these process. Time series is a set of
observations which its attribute is time dependency.
The main goal of those observations is to analyze
past data of the series in order to generalize a pattern
of estimation or to propose a model for the future.
The results of data analysis of time series at the
previous years have led to the usage of stochastic
models which have been widely used recently. These
models are developed in daily [4], monthly [5] and
annual [6] formats. Such models could help that
decision making relating to the operation of the
system, will be carefully implemented and thus lead
to optimal management [7, 8].
There are various methods to forecast time
series. In general, they can be divided into two
categories: traditional methods (or statistical
methods) such as Simple Regression, Exponential
Smoothing, Autoregressive (AR), Moving Average
(MA), Autoregressive Moving Average (ARMA),

KEYWORDS:
Time Series, Forecast, ARIMA, Karaj Reservoir, Seasonal
Models
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Autoregressive Integrated Moving Average
(ARIMA), Seasonal Autoregressive Integrated
Moving Average (SARIMA), and nontraditional
methods such as Artificial Neural Network (ANN)
and Adaptive Neuro-Fuzzy Inference System
(ANFIS).
Since the beginning of 1960s, the widespread
application of stochastic model structures has begun
with the introduction and usage of models for annual
and seasonal series. Similarly, Vogel and Stedinger
[9] examined the values of stochastic models of river
flows and applied them to design reservoirs. The
results of study showed that the use of these models
can improve the accuracy of dam's capacity
estimation. Consequently, they managed to prove
that the estimation of reservoir capacity of storage
dams, which is based on fairly simple models with
square average roots contains fewer errors than the
final estimation, which is solely based on data
statistics. Pereira et al. [10] used stochastic models
of a river flow in the hydroelectricity system of
Brazil and examined the amount of economic loss or
benefit of applying various models in the system.
The basic trend of the classic moving average
correlated models has been explained by Box and
Jenkins [11]. Afterwards, these models faced some
changes during the 1970s and 1980s so that they
could create the models of seasonal time series.
Spoila and Chander [12], Mcleod et al. [13, 14] have
used seasonal autoregressive integrated moving
average models in order to obtain the models of river
flow. Mcleod and Hipel [15] used this model to
analyze and solve the issues of watershed
management. An extension of the congregational
moving average correlated model had led to
congregational fraction moving average correlated
model that has been introduced by Granger and
Joyeux [16] and Hosking [17].
Researchers often use ARIMA, SARIMA and
also the deseasonalized model and the periodic
autoregressive (PAR) in univariate time series [18].
Magar and Jothiparkash [19] used Multi-Linear
Regression Method (MLR) to predict the daily flow
of intermittent reservoirs. Then, they compared the
results to the ARIMA models. Zhang et al. [20]
presented a hybrid model consists of two methods
Singular Spectrum Analysis (SSA) and ARIMA
model for hydrological medium-term and long-term
forecasts. Results show the best performance of the
hybrid model.
It has been a long time that nontraditional
methods, especially non-linear, are used because of
having the characteristics like intelligence,
flexibility and parallel processing to identify model
and predicting the behavior of complex systems.
Moreover, on some occasions, prediction and
controlling of the parameters via traditional methods
are very difficult or even impossible. So, researchers
like Dong and Pedrycz [21], Yu [22, 23] used fuzzy
logic; Guven [24] used linear genetic programming,
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Muluye and Coulibaly [25] used Artificial Neural
Networks to forecast their time series.
Koutroumanidis et al. [26] used Genetic modeling
for the optimal forecasting of hydrological time
series.
Many other researchers also used a comparison
of statistical and non-classical methods in order to
estimate the accuracy of the proposed methods. But
with all the advantages of non-traditional methods
which were mentioned before, their application in
practice has not developed properly because of
different reasons, including imprecise of these
methods and the complexity governing the selection
and appropriate network architecture.
To check the forecast of time series of monthly
inflow for oriented data models, Wu and Chau [27]
compared 4 models: Auto-Regressive Moving
Average (ARMA), Artificial Neural Networks
(ANN), K-Nearest-Neighbors (KNN) and Phase
Space Reconstruction-based Artificial Neural
Networks (PSR-ANN), which KNN model has the
best performance among them. Abudu et al. [28]
used hybrid modeling method; Transfer-Function
Noise (TFN) and an Artificial Neural Networks
(ANN) to predict monthly flow runoff during the
Spring± Summer. The results show the better
generalization ability and higher accuracy of hybrid
modeling comparing to separated models.
Other studies have been done based on the use
of a combination or comparison of traditional and
non-traditional methods for forecasting time series
such as ARIMA-ANN-GA [29], ARIMA-GA
[30],ARIMA-FL-ANNs [31]. The main objective
of this research is to investigate the potential of time
series by seasonalization to model and forecast the
inflow. This prepares the needed information for
decision making in operation of the reservoirs.

MATERIAL AND METHODS
Study Area. The catchment of Karaj is located
between longitude east between 51°03´ and 51°35´
and between 36°01´ and 36°05´ latitude north. The
DUHDRIWKH.DUDMFDWFKPHQWLQVLGH,UDQ¶VWHUULWRU\LV
824 km2. The length of the longest branch of this
river is 85 km. The average discharge volume of this
river in the initial entrance of Karaj dam is 472
million cubic meters. The maximum current of this
river occurs on May. This dam with optimal capacity
of 195 million cubic meters is a multipurpose dam.
Figure 1 shows the Karaj watershed location in
IRAN.
Time series modelling. Time series is a
collection of consecutive observations about a
phenomenon, which occurs through time. Based on
coherence or incoherence of observations, these time
series are called continuous or discrete time series.
The time series which is used in the present study is
discrete time series. Because this time series is
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Where, H t is random variable; B is differencing

calculated based upon a probability distribution, it is
called a statistical time series. The time series model
which is needed for prediction is called random
stochastic models. The important types of random
models, which have been used to describe time series
is so called "static models". In these models, the
process is assumed to balance around a stable mean
level. But most of the time series, especially those
which do not have a stable mean can be better shown
as non-static models. A branch of non-static models
are known as ARIMA collective average moving
autoregressive models. These kinds of models
provide chains of static and non-static models which
can depict most of scientific time series almost
perfectly

M

operator, non-seasonal correlated parameter, T
non-seasonal
moving
parameter, ) seasonal

correlated parameter, 4 seasonal moving average
parameter and c is unbiased parameter.

RESULTS AND DISCUSSION
Due to the necessity of normality in using time
series, first these data were examined by drawing a
normal graph. It is assumed that the classification of
time series based on its statistical parameters would
lead to a better normalized series in comparison to
the usual transform methods such as natural
logarithm. Therefore, we also assessed the monthly
time series based on their statistical parameters and
so, we categorized the time series into five seasons
and also suppose that the whole series itself is a
unique season which its return period is 12 months.
Then for normalizing the data, the box-Cox and
logarithmic transformation have been used.
Therefore, we have to convert data to a normal
distribution with an appropriate transformation
method. One of the suitable conversion methods is
Box-Cox (Equation 2).

FIGURE 1
The boundary of Karaj watershed
ARIMA term refers to a group of statistical
models which have deterministic and probabilistic
parameters of autoregressive AR and moving
average MA seasonal and non-seasonal and, usually,
are shown as follows: ARIMA (p, d, q) (P, D, Q) S
which in this relation, P, p are the number of seasonal
and non-seasonal parameters, respectively and Q, q
are the number of MA seasonal and non-seasonal
parameters, respectively. D and d are defined as the
number of differences in seasonal level (like
monthly) and non-seasonal level (like Annual). S is
the number of seasons in a year
Moving parameters depend directly on
correlation with themselves in the various delays and
correlated parameters depend directly on partial
correlation. Time series are used for the production
of synthetic data and forecast data on water
resources. The simple form is AR (P).
Autoregressive models are based on the random and
correlated behavior of hydrologic data and are well
known as Markov models. ARIMA models (p, q) are
obtained by adding the moving average to the
correlated models. Both of these models are mainly
used for the production of different scenarios of
synthetic time series and can be expected lower.
Besides these models, time series methods ARIMA
is used in its simple and seasonal form just for
prediction of hydrological data on water resources.
ARIMA model is shown in equation (1):
Ȱሺ ܤ௪ ሻ߮ሺܤሻሺͳ െ  ܤ௪ ሻ ሺͳ െ ܤሻௗ ݖ௧ ൌ ȣሺ ܤ௪ ሻߠሺܤሻߝ௧  ܿ
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൝

ݖൌ

௬ ഊ ିଵ
ఒഊషభ

ߣ ് Ͳ

(2)

 ݖൌ ݃  ߣߣ݈݊ כൌ Ͳ
Where, "y" equals basic data, "z" is the
YDULDEOH DQG ³J LV JHRPHWULF PHDQ DQG D WUXH
quantity in the range of 3 to -3. In addition, the box
plot of the time series in various months is drawn in
order to classify data in different seasons and convert
them to normal distribution due to the mentioned
classification (Figure 2).

FIGURE 2
Plot of the series follows a normal distribution
before transformation
According to the mentioned parameters, time
series was classified into five seasons, the first

(1)
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season consisted of December, January and
February, the second season consisted of March,
April and May, the third season consisted of June,
July, the fourth season consisted of August,
September and October and the fifth season
FRQVLVWHG RI 1RYHPEHU 7KH EHVW SDUDPHWHU Ȝ  RI
the Box-Cox transformation method for each season
was chosen by comparing the results with
Kolmogrov-Smienov test (Figure 3).



 



 



 



 



    

conversion and the conversion of classified data to
each other are overlapped. Therefore, the conversion
of unclassified data was used for the data under study
with natural logarithm. After normalization of data
by investigating the auto-correlation and partial
auto-correlation figures, it revealed that the time
series under study is not static (Figures 4 and 5).





 

Fresenius Environmental Bulletin


FIGURE 5
Partial Auto-correlation plot of the Elite model
without deduction



















 
FIGURE 3
Kolmogrov-Smirinov goodness of fit plot of
different seasons

FIGURE 6
Auto-correlation plot of the Elite model with
deduction

FIGURE 7
Partial Auto-correlation plot of the Elite model
with deduction

FIGURE 4
Auto-correlation plot of the Elite model without
deduction

Thus, simple seasonal deduction operations
should be used to correct the instability. It is worth
noting that the time series was maintained after
simple operation of instability. But the time series

Afterward, the results of study showed that the
classification could not convert data to normal
distribution properly and the results of abrupt
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converted into a static status after the operation of
seasonal deduction (Delayed 12 months). The
reduction
of
autocorrelation
and
partial
autocorrelation plots are also static status in the data
and show the validity of the results (Figures 6 & 7).
Therefore, after the initial examination, to
select the best model, 14 different scenarios were
fitted to the values of data and Portmanteau
(Equation 3) and Akaike tests (Equation 4) were
operated on these models.
ܳ ൌ ሺܰ െ ݀ሻ σୀଵ ݎଶ ሺߝሻǤ

(3)

ܥܫܣሺǡ ݍሻ ൌ ܰ݊ܮሺߪఌଶ ሻ  ʹሺ  ݍሻ

(4)

In the above equations, rk(ߝሻ is the remaining
auto- correlation, N is the number of data and 2 is
error variance. It must be mentioned here that
MINITAB 15 software was used to analyze different
models. The results are shown in Table 1.

FIGURE 8
Auto-correlation residual plot of the Elite model

TABLE 1
The analyzed models for finding the best
ARIMA model in terms of Akaike Criteria and
SSE
SSE
Models
Akaike
Criteria
ARIMA(1,1,1)(1,1,1) 12
2156
27.7
ARIMA(1,1,1)(0,0,0) 12

2724

66.5

ARIMA(1,1,1)(1,1,0) 12

2175

28.5

ARIMA(1,1,0)(1,1,1) 12

2279

33.6

ARIMA(0,1,1)(1,1,0) 12

2421

41.8

ARIMA(1,1,0)(0,1,1) 12

2277

33.5

ARIMA(1,1,0)(1,1,0) 12

2520

48.7

ARIMA(2,0,0)(0,1,1) 12

2154

27.6

ARIMA(2,0,0)(1,1,1) 12

2156

27.7

ARIMA(2,0,0)(2,1,1) 12

2152

27.5

ARIMA(1,0,0)(1,1,1) 12

2170

28.4

ARIMA(1,0,1)(2,1,1) 12

2135

26.8

ARIMA(1,0,0)(2,1,0) 12

2317

35.6

ARIMA(1,0,1)(1,1,1) 12

2137

26.9

FIGURE 9
Partial Auto-correlation residual plot of the
Elite model
The analysis have been done according to the
best model via ARIMA (1, 0, 1) (2, 1, 1)12, with the
best obtained parameters.
The parameter values are 0.84, 0, 0.57, -0.0158,
-0.034, 1, 0.95 and 0.00008 respectively. Figures 10
and 11 show the verification process of modelling
and also the correlation of calculating inflow
obtained by the model and with the observed inflow
for two years. Figures 12 and 13 shows the results
for one year. As it is shown the elite model shows its
good performance in predicting the inflow in coming
months. It is also should mention that the
performance of a model for 12 month lead time is
better than for 24 months in terms of determination
coefficient.
The results showed that the best model is
ARIMA (1, 0, 1) (2, 1, 1)12 with the least squares
mean square error. It should be mentioned that the
obtained results of the survey indicate that the
accuracy of the estimated values are lower than the
true values and The predicted gap is more, the
difference is more and the error rate increases.
Therefore, these models cannot be used in the long
term predictions and in case of using; these models

Among the 55 years under study, 53 years were
used to analyze models and 2 water years were used
to verify the accuracy of model, in the end, the
multiplying model ARIMA(1,0,1)(2,1,1)12 was
chosen as the best model with regard to the tests.
Figures of residual of auto-correlated and the partial
auto-correlated (Figures 8 & 9) showed static state
in data and proved the accuracy of results.
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need to be updated. One of the disadvantages of
these models, in case of the accuracy of the results,
is once the new observation becomes available;
Estimations of the model parameters cannot be
modified or updated and analyzing is inevitable
which completely fit the new models.
 





 

 












    

FIGURE 13
Plot of observed inflow versus forecasted inflow
for 12 months
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FIGURE 10
24 month forecast plot and comparing with the
observed inflow

CONCLUSION
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FIGURE 11
Plot of observed inflow versus forecasted inflow
for 24 months
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FIGURE 12
12 month forecast plot and comparing with the
observed inflow
595

This paper investigates the results by
comparing 5 seasonal and one non seasonal time
series in the scale of yearly data in terms of preparing
for normalization with Box- Cox and natural
logarithm transformation and their impacts in the
modeling and also forecasting in the mid- term
periods. By using the transformation for achieving
normal series, we assess the degree of normalization
with the Kolmogorov±Smirnov test (K±S test). This
test shows that although the seasonalization
hypothesis at the first glance should be better than
the natural logarithm, but the investigation has
shown that the natural logarithm is better than the
seasonalization. The methodology which used is
time series modeling with the ARIMA type models.
The ARIMA model is used to construct a purely
statistical model for the observed data in order to
forecast the future events based on the historical
data. So on the basis of this approach, there has been
used 14 different models with different logical
parameters in order to choose the best model. The
choice of the best model was implemented by
considering the AKAIKE criterion that is suggested
in many references in the field of time series
modeling. The results of the modeling summarized
above show that the ARIMA (1, 0, 1) (2, 1, 1)12 is
the best model (R2= 0.78) for forecasting the 12
months lead time and also the 24 months lead time
(R2= 0.64). So as the Coefficient of determination
shows that we can accept the results with this
approach and they can be considered as a good result
in order to decide about your policies for managing
water resources
The choice of the most reasonable and robust
technique should be made on the basis of the
knowledge of the system, the input and output data,
and the available modeling approaches. In general,

© by PSP

Volume 26 ± No. 1a/2017, pages 590-597

Fresenius Environmental Bulletin

reservoir design applications. Water Resources
Research, 1988. 24(9): p. 1483-1490.
[10] Pereira, M., et al., Stochastic streamflow models
for hydroelectric systems. Water Resources
Research, 1984. 20(3): p. 379-390.
[11] Box, G.E.P. and G.M. Jenkins, Time series
analysis: forecasting and control. Francisco
Holden-Day, 1976.
[12] Spolia, S. and S. Chander, Modelling of surface
runoff systems by an ARMA model. Journal of
Hydrology, 1974. 22(3): p. 317-332.
[13] Hipel, K.W., A.I. McLeod, and W.C. Lennox,
Advances in Box-Jenkins modeling: 1. Model
construction. Water Resources Research, 1977.
13(3): p. 567-575.
[14] McLeod, A.I., K.W. Hipel, and W.C. Lennox,
Advances in BoxǦJenkins modeling: 2.
Applications. Water Resources Research, 1977.
13(3): p. 577-586.
[15] Hipel, K.W. and A.I. McLeod, Preservation of
the rescaled adjusted range: 2. Simulation
studies using BoxǦJenkins Models. Water
Resources Research, 1978. 14(3): p. 509-516.
[16] Granger, C.W. and R. Joyeux, An introduction
to longǦmemory time series models and
fractional differencing. Journal of time series
analysis, 1980. 1(1): p. 15-29.
[17] Hosking, J.R., Fractional differencing.
Biometrika, 1981. 68(1): p. 165-176.
[18] Wong, H., et al., Non-parametric time series
models for hydrological forecasting. Journal of
Hydrology, 2007. 332(3): p. 337-347.
[19] Magar, R. and V. Jothiprakash, Intermittent
reservoir daily-inflow prediction using lumped
and distributed data multi-linear regression
models. Journal of earth system science, 2012:
p. 1-18.
[20] Zhang, Q., et al., Singular Spectrum Analysis
and ARIMA Hybrid Model for Annual Runoff
Forecasting. Water Resources Management,
2011. 25(11): p. 2683-2703.
[21] Dong, R. and W. Pedrycz, A granular time
series approach to long-term forecasting and
trend forecasting. Physica A: Statistical
Mechanics and its Applications, 2008. 387(13):
p. 3253-3270.
[22] Yu, H.-K., A refined fuzzy time-series model
for forecasting. Physica A: Statistical
Mechanics and its Applications, 2005. 346(3):
p. 657-681.
[23] Yu, H.-K., Weighted fuzzy time series models
for TAIEX forecasting. Physica A: Statistical
Mechanics and its Applications, 2005. 349(3):
p. 609-624.
[24] Guven, A., Linear genetic programming for
time-series modelling of daily flow rate. Journal
of earth system science, 2009. 118(2): p. 137146.
[25] Muluye, G.Y. and P. Coulibaly, Seasonal
reservoir inflow forecasting with low-frequency

when there is a long term data series and there are no
other data which shows the historical behavior of the
considered basin for analyzing it more integrated,
therefore, one of the best choices that are not time
consuming and also reliable is time series modeling.

ACKNOWLEDGEMENT
The authors would like to acknowledge the
University Malaya Research Grant (FL026-2012D),
FRGS (FP016-2014A), and the Malaysian
International Scholarship (MIS) by the Ministry of
Education (MOE, Malaysia) for their support. We
are most grateful and would like to thank the
reviewers for their valuable suggestions that have led
to substantial improvements to the article.

REFERENCES
[1] Jilani, T.A. and S.M.A. Burney, A refined fuzzy
time series model for stock market forecasting.
Physica A: Statistical Mechanics and its
Applications, 2008. 387(12): p. 2857-2862.
[2] Noori, M., et al., Utilization of LARS-WG
Model for Modelling of Meteorological
Parameters in Golestan Province of Iran.
Journal of River Engineering, 2013. 1(1).
[3] Narayanan, P., et al., Trend analysis and
ARIMA modelling of pre-monsoon rainfall data
for western India. Comptes Rendus Geoscience,
2013.
[4] Coulibaly, P., F. Anctil, and B. Bobee, Daily
reservoir inflow forecasting using artificial
neural networks with stopped training approach.
Journal of Hydrology, 2000. 230(3): p. 244-257.
[5] Valipour, M., M.E. Banihabib, and S.M.R.
Behbahani, Comparison of the ARMA,
ARIMA, and the autoregressive artificial neural
network models in forecasting the monthly
inflow of Dez dam reservoir. Journal of
Hydrology, 2012.
[6] Zhang, Q., et al., Singular spectrum analysis and
ARIMA hybrid model for annual runoff
forecasting. Water resources management,
2011. 25(11): p. 2683-2703.
[7] Chiew, F., S. Zhou, and T. McMahon, Use of
seasonal streamflow forecasts in water
resources management. Journal of Hydrology,
2003. 270(1): p. 135-144.
[8] Gong, G., et al., A simple framework for
incorporating seasonal streamflow forecasts
into existing water resource management
practices1. JAWRA Journal of the American
Water Resources Association, 2010. 46(3): p.
574-585.
[9] Vogel, R.M. and J.R. Stedinger, The value of
stochastic streamflow models in overyear

596

© by PSP

Volume 26 ± No. 1a/2017, pages 590-597

climatic indices: a comparison of data-driven
methods. Hydrological sciences journal, 2007.
52(3): p. 508-522.
[26] Koutroumanidis, T., et al., Genetic modeling for
the optimal forecasting of hydrologic timeseries: Application in Nestos River. Journal of
Hydrology, 2009. 368(1): p. 156-164.
[27] Wu, C. and K. Chau, Data-driven models for
monthly streamflow time series prediction.
Engineering
Applications
of
Artificial
Intelligence, 2010. 23(8): p. 1350-1367.
[28] Abudu, S., J.P. King, and A.S. Bawazir,
Forecasting monthly streamflow of springsummer runoff season in rio grande headwaters
basin using stochastic hybrid modeling
approach. Journal of Hydrologic Engineering,
2010. 16(4): p. 384-390.
[29] Liang, Y.-H., Combining seasonal time series
ARIMA method and neural networks with
genetic algorithms for predicting the production
value of the mechanical industry in Taiwan.
Neural Computing and Applications, 2009.
18(7): p. 833-841.
[30] Lee, Y.-S. and L.-I. Tong, Forecasting time
series using a methodology based on
autoregressive integrated moving average and
genetic
programming.
Knowledge-Based
Systems, 2011. 24(1): p. 66-72.
[31] Khashei, M., M. Bijari, and G.A. Raissi Ardali,
Improvement of auto-regressive integrated
moving average models using fuzzy logic and
artificial
neural
networks
(ANNs).
Neurocomputing, 2009. 72(4): p. 956-967.

Fresenius Environmental Bulletin

Received:
Accepted:

11.10.2015
23.09.2016

CORRESPONDING AUTHOR
Faridah Othman
Associated professor, Department of civil
Engineering, Faculty of Engineering, Kuala
Lumpur, Malaysia
Email: Faridahothman@um.edu.my

597

© by PSP

Volume 26 ± No. 1a/2017, pages 598-606

Fresenius Environmental Bulletin

RESPONSE AND ACCUMULATION ABILITY OF
PERENNIAL RYEGRASS TO PLUMBUM AND CADMIUM
STRESS
Feng Peng1, 2, Sun Li2, Shen Xiao-Hui2, Li Ru-Lai2, Jiang Cheng3, Zheng Hai-Yan2, Li Zeng-Jie2,
Li Zhi-Min2, Guo Wei2, Han Xu-Dong2, Zhao Wen-Jun2, Zhang Ying-Jun4,*
1

Postdoctoral workstation of Heilongjiang Academy of Agricultural Sciences, Herbin, 150086 China
2
Jiamusi Branch of Heilongjiang Academy of Agricultural Sciences, Jiamusi, 154007 China
3
Jiamusi university, Jiamusi, 154003 China
4
China Agricultural University, Beijing, 100193 China

significant than Pb. Restorative effect of perennial
ryegrass for light-polluted soil was better.

ABSTRACT
The object of this study were to evaluate the
effect of plumbum and cadmium stress on growth
and development of perennial ryegrass and
understand the potential of perennial ryegrass for
phytoremediation of Pb and Cd contaminated soil,
which to provide technical support and application
for soil remediation. By the method of artificial
potting, Pb were 0, 300, 500, 1000, 1500 mg·kg -1,
Cd were 0, 0.3, 3, 10, 50, 100 mg·kg-1, Pb-Cd
combined were Pb0Cd0, Pb300Cd0.3, Pb500Cd0.3,
Pb1000Cd0.3, Pb1500Cd0.3, Pb300Cd10, Pb500Cd10,
Pb1000Cd10, Pb1500Cd10. By measuring the seed
germination vigor, germination rat, germination
index, simplified vigor index, chlorophyll content,
photosynthetic, transpiration, photosyntheti-cally
active radiation, light use efficiency, water use
efficiency. The Pb and Cd content of root, stem, leaf
were determined. The results showed that there was
no significant difference of the effects of seed
germination on low-concentration(300, 500 mg·kg-1)
Pb2+ stress. There was adverse effects on seed
germination for the high-concentration of Pb2+
(1000, 1500 mg·kg-1). Low-concentration Cd2+
stress promote seed germination, if the
concentration of Cd2+ was more than 10 mg·kg-1, it
showed that inhibition of seed germination. With
the increment of Pb2+ concentration, the chlorophyll
increased, but Cd showed the opposite tendency.
Photosynthetic decreased at first and then increased
under Pb and Cd single stress. Photosynthetic
reached the maximum value when the concentration
of Pb2+ is 1000 mg·kg-1 or Cd2+ is 10 mg·kg-1.
Enrichment coefficient were decreased with the
increase of heavy metal concentration under Pb or
Cd single stress. Pb-Cd combined stress has
stronger inhibit effect on seed germination than
single stress. Accumulation ability of perennial
ryegrass were root > stem > leaf. Enrichment
coefficient of perennial ryegrass Cd more

KEYWORDS:
plumbum; cadmium;
accumulation ability

stress;

perennial

ryegrass;

INTRODUCTION
Plumbum(Pb)
and
cadmium(Cd)
contamination have received widespread attention
owing to its high toxicity to plants, animals and
humans(Rengasamy [1]. Pb and Cd contamination
in groundwater or soil have become a crucial
environmental and health problem in some parts of
the world [2]. Mitigating environmental Pb and Cd
contamination are an urgent requirement in many
countries [3]. A potential solution is to exploit the
potential of Pb and Cd contamination by plants to
remove them from soil or water. Phytoremediation
offers owners and managers of metal-contaminated
sites an innovative and cost-effective option to
address recalcitrant environmental contaminants [4,
5]. The use of plants or plant products to restore or
stabilize contaminated sites, collectively known as
phytoremediation, takes advantage of the natural
abilities of plants to take up, accumulate, store, or
degrade organic and inorganic substances [6].
Although not a new concept, phytoremediation is
currently being re-examined as an environmental
friendly, cost-effective means of reducing metal
contaminated soil and other substrates [7, 8].
Perennial ryegrass(Lolium perenne L.) was a
perennial herb of the family gramineae, which had
strong resistance ability for barrens, organic and
heavy metals contaminated soil, even survival and
normal growth in tailings land [9]. Decreased heavy
metals content by pruning, finally remediate the
polluted soil. Perennial ryegrass removed Cd from
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KOH or HCl. Three replications were done in all
cases and a control was maintained. The organic
matter of meadow black soil was 2.49%, available
nitrogen was 86.3 mg·kg-1, available phosphorus
was 64.6 mg·kg-1, available potassium was 79.9
mg·kg-1, total nitrogen was 0.14%, total phosphorus
was 0.14%, total potassium was 3.12%, pH was 6.5.
The soil Pb background value was 0.24 mg·kg-1, Cd
was 0.031 mg·kg-1.

soil efficiently and thus possesses good potential for
Cd phytofiltration [10]. Xu [11] showed that Zn, Cd
were absorbed by perennial ryegrass was aerial part.
Roots of perennial ryegrass was luxuriant, which
can solidify heavy metal ion effectively [12].
The toxicity of heavy metals for plant was
profound, which affected germination, seedling
growth, flowering and fruiting almost whole growth
period [13, 14]. Li [15] showed that with the
increasing concentrations of cadmium, relative
survival rate and relative underground biomass of L.
perenne germplasm decreased significantly, and
relative plant height, relative tiller number and
relative above-ground biomass increased firstly and
declined lately. Chen [16] tested the impacts of
Cd2+ǃCu2+ǃZn2+ and Pb2+ stresses on fluorescence
characteristics of perennial ryegrass. They found
that the Fv / Fm under Cd2+ stress was slightly higher
than that in the controls indicating that the impact
of Cd2+ was not significant. The lower
concentration of Zn2+ resulted in an improving
effect on the PS Ċ system. Perennial Ryegrass
showed strong resistance to the stresses when heavy
metals were at low concentrations and vice versa.
Wang [17] showed that the chlorophyll content of
ryegrass decreased under Cd, Zn and Pb compound
pollution which may destroy the structure of
chloroplast; CAT and POD were activated at low
Cd, Zn and Pb application, but were inhibited with
the increasing application.
Thus, in the present study, we evaluated the
effect of plumbum and cadmium stress on growth
and development of perennial ryegrass and
understand the potential of perennial ryegrass for
phytoremediation of Pb and Cd contaminated soil,
which to provide technical support and application
for soil remediation.

Germination
analysis.
Seeds
were
surface-sterilized with 1% (w/v) mercuric chloride
followed by 75% (v/v) ethanol. Seeds were
thoroughly rinsed with deionized water and allowed
to imbibe for 3 h. After imbibition, the seeds were
placed into petri plates containing sterile filter
sheets moistened with either 2 mL of distilled
water(CK) or different Pb2+, Cd2+ concentrations.
Germination percentages and biochemical analyses
were estimated after 14 d, by observing radicle
protrusion as the criterion. Each treatment was
repeated three times independently using 100 seeds
in each replicate. Germination index (GI)= ě
(GT/DT), where GT is the germination percentage
on the T day, and DT is the day of germination [18].
The length and fresh weight of shoots and roots
were recorded. Dry weight (DW) was obtained after
drying at 75°C until a constant weight was
recorded.
Sampling and chlorophyll analysis. The
plants leaves washed with distilled water, then
weighed it about 0.2 g. Chlorophyll content in the
leaves of treated and control plants were extracted
in 80% acetone and 95% ethanol 20 ml estimated
by the method of Arnon, after 24 h dark extracted in
50ć water bath, then determined the absorbance
of the solution at 645 and 663 nm. Chlorophyll
content was expressed by follow formulas [19].
Ca=(12.71A663ˉ2.59A645)×(VˋM)×1000
Cb=(22.88A645ˉ4.67A663)×(VˋM)×1000
Ct= (8.04 A663ˇ20.29A645)×(VˋM)×1000
CaǃCbǃCt were chlorophyll-a, chlorophyll-b,
and total chlorophyll, V were solvent amount, M
were leaf weight, A645ǃA663 were the absorbance
value at 645nm and 663nm.

MATERIALS AND METHODS
Plant culture.Perennial ryegrass(Pickwich)
seeds was collected from Chinese academy of
forestry sciences, Beijing, China. Seeds were
surface sterilized with 0.1% sodium hypochlorite
solution for 10 min and rinsed with double distilled
water. Seeds were sown in earth pots(45 cmh40
cm, diameter and deep) containing meadow black
soil. Each pot contained 25 seedlings. The seeds
were initially treated with five Pb2+(Pb(NO3)2
concentrations solution 0(control), 300, 500, 1000,
1500 mg·kg-1, five Cd2+ (Cdcl2·2.5H2O )
concentrations solution 0.3, 3, 10, 50, 100
mg·kg-1in separate pots. And there were nine Pb-Cd
combine
contaminated
treatments(Pb0Cd0,
Pb300Cd0.3, Pb500Cd0.3, Pb1000Cd0.3, Pb1500Cd0.3,
Pb300Cd10, Pb500Cd10, Pb1000Cd10, Pb1500Cd10). The
pH of thr solution was abjusted to 6.5 by adding

Sampling and photosynthetic analysis. At 90
days after seed sowing, 3 plants were randomly
sampled from each of the plots, and the matured
normal functional leaves at the top of the sampled
plants were tested, leaf net Photosynthesis(Pn),
transpiration(Tr),
photosynthetically
active
radiationnet(PAR) of 19 treatments were measured
with the open CI 310 portable photosyntometer
system of CID, USA. The environmental factors,
such as temperature, CO2 content, and sunlight
during the measurement, were close to the same.
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Light Use Efficiency(LUE)= Pn/PAR [20].
RESULTS
Sample preparation and Pb, Cd content
analysis. Separated root, stem and leaf samples
were kept for 24 h for air drying at room
temperature on absorbent paper. Then, most of the
samples were oven dried at 65 ć (Constant
Temperature Oven, DKN602, Yamato Scientific Co.
Ltd., Japan) for at least 48h until they reached a
constant weight. Each samples was ashed 6 h at
500 ć (Muffle, XKMF-2000A, Henan Xinxing
Scientific Co. Ltd., China), then digested by 0.5
mol/L HNO3(Wako pure Chemical Ind. Ltd., Japan).
Pb2+, Cd2+ contents was measured using an
inductively coupled plasma atomic emission
spectroscopy(ICP-AES, IRIS Intrepid, USA). The
accuracy of the analysis was checked using certified
standard reference materials for Pb, Cd that
obtained from Wako pure Chemical Ind. Ltd., Japan
[a, b].

Effect of plumbum and cadmium stress on
seeds germination. Seeds germination vigor
decreased with increased Pb2+ concentrations(300ǃ
500 ǃ 1000 ǃ 1500 mg·kg-1), and tends to the
minimum(83.68ǃ84.14%) of Pb2+ concentrations at
1000 mg·kg-1, 1500mg·kg-1(Table 1). Seeds
germination vigor was expressed in a single peak
curve, lower Cd2+-treated group(0.3, 3 mg·kg-1)
promote seed germination, however, seed
germination will be inhibited when Cd2+
concentration more than 10 mg·kg-1. Germination
vigor and Germination rat decreased with increased
Pb2+ concentrations in Cd2+-treated same group(0.3
or 3 mg·kg-1) that Pb-Cd combined stress inhibited
seeds germination more than Cd.
Effect of plumbum and cadmium stress on
chlorophyll. The same tendency shows that effect
of Pb2+, Cd2+ single and combined stress on
chlorophyll-a,
chlorophyll-b,
total
chlorophyll(Table
2).
The
chlorophyll-a,
chlorophyll-b, total chlorophyll content of heavy
metal stress treatments significantly greater than
control. Chlorophyll content had an increasing trend
with increased Pb2+ concentrations(300ǃ500ǃ1000ǃ
1500 mg·kg-1) under Pb, Cd single stress, however,
the tendency for Cd was the contrary(Table 2).
Chlorophyll-a, chlorophyll-b and total chlorophyll
content decrease slightly after a increase and tends
to the peak at 1.381, 0.511, 1.892 mg·g-1 as Pb2+

Enrichment coefficient Analysis. Enrichment
coefficient(EC) is the ratio of Pb2+, Cd2+ content in
plant to soil, which is one of the important indexes
of evaluating plant enrichment of heavy metals
ability, and reflect the enrichment ability of heavy
metals. EC=a/b, where a is the Pb2+, Cd2+ content of
plant, b is the Pb2+, Cd2+ content of soil [21].
Statistics. Results were expressed as the
means f standard error of mean(SEM) of three
replicates. The data was statistically analyzed using
a two tailed T-test (SAS Institute Inc.,2012) to
compare paired means between different treatments
at 5% level of probability.

TABLE 1
Effect of plumbum and cadmium stress on germination characteristics
Germination
Germination
Germination
Simplified vigor
Treatment
vigor %
rat %
Index
Index
Pb0Cd0
94.24±1.71a
88.33±1.43a
26.99±0.52a
232.11±2.78a
Pb300
91.01±1.69a
86.85±1.46a
26.05±0.49a
212.30±2.18ab
Pb500
89.91±1.58ab
86.50±1.41ab 25.36±0.38ab
195.77±1.89b
Pb1000
89.58±1.51ab
83.68±1.02b
26.63±0.47a
172.82±1.75d
Pb1500
89.39±1.48ab
84.14±1.12b
25.64±0.29a
198.19±1.90bc
Cd0.3
95.05±1.75a
89.63±1.52a
26.73±0.41a
190.85±1.84bcd
Cd3
94.38±1.70a
89.01±1.49a
25.76±0.36a
205.05±1.91bc
Cd10
89.69±1.56ab
88.84±1.42ab 27.50±0.54a
220.82±2.25a
Cd50
85.96±1.39b
81.09±0.83c
24.34±0.24b
179.14±1.76d
Cd100
85.71±1.32b
78.90±0.79c
25.67±0.36a
200.48±1.89bc
Pb300Cd0.3
88.68±1.45b
87.44±1.43a
25.77±0.34a
165.70±1.62e
Pb500Cd0.3
87.02±1.40ab
87.64±1.44ab 25.65±0.31ab
169.29±1.69de
Pb1000Cd0.3 87.17±1.42ab
85.00±1.29b
26.99±0.49a
175.165±1.70cd
Pb1500Cd0.3 86.53±1.41bc
85.29±1.30b
26.27±0.41a
195.71±1.85bcd
Pb300Cd10
89.27±1.46ab
88.40±1.46a
27.07±0.59a
191.11±1.79bcd
Pb500Cd10
88.37±1.44ab
88.3±1.431a
26.40±0.45a
189.02±1.64cd
Pb1000Cd10 86.20±1.34bc
85.61±1.38b
25.84±0.46a
173.64±1.71de
Pb1500Cd10 84.33±1.19c
86.59±1.46bc 26.45±0.48a
201.02±1.83bc
Means in the same column with different superscript letters differ significantly (P<0.05).
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Treatment
Pb0Cd0
Pb300
Pb500
Pb1000
Pb1500
Cd0.3
Cd3
Cd10
Cd50
Cd100
Pb300Cd0.3
Pb500Cd0.3
Pb1000Cd0.3
Pb1500Cd0.3
Pb300Cd10
Pb500Cd10
Pb1000Cd10
Pb1500Cd10

Treatment
Pb0Cd0
Pb300
Pb500
Pb1000
Pb1500
Cd0.3
Cd3
Cd10
Cd50
Cd100
Pb300Cd0.3
Pb500Cd0.3
Pb1000Cd0.3
Pb1500Cd0.3
Pb300Cd10
Pb500Cd10
Pb1000Cd10
Pb1500Cd10
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TABLE 2
Effect of plumbum and cadmium stress on chlorophyll
Chlorophyll a
Chlorophyll b
Chlorophyll a/b
mg·g-1
mg·g-1
mg·g-1
0.882±0.060g
0.310±0.046g
1.192±0.106f
1.023±0.079cde
0.367±0.050def
1.391±0.123cde
1.071±0.082cd
0.383±0.052de
1.454±0.129cd
1.109±0.091c
0.364±0.050def
1.373±0.118cde
1.218±0.098b
0.440±0.048b
1.659±0.195b
1.225±0.102b
0.430±0.042bc
1.656±0.192b
1.033±0.079cde
0.368±0.049def
1.402±0.119cde
0.939±0.064efg
0.339±0.046fg
1.279±0.198ef
0.893±0.061g
0.321±0.039g
1.214±0.172f
1.298±0.119ab
0.482±0.051a
1.780a±0.213b
0.909±0.061fg
0.342±0.043fg
1.252±0.185ef
1.065±0.074cd
0.383±0.051de
1.448±0.121cd
1.051±0.068cd
0.384±0.052de
1.435±0.116cd
0.967±0.066defg
0.369±0.047def
1.336±0.108def
0.915±0.058cd
0.345±0.040efg
1.260±0.186cd
0.928±0.062efg
0.389±0.053d
1.273±0.192ef
1.381±0.134a
0.511±0.645a
1.892±0.121a
1.102±0.090c
0.398±0.047cd
1.500±0.059c

TABLE 3
Effects of plumbum and cadmium stress on Pn, Tr, PAR, LUE
Net
photosynthetic Transpiration
Photosynthetically active
efficiency
rate
radiation
mmol
μmol·m-2·s-1
μmol CO2·m-2·s-1
H2O·m-2·s-1
20.48±0.81b
7.663±0.885ab
1160.52±19.51bc
18.64±0.59d
7.927±0.913a
1254.30±22.38a
18.23±0.52e
7.365±0.774bc
1079.44±18.06bc
21.59±0.89ab
7.021±0.736de
987.51±17.64d
20.67±0.76b
6.917±0.729e
842.63±16.52de
19.21±0.68bc
7.830±0.901ab
1098.87±18.29bc
18.33±0.56de
7.969±0.928a
1137.50±19.11bc
22.67±0.91a
7.155±0.742bcd 936.21±17.01cd
20.97±0.93bc
7.004±0.730cd
875.42±16.99de
18.22±0.45de
7.280±0.751c
898.35±17.06d
21.65±0.90ab
7.688±0.889bc
1082.40±18.16bc
22.52±0.83a
7.721±0.896ab
1174.10±19.88bc
18.59±0.59cd
6.854±0.713e
969.38b±17.55cd
17.53±0.38f
6.430±0.699e
827.65±15.96e
19.36±0.70bc
7.222±0.748bc
1054.60±17.73bcd
19.07±0.56bc
7.531±0.841ab
1077.49±17.82bc
18.25±0.45de
6.947±0.735d
907.87±16.65de
17.27±0.31f
7.120±0.739bc
924.53±16.99d

concentrations is 1000 mg·kg-1, Cd2+ concentrations
is 10 mg·kg-1 in Cd2+-treated same group(0.3 or 3
mg·kg-1) under Pb-Cd combined stress.

Light
efficiency

use

%
1.85±0.297a
1.53±0.276b
1.74±0.288a
2.20±0.341a
2.51±0.360a
1.67±0.275b
2.01±0.319a
2.42±0.351a
2.40±0.350a
2.02±0.312a
1.68±0.273a
1.99±0.305a
1.97±0.293a
2.15±0.332a
1.43±0.264b
1.83±0.291a
2.07±0.315a
1.94±0.288a

μmol CO2·m-2·s-1) at Pb2+(1000 mg·kg-1), Cd2+(10
mg·kg-1). Net Photosynthesis were firstly increased
and the highest at Pb2+ (500 mg·kg-1) and then
decreased in lower concentration Cd2+-treated
group(0.3 mg·kg-1) under Pb-Cd combined stress,
which it decreased with increased Pb2+
concentrations in higher concentration Cd2+-treated

Effects of plumbum and cadmium stress on
photosynthetic. Net Photosynthesis decreased at
first and then increased with the peak(21.59, 22.67
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group(10 mg·kg-1). The tendency of transpiration
and photosynthetically active radiation that
increased firstly, then decreased under Pb-Cd
combined stress(Table 3).

of Cd more than Pb, which accumulation ability of
Cd of perennial ryegrass more significantly than
Pb(Table 5). Enrichment coefficient of perennial
ryegrass of Cd2+-treated group(0.3 mg·kg-1) more
higher than Cd2+-treated group(10 mg·kg-1) under
Pb-Cd combined stress, which Pb could be taken to
promoted Cd was absorbed in lower concentration.

Plumbum and Cadmium contents in each
parts of the plant. Pb2+, Cd2+ content of root, stem
and leaf increase with increasing Pb2+
concentrations(300ǃ500ǃ1000ǃ1500 mg·kg-1) or
Cd2+ concentrations(0.3ǃ3ǃ10ǃ50ǃ100 mg·kg-1)
(Table 4). Cd2+ content of root of Cd2+-treated
group(0.3 mg·kg-1) under Pb-Cd combined stress
significantly greater than Cd signal stress that Pb
could be taken to promoted the root to absorb Cd.
Pb absorbing of root, stem and leaf were inhibited
by higher Cd-treated group(10 mg·kg-1). The
sequence of Pb2+, Cd2+ absorbing are follows: root
leaf˚stem.

DISCUSSIONS
Plumbum and cadmium causes many
morphological, physiological and biochemical
changes in growing plant [22]. Liu [23] showed that
seed germination and seedling growth were
promoted obviously when Pb2+ concentration below
800 mg·L-1, and inhibited significantly when Pb2+
concentration above 800 mg·L-1.
Growth inhibition by high Pb2+ concentration
treatments to root was greater than that to bud. Ge
[24] showed that under hydroponics low
concentrations( ˘ 10 mg·kg-1) of Cd slightly
promoted germination of P. maximum, while high
concentration(30
mg·kg-1)
restrained
its
germination. Single Cd had less effect on
germination of Stylo, indicating that Stylo seed
possessed a relative strong ability to tolerate. Wang
[25] showed that under the condition of combined

Phytofiltration potential and accumulation
ability. Enrichment coefficient of perennial
ryegrass decrease with the increase of Pb2+
concentrations or Cd2+ concentrations that
accumulation ability of perennial ryegrass of lower
Pb2+ (300, 500mg·kg-1) and Cd2+ treated group(0.3,
3, 10 mg·kg-1) more than higher Pb2+ (1000,
1500mg·kg-1) and Cd2+-treated group(50, 100
mg·kg-1). Both Pb, Cd single and Pb-Cd combined
stress, enrichment coefficient of perennial ryegrass

TABLE 4
Accumulation characteristics of root, stem and leaf
mg·kg-1
Treatment
Pb0Cd0
Pb300
Pb500
Pb1000
Pb1500
Cd0.3
Cd3
Cd10
Cd50
Cd100
Pb300Cd0.3
Pb500Cd0.3
Pb1000Cd0.3
Pb1500Cd0.3
Pb300Cd10
Pb500Cd10
Pb1000Cd10
Pb1500Cd10

Root
Pb2+
0
20.1±0.68d
27.5±1.77d
33.5±2.41cd
58.7±3.06b
0
0
0
0
0
10.0±0.32d
28.0±1.84d
62.1±3.32ab
71.5±3.38a
11.0±0.39d
25.6±156cd
33.8±2.46c
36.4±2.63c

Cd2+
0
0
0
0
0
0.09±0.016e
0.16±0.034d
0.15±0.032d
0.44±0.051a
0.47±0.050a
0.19±0.039cd
0.24±0.041c
0.19±0.038cd
0.20±0.037c
0.30±0.049bc
0.31±0.041b
0.35±0.046b
0.33±0.047b

Stem
Pb2+
0
0.80±0.115de
1.80±0.269d
4.80±0.547c
6.70±0.753b
0
0
0
0
0
2.80±0.325cd
2.90±0.364cd
8.10±0.301ab
10.9±0.336a
0.20±0.005de
0.40±0.042de
0.80±0.114de
1.70±0.261d
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Cd2+
0
0
0
0
0
0.10±0.004b
0.10±0.004b
0.11±0.005b
0.12±0.008b
0.12±0.006b
0.09±0.005b
0.10±0.005b
0.11±0.004b
0.11±0.002b
0.15±0.009b
0.17±0.101ab
0.15±0.006b
0.18±0.012a

Leaf
Pb2+
0
2.67±0.305d
2.93±0.336d
5.01±0.295cd
6.59±0.651c
0
0
0
0
0
6.46±0.602c
8.85±0.374b
9.20±0.391ab
10.70±0.397a
3.01±0.369d
3.32±0.375d
4.89±0.275cd
7.82±0.283b

Cd2+
0
0
0
0
0
0.10±0.004b
0.10±0.005ab
0.11±0.005ab
0.12±0.006ab
0.15±0.008a
0.05±0.001d
0.07±0.001c
0.07±0.002c
0.08±0.002bc
0.10±0.004b
0.10±0.004b
0.11±0.005b
0.10±0.004b
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TABLE 5
Enrichment coefficient of perennial ryegrass of plumbum and cadmium
Pb, Cd content of above-ground
Concentration factor
Treatment
Pb (mg·kg-1)
Cd (mg·kg-1)
Pb
Cd
Pb0Cd0
0
0
0
0
Pb300
23.57±1.54de
0
0.079±0.018a
0
Pb500
32.23±2.11cd
0
0.064±0.012b
0
Pb1000
43.31±2.98c
0
0.043±0.008cd
0
Pb1500
71.99±5.12b
0
0.048±0.009c
0
Cd0.3
0
0.42±0.041de
0
1.400±0.077c
0
0.36±0.034e
0
0.120±0.011d
Cd3
Cd10
0
0.37±0.036e
0
0.037±0.006ef
Cd50
0
0.68±0.059b
0
0.014±0.002g
Cd100
0
0.74±0.064a
0
0.007±0.001h
Pb300Cd0.3
19.26±1.42e
0.57±0.048bc
0.064±0.011b
1.900±0.082a
Pb500Cd0.3
39.75±2.45cd
0.53±0.045bc
0.080±0.019a
1.767±0.076b
Pb1000Cd0.3
79.4±5.20a
0.40±0.040d
0.079±0.020a
1.333±0.054c
Pb1500Cd0.3
93.1±6.84a
0.61±0.052b
0.062±0.015b
2.033±0.099a
Pb300Cd10
14.21±1.08e
0.36±0.034de
0.047±0.008c
0.036±0.006f
Pb500Cd10
29.32±2.01cde
0.37±0.035de
0.059±0.009bc
0.037±0.005ef
39.49±2.46cd
0.41±0.043d
0.039±0.007de
0.041±0.007e
Pb1000Cd10
Pb1500Cd10
45.92±3.06c
0.39±0.039de
0.0310±0.006e
0.039e±0.005f

synthesis, decreased photosynthesis and inhibited
plant growth. Drziewicz [28] showed that
chloroplast structure and chloroplast membrane
system were destroyed by Pb and Cd. Zhou [29]
showed that when lead concentration is 1000mg/L,
sweet clover(Melilotus officinalis) lead content of
leaf reaches maximum value, and the chlorophyll
content reduces to minimum. Light compensation
point was not changed with different lead
concentration treatment. In our studies the
chlorophyll content of Pb2+ treatment were both
higher than control that were identical with Zhou
[29] results, while different from Xia [27] results.
The possible reasons that Pb2+ concentration the
highest value was 1500 mg·kg-1 in this test, the
trend of chlorophyll content will be study
confirmed for further study when Pb2+ concentration
more than 1500 mg·kg-1. The found of net
photosynthesis were firstly increased and the
highest at Pb2+(500 mg·kg-1) and then decreased in
lower concentration Cd2+-treated group(0.3 mg·kg-1)
when Pb-Cd combined stress, which it decreased
with increased Pb2+ concentrations in higher
concentration Cd2+-treated group(10 mg·kg-1),
which the effect of higher Cd2+ concentration on net
photosynthesis more significantly.
There were different heavy metal content from
plant different parts [30]. Liao [31] studied the
effects of low molecular weight organic acidsand
higher molecular weight organic acidon the toxicity
of Cd during ryegrass growth. Results showed that
the concentration of Cd was higher in roots than in
shoots, which indicated that the roots of ryegrass

pollution, rice (Oryza sative) were capable to
stimulate the germination energy (GE) and roots
length at lower concentration, but the germination
index(GI) and vigor index(VI) were inhibited
obviously as the increase of their combined
concentration. Under the condition of Cd2+, Pb2+
and their combined pollution, the shoots length of
wheat were inhibited obviously as the increase of
Cd2+, Pb2+ and their combined concentration. In this
study, lower Pb2+-treated group(300, 500 mg·kg-1)
had no significant effect on the germination of
Perennial Ryegrass seeds. Lower Cd2+-treated
group(0.3, 3 mg·kg-1) promote seed germination,
however, seed germination will be inhibited when
Cd2+ concentration more than 10 mg·kg-1, which
were identical with Liu [23] and Wang [25] results.
The possible reasons that lower Cd2+ concentration
improve the physiological activity of seed embryo,
promote seed germination. However, higher Pb2+,
Cd2+ concentration induced the seed embryo and
bud, and inhibited the activities of amylase and
protease, then decreased the germination capacity
of Perennial Ryegrass seeds.
Directly symptom of plant was poisoned by
the etiolation of leaves aggravates, and even
withered death [26]. Xia [27] studied the effects of
lead on chlorophyll fluorescence characteristics of
L. perenne. Results showed that when Pb2+
concentration was 0-3000 mg·kg-1, chlorophyll
content increased first and then decreased. Low
Pb2+ concentration could improve chlorophyll
synthesis of L. perenne and its photosynthesis,
while high Pb2+ concentration inhibited chlorophyll
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of perennial ryegrass were root> stem > leaf.
Enrichment coefficient of perennial ryegrass Cd
more significant than Pb. Restorative effect of
perennial ryegrass for light-polluted soil was better.

could prevent transport of Cd from roots to shoots
and reduce Cd accumulation in the shoots. Zhang
[32] showed that Cd content of various organs of
Ryegrass were in the older: root> stem> leaf, and
the underground part of the Cd content is much
larger than above ground. The enrichment factor of
Ryegrass is more than 1 at the Cd concentration of
10, 20 mg·kg-1, with strong ability to accumulate,
which indicate that Lolium perenne seedlings are
tolerant to cadmium and this grass is promising for
phyto-remediation in cadmium-contaminated farm
land. In this study that Cd2+ was mainly
accumulated in the roots of Perennial Ryegrass, and
the content of Cd2+ in the leaves was the lowest
which were identical with Zhang [32] results.
Perennial Ryegrass had larger root biomass,
strong regeneration capacity and fast growth rate,
then it was good accumulation for heavy metal [33].
Plumbum(Pb) and cadmium(Cd) are noxious and
carcinogenic pollutants that can be removed from
soil by using emerging, phytofiltration technology
that employs Perennial Ryegrass [34]. Li [35]
studied the content variation of As, Hg, Pb, Cr and
Cd in soil and L. perenne plants. Results showed
that the transportation capability from root to the
aboveground of L. perenne followed the sequence
of Cd>Cr>As>Pb>Hg, the stem-root ration of Cd
was the highest with an average of 1. Enrichment
capacity
of
aboveground
parts
was
Cd>Cr>Pb>As >Hg. The root system was stronger
enrichment capacity than the aboveground parts in
general. Yang [36] showed that capacities of L.
perenne accumulating these metals are: Zn>Cd>Pb
which were identical with our results. We also
found in this study that enrichment coefficient of
perennial ryegrass Cd more significant than Pb.
Restorative effect of perennial ryegrass for
light-polluted soil was better.
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of antibiotic resistance [3] because of antibiotics
overdosage, especially veterinary antibiotics.
Veterinary antibiotics are highly active substances
and being used with a large scale as therapeutic drugs
s in modern agricultural practice for prevention and
treatment of bacteria-borne diseases and improved
growth rates [4, 5]. Depending on the chemical and
the animal species, 30±90% of antibiotic added to
the feed are excreted as the parent compounds and
its conjugates, oxidation or hydrolysis products [6].
These antibiotics and metabolites in animal wastes
may contaminate soils when manure is applied to
agricultural fields according to the rules of good
agricultural practice. They may be also transported
to ditches, streams and rivers via runoff and drain
flow, to groundwater via leaching and may also enter
into the food chain [7] because removal efficiency of
antibiotics in a bioreactor was very low [8]. This is
main source of antibiotics in the environment. This
paper aims to summarize the current antibiotics
contamination in different surface waters of China
since 2011 and assess their ecological risk.

ABSTRACT
In recent years, some researchers detected
some kinds of antibiotics in surface waters of China.
According to their studies, the author statistics 117
kinds of antibiotics in which there are 67 kinds
detected in surface waters in China. The detected
rate is about 0.573, more than 50%. Almost 93%
detected antibiotics belong to the DNA synthesis
inhibitors and protein synthesis inhibitors. Their
concentration is in a very large range from 0 to
19000 ng/L. Moreover, the erythromycin has the
maximum detected concentration. More than 50%
antibiotics are lower than 100 ng/L and eight kinds
of antibiotics detected have the concentration more
than 1000 ng/L.

KEYWORDS:
antibiotics; surface waters; detected concentration;
ecological risk assessment

Classification of antibiotics. Since penicillin
was discovered by Sir A. Fleming in 1928 to the
subsequent wide availability of the first antibiotics at
the end of the Second World War [9], scientists have
found nearly ten thousand kinds of antibiotics.
Because of their high toxicity, less than one hundred
and fifty kinds of them as a drug were used for
human or livestock diseases cure.
In this study, antibiotics are commonly
classified based on their action mechanism, chemical
structure, or spectrum of activity [10-13] including
cell wall synthesis inhibitors, DNA synthesis
inhibitors, RNA synthesis inhibitors, protein
synthesis inhibitors, DNA replication (Intercalators),
anaerobic DNA inhibitors and others. Four antibiotic
classification based on the cell wall synthesis
inhibitors DUH ȕ-lactams (A) (ten kinds),

INTRODUCTION
Antibiotics as an emerging trace contaminant
appeared since 1970 are a kind of drugs, used in
medicine for treating infections caused by bacteria.
Because of their high production and consumption,
they have received growing attention in recent years
for their possible threats to aquatic and human health.
Their characteristics are lower concentration, higher
toxicity, stronger bioaccumulation capacity and
persistence [1].
China is a great country with high production
and consumption of antibiotics because of its need
for economic development, which result in serious
pollution by antibiotics. China has the ZRUOG¶VPRVW
rapid growth rate of antibiotic resistance (22%
average growth rate) [2] and also has very high rates
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macrolides (eight kinds), amphenicols (three kinds),
lincosamides (two kinds), pleuromutilins (only one)
and others (only one). DNA replication intercalators
have two antibiotic classes, anthracyclines (three
kinds) and others (three kinds). Anaerobic DNA
inhibitors have two kinds of antibiotic classification
including nitrofurans (two kinds) and nitroimidazole (only one). Others have thirteen kind
antibiotics. 117 kinds of commercially available
antibiotics are listed in Table 1.

glycopeptides (only one kind), lipopeptides (only
one kind) and others (four kinds), respectively. DNA
synthesis inhibitors have three antibiotic
classification are fluoroquinolones (twenty kinds),
sulfonamides (twenty-four kinds) and others (only
one kind), respectively. RNA synthesis inhibitors
have two kinds of antibiotic classification including
rifamycins (three kinds) and resistomycins (two
kinds). Protein synthesis inhibitors have seven kinds
of antibiotic classification including tetracyclines
(nine kinds), aminoglycosides (five kinds),

TABLE 1
The classification of commercially available antibiotics
Mechanism
of Action

Antibiotic Class

Antibiotic Name

Abbreviation

Piperacillin
Carbenicillin
Ampicillin

ȕ-lactams (A)

CIN

1.128h10

C17H18N2O6S

AMP

5.654h103

C16H25N3O7S

3

C16H18N2O4S

CLO

110.4

CDL

Ceftazidime

C19H18ClN3O5S

1.11h10

3

CFZ

3.796h10

C14H14N8O4S3

AMOX

1.825h103

C16H19N3O5S

CAR

7.882h10

4

C15H14ClN3O4S

CAE

6.523h106

C22H32N6O12S2

6

C66H75Cl2N9O24

Vancomycin

VAN

5.081h10

Lipopeptides

Polymixin B

POL-B

2.5h104

Others

Bacitracin
D-cycloserine
Fosfomycin
Nalidixic acid

AON

3.089h10

BTN

4

5.0h10

2(C52H98N16O13)·5(H2
SO4)
7

C5H13N2O4P
C66H102N17O16S

6

D-CSE

2.827h10

FMN

1.21h106

NA

C3H6N2O2
C3H7O4P

2.405h10

3

C12H12N2O3

5

C17H18FN3O3

Ciprofloxacin

CFC

1.615h10

Levofloxacin

LON

<100

Sparfloxacin

SPA

<100

Ofloxacin

C16H17N3O5S·H2O

7

Glycopeptides

Alafosfalin

C18H20FN3O4
C19H22F2N4O3
5

C18H20FN3O4

OFX

2.818h10

C19H22FN3O3

DNA

Fluoroquinolon

Enrofloxacin

ENR

3.385h104

Synthesis

es(FQs)

Sarafloxacin

SARA

1.522h104

C20H17F2N3O3

Danofloxacin

DAN

5.818h103

C19H20FN3O3

Enoxacin

ENX

2.557h105

C15H17FN4O3

3

C21H19F2N3O3

Inhibitors

Difloxacin

DIF

Marbofloxacin

MAR

Oxolinic acid

OXA

608


C23H27N5O7S

3

Cloxacillin

Cefaclor

Inhibitors

3.431h103

2.115h10

Cefadroxil

Molecular Formula

PIP

PEN-G

Amoxicillin

Synthesis

[ppm]

Penicillin G

Cefazolin
Cell Wall

Water Solubility

9.634h10
1.0h10

6

2.35h10

3

C17H19FN4O4
C13H11NO5
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Flumequine

FLU

Pefloxacin

PEF

Moxifloxacin

DNA

MOX
GAT

60

C19H22FN3O4

Nfa

C19H20F3N3O3

Fleroxacin

FLE

1.601h105

C17H18F3N3O3

LOM

8.271h104

C17H19F2N3O3

NFX

3.224h105

C16H18FN3O3

SMZ

2.277h104

C12H14N4O2S

Lomefloxacin

Sulfonamides
(SAs)

Inhibitors

Others
Rifamycins

Synthesis
Resistomycins

Protein

Tetracyclines

Synthesis

(TCs)

Sulfamethazine
Sulfapyridine

SPD

Sulfamethoxazole

SMX

3.5h10

4

C11H11N3O2S

3.999h10

4
5

C10H11N3O3S

Sulfadiazine

SDZ

2.712h10

Sulfachloropyridazine

SCP

6.702h104

C10H9ClN4O2S

Sulfadimethoxine

SDM

9.692h103

C12H14N4O4S

Sulfadoxine

SDX

2.658h105

C12H14N4O4S

Sulfathiazole

STZ

2.294h104

C9H9N3O2S2

Sulfamonomethoxine

SMM

8.543h104

C11H12N4O3S

Sulfisoxazole

SIX

1.16h104

C11H13N3O3S

C10H10N4O2S

5

C8H10N2O3S

Sulfacetamide

SAM

4.275h10

Sulfamethoxypyridazi

SMP

8.543h104

C11H12N4O3S

Sulfaquinoxaline

SQX

2.036h104

C14H12N4O2S

3

C14H16N4O3S
C12H13N3O4S

N-acetyl

N-SMZ

4.831h10

N-acetyl

N-SMX

8.396h103

Sulfanilamide

SN

3.055h105

C6H8N2O2S

N-acetyl

N-SD

5.702h104

C12H12N4O3S

N-acetyl

N-SP

7.54h103

C13H13N3O3S

Sulfisomidine

SIM

2.277h104

C12H14N4O2S

6

C7H10N4O2S

Sulfaguanidine

SGD

1.289h10

Sulfachlororyridazine

SCP

6.702h104

C10H8ClN4NaO2S

Sulfamethiazole

SMT

5.031h104

C9H10N4O2S2

Sulfameter

SME

2.517h105

C11H12N4O3S

Sulfamerazine

SMR

7.869h104

C11H12N4O2S

Novobiocin

NBN

946.7

C31H36N2O11

Rifampicin

RBN

18.99

C43H58N4O12

Rifabutin

RUN

190

C46H62N4O11

Rifaximin
Resistomycin

RXN
RFN

<100
10~1000

C43H51N3O11
C22H16O6

Resistoflavin

RTE

0.8144

C22H16O7
8

C22H24N2O9
C22H24N2O8

Oxytetracycline

OTC

1.899h10

Doxycycline

DOX

5.285h106
6

C22H24N2O8

Ttetracycline

TC

4.925h10

Chlorotetracycline

CTC

1.153h106

Doxycycline

DC

5.285h106

C22H24N2O8

Tetracycline

TET-H

1.399h109

C22H25ClN2O8

Iso-chlorotetracycline

I-CTC

550

C22H24Cl2N2O8

Demeclocycline

DDE

1.033h109

C21H21ClN2O8·ClH

Minocycline

MYE

5.981h105

C23H27N3O7

609


C21H24FN3O4

ORB

(SAs)

Inhibitors

1.146h10

Gatifloxacin

Sulfonamides

Inhibitors

C17H20FN3O3

3

Orbifloxacin

Norfloxacin

RNA

2.008h10

es(FQs)

Inhibitors

Synthesis

C14H12FNO3
5

Fluoroquinolon

Synthesis

DNA

224.4

C22H23ClN2O8
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Aminoglycosides

Aminoglycosides

Tobramycin

TMN

1.71h1011

C18H37N5O9

Gentamicin

GMN

1.688h107

C60H123N15O21

Amikacin

AKN

2.578h1014

C22H43N5O13

Streptomycin

SON

1.359h1013

C21H39N7O12

SNN

1.112h106

C14H24N2O7

3

Spectinomycin

Protein
Synthesis

10~1000

C41H67NO15

RTM

639.4

C41H76N2O15

˄MLs˅

Spiramycin

SPI

103~104

C40H67NO14

Tylosin

TYL

3.793h104

C46H77NO17

Jjosamycin

JOS

241.5

C42H69NO15

Azithromycin

AZM

181

C38H72N2O12

Chloramphenicol

CAP

1.815h104
5

C11H12Cl2N2O5

Thiamphenicol

TAP

3.77h10

Florfenicol

FF

103~104

C12H14Cl2FNO4S

Clindamycin

CLD

1.846h103

C18H33ClN2O5S

Lincomycin

LCM

1.00h105

C18H34N2O6S

Pleuromutilins

Tiamulin

TLN

3.44

C28H47NO4S

Others

Thiostrepton

TTN

<100

C72H85N19O18S5

Doxorubicin

DBN

3.437h103

C27H29NO11

Epirubicin

EBN

3.437h103

C27H29NO11

IBN

1.749h103

C26H27NO9

Actinomycin D

AON-D

5.188h106

C62 H86 N12 O16

Mithramycin

MMN

1.593h108

C52H76O24

Tetracenomycin

TON

0.03305

C21H14O8

Furazolidone

FOE

1.0h104

C8H7N3O5

Nitrofurantoin

NON

1.731h105

C8H6N4O5

Ornidazole

ODE

2.22h104

C7H10ClN3O3

Anthracyclines

Idarubicin

Intercalators

Others

Nitrofurans

DNA
Nitro-imidazole

Others

C12H15Cl2NO5S

Antimycin A

ATN-A

13.59

C13H14O5

Bafilomycin A

BON-A

Nf

C35H58O9

Monensin

MEN

0.9463

C36H61NaO11

Netropsin

NPN

1.0h103

C18H26N10O3

Nonactin

NTN

0.04467

C40H64O12

Salinomycin

SMN

0.0007295

C42H69NaO11

Staurosporine

SPE

<100

C28H26N4O3

Streptonigrin

STN

8.145h105

C25H22N4O8

Tunicamycin

TAN

Nf

C37H60N4O16

Pyrrole acid

P-A

9.089h103

C5H5NO2

Trimethoprim

TMP

2.548h104

C14H18N4O3

Pipemidic acid

PI-A

8.015h106

C14H17N5O3

Valinomycin

VMN

14.26

C54H90N6O18

Not found.
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C37H67NO13
C38H69NO13

MAN

Replication

a

208.1

Midecamycin

Lincosamides

Inhibitors

1.057h10

Roxithromycin

Amphenicols

Anaerobic

ETM
CTM

Macrolides

Inhibitors

DNA

Erythromycin
Clarithromycin
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TABLE 2
The concentration of antibiotics detected in surface waters in different parts of China
Mechanism of
Cell Wall

Antibiotic Class
ȕ-lactams (A)

Synthesis

Fluoroquinolones
(FQs)

Antibiotic Name
Cefazolin

Concentration
nd-10

Amoxicillin

[28]

nd-76

Nalidixic Acid

[13,32]

nd-116.0

Ciprofloxacin

[11,13,14,18,19,26,28,30]

nd-493

Sparfloxacin

[13]

nd-0.79

Ofloxacin

[11,13,14,18,19,21,23,25-

nd-5100

Enrofloxacin

[11,13,14,26,30]

nd-448

Sarafloxacin

[13,26,33]

nd-142

Danofloxacin

[13,33]

nd-29.5

Enoxacin

[13,33]

nd-209

Difloxacin

[13]

nd-20.6

Marbofloxacin

[13]

nd-22.3

Oxolinic Acid

[13]

29.1-105

Flumequine

[13]

nd-7.0

Pefloxacin

[13]

nd-14.6

Moxifloxacin

[13]

7.2-14

Gatifloxacin

[13]

16-42

Orbifloxacin

[13]

nd-2.7

Fleroxacin

[13,26]

nd-32.8

Lomefloxacin

[13,14]

nd-39.4

Norfloxacin

[11,13,14,21,23,25,26,27,28,

nd-6800

Sulfamethazine

[11,13,14,18,20-

nd-1390

DNA Synthesis

Sulfapyridine

[11,13,14,26]

nd-219

Inhibitors

Sulfamethoxazole

[11,13,14,19-29,33,34]

nd-940

Sulfadiazine

[11,13,14,19-23,26,29,33]

nd-505

Sulfachloropyridazine

[13,19]

nd-380

Sulfadimethoxine

[13]

nd-16.6

Sulfadoxine

[7,13,]

nd-630

Sulfonamides
(SAs)

Sulfathiazole

[11,13]

nd-32.2

Sulfamonomethoxine

[13]

nd-49

Sulfisoxazole

[13]

nd-16.5

Sulfacetamide

[13]

nd-82

Sulfamethoxypyridazine

[13]

nd-630

Sulfaquinoxaline

[7,11,13]

nd-640

[13]

nd-11.5

N-acetyl

[13]

5.9-268

sulfanilamide

[13]

nd-8

N-acetyl

Sulfamethazine

N-acetyl

Sulfadiazine

[13]

nd-3.3

N-acetyl

Sulfapyridine

[13]

nd-13.7

Sulfisomidine

[13]

nd-0.42

Sulfaguanidine

[13]

nd-8

Sulfachlororyridazine

[26]

3.25-58.29

Sulfamethiazole

[13]

nd-22.1

Sulfameter

[13]

nd-86.8

Sulfamerazine

[11,13,26]

nd-3.5
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Tetracyclines
(TCs)

Protein
Synthesis

Macrolides

Inhibitors

˄MLs˅

Amphenicols

Lincosamides

Others

Oxytetracycline

[11,13,19,26,28,33]

nd-1080

Doxycycline

[26]

5.61-46.93

Tetracycline

[7,11,13,19,26,28,31,33]

nd-10300

Chlorotetracycline

[7,11,13,26,33]

nd-3670

Epi-iso-chlorotetracycline

[13]

nd-5

Tetracycline

[13]

nd-122

Iso-chlorotetracycline

[13]

nd-15

Erythromycin

[11,13,14,19-25,27-

nd-19000

Clarithromycin

[13,14,20,22,29,34]

nd-180

Roxithromycin

[11,13,14,19-29]

nd-3700

Spiramycin
Tylosin

[13]
[13,26]

nd-2.9
nd-187

Josamycin
Azithromycin

[13]
[13,20,22,29]

nd-0.9
nd-4.7

Chloramphenicol

[11,13,26,32]

nd-266

Thiamphenicol

[11,26]

nd-110

Florfenicol

[11,13,26]

nd-89.5

Clindamycin

[34]

0.6-503

Lincomycin

[13,34]

nd-357

Pyrrole Acid

[13]

0.95-17.5

Trimethoprim

[13,14,19-22,24-

nd-605

Pipemidic Acid

[13]

6.5-13

Antibiotics in surface waters of China. Low
levels of antibiotics have been detected in many
countries (including China) in sewage treatment
plant effluents, surface waters, seawaters,
groundwater, some drinking waters [13-16].
According to previous reports and researches [7, 11,
13, 14, 18-34], the concentration of antibiotics
detected in surface waters in China was listed in
Table 2.

Base on the Table 2, we could do the statistical graph,
see Figure 1 and Figure 2.
Figure 1 shows that the detected antibiotics are
mainly the DNA synthesis inhibitors and protein
synthesis inhibitors, and almost 93% detected
antibiotics belong to these two kinds. These
antibiotics include ciprofloxacin, ofloxacin,
enrofloxacin,
norfloxacin,
sulfamethazine,
sulfamethoxazole, sulfadiazine, oxytetracycline,
tetracycline, chlorotetracycline, erythromycin,
clarithromycin, and roxithromycin. In addition, the
trimethoprim was also detected, because it has been
detected for many times in China.

FIGURE 1
The antibiotic kinds and detected kinds
The total number of detected antibiotics is 67
and the detected rate is 0.573. The detected
concentration range from 0 to 19000 ng/L, the
erythromycin detected has the maximum
concentration 19000 ng/L, and the tetracycline with
a maximum detected concentration 10300 ng/L.

FIGURE 2
The maximum concentration levels of detected
antibiotics
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FIGURE 3
The RQs of acute toxicity
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FIGURE 4
The RQs of chronic toxicity
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TABLE 3
The RQs value and their harmful levels
Order

RQs Value

Harmful Levels

1

54

High

2

54

Medium

3

0.0540.1

Low

Figure 2 show that the maximum concentration
of antibiotics detected in surface waters of China.
Most of antibiotics detected have a lower
concentration below 100 ng/L and they almost have
no risk to water environment. Only some kinds of
antibiotics have a higher concentration of 1000 ng/L
and they have a higher risk to water environment and
aquatic plants, even to human healthy, because the
existing water treatment plants have a very little
removal rate of antibiotics[17]. The risk is mainly
related to toxicity of antibiotics, concentration and
risk assessment methods. So far, the assessment
methods only can assess single antibiotic risk, the
total risk of antibiotics is far greater than that of
single antibiotic risk.

It is shown from Figure 3 and Figure 4 that the
harmful levels of the antibiotics detected in surface
waters of China are low risk. Only Erythromycin has
medium risk and Roxithromycin has low risk to
ecological for acute and chronic toxicity. Moreover,
Roxithromycin and Lincomycin has low risk to
ecological for acute toxicity. Therefore, the
antibiotic for water pollution in the surface waters of
China is low risk.

CONCLUSIONS
In China, the most antibiotics detected belong
to the DNA synthesis inhibitors and protein synthesis
inhibitors. These antibiotics include ciprofloxacin,
ofloxacin, enrofloxacin, norfloxacin, sulfamethazine,
sulfamethoxazole, sulfadiazine, oxytetracycline,
tetracycline, chlorotetracycline, erythromycin,
clarithromycin, trimethoprim and roxithromycin in
which trimethoprim has been detected for many
times in China. Most antibiotics with a low
concentration and have no risk to water environment.
In this paper, new risk assessment methods were
studied to assess comprehensive risk of antibiotics to
the surface waters in China. The results show that the
antibiotic for water pollution in the surface waters of
China is low risk

Ecological risk assessment. The ecological
risks were assessed by following a risk quotient (RQ)
approach [36]. RQs were calculated by dividing the
highest detected concentrations by the Predicted No
Effect Concentrations (PNECs) for green algae,
daphnid and fish. The PNECs value was calculated
by dividing the lowest No Observed Effect
Concentration (NOEC) with an appropriate safety
factor in which a default safety factor of 1000 and
100 for acute and chronic toxicity was used to derive
PNECs. In this article, a safety factor of 1000 was
used related to the acute toxicity and a safety factor
of 100 to the chronic toxicity of antibiotics. The
NOEC value of lowest acute toxicity was classified
three different trophic levels: concentration for 50%
of maximal effect (EC50) of green algae with 72 or
96 hr, the lethal concentration for 50% (LC50) of
daphnid with 48 hr and the lethal concentration for
50% of fish with 96 hr. The NOEC value of lowest
chronic toxicity was also classified three different
trophic levels: the chronic toxicity value (ChV) of
green algae with ChV, daphnid with ChV and fish
with ChV. The NOEC value was calculated by the
ecological structure activity relationships (ECOSAR)
model. The risk quotient value and their harmful
levels were showed in Table 3. The RQs value of
acute and chronic toxicity of antibiotics detected
were showed in Figure 3 and Figure 4, respectively.
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and human health, due to a wide spectrum of toxic
responses related to developmental and reproductive
toxicity, such as immunotoxicity, neurotoxicity, and
carcinogenicity[3, 4]. Stringent policies have been
implemented in various countries for controlling the
PCDD/Fs emissions, especially from municipal
solid waste incinerators. PCDD/Fs¶GHWHUPLQDWLRQLV
routinely based on applying high-resolution gas
chromatography
and
high-resolution
mass
spectrometry (HRGC/HRMS), requiring expensive
equipment and time-consuming sample preparation
procedures[5]. Thus, there is an urgent need for fast
and low-cost analysis methods[6, 7]. Chemical
luciferase gene express (CALUX) bioassay may
become the priority of dioxins screening test due to
its high detection sensitivity and accuracy, wide
detection range, short analysis cycle, simple
operation and low analysis cost[8-10].
CALUX bioassay was developed by
Xenobiotic Detection System Inc. (USA) using a
genetically-modified cell line (mouse hepatoma
H1L6.1) that was stably transfected with a vector,
containing the firefly luciferase reporter gene whose
transcriptional activation occurs in a time-, dose-,
ligand-, and aryl hydrocarbon receptor (AhR)dependent manner. Dioxin-related compounds
(DRCs) bind to the AhR and induce the expression
of related genes. CALUX estimates contamination
by dioxins, after being calibrated with TCDD
standards by measuring the expression of a sensitive
reporter gene in genetically modified cells. The
luminescence measured is expressed in light unit,
which is later converted into toxic equivalent
quantity (CALUX-TEQ) unit[11-13]. The validation
of the bioassay and the correlation between CALUX
and HRGC/HRMS derived 2,3,7,8-TCDD TEQs has
been previously described in various media, such as
soil, feed, serum, etc[14-17]. In contrast to the purely
instrumental analysis, the CALUX bioassay also
accounts for interactions among the diverse
chemicals present in complex mixtures and thus
provides supplementary information on their
biological effects[18]. The results of CALUX are
generally higher than those from HRGC/HRMS, due
to the appearance of various DRCs[19]. Three
potential chemical compounds with dioxin-like
properties were reported to potentially bind to the
AhR[18]:

ABSTRACT
Chemically activated luciferase expression
(CALUX) is a reliable, fast and inexpensive bioassay
technology for screening and analysing PCDD/Fs
semi-quantitatively in various media. However,
heavy metal ions (HMIs) may influence the
luciferase expression induced by 2,3,7,8tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) and
cell activity in H1L6.1 cell lines, resulting in
deviating measurement results. This study applied
five different HMIs (Pb2+, Hg2+, Cd2+, Cu2+ and Zn2+)
in a 2-level factorial design for exploring their
impact on CALUX results. The results revealed that
all five ions somewhat influenced luciferase
expression and cell activity, yet Hg2+ had the greatest
adverse impact on luciferase activity. Combined
action of Hg2+ and Cu2+ prompted the most obviously
negative effects on cell activity. The maximum
tolerable level of the two critical metals for H1L6.1
cell lines was also determined (i.e., 1 μg-Hg2+ or 2.5
μg-Cu2+/ml-medium) by comparing the impact
under continuous heavy metal concentration. The
observed data revealed that the influence mechanism
of heavy metals on luciferase activity is complicated,
which is not only caused by the reduction of H1L6.1
cells, but also may be the inhibition effect of a metal
on CYP1A1 activation and reduction of luciferase
enzyme production.

KEYWORDS:
H1L6.1 cell lines; Relative luciferase unit (RLU);
Relative survival ratio (RSR); PCDD/Fs; CALUX
bioassay; Cadmium; Copper; Lead; Mercury; Zinc

INTRODUCTION
Polychlorinated dibenzo-p-dioxins (PCDD),
polychlorinated dibenzofurans (PCDF) and coplanar
polychlorinated
biphenyls
(Co-PCBs),
are
ubiquitously existed in ecosystem for several years
once formed. Anthropogenic activities are proved to
be the mainly source of these persistent organic
pollutants[1, 2]. In addition to their environmental
hazards, major concerns with dioxins and dioxin-like
compounds (DRCs) are their effects upon wildlife
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from samples without adding any heavy metals
(blank) was defined as 100%. Other samples
exposed by different kinds of HMs were compared
with the blank one and calculated to relative light
units (RLUs), which reflecting the changes in
luciferase activity. Similar definition was applied to
calculat the relative survival rates (RSRs), which
characterizing the influence on cell activity. The
relationship between cell activity and luciferase
activity induced by different HMs concentration
were investigated in this paper. Furthermore, the
maximum tolerable level of HMs for H1L6.1 cell
line was measured based on the observed data.

Planar congeners of PCDD/Fs, polychlorinated
biphenyls (PCBs) and naphthalenes (PCNs) and
some polycyclic aromatic hydrocarbons (PAHs).
Other
polyhalogenated
(chlorinated,
brominated, fluorinated) potential AhR agonists
with specific stereochemical configuration.
Natural chemical compounds such as indols,
heterocyclic amines; some pesticides and drugs with
various structures (imidazoles and pyridines)[12,
20].
Apart from interference by DRCs, heavy
metals (HMs) could directly induce CYP1A1 gene
expression in an AhR-dependent manner through
transcriptional and post-translational mechanisms.
Vakharia et al. indicated that metals might diminish
PAH carcinogenicity by decreasing induction of
their bioactivation by CYP1A1/A2[21]. Korashy et
al. showed that HMs differentially modulate the
constitutive and inducible expression of AhRregulated genes[22-24]. Moreover, Cr6+ exerts
significant inhibiting effects in the CALUX of
H1L6.1 cells[25] and arsenic not only inhibits
TCDD-induced CYP1A1 activation, but also
interferes with the dioxin-responsive element (DRE)
in human hepatoma Huh 7 cells[26]. All these
studies implicated that some metals could interfere
with the CALUX bioassay and more attention should
be paid to co-contamination of PCDD/Fs with HMs
for guaranteeing the accuracy of the CALUX-TEQ
values.
For investigating interferences arising from
different metals during CALUX analysis, the results
obtained during the analysis of 2,3,7,8-TCDD
standard solutions spiked with five kinds of HMIs
(Pb2+, Hg2+, Cd2+, Cu2+ and Zn2+) were scrutinised,
after applying a XDS-CALUX procedure using
H1L6.1 mouse hepatoma cell lines while using a 2level factorial design. The luciferase activity was
shown in light units. In this article, the light units got

MATERIALS AND METHODS
Reagents and solvents. All standard solutions
of different HMIs (1000 mg/ml) were
simultaneously bought from Aladdin Industrial
Corporation. Phosphate buffered saline (PBS)
solution was used to wash cells., Methyl thiazolyl
tetrazolium (MTT) solution was used to analyse their
RSR based on the conversion of MTT into formazan
crystals by living cells. It must be noted that MTT
assays should be conducted in the dark environment
since the MTT reagent is sensitive to light[27, 28].
In addition, the RSR was also be estimated from
fluorescent photos took by fluorescence confocal
microscopy. The Nuclear-IDTM Blue/Green Cell
Viability Reagent is a mixture of a cell-permeable
blue fluorescent nucleic acid dye and a cellimpermeable green fluorescent nucleic acid dye
suitable for staining dead nuclei. The staining pattern
arising from combining these two dyes permits to
identify both living and dead cell populations. Other
reagents and materials for this experiment are listed
in Table 1.

TABLE 1
Reagent list for the CALUX experiments
Reagent
Dimethyl sulfoxide (DMSO)
2,3,7,8-TCDD standards
Cell-culture medium

Manufacturer
Wako (Japan)
Wellington Laboratories (Canada)
GIBCO® LIFE TECHNOLOGIES (USA)

PBS solution

Detail description
Purity>99.5%
Dissolved in DMSO
RPMI medium 1640
Fetal bovine serum
Penicillin±streptomycin
PH=7.4

Trypsin±EDTA (10×)

0.5%, 100 ml

GIBCO® LIFE TECHNOLOGIES (USA)

Luciferase assay system
H1L6.1 cell line

Gene expression and reporter gene kits
A recombinant cell from the mouse
hepatoma cell
150 cm2 flask with vented cap
Costar 3610 with tissue culture treated

Promega Corp. (USA)
Xenobiotic Detection Systems Inc. (USA)
Becton Dickinson Company
Corning Inc. (USA)

0.5 mg/ml

Sigma-Aldrich

Purity>93% by HPLC

ENZO LIFE SCIENCES
INTERNATIONAL, INC.

Tissue culture flask
96-Well assay plates
MTT solution (Thiazolyl Blue Tetrazolium
Bromide)
Nuclear-IDTM Blue/Green Cell Viability
Reagent
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All tests were repeated three times and
calculated to get the average. Any influence from
critical metals would be revealed through an analysis
of the test results following a factorial designs. The
influence of critical metals was analysed at different
concentrations to determine their maximum
tolerable concentration for the H1L6.1 cell lines. The
experimental design was also intended to study the
effect on cell activity arising from a combination of
two HMIs.

Cell culture and preparation in CALUX
bioassay. The H1L6.1 cells were placed in tissue
culture flasks containing cell-culture medium and
then seeded in 96 well-assay plates in order to
perform the factorial design experiments. H1L6.1
cells were cultured in incubator with an atmosphere
of 5% CO2 and 100% humidity at 37 oC. Prior to
dosing the cells, a standard curve of 2,3,7,8-TCDD
was assayed (a two-fold dilution series ranging from
0.5 to 125 ng TCDD/mL) to calibrate the feasibility
of these cells. Following incubation for 20-24 h, the
media were removed and the cells were rinsed with
50 ȝO3%6DQGO\VHGZLWKȝOO\VLVUHDJHQW$IWHU
that, the 96-well plates were shaken for 2 min at
room temperature and placed in a luminometer
(Centro LB 960, BERTHOLD, Bad Wildbad,
Germany) to measure light units. Data for the
dose/response series were fit to a sigmoid curve (Hill
Equation) using least squares best-fit modeling. The
analysed RLU values from the samples were
interpolated on the 2,3,7,8-TCDD standard curve.
CALUX-TEQ content was quantified between the
limit of quantitation (LOQ) and the concentration of
2,3,7,8-TCDD at which 50% of the maximum
response is observed (EC50).

RESULTS
Quality Control. Quality control (QC) charts
are maintained for all samples that are analysed on
each plate (each of these standard solutions produces
a response near the middle of the dose response
curve). In QC charts, the results for the standard
mixtures are reported as a ratio relative to the 15.6
ppt point of the TCDD standard curve (near middle
of linear range) and the reference materials are
reported as the TEQ estimate determined from the
standard curve. The data for these samples can be
monitored over long time periods to insure against
long time variation in the assay. However, these
charts are generally reported as a three-month
average based on 50 plates as shown in Figure 1(a).
If the reference material or either of the standard
mixtures differ by more than two standard deviations
from the moving average or a reference material is
below the limits of detection, the plate is declared
invalid and all samples on the plate are reanalysed.
Before analysing actual samples, 16 standard
samples of the same 2,3,7,8-TCDD concentration
(1.5 pg well-1) were analysed firstly. As shown in
Figure 1(b), the CALUX-derived TEQ values ranged
from 1.58 to 2.43 pg/well, with a mean value of 1.86
pg/well. All data were within a range of u ± ı;
except two samples, all data were within u ± ıThe
E.U. suggested that the relative standard deviation
(RSD), or coefficient of variation (C.V. %) needs to
be less than 30%[29]. The U.S. EPA regarded
CALUX bioassay as a high accuracy method, if the
RSD is less than 20%[30, 31]. In this experiment, the
RSD value is 14.2%, illustrating that our lab holds
high accuracy and meet the requirement for CALUX
bioassay.

Influence of different concentration of heavy
metal ions. According to the factorial experimental
design, the analysis matrix was implemented in a
tray (Table 2). For the sake of the accuracy, firstly,
the metal standard solutions were diluted to 200
ȝJPOusing deionised water and the 2,3,7,8-TCDD
VWDQGDUG VROXWLRQ ZDV GLOXWHG WR  SJȝO using
'062 7KHQ  ȝO HMIs dilute solution  ȝO
2,3,7,8-TCDD dilute VROXWLRQLQ'062DQGȝO
RPMI 1640 medium were blended. The blended
solution was equally divided into two wells of 96
wells of plate. The luciferase activity was measured
by Centro LB 960 after 24 h incubation.
When analysing the influence of HMIs on the
RSR, the same treatment method should be followed
until 20-24 h incubation, the medium was removed
and 40 ȝO077VROXWLRQ was spiked in every wells.
Supernatant was carefully removed with a pipette
after putting the 96-well plates into incubator for 4
h, while avoiding sucking the bluish violet
precipitation at the bottom. Then,  ȝO '062
regent was added into every well. The plates were
shaken for 10 min to ensure that all precipitation was
dissolved, while protecting samples from light.
Finally, a Bio-Rad Model 680 Microplate Reader
was used to separately measured optical density and
RSR was further calculated.
In order to show the effects on cell activity
PRUHYLYLGO\ȝO1XFOHDU-IDTM Blue/Green Cell
Viability Reagent was spiked in every well. Then,
the plates were put into the incubator for 30 min.
After that, the RSR was observed and Nikon Eclipse
Ti Fluorescence Inversion Microscope System took
photos of the wells.

Influence of Five Heavy Metal Ions. A 2-level
factorial design was employed to study the five HMs
influence on luciferase activity induced by 2,3,7,8TCDD and cell activity of H1L6.1 recombinant
mouse hepatoma cells in CALUX bioassay. We
applied statistical methods to screen the critical
heavy metals based on Table 2. All tests were
repeated three times and the results were averaged,
making sure the standard deviation was less than 5%.
All HMIs were observed somewhat affect the
luciferase activity and cell activity. First the effect of
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a single HMI is considered. Mercury is obviously the
most toxic metal, looking at both RLU and RSR.
When RLU is considered, Lead comes second, yet
closely followed by Zn2+ and Cd2+.
Afterwards combinations of two or three metals
are examined. According to the analysis of statistics
histogram, the 32 results based on RLU basically
meet the criteria of a Gaussian distribution (u =60.7,
ı =39.7). The relative luciferase activity had widely
distribution near 50%, seeing Figure 2(a). The
normal plot is in the form of a semi-logarithmic scale
of the normal probability (%) against the
standardized effect. This plot will reveal the
influence of metals and their interactions on the
luciferase activity of the CALUX system. The

estimated effects on a normal plot of H1L1.6 cell line
tests are shown in Figure 2(a). The gray and white
squares represent the positive and negative effects,
respectively. The transformed values should be on
the line with a normal distribution situation if there
is no significant effect on the response[25]. But, two
results seriously deviated from Gaussian
and
distribution,
i.e.,
Hg2+/Cu2+
Hg2+/Cu2+/Cd2+/Zn2+, respectively. Furthermore, if
we consider the samples whose negative effect on
RLU was less than 10% of blank test, we can observe
that both Hg2+ and Cu2+ are simultaneously existed.
Thus it's concluded that Hg2+ and Cu2+ had more
obvious influence on RLUs than others.

TABLE 2
Influence of spiked Pb2+, Hg2+, Cd2+, Cu2+ and Zn2+ on the RLU and RSR in matrix tests:
experimental design and results obtained
No.

Spiked metal ions

Hg2+

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

-Hg2+
Cu2+
Hg2+㸪Cu2+
Cd2+
Hg2+㸪Cd2+
Cu2+㸪Cd2+
Hg2+㸪Cu2+㸪Cd2+
Pb2+
Hg2+㸪Pb2+
Cu2+㸪Pb2+
Hg2+㸪Cu2+㸪Pb2+
Cd2+㸪Pb2+
Hg2+㸪Cd2+㸪Pb2+
Cu2+㸪Cd2+㸪Pb2+
Hg2+㸪Cu2+㸪Cd2+㸪Pb2+
Zn2+
Hg2+㸪Zn2+
Cu2+㸪Zn2+
Hg2+㸪Cu2+㸪Zn2+
Cd2+㸪Zn2+
Hg2+㸪Cd2+㸪Zn2+
Cu2+㸪Cd2+㸪Zn2+
Hg2+㸪Cu2+㸪Cd2+㸪Zn2+
Pb2+㸪Zn2+
Hg2+㸪Pb2+㸪Zn2+
Cu2+㸪Pb2+㸪Zn2+
Hg2+㸪Cu2+㸪Pb2+㸪Zn2+
Cd2+㸪Pb2+㸪Zn2+
Hg2+㸪Cd2+㸪Pb2+㸪Zn2+
Cu2+㸪Cd2+㸪Pb2+㸪Zn2+
Hg2+㸪Cu2+㸪Cd2+㸪Pb2+㸪Zn2+

0
2
0
2
0
2
0
2
0
2
0
2
0
2
0
2
0
2
0
2
0
2
0
2
0
2
0
2
0
2
0
2

Cu2+
Cd2+
Pb2+
8QLWȝJPO-medium
0
0
0
0
0
0
2
0
0
2
0
0
0
2
0
0
2
0
2
2
0
2
2
0
0
0
2
0
0
2
2
0
2
2
0
2
0
2
2
0
2
2
2
2
2
2
2
2
0
0
0
0
0
0
2
0
0
2
0
0
0
2
0
0
2
0
2
2
0
2
2
0
0
0
2
0
0
2
2
0
2
2
0
2
0
2
2
0
2
2
2
2
2
2
2
2
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Zn2+

RLU

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

100
63.5
98
185
72.3
54.4
44.3
95
69
53.6
65.3
95.7
48.4
43.4
33.3
10
71.9
48.7
80.3
2.4
115
40.6
45.6
0.85
102
45.4
50.1
5.67
90.6
48.4
32
1.26

RSR
(%)
100
89.45
93.99
34.77
100.8
76.71
81.79
25.64
99.03
87.38
83.69
28.78
83.87
76
75.6
27.66
94.02
76.98
81.4
47.89
86.97
73.27
84.2
44.62
88.54
80.71
87.63
32.3
88.61
79.21
86.41
31.9
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(a)

(b)
Notes: The middle line is the mean and the two outer lines are 2 standard deviations from the mean. The
dots represent the individual assays.
FIGURE 1
Control chart of standard solutions (a) and 16 samples with the same 2,3,7,8-TCDD concentration(b).
Conversely, when considering RSR, Cu2+ and
Zn come to the second position, again after Hg2+.
Based on the results from Table 2, a single HMI had
still limited effect on the RSR of H1L6.1 cells,
basically varying between 89.45% and 100.87%.
However, at least one of the two metals (Hg2+ and
Cu2+) was existed in samples whose negative effect
was less than 80% of blank test and all RSRs were
below 50% when Hg2+ and Cu2+ were
simultaneously appeared, illustrating that Hg2+
combined with Cu2+ exerted greater impact on the
RSR of H1L6.1 cells. As for RSR, the pair Hg2+ and
Cu2+ stands out sturdily, with no other supplemental
contribution from any other metal, i.e., Cd2+, Pb2+,
and Zn2+.The histogram of Figure 2(b) shows 32

results basically in line with a Weibull distribution.
Deviating data included both Hg2+ and Cu2+. So, we
regarded Hg2+ and Cu2+ as critical metals and further
analysed the maximum tolerable concentration of the
H1L6.1 by observing the influence at different
concentrations.
Besides, in order to show the effects on cell
activity by HMIs more vividly, fluorescent
microscope photos were took as Figure 3. P(1) and
(2) are separately white light and fluorescent photos
in blank test. In fluorescent photos, blue stood for
living cells and green symbolised dead ones. There
were only few dead cells in blank test. More green
appeared in other test. We can clearly see that the
number of H1L6.1 cells would decrease with the

2+
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Table 2, which revealed the luciferase activity was
highly affected by cell activity. However, No.4
(Cu2+/Hg2+), No.8 (Cu2+/Hg2+/Cd2+) and No.12
(Cu2+/Hg2+/Pb2+) were contrary to this tendency.
This may reveal that the complex inhibition effect
mechanism of heavy metals on luciferase activity
may be caused not only by the reduction of H1L6.1
cells, but also the inhibition effect of a metal on
CYP1A1 activation and reduction of luciferase
enzyme production.

adding of heavy metals, which is in agreement with
the RSR experiment. Especially, dead cells terribly
increased when Hg2+ and Cu2+ were simultaneously
existed in samples. Take P(6) for example, the dead
cells nearly accounted for 1/3 of the whole sight. It's
concluded that Hg2+ and Cu2+ had great influence on
cell activity and were critical metal interfering with
CALUX bioassay results.
In addition, the decrease of RSR would
generally result in the reduction of RLU based on

FIGURE 2
HMIs interference on luciferase activity(a) and cell activity (b) induced by 2,3,7,8-TCDD
623
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Living cells

Dead cells

P (1) Blank

˩

˩

˩

˩

˩

˩

P (2) Blank

P (3) Hg2+

P (4) Cu2+

P (7) Hg2+ Cu2+ Pb2+

P (8) Hg2+ Cu2+ Zn2+

Living cells

Dead cells
˩
˩
˩

P (5) Hg2+ Cu2+

P (9) Hg2+ Cu2+
Cd2+ Zn2+

P (6) Hg2+ Cu2+ Cd2+

P (10) Hg2+ Cu2+
Pb2+ Zn2+

P (11) Hg2+ Cu2+
Cd Pb2+ Zn2+
2+

FIGURE 3
HMIs interference on cell activity induced by 2,3,7,8-TCDD under fluorescent microscope

FIGURE 4
Interference on luciferase activity of H1L6.1 cells induced by 2,3,7,8-TCDD under different concentration
of Hg2+ and Cu2+
Cu2+. Figure 4 shows the correlation between
luciferase activity and the concentration of Hg2+ and
Cu2+, respectively. For every critical metal, the

Influence of Different Concentration of
Critical Metals. Two critical metals were selected
from the factorial design experiments, i.e. Hg2+ and
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FIGURE 5
Interference on cell activity of H1L6.1 cells induced by 2,3,7,8-TCDD under different concentration of
combined HMIs
spiked with Hg2+ and Cu2+ simultaneously. In a
word, both Hg2+ and Cu2+ had an obvious effect on
the luciferase enzyme expression and cell activity.
Furthermore, combined effect of different kinds of
HMIs including Hg2+ and Cd2+ or Hg2+ and Zn2+ also
affected the relative survival ratios, located in minor
status. However, Hg2+ and Cd2+, the same as Hg2+
and Zn2+, had no specific rules to follow in survival
ratios. Hence, removing interferences from the Hg2+
and Cu2+ became a priority during the pretreatment
process of CALUX bioassay.
Chao et al. demonstrated that arsenic interfered
with DRE-CALUX bioassay in human hepatoma
Huh7 cells[26]. However, Chou et al. revealed that
arsenic exerted no significant inhibiting effect in the
CALUX of H1L6.1 cells[25]. Thus, different cell
lines may show various maximum tolerable
concentrations. It seems that the influencing
mechanism of heavy metal is quite complicated.
Further studies are still needed to reveal the concrete
theory about this.

experiments were in triplicate to make sure the
maximum tolerable concentration of the H1L6.1 cell
lines.
The relative luciferase activity expression
gradually weakened with growing concentration of
Hg2+ and their Pearson Correlation Coefficient was 0.985㸪with P value (Concomitant Probability) less
than 0.01, which indicated an obvious linear
correlation. When the concentration of Hg2+ was 0.5
and 1 μg/ml-medium, the corresponding relative
luciferase activity showed no big change, with
97.2% and 85%, respectively. But if the
concentration of Hg2+ exceeded 1 μg/ml-medium,
the relative luciferase activity would reduce until
39% in 4 μg/ml-medium. Thus, in a CALUX
bioassay system the maximum tolerable
concentration of Hg2+ was ca. 1 μg/ml-medium.
The relative luciferase activity fluctuated from
86.7 to 120% when spiked Cu2+ concentration was
OHVV WKDQ  ȝJPO-medium. There's no specific
rules to follow when studying the interference by
Cu2+ on the relative luciferase activity, given that
Pearson Correlation Coefficient was -0.548.
However, the relative luciferase activity began to
reduce if the concentration of Cu2+ exceeded 2.5
ȝJPO-PHGLXP HVSHFLDOO\ LQ  ȝJPO-medium
falling down to 52.8%. For the sake of conservative
considering, it's speculated that the maximum
tolerable concentration of Cu2+ ZDVDERXWȝg/mlmedium, higher than Hg2+.
Hg2+ combined with Cu2+ has the highest
negative effect on the relative survival ratio (Figure
5). The RSR has an obvious decline (26%) at 0.5
ȝJPO-medium. However, the RSR decreased only
IURPȝJPO-PHGLXPWRȝJPO-medium.
7KLV H[SODLQHG WKDW  ȝJPO-medium may be the
maximum tolerable concentration when samples

DISCUSSION AND CONCLUSIONS
From this research about the effect of HMIs on
the luciferase activity and cell activity of H1L6.1
cells, it can be concluded that:
The luciferase activity could be weakened with
the increasing concentration of Hg2+, which implied
a significantly negative correlation between Hg2+
concentration and the luciferase activity. In CALUX
bioassay, the maximum tolerable Hg2+ concentration
RI WKH +/ FHOO OLQH ZDV  ȝJPO-medium,
indicated that Hg2+ had a significantly effect on the
luciferase activity. The maximum tolerable Cu2+
concentration of the H1L6.1 cell line was relatively
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higher  ȝJPO-medium. Through comparative
analysis, Hg2+ had a greater influence on the
luciferase activity than Cu2+.
A single HMI had little influence on the RSRs,
since all ratios exceed 90%. The more kinds of HMIs
were added, the greater influence on cell activity.
Hg2+ combined with Cu2+ had greatest effect on the
relative survival ratios. Furthermore, combined
effect of different kinds of HMIs including Hg2+ and
Cd2+ or Hg2+ and Zn2+ also affected the relative
survival ratios, located in minor status. Statistical
histogram, probability graph and fluorescent images
also proved that Hg2+ combined with Cu2+ had
greatest effect on the relative survival ratios, which
is basic consistent with the effect of luciferase
activity. However, it seems that the influencing
mechanism of heavy metal is quite complicated.
Further studies are still needed to reveal the concrete
theory about this.
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an increased population in an area of 1000 hectares
in the spruce forests of Artvin Forestry Region
Directorate. Until now, chemical applications (such
as Dimilin 48 SC, Mimic 240 LV, Trebon 10) used
in the control of the pest have been reported [5].
However, chemical applications are not preferred
because of its negative effects on the natural balance
and fauna of the ecosystem. The use of insect
pathogens as biological control agents does not lead
to negativities caused by chemical applications. B.
thuringiensis (Bt) strain PS86Q3 and a virus strain
(CPV) were found to be toxic against P. abietina
[6,7]. Using pathogenic fungi to control P. abietina
was also scarce. However, some pathogenic species
of the genera Baeuvaria, Paecilomyces and
Metarhizium were found to be important natural
enemies during the cocoon stage [8]. There is no
study on the larvacidal effect of fungi on P. abietina
conducted yet. In this paper, we isolated and
characterized pathogenic fungi for possible use in
biocontrol of P. abietina and determined their
pathogenicity.

ABSTRACT
This study was conducted to isolate and
characterize pathogenic fungi for possible use in
biocontrol of P. abietina and to determine their
pathogenicity. Eleven fungal isolates were obtained
from larvae. Based on traditional and molecular
methods, fungal isolates were identified as
Beauveria bassiana, Penicillium corylophilum, P.
glabrum, P. polonicum, Aspergillus niger, A.
versicolor,
Cladosporium
sphaerospermum,
Alternaria sp. and Trichoderma asperellum. At first,
all these fungal isolates were tested against P.
abietina larvae for isolate selection at 106 conidia/ml
and 100% relative humidity (RH). Three fungal
isolates ((PaF 004, PaF 009, PaF 076) belonging to
Beauveria genus were determined to be pathogen
against P. abietina. Then, mortality of these three
isolates, on P. abietina larvae were investigated at
three conidial concentrations as 106, 107 and 108, and
at the degree of humidity as in the 65±5% and 100%
RH, respectively. In 100% RH and at 107±108
conidia/ml, three fungal isolates have shown a
mortality rate of 100%. On the other hand, in 65±5%
RH and at 107±108 conidia/ml, three fungal isolates
have shown a mortality rate between 49.1±4.52% 91.1±7.2% and 63,3±4,5 - 95,3±2,7, respectively
(p<0.05). The present results indicated that PaF 009
has an excellent potential for biological control of
P.abietina larvae. This is also the first report on the
larvacidal effect of B. bassiana on P. abietina.

MATERIAL AND METHODS
Collection of insects. The research was
conducted in Savsat Forests, in Artvin, Turkey, in
May- June 2011. Samples were collected by cutting
branches infested with P. abietina larvae from
spruce trees [8]. These branches were caged and
stems were covered with sterile cotton with water
until they were delivered to the laboratory for the
experiment. At the laboratory, larvae were groupsed
as healthy and dead for isolation, identification, and
fungal characterization.

KEYWORDS:
Pristiphora abietina, entomopathogenic fungi, Beauveria
bassiana, biological control

Isolation of fungi. For isolation of fungi from
larvae, three method were used as follows; the
healthy larvae to determine the external surface flora
(1) were severally placed in a 1.5 ml tube containing
1 ml sterile phosphate buffer and vortexed for 5
minutes. Then, 0.1 ml suspension was spread on
Potato Dextrose Agar (PDA). To determine the
internal surface flora (2), healthy larvae was used

INTRODUCTION
Pristiphora abietina is a pest that belongs to
Tenthredinidae family of the Hymenoptera order
seen in Turkey and world spruce forests [1,2,3,4]. In
Turkey, its presence is realized with the damages on
new shoots at the top and the side of the trees with
628
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Conidial Suspension and Viability. The
isolates cultured in SDA and kept for two weeks at
25oC for fungal growth and conidial production [14].
Conidia were suspended in sterile distilled water, to
which a surfactant (0.2 ml/l Tween 80) was added to
reduce clumping of the conidia, and vortexed for 5
min to produce a homogenous suspension [15]. The
spore concentration was determined using a
haemacytometer.
Conidial viability was tested in SDA plates.
Droplets were taken from suspension under sterile
conditions and spread over the medium. Sterile
microscope cover slips were placed on the plates
followed by incubation in the dark at 25±2 oC. After
24 hours, percent germination was determined from
100 spore counts on each plate [16]. Only conidia
ZLWK D JHUP WXEH DV ORQJ DV WKH FRQLGLXP¶V ZLGWK
were considered have germinated. Spore
suspensions were sealed with Parafilm and kept at
4°C in a refrigerator until they were used [17].

again. This larvae were first surface sterilized by
placing them in 70% ethanol and then washed twice
with sterile distilled water. From here, larvae were
taken and homogenized in 1 ml sterilized phosphate
buffer media by using a glass tissue grinder. Serial
dilutions to 1/10 and 1/100 were made of this
suspension. 0.1 ml of each dilution was plated on
spread media surface. All petri dishes were
incubated at 25ºC for 1 week. After the incubation
period, the plates were examined and fungi colonies
were selected. The dead larvae were washed in a
solution of 70% ethanol for 3 min to remove possible
contamination and rinsing with sterile physiological
water to determine the entomopathogenic fungi (3).
In the surface sterilization, larvae were transferred
into sterile glass petri dishes with two layers of filter
paper that were wetted with sterile distilled water. It
was wrapped with parafilm. All plates were
incubated at 25ºC, 100% RH to support fungal
growth and sporulation in order to confirm that they
were dead because of the infection caused by fungi
for two weeks [9,10]. The appearance of infected
larvae, colony morphology and spore sizes and shape
of isolated fungal strains were used in the first
identification process. Determined colonies were
purified. Pure cultures were maintained for storage
in slant agar medium containing sabouraud dextrose
agar (SDA) at 4ºC.

Isolate selection and first assessment of
virulence. Single concentration bioassay was
conducted to determine mortality for each of the
isolates to select the virulent isolates to be used in
further studies. For the applications, fresh spruce
exiles were placed upper surface down on watersaturated cotton in 9 cm diameter Petri dishes.
Inoculations were performed by immersing the
larvae in the 1x106 (conidia/ml) suspension for 30
seconds [18]. Controls consisted of larvae immersed
in distilled water plus Tween 80. P. abietina larvae
were transferred to these fresh spruce exiles. All
petri dishes were covered with their tops, which had
two holes of 6 mm diameter, for proper ventilation.
Petri dishes were placed in a growth chamber at
25±2oC and 100% RH with a 12:12 h photoperiod
[18].

Identification of fungal isolates. The
identification of the isolated fungi were performed
using ITS (ITS1-5.8S-ITS2 and partial 28S) rDNA
analysis and supported by the morphology. Before
performing the molecular experiments, all fungal
isolates were preliminarily classified into different
groups according to their colonial and microscopic
characteristics on the isolation culture media. The
fungal mycelium was used for DNA isolation. The
DNA was extracted and purified using the
commercial genomic DNA extraction kit in
DFFRUGDQFHZLWKWKHPDQXIDFWXUHU¶VSURWRFRO'1$
amplification was performed using primers ITS1 (5'TCCGTAGGTGAACCTGCGG-3') and ITS4 (5'TCCTCCGCTTATTGATATGC-3')
[11].
Amplification reactions were performed in a 50-μl
reaction volume under the following PCR cycling
conditions: One cycle of denaturation at 95° C for 2
min followed by 30 cycles of denaturation at 95° C
for 30 sec, annealing at 56° C for 1 min and
elongation at 72° C for 1 min with a final extension
step of 72° C for 10 min. The PCR products were
resolved in 1% agarose gels stained with ethidium
bromide. The PCR products were sequenced by
REFGEN Biotech. Ltd., Ankara, Turkey. The
sequences obtained were compared to all known
sequences in the Genbank by the use of BLASTN
2.2.26+ program [12] and deposited into GenBank.
A dendrogram was generated based on the rDNA
sequences by means of the Mega6 Software [13].

Effect of conidial concentration and RH for
selected isolates. For all selected isolates, tree
aqueous suspensions were prepared in a logarithmic
series from 1x106 to 1x108 (conidia/ml) in Tween 80
[19]. These concentrations were tested on the P.
abietina larvae at 65% and 100% RH for five days.
Bioassays, 3 replicates of 10 larvae were used for
each spore concentration on each RH. Mortality was
recorded daily for a period of 5 days. Dead larvae
were surface sterilized in 70% ethanol, dried and
transferred to Petri dishes lined with moist filter
paper for 10 days to observe mycosis. Mortality
caused by fungi was confirmed by microscopic
examination of spores on the surface of the larvae
[20].
Statistical analysis. The experimental design
was a randomized complete block with three
replicates and each replicate consisted of 10 larvae.
0RUWDOLWLHV ZHUH FRUUHFWHG DFFRUGLQJ WR $EERWW¶V
formula [21]. Data from the experiment were
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subjected to variance analysis (ANOVA) and probit
analysis was used to estimate the lethal time to 50%
(LT50) and to 100% (LT100) mortality, respectively.

Alternaria sp. (PaF 019) and Trichoderma
asperellum (PaF 083).
The sequences data were compared to all
known sequences in the GenBank and deposited
with the GenBank database under the accession
numbers KT962850- KT962860, respectively. A
dendrogram was generated based on the rDNA
sequences by means of the Mega6 Software (Figure
1).
All the fungi isolated in the present study are
widely spread in soil and air flora. According to the
other studies in the literature; the genus Alternaria
[9], Aspergillus [22], Beauveria [23,24],
Cladosporium [19,25] of the entomopathogenic
fungi were determined. However, in the present
study, all genera except Beauveria did not show
pathogenicity against P. abietina larvae.

RESULTS AND DISCUSSION
Isolation and identification of fungal
isolates. A total 11 of fungal isolates were cultured
at different frequencies by three isolation methods as
seen in Table 1. Based on traditional and molecular
methods, fungal isolates were identified as
Beauveria bassiana (PaF 004, PaF 009, PaF 076),
Penicillium corylophilum (PaF 022), P. glabrum
(PaF 065), P. polonicum (PaF 042), Aspergillus
niger (PaF 038), A. versicolor (PaF 121),
Cladosporium sphaerospermum (PaF 092),

TABLE 1
Frequency range of isolated fungi according to the isolation method.
Isolates

Beauveria bassiana
Penicillium polonicum
Penicillium glabrum
Penicillium corylophilum
Aspergillus niger
Cladosporium sphaerospermum
Alternaria sp.
Aspergillus versicolor
Trichoderma asperellum
* ND: Not determined

88
50

Healthy larvae

Dead larvae
Cadaver
sporulation

internal

external
surface

92.6 %
ND*
ND
ND
ND
ND
ND
ND
ND

5.4%
ND
64.9%
ND
2.7%
ND
ND
ND
ND

10.8%
10.8%
81.1%
5.4%
16.2%
5.4%
21.6%
10.8%
27.0%

Penicillium corylophilum isolate PaF022 Acc. num.KT962850
Penicillium glabrum isolate PaF065 Acc. num.KT962853

55

Penicillium polonicum isolate PaF042 Acc. num.KT962852

99

Aspergillus niger isolate PaF038 Acc. num.KT962851
Aspergillus versicolor isolate PaF121 Acc. num.KT962860
Alternaria sp. isolate PaF019 Acc. num.KT962856
Cladosporium sphaerospermum isolate PaF092 Acc. num.KT962859
Trichoderma asperellum isolate PaF083 Acc. num.KT962858

90

Beauveria bassiana isolate PaF009 Acc. num.KT962855

99
99

Beauveria bassiana isolate PaF004 Acc. num.KT962854
Beauveria bassiana isolate PaF076 Acc. num.KT962857

FIGURE 1
The evolutionary history was inferred using the Neighbor-Joining method. The optimal tree with the sum
of branch length = 1.19552328 is shown. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (1000 replicates) are shown next to the branches. Bootstrap values
&DUHODEHOHG
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concentration were found significant (p<0.05). On
the other hand, LT50 values of these three isolates
vary between 2.73 and 3.91 days and the LT 90
values vary between 5.14 and 8.06 days,
respectively. Low humidity causes a significant
reduction in the infectivity of several fungi. Fungi
require a very high humidity to sporulate, germinate
and infect insect cadavers [26]. Percentage of
infection by B. bassiana generally decreased under
low humidity conditions. The 35% increase in the
humidity level caused 50.9% increases in the
mortality rate. Similarly, Shipp et al. [28] have
mentioned that the 15% decrease in the humidity
level caused 17%-25% decrease in the infection rate
in the experiments, which were performed in the
greenhouse environment. In another study, it was
observed that the pathogenicity of B. bassiana
decreased against Chilo infuscatellus as the humidity
level decreased [28].
In bioassays at 100% RH resulted in the highest
percentage of pathogenicity for the P. abietina and
B. bassiana isolate PaF09 showed a virulence similar
to those of isolate Paf04 and Paf76 (P>0.05). LT50
values of these three isolates vary between 1.85 and
2.97 days and the LT 90 values vary between 3.60
and 4.47 days as illustrated in Table 3. In 1x10 7 and
1x108 conidia/ml, increasing the concentration of
fungal spores did not show a proportional increase in
mortality rate and mortality rate remained almost
stable. B. bassiana isolates (PaF009, PaF004 and
PaF076) were pathogenic against P. abietina, but the
levels of virulence were different among the isolates
(P>0.05). Albayrak Iskender et al. [29] compared the
virulence of the same isolates (PaF009, PaF004 and
PaF076) against H. cunea larvae and found that their
virulence was similar (P>0.05). These results
indicate that pathogenicity of isolates were variable
depending on the host and isolates had also a wide
host range. [30].

P. glabrum was the most common fungus
isolated from internal and external surface flora with
a percentage of 64.9% and 81.1%, respectively. It
was concluded that P. glabrum might be part of the
natural flora of body surface among the isolated
fungi. In the cadaver sporulation, only one fungus
was isolated and identified as B. bassiana (92.6 %).
B. bassiana have shown pathogenicity against many
pests and fungus produced commercially [26,24].
Isolate selection and first assessment of
virulence. In this selection study, only three fungal
isolates belonging to Beauveria genus were caused
mortality more than 90% against P. abietina larvae
at 106 concentration and 100% relative humidity.
Other nine fungal isolates belonging to Penicillium,
Aspergillus,
Cladosporium,
Alternaria
and
Trichoderma genus were omitted in the further tests.
To use entomopathogenic fungi successfully in the
field, the optimal conditions such as conidial
concentration and RH need to be determined [27].
The three remaining Beauveria isolates were used
for further screening.
Effect of conidial concentration and RH for
selected isolates. B. bassiana isolates were chosen
to examine the effect of various conidial
concentrations and different RH on the mortality of
P. abietina. All fungal isolates were pathogenic to
the P. abietina larvae causing mortality with a rate
between 48.2±8.9% and 100%, respectively. The
results of a bioassay to determine the virulence of
three Beauveria isolates against P. abietina larvae
are depicted in Table 2. The LT50 and LT90 values
are shown in Table 3.
In bioassays at 65% RH, decrease was
observed in the pathogenicity of all isolates and the
differences between mortality rates of these three
isolates caused death in the same conidial

TABLE 2
Mortality of larvae of P. abietina within 5 days after application of fungal isolates (p<0.05; ±SE)*.
%65±5 RH
6

%100 RH
7

1x10
1x10
Isolates
a
PaF009
80±6,4
91,1±7,2a
ab
PaF076
72,8±7,7
78,7±8,4b
PaF004
48,2±8,9b
49,1±4,5c
* The difference between the values indicated
VLJQLILFDQW S 

8

1x10
1x106
1x107
1x108
95,3±2,7a
94,4±5,2a
100a
100a
b
a
a
86,4±5,2
94,1±6,1
100
100a
63,3±4,5c
91,4±3,2a
100a
100a
by the same letters in the same column, are not statistically

TABLE 3
LT50 and LT90 values of fungal isolates obtained from pest (Probit analysis; ±SE)

Isolates
PaF009
PaF076
PaF004

%65±5 RH
LT50
2,73 (2,30-3,17)
3,04 (2,66-3,47)
3,91 (3,40-4,74)

LT90
5,14 (4,24-7,31)
6,05 (4,98-8,46)
8,06 (6,15-14,23)
631

%100 RH
LT50
2,97 (2,68-3,24)
2,44 (0,70-3,58)
1,85 (1,54-2,15)

LT90
4,47 (4,00-5,32)
3,83 (2,81-6,64)
3,60 (3,04-4,63)
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[8] Führer E., Rosner S., Schmied A. &
Wegensteiner R. (2001). Studies on the
significance of pathogenic fungi in the
population dynamics of the lesser spruce sawfly,
Pristiphora
abietina
Christ.
(Hym.,
Tenthredinidae). J. Appl. Ent. 125: 235-242.
[9] Christias, C.H., Hatzipapas, P., Dara, A.,
Kaliafas, A. and Chrysanthis, G. (2001).
Alternaria alternata, a new pathotype
pathogenic to aphids. BioControl, 46, 105-124.
[10] Wekesa, V.W., Maniania, N.K., Knapp, M. and
Boga, H.I. (2005). Pathogenicity of Beauveria
bassiana and Metarhizium anisopliae to the
tobacco spider mite Tetranychus evansi. Exp.
Appl. Acarol. 36, 41-50.
[11] White, T.J., Bruns, T., Lee, S. and Taylor, J.
(1990). Amplification and direct sequencing of
fungal ribosomal RNA genes for phylogenetics.
In: (eds Innis, M.A., Gelfand, D.H., Sninsky,
J.J. and White, T.J.) PCR Protocols: a guide to
methods and applications. Academic Press.
New York, USA, 315±322.
[12] Zhang, Z., Schwartz, S., Wagner, L. and Miller,
W. (2000). "A greedy algorithm for aligning
DNA sequences". J. Comput. Biol. 7, 203-14.
[13] Tamura, K., Stecher, G., Peterson, D., Filipski,
A. and Kumar, S. (2013). MEGA6: Molecular
evolutionary genetics analysis version 6.0. Mol.
Biol. Evol. 30, 2725-2729.
[14] Aslantas, R., Eken, C. and Hayat, R. (2008).
Beauveria bassiana pathogenicity to the cherry
slugworm, Caliroa cerasi (Hymenoptera:
Tenthredinidae) larvae. World J. Microbiol
Biotechnol. 24, 119-122.
[15] Belczewski, R. and Harmsen, R. (2000). The
effect of non-pathogenic phylloplane fungi on
life-history
traits
of
urticae
(Acari:
Tetranychidae). Exp. Appl. Acarol., 24, 257270.
[16] Ekesi, S., Maniania, N.K. and Lwande, W.
(2000) 6XVFHSWLELOLW\ RI WKH OHJXPH ÀRZHU
thrips to Metarhizium anisopliae on different
varieties of cowpea. BioControl, 45, 79-95.
[17] Safavi, S.A., Kharrazi, A., Rasoulian, G.R. and
Bandani, A.R. (2010). Virulence of some
isolates of entomopathogenic fungus, Beauveria
bassiana on Ostrinia nubilalis (Lepidoptera:
Pyralidae) larvae. J. Agr. Sci. Tech. 12, 13-21.
[18] Irigaray, F.J.S.C., Marco-Mancebon, V. and
Perez-Moreno,
I.
(2003).
The
entomopathogenic fungus Beauveria bassiana
and its compatibility with triflumuron: evects on
the two-spotted spider mite Tetranychus
urticae. Biol Control 26, 168-173.
[19] Eken, C. and Hayat, R. (2009). Preliminary
evaluation of Cladosporium cladosporioides
(Fresen.) de Vries in laboratory conditions, as a
potential candidate for biocontrol of
Tetranychus urticae Koch. World J. Microbiol.
Biotechnol. 25, 489-492.

In conclusion, B. bassiana isolate PaF009 was
found to be highly virulent against P. abietina larvae
even when it was exposed to a low RH with low
conidial concentrations. The lower concentration
would enable more applications for biological
FRQWURODQGLW¶VDOVRWKHPRVWFRVWHIILFient method
to be used in biological control. Therefore, 1×10 7
conidia/ml is the recommended concentration for
applications to control P.abietina. The present
results indicated that PaF 009 has an excellent
potential for biological control of P.abietina larvae
and demonstrates the potential use of this isolate in
an integrated pest management (IPM) program to
control P.abietina in the forest ecosystem. This is
also the first report on the larvacidal effect of B.
bassiana on P. abietina.
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ABSTRACT

INTRODUCTION

In order to assess water quality in Amman city,
the capital of Jordan, 32 samples covering the Disi
basin, three major water reservoirs, and $PPDQ¶V
municipal water from different locations in the city
were collected and subjected to physico-chemical
measurements. Standard methods of analysis have
been used to determine total alkalinity (TA), total
hardness (TH), total dissolved solids (TDS), carbon
dioxide, major positive ions concentrations, and
major negative ions concentrations. The potential of
scale formation and corrosivity of all water samples
were also determined using Langelier Saturation
Index (LSI), Ryznar Stability Index (RSI), Puckorius
Scaling Index (PSI), Aggressive Index (AI), Calcium
Carbonate Precipitation Potential Index (CCPP), and
Larson-Skold Index (L&Skl). All measured
parameters were found to be within the range of
permissible values of both Jordanian standards and
WHO guidelines for drinking water. Based on the
calculated indices, it has been found that about 31
% of studied water samples suffered from corrosion,
while 69% suffered from scale formation. L&Skl
index calculations showed that chloride and sulphate
ions interfered with the natural scale formation in
93% of the studied water samples, while no
interferenece was seen in 7% of the samples. LSI
results ranged from -1.5 to 0.92, RSI ranged from
6.11 to 9.73, PSI ranged from 4.45 to 9.14, AI range
was 11.45-12.71, CCPP range is -50.1-34.7, and
finally L&Skl range was 0.15-1.02. The degree of
linear association between two of any water
parameters was calculated for all meseared
parameters. Correlation coefficient values show high
interrelation between EC with TDS and Cl-, TDS
with Cl-, and TH with Ca2+. Mixing water from two
different sources ( Disi and Zai) showed that the
combination improved the water quality especially
when the ratio was 1:1.

One of the major challenges in drinking water
supply is the quality of the produced water. Drinking
water should be free from contaminants and its
quality should obey the current national drinking
water standards. Drinking water quality are
subjected to intensive investigation in many
countries worldwide, in order to evaluate its
suitability for human consumption. The quality of
drinking water may differ from one source to another
due to several parameters such as water sources
(aquifers), method of water purification, and storage
tanks. Most materials that are used in plumping
water systems are prone to corrosion. In general, the
quality of piped drinking water is affected by several
physico-chemical processes while flowing through
the piped distribution network. Problems that water
distribution systems encounter include the formation
of biofilms on the inner surface of the pipes,
deposition of organic and inorganic matter, scaling,
corrosion and accumulation of several metals in the
pipelines. Corrosion is simply the result of physicochemical interactions between a surface and its
surrounding [1]. Scaling and corrosion represent the
main processes affecting piped water. Corrosive
water can mobilize some metals from the pipes into
drinking water and can eventually cause leaks in the
distribution system leading to both economic and
health hazards [2]. Corrosion in the distribution
system is influenced by many water characteristics:
(i) primary characteristics such as pH, alkalinity, and
hardness, and (ii) secondary characteristics such as
dissolved oxygen, carbon dioxide, and dissolved
solids. The corrosion potential of water is increased
by different factors such as high temperature, high
flow rate, high conductivity, high concentration of
chlorine, and presence of bacteria. All these
problems can cause hazards to public health and
hence impose higher cost to secure safe drinking
water to the public at large. Both corrosion and scale
formation are determined mainly through the amount
of calcium carbonate in water. If water is saturated
with calcium carbonate, then water tends to be
corrosive, while if it is super saturated with calcium

KEYWORDS
Disi water, Scale formation, Corrosivity, Scale and
corrosion indices
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distribution networks have corrosion tendency,
according to LSI, RSI, PSI, L&Skl and AI,
respectively [9]. A similar study was carried out on
the Gezel-Ozan river in Iran [6]. In 2014, a study was
conducted in Tunisia pertaining to the treatment of
corrosovity [9]. In 2014, a study of the water quality
supplied to a hospital in Chacas village (Peru) was
also carried out. The values of Langelier Saturation
Index (LSI) and Ryznar Stability Index (RSI) were
calculated for each sampling point. The results
showed negative values of LSI ranging from - 1.04
to - 3.07. RSI values ranged from 10.04 to 12.34.
Dolomite limestone filter was used to mitigate the
effect of corrosion in the water reaching the hospital.
The limestone filter modified both the LSI and RSI
to values of - 1.2 and 10.0, respectively. These values
indicated a positive effect of the filter on the
corrosion tendency of the distributed water.
Therefore, the LSI and RSI indices were useful tools
for pipe corrosion evaluation even if both LSI and
RSI were not suitable for the quantification of water
corrosiveness [1]. In 2014, a study was carried out
by Tripathi and Agrawal to assess water quality of
Moradabad Area, Uttar Pradesh, India. This study
revealed that water from that area is very much
polluted and quality management is urgently needed
[13]. Shankar determined the scaling and corrosion
tendencies of water through LSI and RSI in
K.R.Puram area in Bangalore, India [14]. Langelier
Saturation index and Ryznar Stability index were
used by Alsaqqar et al. to evaluate the extent of water
treatment in a plant in Baghdad city, the capital of
Iraq in 2015 [15].
The purpose of this study was to assess the
quality of water reaching consumers in Amman city
where the source of water is the Disi basin. This was
done by studying the properties of water and the
potential of scaling and corrosivity throughout the
plumping system within the city. Moreover, the
effect of mixing water from two different sources
(Disi and Zai) was studied.

carbonate, then it tends to form scaling.
Recently, there has been a good number or
studies aiming at evaluating water quality in various
countries around the globe such as Jordan, Iran,
Tunisia, Perue, India, Turky, Iraq [4-14]. These
studies spanned different water sources including
rivers, springs, and ground water as well as piped
water (distribution systems). Most of these studies
were aimed to make assessments of water quality,
measure corrosion, and mitigating the effect of
corrosion by different methods. All researches
focused on measuring physical, chemical, and
biological properties of water. The implemented
measurements and analyses are carried out in light of
standard methods adopted for water quality
assessment. The analyses include determining
temperature, pH, electrical conductivity (EC), total
alkalinity (TA), total dissolved solids (TDS),
concentrations of ions (calcium, magnesium, iron,
chloride, carbonate, bicarbonate, nitrate, phosphate,
sulfate), and turbidity. The potential of scale and
corrosivity of water was determined by known
indices such as Langelier Saturation Index (LSI),
Ryznar Stability Index (RSI), Puckorius Scaling
Index (PSI), Aggressive Index (AI), Calcium
Carbonate precipitation Potential (CCPP), and
Larson-Skold Index (L&Skl) [4-10]. In most studies,
the heaviest corrosion was mainly observed in steel
and cast iron pipes. In 2002, Soylak et. al. found that
the pH, EC, TH, and concentrations of Cu, Fe, Pb,
Ni and Mn of Yogzat drinking water in Turky are
within the WHO guidelines [11]. In 2007, AlRawajfeh and AlShamaileh have carried a study on
water sources in Tafila province (Jordan) [3]. The
results showed a degree of corrosiveness of some
water samples in the region. In their study the
saturation levels are calculated by Langelier
saturation index (LSI), Ryznar stability index (RSI)
and the calcium carbonate precipitation potential
(CCPP). LSI values are negative and range from ±
0.39 to ±1.5 while RSI values range from 8.7 to 9.8.
CCPP values are negative and range from ± 1.77 to
±16.7 [4,5]. Researcgers studied the safety of
drinking water from distribution systems in some
municipalities in Romania (2009-2011). They
demonstrated that materials used in domestic
drinking water installations have a major
contribution to the deterioration of water quality
supplied by local distribution operators. A number of
other studies were also carried out in Iran on drinking
water sources and water distribution systems in
Gezel-Ozan river, Tabas, and Shiraz city during the
period 2009-2014 [6-9]. The Langelier Saturation
index (LSI) was used to assess the scale formation
and corrosivity of water resources and the network
distribution system of Shiraz in Faris province,
South Iran in 2010. This study showed the effects of
seasonal changes on water quality and corrosion
rates. The study on water distribution system in
Tabas city in Iran (2012) showed that drinking water

MATERIALS AND METHODS
Study Area Description. Amman, the capital
and most populous city of Jordan, extends to a
mountainous area to the north-west part of Jordan.
There are over twenty mountains in Amman that are
about 750-1050 m above sea level. Amman lies on
the 35th degree of longitude and on the 31st degree of
latitude. It is considered as Jordan¶V center of
commerce, administration, economy and education.
It became an attractive point to many Arab
communities and many tourists from many
neighboring countries due to its distinct geographic
location. The city has hot and dry summers with
winters being relatively wet and cold. Autumns are
warm and dry while springs are short and warm. Due
to the increase in population of the city, coming close
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method whereas total hardness (TH), Calcium, and
magnesium ions concentrations were measured
using the EDTA titrimetric method. Carbon dioxide
was measured by NaOH titrimetric method.
Argentometric titration was used for the chloride ion
determination. Sulphate, nitrate, and phosphate
concentrations were assessed by using UV-1800
Shimadzu
Spectrophotometer.
Sodium and
potassium ions were determined using flame
emission photometric method (Jenway PFP7 Flame
photometer). Turbidimeter TN-100 was used to
measure turbidity. Prior to analysis, all instruments
were calibrated according to the manufacturer
recommendations.

to three million, the Disi Water Conveyance Project
was inaugurated by King Abdullah II in 2013 to meet
the increased demand on water by pumping about
100 million cubic meters per year. Geologically, the
Disi Aquifer lies beneath the desert of
southern Jordan and is a fossil water resource
compromised of porous sandstone. Disi water is
firstly pumped to Al-Mudawwara station, then to
Madaba bridge station passing through about 325
Km of man-made pipelines alongside the desert
highway passing by three collecting tanks: Batn AlGhoul, Al-Jurf, and Al-Qatrana. Finally Disi water is
divided into two collecting reservoirs in Amman
city, in which 40 million m3 is pumped to AbuAlanda reservoir where it is mixed with water from
WKH =DUD 0D¶HQ GHVDOLQDWLRQ SODQW, and 60 million
m3 is pumped to Dabouq reservoir where it is mixed
with water from Zai treatment plant. According to
the Department of Water, Disi water is mixed with
water from other sources in order to improve its
quality and salt content. Finally, mixed water
reaches consumers by pumping through the city¶V
network of distribution system.

Calculation Of Water Saturation Indices.
Water Saturation indices are used for the
determination of water scale potential and
corrosivity (tendency of water to precipitate or
dissolve CaCO3). In this study Langelier Saturation
Index (LSI), Ryznar Stability Index (RSI), Puckorius
Scaling Index (PSI), calcium carbonate precipitation
potential (CCPP), and Aggressive Index (AI) were
used to identify the corrosion and scale formation
potential. Larson-Skold Index (L&Skl) was used to
determine participation of chloride and sulphate ions
in forming natural film inside the pipe. These indices
were designed to be predictive tools for calcium
carbonate scale only. They are not suitable for
estimating calcium phosphate, calcium sulfate, silica
or magnesium silicate scale.
Langelier Saturation Index (LSI) was puplished
by W. F. Langelier in 1936 [16]. LSI was determined
by the following relationship: LSI=pH-pHs , where
pH is the measured pH, pHs is the pH at saturation in
calcite or calcium carbonate and is defined as pHs =
$% í &' where: A = (Log10 [TDS] 1)/10, B = -13.12*Log10 (oC+273) +34.55, C =Log10
[Ca+2+ CaCO3] -0.4, D= Log10[Alkalnity as CaCO3].
John Ryznar proposed a substantial
modification to the LSI in 1944. Ryznar Stability
Index (RSI) was determined basedon following
relationship: RSI = 2(pHs) ± pH. Puckorius scaling
Index (PSI) was developed by Paul Puckorius in
1980. Puckorius uses an equilibrium pH rather than
the actual pH [17]. PSI = 2pHs- pHeq, where pHeq =
1.465+ log (TA) + 4.54, TA is the total alkalinity in
(mg/l as CaCO3), [TA]= [HCO3-] +2[CO32-] + [OH]-[H]. Agrressive Indix (AI) [18] is calculated using
the equation: AI= pH + log10 [(TA) × (H)] where TA
is the total alkalinity in (mg/l as CaCO3) and H is the
calcium hardness (in mg/L CaCO3).
A Computarized water chemistry models and
Caldwell-Lawrence diagrams were used to calculate
Calcium Carbonate precipitation potential index
(CCPP) [19]: CCPP = 50000 (TAi ± TAeq) where TAi
is the measured value of alkalinity in the finished
water in (mg/L as CaCO3), TAeq is the equilibrium
alkalinity resulting after precipitation of the calcium
carbonate content beyond saturation.

Water Sampling. The samples used in this
study were collected from the Disi basin, AlMudawwarah station, Abu-Alanda reservoir,
Dabouq reservoir, and municipal water from
different regions in Amman during the months of
April and May, 2015. All samples were collected in
polyethylene bottles of 2.0 L capacity and were clear
and odorless.
Chemicals And Reagents. All salts used in
this study were of analytical reagent-grade.
Anhydrous salts (purity > 99%) were used for the
preparation of all solutions. Deionized water was
used in all experiments. EDTA, AgNO 3, KNO3,
Na2SO4, NaH2PO4, NaOH, KCl, NaCl, BaCl2,
K2CrO4 were purchased from AVONCHEM.
Murexide, Eriochrome Black T, methyl red, and
phenolphthalein indicators were purchased from
Alfa Aesar. Isopropanol, glycerol, Ammonia, HCl,
H2SO4, ammonium molybdate ((NH4)6Mo7O24),
potassium antimony tartrate (K2Sb2(C4H2O6) 2), and
ascorbic acid were obtained from Sigma±Aldrich.
All salts were dried at 120 oC for several days and
used without further purification. Stock solutions
were prepared by using doubly distilled water which
was previously deionized.
Chemical Analysis. Based on standard
methods of analysis, all samples were tested for
physical and chemical parameters. pH was measured
using HI 254 pH/ORP meter with combined glass
electrode. A conductivity meter (pH/ION/Cond-750)
was used to measure electrical conductivity (EC).
Total dissolved solids values (TDS) were calculated
based on the electrical conductivity values. Total
alkalinity (TA) was measured by HCl titrimetric
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TABLE 1
Physico-Chemical characteristics (Temp., pH, electrical conductivity, total dissolved solids,
total hardness as CaCO3, and total alkalinity for all 32 water samples
Site
No.
A
B
C
D
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Site name
Disi basin
Al-Mudawwarah
Abu Alanda reservoir
Dabouq reservoir
Shafa Badran
Abu-Nsair
Ain Al-Basha
Dahiet Al-Rasheed
Jbeha
Sweileh
Khalda
Dabouq
Tabarbour
Tla' Al-Ali 1
Al-Gardens
Bider Wads Al-Seir
7th circle
Al-Sweifieh
Marj Al-Hamam
Nauor
Jabal Amman
Jabal Al-weibdeh
Nazzal
Al-Wihdat
Abu Alanda
Jabal Al-Natheif
Al-Ashrafeyah
Jabal Aljofeh
Jabal Al-Taj
Jabal Al-Nasser
Mukhayam Al-Hussein
Al-Hashmi Al-Shamali
JDWS*
WHO**

Temp.
(oC)
22.0
22.1
21.8
21.9
22.0
22.2
22.0
21.9
21.5
21.5
21.7
21.9
22.0
21.6
22.0
22.2
22.1
22.0
21.6
21.6
21.8
21.8
21.9
22.1
21.8
22.0
22.0
22.1
22.0
21.9
21.9
21.8
-

pH
8.03
7.74
7.90
7.74
7.79
7.39
6.94
7.26
7.83
7.7
7.38
7.3
7.83
7.51
7.78
7.65
7.71
7.8
6.54
8
7.81
7.65
7.5
7.73
7.84
7.36
7.42
7.61
7.98
7.09
7.45
7.73
6.5-8.5
6.5-8.5

* JDWS: Jordan Water Standard (Js No:286/2008)
Finally, Larson-Skold Index (L&Skl) which
was developed by Larson and Skold in 1958 to
describe the corrosivity of water towards mild steel
[20]. L&Skl is dependent of chloride and sulfate
aggressiveness and alkalinity. L&Skl was
determined based on the following equation: L&SKl
= ([Cl-]+[SO42-])/([HCO3-]+[CO32-]).

RESULTS AND DISCUSSION
Physico-Chemical Characteristics. For the
collected 32 samples detailed above, temperature,
pH, electrical conductivity (EC), total dissolved
solids (TDS), total hardness (TH) and total alkalinity
(TA) values are presented in Table 1. The
last two rows in the table show the Jordanian
Department of Water Standard (JDWS) and the
World Health Organization (WHO) recommended
values of all determined parameters. pH values were
in the range of 6.54 to 8.03. The highest pH value
(8.03) was recorded for water from the Disi basin.
Most of the samples were lower in pH compared to

TDS
(ppm)
210.56
201.6
198.4
210.50
439.68
491.52
712.96
348.8
412.16
445.44
344.96
405.12
351.36
354.56
346.24
151.68
332.16
336.64
216.32
181.76
353.92
357.76
342.4
193.92
217.6
460.74
200.96
499.2
440.96
196.1
337.92
568.96
500
300-500

TH
(ppm)
139.4
124.4
99.6
100.4
203.9
129.5
278.9
233.2
317.3
203.7
184
447.4
198.1
308.6
188.9
99.8
198.8
183.9
89.5
69.7
203.8
179.3
188.8
124.3
119.3
285
114.3
283.9
253.9
142.9
198.8
308.8
300-500
100-500

TA
(ppm)
170
250
340
335
158.6
137.25
183
131.15
146.4
152.5
125.1
134.2
134.2
122
120.17
88.45
126.27
134.2
48.8
61.0
143.35
125.1
152.5
70.15
85.4
233.02
93.33
234.85
219.6
97.6
134.2
256.2
300
-

** WHO: World Health Organization Guidelines (2011)
the source and the lowest pH value was recorded in
Marj Al±Hamam. pH values lie within the standards
of both the Jordanian standards and WHO guidelines
for drinking water (6.5-8.5). Electrical conductivity
(EC) ranged from 237 to 1114 μS/cm. We can see
that the EC recorded values obey the Jordanian
standards in only three of the selected regions (Abu
Nsair, Ain Al-Bash, and Al-Hashmi Al-Shamali). It
was much lower in the other studied regions. EC
values did not meet the relatively lower WHO
recommendations for EC values in six of 32 samples
(Abu Nsair, Ain Al-Bash, Biader Wadi Al-Seir,
Nauor, and Al-Hashmi Al-Shamali). JDWS is higher
than WHO to account for the high ionic
concentration present in Jordanian waters. The
lowest value of the total dissolved solids (TDS) is
151.68 mg/L (as CaCO3) and was found in Biader
Wadi Al-Seir. The highest TDS value of 712.96
mg/L (as CaCO3) was found in Ain Al-Basha. The
latter value is very high for drinking water according
to both standards (JDWS and WHO). For all studied
samples, the total hardness (TH), being the total
concentration of calcium and magnesium ions, was
in the range between 69 and 318 mg/L. This
indicates that most regions exhibit hard water
637



EC
(μS/ cm)
329
312
310
335
687
768
1114
545
644
696
539
335
549
554
541
237
519
526
338
284
553
559
535
303
340
719.9
314
780
689
306.4
528
889
750-2300
300-750
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concentration in most samples was within the range
of WHO guidelines (up to 50 mg/L). The JDWS
standard for nitrate is more forgiving (up to 70 mg/L)
and therefore all samples were within the allowed
limits. The sulfate ion concentration did not exceed
the recommended limits for drinking water
according to both standards.
Based on the pH and TA values, the
concentration of bicarbonate (HCO3-), carbonate
(CO32-), and carbon dioxide (CO2) species can be
calculated using the following equations. The results
of their calculations are summarized in Table 4.

behavior (>120 mg/L). Based on Jordanian
standards, only three regions (-EHKD7OD¶$ODOLDQG
Al-Hashmi Al-Shamali) meet the permissible value
for TH while other samples do meet the permissible
values of the WHO standard. Total alkalinity (TA)
of water is the total concentration of substances that
have acid neutralizing ability. Measured values were
in the range between 80 to 390 mg/L. The two main
reservoirs of Abu Alanda and Dabouq only exceeded
the permissible value of JDWS. All other samples
were within standard including the source at the Disi
basin.
Tables 2 and 3 show the concentration of major
positive and negative ions in all studied water
samples, respectively. It is clear that sodium,
potassium, calcium and magnesium ions content of
all samples do not exceed the limits of drinking water
quality according to both Jordanian standards and
WHO guidelines. The same applies to chloride
concentration in all samples. The nitrate ion
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TABLE 2
Concentration of common cations (Na +, K+, Ca2+, and Mg2+) in water samples from the
Disi basin and Amman city in Jordan.
Site
No.
A
B
C
D
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Site name
Disi basin
Al-Mudawwarah
Abu Alanda reservoir
Dabouq reservoir
Shafa Badran
Abu-Nsair
Ain Al-Basha
Dahiet Al-Rasheed
Jbeha
Sweileh
Khalda
Dabouq
Tabarbour
Tla' Al-Ali 1
Al-Gardens
Bider Wads Al-Seir
7th circle
Al-Sweifieh
Marj Al-Hamam
Nauor
Jabal Amman
Jabal Luweibdeh
Nazzal
Al-Wihdat
Abu Alanda
Jabal Al-Natheif
Al-Ashrafeyah
Jabal Aljofeh
Jabal Al-Taj
Jabal Al-Nasser
Mukhayam Al-Hussein
Al-Hashmi Al-Shamali
JDWS
WHO

[Na+]
(mg/L)
46.17
35.81
35.22
35.32
58.89
68.66
81.98
52.38
47.83
61.56
52.68
44.39
48.83
101.81
95.89
17.76
51.49
52.83
48.24
40.53
87.01
54.45
51.79
36.11
34.92
80.79
58.01
49.72
52.09
35.81
100.62
59.49
200-400
200

638



[K+]
(mg/L)
2.46
2.4
2.28
2.75
1.02
3.61
6.43
5.83
5.23
1.86
2.71
6.79
4.99
4.63
4.81
1.32
6.73
9.20
3.85
4.45
6.01
1.38
5.41
5.89
4.75
3.91
4.89
1.50
6.79
4.81
1.32
3.43
10-50
10-50

[Ca+2]
(mg/L)
40
38
30
32
50
40
84
36
38
42
46
100
16
84
44
36
44
42
20
18
44
52
40
29
28
89.6
24
84
72
24
42
92
100-500
100-300

[Mg+2]
(mg/L)
9.6
8.40
6
9.6
19.2
7.2
16.8
34.8
54
24
16.8
48
38.4
24
19.2
2.4
21.6
19.2
9.6
6
22.8
12
21.6
12.6
12
14.88
13.2
18
18
20.16
22.8
19.2
100-500
150
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TABLE 3
Concentration of common anions (Cl-, NO3-, SO42-, and PO43-) in all water samples from the
Disi basin and Amman city in Jordan.
Site
No.
A
B
C
D
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Site name
Disi basin
Al-Mudawwarah
Abu Alanda reservoir
Dabouq reservoir
Shafa Badran
Abu-Nsair
Ain Al-Basha
Dahiet Al-Rasheed
Jbeha
Sweileh
Khalda
Dabouq
Tabarbour
Tla' Al-Ali 1
Al-Gardens
Bider Wads Al-Seir
7th circle
Al-Sweifieh
Marj Al-Hamam
Nauor
Jabal Amman
Jabal Luweibdeh
Nazzal
Al-Wihdat
Abu Alanda
Jabal Al-Natheif
Al-Ashrafeyah
Jabal Aljofeh
Jabal Al-Taj
Jabal Al-Nasser
Mukhayam Al-Hussein
Al-Hashmi Al-Shamali
JDWS
WHO

[Cl-]
(mg/L)
39.05
46.86
58.58
60.1
127.8
156.2
195.25
124.25
122.45
124.25
147.32
106.5
85.2
142
104.72
58.58
88.85
108.28
81.65
65.68
101.18
95.3
102.95
62.13
99.4
113.6
60.35
110.05
99.4
81.65
95.85
142
200-250
200-300

[SO4-2]
(mg/L)
16.25
20
25
28
85.63
76.88
90.63
27.5
45.63
38.75
50
63.15
56.88
40.63
43.75
13.75
41.89
46.25
20
23.13
33.75
57.5
54.38
10
17.5
68.1
22.5
41.88
36.88
21.9
42.5
33.75
200-500
250

[PO4-3]
(mg/L)
0.035
0.045
0.018
0.016
0
0.0144
0
0.0864
0
0.0009
0.0153
0.036
0
0.0495
0
0.0036
0
00.0018
0
0
0.0954
0.0576
0.153
0.001
0.0108
0.0522
0.0396
0.002
0
0.0342
0.0072
0
-

calcium carbonate tends to deposit. If LSI value is
negative, calcium carbonate tends to be dissolved. If
LSI is zero, the water is at equilibrium. Values
greater than 1.5 or 1.7 represent a warning of scale
formation which will affect the chemistry of water
and the flow of water through the pipes. However,
LSI values under -1.5 is an indication of the presence
of aggressive water which can cause the corrosion of
pipe material and eventually its damage [18]. The
LSI describes only the corrosivity of water towards
an existing calcium carbonate scale or other calcium
carbonate bearing structure. The LSI was not a good
indicator of corrosivity for steel or other construction
metals.
From the analysis based on Langelier Saturated
index, only 34 % of the water samples showed
corrosion tendency while around 66 % of samples
showed scale formation in which water tends to
precipitate calcium carbonate. We note that Marj AlHamam region suffered serious corrosion tendency
with LSI value of -1.59 while other regions showed
less effect. Compared to other regions, Jbeha, Jabal
Al-Jofeh, and Jabal Al-Taj have higher tendency to
form scale from their high positive values of LSI.

Potential Of Scale Formation And
Corrosion. In order to assess drinking water quality
in Amman city, Langelier Saturation Index (LSI),
Ryznar Stability Index (RSI), Puckorius Scaling
Index (PSI), Aggressive Index (AI), Calcium
Carbonate Precipitation Potential (CCPP), and
Larson-Skold Index (LS) were calculated. Detailed
analysis of the significance of each of the indices will
be discussed below. The interpretation of the LSI,
RSI, PSI, AI, CCPP, and L&Skl indices is explained
in Table 5. All results are shown in Table 6 for
comparison.
Langelier Saturation Index (Lsi). LSI is an
equilibrium model derived from the theoretical
concept of saturation and is used as a qualitative
indicator of water tendency to precipitate or to
dissolve calcium carbonate. The mathematical
relationship of LSI illustrates the effects of pH,
calcium, total alkalinity, dissolved solids and
temperature as they relate to the solubility of calcium
carbonate for waters in the 6.5 - 9.5 pH range. pH is
the main variable in LSI. Thus, the LSI can be
interpreted as the pH change required to bring water
to equilibrium. If the LSI value is positive, then
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[NO3-]
(mg/L)
13.20
8.11
8.14
9.45
10.06
11.29
6.27
10.76
10.96
10.04
10.64
10.16
11.86
10.63
10.89
12.25
11.28
11.91
0.39
1.27
16.95
1.77
10.09
7.77
7.9
31.29
9.36
34
35.68
4.20
10.57
53.41
45-70
50
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TABLE 4
Concentration of HCO3-, CO32-, and CO2 Species in water samples from Amman city.
Site
No.
A
B
C
D
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Site name
Disi basin
Al-Mudawwarah
Abu Alanda reservoir
Dabouq reservoir
Shafa Badran
Abu-Nsair
Ain Al-Basha
Dahiet Al-Rasheed
Jbeha
Sweileh
Khalda
Dabouq
Tabarbour
Tla' Al-Ali 1
Al-Gardens
Bider Wads Al-Seir
7th circle
Al-Sweifieh
Marj Al-Hamam
Nauor
Jabal Amman
Jabal Al-weibdeh
Nazzal
Al-Wihdat
Abu Alanda
Jabal Al-Natheif
Al-Ashrafeyah
Jabal Aljofeh
Jabal Al-Taj
Jabal Al-Nasser
Mukhayam Al-Hussein
Al-Hashmi Al-Shamali
JDWS
WHO

[HCO3-]
(mol m-3)
167.41
248.04
336.18
332.35
156.99
136.57
182.64
130.76
144.79
151.23
124.62
133.81
132.78
121.37
119.03
87.91
125.69
132.88
48.76
60.15
141.99
124.21
151.74
69.62
84.55
232.11
92.98
233.21
216.17
97.42
133.60
253.79
100-500

[CO32-]
(mol m-3)
1.29
0.97
1.91
1.32
0.80
0.33
0.15
0.19
0.80
0.63
0.24
0.19
0.71
0.31
0.57
0.27
0.15
0.67
0.012
0.42
0.73
0.44
0.38
0.27
0.42
0.45
0.17
0.81
1.71
0.085
0.30
1.20
-

CO2
(mol m-3)
3.25
9.42
8.83
12.58
5.09
10.5
40.48
14.57
4.29
6.02
10.53
13.95
3.98
7.59
4.00
4.16
17.30
4.28
29.54
1.26
4.45
5.63
9.73
2.71
2.54
20.17
7.37
11.34
4.52
16.54
9.62
9.28
-

125-350

-

-

Ryznar Stability Index (Rsi). RSI is an
empirical method for predicting scaling tendencies
of water based on a study of operating results with
water of various saturation indices. This index is
often used in combination with the Langelier index
to improve the accuracy in predicting the scaling or
corrosion tendencies of water. Based on the analysis
using Ryznar Stability index, the results showed 31
% for corrosion, and 69 % tendency to form scale.
This result is in agreement with the LSI index.

Aggressive Index. AI was originally
developed for monitoring water in asbestos pipe. The
AI is derived from the actual pH, calcium hardness
and total alkalinity. It is simple to use and convenient
to apply because it does not include the complicating
effects of temperature or dissolved solids. Water
with AI less than 10 is considered highly aggressive,
while a value of 10-12 indicates a moderate
corrosion tendency. Above 12, it indicates scaling .
Aggressive index calculations showed that 31% of
the studied regions suffer from corrosion (aggressive
water), while 69% showed tendency to form scale
(non aggressive water)

Puckorius Scaling Index (Psi). The PSI
attempts to quantify the relationship between
saturation state and scale formation by incorporating
an estimate of buffering capacity of the water into
the index. The PSI index is calculated in a manner
similar to the Ryznar stability index. PSI uses an
equilibrium pH rather than the actual pH value [18].
The PSI uses the same numbering systems and
descriptions as does the RSI. PSI considers scaling
as unlikely to occur if the value is < 6. It is
considered as likely to dissolve scale if it is > 7.
According to the PSI index, only 28 % showed
corrosion tendency, while a greater than previous
indices, 72 % showed scale formation tendency.

Calcium Carbonate Precipitation Potential
Index (Ccpp). CCPP index predicts the tendency to
precipitate or dissolve CaCO3. Moreover, CCPP
index represents the theoritical quantity of calcium
carbonate that can be precpitated from a super
saturated water. It is also related to the rate of change
of calcium ion concentration in a crystalline growth
as follows:
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notice that the regions that suffer more from
corrosion exhibit lower pH and alkalinity values. On
the other hand, regions that suffered from scale
formation have higher pH and alkalinity values. We
also notice that scaling tends to be the result of water
with high hardness (high concentration of calcium
ion). As for CO2 effect, carbon dioxide combines
with water to form carbonic acid which lowers the
pH of the water and then increases the possibility of
corrosion

ൌ െͳͲି ݇ܵ ሺܲܲܥܥሻଶ

where k is the rate constant for crystalline
growth and S is the surface area available for
precipitation of a given particle size.
CCPP can be determined graphically (using
Caldwell-Lawrence diagrams), analytically (using
equilibrium equations), or by computer analysis.
Table 6 includes the detailed interpretation of the
CCPP index. Water is saturated with calcium
carbonate when CCPP value is equal to zero, super
saturated when CCPP > 0, and under saturated when
CCPP < 0. Table 5 shows that 31 % of the studied
regions suffered from corrosion, while 66 % suffered
from scaling. The values of CCPP ranged from -50.1
to 29.8 [19].

Correlation. Correlation coefficients between
all measured parameters representing water qualities
were calculated. Generally speaking, a correlation
coefficient (r) gives an indication of the strength of
relationship between any two given parameters. Its
numerical value ranges between +1.0 and -1.0. A
positive r value indicates a positive relationship
while a negative r indicates a negative relationship.
When r = 0, there is no apparent relationship and it
is a clear indication of independent variables. A
perfect positive correlation happens when r = +1.0
and r = -1.0 means a perfect negative correlation. As
the coefficient becomes closer to +1.0 and -1.0, the
strength of the relationship between the variables is
greater.

Larson-Skold Index (L&Skl). The LarsonSkold Index is used to describe the corrosivity of
water towards mild steel. The index describes the
ratio of concentration of chloride and sulfate ions to
the concentration of bicarbonate and carbonate ions.
Our results showed that 94 % of the regions have
values less than 0.8 which mean that both chloride
and sulphate ions do not interfere with the natural
film formation. While 6 % of the samples have both
chloride and sulfate interference resulting in more
pronounced corrosion.
Comparing the results of Tables 1 and 5, we

TABLE 5
Interpretation of the LSI, RSI, PSI, AI, and LS indices
Index

Langelier Saturation Index
(LSI)

Ryznar Stability Index
(RSI)

Puckorius scaling Index
(PSI)

Agrressive Indix
(AI)
Larson-Skold Index
(LS)
Calcium
Carbonate
Precioitation Potential
(CCPP)

Results index
LSI <- 2
-2.0 <LSI < -0.5
-0.5 <LSI < 0
LSI = 0
0 < LSI < 0.5

Indication
Intolerable corrosion
Serious corrosion
Slightly corrosive but non-scale
forming
Balanced but pitting
Slightly Scaling but not corrosive

Water consider to be neutral
Water is super saturation with
respect to calcium carbonate and
scale forming may occur
Water is super saturation with
respect to calcium carbonate and
scale forming may occur
No difficulties
Water is under saturation with
respect to calcium carbonate

0.5 < LSI < 2

Scale forming but non corrosive

RSI < 5.5

Heavy scale formation

5.5 < RSI < 6.2

Some scale

6.2 < RSI < 6.8
6.8 < RSI < 8.5
RSI > 8.5

Non-scaling or corrosive
Corrosive water
Very corrosive water

PSI < 6.0

Scaling is unlikely to occur

PSI >7.0
AI < 10.0
10.0 < AI < 12.0

Likely to dissolve Scale
Water is very aggressive
Water is moderately aggressive

AI > 12.0

Water is non-aggressive

LS < 0.8

Chloride and sulfate will not interfere with natural film formation
Chloride and sulfate may interfere with natural film formation, corrosion
may occur
High corrosion rate are anticipated
Scaling protective
Passive
Mildly corrosive
Corrosive (aggressive)

0.8 < LS < 1.2
LS > 1.2
CCPP > 0
-5.0 < CCPP < 0
0 < CCPP
CCPP < -10.0
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TABLE 6
Calculated values of the LSI, RSI, PI, AI, CCPP, and LS indices for the collected water samples
Site
No.
A
B
C
D
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Site name

LSI

RSI

PSI

AI

CCPP

L&Skl

Disi basin
Al-Mudawwarah
Abu Alanda reservoir
Dabouq reservoir
Shafa Badran
Abu-Nsair
Ain Al-Basha
Dahiet Al-Rasheed
Jbeha
Sweileh
Khalda
Dabouq
Tabarbour
Tla' Al-Ali 1
Al-Gardens
Bider Wads Al-Seir
7th circle
Al-Sweifieh
Marj Al-Hamam
Nauor
Jabal Amman
Jabal Luweibdeh
Nazzal
Al-Wihdat
Abu Alanda
Jabal Al-Natheif
Al-Ashrafeyah
Jabal Aljofeh
Jabal Al-Taj
Jabal Al-Nasser
Mukhayam Al-Hussein
Al-Hashmi Al-Shamali

0.43
0.41
0.24
0.28
0.49
-0.17
-0.18
-0.05
0.69
0.39
-0.06
0.39
0.46
0.29
0.34
-0.16
0.32
0.4
-1.59
-0.24
0.48
0.2
0.16
-0.1
0.07
0.37
-0.32
0.62
0.92
-0.54
0.08
-0.74

7.20
7.09
7.21
7.18
6.80
7.73
7.30
7.36
6.91
7.86
7.49
6.85
8.47
6.93
7.16
7.98
7.08
7.00
9.73
7.24
6.85
6.95
7.17
7.93
7.69
6.61
8.07
6.36
6.14
8.16
7.29
6.11

7.42
6.93
6.66
6.68
6.82
7.13
6.07
6.66
6.24
6.57
6.94
6.82
6.77
6.53
6.98
7.92
6.85
6.83
8.94
9.14
6.65
6.96
6.62
8.10
7.85
5.65
7.75
5.65
5.83
7.48
6.76
5.45

12.4
12.39
12.23
12.27
12.51
11.85
11.86
11.96
12.71
12.41
11.95
12.41
12.47
12.30
12.35
11.81
12.32
12.41
10.39
11.75
12.49
12.22
12.17
11.89
12.06
12.4
11.66
12.65
12.94
11.45
12.09
12.84

-2.1
-2.1
-0.1
-20.1
4.9
-0.1
-35.2
-8.1
4.9
-0.1
-4.8
9.7
-15.0
4.8
6.9
9.9
-4.7
4.9
-50.1
4.9
9.9
-4.9
-4.8
-17.6
-4.9
13.7
4.9
29.8
29.8
-30.1
-11.1
34.7

0.33
0.27
0.17
0.26
0.49
0.69
0.95
0.58
0.51
0.50
0.39
0.51
0.39
0.71
0.53
0.4
0.43
0.49
1.02
0.82
0.43
0.45
0.41
0.54
0.71
0.19
0.39
0.29
0.28
0.15
0.44
0.34

TABLE 7
The Correlation Matrix for water samples.
Temp.
pH
EC
TDS
TH
TA
[Na+]
[K+]
[Ca2+]
[Mg2+]
[Cl-]
[NO3-]
[SO42]
[PO43]

EC
(μS/ cm)

TDS
(ppm)

TH
(ppm)

TA
(ppm)

[Na+]
(ppm)

[K+]
(ppm)

[Ca+2]
(ppm)

[Mg+2]
(ppm)

[Cl-]
(ppm)

1
-0.138
-0.183
-0.115
0.272
-0.174
-0.073
-0.123
-0.046
-0.350
0.226

1
0.967
0.558
0.258
0.546
0.060
0.604
0.233
0.844
0.502

1
0.707
0.245
0.525
0.123
0.718
0.356
0.861
0.495

1
0.158
0.392
0.276
0.831
0.736
0.582
0.471

1
-0.042
-0.252
0.347
-0.107
-0.020
0.473

1
0.078
0.403
0.185
0.548
0.152

1
0.074
0.387
0.176
-0.008

1
0.238
0.551
0.619

1
0.336
0.070

1
0.234

1

0.124

-0.212

0.721

0.779

0.515

0.114

0.470

0.062

0.487

0.303

0.728

0.070

1

-0.030

-0.125

-0.101

-0.085

0.078

0.021

0.129

0.116

0.031

0.099

-0.040

-0.084

0.016

Temp.
(oC)
1
0.067
0.018
0.019
-0.117
0.132
-0.125
0.051
0.075
-0.295
-0.172
0.181

pH

[SO4-2]
(ppm)

[PO4-3]
(ppm)

1

Effect of mixing on water quality. Upon
reaching Amman city, Disi water is mixed with
water from Zai and Zara stations (treatment plants)
and then stored both Dabouq and Abu Alanda
reservoirs. This is done in order to enhance the water
quality to meet the JDW standards. In our study, we
mimicked the mixing process by mixing some Disi
water with water from Zai station at different ratios.
We chose the following ratios in an attempt to find
the effect of mixing and the mixing percentage that
gives the best water quality: 20% Zai with 80% Disi,
40% Zai with 60% Disi, 50% Zai with 50% Disi,
60% Zai with 40% Disi, and 80% Zai with 20 Disi.

Table 7 shows the calculated correlation
coefficients between all measured quality
parameters for the studied water. Some parameters
show relatively high interrelation between
themselves including: EC and TDS (r=0.967), EC
and [Cl-] (r=0.844), TDS and [Cl-] (r=0.861), and TH
and [Ca2+] (r=0.831). Whereas TDS and [Ca2+]
(r=0.718), TDS and [SO42-] (r=0.779), TDS and TH
(r=0.707), TH and [Mg2+], TH and [SO42-] (0.736),
[SO42-] and [Cl-] (r=0.728) are moderately related.
Others showed relatively low correlation.
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TABLE 8
pH, EC, TDS, TH, TA, Turbidity, and concentration of CO 2 of the Disi, Zai, and
mixed water with different ratios.
Sample ID
Disi
Zai
Mix.
zai 20%
Mix.
zai 40%
mix.
zai 50%
mix.
zai 60%
mix.
zai 80%
JDWS
WHO

8.03
6.68

EC
(μS/ cm)
329
1040.1

TDS
(ppm)
210.56
665.67

TH
(ppm)
139.4
278.1

TA
(ppm)
170
300

[CO2]
(mg/L)
17.6
6.6

8.0

484

309.76

174.0

190

8.8

7.83

633

405.12

226.6

210

8.8

7.77

700

448

258.3

225

7.172

7.75

783

501.12

288.0

250

8.8

7.59
6.5-8.5
6.5-8.5

925
750-2300
300-750

592
500
300-500

292.9
300-500
100-500

265
300
-

4.4
-

pH

Turbidity
0.79
0.21
0.66
0.64
0.50
0.38
0.34
-

TABLE 9
Positive and negative common ions in water.
Sample ID
Disi

[Na+]
(mg/L)
46.17

[K+]
(mg/L)
2.46

[Ca2+]
(mg/L)
40

[Mg2+]
(mg/L)
9.6

[Cl-]
(mg/L)
39.05

[NO3-]
(mg/L)
13.20

[SO42-]
(mg/L)
16.25

[PO43-]
(mg/L)
0.035

66

9.68

50.4

36.96

206.61

9.28

13.30

0.112

31.37

3.37

40

18

79.87

11.60

39.6

0.056

39.95

4.27

48

25.92

133.12

10.16

62.95

0.031

45.87

4.75

50

32.4

159.75

10.10

74.63

0.040

Zai
Mix.
zai 20%
Mix.
zai 40%
mix.
zai 50%
mix.
zai 60%
mix.
zai 80%
JDWS

50.01

6.55

54

37.2

150.87

9.28

86.3

0.122

57.12
200-400

6.49
10-50

50
100-500

40.8
100-500

195.25
200-250

7.44
45-70

109.65
200-500

0.000
-

WHO

200

10-50

100-300

150

200-300

50

250

-

Disi water does not reach the lower limits of WHO
and somehow it is acceptable according to JDWS.
Againg the mixing of water improves the value of
TDS. A similar trend is noticed for the rest of
parameters shown in Tables 8 and 9. In table 9, the
concentrations of sodium, potassium, calcium,
magnesium, chloride, nitrate, phosphate, and
sulphate do not exceed the limits of permissible
values according to the JDWS and WHO guidelines
for drinking water with nitrate ion as an exception
since it followed the allowed WHO guidelines.
Table 10 shows the calculated values of all the
indices used in this study for Zai, Disi, and the
different ratios mixed water. It is clear that there is a
remarkable enhancement in water quality for mixing
ratios of 20% Zai with 80% Disi, 40% Zai with 60%
Disi, and 50% Zai with 50% Disi. The other two
mixing ratios gave unacceptable values of TDS in
both JDWS and WHO. Total hardness of Disi water
is within the allowed range under both JDWS and
WHO guidelines, while total hardness of Zai water
is acceptable based on WHO guidelines, but did not
reach the limit under the Jordanian standards.
Generally, mixing results in water that is within the

Physical and chemical characteristics of Disi, Zai,
and mixed waters are shown in Tables 8 and 9.
Individually, both Disi and Zai water are within the
permissible pH range of Jordanian standards and
WHO guidelines for drinking water. The addition of
Zai water lowers the pH of Disi water and brings it
to a value within the range of Jordanian standards
and WHO guidelines for drinking water (pH = 6.5 8.5). A decrease in pH values leads to an increase in
the alkalinity of Disi water. We noticed that the
turbidity decreases as Zai water percentage
increases, an indication of some dissolution of
insoluble solids. We notice that Zai water have larger
values of EC, TDS, TA, and TH when compared to
the Disi water. However, Disi water is more turbid
and more basic than Zai water.
The value of EC for Disi water is within the
allowed WHO guidelines and lower than the the
limits of JDWS. With a relatively high value of EC
for Zai water, the mixing process makes the resulting
water more or less within the range of both JDWS
and WHO guidelines at most mixed ratios. TDS
value of Zai water is not acceptable based on both
Jordanian Standards and WHO guidelines, while
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range of WHO and do not exceed the limits of
JDWS. TA values for the mixed waters are all
acceptable based on the JDWS. We noticed that there
is a decrease in turbidity as Zai water percentage
increase, a fact being obvious with the high turbidity
values of the Disi water. We can also conclude that
very little dissolution if any, occurs during the
mixing process.
TABLE 10
LSI, RSI, PSI, AI, CCPP, and L&Skl indices
of Zai and Disi mixed water.
Sample ID
Disi
Zai
Mix.
Zai 20%
Mix.
Zai 40%
mix.
Zai 50%
mix.
Zai 60%
mix.
Zai 80%

LSI
0.43
-0.44

RSI
7.20
7.55

PSI
7.42
6.06

AI
12.4
11.60

L&Skl
0.33
0.22

0.58

6.84

6.96

12.52

0.63

0.56

6.71

6.60

12.51

0.93

0.58

6.61

6.39

12.53

1.04

0.65

6.45

6.15

12.61

0.95

0.51

6.56

6.06

12.48

1.15

CONCLUSION
Different water samples from the source at the
Disi aquifer, three stations, and from 28 different
locations in Amman city were used to determine the
potential of scale formation and corrosion along the
325 km pipeline from Disi to Amman city. The
results from all applied indices were compatible with
each other for most of the studied regions. It is found
that 69 % of the studied regions suffer from scaling,
while 31 % suffer from corrosion. In general, mixing
of the Disi water with Zai water showed some
improvement in the water quality measured by scale
formation and corrosivity.
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AN INVESTIGATION IN DYNAMIC PROCESSES AND ITS
INFLUENCES OF IRON AND MANGANESE RELEASES
FROM RESERVOIR SEDIMENT
Fang Lei, Chen Yining, Wang Jiawei, Zhou Yong-Chao*, Shao Wei-Yun, Zhang Yi-Ping
The Institute of Municipal Engineering, Zhejiang University, Hangzhou, Zhejiang province, 310058, P. R. China

explore the complex phenomenon about the
exchange of nutrients, heavy metals between
sediments and water, as well as the physical,
chemical and biological factors [1-4]. Among the
diffusional mass, iron (Fe) and manganese (Mn) are
the most common substances and are specifically
becoming a serious problem for water treatment.
When Fe and Mn are presented in a water supply
system at concentrations exceeding the permitted
limits of 0.2 and 0.05 mg/L, they are objectionable
due to giving water reddish and brown-black color,
an unpleasant metallic taste and odor, blocking
pipelines, reducing the pipe diameter and eventually
clogging the pipe. Moreover, neurological health
risks associated with excess Mn in drinking water are
also being identified worldwide [5,6]. Several
decades ago, iron and manganese solubility at the
sediment-water interface has been paid much
attention [7,8]. Previous researches indicated that
metal fluxes from the sediment are highly contingent
on geo-chemical interactions across the sedimentwater interface [9]. Recently, most studies on the
release of Mn and Fe from the sediment focused on
the influence of bottom water redox conditions. The
results revealed that the fluxes of Fe and Mn are
strongly influenced by oxygenation state of the
overlying water [10-12]. The research of Bryant et al
had also established that continuous oxygenation
promotes decreased Mn concentrations in nearsediment water and elevated Mn levels in sediment
pore water as Mn is incorporated into the sediment
[13]. Others showed that redox conditions in the near
bottom water was important to benthic iron fluxes
and had effect on manganese release [14]. Moreover,
the technologies, such as hypolimnetic oxygenation
system, electrochemically initiated processes, were
developed based on the literature conclusions to
immobilize Fe and Mn in sediment and suppress the
sediment-water fluxes [13,15].

ABSTRACT
To control the emission of iron (Fe) and
manganese (Mn) from reservoir sediment, fluxes of
Fe and Mn across the sediment-water interface were
tested in the laboratory to study the dynamic release
properties of Fe and Mn from the sediment and to
investigate the influences of dissolved oxygen (DO),
biological effect and light on their release processes.
The results showed that dissolved Fe (DFe) in the
pore water was mainly microbially caused and its
release resulted from diffusion and exchange with
solid phase of the top sediment. Whereas, microbes
activities was not the only reason for dissolved Mn
(DMn) in pore water, and its release was mainly
influenced by the concentration difference between
pore water and overlying water. Moreover, the
release of Fe from sediment was significantly
influenced by DO, biological effects, while Mn
release was greatly affected by DO and temperature.

KEYWORDS:
Reservoir; Iron; Manganese; Metal Fluxes; Sedimentwater Interface

INTRODUCTION
Internal pollution released from reservoir
sediments is the main cause of water quality
problems. This is especially notable in productive,
moderately deep lakes that thermally stratify in the
summertime. As a most important process for water
quality in lakes, rivers and reservoirs, it was
therefore, of great significance to investigate the
diffusional mass transfer between bottom sediment
and overlying water.
Recently, many efforts have been made to
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FIGURE 1
The location of the Xiaotiandi Reservoir

In Zhoushan, China, the seasonal elevated
concentrations of Fe and Mn in reservoirs make it
difficult to remove metals with the current regular
water treatment system, which poses to threaten
SHRSOH¶V KHDOWK ,Q RUGHU WR FRQWURO WKH )H DQG 0Q
emission, studies of periodic Fe and Mn transfer at a
sediment-water interface are therefore necessary.
The objectives of the present experimental study are
to examine the dynamic release properties of Fe and
Mn under different conditions. In addition, the
impacts of temperature, dissolved oxygen (DO),
biological activities and light on Fe and Mn release
were investigated according to water column
experiments in order to figure out the vital element
attributed to the seasonal deterioration of the water
quality.

1

3

2

4
5

FIGURE 2
Experimental apparatus
1 air; 2 nitrogen; 3 connection pipe; 4
overlying water; 5 sediment

Experimental setup and procedures.
Experiments were conducted in the dozens of
transparent glass wide-mouthed bottles (250ml).
Experimental reactions were set up as shown in
Figure 2.
The mass ratio of water and sediment was 5:1.
Special care was taken to keep the bottles in the same
conditions. Every few days, a bottle was opened, and
water overlying the sediment was sampled through
withdrawing by a syringe slowly. The sediment in
the bottle was collected, and the pore water was
extracted by centrifugation (3000 RPM for 30 min,
Thermo Scientific ST-40R Centrifugation) to
determine the dissoluble Fe and Mn [14]. After
opened, the bottle will be abandoned in order to
avoid the interference by water and sediment
sampling. The Fe and Mn release process using
sediments with and without sterilization were
compared. For sterilization experiments, the
sediment and overlying water was sterilized

MATERIAL AND METHODS
Sampling location and collection. Xiaotiandi
Reservoir is located at the Miaozihu Island, in the
WRZQRI'RQJML=KRXVKDQ&KLQD ޗÝ1DQG
ޗÝ (  DV shown in Figure 1. Xiaotiandi
Reservoir is the main fresh water source of villagers
on Miaozihu Island with a maximum capacity of
4.5×104 m3. Xiaotiandi Reservoir has a mean water
depth of 5.22 m, and a surface area of 0.67 ha.
Sediment was collected by Petersen Grab Sampler in
April 2011. The sediment was then placed into clean
sterile zip-lock bags. All samples were collected and
preserved in an icebox packed with ice packs during
the transit to the laboratory.
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from 10.71mg/l to about 2.48mg/l at the 10 th day as
shown in Figure 4(b), and then began a slow decline
to 1.25mg/l and maintained at this level.

following the operationally-defined procedure by
Jiang et al [16]. Experiments were conducted in an
asepsis box with UV light with an energy of 20 W to
avoid the influence of microbe.



Analytical methods. The fresh sediment
samples were dried in a drying oven at 105°C for 12
h [17], and then homogenized. The sediment organic
matter was determined by incinerating the sediment
at 800°C in a muffle furnace. Sediment water content
was calculated based on the weight loss after drying
fresh sediment to a constant weight at 60°C. A suite
of compounds including DO, pH, dissolved iron
(DFe), total Fe, dissolved and total Mn in the water
sample from the experimental setup was tested. DO
and temperature measurements were made using a
HACH portable dissolved oxygen probe and pH
measurements using an Orion3-Star pH meter.
Samples (20 ml) were extracted to measure the total
iron and manganese. Dissolved forms of Fe and Mn
were determined by Flame Atomic Absorption
Spectrometry (FAAS, Thermo Scientific M series
ICE 3500 Atomic Absorption Spectrometer). Fe and
Mn content in the solid phase of the sediment was
analyzed using a wet acidic dissolution technique
with HClO4 and HF acids followed by atomicabsorption spectroscopic determination of the metals
[18].
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FIGURE 3
The variation of DFe and DMn in the
overlying water
(a) and pore water (b) with time in the aerobic
condition at 25°C, with light.

RESULTS
Concentrations of Fe and Mn in the overlying
water and the pore water under this condition
without light were also studied and shown in Figure
4. It can be seen that the variations of DFe and DMn
in overlying water and pore water appeared the
similar trends in both conditions, and the
concentration amounts were different. The DFe and
DMn content in the overlying water without light
were higher than those with light, whereas the DFe
and DMn in pore water without light were adversely
lower than those with light.

The results in the aerobic condition with
high temperature (25°C). Figure 3 shows the
variation of dissolved Fe (DFe) in the overlying
water and pore water with time in the aerobic
condition at 25°C with light. In this condition, the
DO in the overlying water was maintained at 7.2110.5 mg/l. At the temperature of 25°C, the Fe content
increased to about 0.6 mg/l in the first 6 days, then
decreased gradually to around 0.1mg/l and
maintained at this level. Similarly, the dissolved Mn
(DMn) concentration in the overlying water
increased quickly to a relatively high level, about
2.51mg/l, and then began to decrease and finally
maintained at a low value, approximately 0.06mg/l.
In Figure 3(b), it can be seen that the DFe in the pore
water increased slightly to 0.8 mg/l at the first 6 days,
and then ascended significantly and reached the peak
of 7.2mg/l on the tenth day at 25°C. It fluctuated in
the range of 3.0 to 5.8 mg/l in the following period.
On the other hand, at 25°C, the concentration of
DMn in the pore water in sediment dropped greatly

The results in the aerobic condition with low
temperature (5°C). Under this condition, the DO in
the overlying water was maintained at 9.64-11.1
mg/l. The variation trend of DFe concentration at
5°C was similar to that at 25°C. The DFe content in
the overlying water can reach about 1.4 mg/l and
then stabilized at about 0.1mg/l. Whereas, the
change of DMn was quite different from that at the
temperature of 25Υ. The DMn concentration in
overlying water increased continuously and slowly,
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and reached the peak of 1.39 mg/l at 18 th day, and
then stabilized at this level.
The DFe in the pore water at 5°C appeared
relatively stable compared with that at 25°C. It only
increased slightly from 0.3mg/l to 1.0 mg/l after
stabilization during the first 6 days, and maintained
at around 0.5 mg/l as shown in Figure 5(b). Whereas,
the tendency of DMn concentration in pore water at
5°C descended at first and then ascended, and
stabilized at about 4.5mg/l at last.

0.7mg/l at the end of incubation period as shown in
Figure 6(b). The DMn in the pore water, oppositely,
declined continuously from 47.52 mg/l to 7.94 mg/l
and appeared first quick and then slow trend.
The results in the anaerobic condition
without biological effects. Under the sterilization
condition, the DO in the overlying water was kept
about 1.5 mg/l. Figure 7 presented that the change of
DFe and DMn in the overlying water and pore water
with time in the anaerobic sterilized condition. It can
be seen that the DMn in the overlying water
increased slightly from 2.83 mg/l to 4.71 mg/l during
the first 13 days and then decreased to 1.63 mg/l. On
the contrary, the DFe was decline to 0.18 mg/l during
the first 7 days, then decreased slightly and stabilized
about 0.02 mg/l. The DMn content in pore water
increased to about 15.82 mg/l at the first 7 days, then
decreased significantly to about 4.35 mg/l and
stabilized at this level. For the DFe content in the
pore water, it can be considered to remain nearly
unchanged about 3.2 mg/l.

The results in the anaerobic condition with
high temperature (25Υ
Υ). The concentration of DFe
increased under anaerobic condition at 25Υ as
shown in Figure 6. The DO concentration in the
overlying water was kept below about 1.0 mg/l. DFe
increased from 0.33 to 10.99 mg/l at the first 15 days,
and stabilized at about 10.10 mg/l at last as shown in
Figure 6(a). Similarly, the DMn in the overlying
water were also on the rise in the whole incubation
period and reached to 16.18 mg/l respectively at last.
In the pore water, the DFe ascended to
9.82mg/L at the first 6 days, and then decreased to
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FIGURE 4
The variation of DFe and DMn in the overlying water (a) and pore water (b) with time in the aerobic
condition at 25°C, without light.
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FIGURE 5
The variation of DFe and DMn in the overlying water (a) and pore water (b) with time in the aerobic
condition at 5°C
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FIGURE 6
The variation of DFe and DMn in the overlying water (a) and pore water (b) with time in the anaerobic
condition at 25°C
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FIGURE 7
The variation of DFe and DMn in the sterilized overlying water (a) and pore water (b) with time in the
anaerobic condition at 25°C

iron flux was independent of temperature condition
because it seemed to be more sensitive to the redox
conditions in the overlying water. On the contrary,
the variation of DMn content in the overlying water
was obviously influenced by temperature. In the
initial period, the DMn also released rapidly under
the effect of concentration gradient [14], and its rate
was much greater than that of reaction and sorption
[19,20]. It decreased due to the existence of DO in
the overlying water at 25Υ. At 5Υ, the increase of
the Mn concentration in whole period may indicate
that the oxidation rate of DMn in overlying water
was extremely low at low temperature and the
release rate became dominate during the exchange of
DMn in water-sediment interface.
In the pore water, the DFe was extremely low
at the first either at 5Υ or at 25Υ due to the
exposure in the air. Subsequently, it was increased
faster and maintained a higher level at last under the
condition at 25Υ than that at 5Υ. It can be inferred
that the anaerobic microorganisms activities led to
the subsequent increase of DFe in pore water. This
was why subsequent reaction rate at high

DISCUSSION
In the aerobic condition, the concentration of
DFe had a rapid rise in the first several days, which
attributed to the sediment resuspension and the
concentration gradient between interface and
overlying water [14]. In this phase, the rate of Fe
release was greater than that of Fe precipitation
resulted from DO, and the concentration of DFe in
overlying water increased rapidly to a peak at 5Υ.
Whereas the peak concentration at 25Υ was
relatively low as shown in Figure 3, which may be
due to the faster reaction speed between iron and DO
under the condition of high temperature. Then DFe
in the overlying water decreased due to oxidation by
DO and precipitation on the superficial sediment. So,
a rust-colored thin layer was observed on the
sediment bed during the end of incubation period.
Although there was difference in peak values, the
concentrations of DFe in the overlying water
decreased and stayed at a same level at the
temperature of 5Υ and 25Υ. It can be found that
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ʹଶ  Ͷ

temperature was much greater than that at low
temperature. With DO permeated in the sediment,
the DFe was oxidized and its concentration in the
pore water declined during final days, which was
also demonstrated in the previous literature [21].
Nevertheless, the concentration of DMn in pore
water was high at first. This could be resulted from
partial oxidative release of solid sulfur compounds
of Mn in the experimental setup under atmospheric
conditions [15]. Then it was also released gradually
from the sediment under the effect of concentration
gradient, and DMn in the pore water decreased later
as shown in Figure 3, 4 and 5.
As expected, the Fe and Mn fluxes were
significantly influenced by the prevailing bottom
water redox conditions. This can be illustrated by the
rapid decline after 4 days and then maintained at an
extremely low level as shown in Figure 3. When
oxygen was maintained at the ambient level in the
overlying water throughout experiments, there was
no increase of Fe and Mn in the overlying water. On
the contrary, the metals were taken up by the
sediment from the overlying water during such
conditions, which agreed with the results of previous
literatures [19,20]. Similar trend was found in Mn
release under aerobic condition at 25Υ as shown in
Figure 3. The DMn was oxidized and precipitated
during the later stage of experiment. However, under
the anoxic condition, the deficiency of O2 in the
overlying water hindered the oxygenation of
underlying sediments. Hence, the reduction of Mn
and Fe oxy-hydroxides releasing Mn and Fe to the
water column was accelerated [22]. The
concentration of DFe and DMn were increased
continuously and reached the peak of 15mg/l and
20mg/l respectively. Moreover, a remarkable result
can be seen that the DFe and DMn concentrations in
pore water were below that in overlying water during
the later period. It may imply that the fluxes of Fe
and Mn may be strongly promoted by the bacteria
under the anoxic condition.
Under the anaerobic condition with high
temperature and sterilization, the DFe in the
overlying water was extremely low and it in the pore
water was almost unchanged (as shown in Figure 7)
compared with that under the same condition but
unsterilized. Likewise, the DMn in the overlying
water and pore water was also much lower than that
under unsterilized condition. It can be inferred that
the differences in Fe and Mn concentrations in pore
water and overlying water between two conditions
were microbially caused as followed [15]:
ʹ  ଶ ଷ  ͺ

ା

 ሼ
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Moreover, it also can be inferred that biological
activities had a bigger impact on Fe releasing than
other factors. Whereas, the DMn in the overlying
water and pore water was still as high as 4.71mg/l
and 15.82 mg/l respectively without influence from
biological activities, indicating that other factors,
such as desorption and diffusion, played an
important role in the Mn releasing.
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FIGURE 8
Variations of different Fe fractions in anoxic
condition with light at 25Υwith time(a) and
DMn/Total Mn at all conditions (b)

It also can be seen from Figure 3 and 5 that the
flux of Fe was rarely influenced by concentration
gradient between pore water and overlying water
under the aerobic condition. It indicated that flux of
Fe from pore water was not the only source, and the
exchange process with solid phase of the top
sediment was also an important way to release Fe to
overlying water [14]. This was supported by the Fe
fraction distribution in the overlying water as shown
in Figure 8. Contrast to Fe, an obvious
correspondence between the concentration gradient
and the flux rate of Mn was observed from Figure 3
and 5. The fraction of DMn in the total Mn was high
and stable as shown in Figure 8. It indicated that the
flux of Mn was generally controlled by the

ଶ
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concentration difference between pore water and
overlying water, which is consistent with the
previous studies [14].
Compared with the concentrations of Fe and
Mn under the conditions with and without light
(Figure 3 and Figure 4), it could be found that the
light had no significant effect on the release of Fe
and Mn. It was consistent with the results that pH
and DO remained relatively stable in the aerobic
conditions with and without light [23].
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VARIATION IN GROWTH RESPONSE AND NITROGEN
ACCUMULATION AND PARTITIONING OF
BERMUDAGRASS UNDER LOW NITROGEN LEVELS
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ABSTRACT

KEYWORDS:
bermudagrass; variation; growth; nitrogen partitioning;
low nitrogen level

For turf, lower nitrogen (N) inputs and plants
bred for increased N use efficiency (NUE) are
essential. The objectives of this study were to
investigate diverse bermudagrass accessions for
growth response, N accumulation and partitioning in
N limiting conditions, as well as to determine the
phenotypic traits associated with the variability in
tolerance to low N supply. Four bermudagrass
FXOWLYDUV>LHµ<DQJMLDQJ¶µ6X]KL1R¶µ1DQMLQJ¶
common bermudagrass (Cynodon dactylon (L.)
3HUV  DQG µ6X]KL 1R ¶ K\EULG bermudagrass (C.
transvaalensis × C. dactylon)] were grown at two N
levels [0.5 mmol.L-1 (low) and 5 mmol.L-1 (control)]
in a hydroponic experiment, and the responses were
FRPSDUHG ZLWK µ7LIZD\¶ K\EULG bermudagrass (C.
transvaalensis × C. dactylon). For all accessions at
the low N level, the shoot density (except for
µ<DQJMLDQJ¶ DQGWKHOHDIOHQJWKDQGZLGWKGHFreased,
whereas the NUE increased. Additionally, at the low
N level, total plant dry weight (TPDW) was not
significantly different from that of the control;
however, the portions of dry weight and accumulated
N allocated to verdure other than roots increased.
Associated with the variability in tolerance of
diverse bermudagrass cultivars to the low N supply,
principal component analysis revealed that the
relative values (from the comparison between the
low level of N and the control N) of leaf width (LW),
TPDW, total clipping accumulated N (TCAN),
verdure accumulated N (VAN), and total clipping
NUE (TCNUE) accounted for much of the variation
for both levels of N levels and different accessions.
Accession µ<DQJMLDQJ¶ ZDV WKH PRVW WROHUDQW WR 1
limitation with relative values of TPDW, VAN, and
TCNUE that were significantly higher than those of
WKHµ7LIZD\¶K\EULG7KHWROHUDQFHWRORZOHYHOVRI1
IRU DFFHVVLRQV µ1DQMLQJ¶ µ6X]KL 1R ¶ DQG µ6X]KL
1R¶ZHUH QRWVLJQLILFDQWO\ GLIIHUHQW IURPWKDWRI
WKH µ7LIZD\¶ hybrid, with relative values of TPDW
and VAN that were not significantly different from
WKRVHRIµ7LIZD\¶

INTRODUCTION
Nitrogen (N) is the essential mineral required
in the largest amounts by turfgrasses [1, 2]. It can
improve turf color and visual quality as well as
increase shoot density and stress resistance [3].
However, excessive N application increases costs
and can result in serious environmental problems,
such as polluted water, eutrophication of water
bodies, and global warming due to the greenhouse
effect [4-6]. Therefore, turfgrass researchers have
been attempting to more comprehensively
understand N use by turfgrasses to reduce N input [7,
8]. Janssen (1998) [9] found that genetic
improvement of plants could increase nitrogen use
efficiency (NUE) by 20% ± 30%. Thus, screening
turfgrass germplasm resources for cultivars with
high NUE at N limiting condition for use in breeding
programs may lead to turf management cost savings
and environmentally safe cultivars.
It is well known that when N is limited, plant
growth retardate, N remobilization from older to
younger leaves and reproductive parts increased, and
N and biomass allocation changed [10, 11]. The
plants often allocate a greater proportion of their
biomass to the root system [12]. However, in
Perennial ryegrass (Lolium perenne), N stress affects
N pool size supplying leaf growth, which increased
with leaf growth delayed [13]. The turfgrass was in
nearly perpetual vegetative state and stolon and
rhizome is important for leaf growth [1]. Thus, the
biomass and nutrition allocation in turfgrass was
important for tolerance N limiting conditions.
Bermudagrass is a popular warm season grass
species cultivated in the warm-humid climatic
regions. Originating in Africa, it is commonly used
in golf courses, lawns, and athletic fields. µ7LIway¶
released in the USA in the 1960s [14], is one of the
most broadly used cultivars in China. However,
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µ7LIway¶ GRHV QRW JURZ ZHOO EHFDXVH RI SRRU
adaptation to local environments in China. We
selected three common Chinese bermudagrass
FXOWLYDUµNanjing¶, µ<DQJMLDQJ¶ and µSuzhi No. 4¶,
which had an improved adaptability to Chinese
climatic conditions, and high turf quality [15, 16].
µ<DQJMLDQJ¶ZDVFURVVHGZLWK$IULFDQEHUPXGDJUDVV
genotypes (C771) to obtain hybrid bermudagrass
µSuzhi 1R¶, with greater adaptability to local
climatic environments and improved turf quality
compared to existing cultivars. Bermudagrass
requires the greatest amount of N among all
turfgrasses [17]. However, in China, the turf often
had no more funds for management after
establishment, resulting in turf often is in N limiting
conditions even N deficiency. The growth and
physiological responses of diverse bermudagrass to
low N condition as well as traits associated with
genetic variability in low N tolerance are not yet
fully understood in bermudagrass accessions.
Therefore, the objectives of this study were to
investigate growth response, nitrogen accumulation
and allocation of diverse bermudagrass accessions at
low N levels and to determine phenotypic traits
associated with variability of low N tolerance. The
results will aid in determining natural variations in
low N tolerance of bermudagrass and in providing a
mechanistic formation for creating bermudagrass
materials that are more tolerant to N limiting
conditions.

(NH4)2SO4, 1 mM KH2PO4, 1 mM MgSO4·7H2O,
0.5 mM NaCl, ȝM Fe-('7$PȂ H3BO3,
 ȝM MnSO4·H22  ȝM ZnSO4·7H2O,
ȝM CuSO4·5H2ODQGȝM H2MoO4].
The bottom of each cup was submerged at 1.0 cm
depth in the solution. We maintained the plants in
greenhouses at average maximum/minimum
temperatures of 30.4°C/22.6°C with a 13-h
photoperiod. The maximum photosynthetic active
radiation on the horizontal plane just above the
canopy ranged from 1200 to 1800 μmol·mí2·sí1.
To ensure complete establishment, we grew the
plants for 1 month before starting the N treatment.
During this initial period, water lost from the nutrient
solution was supplemented with distilled water to
ensure the roots were continuously suspended in the
solution. The nutrient solution was maintained at pH
6.0 using 1 M hydrochloric acid solution and the
culture solution changed every week. Before
beginning the N treatment, shoots were clipped
weekly to maintain a height of 3 cm. We discarded
all clippings at this stage.
Plants were grown in the new solution with two
N levels [0.5 mM (low), 5 mM (control)). The
potassium and calcium levels were balanced with
K2SO4 and CaCl2. During the treatment period, we
clipped the shoots weekly to maintain a height of 3
cm. The clippings were collected, oven-dried at
80°C for 48 h, and used to determine dry weight.
We sampled plants four weeks after initiating
the N treatment. Grass height in each cup was
measured and the number of shoots per cup was
determined. We measured the length and width of
the third fully expanded leaves from the top of erect
stems four times for each cup using a ruler and
vernier calipers. The third fully expanded leaves
were collected and frozen in liquid N and stored at
í70°C. Plants were then clipped to a height of 3 cm
and the clippings were collected. We separated the
plant residue materials into two groups: verdure (i.e.,
crown plus stem up to the mowing height of 3 cm)
and roots. The samples were oven-dried at 80°C for
48 h and used to determine dry weight.

MATERIALS AND METHODS
Plant materials and experimental design.
Four bermudagrass cultivars grown in China was
selected as the test samples, including common
bermudagrass µYangjiang¶, µSuzhi No.4¶, µNanjing¶
and hybrid bermudagrass µSuzhi No.2¶ for their good
turf quality and widely used in China. µTifway¶
hybrid bermudagrass were used as control cultivars
as it is also widely grown in China. The hydroponic
experiment was conducted from 11 June 2013 to 11
Aug. 2013. Sods (5 cm diameter) for each turfgrass
cultivar were collected from the experimental field
of the Institute of Botany, Jiangsu Province and
Chinese Academy of Sciences, in China (north
ODWLWXGH ƍ HDVW ORQJLWXGH ƍ). After
removing soil by hand washing, we placed uniform
sod pieces in plastic cups (5 cm diameter × 5 cm
depth) filled with coarse, acid-washed silica sand.
The bottom of each cup was removed and covered
with a nylon screen to hold in the sand, but allow
roots to grow through it. We suspended cups using 2
cm thick polyvinyl chloride sheets over plastic tanks
containing 12 L modified Hoagland solution [0.4
mM Ca(NO3)2·4H2O, 1.6 mM KNO3, 0.5 mM

Determination of chlorophyll and nitrogen
content. We determined chlorophyll content as
described previously [18]. Fresh leaf samples (0.05
g) were sliced and incubated in 25 mL extraction
solution containing acetone and anhydrous ethanol
(1:1) in the dark at 25°C for 24 h. Dried samples
were triturated to powder and used to determine the
N content of the clippings, verdure, and roots using
the Kjeldahl method [19].
Statistical
analysis.
We
calculated
accumulated N and NUE using the following
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TABLE 1
Mean square significance among treatments and interactions for growth and physiological traits
Accumulated N N use efficiency
Dry weight
c
Source
of d T S L L
V
R
h TC
TCN VN RN
VD RD TP
variation
f H D L W TC
A
A
UE
UE
UE
DW W
W
DW l
AN
N
N
Nitrogen(N)

1

*
*

Accession
(A)

4

*

N×A

4

*
*

*
*
*
n
s

*
*
*
*
n
s

*
*
*
*
ns

**

**

ns

ns

**

**

**

**

*

**

ns

**

*
*
*
*
*
*

**

ns

*

**

ns

ns

**

**

**

**

*

*

*

ns

ns

**

ns

ns

* Statistical significance at 0.05 probability level; ** Statistical significance at 0.01 probability level;
ns Not significant.
TH: turf height; SD: shoot density; LL: leaf length; LW: leaf width; TCDW: total clipping dry weight;
VDW: verdure dry weight; RDW: root dry weight; TPDW: total plant dry weight; chl chlorophyll conten;
TCAN: total clipping accumulated nitrogen; VAN: verdure accumulated nitrogen; RAN: root accumulated
nitrogen; TCNUE: total clipping nitrogen use efficiency; VNUE: verdure nitrogen use efficiency; RNUE: root
nitrogen use efficiency.
verdure was increased, and to clipping decreased in
bermudagrass. These results indicated that verdure
growth was maintained with clipping growth
decreased to tolerance N limiting conditions, which
agree with the results of Perennial ryegrass [13].

equations according to methods described by Moll et
al. [20] and Jiang et al. [21]:
Accumulated N = Dry weight × N content
NUE = Dry weight / accumulated N
Relative value of growth and physiological
traits were calculated by dividing the value for a
given characteristic at low N condition by the
corresponding value at control N level.
Relative value of the trait = the value at low N
level/ the value at control N level
All data are presented as the means of four
replicates and were subjected to a one-way analysis
of variance using SPSS software (ver. 19.0; IBM
Corp., Armonk, NY, USA).

Plants undergo decreased N consumption when
N concentrations are low, leading to a decrease in
nitrogen contents [22]. In our study, chl,
accumulated N of total clipping (TCAN) and root
(RAN) of all DFFHVVLRQV H[FHSW IRU µ<DQJMLDQJ¶
indeed decreased, while NUE in total clipping
(TCNUE), verdure(CNUE), and root (RNUE)
increased at low N condition compared with
control(Table 3). The response of these accessions to
low N supply in NUE agreed with previous reports
[23, 24]. In addition, similar to dry weight, the ratio
of accumulated N allocated to verdure increased,
while root had no difference with control at low N
condition. N limiting increase remobilization of N
within the grass plant for the growth of young leaves
as shown by Ourry et al. [25]. They demonstrated
that 69% of the total N in young leaves of 14-d-Nstarved perennial ryegrass (Lolium perenne) came
from endogenous N of the roots and verdure. These
results suggested that verdure N statue was
important for bermudagrass tolerance low N
conditions.

RESULTS AND DISCUSSION
Effects of N on the growth and physiological
traits. N levels and accessions significantly affected
growth [turf height (TH), shoot density (SD), leaf
length (LL), leaf width (LW), total clipping dry
weight (TCDW), verdure dry weight (VDW)],
chlorophyll content (chl), accumulated N in total
clipping and root (TCAN, RAN), and total clipping
NUE (TCNUE) (Table 1). Accessions of
bermudagrass significant decreased in TH except for
µSuzhi No.4¶, SD except for µYangjiang¶, LL, and
TCDW at low N level compared with that of control
(Table 2). Our results showed that TPDW had no
significant decrease, and the ratio of dry weight
allocated to root didn¶t increase at low N condition,
which different with most of plants, the ratio of
biomass allocated to root increased at N limiting
conditions [12]; the ratio of biomass allocated to

Principle component of bermudagrass
growth and physiological traits. Growth related
traits are often used as indicators of low N tolerance
for plants. Previous research regarding the
interspecific and intraspecific diversity of N
utilization by turfgrass focused on clipping dry
weight, root dry weight, shoot dry weight, and leaf
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between low N level and control N level) of eight
growth traits (TH, SD, LL, LW, TCDW, VDW,
RDW and TPDW) and seven physiological traits
(chl, TCAN, VAN, RAN, TCNUE, VNUE, and
RNUE) that represented N utilization. The principle
component analysis (PCA) of the relative values of
the fifteen traits showed that the cumulative
variability of four factors was 100%, and the
individual variability were 42.74%, 27.41%, 22.51%,
and 7.34% (Table 4), respectively.

N content [26, 27]. Our results indicated that relative
value of LW and VAN other than absolute values was
more closely associated with germplasm source
variability in growth responses of diverse
bermudagrass accessions to low N supply. Since
accessions used in our study vary largely in growth
habits, absolute growth rate may not be a suitable
trait for assessing low N tolerance of diverse
bermudagrass accessions. Thus, we analyzed plant
growth using the relative values (i.e., comparison

N
levels(mM)

0.5

5

TABLE 2
Accessions difference in growth traits at different N levels
Dry weight (mg/cm2)
TH
SD
LL
LW
Accessions
(cm)
(Number/cm2) (cm)
(mm)
TCDW VDW
RDW

TPDW

Yangjiang
SuzhiNo.4
Nanjing
SuzhiNo.2
Tifway
sig.
Yangjiang
SuzhiNo.4
Nanjing
SuzhiNo.2
Tifway
sig.

130.35a
111.26b
82.08c
81.16c
67.34d
**
124.51a
119.19a
83.86b
85.45b
71.06c
**

6.50c
9.33a
8.00b
6.23c
7.87b
**
9.17a
9.50a
9.70a
10.83a
9.13a
ns

3.27a
1.57c
1.17c
3.79a
2.35b
**
3.34b
1.83d
1.52d
4.85a
2.63c
**

2.63b
6.08a
6.32a
3.15b
3.35b
**
5.58c
7.55ab
8.47a
6.13bc
5.07c
*

1.69b
2.05a
1.86ab
1.32c
1.37c
**
1.93ab
2.14a
2.23a
1.63b
1.55b
*

27.55a
23.82b
16.17c
19.05c
19.01c
**
47.23a
33.85b
27.77bc
30bc
23.01c
**

91.31a
79.96b
54.98bc
57.85bc
45.67c
**
66.05b
78.1a
53.43b
48.91b
44.95b
**

11.49a
7.48ab
6.74b
4.26b
2.66b
*
11.23a
7.24b
7.51b
6.54b
3.11c
**

Different letters in columns indicate significant differences among treatments at P < 0.05.
* Statistical significance at 0.05 probability level; ** Statistical significance at 0.01 probability level;
ns Not significant.
TH: turf height; SD: shoot density; LL: leaf length; LW: leaf width; TCDW: total clipping dry weight;
VDW: verdure dry weight; RDW: root dry weight; TPDW: total plant dry weight

N
levels(mM)

TABLE 3
Accessions difference in physiological traits at different N levels
Accumulated N (mg/cm2)
N use efficiency (gDW/gN)
Chl
Accessions
(mg/g) TCAN
VAN
RAN
TCNUE VNUE
RNUE

Yangjiang
4.23a
0.59 a
0.97 a
0.13a
71.32a
115a
108.11a
SuzhiNo.4
2.14d
0.34 b
0.42 b
0.08ab 70.28a
155.95a 106.54a
Nanjing
3.17c
0.26 c
0.47 b
0.08ab 61.54ab 96.55a
104.92a
0.5
SuzhiNo.2
3.6b
0.38 b
0.80 ab 0.06b
49.77bc 100.5a
76.9a
Tifway
3.59b
0.34 b
0.51 b
0.04b
38.49c
116.32a 74.08a
sig.
**
**
*
ns
**
ns
ns
Yangjiang
4.63a
1.27 a
0.61 b
0.12a
34.99b
98.14a
84.27a
SuzhiNo.4
3.6c
0.96 b
0.48 b
0.10a
35.46b
102.21a 75.54ab
Nanjing
4.07b
0.72 c
0.49 b
0.09ab 38.8a
92.8a
79.15a
5
SuzhiNo.2
4.78a
0.90 bc 0.86 a
0.12a
33.44c
90.38a
52.54b
Tifway
4.06b
0.77 bc 0.51 b
0.06b
33.2c
98.17a
52.26b
sig.
**
**
**
*
**
ns
*
Different letters in columns indicate significant differences among treatments at P < 0.05
* Statistical significance at 0.05 probability level; ** Statistical significance at 0.01 probability level; ns Not
significant. chl chlorophyll conten; TCAN: total clipping accumulated nitrogen; VAN: verdure accumulated
nitrogen; RAN: root accumulated nitrogen; TCNUE: total clipping nitrogen use efficiency; VNUE: verdure
nitrogen use efficiency; RNUE: root nitrogen use efficiency.
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TABLE 4
Principle component (PC) analysis relative values (comparison between low N level and control N
level) of growth and physiological traits
Trait

PC1

PC2

PC3

PC4

TH
SD

-0.22
0.77

0.90
0.47

-0.25
0.42

0.28
-0.11

LL
LW

-0.54
0.05

0.60
0.96

-0.50
-0.07

0.31
-0.25

TCDW
VDW

-0.36
0.83

0.53
-0.52

0.75
-0.17

0.16
-0.09

RDW
TPDW

0.50
0.98

0.68
-0.17

-0.48
-0.07

0.24
0.07

chl
TCAN

0.58
0.45

-0.32
0.34

0.57
0.82

0.49
0.09

VAN
RAN

0.99
0.88

-0.04
0.30

0.15
-0.36

-0.05
0.11

TCNUE
VNUE

0.58
0.25

0.29
0.59

-0.56
0.69

-0.53
-0.34

RNUE

-0.87

-0.05

0.36

-0.32

Eigenvalue
Variability (%)

6.41
42.74

4.11
27.41

3.38
22.51

1.10
7.34

Cumulative %

42.74

70.15

92.66

100.00

TH: turf height; SD: shoot density; LL: leaf length; LW: leaf width; TCDW: total clipping dry weight; VDW: verdure
dry weight; RDW: root dry weight; TPDW: total plant dry weight; chl chlorophyll conten; TCAN: total clipping
accumulated nitrogen; VAN: verdure accumulated nitrogen; RAN: root accumulated nitrogen; TCNUE: total clipping
nitrogen use efficiency; VNUE: verdure nitrogen use efficiency; RNUE: root nitrogen use efficiency.

germplasms from different climatic regions in
Australia at 50 kg N·ha-1, and found that significant
variations existed among the accessions. Among all
accessions, the relative values of LW, TPDW ranged
from 0.82 to 0.96, and 0.94 to 1.05, respectively
(Table 5). The relative LW of µSuzhi No.4¶ had no
difference with µTifway¶, while µYangjiang¶,
µNanjing¶ and µSuzhi No.2¶ lower than µTifway¶; the
relative TPDW of µYangjiang¶ higher than µTifway¶,
and other three accessions had no difference with
µTifway¶. The diversity in morphology among
different accessions associated physiological reasons
under low N conditions. Among all accessions, the
relative values of TCAN, VAN, and TCNUE ranged
from 0.36 to 0.46, and 0.87 to 1.57, 1.16 to 2.04,
respectively. The relative TCAN of µYangjiang¶ and
µSuzhi No.2¶ had no difference with µ7LIZD\¶ and
other accessions lower than µTifway¶; the relative
TVAN of µYangjiang¶ significant higher than
µ7LIZD\¶, and other accessions had no difference
with µTifway¶; the relative CNUE of four accessions
all significant higher than µTifway¶. These results
indicated that µYangjiang¶ was the most tolerance
accessions to low N, and higher than µTifway¶,
µ1DQMLQJ¶ µ6X]KL No.4¶ and µSuzhi No.2¶ had no
significant difference with µTifway¶

The PC1 showed the larger loading values of 0.99
with relative VAN followed by relative TDW (0.98).
The PC2 had largest loading values in relative LW
(0.96) followed by relative TH (0.90). The PC3
exhibited largest loading values in relative TCAN
(0.82) followed by relative TCDW (0.75). The PC4
exhibited largest loading values in relative TCNUE
(0.52). Traits with larger loading values (relative LW,
TPDW, TCAN, VAN, and CNUE) were selected for
examining variation between accessions.
Accessions difference on N response. Effects
of N on plant growth vary highly among plant
species and/or within a species [28]. Bowman et al.
[26] compared six warm-season turfgrasses (i.e.,
FRPPRQ
EHUPXGDJUDVV
µ7LIZD\¶
K\EULG
EHUPXGDJUDVV FHQWLSHGHJUDVV µ5DOHLJK¶ 6W
$XJXVWLQHJUDVVµ0H\HU¶]R\VLDJUDVVDQGµ(PHUDOG¶
zoysiagrass) interspecific for NO3-N leaching and
NUE, observed a significant difference in NUE
among the turfgrasses. Zhang et al. [27] examined
the intraspecific differences in NO3--N uptake
among 60 Kentucky bluegrass (Poa pratensis L.)
genotypes. There were significant differences
among genotypes in N uptake rate at both high and
low N concentrations. Christopher et al. [29]
evaluated the uptake and use of N by bermudagrass
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TABLE 5
Accessions difference in relative values (comparison between low N level and
control N level) of LW, TPDW, TCAN, VAN, and TCNUE
LW
TPDW
TCAN
VAN
TCNUE
Yangjiang
0.88bc
1.05a
0.46a
1.57a
2.04a
SuzhiNo.4
0.96a
0.94b
0.36c
0.87b
1.98a
Nanjing
0.83bc
0.98b
0.37bc
0.97b
1.59b
SuzhiNo.2
0.82bc
0.95b
0.43a
0.93b
1.49b
Tifway
0.90ab
0.95b
0.45a
1.01b
1.16c
sig.
**
**
**
**
**
Different letters in columns indicate significant differences among treatments at P < 0.05
* Significant at the 0.05 probability levels; ** Significant at the 0.01 probability levels.
LW: leaf width; TPDW: total plant dry weight; TCAN: total clipping accumulated nitrogen;
VAN: verdure accumulated nitrogen; TCNUE: total clipping nitrogen use efficiency.
physiology. Taylor and Francis Group, Boca
Raton, FL.
[3] Ghashagaie, J., and saugier, B. (1989) Effects of
nitrogen deficiency on leaf photosynthetic
response of tall fescue to water deficit. Plant
Cell Environ 12: 261-271.
[4] Eckard, R.J., Chen, D., White, R.E., and
Chapman, D.F. (2003) Gaseous nitrogen loss
from temperate perennial grass and clover dairy
pastures in south-eastern Australia. Aust J Agr
Res 54: 561-570.
[5] Henning, S.W., Branham, B.E., and Mulvaney,
R.L. (2013) Response of turfgrass to urea-based
fertilizers formulated to reduce ammonia
volatilization and nitrate conversion. Biol Fert
Soils 49: 51-60.
[6] Horgan, B., and Rosen, C. (2010) Restricting
phosphorus
fertilizer
use:
Minnesota
superintendents
have
reinforced
their
reputations as environmental stewards by
working with state and local lawmakers and
acting as partners in solving water-quality
problems. Golf Course Manage 78: 92-96.
[7] Hull, R.J., and Liu, H. (2005) Turfgrass nitrogen:
physiology and environmental impacts. Int
Turfgrass Soc Res J 10: 962-975.
[8] Masclaux-Daubresse, C., Daniel-Vedele, F.,
Dechorgnat, J., Chardon, F., Gaufichon, L., and
Suzuki, A. (2010) Nitrogen uptake, assimilation
and remobilization in plants: challenges for
sustainable and productive agriculture. Ann BotLondon 105: 1141-1157.
[9] Janssen, B.H. (1998) Efficient use of nutrients:
an art of balancing. Field Crop Res 56: 197-201.
[10] Kant, S., Bi, Y.M., Weretilnyk, E., Barak, S.,
and Rothstein, S.J. (2008) The Arabidopsis
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tolerates nitrogen-limiting levels by maintaining
growth, nitrogen uptake, and assimilation. Plant
Physiol 147: 1168-1180.
[11] Richard-molard, C., Krapp, A., Brun, F., Ney, B.,

CONCLUSION
In summary, the total plant dry weight of five
bermudagrass was not significant affected by low N
supply, while the ratio of biomass and accumulated
N allocated to verdure increased rather than root, and
NUE increased. Traits of LW, TPDW, TCAN, VAN,
and TCNUE accounted for larger variations across
accessions and could be more associated with
variability in low N tolerance, severing appropriate
parameters for assessing low N tolerance in
bermudagrass. µYangjiang¶ was the most tolerance
accessions to low N supply with TPDW, VAN, and
TCNUE all higher than control of µTifway¶;
accessions of µ1DQMLQJ¶ µ6X]KL No.4¶ and µSuzhi
No.2¶ TCAN lower than µTifway¶, but TCNUE
higher than µTifway¶ , therefore TPDW and VAN had
no significant difference with µTifway¶.
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REMOVAL OF NUTRIENT COMPOUNDS FROM
EUTROPHIC WATER USING TWO HYBRID FLOATING
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surface biomass has been shown to be very weak,
leading to low removal efficiency for nutrient
elements. To overcome these shortcomings, several
inert biocarriers have been developed and used in
hybrid-FBs (HFBs) in recent years. The inert
biocarriers provide an adhesion surface for
microorganisms, which enhances the biomass in the
HFB system and increases the bioremediation
efficiency [7, 8] . The strength of the ecological
fields and the biodiversity of HFBs are significantly
enhanced compared to FBs[9]. In general, the
biocarriers are suspended under floating bodies, so
that the biocarriers and macrophytes are separated.
In this study, we modified the structure of
traditional HFBs to create a novel system that
utilized various biocarriers as substrates or scaffolds
for the growth of macrophytes and associated
microbial communities. This structure has the
following benefits: (1) any shape, material, or size of
biocarrier can be used in the HFB, and (2) the
biocarriers act as substrates for the growth of
macrophytes, and the substrate protects the roots
from being consumed by fish. The objectives of this
study were as follows.
(1) To compare the efficiency of three FBs in
removing ammonium nitrogen (NH4+-N), nitrite
nitrogen (NO2í-N), nitrate nitrogen (NO3í-N), total
nitrogen (TN) and total phosphorus (TP) from
eutrophic waters.
 7RDQDO\]HELR¿OPXVLQJPROHFXODUELRORJ\
methods.
(3) To analyze and investigate the different
enzymes involved in three FBs, including catalase
(CAT), peroxidase (POD), superoxide dismutase
(SOD), and malondialdehyde (MDA).

ABSTRACT
To reduce the loading of nutrient compounds
(N, P) to eutrophic waters, three floating beds (FBs)
were built to treat a simulated wastewater. Two
hybrid FBs (HFBs) were created using either rice
straw (HFB-R) or palygorskite ceramsite (HFB-C)
as a substrate for microorganisms and macrophytes.
The third FB consisted of the control (C-FB) without
a substrate. Under batch conditions after 3 d, the total
nitrogen (TN) concentration in raw water was
reduced from 8.82 ± 1.08 mg/L to a final average
concentration of 6.66 ± 0.75, 5.87 ± 0.79 and
0.85±0.35 mg/L using the C-FB, HFB-C and HFBR, respectively. The macrophyte enzymes and
growth rate followed the order HFB-R > FB > HFBC. The organic substrate (rice straw) used in the FBs
enhanced
bio-remediation
efficiency
and
macrophyte growth, but the inert palygorskite
ceramsite hindered the bio-remediation process.

KEYWORDS:
Hybrid floating beds (HFBs); Bio-remediation; Nutrient
compounds removal; Substrates

INTRODUCTION
The eutrophication of lakes, rivers, and seas has
generated increasing concern because eutrophication
can degrade the utility of water, and endanger human
and ecosystem health [1-3]. Paerl and Otten
confirmed that algal toxicity will increase
continuously
with
the
aggravation
of
eutrophication[4]. Floating beds (FBs) have been
investigated and utilized more extensively than other
biological and bioremediation methods in China due
to their environmental sustainability, ease of use, and
reliance on solar-based energy [5, 6]. Unfortunately,
in FBs, the nutrient assimilation by macrophytes is
limited, and the bioconveyance of macrophyte

MATERIALS AND METHODS
Micro-organism
substrates
and
macrophytes. (1) The production process and the
physical characteristics of rice straw and
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analysis of NH4+-N, NO2í-N, NO3í-N, TN, TP,
chlorophyll, CAT, POD, and MDA. The greenest leaf
in an FB system was chosen for the measurement of
chlorophyll. CAT, POD, MDA, and the CODMn were
measured according to standard methods[11]. The
water temperature, pH, and dissolved oxygen (DO)
concentration were determined with a portable pH
meter (HACHsensIONTM, HACH, Dusseldorf,
Germany). Molecular biological analysis of the
ELR¿OP ZDV FRQGXFWHG DV UHIHUHQFHG LQ WKH UHODWHG
paper [12].

palygorskite ceramsite can be found in the relevant
literature [1, 2, 10]. (2) Macrophytes: Canna plantlets
were purchased from a garden center in Xuzhou city,
Jiangsu, China. The height of the plantlets ranged
from 5 to 7 cm. The canna were cleaned and
transplanted into the FBs and every FB contained
three canna of almost equal height. Three identical
FBs were installed, three each with two different
substrates and one with no substrate.
The FBs and raw water quality. Three FBs
were established in three separate cuboid tanks, each
with inner dimensions of 40 cm (length) and 55 cm
(depth). The framework of the HFBs consisted of a
perforated polypropylene random copolymer, with a
cuboid shape, and base dimensions of 20 × 20 mm
and a height of 24.3 mm. The three FBs were a HFB
with rice straw (HFB-R), a HFB with palygorskite
ceramsite (HFB-C), and a control FB with no
substrates (C-FB).

FIGURE 1
Schematic diagram of the hybrid-floating bed
(HFB)
Three different FB buoyancies were attained by
affixing different amounts of foam to the
frameworks. Two underwater stirrers (JGB, Nanjing,
China) were installed on the bottom of each of the
three FBs. Each tank was filled with 40 L of
simulated wastewater. The simulated wastewater
composition was as follows: CODMn, 10.92 ± 2.33
mg/L; TN, 8.82 ± 1.08 mg/L; TP, 5.69 ± 0.17 mg/L;
NH4+-N, 2.89 ± 0.28 mg/L; NO3²-N, 5.79 ± 1.26
mg/L; and NO2-N, approximately 0 mg/L.
The experiments were conducted from 7 June
to 26 November 2014. The water exchange period
was set at 3 d, and the areal coverage of the FBs was
45.0%.
Analytical methods. The experiment was
conducted under greenhouse conditions at ambient
temperature (13.9±28.9 oC). Samples were collected
at regular intervals and filtered through a 0.45-ȝP
cellulose acetate membrane filter before analysis.
All data were obtained through three replicate trials.
An ultraviolet-visible spectrophotometer (UV-3802:
SpectroQuest, New Jersey, USA) was used for the

FIGURE 2
The removal efficiency of floating beds for
nitrogenous compounds
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organisms, and the field strength were improved in
the HFBs compared to FBs. The interaction between
the macrophytes and rhizospheric microorganisms
either enhanced the total biomass in the HFBs or the
growth of the macrophytes.
In addition, the effects of water temperature and
the seasonal variations of the macrophytes
physiological-biochemical characteristics were
significant. The reduction of the POD levels
occurred first, followed by a reduction of chlorophyll.
The changes in MDA and CAT levels were not
obvious compared to the changes in POD and
chlorophyll levels.

RESULTS AND DISCUSSION
Bioremediation of the three FBs for
nitrogenous compounds. The initial TN
concentration in the synthetic wastewater was 8.82 ±
1.08 mg/L, whereas the final TN concentrations
using C-FB, HFB-C and HFB-R were 6.66 ± 0.75,
5.87 ± 0.79 and 0.85 ± 0.35 mg/L, respectively. The
averaged TN removal efficiency of the three
replicated FBs followed the order of HFB-R > HFBC > C-FB. The final TN concentration using HFB-R
was substantially lower than the final concentration
achieved when using C-FB and HFB-C. The TN
removal rate using HFB-R was statistically
significantly different to that achieved when using
HFB-C and C-FB (p < 0.05). These results are
provided in Figure 2(a). The initial NO3í-N
concentration of the wastewater was 5.79 ± 1.26
mg/L, and the final NO3í-N concentrations using CFB, HFB-C and HFB-R were 4.89 ± 0.43, 5.44 ±
0.78 and 0.23 ± 0.06 mg/L, respectively. The NO 3íN removal rate of HFB-R was statistically
significantly different to that achieved when using
HFB-C and C-FB (p < 0.05).
Figure 2(b) shows that the NH4+-N
concentration using C-FB, HFB-C and HFB-R
decreased from 2.89 ± 0.28 mg/L initially to 0.31 ±
0.11 and 0.36 ± 0.17 mg/L, respectively. There were
no significant differences in NH4+-N removal among
the three FBs (p > 0.05).

0ROHFXODUELRORJLFDODQDO\VLVRQELR¿OPThe
sequencing results (Table 5(a)) from the biofilm
analysis showed that the majority of microorganisms
(the percentage is more 4%) in sample A (rice straw)
were: Delftia acidovorans (18%), Chitinophaga
pinensis (9%), Synechococcus sp. (7%) , Pedobacter
heparinus (5%), Ralstonia eutropha (4%),
Novosphingobium
aromaticivorans
(4%),
Desulfatibacillum alkenivorans (4%), Cytophaga
hutchinsonii (4%) and Candidatus Accumulibacter
phosphatis clade (4%), Alkaliphilus metalliredigens
(4%) and Anaeromyxobacter dehalogenans (4%). In
total, 33 species of microorganisms were measured
on the rice straw, and the majority of microorganisms
(for which the percentage of the population was
more 4%) consisted of 11 species. The total
SHUFHQWDJH RI WKH ³PLQRU´ PLFURRUJDQLVPV 
species) was 33%.
Analysis of Sample B (Table 5(b)) taken from
WKH ELR¿OP RQ WKH SDO\JRUVNLWe ceramsite showed
that a variety of microorganisms played the main
role in removing nitrogenous compounds:
Candidatus Accumulibacter phosphatis clade (8%),
Novosphingobium
aromaticivorans
(7%),
Acidovorax ebreus (6%), Chitinophaga pinensis
(5%), Pedobacter heparinus (5%), Pseudomonas
fluorescens (5%), Methylibium petroleiphilum (4%),
and Rhodopirellula baltica (4%). In total, 40 species
of microorganisms were measured on the
palygorskite ceramsite, of which the majority of
microorganisms (each accounting for more than 4%
of the population) included 8 species; the total
percentage of other microorganisms (32 species) was
53%.
The statistical results based on the molecular
biological analysis suggested that there are
significantly different microbial populations for
different substrates. More microbial species were
observed on the rice straw compared to that of
palygorskite ceramsite. Thus, a more complex
microbial chain and more biomass may be created on
the rice straw than on the ceramsite, both of which
are helpful for biodegradation of pollutants.

Bioremediation of TP by the three FBs. The
initial TP concentration in the simulated wastewater
was 5.69 ± 0.17 mg/L, whereas the final TP
concentrations in the C-FB, HFB-C and HFB-R
effluent was 2.86 ± 0.14, 3.90 ± 0.18 and 2.74 ± 0.06
mg/L, respectively. The TP reduction rate achieved
using C-FB, HFB-C and HFB-R was 49.60%, 31.42%
and 51.81%, respectively. The TP reduction rate
decreased in the order of HFB-R > C-FB > HFB-C.
The different hydrophyte enzymes in the
three FBs. The concentration of chlorophyll, CAT,
MDA, and POD in the two HFBs was higher than in
the control FB. Moreover, the use of rice straw as a
substrate achieved better macrophyte growth
compared to the use of palygorskite ceramsite as a
substrate. The underlying removal mechanisms were
as follows: (1) The substrates enhanced the
environment for growth of macrophyte roots. The
roots of the macrophytes in the HFBs grew stably
due to the substrate cover, in contrast to the roots of
macrophytes in the traditional FB (control, without
substrates), which utilized suspended growth. (2)
The substrates acted as biocarriers, to which a
biofilm can attach (consisting of rhizospheric
microorganisms). The biomass, diversity of
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TABLE 1
Differences in the chlorophyll levels of the macrophytes in the three floating beds (FBs)
23 Oct. 2014(WT:20.3 oC)
23. Nov. 2014(WT:14.4 oC
23 Sep. 2014(WT:25.4 oC)
C-FB
8.85
2.00
1.12
HFB-C 11.36
2.76
1.03
HFB-R 10.35
2.80
0.76
(note: WT, water temperature, chlorophyll unit, mg/L)
TABLE 2
Differences in the CAT levels of the macrophytes in the three floating beds (FBs)
23 Sep. 2014(WT:25.4 oC)
23 Oct. 2014(WT:20.3 oC)
23. Nov. 2014(WT:14.4 oC
C-FB
29.63
19.82
16.22
HFB-C
45.94
27.54
45.34
HFB-R
47.12
31.65
40.15
(note: WT, water temperature, CAT unit, mg/L)
TABLE 3
Differences in the MDA levels of the macrophytes in the three floating beds (FBs)
23 Sep. 2014(WT:25.4 oC)
23 Oct. 2014(WT:20.3 oC)
23. Nov. 2014(WT:14.4 oC
C-FB
1.39
0.82
0.97
HFB-C
1.76
2.91
1.23
HFB-R
1.91
3.08
1.48
(note: WT, water temperature, MDA unit, mg/L)
TABLE 4
Differences in the POD levels of the macrophytes in the three floating beds (FBs)
23 Sep. 2014(WT:25.4 oC)
23 Oct. 2014(WT:20.3 oC)
23. Nov. 2014(WT:14.4 oC
C-FB
160.1
22
3.13
HFB-C
180.1
88.2
15
HFB-R
192.8
97.5
30.1
(note: WT, water temperature, POD unit, mg/L)
TABLE 5
Distribution of the main microorganisms in biofilm: (a) rice straw, (b) palygorskite ceramsite
(a)
1
Alkaliphilus metalliredigens
4%
2
Anaeromyxobacter dehalogenans
4%
3
Candidatus Accumulibacter phosphatis clade
4%
4
Chitinophaga pinensis
9%
5
Delftia acidovorans
18%
6
Desulfatibacillum alkenivorans
4%
7
Mesorhizobium loti
4%
8
Novosphingobium aromaticivorans
4%
9
Pedobacter heparinus
5%
10
Ralstonia eutropha
4%
11
Synechococcus sp.
7%
Others microorganisms(total percentage)
33%
(b)
1
Acidovorax ebreus
6%
2
Candidatus Accumulibacter phosphatis clade
8%
3
Chitinophaga pinensis
5%
4
Methylibium petroleiphilum
4%
5
Novosphingobium aromaticivorans
7%
6
Pedobacter heparinus
5%
7
Pseudomonas fluorescens
5%
8
Rhodopirellula baltica
4%
9
Others microorganisms(total percentage)
53%
664



© by PSP

Volume 26 ± No. 1a/2017, pages 661-665

Fresenius Environmental Bulletin




integrated ecological floating-bed employing
plant, freshwater clam and biofilm carrier for
purification of eutrophic water. Ecol. Eng. 36.
382-390
[7] Walker, J., Sharpe P. J. H., Penridge, L. K., Wu,
H., (1989). Ecological field theory: the concept
and field tests. Vegetatio. 83. 81-95
[8] Zhou, X. H., Wang, G. X., Yang, F., (2011).
Spatial distribution characteristics of ecological
field of floating bed system. Chinese Journal of
Ecology. 30. 1287-1294 (In Chinese)
[9] Luo, J., Han, S. Q., Yan, S. H., Song, W., Zhou,
Q., (2013). Effect of the Floating Bed on the
bacterial community in the Shuangqiao estuary
of Chaohu Lake. Journal of Nanjing
Agricultural University. 36. 91-96
[10] Zhang, Y. Q., Cao, W. P., Liu, L.,Huang, X. R.,
Huang,H., (2013). Effects of Substrates on the
Purification Efficacy of Ecological Floating
Beds and the Growth of Macrophytes. Journal
of xuzhou Institute of Technology(Natural
Sciences Edition). 28.18-23
[11] Huang, L. J. (2008). Water chemical analysis
(third edition). China Building Industry Press.
Beijing, P. R. China
[12] Yan Ning, Xia Siqing, Xu Linke, Zhu Jun,
Zhang Yongming, Rittmann E. Bruce. (2012).
Internal loop photo biodegradation reactor
(ILPBR) for accelerated degradation of
sulfamethoxazole (SMX). Appl. Microbiol.
Biot., 94(2):527±535

CONCLUSIONS
A traditional C-FB uses no substrate to support
macrophytes. In this study, two different materials
were incorporated into FBs: rice straw and
palygorskite ceramsite. The resulting HFBs were
successfully used for the bioremediation of eutrophic
waters. Three FBs, including one that contained no
substrate, effectively removed TN, TP, NH4+-N, and
NO3í-N. The HFB-R achieved the highest removal
rate for TN, TP, and NO3í-N, followed by C-FB and
HFB-C. In addition, the highest concentration of
hydrophyte enzymes (chlorophyll, MDA, POD, and
CAT) occurred in the HFB-R, and the lowest
concentrations occurred in the HFB-C. Furthermore,
the enzyme concentrations and the macrophyte
growth rate in the HFB-R were higher than in the CFB.
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HEAVY METALS (Zn, Cu, Ni, Cr, Pb, Cd) IN WATER AND
BODY TISSUES OF YOUNG ATLANTIC SALMON Salmo salar
IN TWO RIVERS OF DIFFERENT POLLUTION LEVEL: A
COMPARISON WITH FISH CONDITION PARAMETERS
Gintare Sauliute*, Gintaras Svecevicius
Institute of Ecology, Nature Research Centre, Akademijos 2, Vilnius-21, LT-08412, Lithuania

toxic indicators of general ambient water quality
[5].
Fish (many of them top-consumers of the food
chain) may bioaccumulate persistent pollutants in
organs/tissues through two main mechanisms: via
the direct uptake from water by gills
(bioconcentration) and via the consumption of
contaminated
food
(biomagnification)
[6].
Bioconcentration and biomagnification are capable
of leading to toxic effects of metals in fish, even
when environmental exposure level is low [7, 8].
Heavy metal bioaccumulation in fish depends
on a complex action of numerous abiotic and biotic
factors such as: physico-chemical characteristics of
the water, metal chemical speciation and its
bioavailability, concentration of metal in water,
sediment and food-objects, fish species size age,
gender, its trophic level and feeding habits, speciesspecific differences in accumulative-metabolic
activity, metal uptake route, etc. [9, 10].
Therefore, due to the property to accumulate
persistent pollutants, fish are an excellent
bioindicators reflecting the relative health of
aquatic ecosystems. Tissue concentrations of
chemicals are a function of uptake, storage, and
excretion and therefore, are excellent indicators of
the environmental load of a specific toxicant but
usually do not directly reflect the physiological and
ecological consequences [7, 11].
Meanwhile, heavy metals can affect fish at all
levels of biological organization: biochemical,
physiological, cellular, behavioral, increase
mortality and reduce reproduction and individual
growth [12].
The condition factor, which relates weight to
length, is an organism-level response, with factors
such as nutritional status, pathogen effects, and
toxic chemical exposure causing greater-thannormal or less-than-normal weights. Organosomatic indices reflect the proportional sizes of
certain organs, i.e. the status of organ systems,
which may change in size due to environmental
factors more rapidly than organism weights and
length's increase or decrease. Both the condition
factor and organo-somatic indices are used as

ABSTRACT
Relationship between priority heavy metal
(Zn, Cu, Ni, Cr, Pb, Cd) concentration in water,
their content in main body tissues (gills, liver,
kidneys and muscle) and condition parameters
[condition factor (CF), branchio-, hepato-, renoand viscero-somatic indices (BSI, HSI, RSI and
VSI), respectively] of Atlantic salmon smolts at the
same age (1+ year) in two hydrologically similar
but of different pollution level salmonid rivers of
Lithuania (Vilnia and Siesartis) was investigated.
Evident relation between heavy metal concentration
in site water and fish tissue levels was determined.
The well-being of fish from unpolluted site was
significantly higher in comparison with those from
polluted site: their CF and VSI were lower, while
BSI was higher (had enlarged gills) indicating toxic
effects of pollution. Condition factor was the most
informative among parameters studied, followed by
BSI and VSI, which could be successfully used in
the monitoring of young Atlantic salmon river
population state and environmental risk assessment.

KEYWORDS:
Atlantic salmon, heavy metals, fish condition parameters,
accumulation, environmental risk assessment.

INTRODUCTION
Most of the environmental monitoring studies
have, however, focused primarily on contaminant
concentrations in the environment rather than in the
biota
themselves
[1].
However,
simple
measurements of environmental contaminant levels
only reflect the momentary situation and give poor
predictions of levels in and effects on aquatic
organisms [2].
Heavy metals (Zn, Cu, Ni, Cr, Pb, Cd) are
categorized as priority hazardous substances
(pollutants) in many states all over the world due to
their toxicity, persistence, and affinity for
bioaccumulation [3, 4]. Many of them are perfect
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part of Lithuania and falls into the âventoji River.
7KH ULYHU¶V ZDWHUVKHG LV WKH 6LHVDUWLV /DNH
streambed length 64.1 km, total basin area 615.7
km², average water flow rate 5.13 m³/s. The river
IORZVWKURXJKDIRUHVWHGDUHDWRWKHZHVWRI0ROơWDL
and passes through several small lakes [14].
Pollution sources are virtually absent.
River water physico-chemical parameters are
presented in Table 1.
Fish samples (N =10 of the age 1+ year) were
collected in the Vilnia River below Nauja Vilnia
town [54 ° 41 '25.67 "25 ° 21' 33.31" (WGS)] and
in the Siesartis River at the lower reaches near
9DLVJHOLãNLDL YLOODJH >   67"
(WGS)] by electric fishing gear (HANS Grassl
GmbH IG 200/2, Germany) (current ± 540 V,
frequency ± 20-60 Hz, pulse duration of 2-12 m s±1)
in the middle of December 2013. River sections
analyzed were ~ 100 meters.
The fish were measured (total and fork length
in mm), weighted (total and eviscerated weight in
g), then required tissues and organs for
morphological and metal content analysis were
removed and also weighted (± 0.001 g): muscle
without skin (~3 g), gills, liver and kidneys (whole
organ, respectively).
At the same time, the water samples were
taken at both shores and in the centre of the middle
of each river section analyzed (N = 3). Water
samples were filtered through 0.45-μm Millipore
filter to remove suspended particles and acidified
with nitric acid (final concentration 0.5% v/v), then
concentrated 10-fold in a hot air oven.
Fish samples were hot air oven-dried at 85ºC
for 24 hours until reached constant weight, predigested tightly in a concentrated ultrapure HNO 3
(60%) and H2O2 (30%) (Lach-Ner, Chempur,
respectively) at a ratio of 5:1 v/v for eight hours at a
room temperature and then microwave-digested
quickly [16]. After cooling solutions were filtered
through a 0.45 μm glass filter and diluted with
deionized water. Metal concentrations were
measured by atomic absorption spectrophotometry
on Varian Spectr AA 55 (USA) with a graphite
furnace technique in accordance with standardized
procedure ISO 15586:2003 [17] final concentration
being expressed as mg/kg of wet weight.
Accuracy of analytical procedure was checked
using certified reference material fish homogenate
(IAEA-407). Recoveries were in acceptable range
(within 10%) of the certified values.
Fish condition was assessed by calculating
condition factor for salmonids (K) using the
formula: K = (10N×W×100)/L3, where: W is total
weight of the fish in grams (g); L is the fork length
of the fish in millimeters (mm); and N = 5 to bring
the value of K close to unity [18].

indicators of the well-being of individual organisms
[13].
Measurements of both bioaccumulation and
condition biomarker responses in fish from polluted
sites could provide valuable data for environmental
monitoring and risk assessment [8].
Little information is still compiled on the
relationship between water and tissue metal levels
in comparison with fish condition parameters under
natural condition exposures. To our knowledge,
information of such a kind concerning young
Atlantic salmon during the river period of life is
totally lacking.
The purposes of the present study were: (1) to
determine priority heavy metal (Zn, Cu, Ni, Cr, Pb,
Cd) concentration in water and their content in the
main body tissues (gills, liver, kidneys and muscle)
of Atlantic salmon smolts at the same age (1+ year)
in two hydrologically similar salmonid rivers, but
of different pollution level; (2) to estimate fish
condition factor and branchio-, hepato-, reno- and
viscero-somatic indices (BSI, HSI, RSI and VSI),
respectively; (3) to determine whether a
relationship between bioaccumulation, aqueous
heavy metal concentration and morphological data
in salmon smolts exists; and (4) to assess the
possibility through the use of the most informative
fish condition parameters for monitoring of young
Atlantic salmon river population state, and
environmental risk assessment in general.

MATERIALS AND METHODS
7KH9LOQLD RU9LOQHOơ 5LYHUDQGWKH6LHVDUWLV
River are typical medium-size salmonid rivers
where adult Atlantic salmon (Salmo salar Linnaeus,
1758) permanently spawns and hatched juveniles
spend the first few years of life. The Vilnia River
flows in the eastern part of Lithuania from the
Medininkai Highlands and falls into the Neris River
in Vilnius. The river streambed length 81.6 km,
average water flow rate 5.63 m³/s, total basin area
623.5 km² of which 550.5 km2 belongs to Lithuania
and the remaining part of the basin belongs to
Belarus The Vilnia River flows through the
urbanized territory of the city where an
anthropogenic load is particularly pronounced in
certain sections along the river [14].
Although water quality of the river has
improved significantly over the last decades due to
the implementation of a number of modern water
treatment measures, the main source of pollution
still remains road and other urban run-off.
Roadways and automobiles at present are also
considered to be one of the largest sources of heavy
metal pollution [15].
The Siesartis River flows through the
Lithuanian Highland territory in the north-eastern
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TABLE 1
Mean annual physico-chemical parameters of river water determined once per season (winter-springsummer-autumn) in 2013 [mean (range), N = 4].
Parameter

Vilnia below Nauja Vilnia
9.75
(0.3±17.5)
7.92
(7.61±8.18)
9.62
(8.4±11.15)
85.8
(57.81±102.3)
414
(399±445)
2.13
(1.3±2.7)
20.3
(19±22)

Siesartis at lower reaches
10.9
(1.3±11.9)
8.06
(7.82±8.32)
11.36
(9.92±12.26)
103.9
(78.8±137.3)
476
(415±530)
1.85
(1.2±2.6)
32.3
(19±50)

Temperature (°C)
pH
Dissolved oxygen (mg/L)
Oxygen saturation (%)
Conductivity (μS/cm)
BOD7. (mg O2/L)
Dichromate number (mg O2/L)
TOC (mg/L)
9.0
(8.6±10.7)
14.1
(7.09±20.4)
3.5
(3±4)
4.5
(3±5)
Alkalinity meq/L
+
0.06
(0.022±0.153)
0.05
(0.005±0.148)
NH4 ±N (mg/L)
0.03
(0.012±0.077)
0.01
(0.005±0.025)
NO2¯ ±N (mg/L)
0.9
(0.633±1.23)
1.81
(0.276±4.24)
NO3¯ ±N (mg/L)
1.25
(0.835±1.81)
2.95
(0.36±7.51)
Total nitrogen (mg/L)
30.05
(0.036±0.053)
0.03
(0.013±0.045)
PO4 ±P (mg/L)
0.11
(0.057±0.16)
0.14
(0.064±0.342)
Total phosphorus (mg/L)
Note: the data are obtained from Lithuanian Environmental Protection Agency, Ministry of Environment of
the Republic of Lithuania.
TABLE 2
Total heavy metal concentration (μg/L) in river water (mean ± SD, N = 3).
River

Heavy metal
Zn
Cu
Ni
Cr
Pb
Cd
Vilnia
38.5 ± 7.3
3.6 ±0.49*
1.5 ±0.21*
3.6 ± 0.56*
1.9 ± 0.34*
0.063 ± 0.015
Siesartis
27.8 ± 5.8
1.9 ± 0.30
0.43±0.05
0.74 ±0.11
0.79 ±0.15
0.037 ± 0.007
MPC
100
10
10
10
5
5
Note: Asterisks (*) denote significant differences between means (p < 0.05). MPC ± maximum-permissibleconcentration accepted for inland waters of Lithuania [3].
TABLE 3
Morphological parameters of Atlantic salmon smolts from the rivers of different pollution level
(mean ± SD, N = 10).
Morfological parameter

River
Vilnia
Siesartis
Morphometric measurement
Total length (mm)
177.5 ± 2.7*
127.5 ± 8.1
Fork length (mm)
168.25 ± 2.4*
119.75 ± 7.6
Total weight (g)
50.12 ± 2.4*
22.48 ± 3.7
Eviscerated weight (g)
43.58 ± 2.2*
18.89 ± 3.2
Condition parameter
Condition factor (CF)
1.05 ± 0.07*
1.20 ± 0.07
Branchio-somatic index (BSI)
3.08 ± 0.25*
2.52 ± 0.58
Hepato-somatic index (HPI)
1.02 ± 0.19
1.03 ± 0.17
Reno-somatic index (RSI)
0.90 ± 0.15
0.79 ± 0.11
Viscero-somatic index (VSI)
13.10 ± 1.78*
17.42 ± 4.59
Note: Asterisks (*) denote significant differences between means (p < 0.05)

p

< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.00023
0.011
0.942
0.066
0.013

= (wet organ weight in grams) × 100/ (total body
weight in grams).
The following OSI were assessed: branchiosomatic (BSI), hepato-somatic (HSI) reno-somatic

Organo-somatic
indices
(OSI),
other
parameters commonly used to evaluate fish
condition were calculated through the formula: OSI
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from metal-contaminated lakes were smaller for a
similar age, indicating a slower growth rate, and
had lower relative CF and scaling coefficients.
Meanwhile, HSI did not vary in response to lake or
tissue metal concentrations and hence may not be a
useful indicator of physiological disturbance in wild
metal-contaminated fish. In general, CF was found
to be a useful tool in identifying metal stressed and
non-affected yellow perch [21]. Decreased CF was
supported by elevated HSI in the same fish,
reflecting storage of energetic reserves, presumably
because of the increased feeding rates in order to
compensate for metal-induced intoxication [22].
While, other studies showed that CF differed
significantly in a river sentimental fish gudgeon
(Gobio gobio) among the sampling sites, but was
not directly related to the environmental metal
levels [2].
Salmon smolts from the polluted site had
much higher BSI that indicates enlarged gills or
their hyperplasia. As a result of close association
between water and blood, the gills are strongly
affected by environmental pollutants [23]. After 8
weeks of exposure to the heavily polluted stream,
fish showed a number of ultrastructural changes in
gill cells, hypersecretion of mucus and hyperplasia.
An important physiological function of mucus
secreted by gill cells is the protection of the thin
and sensitive gill epithelium from environmental
impacts, such as by xenobiotics. Hypersecretion of
mucus, however, resulting in a complete mucus
cover of the gill epithelium may impede the gas
exchange. Hyperplasia results in an enlargement of
the distance between blood and the oxygen-rich
water, and, finally, may lead to an insufficient
oxygen supply of the blood [23].
Viscero-somatic index, next informative
condition parameter, was the only one index
positively correlated with CF among all OSI
studied (Pearson R = 0.59, p = 0.0062).

(RSI)
and
viscero-somatic
(VSI)
index,
respectively. In the case of VSI, eviscerated fish
weight was used.
The data were analyzed statistically using oneway ANOVA (for morphological and other data)
and two-way MANOVA (for metals in tissues)
followed by Bonferroni post hoc test at p < 0.05
through STATISTICA 6.0 (StatSoft Inc., Tulsa,
Oklahoma, USA) software.

RESULTS AND DISCUSSION
Clearly, according to hydrological parameters
the rivers are quite similar. No significant
differences were found between site water physicochemical parameters as well (Table 1). Meanwhile,
heavy metal concentrations in the Vilnia River
water in the most cases (4/6) were significantly
higher than those in the Siesartis River water,
although, did not exceed allowable values (Table
2).
This confirms that the Vilnia River water
contains much more heavy metals (averagely 2.6fold) in comparison with such of the Siesartis
River.
Although salmon smolts from the Siesartis
River were significantly smaller in size as
compared with those from the Vilnia River their
well-being was evidently higher (Table 3).
The data obtained here generally are in
agreement with the results of other studies on the
effects of metal contamination on fish condition
parameters. Decreased CF was established in lake
fish white sucker (Catostomus sommersoni) at sites
with elevated environmental concentrations of
copper-zinc mixtures, although water metal levels
were reflected the best of all by tissue metal
contents [19]. Similarly, Eastwood and Couture
[20] reported that yellow perch (Perca flavescens)

TABLE 4
Heavy metal accumulation orders in body tissues of Atlantic salmon smolts.
Body tissue

River

Accumulation order

Gills

Vilnia

Liver

Siesartis
Vilnia
Siesartis

Zn>Cu>Ni>Cr>Pb>Cd
Zn>Cu>Cr>Ni>Cd>Pb
Cu>Zn>Cr>Ni>Cd>Pb

Kidneys
Muscle

Vilnia
Siesartis
Vilnia
Siesartis

669

Zn>Cu>Ni>Cr>Cd>Pb
Zn>Cu>Cr>Ni>Cd>Pb
Zn>Cu>Ni>Cr>Cd>Pb
Zn>Cu>Cr>Ni>Pb>Cd
Zn>Cu>Cr>Ni>Pb>Cd
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FIGURE 1
Heavy metal concentration in body tissues of Atlantic salmon from the Vilnia and Siesartis rivers: gills (A)
liver (B) kidneys (C) and muscle (D) (mean ± SD, N = 10). Asterisks (*) denote significant differences
between means (p < 0.05).
sometimes very indicative of toxicant effects and
can provide information on potential pollution
impacts. Although these parameters are not very
sensitive, they are inexpensive: some of them could
be non-lethal (CF), alternative to proximate
analysis of tissues and they may serve as an initial
screening biomarkers to indicate exposure and
effects [8, 25].

However, a number of researchers state that
condition parameters are non-specific, sensitive to
both environmental pollution and confounding
factors that are not related to pollution (e.g., season,
nutritional status population density, life history,
etc.) and, therefore, are not reliable, and should be
interpreted with some fear (apprehension) [21, 24].
Other researchers state that gross indices are
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variables that are not always known, our results
suggest that the relationship between pollution level
and changes in condition parameters really exists.
The only question arises to what extent these
parameters are related to metal pollution, or they
simply reflect multicomponent general pollution
effects. Therefore, further more exhaustive
experimental-laboratory investigation is needed in
order to determine to what degree condition
parameters could indicate metal pollution effects in
fish exposed to metal mixtures at environmentallyrelevant concentrations.

Bioaccumulation data showed that Vilnia
River salmon accumulated much more heavy
metals in comparison with such from the Siesartis
River. In the most cases (10/15) the amount of
heavy metals in body tissues of fish from the Vilnia
River was significantly higher as compared to those
from the Siesartis River. Maximum exceptions (3)
were found in the kidneys (Figure 1).
Quantitatively maximum levels in the Atlantic
salmon body tissues found were of Zn, while the
minimum of lead and cadmium. Copper was in the
second place. Overall, metals were accumulated
mostly in the gills and liver, at least in the muscle.
Fish liver accumulates large quantities of
pollutants from the environment and due to its
metabolic function and plays an important role in
storage, redistribution and detoxification of heavy
metals by producing metallothioneins [26]. Fish
gills are assumed to be the major organ of metal
uptake and release due to the large surface area and
direct contact with the aquatic environment [27].
The kidneys often contain high levels of metals due
to their excretory function. Gills, liver and kidneys
are often chosen as target organs for monitoring
metal accumulation in fish [9].
Heavy metal accumulation orders in salmon
body tissues are presented in Table 4.
Evidently, metals demonstrate definite
quantitative and qualitative metal-metal interaction
behavior during accumulation in different tissues
depending on the tissue and site, perhaps due to
their reliance to distinct metal categories: essential
(Zn, Cu), non-essential non-toxic (Ni, Cr) and nonessential toxic (Pb, Cd) as described by Roy [28].
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OPTIMIZATION DESIGN THE SEWAGE OUTLETS OF
JINSHA RIVER ALONG PANZHIHUA, CHINA
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and human health [1-3]. Therefore, research on the
pollutant discharge outlet has become a hot topic of
river supervision and management [4-6]. However,
in order to predict the impacts on ecological system,
and to establish efficient management strategy for
pollution control and environmental protection,
understanding the dynamics of pollutants and their
influence on water quality becomes quite essential.
There is a great deal of literatures [7-10] about
predicting the dynamics of pollutants and their
influence, and a number of methods have been
employed, such as laboratory experiment, empirical
formula, field measurement and numerical
simulation [11-16]. However, numerical simulation,
with some advantages of low cost, flexibility and
convenience, has been a powerful tool to research
the water flow and pollutant transportation of the
sewage outlet, and can simulate many different
pollutant scenarios. Huang et al. [14, 17] adopted a
two-dimensional water quality model to research the
characteristics of pollution zone around drain outlet
of Fuling and Yunyang sewage treatment plants.
Feng et al. [18] simulated the dispersion law about
the near outfall pollution in Han River. Liang et
al.[19] simulated the water quality of six drain
outlets in Yellow River with a two-dimensional
steady-state mix cumulative flow pattern. Hou et
al.[20] established a coupled hydrodynamicecological model to simulate dissolved pollutant
transportation and diffusion in Yangtze River
Estuary. Wang et al. [21]simulated the pollutant
diffusion regularity near a sewage outlet in Caidian
reach of Hanjiang River with a 2D water quality
model. We referred other detailed discussions about
the dynamics of pollutants diffusion to the readers
[22-24].
Although, the above literatures all effectively
simulated the pollutant diffusion near the sewage
outlets, there still exists some problems about the
drain outlets. They are part of drain outlets not
meeting the discharge standard, amount of pollutants

ABSTRACT
The water quality near some sewage outlets
exceeds standard in many rivers, which has affected
downstream water source, thus how to optimize the
sewage outlet has become an important topic in river
supervision and management. Based on the SaintVenant equation and ț-İ mixed model, this paper
designed a 2D hydrodynamic and water quality
model to optimize the layout of the sewage outlets
along Jinsha River of Panzhihua city, and
satisfactory results were obtained. Before
optimization, numerical results showed that some
sewage outlets had major pollution zones, and
seriously affected the water quality downstream,
thus it is necessary to further optimization design the
sewage outlets. After optimization, numerical results
demonstrated that, the river water could
accommodate more discharge capacity, and even
when the discharge concentration of chemical
oxygen demand and ammonia nitrogen increased to
100mg/L and 15 mg/L, the sewage outlets still have
minor pollution zone than before. Therefore, the
proposed model is quite efficient to simulate the
pollutant diffusion, and the optimization design is
essential for the long-term plan.

KEYWORDS:
Water quality model, sewage outlet, discharge
concentration, optimization design, pollution zone,
discharge capacity.

INTRODUCTION
Rapid development of construction projects,
industries and municipal facilities are bound to
produce lots of discharges, which has severely
polluted river water, impaired the ecology and
environment, and were potential to impact economy
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into the river exceeding the water environment
capacity, and some outlets having posed a threat to
the water source district. Aiming at these problems,
Zhou et al. [25] applied a 2D water environment
simulation code and repulsive particle swarm
method to calculate the chemical oxygen demand
(COD) and ammonia nitrogen (NH3-N) capacity of
the lower Ganjiang River (China), and the paper
provided some technical supports for the river total
capacity control. Deng et al. [26] discussed the total
water pollutant load allocation in Yangtze River
Estuary and adjacent seawater area. Zhang et al.[27]
researched the sewage discharge condition along
Tonghui River in Beijing by means of SPSS based
on principal component analysis, and the assessment
results tallied with the actual situation.
However, In order to give full play of the
environmental capacity and self-purification ability
of the nature water from the long-term development,
some scholars proposed it is necessary to optimize
the sewage outlets. That is how to optimize the
sewage outlet in order to accommodate more
pollutant discharge, without any effect on the current
water quantity.
There is quite few literatures about optimization
design of the sewage outlets. Guo et al. [28]
discussed about some optimization managements
based on the guiding principles for setting drain
outlet. Lei et al. [8] applied a simulation±
optimization method to discuss the rationality
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MATERIALS AND METHODS
Governing equation. A 2D unsteady natural
water body dynamics model can be described by
Saint-Venant equations and ߢ െ ߝ mixed model,
which is expressed as follows.
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evaluation for waste load allocation in Daliao river.
And Tu [29] comprehensively considered the
suitability of water environmental carrying, the
position setting and construction of drainage outlet
at the entrance of Xiangshan bay. Because the
optimization design of the sewage outlet is an
intractable problem in river water, there needs
further research about this issue, therefore, our paper
also focused on optimizing the layout of sewage
outlets with numerical simulation algorithm.
In this paper, we designed a 2D hydrodynamic
and water quality model to optimize the sewage
outlets of Jinsha River. Based on Saint-Venant
equation and ߢ െ ߝ mixed model, the governing
equation of the natural water body was established,
the initial and boundary conditions were determined,
and then the calculate area was discretized with the
finite volume method, least but not last, we
optimized the position and discharge of sewage
outlets of Panzhihua city along Jinsha River, and
numerical results were satisfactory.

 ݄
 ݄

డሺ௩ ሻ
డ௬

డሺ௩ሻ
డ௬
డሺ௩ఌሻ
డ௬

ൌ

ൌ
ൌ

డ௭
డ௬
డ

డ

డ௫

డ௫

డ௫

డ௫
డ

డ௭

మ  ඥ௨మ ା௩ మ ௨




ర
 ൗయ

మ  ඥ௨మ ା௩ మ ௩

ቀ݄

ቀ݄

ఊ
ఙೖ
ఊ

ఙഄ

ൌ

ర
 ൗయ

ቀ݄ܧ௫

డ
డ௫

ቁ

ߢቁ 

ߝቁ 

డ
డ௬
డ

డ௬

డ
డ௬

డ
డ௫
డ
డ௫

ቀ݄ߛ௧

ቀ݄ߛ௧

ቀ݄ܧ௬

ቀ݄

ቀ݄

ൌ

(1)

ఊ
ఙೖ

ఊ
ఙഄ

డ
డ௬

డ௨
డ௫
డ௩
డ௫

ቁ

ቁ

డ
డ௬
డ
డ௬

ቀ݄ߛ௧

ቀ݄ߛ௧

డ௨

ቁ

(2)

ቁ

(3)

డ௬
డ௩
డ௬

ቁ െ ݄ܭௗ ܥ  ܵ

(4)

ߢቁ  ݄ሺ ܩ ܲ௩ െ ߝሻ

(5)

ఌ

ఌమ





ߝቁ  ݄ሺܥଵఌ  ܩ ܲఌ௩ െ ܥଶఌ ሻ

(6)

ሺݑǡ ݒǡ ܥ ǡ ݇ǡ ߝሻ ൌ ሺݑ ǡ ݒ ǡ ܥ ǡ ݇ ǡ ߝ ሻ ݐൌ Ͳ.

(7)

ሺݑǡ ݒሻ ൌ ሺͲǡͲሻ,

(8)

డሺ௭ǡ ǡǡఌሻ
డ

ൌ Ͳ.

(9)

ሺݑǡ ݒǡ ܥ ǡ ݇ǡ ߝሻ ൌ ሾݑ ሺݐሻǡ ݒ ሺݐሻǡ ܥ ሺݐሻǡ ݇ ሺݐሻǡ ߝ ሺݐሻሿ.
డሺ௨ǡ௩ǡ ǡǡఌሻ
డ

(10)

ൌ Ͳǡ  ݖൌ ݖ௨௧ ሺݐሻǤ

(11)

675

© by PSP

Volume 26 ± No. 1a/2017, pages 674-685

Fresenius Environmental Bulletin


Panzhihua city lies in 108°08' ~ 102°15 ' east
longitude, 26°05' ~ 27°21' north latitude, with area of
7440.4 km2. At the end of 2009, the city has total
1.16 million population, and in 2010, the city's gross
domestic product has reached about 52.399 billion
RMB. However, Jinsha River basin in Panzhihua
area is about 2370.1 km2, the annual average runoff
is 54.35 billion m3, and the average flow rate is 1716
m3/s. Thus Jinsha River basin is an important water
source for the domestic, industrial and agricultural
use of Panzhihua city.
By and large, the water quality of Jinsha River
is good. However, local pollution is very serious.
According to a report, there have 20 sewage outlets
exceeding the COD standard and 6 sewage outlets
with excessive NH3-N out of 30 ones in Jinsha River,
which have constituted a direct threat to the water
source downstream. Therefore, aiming at such a
large of population, economic backbone watershed,
it is essential to optimize the sewage outlet. For the
simplicity, the calculation area of this paper lied at
Yangtze River trunk stream, Jinsha River, in
Panzhihua city, between Shi Jiaping and Jinjiang
chemical plant, a total length of about 40 km.

The continuity equation: (1)
During the equation, ݄ stands for the depth of
the water (m),  ݐis the time variable (s),  ݑand ݒ
are the vertical average velocity in ܺand ܻ axis
(m/s), respectively. The flow direction is
perpendicular to the direction of gravity.
The movement equations in ܺand ܻ axis:
(2) (3)
Where  ݖis the water level elevation (m), and
ߛ௧ expresses the turbulent viscosity coefficient
( ଶ Ȁ ), ݊ is the bed roughness,  is the
acceleration of gravityሺȀ ଶ).
Two-dimensional pollutant diffusion equation:
(4)
In the formula,ܥ represents the concentration
of pollutants (mg/L), ܧ௫ and ܧ௬ are the diffusion
coefficients of ܺand ܻ axis (ଶ Ȁ), respectively.
ܭௗ stands for the degradation coefficient of
pollutant ( ͳȀ) ݏ, and ܵ is the discharge load.
According to the characteristics of pollutant
emission and water environment pollution, our
model selected COD and NH3-N as the assessment
index.
The ߢ െ ߝ equation: (5) (6)
Where ߢ is the turbulent kinetic energy, ߝ is
the turbulent dissipation rate. Generally, ߛ௧ ൌ
ܥఓ ݇ ଶ Τߝ, and
ܲ௩ ൌ

௨כయ


ܥ ,ܲఌ௩ ൌ

௨כయ


ܥఌ ,ܥ ൌ ͳΤඥܥ ,

Numerical discretization and simulation
method. In the research area, according to the
complexity of the natural river course, twist or
straight, wide or narrow, and even many bottomlands,
we applied the finite volume method to discretize the
calculation area, which has many merits, such as
conservativeness and symmetry, especially suitable
for the multidimensional heterogeneous grid [31].
The calculation area was divided into 1259×31
subdivision areas, total of 39029 grids, the minimum
grid was 30 m long and 10m wide, and the grid
distribution is showed in Figure 1.

ܥఌ ൌ

Τ
ͳǤͺܥଶఌ ඥܥఓ ൗܥଷ ସ . In the ț-İ  model, according to

some recommended value of Launder and the later
experiments, we determined the following model
constants [30]: ܥଵఌ ൌ ͳǤͶͶ,ܥଶఌ ൌ ͳǤͻʹ, ܥఓ ൌ ͲǤͲͻ,
ߪ ൌ ͳǤͲ, ߪఌ ൌ ͳǤ͵.
Initial and boundary conditions. However, if
solving the above problems, there should attach
some initial and boundary conditions. And the initial
condition is: (7)
The rigid boundary conditions are: (8) (9)
The upper boundary condition is: (10)
And the downstream boundary condition is
expressed as follow: (11)
With these initial and boundary conditions, the
proposed problem becomes a well-posed one, and
could be solved by numerical simulation method.

FIGURE 1
Grid distribution diagram of calculation area.

Calculation area. Panzhihua city is located in
the southwest of Sichuan province, China, where
Jinsha River and Yalong River joined together.

In this essay, the SIMPLE algorithm [21, 23]
was adopted to iterate calculation, which is based on

676

© by PSP

Volume 26 ± No. 1a/2017, pages 674-685

Fresenius Environmental Bulletin


the speculation-correction idea and has a better
stability. The detailed steps of algorithm were
showed as following.
Step 1 establish calculation model and input the
basic model parameter.
Step 2 apply one-dimensional model to
calculate water level and flow of the area, and further
calculate
the
two-dimensional
flow
and
concentration field of the river channel.
Step 3 and then calculate current flow field and
concentration field with the water elevation coupling
correction SIMPLE algorithm.
Step 4 compute the next moment concentration
field, and loop iteration until the results are
convergent.

some parameters and discharge load during the dry
season in Jinsha River are shown in Table 1.
Model validation. Model validation is an
essential work for verifying the model availability,
which characterize the particular system under
consideration. The hydrological verification was still
validated by the actual measured data of August
2007. We chose three sewage outlets as the
verification examples, they are Cold Mill outlet,
Panzhihua Steel 5 outlet, Bing sewage plant outlet,
and the monitor sections are located 200m, 50m,
50m from downstream the sewage outlets,
respectively. The river flow rate of the upstream and
the water level of the downstream are 2200m3/s and
986m, respectively. The input loads of permanganate
index for verification are shown in Table 1, and
background concentration of permanganate index is
4.0 mg/L. The verification calculation results are
shown in Figure 2 and Table 2.
From the table 2, the maximum relative error of
the velocity is 9.1%, which is located at Bing sewage
plant, Because of the error level below 10%, the
simulation value is consistent with the measure data.
The measure value and the calculated value of the
concentration of COD is 4.60 mg/L and 4.30 mg/L at
the Bing sewage plant outlet, respectively, whose
relative error is 6.5%, also lower than 10%.
Therefore, simulation results satisfied the
requirements, the calibrated parameters in 2-D
hydrodynamic and water quality model are reliable.
And it is adaptive for the proposed model to simulate
the shape, scope and change law of water
contaminant zone near the sewage outlet along
Jinsha River.

Parameter calibration and model validation.
Parameter calibration. The parameter calibration
can reflect the characteristics of the reach of river
and water body status. Therefore, we should identify
some parameters before the simulation, such as the
channel roughness, pollutant degradation coefficient,
diffusion coefficient.
Channel roughness is an important sensitive
parameter of the hydraulic calculation. Generally,
take the measured hydrological data as the
computation parameter, which is displayed in Table
1.
And pollutant degradation coefficient can
reflect the natural purification capacity of rivers,
which is affected by the different pollutants and
hydrodynamic conditions. However, validation of
the model parameter needs to synchronize the
hydrology and water quality observation data.
Combined with the observation data of Panzhihua
environment monitoring center in August 2007,

TABLE 1
Parameter calibration and discharge load of permanganate index.

Name

Channel
roughness

Pollutant
degradation
coefficients (d-1)
ࡷࡷࡹ ࡷࡺࡴିࡺ 

Cold Mill
Panzhihua
Steel 5
Bing sewage
plant

0.025

0.14

0.20

0.045

0.26

0.24

0.05

0.30

0.20

Diffusion
coefficients
(ܕ Ȁ)ܛ
ࡱ࢟
ࡱ࢞

10
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15

discharge
discharg concentration
e
˄mg/L˅
˄m3/h˅

discharge
load˄g/s˅

540

28.3

4.2

6000

69.9

116.5

500

350

48.6
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FIGURE 2
Verification calculation chart of the flow field and the concentration field.
TABLE 2
Comparison of the verification results.
Velocity˄
˄m/s˅
Calculate Relative
d value
error

CCOD˄mg/L˅
Calculate Relativ
d value
e error

Name

Distance of
sewage
outlet (m)

Measure
d value

Cold Mill

200

0.46

0.48

4.3%

7.10

7.01

-1.2%

Panzhihua Steel

50

0.39

0.36

-7%

7.20

6.80

-5.6%

Bing sewage plant

50

0.11

0.12

9.1%

4.60

4.30

-6.5%

Measure
d value

Renhe outlet, Midi Bridge, Panzhihua Steel 1 and
Panzhihua Steel 2, which had posed an serious effect
on the next water function, as the calculation
objectives. Before simulation, we referred the actual
discharge as the calculation condition, which is
shown in Table 3.

RESULTS AND DISCUSSION
Calculation conditions. According to the
measure data, the river flow rate and the water level
were 484.6 m3/s and 983.51m, respectively, and the
dry season had a 90% assurance of minimum
monthly flow. Since the water quality target value of
a functional district is the initial concentration of the
next water function district, we chose 14.4 mg/L and
0.004 mg/L as the background concentration of COD
and NH3-N, respectively.

Numerical simulation of present situation.
Figure 3 and Figure 4 show the distribution of COD
and NH3-N concentration during the typical dry year.
In the figure, four typical sewage outlets were
highlighted, they are Nala River outlet, Panzhihua
Steel 12, Ferry Bridge outlet and Panzhihua Institute.
It is obvious that Panzhihua Institute has the largest
pollution zone, due to the largest COD load and
disadvantage position, however, other influence
scope of damage zone presents the same rule with
their discharge, which has also demonstrated the
same law with NH3-N concentration.

Discharge conditions. Based on the
observation datum of 2007, we chose 4 out of 30
drain outlets with major COD discharge
concentration, Renhe outlet, Panzhihua Steel 12,
Panzhihua institute and Ferry bridge outlet, and
selected 5 out of 30 sewage outlets, Nala River outlet,
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TABLE 3
Discharge of sewage outlets.

No.

Name

Discharge

Discharge concentration (mg/L)

˅
(m3/s˅

COD

NH3-N

1

Nala River outlet

0.061

112.000

0.469

2

Renhe outlet

0.278

114.000

4.600

3

Midi Bridge

0.006

108.000

9.640

4

Panzhihua Steel 1

0.019

30.900

0.469

5

Panzhihua Steel 2

0.028

37.400

1.440

6

Ferry Bridge outlet

0.056

407.000

23.300

7

Panzhihua Steel 12

0.067

391.800

21.480

8

Panzhihua Institute

0.167

572.000

5.620

FIGURE 3
Distribution of COD concentration during typical dry year along Jinsha River.

FIGURE 4
Distribution of NH3-N concentration during typical dry year along Jinsha River.
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TABLE 4
Pollution zones of COD and NH3-N

No.

Name

1
2

CCOD (14.4mg/L)

(m)
CNH3-N (1mg/L)

Length

Width

Length

Width

Nala River outlet

10

8

5

3

Renhe outlet

40

20

6

3

3

Midi Bridge

12

7

5

2

4

Panzhihua Steel 1

8

7

3

2

5

Panzhihua Steel 2

11

8

5

3

6

Ferry Bridge outlet

10

8

5

3

7

Panzhihua Steel 12

10

10

6

4

8

Panzhihua Institute

690

25

7

4

The scope of pollution zone is influenced by the
discharge of outlet, hydrological conditions and the
comprehensive influence of river-way. The pollution
zones can clearly describe the influence scope of
sewage outlet (Table 4). Panzhihua Institute outlet
had the largest COD pollution zone, with 690m
length and 25m width, and the largest NH3-N
pollution zone, with 7m length and 4m width. Renhe
outlet had a larger COD pollution zone, with 40m
length and 20m width. This may be caused by the
large volume discharge from the Panzhihua Institute
outlet and Renhe outlet. According to the numerical
results, excessive damage zones of Jinsha River
outlets in Panzhihua reach are below 100 m, and may
not form large area pollution at present, except for
the Panzhihua institute sewage outlet.
Although there had no major threat to the water
source in the recent period, this does not represent
the future. With the development of economy, there
may produce more discharges, and the present
sewage outlets may not pose an threat to the next
water function, therefore, in order to accommodate
more pollutants, in the following section, we further
researched the optimization design of the sewage
outlets.

requirements of water function area, we carried on
the research of the discharge capacity of the sewage
outlet.
After planning, along Jinsha River in
Panzhihua city, there have designed 15 sewage
outlets, taking place of 30 primary sewage outlets,
Panzhihua steel 2, Ferry bridge outlet, Renhe outlet
and so on, which are shown in Table 5. The plan
discharge of pollutants is much larger than the
current discharge, except for Panzhihua steel 12,
Renhe outlet and Panzhihua institute, however, other
sewage outlets have developed their potential ability
to accommodate more contaminants, and have little
effect on the water ability of next water function.
Therefore, these optimization design is suitable for
the economic development in Jinsha River.
Optimization design the position of sewage
outlets. According to the planning layout of drainage
outlet, how to determine the best position of drain
outlets in water function area has become crucial.
Based on the current location of drainage outlet,
combined with the total emissions and
environmental carrying capacity of water function
areas, optimization design was carried on. Table 6
shows the average discharge of all outlets, about
0.235m3/s, and the diffusion concentrations of COD
and NH3-N of each sewage outlet are supposed all
the same, 100mg/ L and 15mg/ L, respectively.
Combined the proposed water quality model
with actual Jinsha River conditions, the diffusion
regularity of pollutants is clearly shown in Figure 5
and 6, and three sewage outlets were chosen as the
typical examples, which are Panzhihua steel 2, Nala
River outlet, Renhe outlet.

Optimization design of the discharge
capacity of the sewage outlets. According to water
function regionalization, based on the water
environmental carrying capacity and water quality
management objectives, there could be divided into
the forbidden, limited and permitted drainage areas.
It should comprehensively consider the suitability of
water environmental carrying, position setting and
construction of drainage outlets. Combined the
pollutant load with the carrying capacity
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TABLE 5
Results of optimization design

No.

Name

Distance of
next surface˄
˄m˅

(t/a)

plan

plan

Current

Current

discharge

discharge

discharge

discharge

of COD

of NH3-N

of COD

of NH3-N

1

Panzhihua Steel 2

12400

51.71

1.55

736

54

2

Panzhihua Steel 7

11100

565.38

17.99

739

55

3

Panzhihua Steel 8

9900

274.43

7.26

743

56

4

Ferry bridge outlet

8900

713.06

40.82

749

56

8400

254.04

11.96

744

52

5

Opposite of
hydrologic station

6

Panzhihua Steel 10

7200

344.66

22.04

750

51

7

Panzhihua Steel 12

6200

823.72

45.16

746

48

8

Xujiagou

5100

61.47

5.49

711

48

9

Huilaogou

13600

9.49

0.61

750

56

10

Nala River outlet

11200

213.88

0.9

737

55.4

11

Renhe outlet

10300

998.64

40.3

744

41

7200

542.27

65.74

748

55.7

12

Bingcaogang
sewage plant

13

Panzhihua Institute

4900

3006.43

29.54

707

56

14

Minjiangou

2200

234.77

25.58

749

54.7

15

Taibai road

600

6.99

1.64

745

53

FIGURE 5
Distribution of COD concentration after optimization during typical dry year along Jinsha River.
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FIGURE 6
Distribution of NH3-N concentration after optimization during typical dry year along Jinsha River.
TABLE 6
Pollution zone of COD and NH3-N

NO.

Name

1

Panzhihua Steel 2

2

Discharge
(m /s˅
˅
3

(m)

CCOD (15mg/L)

CNH3-N (1mg/L)

Length

Width

Length

Width

0.233

25

12

50

20

Panzhihua Steel 7

0.234

10

8

150

20

3

Panzhihua Steel 8

0.236

10

10

350

30

4

Ferry Bridge outlet

0.238

10

7

270

30

5

Opposite of hydrologic station

0.236

10

5

360

20

6

Panzhihua Steel 10

0.238

100

15

390

25

7

Panzhihua Steel 12

0.237

13

10

330

30

8

Xujiagou

0.225

10

8

240

25

9

Huilaogou

0.238

20

15

50

25

10

Nala River outlet

0.234

11

10

45

20

11

Renhe outlet

0.236

20

12

50

30

0.237

12

10

90

30

12

Bingcaogang
sewage plant

13

Panzhihua Institute

0.234

9

7

40

15

14

Minjiangou

0.238

12

9

40

20

Taibai road

0.236

9

8

210

25

15

pollution zone was 100m and the width was 15m,
and the length of NH3-N pollution zone was 390m
and the width was 25m. Renhe outlet had minor
COD and NH3-N pollution zones, with 20m length
and 12m width of COD contaminant zone, and 50m
length and 30m width of NH3-N contaminant zone.
This may be caused by a large volume discharge
from the Panzhihua Steel plant outlet and Renhe
outlet.

From the Figures, it demonstrated that the
concentration gradient decreases with increasing
distance to the outlets, and the dispersion of
pollutants is enhanced by a greater river flow.
The pollution zone is the area where
contaminant concentration is beyond the water
quality standard, according to the simulation results,
the pollution zones of COD and NH3-N are
demonstrated in Table 6. Panzhihua Steel 10 outlet
had the largest pollution zone, the length of COD
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concentrations of the hydrocarbons and have a high
capability for their degradation. Most of them belong
to Pseudomonas, Sphingomonas, Aeromonas,
Alcaligenes,
Acinetobacter,
Arthrobacter,
Brevibacterium, Xanthomonas, Mycobacterium,
Rhodococcus and Bacillus species [5-7]. Although
many microorganisms have been shown to degrade
petroleum hydrocarbons and they have been
successfully used in bioremediation of polluted
environments, our knowledge of halophiles and their
capability to degrade hydrocarbons under saline
conditions is still limited [8, 9].
Halophilic microorganisms are present in a
wide range of diverse saline environments [10, 11]:
non-halophilic, those that are often stimulated in
their growth by a small amount of salt (about 1% in
the growth medium); slightly halophilic, those grow
optimally in the presence of 2%-3% NaCl;
moderately halophilic, those grow best somewhere
in the range of 5%-10% NaCl (w/v); and extremely
halophilic, those grow optimally at NaCl
concentrations greater than 10% (w/v) [12, 13].
Many saline environments such as natural
saline lakes, salt flats, solar salterns, and marine
ecosystems are often contaminated with petroleum
hydrocarbons because of many different reasons.
Despite bioremediation technology utilizes a variety
of microorganisms to degrade toxic pollutants, the
presence of salt limits the bioremediation
applications in saline environments [14]. Thus,
halophilic microorganisms are necessary for
bioremediation and biodegradation processes.
The aim of the present work was to determine
the biodegradation potential of BTX components by
some halophilic microorganisms isolated in different
places from Turkey.

ABSTRACT
In the present study, a total of 8 halophilic
bacteria were isolated from pollutants of different
contaminated ports of Turkey, and 4 halophilic
archaea were isolated from an uncontaminated part
of Lake Tuz. As a result of the identification tests, 12
isolates were identified: Halobacillus trueperi (6
strains), Halobacterium salinarum (3 strains),
Halomonas aquamarina (1 strain), Thalassobacillus
devorans (1 strain), and Halobacterium halobium (1
strain). The capabilities in the biodegradation of
benzene, toluene, and xylene (BTX) hydrocarbons of
the strains were investigated. The strains were tested
for microbial growth in the presence of different
concentrations of BTX pollutants (1% (v/v) to 5%
(v/v)) as a sole carbon source. Halobacillus trueperi
NB8 and NB11 strains showed the highest resistance
to hydrocarbons (5% (v/v)) in all tested strains.
Although the isolated halophilic archaea strains
showed a very low level of BTX hydrocarbons
degradation ability, Halobacillus trueperi NB8
strains showed the highest capability for the
biodegradation of BTX compounds.

KEYWORDS:
Halophilic Bacteria, Halophilic Archaea, Biodegradation,
BTX

INTRODUCTION
Marine
environments
are
frequently
contaminated with pollutants of petroleum
hydrocarbons. Benzene, toluene, and xylene (BTX)
are hazardous petroleum hydrocarbon components
that are the most common water and soil
contaminants. Recent bioremedial applications of
microorganisms to treat these pollutants have
exhibited
significant
results
[4].
Many
microorganisms have been reported to use various
petroleum hydrocarbons, including BTEX and
gasoline as their sole carbon and energy substrate,
despite their extreme insolubility in the aqueous
phase. Numerous genera of bacteria are known as
good hydrocarbon degraders. They tolerate high

MATERIALS AND METHODS
Source of Microorganisms and Enrichment
Cultures. Water samples were collected at random
in sterile bottles from different ports in Antalya,
ø]PLU øVWDQEXO and Trabzon, which are the ports
contaminated with petroleum hydrocarbons. In
addition, samples were collected in the nonpetroleum-contaminated side in Lake Tuz. After the
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water samples were transported to the laboratory as
quickly as possible, relevant environmental
parameters, namely salinity and pH value, were
recorded for the sampling sites using flame atomic
absorption spectrometry (AA240FS, VARIAN) and
pH meter (Metler Toledo, OH, USA). A total of 12
halophilic microorganisms were isolated from these
samples [15].

phenylenediamine. Catalase activity was detected by
the production of bubbles after the addition of a drop
of 3% (v/v) H2O2 [20]. Starch hydrolysis was
examined on agar plates supplemented with 1%
soluble starch. Hydrolysis of starch was detected by
flooding the plates with Lugol solution [21]. Casein
hydrolysis was determined by observing the
formation of clear zones around colonies on agar
medium with 0.15% (w/v) skim milk powder [21,
22]. DNase activity was examined on DNase Agar
(Merck) supplemented with 17% and 25% (w/v) of
NaCl according to the strains¶ salt requirement as
determined before. Urease was determined on
Urease Agar (Merck) amended with 17% and 25%
(w/v) of NaCl as mentioned above [23].

Morphological
and
Physiological
Characterization. Isolated strains were surveyed
for colony shape, cell morphology, and pigmentation
[16, 17]. Cell morphology was examined by light
microscopy (Leica ICC50 HD) in exponentially
growing liquid cultures. The Gram reaction was
determined as described by Mutlu, 2006 [18]. Acetic
acid was used for fixing the samples in Gram
staining. Salt requirement and tolerance were
performed in the above-described medium in which
the NaCl concentration varied (0%, 5%, 8%, 10%,
15%, 20%, 25%, and 30%) and the pH tolerances
were tested in the liquid medium adjusted to pH
values of 4.0,4.5, 5.0, 5.5, 6.0, 7.0, 7.5, 8.0, 8.5, 9.0,
and 10.0.

Identification of the Isolates. For molecular
analysis, the DNAs of the microorganisms were
extracted by a genomic DNA extraction kit
(Fermentas). DNA extracts were utilized as a
template for PCR (VeritiTM thermal Cycler,
Applied Biosystems). The isolates were approved
using the 16S rDNA sequence analysis. For bacteria,
XQLYHUVDO
SULPHUV
)
¶AGAGTTTGATCMTGGCTCA-¶ DQG5 ¶GTTACCTTGTTACGACTT-¶  ZHUH XVHG [26],
and for Archaea, Archaea specific primer A109-f
¶- ACKGCTCAGTAACACGT-¶  DQG 5
¶- GGTTACCTTGTTACGACT-¶ ZHUHXWLOL]HG
in the PCR amplification of 16S rDNA gene regions
and sequencing (Table 1) [27]. The sequences were
compared with the sequences deposited in the
GenBank database using the BLAST algorithm.

Biochemical Test. Biochemical tests were
performed using Medium A (250 g/L NaCl, 5 g/L
KCl, 5 g/L MgCl2Â6H2O, 5 g/L NH4Cl, 10 g/L yeast
extract) for strains isolated from Lake Tuz, and
Medium C (175 g/L NaCl, 20 g/L MgCl2.6H2O, 5
g/L K2SO4, 0.1 g/L CaCl2.2H2O and 5 g/L yeast
extract) for strains isolated from different marine
water sample. Appropriate positive and negative
controls (Pseudomonas aeruginosa ATCC 27853,
Escherichia coli 11229, Staphylococcus aureus
25923, Sporosarcina pasteurii DSM 33, Bacillus
subtilis ATCC 6633, Aeromonas sp. I06) were used
in each experiment [19]. Oxidase activity was
determined by the oxidation of tetramethyl-p-

Antibiotic Sensitivity. Antibiotic sensitivity
was performed by the diffusion agar method using
DQWLELRWLF GLVFV 2[RLG  DPSLFLOOLQ  ȝJ 
HU\WKURP\FLQ ȝJ WHWUDF\FOLQH ȝJ 

TABLE 1
Halophilic Bacteria and Archaea Isolated from Sea Water by Identification of 16S rRNA Genes,
Isolation Medium, and Incubation Time
Isolates
NB2
NB5
NB7
NB8
NB9
NB10
NB11
NB13
NB20
NB21
NB22
NB28

16S rRNA Gene
Sequencing
Halomonas
aquamarina
Halobacillus trueperi
Halobacillus trueperi
Halobacillus trueperi
Halobacillus trueperi
Halobacillus trueperi
Halobacillus trueperi
Thalassobacillus
devorans
Halobacterium
salinarum
Halobacterium
salinarum
Halobacterium
halobium
Halobacterium
salinarum

Identity
(%)

EMBL/Gen
Bank No

Isolation Source

Isolation
Medium

Incubation
Time (Day)

pH*

NaCl
(g/L)**

99

AB681587.1

Antalya Harbor

Medium C

5

7.36

33.18

99
99
99
99
99
99

AB617542.1
AY505522.1
AB617542.1
AY505522.1
AB617542.1
FJ444973.1

AvciODUZKDUILQøVWDQEXO
Silivri Harbor
Silivri Harbor
Silivri Harbor
Eminonu ZKDUILQøVWDQEXO
Trabzon Port

Medium C
Medium C
Medium C
Medium C
Medium C
Medium C

7
7
7
7
7
7

8.41
8.41
8.41
8.41
8.41
8.28

23.12
24.29
24.29
24.29
22.26
16.15

99

JQ799100.1

ø]PLU3RUW

Medium C

5

7.36

31.41

99

NR-074204.1

Lake Tuz

Medium A

14

7.20

308.04

99

JX982771.1

Lake Tuz

Medium A

14

7.20

308.04

99

M11583.1

Lake Tuz

Medium A

14

7.20

308.04

99

AM774415.1

Lake Tuz

Medium A

14

7.20

308.04

*: pH value of the water taken from the sampling sites.
**: Salt quantity of water taken from the sampling sites.
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QHRP\FLQ ȝJ EDFLWUDFLQ 8 FHIDGUR[LO 
ȝJ  FKORUDPSKHQLFRO  ȝJ  QRYRELRFLQ  ȝJ 
penicillin G  8  DQG YDQFRP\FLQ  ȝJ  7KH
results were recorded in terms of sensitivity or
resistance after 5-14 days of incubation at optimum
temperature, with susceptibility determined as the
appearance of an inhibition zone extending at least 2
mm beyond the antibiotic disc [26-28].

RESULTS AND DISCUSSION
Isolation and Identification. Twenty
halophilic microorganisms were isolated from seven
different sampling sites. They were identified by 16S
rDNA analyses. According to 16S ribosomal DNA
analyses, 8 of 12 isolates were determined as
halophilic bacteria while 4 of 12 strains were
determined as halophilic archaea. They displayed a
similarity of 99% to type strains deposited in the
GenBank database. These halophilic bacteria
isolates were identified as Halomonas aquamarina
(NB2), Halobacillus trueperi (NB5, NB7, NB8,
NB9, NB10, and NB11) and Thalassobacillus
devorans (NB13); and, halophilic archaea strains
were determined as Halobacterium salinarum
(NB20, NB21, and NB28) and Halobacterium
halobium (NB22).
In this study, all of the halophilic bacteria
strains were isolated from only marine water
samples taken from different territorial waters of
Turkey; however, archaeal strains were found only
in Lake Tuz (Table 1). In addition, a large number of
the isolates of Halobacteriaceae from different
saltern ponds, natural saline lakes, salt flats, and
solar salterns have been reported [31, 32]. Elbanna
et al. [33] isolated 33 Halobacterium sp. from Lake
Qarun, Egypt while Sabet et al. [34] isolated 12
halophilic archaea species belonging to several
genera from Mexico. Additionally, amount of
Halorubrum sp. isolated from Lake Bagaejinnor,
China [62]. Dead Sea has a great diversity of
halophilic
archaea
and
a
number
of
Halobacteriaceae species have been reported from
this locality [35]. Halophilic bacteria samples
belonging to Halomonas and Halobacillus genera
have been isolated reported by several authors from
seawaters of Turkey [21, 36, 37], and they have been
also reported in different seawaters, such as in Brazil
[38], India [39], China [40], and Malaysia [41]. T.
devorans species was isolated first by Garcia et al.
[42] from hypersaline habitats of southern Spain, and
this species was detected for the first time in a
Turkish seawater in the present study. Another
important aspect of this study is that, although H.
aquamarina and H. trueperi are cosmopolitan
species, they have not been used in a similar research,
and also, there is little information about their strains
from Turkey.
The environmental parameters that were
measured before all assays are shown in Table 1.
These data were used for the enrichment media
preparation,
biochemical
analysis,
and
biodegradation assays. Colonies of halophilic
bacteria strains were small, circular, convex, smooth,
and cream color pigmented (Table 2). Although the
characterization of the colonies of Halobacterium
salinarum and H. halobium strains shown similarity
to other isolated microorganisms, their colony
pigmentation was pink. All of them were revealed as

Minimum Inhibitory Concentrations (MIC)
of Strains in Benzene, Toluene, and Xylene
Compounds. MIC assays were performed at
Benzene, Toluene, and Xylene (BTX) compounds
with concentrations ranging from 1% (v/v) to 5%
(v/v). As mentioned above, the strains were
developed until the exponential phase (A600, 0.7)
according to their needs for salt in Medium A along
with Medium C, before they were inoculated in the
sterilized medium where they were processed with a
various range of aromatic compounds. The cultures
were incubated at optimum temperature for 5-14
days. All strains were also inoculated in mediums
with no BTX compounds, and they were used as
controls. The minimum inhibitory concentration was
determined as the lowest concentration of each BTX
compounds that showed no growth [29].
Biodegradation of Benzene, Toluene, and
Xylene (BTX) Compounds. The strains were tested
for their ability to degrade the BTX components by
the Mineral Salt Medium (MSM) modified with 20%
(w/v) NaCl, as described by Nicholson and
Fathepure [30]. Activated culture in the MSM
composition at the late exponential phase was
transferred to 250 ml Erlenmeyer flasks, each
containing 50 mL of sterile MSM with 1% to 3%
(v/v) concentrations of benzene, toluene, or xylene
(BTX) petroleum hydrocarbon pollutant compounds.
Two different control groups were used: (i) medium
+ BTX components (benzene, toluene, and xylene
compounds, each with a different range (1%-3%
(v/v)), (ii) medium + microorganism. The
Erlenmeyer flasks were incubated at optimum
temperature for 5-14 days. After incubation period,
ȝ/RIHDFKVDPSOHZDVWDNHQDQGWUDQVIHUUHGWR
96 well plates. Concentration of biomass was
determined by measuring the optical density (OD)
value at 600 nm using a microplate ELISA reader
(BIOTEK).
Statistical Analysis. The effects of different
concentrations of BTX compounds on optical
densities of strains were compared using the
Multiple R test. Statistical calculations were
accomplished using SPSS 16.0 software (SPSS Inc.,
Chicago, IL, USA).
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DNase and urease activity were detected. H.
salinarum type strain is known not to hydrolyze
starches [44] and, unlike our results, not to show
positive urease activity [45]. Although it has been
reported in several studies about halophilic archaea
that little information is available about their
metabolic activity. All of the tested halophilic
bacteria showed positive starch hydrolyses while
they showed negative DNase activity. None of the
halophilic bacteria strains hydrolyzed casein.
Different reaction results were noticed for catalase,
oxidase, and urease activity. According to our results,
enzymatic activities of H. aquamarina and H.
trueperi strains, as mentioned above, were found to
EHVLPLODUWRWKHVWUDLQVLVRODWHGIURPdDPDOWÕ6DOWHUQ
Turkey in some recent studies [36, 37].
The separation into Archaeal and Bacterial
strains was supported by their growth in the presence
of antibiotics. Other sensitivity results are included
in Table 3. As a result of antibiotic sensitivity,
inhibition of whole isolated halophilic bacteria
strains by erythromycin, cefadroxil, and
chloramphenicol was observed. All Halobacterium
salinarum and H. halobium NB22 archaeal strains
were found to be resistant to vancomycin,
erythromycin, neomycin, penicillin G, ampicillin,
tetracycline, and chloramphenicol except for
bacitracin,
novobiocin,
and
cefadroxil.
Susceptibility to antibiotics is generally utilized in
taxonomic studies in which strains are characterized
or compared. Oren [44] reported that most halophilic
archaea are sensitive to novobiocin and bacitracin
but they are resistant to chloramphenicol and
penicillin G. Antibiotic sensitivity results of isolated
archaeal strains proved this finding.

obligate aerobic microorganisms. Bacterial strains
were Gram positive and in rod shape while archaeal
strains were Gram negative. The strains were
examined for growth potential with NaCl
concentration, pH range, and temperature. The
optimal growth of the archaeal strains H. salinarium
(NB20, NB21, NB28) and H. halobium (NB22)
ranged in the presence of NaCl between 20% and
30%, and pH were between 7 and 7.5 (Table 2). In
the sampling sites of Lake Tuz, pH range was
between pH 7.00 and 7.20, and salt rate was 31%
(w/v) NaCl. Therefore, it is not surprising to find that
archaeal cultures have evolved within this pH and
salt ranges. All Halomonas aquamarina (NB2) and
Halobacillus trueperi (NB5, NB7, NB8, NB9, NB10,
NB11) species were grown at 5% to 20% (w/v) NaCl.
Among the bacterial strains, optimum growth
occurred between 10% and 20% NaCl.
Thalassobacillus devorans NB13 strain, which was
grown at 25% (w/v) NaCl, was the highest tolerance
exhibited bacteria in all isolated bacterial strains
(Table 2). Our result is in accordance with Birbir et.
al., [43] who detected halophilic bacteria samples
LVRODWHG IURP 7XUNH\¶V VHD ZDWHUs with a growth
range of 15%-25%. While generally our bacterial
strains preferred the pH range between 7 and 8.5,
Halomonas aquamarina NB2 strain exhibited more
tolerance. This strain was grown in a pH range
between 6 and 9.
Biochemical Tests and Antibiotic Sensitivity.
A summary of the biochemical properties of the
strains is presented in Table 2. Halobacterium
salinarum (NB20, NB21 and NB28) and H.
halobium (NB22) exhibited catalase and oxidase
activity, but no starch and casein hydrolyze, and

TABLE 2
Phenotypic Features of the Halophilic Microorganisms
Characteristics

Morphology
Colony
pigmentation
Colonial
morphology
Gram staining
NaCl tolerance
(%)
pH range
Temperature
optimum (ºC)
Oxidize
Catalase
Hydrolysis of
Casein
Hydrolysis of
Starch
Enzyme
activities
Urease
DNase

Bacteria
NB2
Rod
Creambeige

NB13
Rod
Creamyellow

Archaea
NB20
Rod
Pale
pink

NB21
Rod
Pale
pink

NB22
Rod
Pale
pink

NB28
Rod
Pale
pink

Circular

Circular

Circular

Circular

Circular

Circular

+

+

-*

-

-

-

5-20

5-25

20-30

20-30

20-30

20-30

NB5
Rod

NB7
Rod

NB8
Rod

NB9
Rod

NB10
Rod

NB11
Rod

Cream

Cream

Cream

Cream

Cream

Cream

Circular

Circular

Circular

Circular

Circular

Circular

+*

+

+

+

+

+

5-20

5-20

5-20

5-20

5-20

5-20

6-9

6.5-8.5

7-8.5

7-9

6.5-8.5

7-8.5

7-8.5

6.5-8.5

7-7.5

7-7.5

7-7.5

7-7.5

30-37

30- 37

30-37

30-37

30-37

30-37

30-37

30-37

37

37

37

37

+
+

+
+

+
+

+

+

-

-

+

+
+

+
+

+
+

+
+

-

-

-

-

-

-

-

-

-

-

-

-

+

+

+

+

+

+

+

+

-

-

-

-

+
-

+
-

+
-

+
-

+
-

+
-

+
-

+
-

-

-

-

-

*+, Positive, - Negative
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TABLE 3
Antibiotic Sensitivity Results of 12 Halophilic Strains Studied
Antibiotic sensitivity
Ampicillin (10 ȝJ
Erythromycin (15 ȝJ
Tetracycline (30 ȝJ
Neomycin (10 ȝJ
Bacitracin (10 U)
Cefadroxil (30 ȝJ
Chloramphenicol (30 ȝJ
1RYRELRFLQ ȝJ
Penicillin G (10U)
9DQFRP\FLQ ȝJ

NB2
S
S
S
S
R
S
S
R
S
R

NB5
S
S
S
S
S
S
S
S
R
S

NB7
R
S
S
S
S
S
S
S
R
S

NB8
R
S
R
S
S
S
S
S
R
R

NB9
R
S
S
S
S
S
S
S
R
R

NB10
R
S
S
S
S
S
S
S
R
R

NB11
R
S
S
S
S
S
S
S
R
S

NB13
R
S
R
R
S
S
S
S
S
R

NB20
R
R
R
R
S
S
R
S
R
R

NB21
R
R
R
R
S
S
R
S
R
R

NB22
R
R
R
R
S
S
R
S
R
R

NB28
R
R
R
R
S
S
R
S
R
R

R: Resistant, S: Sensitivity.
TABLE 4
5HVXOWVRI%7;&RPSRXQGV¶7ROHUDQFH/HYHO 
Organic pollutants
Benzene (%)
Toluene (%)
Xylene (%)

NB2
2
2
2

NB5
3
2
3

NB7
3
3
3

NB8
5*
5*
5*

NB9
3
2
3

NB10
4
3
4

NB11
5*
5*
5*

NB13
4
3
4

NB20
2
2
2

NB21
2
2
2

NB22
2
2
2

NB28
2
2
2

* Resistant to over 5% (v/v)
TABLE 5
Tolerance of the Strains Presence of Benzene, Toluene, and Xylene

1%

2%

3%

Multiple R

CONTROL1

CONTROL2

Halomonas aquamarina
NB2
Halobacillus trueperi
NB5
Halobacillus trueperi
NB7
Halobacillus trueperi
NB8
Halobacillus trueperi
NB9
Halobacillus trueperi
NB10
Halobacillus trueperi
NB11
Thalassobacillus devorans
NB13
Halobacterium salinarum
NB20
Halobacterium salinarum
NB21
Halobacterium halobium
NB22
Halobacterium salinarum
NB28

Xylenea

-0.818

0.13±0.01

0.01±0.00

-

-0.807

1.98±0.01

-

-0.809

0.23±0.02

0.03±0.01

-

-0.827

2.17±0.03

-

-

-0.823

0.18±0.00

0.03±0.02

-

-0.824

1.80±0.01

-

0.14±0.01

0.01±0.00

-0.846

0.32±0.03

0.11±0.01

0.02±0.00

-0.848

2.05±0.02

-

0.18±0.01

0.07±0.00

-

-0.821

0.13±0.02

0.05±0.00

-

-0.808

1.97±0.01

-

-0.804

0.16±0.01

0.04±0.00

-

-0.826

0.11±0.00

0.02±0.00

-

-0.810

1.56±0.04

-

-0.825

0.14±0.00

0.03±0.00

0.01±0.00

-0.810

0.22±0.01

0.06±0.00

0.02±0.00

-0.829

1.87±0.03

-

-0.826

0.21±0.02

0.06±0.00

-

-0.828

0.19±0.00

0.01±0.00

-

-0.822

1.96±0.01

-

Multiple R

Microorganism

Toluenea

Multiple R

Benzenea

1%

2%

3%

-0.787

0.17±0.01

0.05±0.01

-

-0.859

0.15±0.00

0.04±0.02

-

-

-0.805

0.17±0.00

0.08±0.00

0.09±0.00

0.01±0.00

-0.827

0.30±0.02

0.13±0.00

0.02±0.00

-

-0.808

0.09±0.00

0.02±0.00

-

0.20±0.00

0.02±0.00

0.01±0.00

0.20±0.00

0.05±0.00

-

1%

2%

3%

0.50±0.04

0.03±0.01

-

0.38±0.03

0.05±0.00

-

0.11±0.01

0.01±0.00

0.22±0.02

0.03±0.00

-

-

-0.784

0.08±0.00

-

-

-0.801

0.06±0.00

-

-

-0.794

1.50±0.01

-

0.02±0.00

-

-

-0.780

0.05±0.00

-

-

-0.788

0.03±0.00

-

-

-0.783

1.81±0.01

-

0.01±0.00

-

-

-0.777

0.02±0.00

-

-

-779

0.02±0.00

-

-

-0.779

1.93±0.02

-

0.02±0.00

-

-

-0.780

0.03±0.00

-

-

-0.783

0.03±0.00

-

-

-0.783

1.74±0.01

-

a: Optical density Multiple R: Results of regression analysis
(2): Growth on MSM. -: None detected

Control (1): Growth on Medium A/C Control

conditions (1±3.5 M), and some of the salt tolerant
PLFURRUJDQLVPV¶%7(;ELRGHJUDGDWLRQDELOLWLHVDUH
known [48, 61]. Nicholson and Fathepure [30]
demonstrated that BTEX can be degraded by
halophilic bacterium Arhodomonas sp. Also, Li et al.
[49] isolated a Planococcus sp., which is a moderate
haloalkaliphilic microorganism and able to degrade
BTEX at 20 % salt. Then again, Berlendis et al. [50]
reported the ability of Marinobacter vinifirmus and
Marinobacter hydrocarbonoclasticus to degrade
BTEX at a 3%-15% salinity range. Le Borgne et al.
[51], Martins and Peixoto [52], and McGenity [53]
contributed to our improved understanding of the
hydrocarbon biodegradation by halophilic and
halotolerant microorganisms [54]. Garcia et al. [55]

Minimum Inhibition Concentrations (MIC)
and Biodegradation of Benzene, Toluene and
Xylene
Compounds.
In
recent
years,
biodegradation of hydrocarbons has received great
attention and a variety of microorganisms have been
reported to play important roles in the remediation
process [46, 47]. When the pollution occurred in
saline environments, bioremediation activities in
these areas must utilize organisms displaying
metabolic activity under these saline conditions
because high salinity conditions do not suit to the
degrading bacteria normally [30]. However, a
limited number of studies have investigated the
Benzene, Toluene, Ethylbenzene and Xylene
(BTEX) biodegradation in a wide range of salinity
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The decrease was significant in all BTX
concentrations and growth (optical density). For all
the strains, multiple R values are presented in Table
5. When grown in various concentrations of each
BTX compound, these strains showed lower growth
rate likely related to the no known contamination
history of the sampling field. Thus, Halobacillus
trueperi NB8 strain in the present study could be a
potential candidate for treating petroleum
hydrocarbon contaminated saline water.

reported that a moderate halophile, Halomonas
organivorans, is able to degrade different aromatic
compounds. Likewise, Halomonas sp. strain
C2SS100 was demonstrated to have the capability to
degrade
hydrocarbons
[56].
Halotolerant
microorganisms from the Mediterranean Sea
exhibited the ability to readily degrade xylene,
toluene, and Polycyclic Aromatic Hydrocarbon
(PAHs), while it degraded benzene poorly [57]. The
first known halophilic hydrocarbon degrading
archaea, which degrades hexadecane, eicosane, and
pristane at relatively high rates was identified as a
Halobacterium [58]. Aerobic degradation of
aromatic compounds occurs in some members of the
extremely halophilic Archaea [59]. Kulichevskaya et
al. [60] indicated that Halobacterium was able to
degrade n-C10 to n-C30 alkanes in 300 g/L NaCl.
Oil is a natural product in spite of various
concentrations of its components can be harmful for
organisms. Therefore, benzene, toluene, and xylene
FRPSRXQGV¶WR[LFLW\IRUJURZWKRIWKHVWUDLQVZHUH
also studied. The minimum inhibitory concentration
(MIC) was indicated as the lowest concentration of
the tested compounds. After 14 days of incubation
with different ranges of each BTX compound, the
MIC value of halophilic archaea strains were
detected as 2% (v/v). Halophilic bacterial strains
(NB8 and NB11) showed a high tolerance level to
BTX hydrocarbon compounds in 5 days. These
EDFWHULDO VWUDLQV¶ 0,& YDOXHV ZHUH GHWHUPLQHG DV
higher than 5% (v/v) BTX hydrocarbons (Table 4).
The bacterial and archaeal cultures showed
different capability to utilize benzene, toluene, and
xylene compounds. In this study, all of the strains
were grown in 1% (v/v) benzene, toluene, and xylene
(Table 5). No growth was seen in the control group
which lacks any microorganisms (Table 5). In the
1% (v/v) benzene H. aquamarina NB2 strain, the
OD result (0.50 OD600) was detected higher when
compared with others. It seemed to degrade benzene
more easily than the other compounds. While H.
trueperi NB8 exhibited the maximum growth range
using each of benzene, toluene, and xylene
compounds (1% to 3% (v/v)) as a sole carbon and
energy source in 5 days, other bacterial strains
exhibited moderate growth in the range of 0.09-0.22
OD in 1% (v/v) each BTX compound containing
MSM medium including 20% (w/v) NaCl. Archaeal
strains (H. salinarum NB20, NB21, NB28, and H.
halobium NB22) showed low growth (0.01-0.08
OD) in 1% of each BTX hydrocarbon containing the
MSM medium. Also, in the presence of BTX
compounds (2% to 3% (v/v)) all 4 halophilic archaea
strains showed no growth in the 14-day incubation
term. Therefore, all of the archaeal strains used in
this study demonstrated the lowest capability to
utilize each BTX compound and the longest
incubation time when compared with the others. The
growth (optical density) significantly diminished
with increasing concentration of BTX compounds.

CONCLUSIONS
Our research firstly demonstrated the growth
ability of Thalassobacillus devorans, Halomonas
aquamarina, and Halobacillus trueperi strains
isolated from coastal seawaters of Turkey in a broad
range of salinity conditions containing benzene,
toluene, and xylene hydrocarbons. None of our
archaeal isolated strains achieved the highest growth
rate when compared with the bacterial strains used in
this study. However, the exact mechanism, pathways,
and organisms involved in the degradation are not
known from these studies. Thus, these observations
may lead the establishment of cost-effective methods
to remediate marine environments impacted by
petroleum hydrocarbons.
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ABSTRACT

INTRODUCTION

7KH VWUXFWXUDO DQG IXQFWLRQDO DOWHUDWLRQV RI
SKRWRV\QWKHWLF DSSDUDWXV RI JUHHQ DOJDH &KORUHOOD
YXOJDULV JURZQ DW ORZ WHPSHUDWXUH O&  ZHUH
LQYHVWLJDWHGE\FKORURSK\OO &KO IOXRUHVFHQFH7KH
UHVXOWVVKRZHGWKDWGRIORZWHPSHUDWXUHH[SRVXUH
GLGQ¶W OHDG WR D UHGXFWLRQ RI JURZWK UDWH 7KH
SKRWRV\QWKHWLF UDWH ZDV VWLPXODWHG XQGHU ORZ
WHPSHUDWXUH FRQGLWLRQ )Y)P DQG 0'$ FRQWHQW
VKRZHGQRVLJQLILFDQWGLIIHUHQFHEHWZHHQ&DQG
&JURZQ &KORUHOOD FHOOV &HOOV JURZQ DW &
KDGDVLJQLILFDQWO\ORZHU&KODFRQWHQWZKLFKZRXOG
DFW WR UHGXFH WKH SUREDELOLW\ RI OLJKW DEVRUSWLRQ
0HDVXUHPHQWVRIHOHFWURQWUDQVSRUWUDWHV>(75 ,, @
DQGTXDQWXP\LHOGRI36,,>< ,, @LQGLFDWHGWKDWWKH
FHOOV JURZQ DW & PDLQWDLQHG KLJKHU UDWHV RI
HOHFWURQWUDQVSRUWRI36,,WKDQFHOOVJURZQDW&
5HVXOWVIURPIDVWFKORURSK\OOIOXRUHVFHQFHWUDQVLHQWV
IXUWKHU FRQILUPHG D YHU\ KLJK SRWHQWLDO RI HOHFWURQ
WUDQVSRUWDFWLYLW\RI36,,DW&)XUWKHUPRUHQRQ
SKRWRFKHPLFDOTXHQFKLQJ 134 ZDVVWLPXODWHGDW
&DQGWKHDFWLYDWLRQRI134SOD\HGDQLPSRUWDQW
UROH LQ SURWHFWLQJ 36,, IURP VWUHVV RI ORZ
WHPSHUDWXUH < ,  DQG (75 ,  GLG QRW VKRZHG QR
VLJQL¿FDQWGLIIHUHQFHEHWZHHQORZWHPSHUDWXUHDQG
WKH FRQWURO 8OWUDVWUXFWXUH RI FKORURSODVW ZDV QRW
LQMXUHGE\ORZWHPSHUDWXUHRQWKHFRQWUDU\DWORZ
WHPSHUDWXUH PRUH VWDUFK JUDQXOHV VWRUHG LQ
FKORURSODVWV ZKLFK PLJKW EH XVHG IRU VXSSO\LQJ
HQHUJ\IRUPDLQWHQDQFHRIWKHFROGDFFOLPDWHGVWDWH
$OO WKHVH UHVXOWV VXJJHVWHG WKDW WKH &KORUHOOD FHOOV
SRVVHVV DQ DPSOH DFFOLPDWLRQ DELOLW\ WR ORZ
WHPSHUDWXUH

8QGHUDJLYHQVHWRIHQYLURQPHQWDOFRQGLWLRQV
SKRWRV\QWKHWLF RUJDQLVPV DWWHPSW WR PDLQWDLQ D
EDODQFHEHWZHHQHQHUJ\VXSSO\E\HOHFWURQWUDQVSRUW
DQG HQHUJ\ FRQVXPSWLRQ WKURXJK FDUERQ IL[DWLRQ
$Q\ HQYLURQPHQWDO FRQGLWLRQV FKDQJH FDQ
SRWHQWLDOO\ FDXVH D PHWDEROLF HQHUJ\ LPEDODQFH$
PDMRU HQYLURQPHQWDO YDULDEOH WKDW FDQ GLVWXUE WKH
HTXLOLEULXP EHWZHHQ HQHUJ\ LQSXW DQG HQHUJ\
FRQVXPSWLRQ DQG LQGXFH SKRWRV\QWKHWLF DOWHUDWLRQV
LVORZWHPSHUDWXUH>@([SRVXUHRIKLJKHUSODQWV
DQG DOJDH WR ORZ WHPSHUDWXUH PD\ UHVXOW LQ WKH
SKRWRV\QWKHWLFDSSDUDWXVDEVRUELQJPRUHOLJKWWKDQ
WKDWFDQEHUHDGLO\GLVVLSDWHGWKURXJKFDUERQIL[DWLRQ
>@:KHQHYHUWKHDEVRUEHGOLJKWHQHUJ\H[FHHGV
WKH FDSDFLW\ RI WKH RUJDQLVP WKH SRWHQWLDO IRU DQ
HQHUJ\LPEDODQFHEHWZHHQSKRWRFKHPLVWU\HOHFWURQ
WUDQVSRUW DQG PHWDEROLVP ZRXOG EH H[DFHUEDWHG
ZKLFK ZLOO DIIHFW FKORURSODVW PHWDEROLVP DQG
JHQHUDOO\ OHDG WR LQFUHDVHG SKRWRV\VWHP ,, 36,, 
H[FLWDWLRQSUHVVXUHDQGGDPDJH>@)XUWKHUPRUH
XQGHUWKHFRQGLWLRQSKRWRLQKLELWLRQPD\RFFXUDQG
UHVXOWLQWKHIRUPDWLRQRIGDPDJLQJUHDFWLYHR[\JHQ
VSHFLHV > @ 7KXV LW LV LPSRUWDQW WKDW SODQWV
PDLQWDLQ D EDODQFH EHWZHHQ WKH HQHUJ\ VXSSOLHG
WKURXJK SKRWRFKHPLVWU\ DQG WKH HQHUJ\ FRQVXPHG
WKURXJK SKRWRV\QWKHWLF &2 DVVLPLODWLRQ 7KHQ LW
PD\EHK\SRWKHVL]HGWKDWRUJDQLVPVWKDWJURZDQG
GHYHORSDWVXERSWLPXPWHPSHUDWXUHVZRXOGSRVVHVV
VRPHPHFKDQLVPVWRPDLQWDLQWKHHQHUJ\EDODQFH
7KH UHVSRQVH RIDOJDHWRORZWHPSHUDWXUH KDV
EHHQ GRFXPHQWHG /RQJWHUP ORZ WHPSHUDWXUH
H[SRVXUH UHVXOWHG LQ KLJKHU UDWHV RI &2 IL[DWLRQ
ZKHQ FRPSDUHG WR FHOOV JURZQ DW KLJKHU
WHPSHUDWXUHVLQ3KDHRGDFW\OXPWULFRUQXWXP>@DQG
/DPLQDULD VDFFKDULQD >@ DQG WKH KLJKHU
SKRWRV\QWKHWLFUDWHVDWORZJURZWKWHPSHUDWXUHZHUH

.(<:25'6
/RZ WHPSHUDWXUH &KORUHOOD YXOJDULV 3KRWRV\QWKHWLF
DFWLYLW\$FFOLPDWLRQ&KORURSK\OOIOXRUHVFHQFH
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FRUUHODWHG ZLWK LQFUHDVHG 5XELVFR DFWLYLW\ ,Q
$QWDUFWLF VHDLFH GLDWRPV WKH LQLWLDO VORSH RI WKH
OLJKWUHVSRQVH FXUYH ZDV VKRZQ WR GHFOLQH ZLWK
LQFUHDVLQJLQFXEDWLRQWHPSHUDWXUH>@/HYDVVHXUHW
DO>@VKRZHGWKDWDWHPSHUDWXUHLQGXFHGGHFUHDVH
LQFDUERQIL[DWLRQUDWHLQ'XQDOLHOODWHUWLROHFWDZDV
FRUUHODWHG ZLWK D GHFUHDVH LQ HQHUJ\WUDQVIHU
HIILFLHQF\ EHWZHHQ WKH DQWHQQD DQG UHDFWLRQ FHQWHU
RI36,,)XUWKHUPRUHJURZWKRI'WHUWLROHFWDDWORZ
WHPSHUDWXUH GLG QRW VLJQLILFDQWO\ FKDQJH WKH &KO D
FRQWHQWSHUFHOO7KHSKHQRPHQRQZDVGLIIHUHQWIURP
WKHILQGLQJVUHSRUWHGLQVRPHRWKHUDOJDOVSHFLHV>
@)URPWKHSUHYLRXVUHVHDUFKWKHHIIHFWVRIORZ
WHPSHUDWXUH RQ DOJDO JURZWK DQG SKRWRV\QWKHWLF
SK\VLRORJ\ DUH VWLOO FRQWURYHUVLDO DQG XQFOHDU
)XUWKHUPRUHUDUHVWXGLHVKDYHDQDO\]HGWKHUHVSRQVH
RISKRWRV\VWHP, 36, WRORZWHPSHUDWXUHLQDOJDH
FHOOV6RPHVWXGLHVKDYHVKRZQWKDW36,ZDVDOVRD
GDPDJHWDUJHWWRYDULRXVHQYLURQPHQWDOVWUHVVRUV>
@ 7KH VLPXOWDQHRXV PHDVXUHPHQW RI
SKRWRV\QWKHWLF DFWLYLWLHV RI 36, DQG 36,, DUH
QHFHVVDU\ WR GHWHFW WKH HIIHFWV RI ORZ JURZWK
WHPSHUDWXUH RQ SKRWRV\QWKHWLF DSSDUDWXV DQG WKH
UHJXODWLRQ PHFKDQLVP EHWZHHQ 36, DQG 36,,
UHVSRQVLQJ WR FKDQJHV LQ JURZWK WHPSHUDWXUH
.OXJKDPPHU DQG 6FKUHLEHU >@ LQWURGXFHG DQ
LPSURYHG PHWKRG IRU WKH GHWHUPLQDWLRQ RI 36,
TXDQWXP\LHOGDQGD'XDO3$0V\VWHPZKLFK
FDQ VLPXOWDQHRXVO\ GHWHFW WKH FKORURSK\OO &KO 
ÀXRUHVFHQFHDQG3DEVRUEDQFHFKDQJHV,QWKH
SUHVHQW VWXG\ WKH SRZHUIXO 'XDO3$0
FKORURSK\OOÀXRURPHWHU :DO]*HUPDQ\ ZDVXVHG
IRUH[DPLQLQJWKHHIIHFWVRIORZJURZWKWHPSHUDWXUH
RQ36,DQG36,,DFWLYLWLHV
&KORUHOOD YXOJDULV RQH RI WKH PRVW FRPPRQ
HXNDU\RWLFSKRWRV\QWKHWLFPLFURRUJDQLVPVKDVEHHQ
IRXQG WR JURZ ZHOO DW ERWK ORZ DQG KLJK
WHPSHUDWXUHV > @ +HUH WKH JUHHQ DOJD &
YXOJDULVZDVHPSOR\HGLQWKLVUHVHDUFKWRVFUHHQWKH
HIIHFWV RI ORZ WHPSHUDWXUH RQ WKH JURZWK DQG
SKRWRV\QWKHVLV RI & YXOJDULV E\ FRPSDULQJ WKH
VWUXFWXUH DQG IXQFWLRQ RI WKH SKRWRV\QWKHWLF
DSSDUDWXV RI WKH DOJDH JURZQ WR WKH VDPH
GHYHORSPHQWDOVWDWHDWDORZWHPSHUDWXUHZLWKWKRVH
JURZQ DW RSWLPXP WHPSHUDWXUH EXW DW FRQVWDQW
LUUDGLDQFH DQG SKRWRSHULRG 7KH PHFKDQLVPV RI
SKRWRV\QWKHWLF DGMXVWPHQW LQ WKLV JUHHQ DOJDH
DFFOLPDWHGWRORZWHPSHUDWXUHZHUHDOVRFRQVLGHUHG
LQWKLVVWXG\

MATERIALS AND METHODS
&XOWXUH FRQGLWLRQV $ VWUDLQ RI &KORUHOOD
YXOJDULV ZDV REWDLQHG IURP WKH )UHVKZDWHU $OJDH
&XOWXUH &ROOHFWLRQDWWKH ,QVWLWXWHRI+\GURELRORJ\
)$&+%FROOHFWLRQ &KLQHVH$FDGHP\RI6FLHQFHV
7KH PHGLXP XVHG LQ WKH FXOWLYDWLRQ RI WKH
PLFURDOJDH ZDV%ROG¶VEDVDO PHGLXP %%0 >@
$OOH[SHULPHQWVZHUHFRQGXFWHGXVLQJWKH&KORUHOOD
FHOOV JURZQ LQ (UOHQPH\HU IODVNV  P/ 
FRQWDLQLQJ  P/ RI PHGLXP XVLQJ DQ LQFXEDWRU
VHW DW HLWKHU & ORZ WHPSHUDWXUH WUHDWPHQW  RU
& FRQWURO  7KH PHGLXP DQG IODVNV ZHUH
VWHULOL]HG LQ DQ DXWRFODYH IRU  PLQ DW & LQ
RUGHUWRSUHYHQWDQ\FRQWDPLQDWLRQGXULQJWKHHDUO\
VWDJHV RI JURZWK (DFK IODVN ZDV H[SRVHG WR DQ
LUUDGLDQFHRIPROSKRWRQVPVDQGDK
OLJKWGDUNQHVV SKRWRSHULRG
6SHFLILF JURZWK UDWHV &HOO QXPEHU ZDV
FRXQWHG PLFURVFRSLFDOO\XVLQJD SODQNWRQFRXQWLQJ
FKDPEHU7KHVSHFLILFJURZWKUDWH  ZDVFDOFXODWHG
DVIROORZV GD\   OQ1OQ1  WW ZKHUH1
DQG 1 ZHUH WKH FHOO QXPEHUV DW WLPHV W DQG W
UHVSHFWLYHO\
3KRWRV\QWKHWLF
SLJPHQWV
DQDO\VLV
&KORURSK\OO D &KO D  DQG E &KO E  DQG WRWDO
FDURWHQRLGV ZHUH GHWHUPLQHG XVLQJ  P/ RI HDFK
VDPSOH 7KH SLJPHQWV ZHUH H[WUDFWHG ZLWK 
DFHWRQHIRUKDW&LQWKHGDUN$EVRUSWLRQRIWKH
VXSHUQDWDQWIURPWKH H[WUDFWVZDV PHDVXUHG ZLWKD
VSHFWURSKRWRPHWHU 89 3KDUPDFLD 86$ 
&RQFHQWUDWLRQVRI&KOD&KOEDQGWRWDOFDURWHQRLGV
ZHUH GHWHUPLQHG DFFRUGLQJ WR WKH HTXDWLRQV RI
/LFKWHQWKDOHUDQG:HOOEXUQ>@
0HDVXUHPHQW RI SKRWRV\QWKHVLV DQG
UHVSLUDWLRQ 0HDVXUHPHQWV ZHUH PDGH XVLQJ D
&ODUNW\SHR[\JHQHOHFWURGH +DQVDWHFK,QVWUXPHQWV
/WG.LQJ¶V/\QQ8. DFFRUGLQJWRWKHPHWKRGRI
+HUQiQGH]=DPRUD HW DO >@ 'XULQJ WKH
PHDVXUHPHQWV WHPSHUDWXUH ZDV PDLQWDLQHG DW WKH
VDPH ZLWK JURZWK WHPSHUDWXUH XVLQJ DQ DLU
FRQGLWLRQHU7KHVDPSOHVRIHDFKH[SHULPHQWDOXQLW
ZHUHDGMXVWHGWRWKHVDPHRSWLFDOGHQVLW\YDOXH 
 QP  EHIRUH WKH SKRWRV\QWKHVLV DQG UHVSLUDWLRQ
VWXG\7KHR[\JHQUHOHDVHUDWH SKRWRV\QWKHVLV ZDV
REWDLQHGE\LOOXPLQDWLQJHDFKRIWKHVDPSOHVZLWKD
KDORJHQEXOE,PPHGLDWHO\DIWHUWXUQLQJRIIWKHOLJKW
VRXUFH WKH R[\JHQ FRQVXPSWLRQ UDWH UHVSLUDWLRQ 
ZDVUHFRUGHGIRUPLQ
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0HDVXUHPHQW RI 5XELVFR DFWLYLW\ 5XELVFR
DFWLYLW\ZDVPHDVXUHGDFFRUGLQJWR:DQJHWDO>@
ZLWKVOLJKWPRGLILFDWLRQV&HOOVDPSOHVZHUHIUR]HQ
LQOLTXLGQLWURJHQDQGKRPRJHQL]HGWRILQHSRZGHU
5XELVFRZDVH[WUDFWHGE\JULQGLQJWKHILQHSRZGHU
LQ  P/ H[WUDFWLRQ EXIIHU FRQWDLQLQJ  P0
+(3(6.2+ S+    P0 0J&O  P0
HWK\OHQHGLDPLQHWHWUDDFHWLFDFLG ('7$  ZY 
SRO\YLQ\OSRO\S\UUROLGRQH 3933 DQGP/EHWD
PHUFDSWRHWKDQRO$IWHUFHQWULIXJDWLRQDWUSP
IRU  PLQ WKH VXSHUQDWDQW ZDV XVHG LQ WKH
PHDVXUHPHQW RI 5XELVFR DFWLYLW\ 7KH DFWLYLW\ RI
5XELVFRZDVGHWHUPLQHGVSHFWURSKRWRPHWULFDOO\E\
PHDVXULQJWKHGLVDSSHDUDQFHUDWHRI1$'+

\LHOG RI QRQOLJKWLQGXFHG QRQSKRWRFKHPLFDO
IOXRUHVFHQFH
TXHQFKLQJ
< , 3P¶3 3P
< 1' 33 3P< 1$ 3P3P¶ 3PZKHUH< , 
LV HIIHFWLYH SKRWRFKHPLFDO TXDQWXP \LHOG RI 36,
< 1'  LV WKH TXDQWXP \LHOG RI QRQSKRWRFKHPLFDO
HQHUJ\ GLVVLSDWLRQ LQ UHDFWLRQ FHQWHUV GXH WR 36,
GRQRU VLGH OLPLWDWLRQ DQG < 1$  LV WKH TXDQWXP
\LHOG RI QRQSKRWRFKHPLFDO HQHUJ\ GLVVLSDWLRQ RI
UHDFWLRQFHQWHUVGXHWR36,DFFHSWRUVLGHOLPLWDWLRQ
&DOFXODWLRQ RI HOHFWURQ WUDQVSRUW UDWHV LQ
36,DQG36,,(OHFWURQWUDQVSRUWUDWHV (75V LQ36,
DQG 36,, LH (75 ,  DQG (75 ,,  ZHUH UHFRUGHG
GXULQJWKHPHDVXUHPHQWRIWKHVORZLQGXFWLRQFXUYH
DQG FDOFXODWHG XVLQJ WKH 'XDO 3$0 VRIWZDUH 7KH
UHVSRQVHV RI HOHFWURQ WUDQVSRUW LQ 36, DQG 36,, WR
LQFUHDVLQJ LUUDGLDWLRQ ZHUH PHDVXUHG E\ WKH
UHFRUGLQJ WKH 5DSLG /LJKW &XUYHV 5/&V 
'HVFULSWLYH SDUDPHWHUV RI (75 ,  DQG (75 ,, 
GXULQJWKHOLJKWUHVSRQVHUHDFWLRQWKHLQLWLDOVORSHRI
5/&RI(75 , RU(75 ,,  Į WKHPD[LPDOHOHFWURQ
WUDQVSRUWUDWHVLQ36,RU36,, (75PD[ DQGWKHLQGH[
RIOLJKWDGDSWDWLRQRI36,RU36,, ,N(75PD[Į ZHUH
GHULYHG IURP WKH 5/&V ZKLFK ZHUH DXWRPDWLFDOO\
FDOFXODWHGE\WKH'XDO3$0 VRIWZDUHDFFRUGLQJ WR
WKHH[SRQHQWLDOIXQFWLRQGHVFULEHGE\3ODWWHWDO>@

0HDVXUHPHQW RI IDVW &KO D IOXRUHVFHQFH
WUDQVLHQWV 2-,3 DQG -,3WHVW )DVW &KO D
IOXRUHVFHQFHWUDQVLHQWVZHUHPHDVXUHGXVLQJDSODQW
HIILFLHQF\ DQDO\VHU +DQG\ 3($ IOXRURPHWHU
+DQVDWHFK ,QVWUXPHQWV /WG 8.  'XULQJ WKH
PHDVXUHPHQWV WHPSHUDWXUH ZDV PDLQWDLQHG DW WKH
VDPH ZLWK JURZWK WHPSHUDWXUH XVLQJ DQ DLU
FRQGLWLRQHU7KHFHOOVXVSHQVLRQV J&KODP/ 
ZHUHSLSHWWHGLQWRWKH JODVVYLDOVDQGSUHGDUNHQHG
IRUPLQ)OXRUHVFHQFHULVH2-,3WUDFHZDVLQGXFHG
ZKHQWKHGDUNDGDSWHGFHOOVZHUHH[SRVHGWRDVWURQJ
OLJKWSXOVH7KHIOXRUHVFHQFHWUDQVLHQWV2-,3FXUYHV
ZHUHDQDO\]HGDFFRUGLQJWRWKH-,3WHVWDQGWKH-,3
WHVWSDUDPHWHUV ZHUH FDOFXODWHGXVLQJ%LRO\]HU+3
VRIWZDUH>@

$QDO\VLV RI OLSLG SHUR[LGDWLRQ /LSLG
SHUR[LGDWLRQ DQDO\VLV ZDV GHWHFWHG E\ HVWLPDWLQJ
PDORQGLDOGHK\GH 0'$  OHYHOV DFFRUGLQJ WR &KHQ
HW DO >@ XVLQJ WKH WKLREDUELWXULF DFLGUHDFWLYH
VXEVWDQFHV 7%$56 PHWKRG

0HDVXUHPHQW RI TXDQWXP \LHOG RI 36, DQG
36,,36,DQG36,,DFWLYLWLHVRIWKH&YXOJDULVFHOOV
ZHUH PHDVXUHG VLPXOWDQHRXVO\ ZLWK D 'XDO3$0
V\VWHP +HLQ]:DO]*PE+*HUPDQ\ 'XULQJ
WKH PHDVXUHPHQWV WHPSHUDWXUH ZDV PDLQWDLQHG DW
WKH VDPH ZLWK JURZWK WHPSHUDWXUH XVLQJ DQ DLU
FRQGLWLRQHU$OO VDPSOHV ZHUH GDUNDGDSWHG IRU 
PLQ SULRU WR PHDVXUHPHQWV ) WKH PLQLPXP
IOXRUHVFHQFH ZDV GHWHFWHG E\ D PHDVXULQJ OLJKW DW
ORZLQWHQVLW\$PVVDWXUDWLQJSXOVHZDVDSSOLHG
WR GHWHUPLQH WKH PD[LPXP IOXRUHVFHQFH )P  7KH
PD[LPDOFKDQJHLQ3VLJQDO 3 P ZDVPHDVXUHG
WKURXJKWKHDSSOLFDWLRQRIDVDWXUDWLRQSXOVHDIWHUIDU
UHGSUHLOOXPLQDWLRQIRUVDFFRUGLQJWRWKHPHWKRG
RI3IQGHOHWDO>@7KHTXDQWXP\LHOGVRI36,DQG
36,,ZHUHPHDVXUHGE\VDWXUDWLQJSXOVHVGXULQJWKH
SURFHVVRIVORZLQGXFWLRQFXUYH>@< ,, )P¶
) )P¶< 134 ))P¶))P< 12 ))PZKHUH)
LVWKHVWHDG\VWDWHIOXRUHVFHQFH< ,, LVWKHHIIHFWLYH
SKRWRFKHPLFDOTXDQWXP\LHOGRI36,,< 134 LVWKH
TXDQWXP \LHOG RI OLJKWLQGXFHG QRQSKRWRFKHPLFDO
IOXRUHVFHQFHTXHQFKLQJDQG< 12 LVWKHTXDQWXP

(OHFWURQ PLFURVFRS\ DQDO\VLV )RU WKH
WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ 7(0  VWXGLHV
WKH&YXOJDULVFHOOVH[SRVHGWRERWKWHPSHUDWXUHVRI
& DQG & IRU  GD\V ZHUH FROOHFWHG DQG
H[DPLQHG XQGHU D 7(0 +7 +LWDFKL -DSDQ 
DFFRUGLQJWRWKHPHWKRGRI4LDQHWDO>@
'DWDDQDO\VLV7KHYDOXHVSUHVHQWHGZHUHWKH
PHDQV6'RIWKUHHUHSOLFDWHVDQGFRPSDULVRQVRI
PHDQV ZHUH GHWHUPLQHG WKURXJK 2QHZD\$129$
63666366,QF&KLFDJR,/86$ EHWZHHQ
WKH ORZ WHPSHUDWXUH WUHDWPHQW DQG WKH FRQWURO
'LIIHUHQFHZDVFRQVLGHUHGVLJQLILFDQWDW3

RESULTS AND DISCUSSION
,QDTXDWLF HFRV\VWHPVWHPSHUDWXUH XQGHUJRHV
UDSLGYDULDWLRQVZKLFKPD\FKDQJHWKHFRQGLWLRQVIRU
RSWLPDOFHOOXODUPHWDEROLVPRIDOJDH,QWKHSUHVHQW
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7$%/(
&KDUDFWHULVWLFVRI&YXOJDULVJURZQDW&DQG&'DWDDUHJLYHQDVPHDQYDOXHVDQGVWDQGDUG
GHYLDWLRQVRIWKUHHLQGHSHQGHQWUHSOLFDWHV&KDUDFWHULVWLFVZHUHGHWHUPLQHGXVLQJH[SRQHQWLDOO\JURZLQJ
FXOWXUHV
Characteristic
Growth rate (d-1)
Photosynthesis rate (μmol O2 mg-1Chl h-1)
Respiration rate (μmol O2 mg-1Chl h-1)
Chl a per cell (fg)
Chl b per cell (fg)
Chl per cell (fg)
Chl a/b
Total carotenoids per cell (fg)
Rubisco activity (U·μg-1 Chl a)
)Y)P
0'$FRQWHQW PROPJSURWHLQ

Cells grown at 10°C
0.29 ± 0.03
1.35 ± 0.12*
0.64 ± 0.02
127.60 ± 5.66*
22.57 ±1.67*
151.27 ± 9.44*
5.65 ± 0.87*
32.54± 3.13*
28.44 ± 3.69
0.68 ± 0.02
2.17 ± 0.29

Cells grown at 25°C
0.33 ± 0.03
0.93 ± 0.05
0.57 ± 0.03
469.44 ± 9.22
156.54 ± 9.43
629.09 ± 11.52
2.98 ± 0.54
14.58 ± 2.17
30.99 ± 1.81
0.72 ± 0.04
2.41 ± 0.11

6LJQLILFDQWGLIIHUHQFHVEHWZHHQFHOOVJURZQDW&DQG&ZLWK3
VWXG\ ZH DQDO\]HG WKH IXQFWLRQDO DFWLYLW\ RI WKH
SKRWRV\QWKHWLF DSSDUDWXV DQG WKH HIILFLHQF\ RI
SKRWRV\QWKHWLFTXDQWXPFRQYHUVLRQRI36,DQG36,,
RI WKH &KORUHOOD FHOOV JURZQ DW ORZ WHPSHUDWXUH
&  DQG REWDLQHG WKH LQIRUPDWLRQ RQ WKH
DFFOLPDWLRQDELOLW\RIWKH&KORUHOODFHOOVWRWKHORZ
WHPSHUDWXUHFRQGLWLRQ
'XULQJ WKH H[SRQHQWLDO SKDVH JURZWK UDWH DW
&ZDVGDQGURZWKUDWHDW&ZDV
G 7DEOH 6WDWLVWLFDODQDO\VLVVKRZHG
QRVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHWZRWUHDWPHQWV
3LJPHQWFRPSRVLWLRQZDVPDUNHGO\DIIHFWHGDW&
&KO FRQWHQW SHU FHOO ZDV VLJQL¿FDQWO\ GHFUHDVHG
ZKLOH &KO DE PDUNHGO\ LQFUHDVHG GXH WR ORZ
WHPSHUDWXUHWUHDWPHQW&DURWHQRLGVFRQWHQWSHUFHOO
VLJQLILFDQWO\ LQFUHDVHG ZKHQ WKH FHOOV ZHUH WUHDWHG
ZLWKORZWHPSHUDWXUH 7DEOH 3KRWRV\QWKHWLFUDWH
ZDV VWLPXODWHG XQGHU ORZ WHPSHUDWXUH FRQGLWLRQ
7DEOH 1RVLJQLILFDQWFKDQJHLQ5XELVFRDFWLYLW\
ZDVREVHUYHGEHWZHHQ&DQG&JURZQFHOOV
7DEOH 
([SRVXUH RI DOJDH WR ORZ WHPSHUDWXUH PD\
UHVXOW LQ WKH SKRWRV\QWKHWLF DSSDUDWXV DEVRUELQJ
PRUHOLJKWWKDQWKDWFDQEHUHDGLO\GLVVLSDWHGWKURXJK

FDUERQ IL[DWLRQ DQG WKHQ HQFRXQWHULQJ
SKRWRLQKLELWLRQ DQG DFFRPSDQ\LQJ IRUPDWLRQ RI
GDPDJLQJUHDFWLYHR[\JHQVSHFLHV>@:H
DVVHVVHGWKHVXVFHSWLELOLW\RIERWKSRSXODWLRQVRIWKH
&KORUHOOD FHOOV WR SRVVLEOH SKRWRLQKLELWLRQ )Y)P
YDOXH WKH PRVW VHQVLWLYH SDUDPHWHU LQ FKORURSK\OO
ÀXRUHVFHQFH UHÀHFWV WKH PD[LPDO 36,,
SKRWRFKHPLFDOHI¿FLHQF\DQGFDQEHXVHGWRHVWLPDWH
SKRWRLQKLELWLRQ,QWKHSUHVHQWVWXG\)Y)PVKRZHG
QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH & DQG
&JURZQ &KORUHOOD FHOOV 7DEOH   ZKLFK DUH
FRQVLVWHQW ZLWK SXEOLVKHG UHSRUWV IRU VRPH KLJKHU
SODQWVJURZQDWORZWHPSHUDWXUH>@VXJJHVWLQJWKDW
&JURZQ&KORUHOODFHOOVZHUHQRWVXVFHSWLEOHWR
SKRWRLQKLELWLRQ%HVLGHVWKDWORZWHPSHUDWXUHVWUHVV
XVXDOO\ LV DVVRFLDWHG ZLWK DQ LQFUHDVH LQ OLSLG
SHUR[LGDWLRQEXWLQWKHSUHVHQWLQYHVWLJDWLRQWKHUH
LV QRW PXFK GLIIHUHQFH LQ OLSLG SHUR[LGDWLRQ LQ WKH
&DQG&JURZQ&KORUHOODFHOOVDVLQGLFDWHG
E\ 0'$ OHYHOV 7DEOH   7KLV ODFN RI GLIIHUHQFH
PD\GXHWRWKHFHOOV¶DGDSWLYHSRWHQWLDOWRDFFOLPDWH
WR ORZ WHPSHUDWXUH E\ DGMXVWLQJ LWV SKRWRV\QWKHWLF
DSSDUDWXVDQGDFWLYLW\

7$%/(
(IIHFWVRIORZWHPSHUDWXUH & RQWKHIOXRUHVFHQFHSDUDPHWHUVFDOFXODWHGEDVHGRQ2-,3WUDQVLWLRQV
'DWDDUHJLYHQDVPHDQYDOXHVDQGVWDQGDUGGHYLDWLRQVRIWKUHHLQGHSHQGHQWUHSOLFDWHV
Fluorescence parameters
Fv/Fo
dV/dto
Sm/tFm
ɎEo
VJ
ETo/RC

Description
A value that is proportional to the activity of the watersplitting complex on the donor side of the PSII
The initial slope at the beginning of the relative variable
Àuorescence transients
Average fraction of open reaction centers of PSII
between 0 to tFm
Quantum yield of electron transport (ET) (at t=0)
Relative variable fluorescence at the J-step
Specific energy fluxes per RC for electron transport

Cells grown at 10°C

Cells grown at 25°C

1.15 ± 0.13

1.07 ± 0.04

0.58 ± 0.08*

0.77 ± 0.08

0.11 ± 0.03*

0.05 ± 0.01

0.31 ± 0.08*
0.41 ± 0.02*
0.82 ± 0.09*

0.20 ± 0.07
0.61 ± 0.04
0.69 ± 0.08

6LJQLILFDQWGLIIHUHQFHVEHWZHHQFHOOVJURZQDW&DQG&ZLWK3
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7KHSKRWRV\QWKHWLFDGMXVWPHQWLQWKH&KORUHOOD
FHOOVZDVUHIOHFWHGE\VHYHUDOSKHQRPHQD)LUVWE\D
UHGXFWLRQLQ&KOSHUFHOODQGDKLJKHUUDWLRRI&KODE
7KHJUHHQDOJDHDOWHULWVSLJPHQWDWLRQVLJQLILFDQWO\
LQ UHVSRQVH WR JURZWK DW ORZ JURZWK WHPSHUDWXUH
ZKLFK UHIOHFWV D UHGXFWLRQ LQ OLJKWKDUYHVWLQJ
FDSDFLW\ >@7KH DGMXVWPHQW ZRXOG DFW WR UHGXFH
WKH SUREDELOLW\ RI OLJKW DEVRUSWLRQ 6HFRQG WKH
LQFUHDVHG SKRWRV\QWKHWLF FDSDFLW\ RI &
FRPSDUHGWR& JURZQ &KORUHOODFHOOVUHIOHFWHG
E\DKLJKHUHQHUJ\FRQYHUVLRQDQGHOHFWURQWUDQVSRUW
LQ36,,

,QWKHSUHVHQWVWXG\WKHGDUNDGDSWHG&KORUHOODFHOOV
H[KLELWHG D SRO\SKDVLF &KO D IOXRUHVFHQFH ULVH D
W\SLFDO2-,3VKDSH  )LJ DUDSLGLQFUHDVHLQWKH
&KO D IOXRUHVFHQFH IURP EDVHOLQH 2  LQ D IHZ
PLOOLVHFRQGV WR D OHYHO - DQG WKHQ UHODWLYHO\ VORZ
SKDVHV IURP - WR , DQG IURP , WR 3 DV VKRZQ
SUHYLRXVO\LQF\DQREDFWHULD>@$IWHUH[SRVXUHRI
WKH&KORUHOODFHOOVXQGHU&IRUGD\VWKH2-,3
NLQHWLFVVLJQLILFDQWO\FKDQJHGWKHDPSOLWXGHVRIWKH
2- DQG 2, SKDVHV PDUNHGO\ GHFUHDVHG 7KH &KO D
IOXRUHVFHQFHURVHIURPPLQLPXPIOXRUHVFHQFHOHYHO
)R  WR - OHYHO )-  DW DURXQG  PV ZDV GXH WR
UHGXFWLRQ RI 4$ E\ 36,, >@$ ULVH RI WKH -VWHS
OHYHOZDVDPDUNHURIODUJHDPRXQWVRIDFFXPXODWLRQ
RIUHGXFHG4$ 4$ >@,QWKHSUHVHQWVWXG\DIDOO
RIWKH-VWHSOHYHOXQGHUORZWHPSHUDWXUHFRQGLWLRQ
LQGLFDWHG WKDW FRQFHQWUDWLRQV RI 4$4% DQG 4$4%
IRUPHG E\ HOHFWURQ WUDQVSRUW IURP 4 $ WR 4% ZHUH
ORZHU
7KH IOXRUHVFHQFH WUDQVLHQWV 2-,3 FXUYHV LQ
)LJXUHZHUHDOVRDQDO\]HGE\WKH-,3WHVWWRGHGXFH
VRPH VWUXFWXUDO DQG IXQFWLRQDO SDUDPHWHUV
TXDQWLI\LQJWKHSKRWRV\QWKHWLFEHKDYLRURIWKHFHOOV
>@ 7DEOH   7KH 36,, ZDWHUVSOLWWLQJ FRPSOH[
DFWLYLW\ ZDV GHWHUPLQHG E\ WKH UDWLR EHWZHHQ
YDULDEOH IOXRUHVFHQFH )Y IOXRUHVFHQFH LQWHQVLW\
EHWZHHQ 2 DQG 3 WUDQVLHQWV  DQG PLQLPDO )R
IOXRUHVFHQFH LQWHQVLW\ DW 2 WUDQVLHQW  )Y)R
DFFRUGLQJWR3HUHLUDHWDO>@DQG.DODMLHWDO>@
$GHFUHDVHLQWKLVUDWLRUHVXOWVIURPSKRWRV\QWKHWLF
HOHFWURQ WUDQVSRUW LPSDLUPHQW >@ ,Q WKH VWXG\ D
SRLQWZRUWKQRWLQJLVWKDWIRUWKHFHOOVJURZQDW&
WKH )Y)R GLG QRW GHFUHDVH ZKLFK RQH PLJKW KDYH
H[SHFWHGLQWKHFDVHRIUHODWLYHO\ORZ WHPSHUDWXUHV
>@LQVWHDGLWHYHQLQFUHDVHGVRPHZKDW 7DEOH 
7KLVGHPRQVWUDWHGWKDW36,,SKRWRV\QWKHWLFHOHFWURQ
WUDQVSRUWZDVQRWLPSDLUHGE\WKHORZWHPSHUDWXUH
WUHDWPHQW (7R5& ZKLFK UHIOHFWV WKH VSHFLILF
HQHUJ\ IOX[HV SHU 5& IRU HOHFWURQ WUDQVSRUW
PDUNHGO\LQFUHDVHGLQORZWHPSHUDWXUHJURZQFHOOV
ĭ(RH[SUHVVWKHTXDQWXP\LHOGIRUHOHFWURQWUDQVSRUW
WKDW D WUDSSHG H[FLWLRQ PRYHV DQ HOHFWURQ LQWR WKH
HOHFWURQWUDQVSRUWFKDLQEH\RQG4$ RU\LHOGIRU4$
UHR[LGDWLRQ  $IWHU WKH &KORUHOOD FHOOV H[SRVHG WR
ORZWHPSHUDWXUHIRUGD\VDVWURQJLQFUHDVHRIĭ(R
RFFXUUHG 7DEOH ZKLFKLQGLFDWHGWKDWXQGHUORZ
WHPSHUDWXUH FRQGLWLRQ WKHUH ZDV D IDVW DQG
XQREVWUXFWHGWUDQVIHURIHOHFWURQIURP4 $6PW)PLV
WDNHQ DV D FDOFXODWHG DYHUDJH IUDFWLRQ RI RSHQ
UHDFWLRQFHQWHUVRI36,,EHWZHHQWRW)P>@7KH
KLJKHUYDOXHRI6PW)PLQ&JURZQFHOOV 7DEOH 
GHSLFWHG DQ LQFUHDVH LQ WKH QXPEHU RI 36 ,, DFWLYH
UHDFWLRQFHQWHUVFRPSDUHGZLWKWKDWRIFRQWURO

),*85(
.LQHWLFVRI2-,3WUDQVLWLRQVPHDVXUHGRQ
&YXOJDULVWKDWKDGEHHQJURZQDW&DQG
&IRUGD\VE\IDVW&KODIOXRUHVFHQFHWUDFHV
$ 2-,3WUDQVLHQWVUHFRUGHGIURP&YXOJDULV
H[SRVHGWRHLWKHU&RU&IRUGD\V
'LVVHFWLRQRI2-,3SKDVHVLQWR2- % DQG2,
& SKDVHV)LJXUHVIURP$WR&DUHLQ
ORJDULWKPLFWLPHVFDOH
7KH -,3WHVW RIIHUHG VLPSOH HTXDWLRQV
H[SUHVVLQJ WKH HTXLOLEULXP EHWZHHQ WKH LQIORZ DQG
RXWIORZ RI WKH HQWLUH HQHUJ\ IOX[ ZLWKLQ 36,,
7KHUHIRUHWKLVDQDO\VLVHQDEOHGXVWRXQGHUVWDQGWKH
UHODWLRQVKLSV EHWZHHQ 36,, DFWLYLW\ IOXRUHVFHQFH
VLJQDOV DQG WKHLU DQDO\WLFDO H[SUHVVLRQV LQ YDULRXV
SKRWRV\QWKHWLF RUJDQLVPV XQGHU GLIIHUHQW VWUHVV
FRQGLWLRQVLQFOXGLQJSODQWVDOJDHDQGVRRQ>@
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7$%/(
)OXRUHVFHQFHSDUDPHWHUVGHULYHGIURP'XDO3$0PHDVXUHGRQ&YXOJDULVWKDWKDGEHHQJURZQDW&
DQG&IRUGD\V'DWDDUHJLYHQDVPHDQYDOXHVDQGVWDQGDUGGHYLDWLRQVRIWKUHHLQGHSHQGHQW
UHSOLFDWHV
Parameters
Parameters of RLCs of ETR(I)

Parameters of RLCs of ETR(II)

Quantum yields in PSI

Quantum yields in PSII

Į(e- photon-1)
ETRmax ȝPROH- m-2 s-1)
Ik ȝPROSKRWRQP-2 s-1)
Į(e- photon-1)
ETRmax ȝPROH- m-2 s-1)
Ik ȝPROSKRWRQP-2 s-1)
Y(I)
ETR(I)
Y(ND)
Y(NA)
Y(II)
ETR(II)
Y(NO)
Y(NPQ)

Cells grown at 10°C
0.38 ± 0.05
241.79 ± 12.03
636.29 ± 32.02
0.27 ± 0.02*
39.40 ± 2.87*
145.93 ± 2.44
0.69 ± 0.02
39.77 ± 3.53
0.23 ± 0.02
0.19 ± 0.01
0.28 ± 0.03*
12.84 ± 1.07*
0.71 ± 0.05
0.13 ± 0.01*

Cells grown at 25°C
0.34 ± 0.01
197.30 ± 16.37
580.29 ± 21.35
0.18 ± 0.01
19.27 ± 3.34
107.06 ± 1.70
0.63 ± 0.04
26.42 ± 3.01
0.27 ± 0.01
0.14 ± 0.01
0.19 ± 0.01
6.38 ± 1.04
0.74 ± 0.04
0.07 ± 0.00

6LJQLILFDQWGLIIHUHQFHVEHWZHHQFHOOVJURZQDW&DQG&ZLWK3

7DNHQWRJHWKHUDOOWKHVHUHVXOWVIURPIDVW&KOD
IOXRUHVFHQFH WUDQVLHQWV VXJJHVWHG D YHU\ KLJK
SRWHQWLDO RI HOHFWURQ WUDQVSRUW DFWLYLW\ RI 36,, LQ
&JURZQ&KORUHOODFHOOV
/LNHZLVH WKH YDOXHV RI < ,,  DQG (75 ,, 
FDOFXODWHG DFFRUGLQJ WR WKH IOXRUHVFHQFH LQGXFWLRQ
FXUYHV 'XDO3$0DQDO\VLV VLJQLILFDQWO\LQFUHDVHG
LQ &JURZQ FHOOV FRPSDUHG WR WKRVH LQ &
JURZQFHOOVDIWHUGD\LQFXEDWLRQ 7DEOH ZKLFK
FRQILUPHGWKHUHVXOWVRI-,3WHVWDQGVXJJHVWHGWKDW
36,, DFWLYLW\ ZDV XQLQMXUHG XQGHU ORZ WHPSHUDWXUH
FRQGLWLRQ )XUWKHUPRUH WKH YDOXH RI < 134  LQ
&JURZQFHOOVVLJQLILFDQWO\LQFUHDVHGWKDQWKDWRI
FRQWURO 7DEOH   1RQSKRWRFKHPLFDO TXHQFKLQJ
134  KDV FRPPRQO\ EHHQ XVHG WR PHDVXUH WKH
GLVVLSDWLRQRIH[FHVVH[FLWDWLRQHQHUJ\DVKHDW7KH
LQFUHDVHRI< 134 PHDQVWKDWH[FHVVLYHH[FLWDWLRQ
HQHUJ\FRXOGEHHIILFLHQWO\GLVVLSDWHGLQWRKDUPOHVV
KHDW>@,QWKHSUHVHQWVWXG\WKHLQFUHDVHG< 134 
LQ &JURZQ FHOOV VXJJHVWHG WKDW WKH UHJXODWLRQ
PHFKDQLVP RI QRQSKRWRFKHPLFDO GLVVLSDWLRQ RI
HQHUJ\ ZRUNHG ZHOO IRU WKH ORZ WHPSHUDWXUH
DFFOLPDWLRQ SURFHVV ,W LV ZHOO NQRZQ WKDW
FDURWHQRLGV SLJPHQW LV LPSRUWDQW IRU 134 DQG
GLVVLSDWLQJ H[FHVV HQHUJ\ XQGHU VWUHVV WR SUHYHQW
GDPDJH WR 36,, >@ ,Q WKH SUHVHQW LQYHVWLJDWLRQ
WKHUHZDVDPXFKKLJKHUFDURWHQRLGVOHYHOSHUFHOOLQ
&JURZQ&KORUHOOD 7DEOH ZKLFKPD\IXUWKHU
VXSSRUW WKH YLHZSRLQW WKDW XQGHU & FRQGLWLRQ
134ZDVHIILFLHQWIRU&KORUHOODFHOOVWRDFFOLPDWHWR
ORZ WHPSHUDWXUH &RPSDUHG WR 36,, 36, ZDV
UHSRUWHGWREHOHVVVHQVLWLYHWRVWUHVVHVEHFDXVHRILWV
JUHDWHU VWDELOLW\ DQG OHVVHU DEXQGDQFH LQ WK\ODNRLG

PHPEUDQH>@,QWKHSUHVHQWVWXG\WKHDFWLYLW\RI
36,ZDVVKRZQWREHVWDEOHZKHQWKH&KORUHOODFHOOV
ZHUHFXOWXUHGXQGHUORZWHPSHUDWXUH 7DEOH < , 
DQG (75 ,  VKRZHG QR VLJQL¿FDQW GLIIHUHQFHV
EHWZHHQWKH&KORUHOODFHOOVJURZQDW&DQG&
GXULQJWKHH[SHULPHQW 7DEOH ZKLFKVXJJHVWHGWKH
DGDSWDELOLW\RI36,WRORZWHPSHUDWXUHVWUHVVLQWKH
&KORUHOODFHOOV$VVKRZQLQVRPHRWKHUVWXGLHV36,
VKRZHGWKHDELOLW\WRPDLQWDLQSK\VLRORJLFDODFWLYLW\
XQGHUHQYLURQPHQWDOVWUHVV>@
(OHFWURQ PLFURVFRS\ ZDV XVHG WR ORRN IRU
VWUXFWXUDO DOWHUDWLRQV WKDW FRXOG EH FRQQHFWHG ZLWK
WKHREVHUYHGSK\VLRORJLFDOFKDQJHVLQWKH&KORUHOOD
FHOOV7KHEDVLFVWUXFWXUHVRIWKHFHOOVJURZQDW&
DUH VKRZQ LQ )LJ $ % DQG &7KH QXFOHXV ZDV
IRXQG DW WKH FHQWHU RI WKH F\WRSODVP 7KH W\SLFDO
FRPSRQHQWVOLNHFHOOZDOOQXFOHXVDQGFKORURSODVWV
DUH YLVLEOH ,W FDQ EH VHHQ WKDW VOLJKW VWUXFWXUDO
FKDQJHVRFFXUUHGLQ&JURZQFHOOV )LJ'(
DQG )  7KH FKORURSODVW VKRZHG QR VWUXFWXUDO
FKDQJHV DQG WKH WK\ODNRLG PHPEUDQHV RI WKH
FKORURSODVWVUDQLQSDUDOOHOWRHDFKRWKHULQERWKWKH
FHOOV JURZQ DW & DQG &:KLOH PRUH VWDUFK
JUDQXOHV DSSHDUHG LQ FKORURSODVWV RI &JURZQ
FHOOV+XQHUHWDO>@UHSRUWHGWKDWWKHGHPDQGIRU
WKH SKRWRV\QWKDWH UHPDLQV KLJK GXULQJ JURZLQJ DW
ORZWHPSHUDWXUHGXHWRWKHHQHUJ\UHTXLUHPHQWVIRU
WKH SURGXFWLRQ DQG PDLQWHQDQFH RI WKH FROG
DFFOLPDWHG VWDWH +HQFH WKH VWRUDJH RI WKH
SKRWRV\QWKDWH UHIOHFWHG E\ DFFXPXODWLRQ RI VWDUFK
JUDQXOHVDUHDJRRGLQGLFDWLRQIRUWKH&KORUHOODFHOOV
DGDSWLQJWRDFFOLPDWHWRWKHORZJURZWKWHPSHUDWXUH
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),*85(
(OHFWURQPLFURVFRSLFSKRWRJUDSK\RI&YXOJDULVJURZQDW& $%DQG& DQG& '(DQG) IRU
GD\V&:FHOOZDOO30SODVPDPHPEUDQH1QXFOHXV&F\WRSODVP&KOFKORURSODVW7
WK\ODNRLG6VWDUFK9YDFXROH

CONCLUSIONS
7KHJUHHQDOJDH&YXOJDULVZDVFROGWROHUDQW
DQG FDQ JURZ DW ORZ WHPSHUDWXUH 7R VXSSRUW WKLV
DGDSWLRQ RI ORZ WHPSHUDWXUH JURZWK WKH &KORUHOOD
FHOOVKDYHPRGXODWHGVRPHPHFKDQLVPVWRUHVSRQG
WR WKH SRVVLEOH HQHUJ\ LPEDODQFH LQGXFHG E\ ORZ
WHPSHUDWXUHZKLFKLQFOXGHGHFUHDVHG&KOFRQWHQWWR
GHFUHDVH OLJKWDEVRUELQJ LQFUHDVHG SKRWRV\QWKHWLF
FDSDFLW\PDLQWDLQLQJDJUHDWHUSURSRUWLRQRIRSHQ36
,, UHDFWLRQ FHQWHUV KLJKHU HQHUJ\ FRQYHUVLRQ DQG
HOHFWURQ WUDQVSRUW LQ 36,, DFWLYDWLRQ RI 134 WR
SURWHFW36,,DQGDPRUHVWRUDJHRI VWDUFKJUDQXOHV
WR VXSSO\ HQHUJ\ IRU ORZ WHPSHUDWXUH DFFOLPDWLRQ
SURFHVV
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BIOCHEMICAL EXAMINATION OF WASTE WATER
CAUSED BY USAK LEATHER FACILITIES
Yasemin Karafakioglu*, Osman Genc
8úDN8QLYHUVLW\'HSDUWPHQWRI(GXFDWion, 1 EyluO&DPSXV8úDNTurkey

products from raw leather include pruning, picking,
washing, canvassing, liming, sulfuring, hair
removal, lime removal, pickling, tanning, shaving,
washing, neutralization, painting, greasing, drying,
heat treatment, taming, sanding, and finishing [5].
Raw leather goes through a couple of processes and
the leather industry requires high amounts of water,
lime, sodium sulfur, ammonium sulfate, sodium
chloride, chrome salts, and similar chemical
materials during leather processing [6,7]. Liquid and
solid waste of proportions that create a threat to the
environment may accumulate as a result [8-11].
Discharging leather manufacturing waste water
to receiving water results in sludge accumulation
near the point of discharge. This sludge
accumulation results in bad odor and gases. Organic
materials, chrome and sulfur compounds in waste
water causes great amounts of oxygen consumption
in the solution as a result of chemical oxidation in the
sludge and reduced waste water with heavy metal
contents have low biological oxygen requirements,
they are generally acidic, quite toxic for aquatic
organisms, and have inorganic qualities which are
lethal for microorganisms active in cleaning and
treatment [9-11]. Pollution is caused by arsenic,
mercury, lead, chrome, cadmium, nickel, iron,
bronze, zinc, and other heavy metal ions and
radioactive elements. Mineral industry, metal
industry, and industrial facility waste water and main
industries that cause heavy metal pollution [12-14].
Turkish Leather industry is among the most
important sectors of our countries in terms of
production and export potential. Turkish Leather
industry is the second largest leather processing
industry in the world with a 22% share in the world's
leather processing capacity. 8úDN /HDWKHr (Mixed)
Organized Industry Site contributes greatly to both
8úDNDQGWKHFRXQWU\ VLQGXVWU\DQGHFRQRP\[15].
Leather manufacturing is among the most
polluting sectors in terms of toxic parameters. Waste
water from facilities in the leather processing sector
contains pollutants such as chrome, oil-grease,
sulfur, COD, nitrogen, suspended solid substances
and turbidity elements. These pollutants must be
kept at certain levels. These levels have been stated
in "Regulations on Water Pollution Control."
Economically crucial for our country, the leather
industry must be taken seriously in terms of the
environment and human health [16-20].

ABSTRACT
The goal of this study is to examine waste water
of leather SODQWVZLWKLQWKHSURYLQFHRI8úDN city. We
conducted analyses during morning and evening
hours during the summer and following the greater
HLGGXULQJZKLFKYROXPHRIZDVWHZDWHUIURP8úDN
Leather Organized Industry is low and high,
respectively. Analyses were carried out using waste
water from 4 different sections of the facility. Waste
water analysis was conducted using waste water
from treatment center entrance, after chemical
treatment, using waste water subjected to biological
treatment and waste water exiting the facility.
Suspended solid matter, chemical oxygen
requirement, color, total nitrogen, phosphate
phosphorus, total chrome, pH, turbidity and grease
content of waste water from those sections were
analyzed. When comparing waste water exiting and
entering the facility based on discharge standards
stated in water pollution control regulations, it has
been determined that the facility enabled lower
numbers in pollution during both low and high
intensity periods and values were lower compared to
facility entrance after chemical and biological
treatment. As a result, it is evident that treatment
facilities are necessary for protecting natural water
resources and health from negative effects of the
leather industry and that the facility minimizes the
effect of leather industry waste on nature thereby
preventing any disruption on the ecosystem.
KEYWORDS:
/HDWKHU,QGXVWU\,QGXVWULDO:DVWH:DWHU3ROOXWLRQ8úDN

INTRODUCTION
Leather is a final product manufactured as a
result of a series of processes. During leather
production, each processing step is applied in order
to provide a new feature to leather thereby making it
more useful [1,2]. The resulting waste can vary based
on the type of leather goods produced. This is largely
dependent on the technique and technology used.
Properties of the resulting waste and their pollution
amount is dependent upon materials used and
properties of the chemicals used [3,4].
Processes used for manufacturing leather
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It is crucial to subject waste water from
facilities to a waste water treatment in order to
prevent rising water pollution as a result of
developments in Turkish leather industry. In this
study, we have conducted analyses on waste water
taken from 4 different sections (treatment facility
entrance, after chemical treatment process, waste
water subjected to biological treatment and waste
wateUH[LWLQJWKHIDFLOLW\ RI8úDN/HDWKHU2UJDQL]HG
Industry Site during less busy and busy periods.
During the analyses, pollutant parameters such as
chemical oxygen demand (COD), total suspended
solid waste material, total nitrogen, total chrome,
sulfur, sulfide, oil-grease, and pH were measured.

evaluated according to 2 hour composite sample
values, as all analyses were conducted within the
first 2 hours after samples were gathered.
We used SM 4500-H+ B method in
determining the PH [21]. We determined chemical
oxygen demand (COD) according to the method
described by Çiçek and Ertan [22]. Oil and grease
measurement and suspended solid material (SSM) in
waste water samples were analyzed according to the
method described by Bulur [23]. Color of waste
water samples were determined according to APHA
[21]. EPA Method 6020 A method was selected and
Hach Lange LCK 313 kit was used in determining
total chrome. Waste water turbidity was examined
according to the TS 5091 EN ISO 7027 method.
Hach Lange LCK238 and LCK338 kits and the SM
4500/Norg B, TS EN ISO 10304-1 method was used
in determining total nitrogen. Hach Lange LCK 348
or LCK 350 kits and the TS 17294-1/2 SM 4500-P
B, E method was used in Phosphate (PO4) and
Phosphate Phosphorus (PO4-P) analysis of waste
water samples [21].

MATERIALS AND METHODS
Materials. We conducted analyses during the
summer and following the greater eid during which
YROXPHRIZDVWHZDWHUIURP8úDN/HDWKHU2UJDQL]HG
Industry is low and high, respectively. Parameters of
suspended solid waste, chemical oxygen demand,
color, total nitrogen, phosphate phosphorus, total
chrome, pH, turbidity, and oil-grease content in
waste water taken from treatment facility entrance,
after chemical treatment process, waste water
subjected to biological treatment and waste water
exiting the facility were examined. We have used 16
samples from 4 different locations from 4 different
periods. Analyses were repeated 5 times each.

Statistical Analysis. All data were reported as
mean ± standard deviation of five replicates. The
data was analyzed using a one-way variance analysis
2QH :D\ $129$  DQG 7XNH\¶V 3RVW test. A
statistical analysis was performed using the SPSS
10.0 software package [24].

RESULTS
Sampling Waste Water. Samples were taken
from four different locations. Waste water was taken
from treatment center entrance points, chemical
treatment exit points, biological treatment exit
points, and discharge point after all treatment
processes and were analyzed. Samples were taken in
four different periods including between 09.00-09.10
in the morning during the summer when production
is low, and 18.00-18.10 in the evening during the
summer when production is high. We have also
taken samples between 09.00-09.10 in the morning
after greater eid when production is very high and
between 18.00-18.10 in the evening after greater eid
when production is very high and conducted our
analyses.

The goal of this study is to examine waste water
of leather plants ZLWKLQ WKH SURYLQFH RI 8úDN :H
conducted analyses during the summer and
following the greater eid during which volume of
ZDVWHZDWHUIURP8úDN/HDWKHU2UJDQL]HG,QGXVWU\
is low and high, respectively. Parameters of
suspended solid waste, chemical oxygen demand,
color, total nitrogen, phosphate phosphorus, total
chrome, pH, turbidity, and oil-grease content in
waste water taken from treatment facility entrance,
after chemical treatment process, waste water
subjected to biological treatment and waste water
exiting the facility were examined.

Methods. Samples were taken from each
location at equal amounts for 5 times in intervals of
3 minutes on locations stated above in accordance
with Communique on Sampling and Analysis
Methods of Regulations on Water Pollution Control.
Waste water samples taken in equal amounts were
mixed inside a 2.5 liter cup and the resulting samples
were analyzed in a laboratory. Analyses were
conducted within period stated in the standard
according to limit values. Limit references were

DISCUSSION
The leather industry, an industry that is crucial
for Turkish economy, is one of the industries that
cause the most pollution for the environment. Raw
leather goes through a couple of processes and the
leather industry requires high amounts of water,
lime, sodium sulfur, ammonium sulfate, sodium
chloride, chrome salts, and similar chemical
materials during leather processing.
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TABLE 1
Analysis of Samples Taken In the Morning From Different Location
Prior To Greater Eid

Data gathered as a result of the study were expressed as ±standard deviations.
TABLE 2
Analysis of Samples Taken in the Evening from Different Location
Prior to Greater Eid

Data gathered as a result of the study were expressed as ±standard deviations.
TABLE 3
Analysis of Samples Taken In The Morning From Different Location
After Greater Eid

Data gathered as a result of the study were expressed as ±standard deviations
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TABLE 4
Analysis of Samples Taken In The Evening From Different Location
After Greater Eid

Data gathered as a result of the study were expressed as ±standard deviation
was over the limit. The reason for this result is
thought to be the fact that chemical and biological
treatment capacity is not sufficient for periods during
which facility production is high; however,
increasing the dormancy-precipitation period as a
final step before discharge is thought to eliminate
this deficiency.
Upper limit for the color parameter was 280
Pt/Co. The color parameter, somewhat lowered after
chemical treatment process, increases after the
biological treatment process in all four periods. The
reason for this increase is thought to be the increase
in bacteria in the medium following the biological
treatment process.
The upper limit for the total nitrogen parameter
was 60 mg/L. Total nitrogen level decreased to 109146.04 mg/L following the chemical treatment
process. These levels increased to 233.4-285.34
because of nitrification-denitrification in the
biological treatment process but the values in less
intense first and second periods following all
treatment processes were below the limit. However,
high intensity period of 3 and 4 had values or 69.46
and 90.0 mg/L, respectively. These two values are
above the limit value which is 60 mg/L.
The upper limit for the Phosphate Phosphorus
parameter was 2 mg/L. During the period 4 during
which treatment process is very intense, it was
determined that pollution parameter of phosphate
phosphorus was not eliminated and was over the
limit, however this value was below the limit value
during less intense periods and the very intense
morning period.
The upper limit for the total Chrome parameter
was 3 mg/L. Total chrome was found to be below the
upper limit during all analyses conducted in four
periods. Considering the chrome parameter is among
the most important pollution parameters, it is an
important result to have a low concentration based

Liquid and solid waste of proportions that create a
threat to the environment may accumulate as a result.
It is a known fact that workers breathing chemicals
used in the leather industry suffer from liver,
respiration system and skin diseases and these
substances cause air, soil, and water pollution. In this
VWXG\ZHH[DPLQHGZDVWHZDWHUIURP8úDN/HDWKHU
Organized Industry Site. Analyses in the study were
conducted during four different periods. The reason
IRU WKLV ZDV WKDW IDFLOLWLHV ZLWKLQ 8úDN /HDWKHU
Organized
Industry
Site
have
different
manufacturing intensities in those four different
periods. The treatment facility uses chemical and
biological treatment processes for waste water. In
this study we examined; waste water which has
entered the treatment facility but has not gone
through treatment, waste water which has gone
through chemical treatment, waste water which has
gone through chemical treatment and biological
treatment, and waste water which has gone through
the whole treatment process and will be discharged
to the environment. Thus, we were able to examine
levels of pollution parameters between those
processes. Analysis periods were low intensitymorning, low intensity -evening, high intensity morning and high intensity -evening, sampling
locations were facility entrance, chemical treatment
exit, biological treatment exit and facility exit.
The upper limit for the COD parameter was 300
mg/L. During these four periods, COD values in
facility entrance waste water was between 40005000 mg/L. This level dropped down to 2000-2500
mg/L following chemical and biological treatment
processes, following chemical and biological
treatment processes, waste water is laid at dormancy
before being discharged. During the fourth period;
point 1, point 2 and point 3 values were close to
values from other periods, but values from point 4
was different from other periods and
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concentrations were 0.4 mg L-1, Cr (III)
concentrations were 450-750 mg L-1, oil and grease
amounts were 50 mg L-1. He argued that these values
were above Turkish standards [26].
Rivela et al. (2004) examined pH, COD, BOD
and suspended solid material values, ammonium
nitrogen, total chrome, sulfur and sulfate
concentrations of chrome tanning and liming waste
water samples from 19 different local leather plants
in south of Chile. For chrome tanning waste water
samples, they found pH values to be 3.72, COD
values to be 3287 mg L-1, BOD values to be 927 mg
L-1, SSM values to be 546 mg L-1, ammonium
nitrogen concentration to be 174 mg L-1, total
chrome concentration to be 3230 mg L-1,[SO3-2]
concentration to be 1010 mg L-1, and for liming
waste water samples they found pH values to be
11.58, COD values to be 8456 mg L-1, BOD values
to be 2484 mg L-1, SSM values to be 3792 mg L-1,
ammonium nitrogen concentration to be 88 mg L-1,
total chrome concentration to be 212 mg L-1, [SO3-2]
concentration to be 186 mg L-1. They also argued that
leather processing can use less water, salt, lime,
ammonium sulfate and separate sulfur, chrome and
organic materials from waste water using specific
processes in order to lower waste water pollution
[27].
Considering the results of the analysis, it can be
said that results of low intensity period are in
accordance with discharge standards, and results of
the analysis of samples taken during less intense
periods are in accordance with discharge standards,
especially during the evening.

on standards.
Limit range for the pH parameter was 6-9. On
all periods, it is evident that pH values on four
different locations were within the limit range,
values were at 8 levels during treatment processes
and dropped down to 7-8 range during facility exit.
Regulations on Water Pollution Control do not
specify a limit for the turbidity parameter. However,
we analyzed this parameter in our study as it is
crucial for aquatic life forms. Turbidity was high in
point 1 during intense periods and low during low
intensity periods. The levels dropped down to 66.82
mg/L level after chemical treatment process but
increased to 700-800 mg/L after biological treatment
process, and dropped down to 21.78-58.24 mg/L
levels on facility exit following final processes. The
reason for the increase following biological
treatment process is the bacteria in the medium
causing turbidity.
The upper limit for the oil-grease parameter
was 30 mg/L. Oil-grease amount of waste water
samples taken from different locations during
different periods were quite below the limit value.
Data shows that oil-grease pollution is lower during
low intensity periods compared to high intensity
periods.
The upper limit for the SSM parameter was 125
mg/L. As in color and turbidity parameters, this
value was high at the entrance point during 4 periods
and drops down after chemical treatment. Presence
of bacteria causes the level to rise to 7877.6 mg/L
levels after biological treatment but this level drops
down at facility exit. Facility exit levels at period 4
were above the limit value. It is thought that SSM
can be brought within limit values during high
intensity periods by extending precipitation period
and increasing the capacity.
Examining waste water from 13 different
leather plants in Albania, Floqi et al. found COD
level to be between 237-11032 mg/L, BOM values
to be between 832-1631 mg/L, ammonium
concentration to be between 10-102 mg/L, pH values
to be between 9.3-13, suspended solid matter
amounts to be between 1264-9984 mg/L, sulfur
concentration to be between 21-380 mg/L, and total
chrome concentration to be between 4.75-49.2 mg/L.
The values they have measured were above local and
European standards and this was a cause for a great
risk in terms of pollution [25].
In 1998, Saydam examined waste water from
OHDWKHUSODQWVLQ%RUSURYLQFHRI1L÷GHFLW\+HKDV
conducted color-odor, solid matter amount, pH,
acidity, alkalinity, Cr (III), Cr (VI), S -2, Cl- analyses
and compared the results with Turkish standards. In
his measurements, average pH values were 7.3-8.4,
SSM amount was between 1500-9000 ppm,
alkalinity amount was between 600-1900
mgCaCO3.L-1, acidity amount was between 15-80
mgCaCO3.L-1, COD value was 1200 mg L-1, [S-2]
concentrations were 2.5-3 mg L-1, Cr (VI)

CONCLUSION
Considering analysis data of the study, it is seen
that analysis low intensity production periods show
that pollution parameters do not exceed any limits,
and for high intensity production periods,
measurements, especially those made during the
evening, do not exceed the limits. We argue that the
reason for this is that production carried out during
18.00 which is a sampling period and therefore waste
water discharged is different from production carried
out at the same period during 09.00 and therefore
waste water discharged. On the other hand, chemical
and biological treatment processes of the treatment
facility were found to be generally sufficient, even
during high intensity periods. However, we say that
pollution parameters were above the limits during
high intensity periods, as the last process of
precipitation was not sufficient for this production
which was above facility capacity. In this case, we
think that reducing production during those high
intensity periods may reduce pollution. Production
can be compartmentalized and divided between
various periods during this high intensity period in
order to have all values drop below the limits. Also,
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and
P.
Sacco
(2003).Chelate-assisted
Phytoextraction Using Canola in Outdoors Pot
and Lysimeter Experiments. Plant and Soil, 83.
[14] $EDOL < g]WHNLQ % dDQOL 0 DQG . ùLULQ
(2014). Removal of Chromium (VI) Ion From
Leather Wastewaters By Adsorption, C.B.U.
Journal of Science, 11 (24).
[15] 0HUW%.  'HUL6DQD\L$WÕNVXODUÕQGDQ
Membran Teknolojisi ile Cr (III) Geri
.D]DQÕPÕQÕQ$UDúWÕUÕOPDVÕPhD thesis, 8OXGD÷
University, Bursa, Turkey.
[16] Meriç, S., De Nicola, E., Iaccarino, M., Gallo,
M, Di Gennaro, A, Morrone, G. and G. Pagano
(2005). Toxicity of leather tanning wastewater
effluents in sea urchin early development and in
marine microalgae. Chemosphere.61, 208±17.
[17] Oral, R., Meriç, S., De Nicola., E., Petruzzelli,
D., Della Rocca, C. and G. Pagano (2007) Multispecies toxicity evaluation of a chromium-based
leather tannery wastewater. Desalination.
211,48±57.
[18] Shakir, L., Ejaz, S., Ashraf, M, Aziz Qureshi,
N., Ahmad Anjum, A. and I. Iltaf. (2012).
Ecotoxicological risks associated with tannery
effluent
wastewater.
Environ
Toxicol
Pharmacol. 34,180±91.
[19] Tigini, V., Giansanti, P., Mangiavillano, A.,
Pannocchia, A., and GC. Varese, (2011).
Evaluation of toxicity, genotoxicity and
environmental risk of simulated textile and
tannery wastewaters with a battery of biotests.
Ecotoxicol Environ Saf. 74:866±73.
[20] Alvarez-Bernal, D., Contreras-Ramos, S. M.,
Trujillo-Tapia, N., Olalde-Portugal, V., FríasHernández, J. T. and L. Dendooven (2006).
Effects of tanneries wastewater on chemical and
biological soil characteristics. Applied Soil
Ecology, 33(3), 269-277.
[21] APHA, AWWA, WEF., 1995, Standart
Methods for the Examination of Water and
Wastewater, USA.
[22] Çiçek, N.L. and Ö.O. Ertan (2015).
Determination of Water Quality by Epilithic
Diatome in Köprüçay River (Antalya). Ege J.
Fish. Aqua. Sci.32 (2), 65.
[23] %XOXU9  'HUL(QGVWULVL$WÕNVXODUÕQÕQ
2SWLPXP $UÕWÕODELOLUOL÷LQLQ $UDúWÕUÕOPDVÕ MSc
Thesis, Sakarya University, Sakarya, Turkey.
[24] Özdamar K. (ed) (2003) SPSS ile Biyoistatistik
%DVNÕ.DDQ<D\ÕQODUÕ(VNLúHKLU
[25] Floqi, T., Vezi, D. and I. Malollari (2007).
Identification and Evaluation of Water Pollution
from Albanian Tanneries, Desalination, 213, 56.
[26] Saydam, M. (1998). Bor Deri Endüstrisinde
$WÕN6XODUÕQÕQøQFHOHQPHVLMSc Thesis1L÷GH
UnivHUVLW\1L÷GH7XUNH\
[27] Rivela, B., Méndez, R., Bornhardt, C. and G.
Vidal (2004). Towards a Cleaner Production in.
Developing Countries. Waste Management
Research. 22, 131.

less water, salt, lime and ammonium sulfate can be
used during leather processing in order to reduce
water pollution. Measures taken in plants can reduce
liquid and solid waste, thereby enable lesser use of
chemical materials during waste water treatment and
having cleaner water at facility discharge. Our
recommendation is to use recovery units in leather
processing facilities in order to reduce pollution and
recover materials at the same time.
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LONG-TERM EFFECTS OF TILLAGE AND ORGANIC
FERTILIZERS ON SOIL ORGANIC CARBON AND
MICROBIAL PROPERTIES IN A SEMIARID
AGROECOSYSTEM
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system is important for global C budget and C
sequestration in soils. Soil organic carbon (SOC) is
particularly important for productivity of agricultural
ecosystems and plays a significant role in soil quality
improvement by affecting soil physical, chemical,
and biological properties [1]. Tillage systems affect
SOC substrate availability and decomposition rates
by influencing distribution of plant residue and roots
in the soil profile [2]. Long-term reduced tillage with
continuous spring wheat enhanced C and N
sequestration by improving soil aggregation, but
intensive tillage practices with spring wheat-barleypea rotation increased small aggregates and N
mineralization compared to conventional tillage [3].
Crop rotation can regulate C substrate availability
and decomposition rates. Rotation effects on SOC
were mainly due to differences in C input, but tillage
and rotation interaction were significant at the finer
textured soil [4].
Organic C in agricultural soil positively
improves soil fertility, crop production, and overall
soil sustainability [5]. Long-term fertilizer
experiments in Southern China showed that applying
chemical fertilizer in combination with farmyard
manure significantly increased SOC content more
than using chemical fertilizer alone in subtropical
cropping system [6]. Arid and semiarid
Mediterranean areas are characterized with limited
rainfall, high summer temperature combined with
intensive cultivation practices promote a constant
decrease in SOC [7]. The semiarid ecosystem in
Turkey is located between North and central part of
Anatolia. The common rotation is wheat, potato, and
sugar beet with application of animal manure before
potato plantation. There is a limited study in the area
regarding the effects of long-term reduced tillage and
organic fertilizers on some soil properties. The
objective of this study was to determine the longterm effects of conventional and reduced tillage
systems and animal and green manure applications
on some soil biological properties under wheatpotato-sugar beet rotation at the semiarid ecosystem.

ABSTRACT
The Mediterranean semiarid agroecosystem
has a greater importance and potential for carbon
sequestration. Generally, soils contain low organic
C due to low organic matter addition and great soil
disturbance. The objective of this study was to
determine the long-term effects of tillage
(conventional and reduced tillage) systems, and
animal (30 t ha-1) and green manure (vetch)
applications on soil organic carbon (SOC) and some
soil biological properties in winter wheat-potatosugar beet cropping system under Mediterranean
semiarid condition. Before planting of potato animal
and green manures were applied to the plots.
Selected soil properties such as SOC, microbial
biomass carbon (MBC), basal respiration (BR), and
metabolic quotient (qCO2) were determined in the
tenth years of the field study. The effect of fertilizer
type on SOC content was significant (p<0.05). Mean
SOC level at 0-20 cm depth increased by 25% in the
animal manure plots. Tillage and organic manures
significantly changed MBC and BR (p<0.05)
compared to the control. The greater BR was 0.92
mg CO2-C kg-1 soil h-1 in the conventional tillage
with animal manure.
Metabolic quotient was
significantly affected by organic source with the
greater values recorded in the green manure (4.76 mg
g-1 h-1) and control (4.70 mg g-1 h-1) compared to
animal manure plots. The higher values were
observed at 20-40 cm depth in all treatments.
Overall, tillage systems and organic manures
significantly affected SOC and some soil microbial
properties
in
a
Mediterranean
semiarid
agroecosystem.

KEYWORDS:
Soil carbon, rotation, tillage system, organic fertilizer,
microbial biomass.

INTRODUCTION
Soil carbon management in terrestrial eco711



© by PSP

Volume 26 ± No. 1a/2017, pages 711-716

Fresenius Environmental Bulletin




using an elemental analyzer. SOC content was
determined after the removing of inorganic C using
a diluted HCl solution.
Microbial biomass C (MBC) was determined
using fumigation-incubation method [12]. Soil
microbial respiration was determined by using basal
respiration (BR) method at in situ water content. A
20 g soil samples were placed in a mason jar with 10
mL of NaOH. Soil CO2 was trapped inside the
alkaline solution and titrated using a diluted HCl
solution. Soil microbial respiration was measured
during 48 h. Soil microbial metabolic quotient
(qCO2) was determined as the CO2-C evolution per
unit microbial biomass C and per unit time [13].
The experimental design was considered a split
plot design with three replications. Analysis of
variance was performed to test the effects of tillage,
organic fertilizer, and depth on different soil
parameters. The significant differences between two
treatment means were measured at probability of
0.05.

MATERIALS AND METHODS
This sWXG\ZDVFDUULHGRXW<HVLOÕUPDN basin of
the northern Turkey (40o18ƍN, 36° 34ƍE) and the
experiment site is on the passing zone between
humid and arid regions. The average annual
precipitation and temperature of the area are around
430 mm and 11.9 oC respectively, and most of the
precipitation occurs in winter and spring seasons.
The experiment was initiated in 2002 RQ<HVLOÕUPDN
series which is classified as clay loam (Typic
Usticfluvent) [8]. Reduced and conventional tillage
with green and animal manure were applied to the
plots under wheat (Triticum aestivum L.)- potato
(Solanum tuberosum)- sugar beet (Beta vulgaris)
rotation. Potato and sugar beet were irrigated during
plant growth based on the plant requirement. The
experimental design was split plot design with three
replications as being the tillage main plot and
fertilizer sub-plot. Six treatments were randomly
distributed to 18 plots (10x5 m). The reduced tillage
was the combination of chisel (10 cm depth) and
rotary tiller and the conventional tillage was plowing
(20 cm depth) and two times disc harrow before
planting. After harvest of wheat (July), vetch was
planted in some plots as green manure and mixed to
the soil at flowering stage in October. The soil was
left as fallow until potato plantation in April. Prior
to potato plantation, animal manure was applied to
the other plots based on 30 t ha-1. Sugar beet was
planted in April following the year of potato and
harvested in October. Therefore, green and animal
manures were only applied once every three years
after wheat harvest. This experiment was initiated in
2002 and since the time the plots have been kept
under the same treatment and plant rotation. The
average yields of wheat, potato, and sugar beet were
4.5 t ha-1, 30 t ha-1, and 80 t ha-1, respectively.
Chemical fertilizers (NPK) were applied to the all
plots based on soil analysis and plant requirements.
In each plot, soil samples were collected from 0-20
and 20-40 cm depths before planting of sugar beet in
April 2012. Plant roots and organic residues were
removed manually; soil samples were passed
through 2-mm sieve. Some soil chemical, physical,
and biological properties were analyzed after ten
years of the experiment.
Bulk density was determined by inserting a
stainless steel core (5 cm id, 5 cm increments) into
the soil to a depth of 0-20 and 20-40 cm. Soil pH was
also determined based on 1:2.5 (w:v) dilution
method [9]. Soil carbonates were determined by the
calcimeter method [10]. Soil inorganic N (nitrate and
ammonium) was extracted using 2 M 100 mL KCl
solution and the extract was analyzed using
distillation procedure [11]. Plant materials were
removed from the sub-samples and the soil was
ground to a fine powder. Total C content in air dried
soil samples was determined by dry combustion

RESULTS AND DISCUSSION
The effect of tillage systems and organic
fertilizers on bulk density, pH, and CaCO3 contents
were not significant (Table 1). Based on the particle
distribution, the soil was classified as clay soil (data
not presented). The effects of tillage systems and
organic fertilizer on soil bulk density were similar at
all treatments. Soil bulk density ranged from 1.30 to
1.33 g cm-3. This result indicated that soil bulk
density under semiarid condition was not affected by
reduced tillage and organic fertilizers. The ten years
of tillage systems and organic fertilizers on soil pH
was not significant and pH stayed almost constant
through the soil profile.
Soil inorganic N content was significantly
influenced by organic fertilizers (p<0.05). The
greater inorganic N contents were obtained in the
manure plots (1.89 mg N g-1) compared to the control
and green manure. The interaction between organic
fertilizer and depth was significant (p<0.05). This
result indicates inorganic N movement from 0-20 cm
to 20-40 cm depth of animal manure plots. The effect
of tillage on inorganic N content was not significant
(p>0.05). The soil CaCO3 content was around 9%
and the high CaCO3 in the soil is the result of calcic
parent material which is weathered with agricultural
practices.
The fractions of SOC were affected by tillage
and organic fertilizer (Table 2). Conventional tillage
tended to have lower SOC content than reduced
tillage. However, the effect of tillage systems was
not significant on SOC. The highest SOC (22.27 g C
kg-1) was obtained at the surface of animal manure
plot.
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TABLE 1
The effects of tillage and fertilizers on bulk density, pH, inorganic N, and CaCO 3 contents.
Tillage system

Organic
Fertilizer
Control

Conventional
tillage

Animal
manure
Green
manure
Control

Reduced tillage

Tillage
Org. Fertilizer
Depth
Tillage*Org. Fert.
Tillage*Depth
Org. Fert.*Depth
Tillage*Org.
Fert.*Depth

Animal
manure
Green
manure

Depth
(cm)
0-20
20-40
0-20
20-40
0-20
20-40
0-20
20-40
0-20
20-40
0-20
20-40

Bulk Density
g cm-3
1.30±0.02a
1.33±0.03
1.32±0.02
1.31±0.02
1.32±0.01
1.30±0.02
1.31±0.01
1.30±0.02
1.33±0.01
1.32±0.01
1.33±0.01
1.31±0.02
nsb
ns
ns
ns
ns
ns
ns

8.18±0.04
8.21±0.04
8.18±0.05
8.13±0.04
8.15±0.03
8.22±0.04
8.21±0.03
8.21±0.04
8.16±0.05
8.23±0.06
8.18±0.06
8.20±0.04
ns
ns
ns
ns
ns
ns

Inorganic N
mg N g-1
1.83±0.12
1.27±0.10
1.46±0.08
1.87±0.21
1.41±0.13
1.57±0.14
1.47±0.07
1.59±0.13
1.65±0.18
1.89±0.20
1.45±0.12
1.22±0.11
ns
*
ns
ns
ns
*

CaCO3
(%)
9.73±0.71
9.79±0.46
9.06±0.49
9.06±0.91
9.79±0.69
9.79±0.77
8.58±0.52
8.94±0.94
9.30±1.15
9.85±0.48
9.12±0.85
9.67±0.81
ns
ns
ns
ns
ns
ns

ns

ns

ns

pH

a

Mean ± standard error.
*, **, ***Significant at the 0.05, 0.01, and 0.001 probability levels, respectively.
b
: not significant.
Type of organic fertilizer, depth, and the
interaction between tillage and fertilizer were
significant on SOC (p<0.05). The highest SOC was
observed at the surface of reduced tillage and animal
manure plots. Similarly, SOC increased 40 and 70%
in the NPK+ farm yard manure treated plots as
compared to NPK and unfertilized control plots [18].
Overall, after ten years of tillage systems and organic
fertilizers the only significant difference in SOC
occurred between the types of organic fertilizers.
Animal manure had the highest increase in SOC
content (25%) compared to the green manure (8%).
The ten years of continuous manure application with
increasing rates significantly enhanced SOC, labile
C pools as compared with control and chemical
fertilizer applied plots [19]. In this study, the
significant difference was also detected in SOC. The
changes in SOC depending on management practices
occur slowly as compared to the SOC pool size and
vary spatially and temporally [20]. There was a
converse relation in the conventional tillage system
between the animal and green manure plots. SOC
content increased from surface to 40 cm depth in the
animal manure while SOC decreased in the green
manure plots. However, in the reduced tillage the
greater SOC content in the both fertilizers were
obtained at the surface soil.
Tillage and organic fertilizer had a strong effect
on the amount of soil MBC (Table 3). Reduced
tillage had significantly higher MBC than
conventional tillage and the greater values were
observed at 0-20 cm depth of the tillage systems
(p<0.05).
The soil MBC values increased 46% in animal

The long-term effects of reduced tillage and organic
fertilizers on SOC were limited at the semiarid
condition of northern Turkey. Reduced soil
disturbance has increased SOC only in conjunction
with intensification of crop rotation and elimination
of fallow period [14]. The low organic C storage in
cultivated soils is attributed to lower organic C
inputs and greater potentially labile C from
agricultural species, which result higher organic C
turnover rates in cultivated soils [15]. Inorganic C
content of soils was similar at all treatments. The
amount of SOC accounted more than 50% of total
soil C. The insignificant effects of reduced tillage on
SOC could be the result of the rotation and climate
condition. Studies revealed that the combined effect
of tillage and crop rotation on SOC often concluded
that the influence of crop rotation are mainly due to
differences in C additions, but major tillage effects
are on SOC decomposition rates and losses via soil
erosion [4]. In semiarid ecosystems of Ebro valley
(NE Spain), the long-term effects of tillage systems
(no-till, reduced tillage, and conventional tillage)
and cropping systems (barley-fallow rotation;
continuous barley) on SOC were evaluated and only
significant difference was observed at the surface of
no-till and conventional tillage and no significant
difference occurred between reduced and
conventional tillage [16]. This result is the similar
with our findings in semiarid ecosystem. In
Mediterranean agroecosystem, the continuous use of
no-till has limited capacity for SOC sequestration,
but other environmental and agronomic benefits may
justify the maintenance of no-till over the long-term
[17].
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manure and 5% in green manure. The similar trend
was also observed for SOC (Table 2). The increases
of cultivation intensity reduced SOC and MBC and
the application of organic fertilizer
enhanced MBC especially at the surface soil. In
addition, the difference in organic C concentration

was reflected by MBC values.
Soil microbial biomass is an important labile pool of
soil organic matter which can be affected by
management changes [21]. The amount of soil
microbial biomass is regulated by the quantity and

TABLE 2
The effect of tillage and organic fertilizers on soil organic C, inorganic C, and total C contents.
Tillage system

Organic fertilizer
Control

Conventional
tillage

Animal manure
Green manure
Control

Reduced tillage

Animal manure
Green manure

Depth
(cm)

Organic C
g C kg-1

Inorganic C
g C kg-1

Total C
g C kg-1

0-20
20-40
0-20
20-40
0-20
20-40
0-20
20-40
0-20
20-40
0-20
20-40

13.34±2.71a
9.91±1.93
15.11±1.37
17.67±0.92
17.35±1.36
15.99±1.54
16.91±1.16
15.91±2.34
22.27±1.47
15.08±1.47
14.29±2.87
13.56±1.11
nsb
*
*
*
ns
ns
ns

11.68±0.57
11.75±0.86
10.87±0.98
10.87±0.59
11.75±0.90
11.75±0.83
10.29±0.63
10.73±1.12
11.17±0.53
11.82±1.38
10.95±0.88
11.60±1.02
ns
ns
ns
ns
ns
ns
ns

26.4±2.8
22.1±1.6
27.6±1.0
28.7±0.6
27.6±0.9
26.6±1.1
27.2±0.7
25.7±2.2
27.4±1.1
25.6±0.9
28.7±2.9
26.4±0.7
ns
ns
ns
ns
ns
ns
ns

Tillage
Org. Fertilizer
Depth
Tillage*Org. Fert.
Tillage*Depth
Org. Fert.*Depth
Tillage*Org.
Fert.*Depth

a
Mean ± standard error.
*, **, ***Significant at the 0.05, 0.01, and 0.001 probability levels, respectively.
b
: not significant.

TABLE 3
The effect of tillage and organic fertilizers on soil microbial biomass (MBC), basal respiration (BR), and
metabolic quotient (qCO2).
Tillage system

Organic
Fertilizer
Control

Conventional
tillage

Animal manure
Green manure
Control

Reduced tillage

Animal manure
Green manure

Depth
(cm)

MBC
mg kg-1 soil

0-20
20-40
0-20
20-40
0-20
20-40
0-20
20-40
0-20
20-40
0-20
20-40

312±17a
143±13
607±34
161±18
327±21
152±26
337±24
124±11
762±36
149±24
353±28
128±21
*
***
***
nsb
ns
ns
ns

BR
mg CO2-C kg-1
soil h-1
0.78±0.06
0.59±0.10
0.92±0.07
0.74±0.09
0.83±0.05
0.66±0.07
0.74±0.02
0.58±0.04
0.85±0.07
0.69±0.05
0.72±0.08
0.61±0.03
*
*
*
ns
ns
ns
ns

Tillage
Org. Fert.
Depth
Tillage*Org. Fert.
Tillage*Depth
Org. Fert.* Depth
Till*Org. Fert.*Depth
aMean ± standard error.
*, **, ***Significant at the 0.05, 0.01, and 0.001 probability levels, respectively.
b
:not significant.
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qCO2
mg g-1 h-1
2.50±0.08
4.13±0.12
1.51±0.06
4.59±0.16
2.55±0.08
4.34±0.11
2.20±0.06
4.70±0.14
1.12±0.04
4.64±0.12
2.04±0.07
4.76±0.17
ns
**
**
ns
ns
ns
ns

© by PSP

Volume 26 ± No. 1a/2017, pages 711-716

Fresenius Environmental Bulletin




in a semiarid agroecosystem organic fertilizer should
be practiced with less disturbing tillage systems.

quality of SOC, and environmental factors following
cropping and agricultural practices [22]. The lower
MBC in conventional tillage could be related to the
losses of aggregation and higher turnover of organic
C due to tillage disturbance.
Basal respiration of soil was significantly
affected by soil tillage and organic fertilizers
(p<0.05). The greater BR was obtained in the
conventional tillage and animal manure plots (Table
3). BR varied from 0.59 to 0.92 mg CO2-C kg-1 h-1 in
the conventional tillage. The lowest BR values were
generally measured in the reduced tillage. The
greater BR in the conventional tilled soil indicated
greater turnover rate of SOC than reduced tilled soil.
The increases in disturbance resulted greater BR and
qCO2. Microbial metabolic quotient varied from
1.12 to 4.76 mg g-1 h-1 (Table 3). The lowest value
was observed at the surface soil while the greater
values were at the deeper depths. Generally, animal
manure plots had significantly lower qCO2 ( average
2.96 mg g-1 h-1) than control (average 3.38 mg g-1 h1
) and green manure (average 3.42 mg g-1 h-1) plots.
The specific respiration of microbial biomass
provides information of substrate quality and
availability [23]. The qCO2 values are generally
greater in cultivated lands than a native pasture at all
layers [24]. The long-term treatment of animal
manure increased MBC and resulted lower qCO2
while the treatment of green manure had a slightly
lower effect on MBC and qCO2 values.
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BACTERIAL COMPOSITION INHABITING WATER
COLUMN AND BOTTOM SEDIMENT IN TWO DIFFERENT
RUNNING WATER ECOSYSTEMS OF
MERIC-ERGENE RIVER BASIN (TURKISH THRACE)
Pinar Altinoluk Mimiroglu1,* , Belgin Camur Elipek2
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heterotrophic and parasitic forms, which also exist in
aquatic environments. Their distribution is affected
by environmental conditions.
In recent times, growth of settlements and
industrial areas and intense agricultural activities
like the usage of pesticide and fertilizers, have
contributed to the destruction of soil and water
resources in the Meric-Ergene River Basin [2].
Likewise, the metals from industrial activities and
settlements are a source of inorganic pollution in the
aquatic environments. Heavy metals in particular
have accumulated in living things and are
transported to the food chain where they can have
toxic effects when they reach high concentrations
[3]. Also, wastewater from settlements and natural
fertilizers from agricultural areas can lead to
microbiological pollution in aquatic ecosystems.
Both pathogen microorganisms and indicator
microorganisms are searched in water resources to
determine the pollution. The bacteria E. coli is one
of the main pollution indicator species in water
resources [4]. The pollution in an aquatic ecosystem
leads to physical, chemical and biological change at
the biotope. This pollution accumulates in the
sediment of the aquatic ecosystem [5], along with
bacteria [6]. Therefore, water column and bottom
sediment is sampled at the same time in a lot of study
[7, 8, 9, 10, 11, 12, 13, 14].
The aim of this study was to determine the
number of total heterotrophic bacteria, total
coliform, faecal coliform and Escherichia coli
bacteria inhabiting two different water ecosystems of
the Meric-Ergene River Basin in Turkey by the
comparative analyses of bacterial distribution as well
as some physicochemical properties of water bodies
and sediments.

ABSTRACT
This study has been carried out to determine the
presence and distribution of total heterotrophic
bacteria (THB), coliform bacteria (CB), faecal
coliform bacteria (FCB) and Escherichia coli
bacteria inhabiting different running waters of
Meric-Ergene River Basin in Turkey. The highest
number of THB bacteria in water body was found in
August at a site located in the Ergene River, and the
lowest in December at a site located in the Meric
(Maritsa, Evros) River. The highest number of THB
in sediment was found in February at a site located
in the Ergene River, and the lowest in July at a site
located in the Meric River. Some physicochemical
measurements have been done at the same time as
the bacterial sampling to determine environmental
conditions of the ecosystems. According to
6SHDUPDQ¶V FRUUHODWLRQ LQGH[, some environmental
conditions were found to have a remarkable
correlation with bacterial distribution (p<0.05). This
research concluded that pollution load significantly
increased bacteria count and played an important
role in variation of bacterial quality of the rivers.

KEYWORDS:
Meric-Ergene River Basin, heterotrophic bacteria, water
quality, physicochemical parameters

INTRODUCTION
Freshwaters are a natural environment for
various groups of organisms, including bacteria, to
inhabit and develop. The water itself affects the
distribution of organisms in it through its physicochemical features. Some of them have specific vital
requirements for living things. All types of surface
water from freshwater to salt water include bacterial
communities in every zone of the water body from
the surface layer to the bottom deposits [1]. Bacteria
are introduced to the aquatic environment from
different sources such as soil, air or the digestive
tract of organisms. The bacteria have autotrophic,

MATERIALS AND METHODS
Study Area. The Meric River originatess from
the Rodop Mountain Ranges in Bulgaria, enters
Turkey at the border of Bulgaria-Greece and Turkey,
and flows into the Aegean Sea after 185 km
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TABLE 1
The Culture Media and Incubation Conditions on Growth of Microorganisms [16]
Microorganism

Method

Culture Media

Temp.

Time

Total Heterotrophic

Spread Plate

PlateCountAgar

35±0,5ºC

48 hours

Most Probable Number
(MPN)

LST Broth

35±0,5ºC

24 ±2 hours

Total Coliform

BGLBB Broth

35±0,5ºC

24 ±2 hours

LST Broth

35±0,5ºC

24 ±2 hours

BGLBB Broth
EC Broth
LST Broth

35±0,5ºC
44,5 ± 0,2ºC
35±0,5ºC

24 ±2 hours
24 ±2 hours
24 ±2 hours

Faecal Coliform

E. coli

Most Probable Number
(MPN)

Most Probable Number
(MPN)

BGLBB Broth

35±0,5ºC

24 ±2 hours

EC Broth

44,5 ± 0,2ºC

24 ±2 hours

EC Broth with MUG
EMB Agar
MR-VP Broth
Simmons Citrate Agar

44,5 ± 0,2ºC
35±0,5ºC
35±0,5ºC
35±0,5ºC

24 ±2 hours
18-24 hours
24-48 hours
24-48 hours

[15]. The Ergene River originates from the Yildiz
(Istranca) Mountains in Turkey. It flows through a
lot of settlement, agricultural and industrial areas
before joining the Meric River after 281 km [15].
The Meric-Ergene Basin contains both dryland and
aquatic ecosystems that provide a rich environment.
A major agriculture activity within the river basin
consists of rice, sunflower and wheat farming. Rice
production in the Meric-Ergene Basin is especially
important to the food supply in the country and
national economy. Gala Lake National Park that is
located within the Meric-Ergene Basin is one of the
most important wetland ecosystems not only for
Turkish Thrace but also for the Turkey.

FIGURE 1
Location of the sampling stations in the Meric
and Ergene rivers at Turkish Thrace

Sampling. Water and sediment samples were
taken for analysis in October and December 2014,
and February, April, May, July, August 2015 from
six sites (Fig 1). Site 1 was located where the Meric
River enters Turkey and near Edirne city centre, site
2 was located where the Meric River and the Tunca
(Tundzja) River merge, site 3 was located
downstream of the Meric River passing through rice
fields, site 4 was located at the Ergene River passing
through industrial and residential areas, site 5 was
located in the Ergene River passing through
agricultural areas, and site 6 was located before of
the point where the Ergene River joins the Meric
River.

While the number of total heterotrophic
bacteria (THB) (CFU in the water body and sediment
of the Rivers Meric and Ergene) was determined by
the spread plates method using plate count agar, the
others (total coliform bacteria (TCB) and faecal
coliform bacteria (FCB), E. coli) were determined
using the method of Most Probable Number (MPN)
[16]. All inoculations were conducted in three
parallel repeats. Also, biochemical tests (IMVIC)
were used to identify the bacteria isolated from water
and sediment samples [16]. The culture media and
incubation conditions were presented in Table 1.
Physicochemical surveys. While air and water
temperatures, dissolved oxygen, pH, conductivity,
salinity, total dissolved solids, were measured by
using a Consort model C5010 multiparameter device
in the field studies, light permeability of the stations
were measured by secchi disk. The water samples
holding by Nansen water sampler were transported
to the laboratory in glass bottles to evaluate the other
parameters.

Bacteriological surveys. Water was collected
from the middle of the river at a depth of about 20
cm into sterile bottles with a capacity of 100 mL, and
sediment samples of about 10 gr were taken from 10
cm into the river bed and placed into sterile bags. The
collected samples of water and sediment were
transported to the laboratory immediately in a
container with ice inside, where the temperature was
about +5°C.

Ion and Metal Analyses. Water samples
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station (6.0x106 cfu /100 mg) (Fig 3).
An average distribution of the number of
heterotrophic bacteria in water column was found at
the 5th station > 4th station > 6th station > 1st station >
3rd station > 2nd station, respectively. An average
distribution of heterotrophic bacteria in bottom
sediment was found at the 4th station > 6th station >
5th station > 1st station > 3rd station > 2nd station
respectively. The Ergene River has higher bacterial
counts than the Meric River both the water column
and sediment. The results of the Bray-Curtis
similarity index and the Correspondence analysis
also supported these findings (Figures 4 and 5).

taking by Nansen water sampler into dark glass
bottles with a capacity of 2 litres, and sediment
samples taken by Ekman Drage into polyetilene bags
were transported to the laboratory to measure the
concentrations of ions and metals. While the some
parameters (fluoride, chloride, chlorite nitrite
nitrogen, bromide, nitrate nitrogen, phosphate,
sulfate) were measured by the Metrohm Ion
Chromatography System in TUTAGEM laboratories
(Trakya University, Technology Research and
Development Centre), others (lithium, boron,
sodium,
magnesium,
aluminium,
calcium,
chromium, manganese, iron, cobalt, nickel, copper,
zinc, gallium, arsenic, selenium, strontium, silver,
cadmium, barium, lead) were measured by an
Agilent Technologies 7700 XX ICP-MS System in
TUTAGEM laboratories.
Statistical Methods. To evaluate the
relationships between the bacterial distributions and
environmental features, the Spearman correlation
index was used to analyse the obtained data (SPSS
for Windows). The Bray-Curtis cluster analysis was
used to determine similarities rations between the
sampling sites.

RESULTS AND DISCUSSION
FIGURE 2
THB results for the water bodies in the sampling
stations (cfu/100mL)

THB and their density has effects on the
enrichment of water with organic substances
determined the trophy level of the water body.
Therefore, the number of bacteria in an aquatic
ecosystem provides a basic piece of information in
microbiological studies. It is mentioned that bacterial
number depends on the autochthonic matter in clear
water resources, made up of exometabolites of
phyto- and zooplankton excretions as well as
allochthonic matter [17], which get into water by
spring surface run-off and atmospheric precipitation
[1].
Data concerning the THB occurring in the
water of the sampled rivers have been presented in
Fig 2. The greatest number of THB in the water
column was found in the Ergene River at the 5th
station in May (4.0x109 cfu /100 mL), whilst the
lowest was found at the same station in December
(4.0x106 cfu /100 mL) (Fig 2). The greatest number
of THB in the water column of the Meric River at the
1st station in August (1.0x107cfu/100 mL), whilst the
lowest was found in December at the 2nd station
(3.0x104 cfu /100 mL) (Fig 2). The greatest number
of THB in the sediment of the Ergene River was
found at the 6th station in April (1.5x1011 cfu/100
mg), whilst the lowest in December at the same
station (1.9x108 cfu/100 mg (Fig 3). The greatest
number of THB in the sediment at Meric River was
found in April at the 1st station (1.7x1010 cfu /100
mg), whilst the lowest was found in July at the 2nd

FIGURE 3
THB results for the sediments in the sampling
stations (cfu/100mg)
It is concluded that the total number of bacteria
in running water generally increases in the direction
of flow [1]. In this study, the greatest number of
heterotrophic bacteria was found at the sites adjacent
to settlements and industrial areas for both the Meric
and Ergene Rivers. The lowest average number of
THB in the water column was found at 2 nd station
where the Meric River (9.8 x 105 cfu/100 mL), while
the highest was found at the 4th station where the
Ergene River flows through built-up and industrially
developed areas (1.1 x 109 cfu/100 mL).
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a)

b)
FIGURE 4
The Bray-Curtis similarity index belonging bacterial includings of the sampling stations :
a) in the water body; b) in the sediment.
Thus, the results of this study confirmed that the
maximum number of bacteria occurs in the Ergene
River sites where allochthonic matter flows into the
river because of domestic and industrial waste
discharge points.
Troussellier et al (2004) reported that total
bacteria varying between 2.7x106 and 8.1x107
cfu/100mL in the Senegal River [18]. In our study,
average THB was found to be 2.4x106 cfu/100mL in
the Meric River like the study madding Troussellier
et al (2004) [18], but the study found very high levels
in the Ergene River with the count 8.9x108
cfu/100mL.
Existence of TCB, FCB and E. coli was
observed in all sampled water and sediment samples
at all sampling periods (Tables 2-4). According to
the Water Pollution Control Regulation inland
waters are divided in to four classes: high quality
water, slightly polluted water, polluted water, and
heavily polluted water [19]. The numbers of desired
TCB for high quality, slightly polluted, polluted, and
heavily polluted water are 100, 20000, 100000 and
>100000 MPN/100 mL; FCB numbers are 10, 200,
2000 and >2000 MPN/100 mL, respectively [19].

a)

b)
FIGURE 5
The Correspondence analysis belonging
bacterial includings of the sampling stations:
a) in the water body, b) in the sediment
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TABLE 2
TCB Counts in the sampling stations
in Water Body (MPN/100ml)
Period
1st Station
3.0x101
OCTOBER
>1.6x103
DECEMBER
1.6x103
FEBRUARY
1.6x103
APRIL
2.8x102
MAY
5.0x102
JULY
9.0 x103
AUGUST
in Sediment (MPN/100mg)
Period
1st Station
4.0x101
OCTOBER
3.0x103
DECEMBER
3.0x103
FEBRUARY
5.0x103
APRIL
>1.6x104
MAY
9.0x103
JULY
9.0x103
AUGUST

2nd Station
3.5x102
>1.6x103
1.6x103
1.6x103
5.0x102
2.4x102
1.7x103

3rd Station
2.7 x102
1.6x103
1.6x103
1.4x103
1.7x102
>1.6x103
1.6x104

4th station
9.0 x102
>1.6x103
>1.6x103
>1.6x103
1.6x103
>1.6x104
>1.6x104

5th station
9.0 x102
>1.6x103
>1.6x103
>1.6x103
>1.6x103
>1.6x104
>1.6x104

6th station
2.4x102
>1.6x103
>1.6x103
>1.6x103
>1.6x103
>1.6x104
>1.6x104

2nd Station
3.2x102
5.0x103
5.0x103
5.0x103
>1.6x104
3.0x103
2.1x103

3rd Station
1.6x103
3.0x103
3.0x103
2.8x103
>1.6x104
2.8x103
2.8x104

4th station
1.7x103
>1.6x104
>1.6x104
>1.6x104
5.0x103
>1.6x105
>1.6x105

5th station
>1.6x104
>1.6x104
>1.6x104
>1.6x104
9.0x103
>1.6x105
>1.6x105

6th station
>1.6x104
>1.6x104
>1.6x104
>1.6x104
9.0x103
>1.6x105
>1.6x105

TABLE 3
FCB Counts in the sampling stations
in Water Body (MPN/100ml)
Period
1st Station
2.3x101
OCTOBER
3.5x102
DECEMBER
5.0x102
FEBRUARY
3.5x102
APRIL
2.8x102
MAY
3.0x102
JULY
5.0x103
AUGUST
in Sediment (MPN/100mg)
Period
1st Station
4.0x101
OCTOBER
8.0x102
DECEMBER
8.0x102
FEBRUARY
3.0x103
APRIL
3.0x103
MAY
5.0x102
JULY
9.0x103
AUGUST

2nd Station
3.4x101
3.3x101
3.0x102
3.2x102
3.5x102
2.2x102
1.7x102

3rd Station
2.7 x102
2.1x101
5.0x102
2.9 x102
1.7 x102
9.0 x102
2.2x103

4th station
9.0x102
9.0x102
9.0x102
9.0x102
1.4x103
1.6x104
>1.6x104

5th station
9.0x102
9.0x102
9.0x102
9.0x102
1.3x103
1.6x104
>1.6x104

6th station
1.3x102
1.6x103
1.6x103
1.6x103
1.6x103
1.6x104
>1.6x104

2nd Station
2.6x102
5.0x102
5.0x102
3.5x102
3.0x103
2.4x103
7.0x102

3rd Station
3.5x102
2.6x102
9.0x102
5.0x102
5.0x102
3.5x102
1.7x104

4th station
1.4x103
>1.6x104
>1.6x104
>1.6x104
5.0x103
1.6x105
>1.6x105

5th station
1.6x104
6.0x103
9.0x103
1.6x104
2.2x103
1.6x105
>1.6x105

6th station
1.6x104
3.4x103
5.0x103
9.0x103
9.0x103
1.6x105
>1.6x105

TABLE 4
E.coli Bacteria Counts in the sampling stations
in Water Body (MPN/100ml)
Period
1st Station
1.3x101
OCTOBER
2.8x102
DECEMBER
3.5x102
FEBRUARY
2.8x102
APRIL
2.4x102
MAY
2.4x102
JULY
5.0x102
AUGUST
in sediment (MPN/100mg)
Period
1st Station
4.0x101
OCTOBER
5.0x102
DECEMBER
5.0x102
FEBRUARY
5.0x102
APRIL
5.0x102
MAY
5.0x102
JULY
7.0x102
AUGUST

2nd Station
3.4x101
2.7x101
2.2x102
2.2x102
2.8x102
1.7x102
8.0x101

3rd Station
2.7x102
2.1x101
2.2x102
1.7x102
1.7x102
5.0x102
1.3x103

4th station
9.0x102
9.0x102
9.0x102
9.0x102
1.4x103
1.6x104
>1.6x104

5th station
5.0x102
5.0x102
5.0x102
5.0x102
1.3x103
1.6x104
>1.6x104

6th station
1.3x102
1.6x103
1.6x103
1.1x103
1.4x103
1.6x104
>1.6x104

2nd Station
2.2x102
3.0x102
3.4x102
2.6x102
5.0x102
1.1x103
5.0x102

3rd Station
3.5x102
2.6x102
2.6x102
2.7x102
3.0x102
2.4x102
9.0 x103

4th station
1.4x103
>1.6x104
1.6x104
>1.6x104
5.0x103
1.6x105
>1.6x105

5th station
1.6x104
6.0x103
5.0x103
9.0 x103
1.4x103
1.6x105
>1.6x105

6th station
3.5x103
3.4x103
3.0x103
3.0x103
3.0x103
1.6x105
>1.6x105
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TABLE 5
The minimum, maximum and the average results of physicochemical features in the sampling stations
(AT:air temperature, WT:water temperature, Con:conductivity, LP: light permeability, TDS:total
dissolved solids, Sal:Salinity, DO: dissolved oxygen, BOD5:biological oxygen demand, TSS:total suspended
solids, NO2-N:Nitrite Nitrogen, NO3-N:Nitrate Nitrogen, Min:Minimum, Max:Maximum, AVG:Average)
6WDWLRQVĺ
Parameters
Ļ

1st
MI
N

MA
X

AV
G

MIN

MAX

AVG

MIN

MAX

AVG

MIN

MAX

AVG

MIN

MAX

AVG

MIN

MAX

AVG

AT (ºC)

2.0

26.0

14.6

6.0

30.0

18.2

7.5

32.5

19.6

5.0

28.5

16.3

2.0

27.0

15.6

8.5

35.0

20.3

WT (ºC)

4.5

26.5

14.6

5.2

29.5

16.6

5.0

31.0

18.0

4.2

27.0

15.0

4.6

27.0

14.6

6.0

32.5

17.9

Con
(mS/cm)

0.36

0.59
0

0.45

1.19

3.180

1.882

1.575

4.850

2.696

0.356

0.534

0.454

0.397

0.636

0.530

2.150

5.470

3.433

pH

7.03

8.46

7.93

7.22

8.08

7.74

7.37

8.09

7.78

7.39

8.59

8.02

7.73

8.45

8.08

7.19

8.31

7.83

LP (cm)

22

45

34

4

16

9

4

17

8

20

43

32

23

42

33

3

14

8

0.2

310.
0

45.1

0.4

1300.0

186.8

0.4

2600.0

372.6

0.1

280.0

40.8

0.3

315.0

45.8

0.4

3300.0

472.8

0.1

0.3

0.2

0.1

1.4

0.7

0.1

2.4

1.0

0.1

0.3

0.1

0.1

0.3

0.2

0.1

3.1

1.2

6.41

12.8
9

8.92

2.68

10.23

7.04

1.98

10.32

6.88

6.09

12.52

8.67

5.91

11.61

8.50

1.62

8.58

6.17

0.05

5.12

3.44

0.65

12.07

8.50

0.25

11.90

8.15

0.02

4.31

2.89

0.21

4.87

3.19

0.46

13.91

9.36

0.04

4.51
8

1.54

0.130

11.430

3.900

0.180

10.570

3.660

0.030

3.778

1.280

0.010

4.272

1.440

0.290

12.300

4.300

Fluoride
(mg/L)

0.04

0.18
7

0.13

0.046

1.540

0.372

0.014

1.813

0.460

0.030

0.190

0.117

0.036

0.215

0.150

0.005

1.743

0.421

Chloride
(mg/L)

10.2

32.5

16.5

94.5

891.8

475.1

204.7

1752.7

670.0

9.8

22.9

14.5

12.5

29.9

19.9

133.0

1715.2

720.6

NO2-N
(mg/L)

0.05

0.12
9

0.08

0.09

0.596

0.374

0.054

0.366

0.220

0.057

0.128

0.086

0.057

0.137

0.085

0.063

0.461

0.285

0.05

0.18

0.785

0.351

0.162

1.045

0.406

0.028

0.091

0.042

0.029

0.135

0.061

0.191

1.046

0.475

TDS (g/L)
6DOÅ
DO (mg/L)
BOD5
(mg/L)
TSS
(g/100mL)

Bromide
(mg/L)

2nd

3rd

4th

6th

0.02

0.17
9

NO3-N
(mg/L)

0.00

8.58
4

5.76

0.00

13.449

7.213

0.00

9.221

3.885

0.00

14.92
3

7.613

0.00

13.78
2

7.743

0.00

10.412

4.431

Sulfate
(mg/L)

23.6
8

80.3
0

51.5
5

51.15
4

235.81
7

131.67
4

79.29
1

331.93
3

175.4
0

28.45
2

75.97
8

43.90
3

30.03
8

94.99
1

56.10
0

59.04
1

422.75
9

212.2
0

Chlorite
(mg/L)

0.00
9

4.60

0.82

0.009

10.105

4.434

0.007

9.901

4.084

0.006

5.475

1.004

0.009

6.901

1.219

0.006

10.052

3.890

Phosphate
(mg/L)

0.30
8

0.86

0.47

0.129

6.909

3.146

0.697

11.130

5.492

0.295

0.680

0.448

0.299

0.763

0.478

0.532

9.568

5.445

mS/cm at the 3rd station in the Meric River. In
addition, the conductivity and the temperatures was
found to have positive correlations with
heterotrophic bacterial counts in water at the 4 th and
6th sampling stations respectively (r=0.78 and
r=0.82, p<0.05). Minor fluctuations of the pH values
in the sampled sites were observed and the values
were found to be familiar for aquatic environments.
The minimal light permeability, maximum total
dissolved solids and the suspended solids were
recorded at all sampled stations in the Ergene River
when compared with the sites in the Meric River.
The highest average dissolved oxygen concentration
recorded in the Meric River was observed at the 1 st
station (8.92 mg/L). The maximum mean value of
BOD5 was 9.36 mg/L at the 3rd station in the Ergene
River, whilst the minimum was 2.89 mg/L at the 3 rd
station in the Meric River. The highest mean values
of Fluoride noted on sampled stations were found in
the Ergene River (0.460 mg/L at the 2 nd station,
0.421 mg/L at the 3rd station). This can be explained
by waste discharge originating from industrial
activities released into the river environment without
purification [21]. Nutrients particularly increased in
spring, it was noted that the maximum NO2-N was in
the Ergene River at the 1st station (0.374 mg/L); the
maximum NO3-N was in the Meric River at the 2nd
station (7.743 mg/L); the highest sulphate and
phosphate values were in the Ergene River at the 3rd
station (212.209 and 5.445 mg/L respectively).

According to the results, water quality of the Meric
River can classified as second quality level; water of
the Ergene River can classified as fourth quality
level.
Data belonging to physical and chemical
parameters in each sampling station were given in
Tables 5-6. Accordingly, minimum mean
temperature was observed at the 3rd station on the
Meric River, while the maximum was at the 3rd
station on the Ergene River. When the counts of
bacteria were evaluated across seasons, the highest
increase was observed in the late summer and spring
period. This can be explained by the increase of the
water temperature and decrease of flow in summer
period, and an increase of organic material into water
as a result of rainfall in spring periods. Swiatecki
(1997) reported that seasonal changes in temperature
have correlations with the dynamics of bacteria
development in aquatic ecosystems [20]. In our
study, the temperature was found to have positive
relation but weak correlation with the bacterial
content of the water samples when the all-sampling
localities were compared (r=0.40, p<0.01). The
relationship between the bacterial count of the
sampled water and its temperature was found to have
positive correlation at the 6th station only (r=0.82,
p<0.05).
The maximum mean value for conductivity was
determined as 3.43 mS/cm at the 3rd station on
Ergene River; minimum mean value was 0.45
722
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$FFRUGLQJ WR WKH 6SHDUPDQ¶V FRUUHODWLRQ LQGH[ D
positive correlation was found with nitrite and
heterotrophic bacterial counts in the water body of
the Meric River only (at the 1st station, r=0.93,
p<0.01). But, bacterial content in the water body and
the sediment at all sampled stations in the Ergene
River were found to have positive correlations with
each other (r=0.85 at 4th station, r=0.78 at 5th station,
r=0.63 at 6th station, p<0.05).
While meaningful correlations (r>±0.60) were

found between the bacterial distributions in the water
body and the some environmental parameters
(conductivity, light permeability, nitrite, chloride,
sulphate, phosphate), there was no meaningful
correlation between the other parameters found
(r<±0.60, p>0.01). In addition, there is no
meaningful correlations between the bacterial counts
and heavy metal concentrations in all sampled sites
(p>0.01).

TABLE 6
The average values of heavy metal concentrations in the water body (mg/L) and the sediment (mg/kg)
of the sampling stations
in the water body
2nd Station
3rd Station
4th Station
5th Station
6th Station
1st Station
0.284
0.271
0.275
0.299
0.303
0.288
Li
1.741
1.634
1.816
2.877
2.693
2.382
B
80.78
80.43
2191
1728
787.1
Na 73.12
41.03
32.47
29.62
30.67
40.53
Mg 36.83
1.227
1.446
1.179
6.730
1.865
0.902
Al
35.44
32.24
41.00
41.64
38.71
Ca 34.55
0.050
0.055
0.220
0.106
0.059
Cr 0.047
0.149
0.254
1.055
0.876
0.684
Mn 0.087
3.331
4.158
4.196
4.654
3.666
2.868
Fe
0.057
0.045
0.039
0.033
0.031
Co 0.063
0.077
0.083
0.065
0.104
0.075
0.089
Ni
0.113
0.088
0.045
0.049
0.062
Cu 0.054
0.177
0.140
0.214
0.175
0.142
Zn 0.105
0.038
0.031
0.045
0.052
0.042
Ga 0.030
0.019
0.018
0.023
0.030
0.019
0.032
As
0.433
0.488
0.564
0.403
0.376
0.347
Se
0.821
0.892
0.734
1.330
1.262
0.987
Sr
0.064
0.057
0.075
0.093
0.124
Ag 0.075
0.004
0.006
0.004
0.005
0.006
Cd 0.005
0.137
0.113
0.308
0.258
0.223
Ba 0.130
0.065
0.071
0.064
0.062
0.068
Pb 0.063
in the sediment
1st Station
7.76
Li
27.19
B
Na 164.90
Mg 1856.0
9116.0
Al
Ca 1359.0
Cr 16.17
Mn 276.20
6968.0
Fe
Co 3.53
8.47
Ni
Cu 19.61
Zn 77.81
Ga 14.56
5.02
As
2.81
Se
30.74
Sr
Ag 0.24
Cd 0.98
Ba 90.99

2nd Station
6.871
24.38
184.60
1595.0
7583.0
955.60
16.44
217.80
4811.0
3.28
8.47
26.09
89.84
15.04
8.41
2.77
27.95
0.38
0.72
72.24

3rd Station
9.15
30.06
178.20
3068.0
12770.0
1371.0
27.59
218.60
6707.0
4.30
20.44
10.49
36.22
12.71
3.58
2.59
32.80
0.19
0.35
64.24

4th Station
6.50
29.14
371.70
1337.0
8012.0
1037.0
66.24
85.09
3678.0
3.17
15.72
14.93
40.49
6.81
1.89
2.34
22.80
0.18
0.10
35.45

723



5th Station
8.62
28.84
291.50
1701.80
10914.0
1296.10
54.86
119.49
5419.40
3.34
17.55
12.60
48.27
10.49
2.01
2.37
25.05
0.30
0.15
69.01

6th Station
11.76
33.45
328.29
3234.70
17380.0
1386.90
82.41
225.58
8440.40
5.02
29.52
14.91
50.19
20.18
3.26
2.65
35.76
0.28
0.15
105.72
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Pb

27.83

43.90

13.74

5.83

11.38

some parameters and microbiological processes
should be monitored in aquatic environments.

It was observed that the number of bacteria in
the sediment was higher than in the water body. The
accumulation of certain elements in sediment
(organic materials, detritus, and humus, complex
structures such as cellulose, lignin, and nutrients like
phosphorus) may be lead to these differences.
According to the 6SHDUPDQ¶V FRUUHODWLRQ WKH
relationship between bacterial content of the water
body and the sediment was found to be meaningful
(r=0.71, p<0.01) and a powerful relationship was
found in the 4th and 5th sampling stations (r=0.85 and
r=0.78 respectively, p<0.05).
When the bacterial content of the sediment
samples was compared with physicochemical
parameters, meaningful positive correlations for the
conductivity, nitrite and sulphate (r=60, p<0.01) and
negative correlations for the pH and light
permeability (r= - 60, p<0.01) were found.
According to the Water Pollution Control
Regulation, all sampled localities were noted as first
class in terms of zinc and barium; second class for
chrome, cobalt, nickel, copper and cadmium; third
class for lead; fourth class in terms of iron and
selenium, when mean metal values recorded in the
field were considered [19]. While the Ergene River
was classified as third class in terms of manganese,
the Meric River was considered first class. As the
metal concentrations in the water and the sediment
noted in the sampling locations were examined,
accumulation in the sediment was observed to be
higher than the water. This can be attributed to
particles in the sediment attracting metals within the
water while metals with large molecular weight sink
to the river bed [22].
Another factor drawing attention in
comparisons performed between water and sediment
elemental analysis is that values recorded from
sediment samples were not influenced by seasonal
changes as much as water samples. But, it is thought
that significant variations may occur over a longer
period of time.
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PYROLYSIS OF WASTE TONER CARTRIDGES AND LIQUID
PRODUCT CHARACTERIZATION
Aysun Ozkan*, Ece Yapici
Department of Environmental Engineering, Faculty of Engineering, Anadolu University, (VNLúHKLU7XUNH\

computers. Jie et al. (2008) studied pyrolysis as an
alternative for recycling printed circuit board under
nitrogen atmosphere at temperatures of 300-700 °C
in a tubular type oven [1]. Marco et al. (2008) studied
the pyrolysis of wires with polyethylene (PE)
insulation, table phones, mobile phones and printed
circuit boards (PCB) under nitrogen in a 3.5 dm3
autoclave at 500 °C for 30 min. [2]. Guo et al. (2010)
studied the pyrolysis of printed circuit boards at 800
qC in a fixed bed reactor. They noted that the
pyrolysis oils contained high concentrations of
phenol, 4-(1-methylethyl) phenol, and phydroxyphenol, as well as bisphenol A,
tetrabromobisphenol A, methyl phenols, and
bromophenols [3]. Molto et al. (2011) carried out
pyrolysis of different parts of a mobile phone at
850°C in a horizontal laboratory furnace [4]. Yang
et al. (2013) used the heavy fraction of pyrolysis oil
(HFPO) obtained from the pyrolysis of waste printed
circuit boards as asphalt modifiers [5]. Antonakou et
al. (2014) studied pyrolysis as a recycling method for
waste CDs (compact discs) originating from PC
(polycarbonate) and HIPS (high impact polystyrene)
[6]. Muhammad et al. (2015) collected plastic waste
from waste electrical and electronic equipment
containing cathode ray tubes (CRTs) and
refrigeration equipment [7]. There are also some
studies on mechanical recycling of waste toner
cartridges which involves shearing, magnetic
separation, and eddy current separation in order to
recover steel, aluminum, toner and plastic [8-9].
However, to date, pyrolysis has not been applied to
waste toner cartridges in the literature. Therefore,
with the purpose of adding value to the literature,
pyrolysis of waste toner cartridges was performed in
this study. Pyrolysis processes were carried out at
temperatures of 400-700 °C and a heating rate of
35°C/min, and the liquid products of the pyrolysis
were characterized.

ABSTRACT
Rapid changes in technology have resulted in
an increase in the amount of electrical and electronic
wastes produced, and this increase has caused
disposal problems. Pyrolysis is one method that can
be applied to the evaluation of this kind of waste. In
this sense, the aim of this study is to obtain useful
products from the pyrolysis of waste toner cartridges
which are a type of electronic waste. To meet this
goal, cartridge composition was determined and
homogeneous analytical samples were prepared by
crushing to a size of 0.2 cm. The moisture, ash,
volatile matter, fixed carbon and elemental
composition (C, H, N, S) of the samples were
determined. Waste toner cartridge samples were
pyrolysed at temperatures of 400 ± 700 qC and a
heating rate of 35 °C/min. According to the pyrolysis
experiments, the highest liquid product yield
(78.9%) was obtained at 600 °C. It was observed that
the liquid product contains aromatic and aliphatic
hydrocarbon and is 91.77% carbon and 8.17%
hydrogen. The calorific value of the liquid product
was found to be 42.5 MJ/kg. In summary, a product
with high calorific value can be obtained by
pyrolysis of waste toner cartridges. This product can
be considered as an alternative fuel after its quality
is upgraded.

KEYWORDS:
Electrical and electronic wastes, Pyrolysis, Waste toner
cartridges

INTRODUCTION
In recent years, the number of studies on Waste
Electrical and Electronic Equipment (WEEE) has
increased rapidly. There are pyrolysis studies of
GLIIHUHQW PRELOH SKRQH SDUWV &'¶V ZDVWH SULQWHG
circuit boards, radios, televisions and waste
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temperatures of 400, 500, 600 and 700 qC with a 35
°C/min heating rate in a fixed bed stainless steel (380
S) 240 cm3 reactor (Figure 3). The pyrolysis
experiments were conducted in a well-swept fixed
bed reactor purged with nitrogen before pyrolysis.
All of the experiments were conducted in typical
runs, in which 10 g of sample were placed in the
reactor, and after the reactor had reached the
predetermined temperature, it was maintained there
for 1 h. As a result of the pyrolysis process, liquid,
solid and gas phases were produced. The liquid
phase was collected in a cold trap maintained at
approximately 0 qC using ice. The solid and liquid
product yields were determined gravimetrically for
each experiment. The gas yields were determined by
the mass difference. All the yields were expressed on
a dry basis and the average yields of at least three
experiments were used.

MATERIAL AND METHODS
The flowchart of the study is shown in Figure 1.
First, waste toner cartridges were obtained from a
licensed recycling facility in Turkey. The cartridges
were
manually dismantled, analysed
for
composition, sheared and screened to a size of
0.2cm. According to the physical composition
(Figure 2), analytical samples were prepared, and the
moisture content, ash, volatile matter and fixed
carbon abundances in these samples were carried out
according to ASTM D-3173-85, ASTM D-3174-82,
ASTM D-3172-73 and ASTM D-3175-82,
respectively. The elemental composition (C, H, N
and S) of the samples was determined using a Leco
TruSpec CHN and S (USA).
The pyrolysis experiments were carried out
under
atmospheric
pressure
at
pyrolysis

FIGURE 1
The flowchart of the study
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FIGURE 2
Composition of waste toner cartridge

FIGURE 3
Pyrolysis system

After pyrolysis, the elemental composition of
the liquid products was determined using an LECO
TruSpec CHN and S, and the Higher Heating Values
(HHVs) were calculated according to the Dulong
equation. The compositional functional group
analysis of the pyrolytic oils was carried out using
Perkin Elmer Spectrum 100 Fourier Transmission
Infrared (FT-IR) Spectra software, which have data
processing and spectral library search facilities. One
milligram of the homogenized liquid product was
mixed thoroughly with 100 mg of FT-IR grade KBr.
A pellet was prepared using a press. Afterwards, the
pellet was immediately put into the sample holder
and FT-IR spectra were recorded. FT-IR scanning
was conducted in ambient conditions. The infrared
spectra of the sample were taken with 4 cm-1 spectral
resolution between 4000-400 cm-1. The FT-IR
equipment was validated with a polystyrene
reference sample. NMR spectra were recorded on a
Bruker Advance 500 DPX spectrometer (1 H at 500
MHz and 13C at 125 MHz) in chloroform-d (CDCl3)

with tetramethylsilane (TMS) as the internal
standard.
The liquid products were fractionated using
liquid column chromatography. The pyrolytic oils
were separated into two fractions, n-pentane soluble
and insoluble compounds (asphaltenes). The npentane soluble fraction was further separated on
activated silica-gel (70±230 mesh) that was
pretreated at 105q C for 2 h prior to introduction into
a 50×1 cm i.d. column. The column was eluted
successively with n-pentane, benzene, ethyl acetate
and methanol to extract aliphatic, aromatic,
heteroatom and polar fractions, respectively. Each
fraction was dried and weighed. Afterward, the npentane and benzene fractions were analysed using a
Shimadzu GC-MSQP2010 Plus (30 m×0.25 mm i.d.;
0.25 μm film thickness; TRB-5MS column). Helium
was used as the carrier gas at a constant flow rate of
1.2 ml/min. The GC oven temperature was
programmed for alkanes in the n-pentane fraction
from 100 qC to 280 qC at 7 qC min-1 and held at 280 qC
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for 2 min. When the temperature reached 320 qC
after being increased at a rate of 20 qC min-1, it was
held at 320 qC for 10 min. To determine the PAHs in
the benzene fraction of the liquid products, the GC
oven temperature was programmed to 75 qC and
held for 0.5 min then before being raised from 75 qC
to 245 qC at 25 qC min-1 and temperature reached
then to 320 qC at 4 qC/min and held at 320 qC for 3
min. Typical operating conditions for MS were as
follows: ionization energy 70 eV; ion source
temperature 200 qC; mass range between m/z 40 and
400. The concentrations of PAHs and alkanes were
calculated according to calibration curves prepared
using certified reference materials (Dr. Ehrenstorfer,
Alkanes Mix 10, lot no. 90703TO; PAH Mix 50, lot
no. 90620AL).

Additionally, the HHV of the liquid product
obtained at this temperature was calculated as 42.5
MJ/kg according to the Dulong equation. Onay
(2014) stated that a significant decrease in oxygen
content resulted in an increase in the heating value,
and a similar result was observed in the current study
[10]. The HHVs of diesel and gasoline are 45.5 and
43.9 MJ/kg, respectively. According to this, the
HHVs of the liquid products are very close to those
of commercial products. The significant decrease in
oxygen content of the liquid product (0.06%)
obtained at 600 °C compared to the original
feedstock (24%) is important. Based on the oxygen
content, it can be said that the liquid product
obtained at 600 °C is stable. The sulfur contents of
the liquid products, except that produced at 600 °C,
are higher than those of diesel and gasoline.
However, the liquid product produced at 600 °C is
almost free of sulfur, making it environmentally
friendly.
The FT-IR spectrums of the liquid products are
illustrated in Figure 5 for all the studied
temperatures. These spectrums are similar to each
other. The C-H stretching between 2800-3000 cm-1
and 1400-1500 cm-1 indicate the presence of alkanes.
The peaks between 1600-1700 cm-1 represent
ketones, aldehydes or acids with C=O stretching.
The peaks between 700-1000 cm-1 represent C=C
stretching and are indicative of alkenes and
aromatics. C-O stretching is observed between 12501300 cm-1 only at 700 qC.

RESULTS AND DISCUSSION
Pyrolysis experiments were carried out at 400700 °C with a heating rate of 35 qC/min, and product
yields are presented in Figure 4. According to the
figure, the highest liquid product yield was obtained
at 600 qC (78.9%). At 700 qC, liquid product yield
decreased while gas product yield increased. Solid
product yields varied between 1.26-4.86%.
Elemental analysis results of the liquid
products are given in Table 1. The highest carbon
content was determined to be 91.77% at 600 qC.

FIGURE 4
Pyrolysis product yields
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TABLE 1
Elemental analysis and HHV results of the liquid products in different pyrolysis temperature

C (%)
H (%)
N (%)
S (%)
O (%)*
HHV (MJ/kg)

This study
400 °C
76.97±3.92
8.64±0.24
3.55±0.11
0.71±0.04
10.13
36.6

500 °C
89.33±2.85
8.65±0.38
0.83±0.07
0.56±0.04
0.63
42.4

600 °C
91.77±3.77
8.17±0.28
<0.01
<0.01
0.06
42.5

700 °C
75.84±2.94
7.72±0.18
2.86±0.09
0.59±0.06
12.99
34.3

Diesel
[11,12]
86.58
13.29
65 ppm
0.11
2.1
45.5

Gasoline [12]
85.4
14.1
200 ppm
280 ppm
43.9

*By difference

FIGURE 5
FT-IR spectrums of liquid products at different pyrolysis temperatures

1

H-NMR spectrums of the liquid products are
illustrated in Figure 6. Additionally, H-NMR results
are given in Table 2. These results show that
important groups in the liquid products are aliphatic
or bound only to aliphatic groups, aliphatic groups
that are adjacent to aromatic or alkenyl groups, vinyl
groups, and aromatic groups. It was observed that the
largest amounts of aromatics, vinylic and aliphatic
compounds were determined at 600 °C, 700 °C and
500 °C, respectively.
For detailed analysis, the liquid products were
separated into two fractions, n-pentane soluble and
insoluble compounds, using n-pentane. The npentane soluble material was further separated by
column chromatography. The results are given in
Table 3. According to this table, the liquid products
are 75.04-87.87% soluble in n-pentane. These results
indicate that the liquid products include polar and
aromatic compounds. In the n-pentane and benzene
subfractions, GC/MS analyses were conducted for
alkanes and PAHs, respectively (Table 4 and 5). The

standard deviations of the alkane and PAH
concentrations were changed to 0.8-214 and 0.010.08, respectively. According to Table 4, it can be
seen that the carbon numbers range from C10-C32 and
are mainly composed of n-pentadecane, nheptadecane and n-pentacosane. Comparison with
diesel (C8-C24) and gasoline (C4-C12) shows that the
liquid products are similar to diesel. Additionally,
the highest identified alkane concentrations and
alkane type were found in the products obtained at
700 qC and 500 °C, respectively. According to Table
5, the distribution of PAHs exhibits a range of C14±
C20 and the PAH concentrations and types were
similar to each other. Furthermore, Ruan et al.
(2011) stated that many toners contain polycyclic
aromatic hydrocarbon as the imaging materials. The
total identified PAH concentrations of the liquid
products vary between 56.37 and 57.15 ppb.
Therefore, the PAH content of the liquid products
are very low, and the liquid products present no
hazard in terms of PAHs.
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(a)

(b)

(c)

(d)
FIGURE 6
H-NMR spectrums of liquid products a) 400°C b) 500°C c) 600°C d) 700°C

1
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TABLE 2
H-NMR results of pyrolysis liquid products

1

Type of hydrogen

Chemical shift, ppm
6.5 ± 7.5
5 ± 5.8
1.8 ± 3
0.4 ± 1.8

Aromatics
Vinyl
Aliphatic adjacent to aromatic/alkane
Aliphatic (bonded to aliphatic only)

(%)
400 °C
57.1
11.8
7.2
24

500 °C
41.4
8.7
11.3
38.6

600 °C
57.6
11.3
8.4
22.7

700 °C
52.2
22.1
6.2
19.5

TABLE 3
The results of column chromatography of the liquid products
Temperature (°C)
400
500
600
700

n-pentane soluble (%)
84.74
78.94
75.04
87.87

n-pentane (%)
36.17
21.60
20.84
22.82

Benzene (%)
13.79
21.11
17.63
14.82

Ethylacetate (%)
15.16
21.31
19.93
20.57

Methanol (%)
34.88
35.98
41.60
41.79

TABLE 4
Alkanes concentrations of the liquid products
Compounds
n-Decane
n-Undecane
n-Dodecane
n-Tridecane
n-Tetradecane
n-Pentadecane
n-hexadecane
n-Heptadecane
n-Octadecane
n-Nonadecane
n-Eicosane
n-Henicosane
n-Docosane
n-Tricosane
n-Tetracosane
n-Pentacosane
n-Hexacosane
n-Heptacosane
n-Octacosane
n-Nonacosane
n-Triacontane
n-Hentriacontane
n-Dotriacontane

Concentration (ppb)
400°C
400°C
7,589
2,568
1,775
1,073
1,660
92,407
49,295
2,629
1,864
140,217
2,778
3,610
2,383
107,741
83,712
15,498
6,456
2,911
5,186
497
1,467
1,790
421
3,799
1,524
23
1,585
3,184
1,795
142,111
86,288
3,111
2,660
972
532
3,832
638
8,898
6,290
11,582
3,519
4,868
29,993

400°C
1,006
346
4,124
212,061
17
10,034
1,984
499
1,544
27,421

400°C
16,978
2,014
3,517
148,177
4,714
224,041
6,770
180,432
26,039
7,138
1,671
1,062
8,766
4,354
6,919
1,144
12,145
2,739
16,309
4,237
3,992
27,472
11,067

TABLE 5
PAH results of liquid products
Compounds
Phenanthrene
Anthracene
Fluoranthrene
Pyrene
Benzo-anthracene
Chrysene
Benzo(b)fluoranthrene
Benzo(k)fluoranthrene
BenzoPyrene

400°C
10.29
11.34
10.84
11.18
0.22
10.70
0.53
0.30
1.43



Concentration (ppb)
500°C
600°C
10.27
10.28
11.30
11.35
10.92
10.86
11.16
11.21
0.16
0.15
10.66
10.66
0.36
0.61
0.28
0.62
1.32
1.41

700°C
10.32
11.35
10.83
11.20
0.17
10.67
0.27
0.31
1.25

© by PSP

Volume 26 ± No. 1a/2017, pages 726-733

Fresenius Environmental Bulletin


from Electrical and Electronic Equipment.
Journal of Analytical and Applied Pyrolysis,
113, 332±339.
[8] Ruan, J., Li, J. and Xu, Z. (2011) An
environmental friendly recovery production line
of waste toner cartridges. Journal of Hazardous
Materials, 185, 696-702.
[9] Ruan, J. and Xu, Z. (2011) A new model of
repulsive force in eddy current separation for
recovering waste toner cartridges. Journal of
Hazardous Material, 192, 307-313.
[10] Onay, O. (2014) The Catalytic Co-pyrolysis of
Waste Tires and Pistachio Seeds. Energy
Sources, Part A, 36, 2070±2077.
[11] Onay, O. (2007) Influence of pyrolysis
temperature and heating rate on the production
of bio-oil and char from safflower seed by
pyrolysis, using a well-swept fixed-bed reactor.
Fuel Processing Technology, 88, 523-531.
[12] Banar, M., Akyildiz, V., Ozkan, A., Cokaygil,
Z. and Onay, O. (2012) Characterization of
pyrolytic oil obtained from pyrolysis of TDF
(Tire Derived Fuel), Energy Conversion and
Management, 62, 22-30.

CONCLUSION
This study aimed to utilize the pyrolysis liquid
products from waste toner cartridges, which are a
type of e-waste, as fuel. The highest liquid product
yield was obtained at 600 qC (78.9%). It was seen
that the liquid product obtained at 600 °C contains
91.77% carbon and 8.17% hydrogen, as well as
aliphatic and aromatic hydrocarbons that can be used
to obtain fuel or chemicals. Additionally, this liquid
product has an HHV of 42.5 MJ/kg. This value is
close to those of commercial products (diesel and
gasoline). The PAHs that are present in the toner are
very low in concentration in the liquid products. In
conclusion, the pyrolysis of waste toner cartridges is
an important recycling technology because of the
low concentrations of hazardous waste constituents
(especially PAHs).
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immobilization of Rhodococcus erythropolis B4
using a poly(vinylpyrrolidone) (PVP) hydrogel
crosslinked by gamma radiation, and the
immobilized cells were used to degrade naphthalene
and anthracene under aerobic conditions.
Wojnarovits et al. [3] reviewed the radiation-induced
grafting of cellulose for adsorption of hazardous
water pollutants. Desmet et al. [4] studied the
cellulose functionalization through high-energy
irradiation-initiated
grafting
of
glycidyl
methacrylate and cyclodextrin immobilization. They
found that this method can be applied to produce
adsorbents from cellulose-based agricultural wastes.
Pires et al. [5] used different polymer matrixes as
support for bacterial immobilization and applied for
the removal of heavy metals. Our research group
studied the radiation-induced grafting of sweet
sorghum stalk for copper(II) removal from aqueous
solution, the results showed that the adsorption
capacity of the grafted sweet sorghum stalk
increased about five times [6]. Madrid et al. [7]
prepared an amine group containing fibrous
adsorbent by reaction of grafted water hyacinth
fibers with ethylenediamine using gamma radiation
induced graft polymerization through simultaneous
grafting technique. They used this amine-type
adsorbent to remove Pb2+, Cu2+ and Cr3+ from
aqueous solutions and found that gamma radiationinduced grafting and subsequent chemical
modification improved the metal ion sorption
behavior of water hyacinth fibers. Hanh et al. [8]
studied the pre-irradiation grafting of acrylonitrile
onto chitin for adsorption of arsenic in water. Hassan
et al. [9] prepared the immobilized chitosan upon
grafted Jute fibers with acrylic acid by gamma
irradiation and applied for the removal of reactive
dyes from textile wastewater, the results showed that
the dye adsorption was enhanced at low pH range
and increased with increase of contact time,
regardless of temperature change.
The removal of toxic pollutants from water and
wastewater is a pressing issue for water pollution
control. Different technologies have been applied for
the degradation of various toxic pollutants [10-19],

ABSTRACT
In this paper, porous polymeric carrier of
polyacrylamide was synthesized by means of gamma
irradiation and applied for immobilization of
bacterial strain, which was capable of degrading
pyridine. During radiation-induced polymerization
process, saturated NaCl solution was used as
reaction medium and NaCl granules were used as
pore-forming agent. The suitable dose was
determined to be 30 kGy, and the average size of
SRUHVZDVDERXWWRȝP The observation of
SEM (scanning electron microscopy) showed that
dense populations of Bacillus sp. grew well inside
the carrier. The immobilized Bacillus sp. was
capable of degrading up to 500 mg/L pyridine
completely within 30 h. The microbial cells of
Bacillus sp. immobilized by macro-porous
polyacrylamide had the potential ability to be applied
in a wastewater treatment system for the removal of
pyridine.

KEYWORDS:
Radiation; polymerization; polymeric carrier; microbial
immobilization; biodegradation; pyridine

INTRODUCTION
Radiation-induced
polymerization
of
hydrophilic monomers enables the formation of
stable polymers in a wide variety of forms for
applications in biotechnology. The polymers can be
used to immobilize enzymes, microbial cells without
limits of size, form, chemical structure or physical
property. The synthesis of hydrogels by gamma
irradiation and application for immobilization of
bacteria were studied and used in the treatment of
metal-contaminated wastes [1].
The preparation and modification of polymers
using radiation technology have been extensively
studied and applied for environmental remediation.
For example, Djefal-Kerrar et al. [2] studied the
734
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Pyridine degradation experiments. The
polyacrylamide carriers attached by Bacillus sp.
were washed with sterile distilled water for three
times to remove the free cells, and 30 mL fresh
medium was added to 100-mL Erlenmeyer flasks.
The immobilized cells were incubated at 30 ć and
200 rpm. Samples were taken at regular intervals and
centrifuged, and the supernatant was used for
determination of pyridine concentration.

such as cholorophenols [11], phthalic acid esters [12],
quinolone [13], pyridine [14], nitrophenols [15],
indole [16], pharmaceuticals and personal care
products (PPCPs) [17-19] and the like. Pyridine is an
important N-heterocyclic compound, which has been
widely used in chemical industry. Due to its toxicity,
it can pose potential hazards to human health and
ecological environment [20-22].
The objective of this study was to prepare the
macro-porous polyacrylamide carrier by gamma
irradiation, and apply for immobilization of bacterial
cells to degrade pyridine in wastewater.

Microscopy observation. The scanning
electron microscopic observation was performed to
investigate the morphology of the microbial cells in
polymeric carries. The phosphate buffers (PBS, pH
7.4) was used to fix the immobilized microbial cells
at 4ć. After overnight, the fixed immobilized cells
were washed with phosphate buffers for three times,
and then the immobilized cells were dehydrated with
ethanol solution with gradually increasing
concentrations. They were observed with a scanning
electron microscope (FEI QUANTA 200, USA).

MATERIALS AND METHODS
Preparation
of
macro-porous
polyacrylamide carrier. Sodium chloride (NaCl)
granules were added into the acrylamide solution as
pore-forming agent. Nitrogen gas was bubbled into
the solution to drive out oxygen. After J-ray
irradiation from a Co60 irradiation source at 10 to 60
kGy, the gel formed was taken out from the container
and put into deionized water to dissolve NaCl
granules for making porous structure. Porous gels
were cut into cylinders with a height of about 3 to 4
cm.

Analytical methods. The concentration of
pyridine in the samples was determined by reverse
phase high-performance liquid chromatography
(HPLC) using a Shimadzu LC-20A C18 column (4.6
PPîPP E\ȝPZLWK89GHWHFWLRQDWQP
The mobile phase consisted of 70: 30 (v/v) methanol:
water at a flow rate of 1 mL miní1.
The stress-strain curve was measured using a
mechanical testing machine (ZWICKZ005,
Germany), and from this curve the elastic modulus
can be obtained.

Isolation, cultivation and identification of
microorganism. A strain capable of degrading
pyridine was isolated from the acclimated sewage
sludge [22], it was identified as Bacillus sp. Pure
strain was maintained in common bacterial medium
LB, which contains (per liter) 10 g tryptone, 5 g yeast
extract, 10 g NaCl, 15 g agar. The final pH value of
the medium was adjusted to about 7.0. The bacterial
growth rate can be calculated from the growth curve
of bacteria, which was determined through
measurement of absorbance of aqueous cultural
medium using a UV-VIS spectrophotometer.

RESULTS AND DISCUSSION
Preparation
of
macro-porous
polyacrylamide carrier. The saturated NaCl
solution was used a reaction medium for the
polymerization of acrylamide. Firstly, acrylamide
(19 g) was dissolved in 200 mL of deionized water;
then NaCl was added into the solution until it became
saturated. When NaCl granules were put into the
solution, it tended to deposit and occupy the space,
so it can be used as pore-forming agent.
The results indicated that saturated NaCl
solution had no negative influence on the radiationinduced polymerization reaction. Furthermore, Na+
and Cl- can improve the crosslinking of polymerized
acrylamide, possibly because the straight link of
polyacrylamide tends to curl in a high concentration
of salt solution.
The suitable dose for radiation-induced
polymerization was determined. The crosslinking
agent was added, and the ratio of acrylamide to N,
1¶-methylene-bis-acrylamide was 19:1(v/v). The

Immobilization of bacterial cells using
polymeric carrier. Polyacrylamide carriers were cut
into cubes of about 1 cm ×1 cm ×1 cm, and put into
a 500-mL Erlenmeyer flask, then autoclaved at 121đ
for 20 min. Bacillus sp. was cultivated at 30đ and
200 rpm using LB liquid medium containing 100
mg/L of pyridine for 20 h, then the biomass was
collected. Cell suspension (2.0%, v/v) was
inoculated into the Erlenmeyer flasks containing the
autoclaved carrier, adding 200 mL LB liquid
medium containing 100 mg/L pyridine. The mixture
of cell suspension and polyacrylamide carriers was
incubated at 30đ and 100 rpm until cells adsorbed
onto the surface and pores of polyacrylamide carriers
to form the immobilized cells.

735

© by PSP

Volume 26 ± No. 1a/2017, pages 734-739

effect of dose on the mechanical stress of the macroporous polyacrylamide carrier is shown in Fig. 1.
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The average size of pores was about 50 to 100
ȝP ,W was rather large compared with the size of
bacterial cell. However, the pore size could be
adjusted easily by changing the dosage of NaCl
granules in the polymerizing solution before
irradiation.
In a word, the carrier prepared in this study
could be used for immobilization of microbial cells
through
both
adsorption/attachment
and
confinement/containment. The bacterial cells were
mainly attached in the internal and external walls of
the pores in the carriers. The distribution of cells
attached on the carriers was not uniform, so that
some cells gathered and others dispersed. There
might be two reasons for the attachment of microbial
cells, including physical effect between cells and the
carriers and adhesive effect between the carriers and
the extracellular secretion of Bacillus sp.

FIGURE 1
Effect of dose on elastic modulus of the macroporous polymeric carrier

Pyridine degradation by immobilized cells.
The degradation of pyridine by bacterial cells
immobilized onto polymeric carriers is shown in Fig.
2. It can be seen that immobilized cells were able to
degrade pyridine completely within 30 h when the
initial pyridine concentration was up to 500 mg/L.

Fig. 1 showed that the elastic modulus of the
polymerized carrier increased with increase of
absorbed dose, particularly, the elastic modulus
increased rapidly when absorbed dose increased
from 20 kGy to 30 kGy. However, as the dose further
increased from 30 kGy, the increase of elastic
modulus was not significant. The reason may be that,
during WKH SURFHVV RI Ȗ-irradiation-induced
polymerization of acrylamide, along with the
increase of dose, the release of gas may be occurred,
leading to the breakage of C-C bonds and other
chemical bonds, decreasing the mechanical strength
of the carrier. Therefore the suitable dose was
determined to be 30 kGy in this study.
The observation of immobilized cells by
SEM. The irradiation-induced polymers were used
as carrier to immobilize the bacterial cells, and the
immobilized microbial cells were observed using
SEM (scanning electron microscopy). The results
showed that large amount of Bacillus sp. was
attached on the surface, as well as in the inside of
macro-porous polyacrylamide carriers. It was
obvious that the microbial cells were more dense in
the inside pores of the carriers, possibly because the
shear force inside the carriers was much less than
that on the surface. Since the carrier had a macroporous structure, there was no limitation caused by
the mass transfer within the immobilized cells,
which is beneficial to the biodegradation of toxic
pollutants. It could also be observed that most of the
bacterial cells were adsorbed to inner walls of
concave places in the carriers, while a few bacterial
cells were on the flat places. It can be concluded that
the bacterial cells were immobilized by the physical
structure rather than only adsorption, leading to a
non-uniform attachment of bacterial cells.

FIGURE 2
Microbial degradation of pyridine by
immobilized Bacillus sp
Usually the biodegradation rate can be a
hyperbolic saturation function of pollutant
concentration, and expressed as follow:

r

rm  c
k c

(1)

where r is the degradation rate of the pollutant;
rm is the maximal degradation rate; c is the
concentration of the pollutant; and k is the halfsaturation coefficient.
When c << k, Eq. (1) reduced to form

r
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and the degradation process conforms to a firstorder reaction with

k1

rm
k
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(3)

When c>>k, Eq. (1) becomes r = r m, and the
degradation approaches to a zero-order reaction with
k0=rm as the zero-order rate constant.
The half-life of first-order reaction can be
calculated according to the equation

t1/2

0.693
k1
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Where c is pyridine concentration; t is
degradation time; and k1 and k0 are the first- and
zero-order rate constant.
The results of kinetic data calculation indicated
that the microbial degradation of pyridine by
immobilized cells conformed to the first-order
kinetics. Moreover, in this study, if we used the data
at the beginning (0 h) to calculate the kinetics
parameters, the relationship of the linear regression
was very low. Therefore it can be concluded that the
removal of pyridine from the aqueous solution by the
immobilized microbial cells at first stage (about 2 h)
probably mainly caused by the adsorption by the
polymeric carriers and the biomass of the
immobilized microbial cells. The results suggested
that the adsorption capacity of the macro-porous
polymers to both organic pollutants and to bacterial
cell played an important role in the removal of
pyridine from wastewater.

CONCLUSIONS
In conclusion, gamma irradiation at 30 kGy was
optimal to induce the polymerization of acrylamide
to form macro-porous matrices with an average pore
size of  WR  ȝP, which was suitable for the
immobilization of microbial cells. The results
demonstrated that the selected bacterial strain can be
attached to polymer matrices, particularly in the
inner pores of the carrier. Pyridine with initial
concentration of 500 mg/L can be completely
degraded within 30 h by immobilized Bacillus sp.
Polymeric matrices prepared by gamma irradiation
was a suitable carrier for microbial immobilization
to degrade toxic pollutants in water and wastewater.
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particles were difficult to recover after the reaction
[7,8] and in aqueous applications it will agglomerate,
resulting in a decreased photocatalytic activity [9].
To overcome these drawbacks and maximize the
photocatalytic activity of TiO2, adding titanium
species into mesoporous silicate materials
contributed to high surface area and increased the
active surface area of TiO2 and catalytic activity [10].
Zhao et al. [11] synthesized the Santa Barbara
Amorphous(SBA-15) mesoporous materials and
had attracted much attention because of their
uniform mesopores, thick amorphous silica wallsˈ
high surface areas and widely application in catalysis
as supports [12]. The ordered mesopores of SBA-15
can improve the diffusion of molecules in channels,
catalytic activity, and selectivity. Therefore, a very
greatly amount of TiO2 can be incorporated into the
framework of SBA-15 and many researches about
the properties and performance of TiO2/SBA-15
were reported [13,14]. Li et al. reported that the
titania±silica mixed oxides (mass ratio of Ti/Si = 0.5)
with crystalline TiO2 had a excellent catalytic
performance for the degradation of methyl orange
dye with UV illumination condition [15]. The
photocatalytic
performance
of
synthesized
(X%)TiO2/SBA-15 had more catalytic effect
compare to pure anatase TiO2 and that was linear
with the percentage of TiO2 [16]. The most
remarkable catalytic effect was observed in 31%
TiO2/SBA-15 sample that because of the combined
factors such as a high crystallinity of anatase phase,
preservation of a high surface area, a large amount
of the surface hydroxyl groups, and a larger
accessibility of photo-oxidative sites. But
mesoporous silica has poor hydrothermal stability
which greatly limited the application in catalytic
supports [17]. In generalˈthe preparation of an active
and stable catalyst involves the modification of assynthesized material. Among reports about
improving the hydrothermal stability [19-25],
assembling from nanosized zeolite precursors or
transferring zeolites to mesoporous materials [21]

ABSTRACT
The meso-microporous composite of ZSM-5SBA-15 was prepared via post synthesis. Titanium
dioxide(TiO2) photocatalytic was supported by
ZSM-5-SBA-15 through the sol-gel method. The
prepared (XmL)TiO2/ZSM-5-SBA-15 composites
were confirmed in detail by X-ray diffraction (XRD),
scanning electron microscopy(SEM), N2 adsorptiondesorption isotherms. When the content of ZSM-5
was 2g, the well-order degree and mesopores
structure of SBA-15 were the least. Channels and
surface of (XmL) TiO2/ZSM-5-SBA-15 composites
were mainly located in anatase titania and the pore
dimeter became larger with the increasing amount of
TiO2. The photocatalytic activity of the TiO2/ZSM5-SBA-15 composites evaluated when the
concentration of TiO2 was 0.4mL, exhibited the best
photocatalytic activity.

KEYWORDS:
TiO2, ZSM-5-SBA-15, photocatalytic
performance, post synthesis.

degradation

INTRODUCTION
The powder of Titanium dioxide (TiO2) has
received significant attention for its photochemical
stability, low cost and high photodecomposition
efficiency [1-3]. TiO2 semiconductor particle surface
can generate electron-hole pairs under irradiation of
ultra-violet light as long as the UV photon energies
are greater than the TiO2 bandgap energy [4,5]. The
photo generated holes is not only a strong oxidizing
agent, but also with hydroxyl ions adsorbed on the
surface of TiO2 yields formation of hydroxyl
radicals(·OH), capable of mineralizing organic
compounds to carbon dioxide and water [6].
However, in practical applications, the small
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received much attentions. To overcome the
limitation of microporous and the mesoporous,
micro-mesoporous composites has been applied,
which is a simple, highly effective and
environmentally friendly approach to improve the
hydrothermal stability of mesoporous SBA-15 and
also can offer a high number of active sites [22].
On the basis of predecessors study, we
combined mesoporous silica with active sites of
ZSM-5 to synthesize the hydrothermal siliceous
support material (Xg)ZSM-5-SBA-15 composites
by post-methods with different mass ratio of ZSM5(38) and subsequently deposit titania on its surface
by applying sol-gel methods with different amount
of TiO2. The texture, structure, and crystallization
were investigated by X-ray diffraction (XRD), N2
adsorption-desorption.
The
adsorption
and
photodegradation of Methyl Orange(MO) in
aqueous solution was selected to evaluate the
photocatalysis performance of (XmL)TiO2/ZSM-5SBA-15 and to compare with commercial pure TiO2.
Through the research on the preparation and
application of these materials, our study will be
helpful to further practical application and provide
an effective reference in the future.

composites, and designated as (Xg)ZSM-5-SBA-15.
In order to prepare a comparison, SBA-15 was
prepared and the preparation process was consistent
with the description above, but without ZSM-5(38)
materials.
Method of TiO2 load to ZSM-5-SBA-15
composites which different from the procedure of
previously reported procedure [26]. Different
amount of TBOT (range from 0.2~0.8mL) in ethanol
solution was prepared 0.5g of ZSM-5-SBA-15 was
added to the above solution and stirred for 1h to
make TBOT adsorb on the surface and channels of
ZSM-5-SBA-15 composites. In order to hydrolyze
TBOT completely, desired amount of H2O was
added to the solution and stirred for 2h. Finally, the
as-synthesized samples were performed the
following steps, separated by filtration, washed with
anhydrous ethanol, dried at 80Ԩ for 12h then
calcined at 550Ԩ for 3h. The samples were named
as (XmL)TiO2/ZSM-5-SBA-15 (X : 0.2, 0.4, 0.6,
0.8mL).
Characterization Techniques. The structure
of the (XmL)TiO2/ZSM-5-SBA-15 composites was
investigated by X-ray diffraction patterns(XRD),
recorded on a Rigaku/Rotaflex/RINT rotating anode
diffractometer using Cu Ka(Ȝ=0.154nm)
The morphologies of the (XmL)TiO2/ZSM-5-SBA15 composites were obtained by a scanning electron
microscope (SEM, Japan S-3000N). The BrunauerEmmett-Teller (BET) method was used to calculate
the surface area. The pore size distributions were
calculated
with
the
DFT
Plus
software(Micromeritics), applying the BarrettJoyner-Halenda (BJH) model with cylindrical
geometry of the pores. Prior to the analysis the
samples were dispersed in acetone, stirred in an
ultrasonic bath and placed on a carbon-coated copper
grid.

MATERIALS AND METHODS
Preparation of (XmL)TiO2/ZSM-5-SBA-15.
(Xg)ZSM-5-SBA-15 (X represents the grams
amount of ZSM-5 (38)) composite was prepared as
described in previous procedure[35]. ZSM-5 (Ratio
of silicon to aluminum is 38) molecular sieves
purchased from the Catalyst Plant of Nankai
University. The chemicals and materials
Tetraethoxysilane (TEOS), Tetrabutyl titanate
(TBOT), Tri-block copolymer P123 (EO20-PO70EO20ˈAldrich), hydrochloric acid (HCl, 12mol/L)
et), were of analytical grade and used without further
purification. The solvent used for the reaction was
distilled water.
Typically ˈ 2.0g of the P123 polymer were
dissolved in 49.0g of de-ionized (DI) water and
stirred for 1h at 42Ԩ to complete dissolution.
Desired amount of HCl of 12mol/L continue to stir
for 1h and add certain proportion of ZSM-5 materials
stir 2h after adding 4.28g of TEOS to take out the
reaction for 24h. The resulting mixture was
crystallization of kept at 100Ԩ in an oven for certain
time. And the mixture was separated by filtration,
washed with DI water, dried under vacuum for 3h
and calcined at 550Ԩ for 5h, get ZSM-5-SBA-15

Adsorption and Photodegradation Test. The
adsorption and photocatalytic activity of composites
were investigated by the degradation efficiency of
methyl orange (MO) in aqueous solution in a 2L
beaker. The UV-source was a 18W
medium
pressure Hg lamp (254nm, from Tianjin Lu huan
Unique Lamp Company) fixed center of beaker and
the beaker placed above the agitator to perform
photodegradation experiments. (XmL)TiO2/ZSM-5SBA-15 was added to a MO aqueous solution (2L)
and stirred for 30min without UV light irradiation at
room temperature in order to establish an
adsorption/desorption equilibrium. After the UV
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light was turned on, the solution was illuminated for
180min. During this reaction by the illumination, a
certain amount of MO solution was collected from
the reactor for analysis at different time intervals by
ultraviolet spectrophotometer (722N from Shanghai
Fine Instrument Company). The absorbance was
measured at 462nm with water as reference and
converted to concentration with Lambert-%HHU¶VODZ
(Lambert-%HHU¶V /DZ $ bC, where A absorption,
proportion constant, b light length, C concentration).

smaller, this is likely due to the fact that the ZSM-5
and TiO2 particles consist in the pore channel of the
mesopores SBA-15 structure[27].
Fig. 2 showed the wide angle XRD pattern of
SBA-15,
(Xg)ZSM-5-SBA-15
and
prepared
from
(XmL)TiO2/ZSM-5-SBA-15
containing different amount of ZSM-5 and TiO2. A
typical characteristic amorphous broad peak located
DWEHWZHHQWRRIșLVREVHUYHGIRU6%$-15.
Five dominant characteristic peak of ZSM-5 (38) are
observed in the XRD patterns of (0.2g)ZSM-5-SBA15, where the position are at 7.9, 8.8, 23.0, 23.7, 26.5.
In addition, the observation of seven peaks (25.3,
37.9, 48.1, 55.0, 62.7, 70.2 and 75.4) indicates the
presence of crystal planes of anatase in each
(Xml)TiO2/ZSM-5-SBA-15. The increased intensity
of the (XmL)TiO2/ZSM-5-SBA-15 reflections
suggested that a part of TiO2 particles disperse into
the pore and surface of (0.2g)ZSM-5-SBA-15. In the
case of (XmL)TiO2/ZSM-5-SBA-15, it showed
characteristic peak of ZSM-5 and amorphous broad
peak of SBA-15. Moreover, it can be seen clearly the
FKDUDFWHULVWLFSHDNRIRIșcorresponding to the
reflection plane(101) of anatase. This suggested that
the TiO2 was mainly loading in the amorphous form
with a small amount of anatase phase. When the
amount of TiO2 addition was 0.2mL, the
characteristic peak was not obvious.
SEM was performed to study the surface
structures. The SEM images of SBA-15, (0.2g)ZSM5-SBA-15, (XmL)TiO2/ZSM-5-SBA-15 displayed
distinctly well-ordered mesoporous structure(Fig.3).
The periodic ordered mesopores of SBA-15 were
derived from colloidal crystal prepared using the Triblock copolymer P123 (Fig.3. a).

RESULTS AND DISCUSSION
Textural Properties and Characterization.
The low-angle XRD patterns of SBA-15, (Xg)ZSM5-SBA-15 and (XmL)TiO2/ZSM-5-SBA-15 were
shown in Fig. 1. SBA-15 possess three diffraction
peaks corresponding to (100), (110) and (200) with
d-value, which are consistent with a hexagonal
arrangement. Concurrently, compare to XRD spectra
of SBA-15, all of the (Xg)ZSM-5-SBA-15
composites
and
(XmL)TiO2/ZSM-5-SBA-15
samples have similar XRD spectra , corroborating
remain SBA-15-type in each sample. However, the
gradually reduced diffraction intensity of the
refraction plane (100) of the (Xg)ZSM-5-SBA-15 is
likely due to the increased ZSM-5 amount . When
ZSM-5 was 0.4g, the diffraction peaks all
disappeared and when TiO2 loading was 0.4mL,
refraction plane all disappeared. Furthermore, all
samples could also be seen that the position of the
plane(100) diffraction peak not only smaller but also
shifted to a higher angle, indicating that the reduced

FIGURE 2
A wide-angle XRD analysis of SBA-15,
(Xg)ZSM-5-SBA-15 and (XmL)TiO2/ZSM-5SBA-15.

FIGURE 1
A low-angle XRD analysis of SBA-15, (Xg)ZSM5-SBA-15 and (XmL)TiO2/ZSM-5-SBA-15.
order degree and pore size of the samples became
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FIGURE 3
The SEM micrographs of SBA-15, (0.2g)ZSM-5-SBA-15 and (XmL)TiO2/ZSM-5-SBA-15. a SBA-15, b
(0.2g)ZSM-5-SBA-15, c (0.2mL)TiO2/ZSM-5-SBA-15,d (0.4mL)TiO2/ZSM-5-SBA-15, e
(0.6mL)TiO2/ZSM-5-SBA-15, f (0.8mL)TiO2/ZSM-5-SBA-15.
By adding proper amount of ZSM-5 to prepare
(Xg) ZSM-5-SBA-15 composite expected to achieve
the aim of improving the hydrothermal stability. But
microporous ZSM-5 materials added in a certain
extent will effects of mesoporous SBA15 order
degree and pore size, which will lose mesoporous
properties [28]. It can be seen from the figure (0.2g)
ZSM-5-SBA-15 composites with uniform pore size
distribution, and the structure is well preserved
(Fig.3.b). However, in the process of TiO 2 loading,
along with the load increasing mesoporous porosity
showed a clear downward trend. Until the loading
amount of TiO2 reached 0.4ml, mesoporous
characteristics has gone. Those results suggest that
the amount of TiO2 added should be controlled
within 0.3mL(Fig.3. c~f).
The adsorption-desorption isotherms for SBA15, (0.2g)ZSM-5-SBA-15 and (0.4mL)TiO2/ZSM5-SBA-15 were shown in Fig.4 ((0.2mL)TiO2/ZSM-

FIGURE 4
N2 adsorption-desorption isotherms of SBA-15,
(0.2g)ZSM-5-SBA-15, (0.4mL)TiO2/ZSM-5-SBA15, (0.8mL)TiO2/ZSM-5-SBA-15.
5-SBA-15 and (0.6mL)TiO2/ZSM-5-SBA-15 are not
shown). As seen in Fig. 4, all samples as well as the
pure SBA-15 exhibit isotherms of typical type IV
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with a H1 hysteresis loop due to the capillary
condensation steps at relative pressure of
0.5<P/P0<0.8 as defined by IUPAC classification
[29]. These isotherms were characteristic of
mesoporous materials with a hexagonal arrangement
of pores [30], and except isotherms of SBA-15 all
showed an dramatical increase of adsorption at
relative pressure of P/P0<0.1. These phenomenons
indicated the existence of ZSM-5 micro pores [31],
which suggested that prepared materials were micromesoporous composite materials. From the
adsorption-desorption isotherms results, the amount
of N2 adsorption volume decreased and the
hysteresis
loop
in
the
isotherm
of
(0.4mL)TiO2/ZSM-5-SBA-15 showed a shift to a
smaller relative pressure, while the content of TiO2
was increasing.. The marked change in the shape of
the hysteresis loop is likely due to the TiO2 addition
in the composites. The textural properties of the
SBA-15 and composites (XmL)TiO2/ZSM-5-SBA15 were presented in Table 1. As seen in the table,
when the TiO2 loading was low, the specific surface
area and pore volume decreased significantly,
indicated that most TiO2 particles were located
inside of composites. When the TiO2 loading was
high, TiO2 particles were located inside closing the
pore or outside the pores [32]. Therefore, A lot of
TiO2 amount will obstruct the pores of the
composites, resulting in low specific surface area
and pore diameter as shown in pore diameter
distribution of Fig. 5. This trend was agreement with

previous observations [33,34].

FIGURE 5
Pore size distribution of the SBA-15, (0.2g)ZSM5-SBA-15, (0.4mL)TiO2/ZSM-5-SBA-15 and
(0.8mL)TiO2/ZSM-5-SBA-15.
The
adsorption
and
photocatalytic
performance. The adsorption and photocatalytic
performance were investigated for all composites of
loaded TiO2. The photocatalytic degradation of MO
in aqueous solution was studied under UV
illumination with the loading of TiO2 on the
(0.2g)ZSM-5-SBA-15 composite. The degradation
of organic pollutants in aqueous solution depends on
its the adsorption and photodegradation effect.
Under the condition of inexistence UV light, the
concentration of MO within 30min showed an

TABLE 1
Textural properties of the SBA-15, (0.2g)ZSM-15-SBA-5 and composites (XmL)TiO2/ZSM-15-SBA-15.
Sample

SBET(m2/g)

Micropore

Micropore

area

volume

2

(cm3/g)

(m /g)

Vtot(cm3/g)

d(nm)

SBA-15

726.8

47.7

0.024

1.136

6.405

(0.2g)ZSM-15-SBA-5

585.9

60.0

0.032

1.010

6.340

(0.2mL)TiO2/ZSM-15-SBA-5

573.2

90.2

0.040

1.009

6.251

(0.4mL)TiO2/ZSM-15-SBA-5

562.0

93.4

0.045

0.817

5.430

(0.6mL)TiO2/ZSM-15-SBA-5

524.7

94.3

0.050

0.802

5.023

(0.8mL)TiO2/ZSM-15-SBA-5

519.1

96.4

0.051

0.789

4.831
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following order:
(0.4mL)TiO2/ZSM-5-SBA-15> (0.6mL)TiO2/ZSM5-SBA-15>
(0.8mL)TiO2/ZSM-5-SBA-15>
(0.2mL)TiO2/ZSM-5-SBA-15.
The photocatalytic oxidation reaction rate was
controlled by the adsorption rate of the substrate on
the catalyst surface, and the reaction rate R can be
described by Langmuir-Hinshelwood kinetics model
[18,35,36]. The reaction can be represented as
follows(Eq. 1):

increasing trend of adsorption. In the 60min
measured composites adsorption capacity, the high
specific surface area and pore volume showed a very
high adsorption performance within 30min (60% of
MO), while the amount of TiO2 was 0.2mL. With the
increase of TiO2 load, the time of adsorption
equilibrium decreased due to the decrease of the pore
size and the reduction of the specific surface area and
the pore volume. These results indicated that the




addition and increase of TiO2 had different effects on
the adsorption and photocatalytic properties of the
(0.2g)ZSM-5-SBA-15 composite. Therefore, the


  

(1)

Where k is the reaction rate constant, K is the
adsorption equilibrium coefficient and C is the
concentration of the MO solution. The integration of
first-order kinetics Eq.1 with the limit condition that
at the start of irradiation, t=0, the concentration is the
initial one, C=C0, giving Eq.2:

MO adsorbed on the samples decreased with an
increasing amount of titania, which was due to the
decrease in specific surface area and pore volume
(Fig.6).










(2)

Where Kapp is the first-order reaction constant,
C0 is the initial concentration of the MO solution. A
kinetic linear simulation curve of MO photocatalytic
degradation using (XmL)TiO2/ZSM-5-SBA-15 was
shown in Fig.7. The excellent linearity of the curves
mean that the first-order reaction kinetics could fit
well the photocatalytic degradation behavior of MO
using (XmL)TiO2/ZSM-5-SBA-15 as catalyst. The
values of Kapp for TiO2/ZSM-5-SBA-15 have been
calculated and listed in Table 2. Kapp value of the
catalyst
(0.4mL)TiO2/ZSM-5-SBA-15
was
-1
0.01664min , which was much higher than that of
pure TiO2 and (0.8mL)TiO2/ZSM-5-SBA-15.
However, (0.8mL)TiO2/ZSM-5-SBA-15 had the rate
constant of 0.00319min-1.
From all observation results, the sample of
(0.2mL)TiO2/ZSM-5-SBA-15 had a highest
adsorption ability but lowest photocatalytic
performance,
while
the
most
excellent
photocatalytic performance was exhibited from the
sample of (0.4mL)TiO2/ZSM-5-SBA-15. This can
be due to the different position of the TiO2 particles,
which affected the photocatalytic activity.
When the TiO2 loading was low, the channels
could be inundated with the particles. But the
decreased photocatalytic performance was observed
while the TiO2 loading was further increased, it
might be the large amount of TiO2 on the external
surface cannot approach to the MO molecules. This
lower photocatalytic activity indicated that the

FIGURE 6
Adsorption rate of MO on (XmL)TiO2/ZSM-5SBA-15.

FIGURE 7
The photodegradation curves of MO by the
(XmL)TiO2/ZSM-5-SBA-15.
The photodegradation of MO in the presence of
(XmL)TiO2/ZSM-5-SBA-15 photocatalyst was
shown in Fig.8. The photoactivities decreased in the
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TABLE 2
The rate constant and R-Square of (XmL)TiO2/ZSM-5-SBA-15.
Samples

Kapp(min-1)

R-Square

(0.2mL)TiO2/ZSM-5-SBA-15

0.00925

0.97807

(0.4mL)TiO2/ZSM-5-SBA-15

0.01664

0.99072

(0.6mL)TiO2/ZSM-5-SBA-15

0.00605

0.97962

(0.8mL)TiO2/ZSM-5-SBA-15

0.00319

0.94318

(XmL)TiO2/ZSM-5-SBA-15 samples. Moreover, it
is conclude that mesostructures and long range
ordered structures [38] can promote effective
degradation of MO by enhancing the diffusion of
reactants to the reactive sites of TiO2 [39].

CONCLUSION
ZSM-5-SBA-15 composites with different
amount of ZSM-5 was prepared by post-synthesis
method. ZSM-5-SBA-15 was loaded with different
amount of TiO2 by sol-gel method. Without affecting
the mesoporous SBA-15 and blocking ordered
mesoporous, the amount of ZSM-5 was selected to
0.2g.
The (0.4mL)TiO2/ZSM-5-SBA-15 shows
higher efficient photocatalytic performance towards
MO degradation than pure TiO2 and other TiO2 load
of composite material under UV irradiation. The
high specific surface area and pore volume for
(XmL)TiO2/ZSM-5-SBA-15 loading with a small
amount of TiO2 were prone to have high adsorption
capability and easier diffusion to the photooxidative
towards MO. TiO2 dispersed in a form of small
crystals mesostructure with anatase structure and its
size was limited by the channel of SBA-15, which
may provide more photo-oxidative sites due to
quantum effect, thus increasing its photocatalytic
activity.

FIGURE 8
Kinetic liner simulation curve of MO
photocatalytic degradation by (XmL)TiO 2/ZSM5-SBA-15.
accessibility of the anatase nanoparticles has
decreased in a large extent. The large amount of
particles on the external surface leads to a bad
accessibility of all nanoparticles [32]. In case of
(0.8mL)TiO2/ZSM-5-SBA-15 with the highest TiO2
loading, the lower adsorption capacity and
photocatalytic activity may result from the extra
amount of TiO2 present in the sample, causing
difficulty in passing to the MO. These results
indicate that the loading amount of TiO2 played a
critical role of adsorption capability and
photocatalytic activity. Thus, an optimal amount of
TiO2 loading is crucial for the photocatalyst. When
the TiO2 loading amount was too high, larger
particles would be formed and then blocked the
mesopores of ZSM-5-SBA-15 composite, leading to
decrease of photocatalytic activity. Moreover, it can
be explained by the quantum size effect [37]. On the
contrary, if the TiO2 loading amount was too small,
the photoactive sites were relatively low, which
could increase of average distance from the
photoactive sites to the adsorption sites. In
conclusion, (0.4mL)TiO2/ZSM-5-SBA-15 showed
efficient photocatalytic degradation among the
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DEVELOPMENT AND EVALUATION OF
MACROINVERTEBRATE-BASED MULTIMETRIC INDICES
FOR THE ASSESSMENT OF WATER QUALITY OF CHISHUI
RIVER, CHINA
Chi Shiyun, Qiao Ye, Han Deju, Li Ming, Chen Sheng, Gong Yutian*
Key Laboratory of Ecological Impacts of Hydraulic-Projects and Restoration of Aquatic Ecosystem of Ministry of Water Resources, Institute
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organic matter mineralization near the sedimentwater interface[1]. They are easy to sample, and the
species composition can reflect the effect of different
stressors during an appropriate period. Thus, they are
good candidates for the bioassessment and
commonly have been used to assess organic
pollution and aquatic ecosystem health of streams or
rivers in the world [2-4]. As one of the prerequisite
elements (biological quality components) for
monitoring under the Water Framework Directive
(WFD) 2000/60/EC, macroinvertebrates are
considered the most appropriate biological
indicators of water quality in many European Union
(EU) countries [5]. Under the guidelines of the WFD,
EU member states usually define and adjust the
ecological zoning of water resources after biological
monitoring of water quality. This method is
advanced and has been proved very effective for
river basin integrated management.
During the last decades, multimetric
approaches for river biomonitoring have developed
around the world. These approaches provide an
integrated analysis of the biological community of a
site from a variety of biological measures and
NQRZOHGJH RI D VLWH¶V IDXQD, and a synthesized
characterization of river status without losing the
information provided by individual metrics, and also
allow sites to be classified into ecological status
categories [6]. The metrics encompassed in
multimetric systems are selected from the categories
related to taxon richness, composition measures,
tolerance/intolerance measures and feeding
measures or trophic dynamics [7]. Individual metrics
must accurately and reliably reflect variation in
environmental attributes of sites. Each metric should
bring complementary information and exhibit weak
or no correlation with other selected metrics [6].
Multimetric approaches provide detection capability
over a broad range of stressors and a more complete
picture of the ecosystem than single biological index
by combining different categories of metrics
reflecting different environmental conditions and

ABSTRACT
This study introduced a multimetric index
(CSMMI) developed in the Chishui River, China. As
the only one undammed river in Yangtze River basin,
the Chishui River still maintains properties of natural
rivers and is regarded as an ideal river for pilot
biological monitoring on water quality. The aim of
this study is to establish biocriteria based on macroinvertebrates for water quality assessment and a
sustainable management framework, and enhance
integrated river basin management in the Yangtze
River basin. Seventy-one sampling sites were set up
to collect biological and water samples. According
to certain steps, 4 core metrics were selected from 57
candidate metrics and regarded as sensitive to
pollution and joined into the final system, including
the metrics ScrapPct, EphemTax, ASPT and EPTPct.
Four final metrics were from different metric groups
and highly related to several water parameters, and
the CSMMI index was also significantly correlated
with the pollution gradient extracted from the
macroinvertebrate community data. The deviation
rates between chemical and biological assessment
were acceptable. The results of application
evaluation indicated the CSMMI index were a robust
and reliable tool for bioassessment, possibly adapted
and used in the adjacent rivers.

KEYWORDS:
Macroinvertebrates, Chishui River, CSMMI, Water quality,
assessment

INTRODUCTION
Macroinvertebrates usually modify the
sediment characteristics by bioturbation activities
and affect the fluxes of nutrients, oxygen,
contaminants and pollutants and the process of
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drought and flood seasons. The soil of the river basin
is mainly laterite, with extensive erosion into the
river in summer, which is the origin of the name
³&KLVKXL´ meaning ³UHGULYHU´LQ&KLQHVH . Located
in the transitional area between Yungui Altiplano
and Sichuan Basin, the upper and middle reaches are
typical karst landforms. The altitude of upper
reaches is more than 1000m, especially in small
tributaries, with steep slope. The middle reaches are
on a softer slope, with altitude ranging from 500 m
to 1000 m, and some terraces are located on both
sides of the river. At the lower reaches, the river
flows gently and the width reaches up to 200 m [18,
19].

aspects of the community [3, 8, 9]. These approaches
are recommended by the European Commission to
establish ecological status of aquatic system [10].
Within the AQEM (Assessment System for the
Ecological Quality of Streams and Rivers throughout
Europe using Benthic Macroinvertebrates) and
STAR (Standardisation of River Classifications)
projects, many multimetric indices have been
developed for various river types throughout Europe
[8].
In China, some researchers have developed
multimetric indices to assess the aquatic ecosystem
health of streams and rivers [11-17], but the study
areas involved these works are mainly limited in
North and East China, not covering the southwestern
region of China. In this study, a multimetric index
(CSMMI) based on macroinvertebrates, possibly
adapted to the adjacent rivers in Yangtze River basin,
was developed to assess the water quality of the
Chishui River, for the aim of establishing a
sustainable management framework and enhancing
integrated river basin management in the Yangtze
River basin.

Field
And
Laboratory
Procedures.
According to the theory of Functional Process Zones
(FPZs) [20], the distribution of macro-invertebrates
is significantly affected by river morphology and
natural conditions, so the sampling sites are set up by
meeting the following principles: a) covering the
river basin; b) considering different landforms and
natural conditions; c) considering the influences of
various land use. After analyzing the river
morphology and natural conditions by GIS
(Geographic Information System), including
elevation, meander degree, slope, width of valley
and precipitation etc., the FPZs in the river basin
were defined [20], and the sampling sites were then
placed in different FPZs. In this study, 71 sampling
sites were set up, in which 27 sites were in the trunk
and 44 sites in the tributaries. All these sampling
sites were visited in April, 2011. Detail information
on sampling sites is shown in Figure 1.

MATERIALS AND METHODS
Study Area. The Chishui River, a unique
undammed river in southwestern China, is a major
tributary to Yangtze River, and drains an area of
20440 km2. The river originates from the northern
part of Zhenxiong County, Yunnan Province, runs
across the provinces Guizhou and Sichuan, finally
joining into Yangtze River in Hejiang County. The
main tributaries include Weixin River, Gulin River,
Yanjin River, Baisha River, Tongzi River, Xishui
River etc. The main stream, with a total length of
436.5 km, is divided into three parts, of which the
upper reaches are from the headstream to Maotai
Town, the middle reaches from Maotai Town to
Chishui City, and the lower reaches from Chishui
City to Hejiang County. The river basin is of regional
importance because it is located in the core of a
nature reserve (National Nature Reserve for rare and
endemic fishes of the upper Yangtze River)
established in 2005 for providing a refuge for
endemic organisms that suffered from habitat loss
due to construction of the Three Gorges Dam[18].
The river basin has a subtropical monsoon
climate, with dry in winter, hot and wet in summer.
The annual temperature ranges from -5ć to 39ć.
The annual rainfall in plateau of the upper reach is
900-1000 mm, in hill area of the middle-lower reach
is 1000-1500 mm. Sixty percent of the annual
rainfall centrally happens from June to September.
The discharge of the river is mainly from rainfall, so
the water level significantly fluctuates between

FIGURE 1
Location of sampling sites in Chishui River basin
For the shallow and fast-flowing reaches,
biological samples were collected with a modified
Surber net (35cm×45cm, 500  m) at riffles. The
sampling effort undertaken at each sampling site was
usually twice (area 0.315m2) because at most
sampling sites abundant macro-invertebrates could
be collected to meet the needs of data analysis. If
there are few organisms at a given site (less than 100
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sites into different water grades, including TP, NH3N and CODMn according to the national standards
(GB 3838-2002). In rivers of China, total nitrogen
values are generally high, and other water
parameters we measured have no limit values in the
national standards, so these parameters were
excluded to assess the water quality. After the
sampling sites were classified into different groups,
only group I and group V were selected as reference
and impaired groups respectively. The sites
belonging to other groups were tested for evaluating
the applicability of the final index.

individuals) after sampled twice, it is necessary to
appropriately increase the sampling efforts. For the
deep and fast-flowing reaches, a D-shape net (500
m) (sampling time added up to 3 minutes) and a
stone-picking method (10 stones were selected) were
applied along the river bank. For muddy and slowflow reaches, a modified Peterson dredger (area
0.0625m2) was used to collect samples, which were
also screened with 500m nylon net. At a given site,
the samples were put into a 500ml wide-mouth
plastic bottle, and preserved in 4% formalin solution
in the field. In the laboratory, the samples were
sorted and identified with anatomical lens (Leica
EZ4D) and microscope (Olympus BH-2) to the
given level. Water samples were collected in parallel
to the macro-invertebrate sampling. Eight water
parameters were measured in the laboratory,
including total nitrogen (TN), total phosphorus (TP),
ammoniacal nitrogen (NH3-N), nitrate nitrogen
(NO3-N), nitrous nitrogen (NO2-N), phosphate (PO4P), chemical oxygen demand (CODMn) and
chlorophyll (Chl.).
Most aquatic insects were identified to family
(except Chironomids to genus). Oligochaetes were
identified to genus and mollusks were identified to
species. Crustaceans, platyhelminths and leeches
were identified to family. The identification keys
were mainly based on Aquatic insects of china useful
for monitoring water quality written by Prof. Yang
Lianfang from Nanjing Agricultural University and
Prof. John C. Morse, and literatures of domestic
experts as well. All taxa were assigned to functional
feeding groups according to the published literature
[21] 7KH WROHUDQFH YDOXHV DSSOLHG E\ +LOVHQKRII¶V
biotic index were from the published literature [22].
Statistical analyses were performed using SPSS
v20.0 software. Multivariate analyses were
undertaken by PC-Ord v5.0 software.

Metrics Screening And Selection. The criteria
of metrics to be selected were developed according
to the following principles, a) metrics should be
selected from the metric groups including
³FRPSRVLWLRQDEXQGDQFH´³ULFKQHVVGLYHUVLW\´³VHQ
VLWLYLW\WROHUDQFH´DQG ³IXQFWLRQDO´; b) redundant
metrics should be excluded; c) at least one functional
metric of a guild should be part of the multimetric
index [8].
The sensitivity of each metric was judged
according to the degree of inter-quartile overlap in
Box-and-Whisker plots [23]. Metrics were judged to
have one of 4 sensitivity values: a sensitivity of 3 if
no overlap existed in the inter-quartile range; a
sensitivity of 2 if there was some overlap that did not
extend to the medians; a sensitivity of 1 if there was
a moderate overlap of inter-quartile ranges but at
least 1 median was outside the range; and a
sensitivity of 0 if inter-quartile overlap was
considerable [23, 24]. Only the metrics with
sensitivity value 2 or 3 was retained for further
analysis, and these metrics that could not
discriminate sufficiently among sites of different
condition were eliminated [25]. A metric was
considered sensitive when comparison between
Box-and-Whisker plots of reference and impaired
sites awarded a sensitivity score 2 or 3 and results
were confirmed by the Mann-Whitney U-test [24].
Redundancy among metrics was evaluated to
ensure that each metric in the final index provides
new information. Correlation coefficients were used
to identify highly related metrics among the
remaining metrics. In this case, a high correlation
(Spearman |R| > 0.85) is necessary to consider two
metrics redundant, one metric was selected from
each group of redundant metrics and others were
excluded.

DATA ANALYSIS
Reference And Impaired Groups. A
requirement for developing such a system is that
river stressors must be estimated objectively, without
merely using biotic information (to avoid circular
statements). Many wine industries were developed
along the river, resulting in severe organic pollution
in some river reaches, so organic pollution is
regarded as the main and important stressor affecting
water quality and aquatic ecosystem in the river
basin. In this study, three water parameters were
selected to evaluate the water quality based on fuzzy
mathematics and classify the water quality of these

Scoring Of Metrics. Setting expectations for
scoring metrics based on the distribution across the
reference and impaired sites were used. The 5th or
95th percentile value was used as the best expected
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FIGURE 2
Box-and-Whisker plots of 6 metrics sensitive to discriminate between reference (group I) and
impaired (group V) sites, bold horizontal lines represent median numbers, boxes represent interquartile ranges (25-75% percentiles) and ranges bars show maximum and minimum of non-outlier
numbers.
follows: scored metric= (values for test sitethreshold value for bad status)/(threshold value for
reference condition-threshold value for bad status).

value to avoid using anomalously high or low
outliers [26]. The 95th percentile value was set as the
best expected value for metrics that decreased in
response to stress, while the 5th percentile value was
used as the best expected value for metrics that
increased in response to stress, representing
reference condition. In contrast, for metrics that
decreased in response to stress, the 5th percentile
was used as the threshold of bad status, for metrics
that increased in response to stress, the 95th
percentile value was used as the threshold of bad
condition. The formula for scoring metrics is as

TABLE 1
The criterions of water quality based on the
national standards (GB 3838-2002)
Water Parameters
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I

II

TP (mg/L)

 0.02

0.1

0.2

0.3

0.4

NH3-N (mg/L)

 0.015 0.5

1

1.5

2

CODMn (mg/L)

 2

6

10

15

4

III

IV

V
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TABLE 2
The membership values to different water grades, the results of water quality, and the
establishment of reference, test and impaired groups
Sites

I

II

III

IV

V

Water grade

Groups

BS01
BS02
CS01
CS03
CS04
CS05
CS06
CS07
CS09
CS10
CS11
CS12
CS13
CS14
CS15
CS16
CS17
CS18
CS19
CS20
CS21
CS22
CS23
CS24
CS26
CS27
CS28
CS29
CS30
DC01
DC02
DT01
ED01
ED02
ED03
FX01
FX02
GL01
GL03
GL04
GL05
GL06
LD02
LD03
ST01
TZ01
TZ02
TZ03
TZ05
TZ07
WXa
WXb
WXc
WXd
WXe
WXf

0.8561
0.0986
0.4854
0.0521
0.6066
0.485
0.1705
0.1283
0.6365
0.275
0.6134
0.2746
0.3366
0.4502
0.2366
0.5036
0.1518
0.3006
0.5131
0.5505
0.4411
0.9408
0.6702
0.5728
0.2721
0.1857
0.1819
0.4238
0.3143
0.701
0.2311
0.2294
0.172
0.2089
0.3473
0.248
0.8981
0.1599
0.2174
0.2192
0.1905
0.2433
0.0927
0.0239
0.1561
0.1071
0.239
0.1296
0.3099
0.1794
0.0571
0
0.0569
0.2243
0.1728
0.0103

0.1439
0.0171
0.5146
0.173
0.3934
0.515
0.0088
0.0155
0.3635
0.6528
0.3866
0.4073
0.6634
0.5498
0.5237
0.4964
0.1091
0.3384
0.4869
0.4495
0.5589
0.0592
0.3298
0.4272
0.3214
0.411
0.7344
0.5762
0.6433
0.299
0.0223
0.5563
0.036
0.6444
0.4462
0.6145
0.1019
0.4061
0.185
0.4007
0.0497
0.0358
0.2697
0.0071
0.5316
0.8797
0.6239
0.132
0.4497
0.8206
0.0856
0.0486
0.0098
0.0247
0.0253
0.0041

0
0
0
0.7747
0
0
0.3824
0
0
0.0722
0
0.3181
0
0
0.2397
0
0.371
0.361
0
0
0
0
0
0
0.4064
0.4034
0.0837
0
0.0424
0
0.6107
0.2143
0.5692
0.1467
0.2065
0.1376
0
0.4339
0.5976
0.3801
0.6223
0.5493
0.4851
0
0.3123
0.0132
0.1371
0.7385
0.2404
0
0.6657
0.0363
0
0.3139
0.7105
0.0766

0
0
0
0.0002
0
0
0.4382
0.4384
0
0
0
0
0
0
0
0
0.3681
0
0
0
0
0
0
0
0
0
0
0
0
0
0.1359
0
0.2228
0
0
0
0
0
0
0
0.1375
0.1716
0.1525
0
0
0
0
0
0
0
0.1916
0
0.0718
0.4371
0.0914
0.0285

0
0.8843
0
0
0
0
0
0.4178
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
0.969
0
0
0
0
0
0
0
0.9151
0.8615
0
0
0.8806

I
V
II
III
I
II
IV
IV
I
II
I
II
II
II
II
I
III
III
I
I
II
I
I
I
III
II
II
II
II
I
III
II
III
II
II
II
I
III
III
II
III
III
III
V
II
II
II
III
II
II
III
V
V
IV
III
V

Reference
Impaired
Test
Test
Reference
Test
Test
Test
Reference
Test
Reference
Test
Test
Test
Test
Reference
Test
Test
Reference
Reference
Test
Reference
Reference
Reference
Test
Test
Test
Test
Test
Reference
Test
Test
Test
Test
Test
Test
Reference
Test
Test
Test
Test
Test
Test
Impaired
Test
Test
Test
Test
Test
Test
Test
Impaired
Impaired
Test
Test
Impaired
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WXg
WXh
XS01
XS02
XS03
XS04
XS05
XS06
XS07
XS08
XS09
YH01
YJ01
YJ02
YJ03

0.0203
0.0185
0.0995
0.3243
0.2699
0.81
0.7059
0.2812
0.7544
0.6188
0.7242
0.078
0.082
0.0207
0

0.0262
0.0111
0.0251
0.3907
0.4571
0.19
0.2941
0.3457
0.2456
0.3812
0.2758
0.4546
0.049
0.0633
0

0.1464
0.1213
0
0.285
0.273
0
0
0.3731
0
0
0
0.4674
0
0
0

0.0225
0.047
0.3362
0
0
0
0
0
0
0
0
0
0
0
0

V
V
V
II
II
I
I
III
I
I
I
III
V
V
V

Impaired
Impaired
Impaired
Test
Test
Reference
Reference
Test
Reference
Reference
Reference
Test
Impaired
Impaired
Impaired

test was used to explore the relationships between
these axes, the CSMMI and water parameters. If an
axis is significantly correlated to one or several water
parameters, the axis should be regarded as
representing the pollution gradient, and then the
relationships between the axis and the CSMMI will
be explored to indicate how well the CSMMI
represent the variability in the community data
caused by organic pollution. NMDS with BrayCurtis distance measure was undertaken by PC-Ord
V5.0 software using autopilot mode. Prior to NMDS
analysis, fauna data were xij/sum(xj) relativized by
sites, and rare species were down-weighted.

Notes: Values >1 were set as 1 and values <0
were set as 0. This formula works for metrics
decreasing with increasing impairment as well as for
increasing metrics. The threshold values for
reference and bad status were derived from the
dataset on the basis of 5th and 95th percentiles of all
values of the metrics [8].
Development Of The Final Index. When the
scores of the final metrics at each sampling site were
calculated using the above formulas, the scores were
added and a single score was determined for the final
multimetric index. After determining the scores of
CSMMI at the reference and impaired stations, the
95th percentile value was calculated. The range
below the value was separated by the four-equal
partition method to provide ordinal rating categories
for assessment on water quality. If the scores were
higher than the 95th percentile value, the
corresponding sites were grouped into the ³excellent´
category. If the scores were lower than the 95th
percentile value, the corresponding sites were
grouped into the ³Good´, ³Fair´, ³3RRU´, and ³Very
Poor´ categories respectively according to the
corresponding evaluation standards.

RESULTS
The Reference And Impaired Groups.
According to the national standards (GB 3838-2002)
(Table 1), the sampling sites were pre-classified into
different groups and the reference, test and impaired
groups were established. A total of 17 sites were
selected for the reference group, 11 sites for the
impaired group, and 43 sites were regarded as the
test group (Table 2). The detailed calculation
procedures used in this study were references to
available literatures [27, 28].Metric Screening And
Selection. Fifty-seven metrics were chosen in this
study as candidates for the final index. The detail
information about these metrics was shown in Table
3. Six metrics were considered sensitive according to
the results of Box-and Whisker plots test, including
the metrics CllectTax, EphemTax, ScrapPct, ASPT,
EhemPct and EPTPct (Figure 2). According to the
results of Mann-Whitney U-test, 5 metrics were
statistically different between the reference and
impaired groups (p<0.05) (Table 4). So 5 metrics
were retained and others were eliminated firstly.

Evaluation Of Application Of The Final
System. When the final system was built, the water
quality of all sampling sites was assessed according
to the biological evaluation standards we established.
Afterwards, the differences between the preclassification based on pure chemical analysis and
post-classification based on biological analysis (the
CSMMI index) were analyzed to evaluate the
efficiency of the final system.
A Non-Parametric Multi-Dimensional Scaling
analysis (NMDS) based on the macroinvertebrate
data was used to evaluate the effectiveness of the
CSMMI in capturing variability in the macroinvertebrate community. Firstly, the first several axes
of NMDS were extracted. Secondly, spearman rank
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0
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0
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TABLE 3
Definitions of candidate metrics and expected direction of metric response toenvironmental stressors in
Chishui River basin
Metrics code

Expected response to
environmental stressors

Definitions

Sensitivity/tolerance measures
ASPT
Average score per taxa
BMWP
Biological monitoring work group
HBI
Hilsenhoff¶V biotic index
PMA
Percent Model Affinity
Extended Trent Index Extended Trent Index
Percent pollution tolerant Caddisflies (Hydropsychidae) of all mayflies, stoneflies,
Hyd/EPTPct
and caddisflies
Baet/EphPct
Percent pollution tolerant mayflies (Baetidae) of all mayflies
CrCh/ChiPct
Percent composition within the midge family that are Cricotopus and Chironomus
Chir/DipPct
Percent of chironomidae larvae in Diptera
Hyd/TriPct
Percent of Hydropsychidae to Trichoptera
IntolPct
Percentage of individuals in taxa with PTV<3
IntolTax
Number of taxa with PTV<3
TolerPct
Percentage of individuals in taxa with PTV>7
TolerTax
Number of taxa with PTV>7
SupTolerPct
Percentage of individuals in taxa with PTV>8
Functional measures
CllctPct
Percent of the collector functional feeding group
ScrapTax
Number of taxa of the scraper functional feeding group
FiltrTax
Number of taxa of the filterer functional feeding group
PredTax
Number of taxa of the predator functional feeding group
CllctTax
Number of taxa of the collector functional feeding group
ShredTax
Number of taxa of the shredder functional feeding group
BrrwrTax
Number of taxa of burrowers
SprwlTax
Number of taxa of the sprawler habit group
ClmbrTax
Number of taxa of the climber habit group
ClngrTax
Number of taxa of the clinger habit group
SwmmrTax
Number of taxa of the swimmer habit group
FiltrPct
Percent of the composite of the filterer functional feeding group
PredPct
Percent of the collector and predator functional feeding group
ScrapPct
Percentage of individuals in the scraper functional feeding group
ShredPct
Percentage of individuals in the shredder functional feeding group
CollFiltPct
Percent of the collector and filterer functional feeding group
ScrapShredPct
Percentage of individuals in the shredder or scraper functional feeding group
PredScrapPct
Percent of the predator or scraper functional feeding group
Composition/abundance measures
ChiroPct
Percentage of individuals of midge larvae
ColeoPct
Relative abundance of beetle larvae and aquatic adults
DipPct
Percent of all "true" fly larvae
EphemPct
Percent of individuals of Ephemeroptera
EPTPct
Percent of the composite of mayfly, stonefly, and caddisfly larvae
GastrPct
Relative abundance of snails
NonInPct
Percentage of individuals in non-insects
OdonPct
Percentage of individuals of Odonata
TrichPct
Percentage of individuals in caddisflies
Dom01Pct
Percentage of individuals of 1st dominant taxa
Richness/diversity measures
TotalTax
Total number of taxa in the sampling
TrichTax
Number of taxa of caddisflies
ChiroTax
Number of taxa of chironomid (midge) larvae
InsectTax
Number of taxa of insects
MolTax
Number of taxa of mollusks
ColeoTax
Number of taxa of beetle larvae and aquatic adults
CrMolTax
Number of taxa of crustaceans or mollusks
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Decrease
Decrease
Increase
Decrease
Decrease
Increase
Increase
Increase
Increase
Increase
Decrease
Decrease
Increase
Decrease
Increase
Variable
Decrease
Variable
Decrease
Decrease
Variable
Increase
Decrease
Decrease
Decrease
Decrease
Decrease
Variable
Decrease
Decrease
Variable
Decrease
Variable
Increase
Decrease
Increase
Decrease
Decrease
Increase
Increase
Increase
Decrease
Increase
Decrease
Decrease
Decrease
Decrease
Decrease
Decrease
Decrease
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DipTax
EphemTax
EPTTax
D_Mg
Shannon_2
D-Simp
Evenness

Number of "true" fly taxa, which includes midges
Number of taxa in the insect orders Ephemeroptera
Number of taxa in the insect orders Ephemeroptera, Plecoptera, and Trichoptera
Margalef taxonomic diversity index
Shannon-Wiener diversity index (2)
Simpson taxonomic index
Peilou's evenness index (e)

detail rating classification for water quality is shown
in Table 7.

TABLE 4
Results of metric comparison between the
reference and impaired groups by the MannWhitney U-test.
Metrics
U
p-level Validation
CllctTax
EphemTax
ScrapPct
ASPT
EphemPct
EPTPct

57
47.5
39
45.5
38
42

0.085
0.029
0.01
0.024
0.009
0.015

Class

Valid
Valid
Valid
Valid
Valid

0.125

1
0.243

1

EphemPct 0.685

0.175

0.647 1

EPTPct

0.178

0.64 0.967

0.703

1

Among the remaining 5 metrics, one pair was
highly correlated and considered redundant. For
example, the metric EphemPct was strongly
correlated to the metric EPTPct (r=0.967, p<0.001).
In this case, the metric EPTPct was retained while
the metric EphemPct was excluded because the
metric EPTPct contained more abundant ecological
information than the metric EphemPct. Finally, four
metrics joined into the index system (Table 5).
TABLE 6
The formulas for calculation of muti-metric
index, Calculated scores greater than 1 were
truncated to 1, less than 0 were set as 0
Metric
Equations for scores
ScrapPct
(ScrapPct-0)/(48.44-0)
EphemTax
(EphemTax-0)/(10-0)
ASPT
(ASPT-3.38)/(6.72-3.38)
EPTPct
(EPTPct-0)/(91.74-0)

>2.51

>3.34

TABLE 8
Comparative analysis between the pre-and-post
classifications
Deviation grades between chemical and
biological assessment

Metrics Scoring And Development Of
Csmmi. The values of the 5th and 95th percentiles
of the 4 metrics, and the formulas for calculation of
CSMMI are provided in Table 6. The scores of
CSMMI in the reference and impaired groups were
determined using the formulas, and the 95th
percentile (3.34) value was then calculated, so the
756


>1.67

Comparative Analysis Between PreClassification And Post-Classification. The final
system we developed was used to assess the water
quality of all sampling sites. Prior to developing our
system, we pre-assessed the water quality according
to the national standards (GB 3838-2002) and
grouped the sampling site into 5 grades. Now the
differences between the pre-classification based on
pure chemical analysis and post-classification based
on biological analysis (the CSMMI index) were
analyzed (Table 8). In the reference and impaired
groups, 14.29% sites were grouped into the same
grade, 39.29% of sites had deviation with 1 grade,
35.71% of sites had deviation with 2 grades, and
10.71% of sites have deviation with 3 grades.
Meanwhile, in the test group, 23.26% of sites were
in the same grades, 46.51% of sites were in 1 grade
differences, 20.93% of sites were in 2 grades
differences, and 9.30% of sites were in 3 grades
differences. Generally, one grade deviation in water
quality assessment was acceptable. Whether in the
reference and impaired groups or in the test group,
the deviation rates lower than 2 grades in water
quality were more than 50% (in the reference and
impaired groups, 53.58%, in the test groups,
69.77%).

EphemTax 1
0.820

>0.84

EVALUATION OF THE FINAL SYSTEM

EphemTax ScrapPct ASPT EphemPct EPTPct

ASPT

TABLE 7
Ordinal scale for the CSMMI
Very Poor
Fair Good Excellent
Poor

Scores >0

TABLE 5
The correlation coefficients among the metrics

ScrapPct

Decrease
Decrease
Decrease
Decrease
Decrease
Increases
Decrease

Groups

0

Reference and
impaired groups
Test group

1

2

3

14.29% 39.29%

35.71%

10.71%

23.26% 46.51%

20.93%

9.30%
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DISCUSSION
Establishment Of Reference And Impaired
Sites. Reference sites must be carefully selected to
be representative of minimally impaired conditions.
Researchers should participate in the investigation at
each sampling site in order to understand field
situations. Without field exposure it is difficult to
understand and set up reference criteria. According
to published papers about multimetric indexes, most
researchers depended on the GIS system and water
chemical characteristics to extract the main
information about land use, habitat and water quality,
or expert judgment to select the reference and
impaired sites [8, 12, 23, 29, 30]. Some researchers
FIGURE 3
XVHGDQ³DSULRUL´FODVVLILFDWLRQRIWKHVLWHVE\ORFDO
Non-metric multi-dimensional scaling
water district managers to assure sampling the whole
(NMDS) of sampling sites in Chishui River basin
GHJUDGDWLRQVSHFWUXPDQGDSSOLHGDQ³DSRVWHULRUL´
(stress=0.185)
classification of the sites by macroinvertebrates data
to validate the multimetric index by combining
TABLE 9
Relationship between the water parameters,
biotic and abiotic variables together [3]. In United
CSMMI and the scores of first three axes of
States, the core metrics were always selected by boxNMDS (* p<0.05, **p<0.001)
and-whisker plots after sampling sites were grouped
NMDS 1
NMDS 2
NMDS 3
LQWRWZRFODVVHV³XQVWUHVVHG´DQG³VWUHVVHG´[7, 23,
30]. In some EU countries, the core metrics were
TN
0.098
0.046
-0.021
screened by statistical analysis or box-and-whisker
TP
-0.534**
0.016
0.072
plots after sampling sites were classified into five
NH3-N
-0.123
0.083
0.035
classes used by WFD [3].
0.206
0.113
0.042
NO3-N
In this paper, due to lack of raw chemical data
-0.350**
0.101
-0.182
NO2-N
from local water monitoring agencies, several water
-0.454**
0.169
0.197
PO4-P
parameters for assessing the water quality were
CODMn
-0.098
0.234*
0.134
measured according to the national water quality
Chl
-0.105
0.083
0.180
criterion
(GB3838-2002).
In
China,
the
CSMMI
0.736**
-0.046
0.136
concentrations of total nitrogen are universally high
in most rivers, streams, lakes and reservoirs, and
usually exceed the limit value to given water grade
Multivariate Analysis. For NMDS analysis,
[31-33]. In Chishui River, if this parameter was
the stress value for 3-dimensional solution was 18.51
included to join into the assessment, the water
(Figure 3). Spearman correlation analyses were
quality in most sampling sites could not reach the
performed between the CSMMI scores, the water
given target. In fact, abundance macro-invertebrates
parameters, and the scores of first three axes of
were collected in most sampling sites and
NMDS (NMDS 1, NMDS 2, and NMDS 3). The
biodiversities were very high, suggesting the water
CSMMI scores were highly correlated with the
quality were good relative to other rivers in China.
NMDS 1 (r=0.736, p<0.001, n=71), and the values
Moreover, this river is famous with the appellation
of TP, NO2-N and PO4-P were also significantly
³D good wine river´, and the water quality in most
correlated to the NMDS 1 (p<0.05, n=71), indicating
reaches is very good and suitable for making wines.
the axes 1 mainly represented the organic pollution
The concentrations of total nitrogen in most reaches
gradient in the river basin (Table 9).
TABLE 10
The relationships of core metrics with water parameters (*p<0.05,**p<0.01)
TN
TP
NH3-N NO3-N NO2-N PO4-P
CODMn Chl
EphemTax
ScrapPct
ASPT
EPTPct

0.009
-0.09
-0.05
-0.045

-0.274*
-0.310**
-0.290*
-0.470**

-0.049
-0.114
-0.124
-0.066

0.082
0.026
0.021
0.076
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-0.205
-0.153
-0.343**
-0.371**

-0.126
-0.384**
-0.127
-0.340**

-0.071
-0.222
-0.018
-0.026

-0.242*
-0.299*
-0.267*
-0.174
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ecoregion. The Chishui River is a unique undammed
river, and still maintains properties of natural rivers,
with high habitat heterogeneity and biodiversity [18].
In most rivers of China, hydraulic constructions such
as dams were built for a variety of purposes,
resulting in the degradation of macro-invertebrate
community [35-37]. However, the Chisui River is
not influenced by dams, and is regarded as an ideal
river to develop a multimetrics index for assessing
the water quality instead of chemical monitoring for
pilot biological monitoring. This is the reason for
selecting this river to conduct this work.
The results of comparative analysis on
differences between the pre-classification and postclassification indicated that the CSMMI could
robustly distinguish different water quality. The
deviation rates lower than 2 grades were more than
50% whether in the reference and impaired sites or
in the test sites, indicating the assessment results on
water quality based on biological monitoring were
relatively reliable and the biological criteria were
rational.

were relative high compared to the given limit value
in the national water quality standards. Maybe it was
related to the sampling occasion, just in dry season,
the river discharge and water level were low,
resulting in the relative high values of total nitrogen.
In practice, we only selected three water parameters
to assess the water quality and grouped these
sampling sites into 5 water grades according to the
national standards. After pre-classification, the sites
from the grades I and V were selected to be regarded
as the reference and impaired sites respectively. The
aim of doing this is to establish biological criteria for
facilitating to routine biological monitoring water
quality.
The Core Metrics And Final System. In this
study, several metrics from different types were
included into the final system (CSMMI) and
provided appropriate powerful measures to
distinguish different water status. For example, the
ScrapPct metric was from ³functional´ group, the
EphemTax metric was from ³richness´ group, the
ASPT metric was from ³tolerance´ group, and the
EPTPct metric was from ³composition´ group. In
our system, at least one metric was selected as a
representative from different groups. Moreover, the
selected metrics were significantly correlated with
several water parameters by spearman test (TABLE
10), indicating the core metrics could reflect
different stressors. As we all know, although habitat
degradation in some river reaches is universal along
the river, organic pollution is the main stressor in the
river basin due to developed wine industries. The
main factor affecting the macro-invertebrate
community was the organic pollution, which was
confirmed by NMDS analysis. The first axis of
NMDS could reflect the organic pollution and was
highly related to the CSMMI, indicating this index
system could measure the actual organic pollution
status and was a useful tool for monitoring the water
quality in the river basin.

CONCLUSIONS
In conclusion, our results support the
recommendation that the CSMMI index is a useful
tool for biological monitoring water quality in
Chishui River basin, with good potential
applicability, possibly adapted and used in the
adjacent rivers in Yangtze River basin instead of
routine chemical monitoring in future.
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ABSTRACT

INTRODUCTION

The need to find a better products and more
efficient technique to help in removing toxic pathogens
from water and help in the reduction of water pollution
in the fastest, effective way and with low cost could
help the worlds pollution problem. In the past,
chemicals have been used for water purification and
FOHDQLQJDQGLW¶VVWLOOYHU\PXFKLQXVHFKHPLFDOVXFK
as chlorine, ozone etc. are been used. However,
research has shown that these chemical products are
often given reactions with various components in
natural water indicating that more than 500 different
types of disinfectant byproducts obtained ma ybe
known to be carcinogenic. Meanwhile using
antibiotics as conventional method has become less
effective because of the resistant strains of the
antibiotics therefore the quest to design a more robust
bio detection strategy is necessary. The Identification
of co-precipitation method as the best method
considered, this was employed in the preparation of
magnetic nanoparticles using one-step reaction
process. Functional group probing of the synthesized
magnetic nanoparticle, as well as morphological
analysis and particle size determination, were achieved
by Fourier transform infrared spectroscopy (FTIR),
Atomic Force Microscope (AFM) and Zeta-Sizer,
respectively. If properly coated with the right and
stable polymer, the use of magnetic chitosan
nanoparticle can become widely known and helpful for
pathogen detection with the aim of resolving the world
pollution problem.

Environmental pollution is fast becoming a
serious problem affecting the world today. It can cause
problem ranging from health issues in human and
depreciation of the environment [1]. Water pollution
and contamination of water is a major and common
problem that is affecting the world today. Though there
are so many techniques used for the detoxification of
water and the removal of pathogen (bacteria),
technique like adsorption, precipitation, ion exchange,
evaporation [2]. Most of these techniques could be said
to be cost effective and less efficient. The use of
chemicals for purification and removal of pathogen in
water is still much in use which could generate
carcinogenic substances [3-4]. Hence there is urgent
need to find new and more efficient bacteria detection
and decontaminating strategy.
Nanotechnology plays an important role in
different unique ways and has coverage in various
sectors such as textile, biotechnology, agriculture and
food, biomedical and drug delivery to mention but a
few therefore receiving series of attention in the world
of science [5]. This novel technology has over the
years raise dust to their toxicity and also the impact of
the nanomaterial on the environment [6]. The use of
nanotechnology to develop magnetic nanoparticles for
pathogen detention are progressively utilized and
prioritized over other methods of pathogen detection
[5; 7]. The capability for these particles to relate with
different biological molecules is widely dependent on
inherent surface functionalization and chemical
groups, as well as para-magnetism and the total surface
area of these nanoparticles. Therefore, modification of
the surfaces can easily be done through the formation
of new compounds like (polymers, metals or oxide)
which is suitable for further functionalization with
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Pathogen,
Nanotechnology,
Nanoparticles.
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different bioactive molecules [8-9]. The aim of this
study is focused on the utilization and modification of
magnetic nanoparticles for the detection of pathogen
with the view of examining the derivatives of chitosan.

distilled water concentration. The solution was placed
in a sonicator for complete dissolution. The chemical
reaction was carried out under nitrogen atmosphere.
Nanoparticle was prepared in a three neck balloon
bottle and pH kept between 4.6-4.8 for absolute result
to be achieved. 1M ammonia was added and stirring
vigorously. Carboxymethyl chitosan solution was
homogenized at high speed of 12000rpm and the cross
linker (CaCl2) added drop by drop with the aid of a
micro pipette. The formation solution turns slightly
cloudy orange brown in color. The obtained solution
homogenizer at high speed for 60 minutes after which
the nanoparticle solution is then centrifuge at 9000 rpm
and washed with distilled water for 15 minutes interval
repeatedly for 3 times. The obtained residue was
lyophilized and stored in small tubes.

MATERIALS AND METHODS
Magnetic
Fe3O4
nanoparticles.
These
nanosized particles were prepared with a procedure
previously reported by [10]. Briefly, 6.7g of
FeSO4.7H2O and 17g of FeCl3.6H2O were mix in a
beaker and dissolved in 50ml of distilled water. The
solution mixture was then put on a magnetic stirrer for
30 minute, and then 100 ml of different concentration
of ammonia solution was added with the aid of a
Pasteur pipette drop wisely. The chemical reaction was
carried out under nitrogen atmosphere. The solution
was stirred rapidly at room temperature for 1hr and
then centrifuge for 30 minute at 12000 rpm.

Chemical and surface characterization of
magnetic NPs. Particle size distribution as well as the
zeta potential of the synthesized NPs was determined
using Zeta Sizer (Malvern instrument, model 3000
USA, England). Each result is average of three
measurements. Chemical analysis of the nanoparticles
was performed by FTIR while AFM examined the
surface morphology of the NPs.

Magnetic Chitosan Nanoparticles (Mag-CS).
The high yield synthesis of nanoparticles by coprecipitation method was reported by [10]. In this
work, modification and formulation of nanoparticles
best size-particle distribution and magnetic quality was
employed. Firstly, 0.1 % chitosan solution was
obtained by gentling dissolving chitosan in 1 % acetic
acid, then sonicated for an hour. The three neck
balloon bottle was employed in the preparation
process. For optimum result, the pH was kept at 4.7 by
spiking concentrated NaOH (5M) solution. The ratio
of 1:2 (Fe2+/Fe3+) iron salts were dissolved in separate
concentration of tripolyphosphate (TPP) before
quickly introducing 1M ammonia solution and stirred
vigorously for an hour at 30oC to aid maximum coating
to the particles. Centrifugation (12000rpm) of the
colloidal solution followed for 15 minutes, and the
reaction vessel was allowed to stand under nitrogen.
The separation of the magnetic and non-magnetic
particles was done with a medium earth magnet.
Afterward, the prepared magnetic nanoparticles were
gently rinsed with distilled water so as to remove
inherent impurities.

Bacteria Preparation. Escherichia coli and
Staphylococcus aureus were chosen as model
microorganism in other to determine the ability for
magnetic nanoparticle pathogen detection. The solid
agar medium was prepared using Mueller Hinton Agar
(34 g/l). It was sterilize by autoclaving at 120oC for 20
minutes. The preparation of Mueller Hinton Agar was
done by pouring it into a Petri dish, 0.5 McFarland
concentration
of
bacteria
prepared
were
homogeneously spread on the agar disc at regular
intervals [11]. After the microorganism has been
separated from the growth medium it was then placed
on centrifuge at 4000 rpm for 10 minutes at about 5 oC.
Bacteria pellets were triply rinsed with sterile 0.9 %
NaCl solution to remove the presence of possible
growth medium remaining in the bulk of the particles.
The bacterial suspension (stock) measured 1.5x108
colony forming unit (CFU) per ml after immersion
[12].

Magnetic
Carboxymethyl
Chitosan
Nanoparticles (Mag-CMC). This NP conjugate was
prepared via ionic gelation method. First the
carboxymethyl chitosan powder dissolved in 0.5%

Bacteria Capture Experiment. The bacteria
capturing was conducted in sterilized saline with
electrolyte. 4mg of the synthesized nanoparticles was
dissolved in sterilized saline under an ultra-sonicator
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of experiment was done in triplicate to ensure
accuracy.

for 5 minutes. From the stock of the bacterial solution
(0.5ml) added into the suspension and 5 ml solution
was place stationary to confirm 1.5 x107 CFU per ml
remaining as bacterial concentration [12]. Different
concentrations of nanoparticles were incubated and
placed on rotary shaker. The Nanoparticles were
separated after bacteria capturing and suspended by
placing a magnet close to the wall of a centrifuge tube.
The plate counting method was employed to analyzed
sample of 0.5ml solution.
The determination of the number of unconjugated bacteria from the remaining phosphate
buffered saline (PBS) and plated onto Agar. Removal
of the un-conjugated and loosely conjugated bacteria
was done by washing the nanoparticles bacteria
conjugate three times with sterile phosphate buffered
saline (PBS) via sonication for 10 sec. Capture
efficiency can be calculated as difference between the
number of initial bacteria (nBi) and the number of
bacteria (nBf) multiplied by hundred percent. The
equation for capture efficiency is shown below:
݊ ݅ܤെ ݂݊ܤ
 ݕ݂݂ܿ݊݁݅ܿ݅ܧ݁ݎݑݐܽܥൌ 
ൈ ͳͲͲሺͳሻ
݊݅ܤ

RESULTS AND DISCUSSION
The research is aimed at preparing iron oxide
based magnetic nanoparticles and the different types of
polymers that is used on their surface for coating iron
oxide based magnetic nanoparticle in other to ensure
more functionalization and more stable magnetic
nanoparticles. The as-prepared magnetic NPs coated
with chitosan and their derivative (polymer) was
tested.
Characterization of Fe3O4 NPs. The synthesis
of Fe3O4 nanoparticle was examined. The size
distribution of iron magnetic nanoparticle was
obtained using Zeta Sizer machine. The iron oxide
nanoparticle was synthesized using methods [13-14].
Results obtained from Zeta-Sizer machine for iron
oxide nanoparticle is presented in Figure 1. From the
data in Figure 1, the nanoparticles was found to be
13.48nm which indicates good quality nanosize
particles. The robustness in the size and shape of
Fe3O4 NPs depends on the salt inherent ability such as
chlorides and sulfates. Also temperature, pH, ionic
strength of the media, rate of stirring, dropping of basic
solution speed are all dependent variables for better
particle size distribution. At different temperature the
morphological, structural and magnetically properties
of NPs were investigated and compared with present
study [15].

Nanoparticle
Reusability.
Nanoparticles
recovery synthesis and reusability was studied by
conducting 5 different cycles of both E.coli and
S.Aureus using them as model bacteria. At the end of
each bacteria capture cycle, further to ensure
decomposition of the captured bacteria cells, the
material was soaked in 75% ethanol and residue
ethanol washed several times with ultrapure water
before new bacterial capture cycle begins, and each set

FIGURE 1
Zeta-sizer machine analysis of iron oxide nanoparticle of different sizes.

763

© by PSP

Volume 26 ± No. 1a/2017, pages 761-771

Fresenius Environmental Bulletin




TABLE 1
Effect of the cross linker concentration (TPP) and homogenization rate on the size of Magnetic Chitosan
nanoparticles.
Sample No.
Amount of Chitosan
TPP Concentration (%)
Effect of TPP concentration on nanoparticle size
0.1 %
0.075
1
0.1 %
0.1
2
0.1 %
0.15
3
0.1 %
0.2
4
0.1 %
0.25
5
Effect of Homogenization Rate on nanoparticle size
0.1 %
0.25
6
0.1 %
0.25
7
0.1 %
0.25
5

Different parameters affect the size and magnetic
properties of NPs. The effect could be as a result of the
ammonia alkali used in the synthesis of the
nanoparticles. Ammonia and NaOH has often been
used as precipitant agent. To clarify this point, effects
of ammonia concentration on the size of iron oxide
nanoparticles was tested and results shows that the
more the concentration of NH3 the higher the size of
iron oxide nanoparticles. Therefore, the amount of
concentration (NH3) is directly a function of the size
obtained. Conclusively, Fe3O4 nanoparticles size is a
parameter which depends on the concentration of NH3
ion in a solution. The concentration of NH3 increases
as the size of NPs increases. The result for this study
shows a desired value (size below 20 nm) 1M
ammonia concentration value has been reached.
Iron oxide nanoparticles special peak (Fe-O) was
seen at 630 cm -1, the magnetite spectrum of FTIR
shows spectral bands at 584cm and 444 cm and these
bands can be attributed to the stretching vibration
mode of the Fe-O bond. The spectral bands from the
4000-800 cm range can be attributed to the solvent
used during the washing process of the obtained
nanoparticles. Interestingly, a similar research was
carried out on antimicrobial activity of iron oxide
nanoparticles and the FTIR spectra for iron oxide and
modified iron oxide NPs. The peak was found at 519
and 514 cm-1 confirmed the presence of NPs in the
synthesized sample and surface modified space [1617].

Homogenization Rate (rpm)

Size (nm)

Polydispersity

12000
12000
12000
12000
12000

265±9.02
240±6.13
220±5.62
195±9.31
167±3.65

0.147±0.019
0.141±0.020
0.135±0.045
0.129±0.026
0.112±0.041

6000
9000
12000

418±11.14
270±7.02
167±3.65

0.149±0.067
0.187±0.032
0.112±0.041

creating a chitosan NP that is hydrophilic and the
evaluation of its retention benefits and controlled
release of protein was essential. Therefore nanoparticle
obtained during study (repeated attempts result in the
same condition with the same amount of substance).
The average size was found between 175.8 ± 5.9 nm.
On the other hand, the results compared by other
researches conformed to present study. From Table 1
the formulation of chitosan (1 %) at 12000 rpm with
modified variations of TPP concentrations gave
different nanosize. The results demonstrate that the
TPP concentration (%) has greater influence on the
nanosize of the particle. The larger the TPP
concentration the smaller the size of the nanoparticle.
This indicate that chitosan attachment to TPP for the
formation of magnetic chitosan NPs has a great robust
in the polymeric NPs.
The creation of high yield magnetic chitosan NPs
can be predetermined with simply manipulation and
controlled variations of key processing conditions such
as chitosan concentration, TPP concentration, pH, and
homogenizer speed. This will aid in achieving
optimum size and distribution potential. Experimental
data are summarized in Table 1.
Effect of pH values on Magnetic Chitosan
Nanoparticle size. Chitosan is a weak base
polysaccharide, and hence, is insoluble in neutral and
alkaline pH. In an acidic medium, it can be loaded with
positive amine groups of chitosan therefore the smaller
size nanoparticles can be obtained. Shifting the pH
medium was done through experimentation, hence,
obtaining particles of different sizes as shown in Figure
4, it is a well known fact that pH is one of the major
factors that can affect the adsorption process [19].

Characterization of Magnetic Chitosan
Nanoparticles. A modified method via coprecipitation method was used in the preparation of
chitosan NPs upon contact with the TPP (cross linker)
anions. According to [18] studies, it was reveal that
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FIGURE 2
(a) Effect of solution pH on nanoparticle size (b) Effect of pH on Zeta potential of the nanoparticles.
Error bars show standard deviations of result collected from triplicate trails (n=3).

is one of the main factor that affects the preparation of
chitosan nanoparticles [21]. Experimental data are
summarized in Table 1. It is practical to increase
homogenization speed with the aim of getting smaller
particle size. The high speed accompained with time is
very significant in achieveing better NPs size. There is
high benefit if medium duration of homogenization is
used because the heat provided during the preparation
method will lead to firmness of particles formed with
consistency in size and shape etc.
This results conformed with previous study [20].
The decresed illustration according to the Table 1.
acceptable pointing to the resultant factor that when
TPP concentration is higher the degree of crosslinking
chitosan NPs is also higher resulting to a more
compactable particle structure. When there is an
increase in TPP concentration the more multivalent
anion can interact with chitosan by electrostatic forces
to form nanoparticle.
Therefore,
crosslinking
stabilizes
the
nanoparticles and reduces their chances of
degradation. The reaction of the cross-linkers could
typically be affected by size, cross-linker agent and
even functional group. Generally, if the molecule size
of the cross-linker is small, the faster the cross-linking
reaction. Therefore, particles prepared at higher TPP
concentration will result in smaller size NPs due to the
structural compactible of the charge repulsion [22].
In this study homogenizer speed on magnetic
chitosan nanoparticle was also studied by varying the
speed of the stirrer between 6000 - 12000 rpm.
Homogenization time was fixed at 1hour. From Table
1 as expected there was a decrease in magnetic
chitosan nanoparticle sizes as the speed of the

For varying pH values of chitosan between 4.0 5.5, increases the average size of the NPs due to the
particulate aggregation. Protonation of the amino
group on chitosan was enhanced at reduced pH. Figure
2a. shows that the pH value was at maximum at pH 4
which recorded 350 nm size and suddenly decreased
up to pH 4.5. But it was reveal that the pH shoot up
again and became stable at pH 5.0 recording 240 nm
size. There is slight rise of measured pH value from 4.5
to 4.75 indicating the effect of solution on the
nanoparticle size. This could be attributed on charge
interplay between the chitosan and TPP molecules.
Since chitosan has positively charge ion at a low pH
therefore the amino group of chitosan are protonated
giving
chitosan
molecules
with
extension
conformation due to the strong charge repulsion [20].
In this study nanoparticles size and zeta potential were
better obtained at pH 4.5 which conformed with
previous study. From Figure 2b, it can be deduced that
the maximum zeta potenial was recorded at pH 4.5
with +30mV and suddenly decreased again to +15mV
at pH 5. Therefore, pH 4.5 demonstrate optimum
result.
Effect of Parameters on Magnetic Chitosan
Nanoparticle Size. Depending on the complexity of
the studies on oppositely charged ion, ionic gelation is
used for the evaluation, which are postively charged
chitosan, domestic and cross linking ions with poly
anion serves both bonds between ions. Bonds between
the amine groups of chitosan and TPP cells include
phospahte groups are formed. Generally, increase in
the concentration of crosslinking reduces particle size
due to formation of denser particles. TPP concentration
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their changes of degradation. Investigation on effect of
CaCl2 (cross linker) concentration on nanoparticle
sizes, in this study was focused on the amount of cross
linker (CaCl2) which varied as follows 0.25, 0.5, 0.75
and 0.1 % while the other parameters were constant
(0.1 % CMC, stirrer speed of 12000 rpm and the
mixing time of 60 minutes at room temperature). The
obtained results are shown in Table 2.
This study examined the effect of carboxymethyl
polymer in nanoparticle sizes and concentration of
carboxymethyl varies from 0.1- 0.5% while other
parameters kept constant (1% CaCl2, homogenizer
speed of 12000 rpm and the mixing time for 60
minutes). Table 2 represents the effect of cross-linker
(CaCl2) concentration, carboxylmethyl polymer
concentration and homogenization rate on the size of
magnetic chitosan nanoparticles. The formulation of
carboxylmethyl polymer (1%) with corresponding
cross-linker (0.25, 0.5, 0.75 and 1) % at 12000 rpm
obtained (400, 305, 211, and 199) nm respectively.
Probably, at optimal CaCl2 concentration the
carboxylmethyl molecules chains had lose their
elasticity causing a reduction in the size of molecules
and agglomeration of polymer chains thereby reducing
the size of the nanoparticles. Notably, the resulting
NPs decrease with the increase in the added CaCl2
amount up to the optimal level as observed from the
result presented in Table 2 due to the agglomeration of
carboxylmethly chain. These results were in agreement
with that obtained by [13] who stated that large
polymer concentration produces larger nanoparticles.
The obtained results are shown in Table 2.

homogenizer increases, it shows that at the highest
speed of 12000rpm the smallest magnetic chitosan
nanoparticle of 167 nm was derived.
It shows that the higher the stirring rate the
smaller the NPs. When the homogenization rate was
kept at 6000rpm, the NPs of chitosan was higher at
418nm and gradually drop as the homogenizer speed
was increased. Therefore average sizes of the magnetic
chitosan NPs were decreasing from (418-167) nm
respectively at different rate of homogenization.
Therefore there is a strong relationship between the
stirring rate and energy exterted on the nanoparticles
size. When the stirring rate is increased, there is
transformation of energy at the suspension medium.
Characterization of Magnetic Carboxymethyl
Chitosan Nanoparticles. Mixing rate of suspension
medium, the polymer concentration and calcium
chloride concentration magnetic carboxymethyl
chitosan nanoparticle is determined as the parameters
affecting the size is given in the form of sub-titles with
the results obtained details. A result obtained from
experimental studies shows that at ranges 200-500 nm
in size carboxymethyl chitosan nanoparticles was
obtained.
Effect
of
Parameters
on
Magnetic
Carboxymethyl Chitosan Nanoparticle size.
Generally, increase in the amount of a cross linker
reduces NP size due to the formation of denser
particles [23]. Consequently, cross linker can be said
to help in stabilization of nanoparticles and reduces

TABLE 2
Effect of the cross linker concentration (CaCl 2), Carboxymethyl Polymer Concentration and homogenization
rate on the size of Magnetic Chitosan nanoparticles.
Carboxymethyl Polymer
CaCl2 Concentration (%)
Concentration
Effect of CaCl2 concentration on nanoparticle size
0.1%
0.25
1
0.1%
0.5
2
0.1%
0.75
3
0.1%
1
4
Effect of Carboxymethyl Polymer Concentration on nanoparticle size
0.1%
1
4
0.3 %
1
5
0.5 %
1
6
Effect of Homogenization Rate on nanoparticle size
0.1%
1
7
0.1%
1
8
0.1%
1
4
Sample No.

766

Homogenization Rate
(rpm)

Size (nm)

Polydispersity

12000
12000
12000
12000

400±4.33
305±2.91
211±2.25
199±2.39

0.137±0.043
0.139±0.047
0.135±0.015
0.123±0.041

12000
12000
12000

199±2.39
276±5.53
313±4.79

0.123±0.041
0.169±0.027
0.176±0.043

6000
9000
12000

490±12.21
325±4.77
199±2.39

0.183±0.056
0.171±0.032
0.123±0.041
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FIGURE 3
AFM Images of (A) Fe3O4 NPs (B) Chitosan NPs and (C) Carboxymethyl Chitosan NPs Respectively.

preferred for immobilization of bimolecular to
functionalized nanoparticles due to its increase in
stability [11]. For interaction of both gram positive and
gram negative bacteria to occur the functional groups
act as nonselective ligand and interaction happen
through electrostatic interaction.
Based on this merit, naked Fe3O4, prepared
magnetic chitosan and magnetic carboxymethyl
chitosan nanoparticle can capture Escherichia coli and
Staphylococcus Aureus, were used as model bacteria
of gram-negative and gram-positive strains in this
study.
The interaction between bacteria and
nanoparticles occurred due to the attractive
electrostatic interaction between the negatively
charged bacteria and positively charged nanoparticles.
When exposed to the extracellular environment, the
bacterial cell surfaces have a net negative electrostatic
charge by virtue of ionized phosphoryl and carboxylate
substituent on outer cell envelope. This proved that the
bacterial pathogen was removed and captured by
amine-functionalized magnetic nanoparticles. They
have stated that the isoelectric point of bacterial cells
found within the pH range of 1.5±4.5, in the range of
pH 5.0±9.0 the cells are negatively charged but the iron
oxide nanoparticles have a positive zeta potential
under pH 9.0, thus the predominantly negative surface
charge of the bacterial cell membranes provides a clear
target for separation by electromagnetic interactions.
According [25] reported similar results for rapid
pathogen detection, decontamination and strain
differentiation using magnetic glyco nanoparticles.
The percentage captured efficiency of the bacteria

It is understandable to increase homogenization
speed in order to reduce the size of nanoparticle, high
speed together with time are significant factors in
determining the size of nanoparticle. According to [23]
which states that at a stirring speed below 6000 rpm it
is not possible to breakdown particle into nanosize due
to the fact that uniformity of the mixing force and
homogeneous suspension was not obtained.
To investigate the effect of homogenizer speed on
magnetic nanoparticle in this study; the stirrer speed
was varied between 6000-12000 rpm. Table 2 shows
the highest stirrer speed at 12000 rpm, the magnetic
nanoparticle size are smaller, due to the high speed.
This shows that there were more breakdowns of
nanoparticles reflecting that smaller sizes of
nanoparticle have more binding capacity than larger
size nanoparticle.
Imaging AFM characterization of NPs. The
magnified atomic force microscope (AFM) image
(Figure 3) illustrates that the three nanoparticles
(Magnetic iron oxide, chitosan and carboxymethyl
chitosan) a spherical shape structure had a sphereshaped. The imaging shows that the three dimensional
mapping of the surface recorded 14nm, 174nm and
203nm respectively for iron oxide, chitosan and
carboxymethyl chitosan nanoparticles. This result is
better as compared to previous studies [24].
Bacteria Capture. During immobilization of
bacteria, tightly attached surface polysaccharides
could be fasten by the walls of bacteria cell targeted.
Direct attachment method has been view as the most
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(E.Coli) using the prepared nanoparticles with
different concentration as stated in Figure 6. It was
observed that as the concentration increases from (0.5
± 1) mg/ml, the percentage captured efficiency of the
bacteria were also increasing up to 90%. This plot
could be attributed to the effect of dosage. The increase
in the percentage of the capture efficiency of the
bacteria with increase in adsorbent dose of the
prepared NPs is due to the greater availability of the
exchangeable sites or surface area at higher
concentration of the adsorbent. There was significant
growth in the percentage capture efficiency as the
prepared NPs were improved from (0.5 ± 1.0) mg/ml.
This can also suggests that the maximum adsorption
ZDVQ¶W DWWDLQHG GXH WR VRPH IUHH LRQV 7KHUHIRUH
Figure 4 shows the capture timing against percentage
capture efficiency of the different prepared
nanoparticles. The capture timing reached equilibrium
at 20 minutes for all NPs and the different capture
efficiency were reached at (40, 60 and 85) % for Fe3O4,
Fe3O4-CMC and Fe3O4-CS nanoparticles.
Escherichia coli and Staphylococcus Aureus
could not be captured efficiently by naked Fe3O4. The
percentage capture efficiency for E.coli and S.coccus
Aureus by naked Fe3O4 nanoparticles for 5 minutes
was 20 % and 17 %, respectively. The capture
efficiency can grow with an increase in time. The cell
removal efficiencies for E.coli and S.Aureus by naked
Fe3O4 nanoparticles in 10mins had a slight increase of
29% and 25% respectively. Furthermore, after reaction
with cells for an hour, the percentage of bacterial
capture of naked Fe3O4 NPs for both bacteria were
60% and 55%, respectively, for E.coli and S.Aureus.
This result was relatively compared with naked Fe3O4,
both chitosan and carboxymethyl chitosan
nanoparticle could capture E.coli and S.Aureus more
efficiently and quickly. The capture efficiencies for
E.coli and S.Aureus increased rapidly in 10 mins. At
same 10 minutes capture efficiencies of nanoparticle
reached 45 % for S.Aureus and 50 % for E.coli on MagCMC NPs while 77% and 79% were achieved for S.
Aureus and E.Coli on Mag-CS NPs. The percentage of
bacterial capture for both cell type attained equilibrium
at 20 minutes (Figure 5a and b). Obviously, for both
gram-positive S.Aureus and gram- negative for E.coli,
Fe3O4-CS and Fe3O4-CMC contain higher capture
efficiencies than naked Fe3O4 nanoparticles. The
modification of Fe3O4 with biopolymers could enhance
the percentage of bacterial capture in this study.

100
Fe O
3 4
80

Mag-CMC Np

Capture Efficiency (%)

Mag-CS Np
60

40

20

0

0.1 mg/mL

0.5 mg/mL

1 mg/mL

FIGURE 4
Percentage captured efficiency of naked
Fe3O4, Fe3O4 loaded CMC and Fe3O4 loaded
chitosan nanoparticles for E. coli (0.1, 0.5, and
1.0 mg/mL or different concentration at pH
7.2). Error bars show standard deviations of
result collected from triplicate trails.
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FIGURE 5a
Percentage captured efficiency of bacterial (E.
coli) update by naked Fe3O4, Mag-CMC and
Mag-CS Np for different timing.
Error bars show standard deviations of result
collected from triplicate trails.
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FIGURE 5b
Percentage bacterial (Staphylococus Aureus)
update by naked Fe3O4, Fe3O4-CS and Fe3O4CMC nanoparticles for S.Aureus.
Error bars show standard deviations of result
collected from triplicate trails.
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FIGURE 6a
Percentage bacterial update by naked Fe3O4,
Fe3O4-CS and Fe3O4-CMC nanoparticles in five
consecutive cycles for E. Coli (1 mg/mL, pH 7.2 at
30 min). Error bars show standard deviations of
result collected from triplicate trails.

FIGURE 6b
Percentage capture efficiency of bacterial update
by naked Fe3O4, Fe3O4-CS and Fe3O4-CMC
nanoparticles in five consecutive cycles for S.
Aureus (1 mg/mL, pH 7.2 at 30 min). Error bars
show standard deviations of result collected from
triplicate trails.

nanoparticle size can be affected by different factors
namely; pH, concentration of TPP (cross linker),
homogenizer speed and also by changing the
molecular weight of chitosan (polymer). Appropriate
surface attachment provides the direct immobilization
RI DVVRFLDWHG ELR UHFRJQLWLRQ JURXSV RQ WKH 13V¶
surface. However, the type of functional groups
applied is an important factor that can affect the
stability of magnetic nanoparticles enriched with the
sensing ability using magnetic and optical properties.
The effectiveness of magnetic separation for bacteria
detection based on ammonia and carboxyl groups is
demonstrated in this study which serves as a partition
layer on magnetic nanoparticle surface for bacteria
capturing in water. Results also show that the
reusability of Magnetic Nanoparticle without any
notable decrease in its adsorption efficiency was
achieved. Hence, this investigation shows that
Magnetic Nanoparticles has greater potential and
promising future for pathogen detection and desirable
results will be obtained.

Nanoparticle Reusability. The reusability of
nanoparticles could be seen as a novelty in pathogen
detection. The reuse and recovery of these three types
of nanoparticles throughout the bacterial capture and
material regeneration cycles were examined at 1.5 x
107 CFU/ mL bacterial concentration (for E. coli and
S. Aureus) and 1 mg /mL of NPs (See Figures 6a and
6b for the efficiencies of bacterial update for each NPs
measured in percent (%)).
From Figure 6a and 6b, the recovery and reuse of
the prepared nanoparticles (Fe3O4-CS, Fe3O4-CMC,
and Fe3O4) for the five cycles are presented. For all
three types of nanoparticles stated, the bacteria capture
efficiency slightly shows decreasing with increasing
regeneration cycles. For instances, the cell capture
efficiencies were more than 94% for Fe3O4-CS and
81% for Fe3O4-CMC in the first cycle. Notably, the
capture efficiencies in the third cycle by Fe3O4-CS,
Fe3O4-CMC and Fe3O4 decreased to 92%, 79% and
56% respectively. This observation indicates that all
nanoparticles prepared exhibited good potential for
recovery and reuse to capture bacteria.
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Magnetic Fe3O4 NPs were synthesized via coprecipitation
technique.
Formed
Magnetic
Nanoparticles was coated with chitosan polymer and
its derivative resulting sample was analyzed using
AFM, FTIR and Zeta Sizer. The data results shows that
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polysaccharides,
organic
food
colorants,
osmoregulators, vitamins and many other important
chemicals (3). There are a wide range of fields today
to gain commercial profits using algae culture,
including wastewater treatment, chemical substance
production and fields to meet food and feed demand
(4). Research on algae can only be conducted when
pure and adequate amounts of materials are observed
or when they grow in high amounts in the media.
Chlorella can be considered as the best example for
this. There is a large body of research that
determined biochemical properties of cultured
microalgae (3; 5; 6; 7; 8; 9; 10; 11; 12; 13; 14).
In light of these studies, more information will
be obtained on the morphologies, taxonomy, growth
and most importantly, economic value of algae; this
information will be interpreted and applied with the
use of technology. New uses of algae will be
determined or the existing ones will be developed
(15).
Recent studies in the field of phycology have
shown that algal biomass is mainly used for the
production of different compounds such as hydrogen
and hydrocarbons using polysaccharides, oils,
proteins, carotenoids, pigments, vitamins, sterols,
enzymes, antibiotics and many other chemicals (or
their precursors).

ABSTRACT
Microalgae are very important organisms
because of their biochemical contents. They can be
used many areas such as industrial applications,
agriculture, human and animal nurtrition etc. When
the increasing population is considered, the
humanity will need more nutrient. At this point;
microalgae help us because they have essential
amino acids, fatty acids and the other biochemical
molecules that obligatory for human and animal
nutrition.
In this study; biochemical properties such as
total protein amount, total oil amount, types and
amounts of fatty acids, vitamin A, E and ȕ-Carotene
amount of Tetracystis isobilateralis R. M. Brown &
H. C. Bold were examined by using gas
chromatography.
Analysis has shown that total protein amount
was 38.73%; total oil amount was 16.37%; vitamin
E amount was 301.8 mg/kg, vitamin A amount was
 PJNJ DQG ȕ-carotene amount was 815.4
mg/kg. Amounts of palmitic, linoleic, oleic, stearic
fatty acid types were found to be 40.99%, 6.34%,
35.89% and 16.64% respectively.

KEYWORDS:
Tetracystis isobilateralis, protein, vitamin, ȕ-Carotene,
fatty acid.

MATERIAL AND METHOD
7KH PDWHULDO RI WKLV VWXG\ LV 7HWUDF\VWLV
LVRELOHWDUDOLVR.M. Brown & H.C. Bold microalgae
which have not been studied previously. The sample
was obtained from Microalgae Culture Collection at
Ege University (Ege-MACC63). T. isobilateralis
taxon was identified for the first time by Brown and
Bold in 1964 (16).
The sample was harvested after reaching a
certain concentration in OTM (Our Tetracystis
Medium) medium. The sample was dried at 50 ºC in
vacuum incubator for 3 hours and was kept at -20ºC.
Biochemical analyses were conducted to determine
oil, fatty acids, proteins, carbohydrates, vitamins and
ash amounts.

INTRODUCTION
Algae constitute one third of total plant biomass
on the earth. Microalgae are sources of food for fish
and many other aquatic organisms and are the first
link in the food chain (1). Algae have beneficial uses
such as production of healthy nutrients rich in
pigments and proteins for the food industry and as
wastewater treatment (2). Microalgae contain highly
beneficial chemical compounds that can join the
structure of some fertilizes, vitamin and substances
to meet the need for cosmetics, food and feed. They
are also considered as a source of fatty acids,
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6SOLWDW&ȝ/FDUULHUJDVKHOLXP
mL/min; oven program: 35ºC/min from 110ºC to
320ºC, hold at 320ºC for 1 min; Detector: FID at
320ºC.
Identification of Raw Ash Content. Ash
amount of dried substances were performed
according to standard method (17). Ash amount in
samples was calculated in % according to below
formula:
Raw ash content (%)=[(ts-ti) / m] x 100
m=sample weight
ti= empty weight of crucible
ts= weight of crucible and accumulated ash after
the procedure
(The procedure to determine raw ash amount
was repeated for three times and mean value of the
obtained values was taken).

FIGURE 1
Tetracystis isobilateralis cells and aplanospores.
Raw Protein Analysis. Total was protein
analysis was performed according to Kjeldahl
method (17) in three stages and with three repetitions
including wet burning, distillation and titration. The
values obtained were calculated using the below
equation and the mean value was taken:
%N=14,01 x (A-B) x M x 100
G x 10
%Protein=%N x 6,25
A: HCl amount used for the sample
B: HCl amount used for blank
M: Acid molarity
g: Sample amount

Nitrogen-free
Elementary
Substance
Amount. Nitrogen-free elementary substance
amount is known as cellulose and carbohydrate
content. The remaining substance amount after
determining raw protein, oil and raw ash amounts
obtained from dry matter weight in analyses gives
nitrogen-free elementary substance amount and is
calculated with the below formula (20).
Nitrogen-free Elementary Substance Amount
(%)= 100-(protein amount+ashamount+oil
amount)

Identification of Raw Oil Content. Raw oil
amount was determined according to 18 and was
calculated using the below formula. The operation to
calculate raw oil amount was repeated for three times
and the mean value was taken.
Raw oil amount (%)=[(ts-ti)/m]x100
m=Sample weight
ti= Kerb weight for volumetric flask
ts= weight of volumetric flask and accumulated
fat after the procedure

Identification of Vitamin A and E Amounts.
2 gr of dried and grinded material was transferred to
250 ml amber volumetric flask. 0.5 gr ascorbic acid,
10 ml ethanol absolute and 20 ml 60% KOH mixture
was added to the volumetric flask respectively. The
flask was covered and mixed in magnet mixer at
slow speed at room temperature. The mixture was
then transferred to 250 amber seperatory funnel. The
mixture in separatory funnel was washed with 10 ml
pure water. The funnel was extracted with 15 ml nhexane for a few times after the washing procedure.
Each extraction was shaken for minimum 2 minutes.
The hexane phase in separatory funnel was
syphoned. Syphoned hexane phase contains oil and
oil-soluble vitamins (21). Vitamin analysis in the
collected hexane phase was conducted in Çanakkale
Onsekiz Mart University Laboratory of Faculty of
Aquaculture using HPLC device.

Identification of Fatty Acid Composition. %
oil ratio of the samples was calculated. The samples
in 250 ml volumetric flasks were subjected to
matching procedure. 5 ml 0.5 N methanolic NaOH
(Merck) was added and volumetric flask was placed
to water bath using a condenser. Boiling stone was
put inside the volumetric flask to prevent overspill
during esterification procedure. 15 minutes after the
samples boiled in water bath, 5 ml BF3 reactive was
added. The sample was boiled for another 5 minutes.
2 ml n-heptane was added and the sample was boiled
for another one minute. After removing the sample
from the cooler, the sample was transferred to 25 ml
volumetric flask. Saturated salt solution was added
after the sample was cooled at room temperature.
Thus, two phases were formed in volumetric flask.
1-2 ml heptane on top was collected using
micropipette and kept in test tube for analysis (19).
Fatty acid analyses were carried out in Central
Laboratories of Çanakkale Onsekiz Mart University
using GC-MS device.The column was a Zebron
=HEURQ=%-HAAC 10 m x 0.25 mm capillary GC
column. GC conditions were performed as injection:

RESULTS
This study examined total raw oil, total raw
protein, nitrogen-free elementary substance, total ash
amount, fatty acids, anion-cation values, vitamin and
beta carotene amounts in Tetracystis isobilateralis
taxon.
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TABLE 1
The ratios of fatty acid types according to total fatty acids (%)
Fatty acid
methyl esters

Formula

Oil type

Mw

Intensity

RT

%

Palmitic

C17H34O2

16:0

270

8169831

36.58

40,9985

Linoleic

C19H34O2

18:2 n-6

294

1287990

41.22

6,4634

Oleic

C19H36O2

18:1 n-9

296

7153086

41.36

35,8961

Stearic

C19H38O2

18:0

298

3316240

41.84

16,6418

Total Raw Oil, Total Raw Protein, Nitrogenfree Elementary Substance and Total Ash
Amounts. Biochemical content of the algae was
found to be as follows: 38.73% total protein, 16.37%
total oil, 29.32% nitrogen-free elementary substance
and 15.58% total ash amount. Obtained results have
revealed that this species has more commercial value
than many cultured microalgae.

Microalgae contain a wide variety of and
valuable fatty acids. Botryococcus braunii taxon is
among the richest vegetable organisms in terms of
fatty acids (22). Macro and micro algae presented in
Table 2 and Table 3 which are intensively cultured
to obtain oils draw attention as the taxa with the
highest oil and fatty acid types and amounts. Palmitic
acid (40.99%), oleic acid (35.89%) and stearic acid
(16.64%) amounts in T. isobilateralis taxon are
higher than previously examined algae.
Total oil amount was found to be 16.37%
although fatty acid composition did not show much
variety. This value indicates that the microalgae can
be used as a nutrition and that is can be used to obtain
oil through intensive cultures for commercial
purposes.
TABLE 2
Oil amounts of some microalgae (22).
Oil content
Algae
(% dry wt)
25-75
Botryococcus braunii
22-38
Isochrysis galbana
30-40
Haematococcus
pluvialis
31-68
Nannochloropsis sp.
45
Nitzschia sp.
30-45
Parietochloris incisa
33
Pleurochyrsis carterae

Fatty acids. There are 4 types of fatty acids
with a considerable amount that can shown from the
peaks in spectra of GC-MS device (Figure 2).
RT: 0.00 - 63.03
41.36

100

NL:
2.65E6
TIC F: MS
Riza-03

90
80
70
60
36.58

25.94
50

41.84

40
30
27.22

20

2.18
43.80
2.59

10

3.38

13.43

18.48

21.65
19.25

49.68

35.27

57.23 59.83

0
0

5

10

15

20

25

30
35
Time (min)

40

45

50

55

60

FIGURE 2
Tetracystis isobilateralis fatty acids GC-MS
spectrum.

The ratios of fatty acids to total fatty acids are
presented in Table 1.
TABLE 3
Fatty acid composition in some micro and macro algae (%) (23).
Algae
Thalassiosira
pseudonana
Parietochlori
s
incisa
Amphidinium
carteri
Desmarestia
acculeata
Dictyopteris
membranace
a
Ectocarpus
fasciculatus
Ochromonas
danica
Gracilaria
confervoides
Phycodrys
sinuosa
Porphyridiu
m
cruenturn

14:0

16:0

16:
1

16:2

16:3

18:0

18:1

18:2

Ȧ

Ȧ
3

Ȧ
3

Ȧ
6

20:5
Ȧ

22:6
Ȧ

15

10

29

5

6

-

-

1

-

-

-

14

15

-

-

10

2

1

1

3

16

17

1

2

-

43

1

-

2

12

1

2

-

2

2

1

3

-

19

20

-

24

4

12

2

-

-

-

7

6

10

2

16

19

19

-

6

20

1

-

-

2

14

14

11

2

11

11

9

-

2

17

-

-

-

1

13

4

15

1

23

11

13

-

13

4

-

-

-

3

7

26

12

7

7

8

-

-

8

18

3

-

-

1

16

2

-

1

1

46

-

-

5

22

5

2

1

3

5

1

1

-

-

44

2

-

-

34

1

-

-

1

2

12

-

1

-

40

7

-
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TABLE 4
Weight of Beta-Carotene, vitamin A and E in biomass (mg/kg dry wt)
Vitamin A

Vitamin E

B-Carotene

28.40

301.8

815.40

TABLE 5
Vitamin value of some microalgae and some nutrients (mg/kg dry wt) (7).
Vit
A
RDI (mg/d)
Liver
Spinach
Bread Yeast
Siprulina
platensis
Chlorella
pyrenoidoisa
Scenedesmus
quadricauda

1.7
60.0
130.0
Trace
amoun
t
840.0
480.0
554.0

Vi
t
B1
1.5
3.0
0.9

Vit
B2

Vit
B6

Vit
B12

Vit
C

Vit
E

Nicotine

Biotin

Folic
Acid

Pantothenic
Acid

2.0
29.0
1.8

2.5
7.0
1.8

0.005
0.65
-

30.0
10.0
-

18.0
136.0
5.5

1.0
0.007

0.6
2.9
0.7

8.0
73.0
2.8

7.1

16.5

21.8

-

50.0
310.0
470.0
Trace
amoun
t

112.0

4.0

5.0

53.0

-

37.0

3.0

7.0

80.0

120.0

-

0.3

0.4

13.0

36.0

23.0

-

-

-

240.0

0.15

-

20.0

27.0

-

1.1

396.0

-

108.0

-

-

46.0

44.
0
10.
0
11.
5

RDI: Recommended Daily Intake reference value
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PHYTOPLANKTON COMMUNITY STRUCTURE AND ITS
RELATIONSHIP WITH ENVIRONMENTAL FACTORS IN A
HEAVY EUTROPHIC LAKE
Wang Tian, Huayong Zhang*, Lei Zhao, Hai Huang
Research Center for Engineering Ecology and Nonlinear Science, North China Electric Power University, Beijing 102206, P.R. China

more lakes face eutrophication caused by human
activities and as a result, algae blooms or species
extinction is common [3-5]. Knowing the
influencing factors of phytoplankton in eutrophic
lakes is essential to develop appropriate conservation
strategies in aquatic ecosystems [6, 7].
Phytoplankton community is influenced by
many factors such as temperature, pH, light
conditions, nutrient availability, predation, and so on
[7-12]. Limiting nutrients play a crucial role on the
growth and reproduction of phytoplankton species
[13]. However, when the nutrient supply is excessive,
aquatic ecosystems may result in the catastrophic
algae blooms [3, 4]. The phytoplankton community
structure of a lake ecosystem is generally determined
by its own traits and environmental factors [6, 14,
15]. For example, Cyanophyta may dominate in
lakes where nitrogen is limiting, since many
Cyanophyta species are nitrogen-fixing and have a
strong ability in competing for nitrogen [16, 17].
Low supply of phosphorus relative to nitrogen is
associated with dominance by Chlorophyta or
Bacillariophyta, since the two phyla are better
competitors for phosphorus [18]. In addition to
nutrients, water temperature (WT), pH and dissolved
oxygen (DO) are also important in influencing
phytoplankton community [7-12]. Although there
are many researches analyzing the phytoplankton
community structure and its influencing factors,
analysis in a heavy eutrophic lake is still in lack.
In this research, WT, water transparency (SD),
pH, DO, total nitrogen (TN), total phosphorus (TP)
and ammonia nitrogen (NH4+-N) were measured in a
heavy eutrophic lake. The influence of
environmental factors on phytoplankton community
was analyzed through canonical correspondence
analysis (CCA). The purpose of this research is to
analyze the structure of phytoplankton community
and its influencing factors in a heavy eutrophic lake.

ABSTRACT
Field investigations were carried out in June
2011 and 2012 in Lake Qixinghu, a heavy eutrophic
lake. Main environmental factors, phytoplankton
community composition, the densities and
biomasses of different phytoplankton species were
measured. The influence of environmental factors on
phytoplankton was analyzed through canonical
correspondence analysis (CCA). Results have
revealed that the mean concentrations of total
nitrogen (TN) and total phosphorus (TP) reached
6.78 mg/L and 0.68 mg/L, respectively.
Phytoplankton species was dominated by
Chlorophyta (41 species), Bacillariophyta (25
species) and Cyanophyta (23 species), species
belonging to other phyla were rare. Phytoplankton
density ranged from 5.97×105 cells/L to 5.87×108
cells/L in different sample sites. The mean densities
of Cyanophyta, Chlorophyta and Bacillariophyta
accounted for 85.3%, 8.2% and 5.4% of the total
phytoplankton
density.
The
biomass
of
phytoplankton varied between 1.16 mg/L and 38.4
mg/L in different sites. Mean biomasses of
Cyanophyta, Chlorophyta and Bacillariophyta
accounted for 20.9%, 30.2% and 30.1% of the total
phytoplankton biomass. Results of CCA showed that
water temperature, TN, TP and dissolved oxygen
were the significant environmental factors that
influenced phytoplankton community. This research
will be helpful in understanding the features of
phytoplankton community and their influencing
factors in heavy eutrophic lakes.

KEYWORDS:
Environmental factors; heavy eutrophic; phytoplankton
community; canonical correspondence analysis

INTRODUCTION

METHODS

Phytoplankton is the most important primary
producer in aquatic ecosystems and it plays pivotal
roles in the biogeochemical cycles of carbon,
nitrogen, phosphorus, etc [1, 2]. Recently, more and

Study area. Lake Qixinghu (ƍ1ƍ
E), located in Tengzhou, Shandong Province, China,
is a coal mine subsidence lake with a mean
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FIGURE 1
Location of Lake Qixinghu and the sampling sites
surface area of 0.33 km2 (Fig. 1). The lake has a
capacity of 720,000 m3. Every day, about 20,000 m3
polluted water flows into the lake. Outbreaks
of algae in some areas of the lake were discovered in
the past few years during the period of the present
research. The climate of the lake is warm temperate
monsoon, with an annual average temperature of
13.7 Ԩ, and an annual average sunshine of about
2530 h [19]. The annual average rainfall of the lake
ranges from 550 to 720 mm.

Phytoplankton species was selected for CCA when
its frequency appeared was higher than 30% and its
relative abundance was higher than 1% in at least one
site. All the variables were transformed by log10(x+1)
except for pH. The calculation of CCA was
conducted through Canoco for Windows 4.5 and the
figures were drawn through Canodraw for Windows.

RESULTS
Sampling and measurements. A total of 16
sample sites were set according to the distribution of
the lake (Fig. 1). Field investigations were conducted
in June 2011 and 2012. WT (Ԩ), pH and DO (mg/L)
were measured in situ using YSI in the lake. The
values of SD were measured by Secchi disk. Water
quality samples were taken with a Tygon tube water
sampler from the 16 sites. The samples were then
kept in acid-cleaned glass bottles and stored at 4 Ԩ
before analyses. TN (mg/L) was measured by
potassium
persulfate
digestion-UV
spectrophotometry method, NH4+-N (mg/L) was
GHWHUPLQHGE\1HVVOHU¶VUHDJHQWVSHFWURSKRWRPHWU\
method and TP (mg/L) was determined by Mo-Sb
Anti-spectrophotometry method.
Phytoplankton samples were taken 1 L under
the water surface at each sample site. The samples
were WKHQSUHVHUYHGZLWKDFLGLILHG/XJRO¶VVROXWLRQ
for 24 hours and condensed to 30 mL. A 0.1 mL
aliquot of the condensed sample was taken on
phytoplankton counting box to identify the species
and count the cells of each species. The biomasses of
each phytoplankton species were calculated by the
cell volume of individuals [20].

Environmental factors in the lake. WT
ranged from 21.7 Ԩ to 28.2 Ԩ in the 16 sites in June
2011 (Table 1), while that in June 2012 varied
between 22.7 Ԩ and 26.2 Ԩ. The lake was in a weak
alkaline state and mean values of pH were 8.39 and
7.82 in the twice samplings as shown in Table 1.
Concentrations of DO ranged between 0.08 mg/L
and 15.69 mg/L with average values of 9.58 mg/L
and 4.92 mg/L, respectively, in the two years. Values
of SD in most of the sites were lower than 1 m during
the investigation. TN ranged from 1.26 mg/L to
29.68 mg/L, with an average value of 6.73 mg/L and
a standard deviation of 6.84 in the 16 sampling sites
in June 2011 (Table 1). Mean TN concentration was
6.84 mg/L in June 2012, which was nearly the same
with that in 2011. The maximum TN concentration
reached 29.68 mg/L, which was very high due to the
heavy pollution in the lake. TP concentrations
initially ranged from 0.13 mg/L to 2.05 mg/L with
average values of 0.88 mg/L and 0.47 mg/L in the
two years. The concentration of NH4+-N was varying
from 0.15 to 13.02 mg/L, with a mean value of 1.38
mg/L and 5.19 mg/L in the twice samplings. Through
the concentrations of nutrients in the lake, we can
conclude that the lake was in a heavy eutrophic state.

Statistical analysis. The influence of
environmental factors on phytoplankton was
analyzed using CCA. The environmental matrix in
the CCA was consisted by the seven environmental
factors. The species matrix was formed by the
abundance of different phytoplankton species.

Features of phytoplankton community
structure. We have identified 105 phytoplankton
species belonging to 7 phyla in Lake Qixinghu,
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FIGURE 2
Phytoplankton community abundance and biomass of different sample sites in Lake Qixinghu
(1~16 are the 16 sites in June, 2011 and 17~32 are the 16 sites in June, 2012)
TABLE 1
The statistical results of environmental factors during researching time
DO
SD
TN
NH4+-N
WT
pH
Variables
(mg/L)
(cm)
(mg/L)
(Ԩ)
(mg/L)
Min
21.70
7.00
0.08
29.40
1.26
0.74
Max
28.20
9.32
15.69
76.00
29.68
1.99
2011-06
Mean
24.18
8.39
9.58
45.21
6.73
1.38
Std
1.76
0.66
5.11
14.47
6.84
0.33
22.70
6.17
0.18
30.00
3.96
0.15
Min
26.20
9.34
10.28
80.00
9.46
13.02
2012-06 Max
Mean
24.61
7.82
4.92
45.13
6.84
5.19
Std
1.27
0.77
3.32
13.47
1.56
4.26

TP
(mg/L)
0.23
2.05
0.88
0.56
0.13
1.19
0.47
0.27

Euglenophyta (Table 2 and Fig. 2). Mean biomasses
of Chlorophyta and Bacillariophyta were the highest
and their values reached 4.74 mg/L and 4.73 mg/L,
respectively. Mean biomass of Cyanophyta was 3.28
mg/L, which was a little lower than that of
Chlorophyta and Bacillariophyta. The maximum
biomasses of Cyanophyta and Chlorophyta in
different sample sites reached 24.7 mg/L and 28.7
mg/L. The biomasses of Pyrrophyta, Cryptophyta
and Xanthophyta were lower than other communities
and their mean values were 0.49 mg/L, 0.64 mg/L
and 0.28 mg/L, respectively.
Through Fig. 2, we can see clearly that in June
2011, phytoplankton abundance of many sample
sites was dominated by Cyanophyta. Situations in
June 2012 were getting better since water quality in
Lake Qixinghu was much better than that in 2011.
Both phytoplankton abundance and biomass in 2012
were much lower than that in 2011.

including
41
Chlorophyta
species,
25
Bacillariophyta species, 23 Cyanophyta species, and
9 Euglenophyta species. Species belonging to other
phyla were rare. A total of 21 phytoplankton genera
were extinct and 16 genera invaded as new species
during the two years.
Phytoplankton abundance
was mainly
dominated by Cyanophyta, Chlorophyta and
Bacillariophyta in Lake Qixinghu as shown in Table
2 and Fig. 2. Mean abundance of Cyanophyta was
6.26×107 cells/L and it accounted for 85.3% of the
total phytoplankton abundance. The abundance of
Chlorophyta varied from 2.41×105 cells/L to
1.84×107 cells/L with an average value of 6.02×106
cells/L and a standard deviation of 521.3.
Bacillariophyta abundance ranged between 8.78×104
cells/L and 1.29×107 cells/L. Mean values of
Euglenophyta, Pyrrophyta, Cryptophyta and
Xanthophyta abundance were 1.81×105 cells/L,
1.34×105 cells/L, 1.65×105 cells/L and 3.39×105
cells/L, respectively. They were relatively lower
compared with the three dominant communities.
Phytoplankton biomass was dominated by
Cyanophyta, Chlorophyta, Bacillariophyta and

Influence of environmental factors on
phytoplankton community. Phytoplankton species
that are chosen for the CCA are listed in Table 3.

779

© by PSP

Volume 26 ± No. 1a/2017, pages 777-784

Fresenius Environmental Bulletin

TABLE 2
Statistical characters of densities and biomass of different phytoplankton communities in the lake
Abundance (104 cells/L)

Biomass (mg/L)

Min

Max

Mean

Std

Min

Max

Mean

Std

Cyanophyta
Chlorophyta
Bacillariophyta

5.37
24.10
8.78

57,191
1,841
1,292

6,264
601.6
397.3

13,644
521.3
373.7

0.02
0.10
0.08

24.72
28.66
12.74

3.28
4.74
4.73

5.71
6.32
3.39

Euglenophyta

0.72

60.27

18.06

16.57

0.22

6.03

1.55

1.55

Pyrrophyta

0.01

36.09

13.36

9.51

0.20

1.94

0.49

0.49

Cryptophyta

6.70

53.58

16.48

15.85

0.007

1.88

0.64

0.54

Xanthophyta

12.53

107.03

33.89

34.38

0.04

1.07

0.28

0.38

variables.
TABLE 3
Code of phytoplankton species and their Latin
name for CCA
Co
de

Latin Name

Co
de

P1

Scenedesm
us

P2

P4

Closterium

P5

P7

Actinastru
m

P8

P1
0

Chlorella
ellipsoidea

P1
1

P1
3

Franceia

P1
4

P1
6
P1
9
P2
2

Dactylococ
copsis
Oscillatori
a sinica
Melosira
granulata

P1
7
P2
0
P2
3

P2
5

Stephanodi
scus

P2
6

P2
8

Euglena

Latin
Name
Coelastr
um

Co
de

Oocystis

P6

Micracti
nium
Ulothrix
tenerrim
a
Cosmari
um
dilatatu
m
Microcy
stis
Spirulin
a major
Cyclotell
a
Fragilar
ia
capucin
a

P3

P9

Latin
Name
Tetraedro
n
Chlamydo
monas
Chlorella
vulgaris

P1
2

Uronema

P1
5

Phormidiu
m

P1
8
P2
1
P2
4

Oscillatori
a

P2
7

The seven environmental factors affected
phytoplankton in different degrees. Species axis 1
was positively correlated with NH4+-N (R = 0.56) but
negatively correlated with DO, TP and pH. Species
axis 2 was positively related to TN and TP, their
correlation coefficients were 0.57 and 0.53,
respectively. WT was negatively correlated with the
second axis (R = -0.56).
The relationships between environmental
factors and phytoplankton species are shown in Fig.
3. All the phytoplankton species can be divided into
three groups: the first group was the species
distributed in the negative direction of the first axis
and it included Chlorophyta species P1, P2, P5, P6,
P7, P8, Cyanophyta species P15, P16,
Bacillariophyta species P21, P23, P24 and Euglena.
Phytoplankton species in the first group were mainly
influenced by TP, DO and pH. Phytoplankton species
P25, P17 and P18 formed the second group. Species
in this group were distributed in the third quadrant
and their distribution was mainly influenced by WT,
DO and pH. The third group was mainly distributed
in the positive direction of the first axis. Their
abundance was mainly influenced by the
concentration of NH4+-N. The distribution of sample
sites was scattered as shown in Fig. 4, which
indicated that in this heavy eutrophic lake, the
driving factors of phytoplankton in each site were
different. In summary, WT, TN, TP and DO were the
significant environmental factors that influenced
phytoplankton in Lake Qixinghu.

Synedra
Navicula

Fragilaria

Among them, species P1-P14 are belonging to
Chlorophyta, while P15-P20 are Cyanophyta species.
Seven Bacillariophyta species are selected and coded
from P21 to P27. P28 is the sole Euglenophyta
species that is selected. CCA results showed that the
first two environmental factors axes were mutually
vertical with each other. The correlation coefficient
between the first two species axes was -0.02, which
indicated that they were nearly perpendicular with
each other. Thus the results of CCA were credible.
The eigenvalues of the first two axes were 0.309 and
0.032, respectively (Table 4). The correlation
coefficients between the first two environmental
factors and species axis were 0.815 and 0.791, which
indicating
a
close
relationship
between
phytoplankton species and the environmental

TABLE 4
Eigenvalues for CCA axis and species
environment correlation
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Axes

AX1

AX2

AX3

AX4

Eigenvalues
Speciesenvironment
correlations

0.309

0.032

0.016

0.011

0.815

0.791

0.716

0.661

Total
inertia
0.773
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FIGURE 3
Results of CCA plotted for AX1 and AX2. Environmental variables are represented by
lines with arrows. Species are representeGE\³ᇞ
ᇞ ´ and their codes are listed in Table 3

FIGURE 4
Results of CCA plotted for AX1 and AX2. Environmental variables are represented by
lines with arrows. Sample sites are representeGE\³ż´
this, the proportion of Cyanophyta abundance was
increasing along the trophic states of a lake.
Ecologists have found that WT is the main
influencing factor of phytoplankton community in
many lakes [23-27]. WT appears to be a primary
control on the global distribution of phytoplankton
[28]. Some studies have found that WT exerts a
direct control on the growth of phytoplankton
species, rather than other potential environmental covariables such as light and nutrients [29]. In the
present research, samples were collected in summer
when WT was moderately ranging from 21.7 Ԩ to
28.2 Ԩ. Results in this research have revealed that
WT was a significant factor that influenced
phytoplankton community in the CCA. Thus we can
conclude that in the heavy polluted lakes, WT is also
the decisive factor in the distribution of
phytoplankton.
Ecologist found that TN and TP were the major
limiting nutrients in freshwater ecosystems and
competition for them was thought to affect

DISCUSSION
Phytoplankton is the most important primary
producer in aquatic ecosystems and it responds
rapidly to the fluctuation of environmental factors [1,
2]. Ecologists found that the features of
phytoplankton community were highly related to the
trophic state of a lake: when a lake was oligotrophic,
phytoplankton community was mainly dominated by
small body size individuals [21, 22]; when a lake was
mesotrophic, phytoplankton community was
generally complex and strongly influenced by the
predation of zooplankton [21, 22]; when a lake was
eutrophic, phytoplankton was dominated by
Cyanophyta [21, 22]. In this research, Lake
Qixinghu was in a heavy eutrophic state, mean
concentrations of TN and TP reached 6.78 mg/L and
0.68 mg/L, respectively. Mean abundance of
Cyanophyta accounted for 85.3% of the total
phytoplankton abundance. Results in this research
were consistent with previous studies. In addition to
781
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TABLE 5
Comparison of phytoplankton community in mesotrophic and heavy eutrophic lake
Taxa proportion
Mean
Species
abundance
Lakes
Trophic state
richness Cyanophyta Chlorophyta Bacillariophyta
(104 cells/L)
Nansihu
Mesotrophic
223
19.7%
31.7%
18.2%
1,582.6
Qixinghu Heavy eutrophic 105
85.3%
8.2%
5.4%
7,344.7

phytoplankton community was analyzed through
CCA. As per the findings of the research, the
following can be concluded.
1) A total of 105 phytoplankton species were
identified in the lake. Phytoplankton species in the
lake
were
dominated
by
Chlorophyta,
Bacillariophyta and Cyanophyta.
2) Mean phytoplankton abundance reached
7.34×107 cell/L in the lake. The proportion of
Cyanophyta was as much as 85.3% as a result of
extreme nutrients enrichment. Phytoplankton
biomass was dominated by Cyanophyta,
Chlorophyta and Bacillariophyta.
3) Results of CCA revealed that phytoplankton
community in the lake was mainly influenced by WT,
TN, TP and DO.
Results in this research will be helpful in
guaranteeing the water quality and ecological
security, as well as controlling algae blooms in heavy
eutrophic lakes.

phytoplankton community structure [30-33]. Besides,
low nitrogen to phosphorus ratios favors dominance
by blue-green algae in phytoplankton community
[34]. In this research, TN and TP were both excess
and the ratio of the two variables was about 10,
which was in a low value. TN was the significant
environmental factors influencing phytoplankton
community. Besides, Cyanophyta and Chlorophyta
were the dominant communities in the lakes. Results
in this research are consistent with previous studies
[30-34].
Lake Qixinghu has the same latitude with Lake
Nansihu, which is the second largest freshwater lake
and an important water delivery channel of the great
South-to-North Water Diversion Project in China.
The two lakes have the same climate and many
environmental conditions. The difference of the two
lakes is that Lake Nansihu is much larger than Lake
Qixinghu, and Lake Nansihu is a mesotrophic lake
while Lake Qixinghu is in a heavy eutrophic state.
From Table 5, we can see that species richness in
Lake Nansihu was much larger than that in Lake
Qixinghu [35]. The reason of the difference is, on
one hand, lake area plays an important role in
maintaining species richness [36]; on the other hand,
water pollution is more serious in Lake Qixinghu
than that in Nansihu. Mean abundance of
phytoplankton in Lake Nansihu was 1.58×107 cell/L
while that in Qixinghu was 7.34×107 cell/L. Mean
abundance of Cyanophyta accounted for 19.7% and
85.3% of the total phytoplankton abundance in the
two lakes. However, the proportion of Chlorophyta
and Bacillariophyta was much higher in Nansihu
than that in Lake Qixinghu [35].
Under the pressure of human activities and
global climate change, the main risk in lake
ecosystems is algae blooms [37]. Results in this
research revealed that WT, TN, TP and DO were the
significant environmental factors that influenced
phytoplankton community. These results give us
guidance in the management of heavy eutrophic
lakes: reducing TN and TP pollution emissions, and
increasing the concentration of DO.
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S), a width of 34 Km (E-W), an average depth of
about 2 m, a maximum depth of 3 m, and a total
water capacity of 47.6×108 m3 [1-2]. Over the recent
two decades, the lake has had a deterioration of its
water quality in many parts due to the increased
anthropogenic inputs, especially in Meiliang Bay, a
large embayment of Lake Taihu. The high nutrient
levels were associated with the input of untreated
domestic sewage from the large city (about one
million people) of Wuxi, which discharges its
effluents into the Liangxi River, inducing serious
algal bloom breakout every year. In the Southern
region of Lake Taihu, the water body was covered
by a large amount of submerged macrophytes in
summer and autumn and disappeared in winter. Due
to the shallowness of this lake, the resuspension of
sediments is frequent because of strong winds,
causing water turbidity and increasing nutrient
release [3-4].
Microorganisms are known to be key players in
waters' biogeochemistry cycling [5-9], because they
regulate nutrients regeneration and the flux of
biogenic elements through the processes of organic
matter decomposition and mineralization via
polymers hydrolysis and further uptake of released
monomers into new microbial biomass production.
Furthermore, environmental changes are expected to
DIIHFWVLJQL¿FDQWO\WKHG\QDPLFVRIELRJHRFKHPLFDO
processes driven by microorganisms; indeed,
KHWHURWURSKLFEDFWHULDDGDSWWKHLUPHWDEROLFSUR¿OHV
to allochthonous and autochthonous organic inputs,
enabling their quickly response to environmental
changes [10-15].
An integrated approach to the study of the
microbial compartment, together with particulate
RUJDQLF PDWWHU PD\ JLYHLQVLJKWVRQWKHHI¿FLency
of microbial metabolism involved in biogeochemical
cycles [16-18] and ultimately might be helpful in
assessing the ecosystem vulnerability to climate and
anthropogenic changes. Therefore, the study of
bacteria-organic matter interactions has been
proposed to assess the quality status of several
aquatic ecosystems [9].
In the framework of the Italian-Chinese Joint
Agreement for the Scientific Cooperation (2008-

ABSTRACT
During 2008-2009, a study was performed in
two stations of the shallow Lake Taihu, to assess the
response of microbial activities and biomass to
environmental changes. The rates of microbial
enzymatic activities (leucine aminopeptidase, LAP,
beta-glucosidase, ȕ-GLU; alkaline phosphatase, AP)
and heterotrophic prokaryotic production (HPP), as
well as the amount of total prokaryotic biomass (PB)
were estimated during two seasonal periods, together
with the physical and chemical parameters.
Variations in environmental and microbial
parameters were more significant in seasonal scale
than those in spatial one. All the microbial activities
increased from autumn to spring, however only the
GLU activity was statistically significant. HPP and
PB did not exhibit significant temporal changes
throughout the study period. In spring, the
decomposition data were not significantly related to
the trophic parameters in spatial scale. Conversely,
in autumn, high decomposition processes were
associated to high production of new biomass (both
phytoplanktonic and prokaryotic) at the station
located in the eutrophic Meiliang Bay, showing a
tight coupling among polymer degradation,
monomer uptake and efficient incorporation of the
carbon released by enzymatic hydrolysis into new
biomass. Thus, it is suggested that distinct regulation
pathways of microbial metabolism existed in
different seasons in large shallow lakes.

KEYWORDS: Enzymatic activities, prokaryotic
abundance, seasonal changes, biogeochemical cycles,
eutrophication, Taihu Lake

INTRODUCTION
Lake Taihu, situated in the south of the
&KDQJMDQJ5LYHUGHOWD /RQJLWXGH1ƍ-ƍ
/DWLWXGH (ƍ - 120°36), is one of the five
largest freshwater lakes in China. The total area of
the lake is 2337 Km2, with a length of 68.5 Km (N785
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station Y2 (E 30.96345, N 120.12296) was
located in the southern region of the lake (Figure 1).

2010) signed between the Italian National Research
Council-Institute for Coastal Marine Environment,
Messina and the Chinese Academy of SciencesInstitute of Hydrobiology, Wuhan, a study was
undertaken in order to analyse the microbial
community and the ecological role in the Lake
Taihu. Particularly, the ectoenzymatic activities on
organic polymers (leucine aminopeptidase, betaglucosidase and alkaline phosphatase) and bacterial
abundances, were studied together with the main
environmental parameters (temperature, dissolved
oxygen, pH, nutrients, trophic parameters: total
suspended matter, particulate organic carbon and
nitrogen, chlorophyll-a content).
The aim of this study was to test the sensitivity
of microbial parameters to seasonal changes and
their implications in the fluxes of carbon and
phosphorus mediated by the microbial community.
This approach could provide useful insights on the
factors involved in microbial biogeochemical
processes, helping also in the development of proper
management strategies to control the eutrophication
phenomena in this particular ecosystem.

Environmental parameters. During each
survey, temperature (T) measurements were carried
out using a thermometer, water transparency was
determined using a Secchi disc. The concentration of
GLVVROYHGR[\JHQ '2 ZDVPHDVXUHGDIWHU¿[DWLRQ
RI WKH VDPSOHV ZLWK :LQNOHU¶V UHDJHQWV [19]. pH
measurements were performed using the
potentiometric method.
Samples for nutrient determinations (for
Nitrogen: ammonia, NH4, nitrite, NO2, nitrate, NO3;
for Phosphorus: Total Phosphorus, TP, dissolved
total phosphorus, DTP, dissolved inorganic
phosphorus, DIP, dissolved organic phosphorus,
'23DQGSDUWLFXODWHSKRVSKRUXV33 ZHUH¿OWHUHG
using GF/F glass-¿EUH ¿OWHUV DQG NHSW IUR]HQ DW 20°C). Analytical determinations were performed by
a Varian Mod Cary 50 spectrophotometer, according
to Strickland and Parsons [20], except for NH4 [21].
Total suspended matter (TSM), particulate
organic carbon (POC) and particulate nitrogen (PN),
chlorophyll-a (Chl-a) contents were measured as
trophic variables. TSM was evaluated by a
gravimetric method using a Mettler AT261
electronic microbalance (accuracy ± 1.0 mg).
3DUWLFOHPDWHULDO ZDVFROOHFWHGE\¿OWHULQJYDULDEOH
volumes of water on pre-combusted (480°C for 4 h)
pre-ZHLJKWHG JODVV ¿EUH ¿OWHUV :KDWPDQ *)») 
which was then oven-dried at 60°C for 24 h. For
POC and PN determinations, 500 ml of water
VDPSOHVZHUH¿OWHUHGWKURXJKSUH-combusted glass¿EUH ¿OWHUV :KDWPDQ *))  DQG SURFHVVHG DW 
°C in a Perkin-Elmer CHN Autoanalyzer 2400, using
acetanilide as the standard [22]. C/N molar ratio, as
an index of the trophic status of particulate organic
matter was also calculated from POC and PN
determinations. Chl-a content, as a proxy of
phytoplankton biomass, was measured through
extraction in 90% acetone of the material recovered
RQ*))¿OWHUVUHDGLQJVZHUHFDUULHGRXWLQD)-2000
speFWURÀXRURPHWHU +LWDFKL FDOLEUDWHGZLWKD&KOa standard from Anacystis nidulans (Sigma Aldrich)
[23].

FIGURE 1
Lake Taihu. Location of the sampling stations
(Y1 and Y2)

Microbial parameters. Microbial enzyme
activity rates (Extracellular Enzymatic activities,
EEA: leucine aminopeptidase, LAP; betaglucosidase, beta-GLU; alkaline phosphatase, AP)
as markers of the potential ability of the microbial
community to decompose peptides and organic
phosphates [24], were determined. 10 mL XQ¿OWHUHG
VDPSOH ZHUH LQFXEDWHG LQ WULSOLFDWH ZLWK ¿[HG
volumes of L-leucine-4-methylcoumarinylamid
hydrochloride (Leu-MCA), methylumbelliferyl
(MUF)-beta glucopyranoside or MUF-phosphate
6LJPD DVVSHFL¿F ÀXRURJHQLc substrates for LAP,
beta-GLU and AP, respectively, according to the
multi-concentration method [25] 7KH ¿QDO

MATERIALS AND METHODS
Samples collection and treatment. Water
samples were collected from the surface of the Taihu
Lake, during two surveys, performed during autumn
and spring seasons, in November 2008 and June
2009, respectively. Two sampling stations were
chosen as representative of different ecotypes:
station Y1 (E 31.51317, N 120.19067) was located
in the Meiliang Bay, a eutrophic zone of the lake;
786
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statistical analysis, the normal distribution of
the data was assessed by normality test; data that did
not meet this assumption were logarithmically
WUDQVIRUPHG 7KH VWDWLVWLFDO VLJQL¿FDQFH RI WKH
differences was checked by analysis of variance
(ANOVA), considering stations and seasons as the
main factors. Regression analysis was performed on
the whole datasets to assess the relative strength of
environmental variables in controlling the variability
of
microbial
activities
and
abundances.
Environmental variables (T, DO, pH, nutrients,
trophic variables) were treated as independent
variables and microbial variables as dependent ones.
Both ANOVA and Stepwise Multiple regression
analyses were performed using a Sigma Stat
software, version 3.1 (SYSTAT Software, Inc.).
In order to identify the main environmental
factors driving the microbial community response
during each season, each seasonal dataset was
separately subjected to the Principal Component
Analysis (PCA) which was performed on normalised
data using a PRIMER 6 software, version 6 ȕ R6
(PRIMER-E Ltd). This multivariate analysis
generates new variables, called principal
components (PC, linear components of the original
variables) which explain the highest dispersion of the
samples. PCA is useful to make predictions on
potential processes causing association patterns
among variables [30]. PC loadings were also
calculated to get information on the correlations
between each response variable and the PCs.
To visualize the relationships between all the
studied variables, Cluster Analysis among variables
was calculated using the PRIMER software using the
group average linkage method and by calculating the
Euclidean distance coefficient.

concentrations of substrates used in this study ranged
from 20 to 200 ȝmol/L. 7KHÀXRUHVFHQFHUHOHDVHGE\
substrate hydrolysis was measured with a Perkin(OPHU VSHFWURÀXRURPHWHU DW WLPH  LPPHGLDWHO\
after substrate addition, and 3 h after incubation at
µin situ¶ temperature. Calibration was performed
with concentrations from 200 to 800 nano mol/L of
the standards 7-amino-4-methylcoumarin or
methylumbelliferone for LAP or beta-GLU and AP,
respectively. Measurements were performed at
excitation and emission wavelengths of 380 and 440
nm for Leu-MCA, respectively; for MUFglucopyranoside and MUF-phosphate, the used
excitation and emission wavelengths were 365 and
445 nm, respectively. Data was reported as the
maximum velocity of hydrolysis (V max) and
expressed in terms of nanomoles of leucine,
glucoside or PO4 potentially released per litre and
per hour (nmol/L/h) from Leu-MCA, MUFglucopyranoside or MUF-phosphate, respectively.
Heterotrophic prokaryotic production (HPP) as
the rate of synthesis of biomass by heterotrophic
bacterioplankton,
was
estimated
through
measurements of bacterial protein synthesis using
the substrate H3-leucine according to the Smith and
Azam's method [26].
Prokaryotic Biomass (PB) in terms of
micrograms of Carbon per litre was calculated from
cell volume after DAPI (4', 6-diamidino-2phenylindole 2HCl, Sigma) staining and
epifluorescence microscopic observation of total
prokaryotic cells [27]. The allometric relation used
for the calculation of cell carbon content was: CC (fg
C)= 218 V0.86, where CC, carbon content and V, cell
volume in ȝm3 [28].
To calculate the Carbon and Phosphorus fluxes
through the microbial community, LAP and betaGLU activity rates were expressed as the amounts of
carbon that are potentially released from proteins and
carbohydrates, taking into consideration the number
of C atoms in the final products of enzymatic
hydrolysis (leucine and beta-glucoside). AP activity
was expressed in terms of the atoms of DIP
potentially released from organic phosphates. The
values of Vmax were converted into nanograms of C
per litre and hour (ng/L/h) that were potentially
mobilized by LAP and glucosidases using a
conversion factor of 72, while a factor of 31 was used
to obtain the amount of inorganic P released by AP
activity in ng/L/h [7, 24].
With respect to Phosphorus cycle estimates, the
amount of Phosphorus associated with the
prokaryotic component was determined from the
HPP rates using a C/N/P molar ratio of 50:13:1 [29].

RESULTS AND DISCUSSION
The physical and chemical data measured at the
two stations during each survey are shown in the
Tables 1, 3 and 4, while the results of ANOVA are
summarized in Table 2.
Spatial variability. The mean values ±
standard deviation of T, water transparency, DO and
pH recorded in each station during each survey are
shown in Table 1. Station Y1 was characterised by
higher T, water transparency, DO and pH values in
autumn. During spring similar conditions, with
warmer and more transparent waters at station Y1,
were observed, whereas high DO and pH values
were recorded at station Y2. No significant spatial

Statistical analysis of the data. Prior the
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TABLE 1
Seasonal mean values ± standard deviation of Temperature, Transparency, Dissolved
Oxygen and pH recorded in the Taihu Laike waters during the two surveys.
Site Season
Temperature
Water
Dissolved
pH
(°C)
Transparency(cm)
Oxygen(mg/L)
Y1
Autumn 14.00 ± 1.50
40.00 ± 1.62
7.88 ± 0.13
6.52 ± 0.06
Y2

Spring

27.50 ± 1.75

34.00 ± 0.30

4.78 ± 0.11

7.80 ± 0.12

Autumn

10.80

15.50 ± 1.80

5.41 ± 0.68

6.16 ± 0.04

Spring

27.20 ± 1.10

28.00

5.34 ± 0.59

7.99 ± 0.04

± 1.30

± 1.04

TABLE 2
Results of analysis of variance ANOVA (F-test and P) performed on environmental and microbial
variables (n=3 replicates). The factors stations and seasons were considered.
Environmental parameters
Between stations
Between seasons
F

P



F

P

T

0.027

0.884

n.s.

86.545

0.011

**

Transparency

4.688

0.163

n.s.

0.074

0.811

n.s.

DO

0.379

0.601

n.s.

1.567

0.337

n.s.

pH

0.006

0.946

n.s.

58.371

0.017

**

NH4

6.698

0.122

n.s.

0.102

0.780

n.s.

NO2

0.022

0.895

n.s.

34.609

0.028

*

NO3

0.835

0.457

n.s.

0.012

0.922

n.s.

TP

0.929

0.437

n.s.

1.036

0.416

n.s.

DTP

0.581

0.525

n.s.

3.046

0.223

n.s.

0.999

n.s.

-4

DIP

0.132

0.751

n.s.

5.0x10

DOP

0.696

0.492

n.s.

3.416

0.206

n.s.

PP

1.077

0.408

n.s.

1.559

0.338

n.s.

TSM

22.486

0.050

*

0.061

0.828

n.s.

POC

5.907

0.136

n.s.

0.009

0.934

n.s.

PN

8.118

0.104

n.s.

0.063

0.825

n.s.

Chl-a

1.348

0.365

n.s.

0.535

0.541

n.s.

LAP

0.131

0.752

n.s.

14.337

0.063

n.s.

ȕ-GLU

0.109

0.773

n.s.

17.746

0.052

*

AP

0.191

0.705

n.s.

12.177

0.073

n.s.

HPP

5.992

0.134

n.s.

0.240

0.672

n.s.

1.063
0.411
n.s.
3.775
*, significant at P<0.05; **, significant at P<0.01.

0.192

n.s.

Microbial activities

PB
n.s.= not significant;

concentrations of the dissolved forms (DTP and
DOP), whereas station Y2 showed higher
concentrations of PP. Higher TP and DIP
concentrations were measured at station Y2 during
autumn. However, spatial variations in nutrient
concentrations were not statistically significant
(Table 2 and 3).

variations were found for T, DO, pH and water
transparency (Table 2).
Station Y1 had higher NH4 content in autumn
and higher NO2 in spring, whilst station Y2 was rich
in NO2 and NO3 in both seasons. Concerning P
compounds, TP was mostly in particulate form (PP),
in relation with the massive algal growth. In both
seasons, station Y1 was characterised by higher
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TABLE 3
Seasonal mean values ± standard deviation of nutrients recorded in the Lake Taihu waters
during the two surveys.
Site Season
TP (ȝM)
DTP (ȝM)
DIP (ȝM)
DOP (ȝM)
PP (ȝM)
Y1
Y2

Y1
Y2

Autumn
Spring
Autumn
Spring

Autumn
Spring
Autumn
Spring

2.48±0.20
2.48±0.73
12.93±0.45
2.29±0.70
Ammonia
(ȝM)
33.12±6.80
24.47±7.53
15.67±2.52
18.43±1.50

0.43±0.06
2.45±0.12
0.33±0.04
0.94 ±0.05
Nitrite (ȝM)

0.10±0.04
0.24± 0.08
0.28±0.12
0.13±0.06
Nitrate (ȝM)

8.63±1.60
140.62±12.10
20.21±1.04
105.54±15.30

20.10±4.81
114.89± 8.20
163.12±9.12
84.44±6.30

0.33±0.03
2.20±0.14
0.04±0.01
0.81±0.02

2.05±0.03
0.03±0.01
12.60±0.54
1.35±0.08

TABLE 4
Seasonal mean values ± standard deviation of TSM, POC, PN, Chl-a and C/N ratio derived
from POC: PN ratio
Site
Season
TSM (mg/L)
POC (ȝg C/L) PN (ȝg N/L)
Chl-a (ȝg/L) C/N
Y1
Y2

Autumn
Spring
Autumn
Spring

223.1 ± 15.5
106.4 ± 6.0
1720.0 ± 85.2
2540.8 ± 73.0

3523.6 ± 33.6
1630.4 ± 18.2
4750.0 ± 48.8
6200.3 ± 81.0

879.6 ± 3.6
290.1 ± 2.5
2107.0 ± 28.0
3578.0 ± 35.0

48.0 ± 11.2
16.1 ± 2.4
10.9 ± 2.4
15.7 ± 4.9

4.0 ± 0.8
5.6 ± 0.3
2.2 ± 0.6
3.0 ± 0.4

significantly (P<0.01, Table 2) higher values were
measured, ranging from 27.20±1.30 to 27.50±2.77
°C. At both stations, a similar significant increase
(P<0.01, Table 2) from autumn to spring was
observed for pH values. In contrast with T increase,
the concentrations of DO decreased from autumn to
spring everywhere. In spring, water transparency
decreased at station Y1, whereas an opposite
behaviour was found at station Y2.
With respect to nutrients, NO2 and NO3
concentrations generally peaked in spring (140.62 ±
12.10 and 163.12 ± 9.12 ȝM), while NH4 reached
higher values in autumn at station Y2 (Table 3). In
autumn, the highest concentrations of TP and PP,
exceeding 12.60 ȝM, were measured; in spring the
dissolved components (DTP and DOP) reached their
highest values (> 2.20 ȝM). Seasonal differences
were significant for NO2 only (P<0.05, Table 2).
Wide ranges of variation were observed for
TSM, POC, PN and Chl-a parameter (Table 4).
Mean TSM values ranged from 223 to 1720 mg/L in
autumn and from 106 to 2540 mg/L in spring; mean
POC values varied between 3523 and 4750 ȝg C/L
in autumn and between 1630 to 7200 ȝg C/L in
spring. Mean PN values ranged from 879 to 2107 ȝg
N/L in autumn and from 290 to 2300 ȝg N/L in
spring. From autumn to spring, mean Chl-a
concentration decreased at station Y1, while they

TSM, POC, PN and Chl-a concentration,
shown in Table 4, pointed out the hyper-eutrophic
characteristics of the studied ecosystem. All trophic
variables, excepting Chl-a, reached higher
concentrations at station Y2.
ANOVA results showed spatial significant
differences only for TSM, whose values were on
average 12.9 times higher at station Y2 compared to
Y1 (P<0.05, Table 2). C/N values calculated from
POC: PN ratios, being lower than 6, suggested the
predominance of the heterotrophic bacterial
component within the organic matter pool.
The patterns of microbial ectoenzymatic and
HPP activities recorded in the Lake Taihu are shown
in Figure 2A, while PB data are reported in Figure
2B.
All the activity rates and the biomass values
ZHUH KLJKHU DW VWDWLRQ < DOWKRXJK QR VLJQL¿FDQW
VSDWLDOGLIIHUHQFHVZHUHREVHUYHG 7DEOH /$3»ȕGLU ratio was also calculated to get some
information on the quality of the hydrolysed organic
matter. This ratio, which was everywhere higher than
1.0, showed that the protein, more labile, fraction
was predominant over the polysaccharidic one
everywhere.
Seasonal variability. During autumn, T ranged
from 10.80±4.88 to 14.00±1.50 °C, while in spring
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FIGURE 2
a), Mean rates ± standard deviation of microbial ectoenzymatic activities (Leucine AminoPeptidase, betaGlucosidase and Alkaline Phosphatase) and Heterotrophic Prokaryotic Production in Lake Taihu. b),
Mean values ± standard deviation of Prokaryotic Biomass in Lake Taihu. Location of the sampling
stations (Y1 and Y2)

2). The increased polysaccharides decomposition
caused the decrease of the LAP/ȕ-GLU ratio from
21.9-23.6 in autumn to 1.2-2.2 in spring. Also AP
activity rates, which ranged from 48.30±14.71 to
27.50±3.24 nmol/L/h during autumn, increased to
values between 130±54.45 and 2586±1470.33
nmol/L/h during spring.
HPP values ranged from 7.02±2.31 to
12.08±5.08 μg C/L/h in autumn and increased
slightly in spring (from 6.5±1.81 to 19.4±6.03 μg
C/L/h); from autumn to spring, also PB values
increased (from 93.74±45.21-130.71±54.60 μg
C/L/h to 145±55.01-185±65.06 μg C/L/h); no
significant seasonal variations were, however,
observed by ANOVA (Table 2).

varied in a similar range at station Y2. As confirmed
by ANOVA (Table 2  QR VLJQL¿FDQW GLIIHUHQFHV
related to seasons were found for all the trophic
parameters, which were more abundant in autumn at
station Y1 and in spring at station Y2.
During autumn, the relative predominance of
the examined enzymatic activities was in the order
of LAP>AP>ȕ-GLU, while in spring AP become
more important than the other enzymes, so changing
the order into AP>LAP>ȕ-GLU. During autumn,
LAP and ȕ-GLU activity rates ranged from
481.60±141.9 to 280.80±147.5 nmol/L/h and from
12.80±0.73 to 20.40±1.76 nmol/L/h respectively; in
spring, a notable increase occurred for both
activities, although significantly higher activity
levels were recorded for ȕ-GLU only (P<0.01, Table
790
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TABLE 5
Regression analysis values computed among enzymatic activity rates (LAP, ȕ-GLU and AP) and
environmental, trophic and microbial variables. The level of significance of regression values is reported
in brackets. The inverse relationships and the most significant relationships are reported in italics and in
bold, respectively.
Factor group
Independent variables
Dependent variables
Factor
LAP
ȕ-GLU
AP
Environmental
T
6.45 (0.13)
7.58 (0.11)
5.67 (0.14)
Transparency
n.s.
n.s.
n.s.
DO
8.01 (0.11)
2.09 (0.28)
29.55 (0.03)
pH
5.94 (0.14)
6.95 (0.12)
5.44 (0.14)
NH4
n.s.
n.s.
n.s.
10.81 (0.08)
NO2
14.18 (0.06)
16.47 (0.05)
n.s.
n.s.
n.s.
NO3
TP
n.s.
n.s.
n.s.
DTP
2.06 (0.29)
2.16 (0.28)
1.68 (0.32)
DIP
n.s.
n.s.
n.s.
DOP
1.92 (0.30)
2.05 (0.29)
1.57 (0.34)
PP
n.s.
n.s.
n.s.
Trophic
TSM
n.s.
n.s.
n.s.
POC
n.s.
n.s.
2.37 (0.26)
PN
1.75 (0.32)
n.s.
2.58 (0.25)
Chl-a
2.44 (0.26)
2.13 (0.28)
2.69 (0.24)
Microbial
HPP
4.73 (0.16)
n.s.
8.66 (0.09)
PB
5.23 (0.15)
4.62 (0.16)
23.41 (0.04)
ns= not significant

chemical, and biological parameters was analyzed by
PCA, which yielded the plot reported in Figure 3.
Only the principal components (PCs) with
eigenvalues>1 were considered. The first two PCs
explained 81.8% of the total variability, with PC1
representing 51.1 and PC2 30.7% of the total
variability, respectively. From PC loadings, PC1 was
found to be dominated by PB, while PC2 by Chl-a,
DO, NH4, NO3 and water transparency. By
superimposing on the PCA plot the results of Cluster
analysis calculated among samples, a good coupling
was observed among samples Y2-Autumn, Y2Spring and Y1-Autumn, while Y1-Spring samples
appeared to be separated. During this season, station
Y1 was characterized by high decomposition rates
uncoupled with trophic loadings.
The dendrogram yielded by the Cluster analysis
computed among variables (Figure 4) confirmed that
all the microbial parameters (activities and biomass)
were more related both to each other and to
environmental parameters rather than to trophic
ones, like what pointed out by regression analysis.
LAP and AP were related to DTP and DOP, PB ,
HPP with an Euclidean distance lower than 2.07. BGLU was related to T and NO2 and pH, grouping at
a distance of 1.25.

Statistical analysis. In order to discriminate
the major factors driving the prokaryotic dynamics
of the Lake Taihu, useful insights are given by the
statistical analyses performed on microbial activities
and prokaryotic abundances in relation to
environmental variables. Regression analysis
yielded the outputs shown in Table 5.
Considering each independent variable as a
single factor, the microbial enzymatic activities were
affected particularly by environmental and microbial
variables. PB affected positively all the enzymatic
activities, mostly LAP, suggesting the significant
role of the heterotrophic biomass in modulating the
decomposition processes. T and pH affected
negatively all the activities. Particularly significant
was the relationship between ȕ-GLU and DO which
explained 29% of variance in GLU. Nitrite was
DQRWKHU VLJQL¿FDQW IDFWRU GULYLQJ LQYHUVHO\ DOO WKH
enzymatic activities, particularly LAP and ȕ-GLU (it
explained 14.2 and 16.5 % of their variance,
respectively). Moreover, HPP variations explained
8.7% and 4.7% of variance in LAP and AP,
respectively. Chl-a played only a limited role, but
affected directly the variability of all the three
enzymes, explaining from 2.1 to 2.7% of their
variance.
The reciprocal influence among the physical,
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FIGURE 3
Result of principal component analysis. A, autumn; S, spring

FIGURE 4
Dendrogram obtained by cluster analysis performed with all the studied parameters.

Close relationships were found among POC, PN and
TSM; as well as among TP, PP, DIP and NO3. Chl-a
was related with DO, water transparency and NH4.
This study refers to the spatial and seasonal
distribution of microbial activities and biomass of
Lake Taihu in relation to the environmental
characteristics. In order to summarize the main
obtained findings, during the examined periods,
some, although not significant, differences in
physical and trophic parameters were found within
this water body: station Y1 showed warmer and
more transparent waters than station Y2; its waters
were also more productive than site Y2 according to
phytoplankton biomass only. Station Y1 was also
characterised by higher NH4 concentrations, while
Y2 by higher NO2 and NO3 ones. At site Y2, DIP and

PP contents were more abundant than at site Y1. C/N
ratios (from 2.2 to 5.6) underlined that the bacterial
component had a major role within the organic
matter pool. Low C/N ratios indicated the recent
origin and the predominance of new bacterial
biomass within the particulate matter [31]. The high
nitrogen content of the fresh organic matter makes it
a labile and available food source for prokaryotes.
In relation with the availability of both
autochthonous and allochthonous nutritional
sources, in Lake Taihu microbial metabolism was
particularly intense. The enzymatic values recorded
in our study fell within a range similar to other
coastal or lacustrine ecosystems [1, 7, 32], but they
were 1-2 orders of magnitude higher than those
detected in marine environments [33-35].
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enzymatic activities. LAP patterns were also
significantly related to PB, AP to HPP.
The biogeochemical implications of the
microbial activities were also considered in the
present study. It should be noted that the activity
rates estimated by enzymatic and heterotrophic
production assays referred to potential activities only
and may overestimate the actual activity rates, as
artificial substrates were added to water samples at
concentrations that largely exceed those commonly
occurring in aquatic environments [38-39]. In spite
of these biases, data provided by EEA and HPP
assays got valuable insights on the carbon and
phosphorus potentially mobilized by microbial
decomposition processes. Heterotrophic bacteria
derived their carbon and energy sources from
biologically available dissolved and particulate
RUJDQLF FDUERQ VRXUFHV $Q HVWLPDWH RI & ÀX[
through the microbial community was performed
(Table 6).
Assuming that all the POC was bioavailable,
high percentages of POC were potentially mobilised
per day by enzymatic hydrolysis (LAP+ GLU) in
spring at station Y1, due to the highest activity rates;
this resulted in a short potential turnover time of
POC. The lowest hydrolysis percentage, found at
station Y2 in autumn, could depend on the low rate
of supply (organic input) and the nutritional quality
of organic substrates available for the microbial
community. HPP rates peaked at station Y1 in
spring. High EEA/HPP ratios calculated in spring at
both stations suggested an overproduction of
enzymes with respect to monomers incorporation
into biomass; therefore during this season most of
HPP may be sustained by monomers released by
EEA. High bacterial production per cell was also
measured in the same seasonal period in the surface
layer (0-2 m depth) of an eutrophic meromictic
VDOLQHODNHE\âHVWDQRYLFHWDO>@ZKRVXJJHVWHG
that the substrates consumed by bacteria are
effectively utilized for the bacterial growth.
Moreover, in particle-associated

As microbial ectoenzyme activity is
VSHFL¿FDOO\ IXQFWLRQDOO\ DQG ELRFKHPLFDOO\ WLJKWO\
coupled with the availability of high-molecularweight substrates that are predominating
constituents of organic matter, the activity of some
enzymes is known to respond to their concentrations
and thus it may change depending on the trophic
conditions of lakes [36]. The interactions between
microbes, enzymes and organic matter are complex,
changing also on seasonal scales [9]. In Lake Taihu,
all the microbial activity patterns showed an
increasing trend from autumn to spring, suggesting
that decomposition processes of organic polymers
were high during spring. Moreover, changes
observed in the relative predominance of the
examined enzymes suggested changes in prokaryotic
metabolism. In autumn, LAP was prevalent over the
other enzymes. This enzyme, which decomposes
proteins into amino acids, plays a dual role, being
important in both carbon and nitrogen cycles [7, 35].
In spring, AP become more active; allowing a quick
regeneration of organic phosphates and supplying
DIP required for new production [24]. Sizefractionation study of the enzymatic activities (not
shown) showed that in Lake Taihu phytoplankton
cells were the major producers for all the three
enzymes and that phytoplankton contribution to the
synthesis of AP increased particularly in spring.
Seasonal variations in the activities of hydrolytic
enzymes, including AP, have also been found in the
surface sediments of this lake [37].
ANOVA results suggested that microbial
metabolism underwent to seasonal variations rather
than to spatial variations, reflecting seasonal
variability in hydrological parameters (T, pH, NO2).
Similar results with higher seasonal than spatial
variability in abiotic and biotic parameters, have
frequently been observed in transitional areas, which
was characterized by strong environmental and
ELRORJLFDO Àuctuations [14, 17, 35]. Regression
analysis also confirmed that in Lake Taihu T, DO,
pH and NO2 are the most important environmental
factors affecting the expression of microbial



TABLE 6
Estimation of Carbon Flux mediated by microorganisms in the Lake Taihu.
% uptake of
HPP
Turnover
%
LAP+b
released
(μg
hydrolyzed time
GLU
Site
monomers
C/L/h)
(EEA) (μg POC 100* POC/EEA
100*(HPP/LAP
(EEA/POC (days)
C/L/h)
+ȕ-GLU)
)
Y1
36.14
24.62
4.06
12.0 33.43
8
Y2
21.14
10.68
9.36
7.02 33.23

Spring

Y1

146.31

215.37

0.46



Y2

89.34

29.78

3.36


Season

Autumn

793

19.4
0
6.50

Hydrolysis
/uptake
ratio
EEA/HPP
2.99
3.01

13.26

7.54

7.28

13.75
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TABLE 7
Estimation of phosphorus flux mediated by microorganisms in the Lake Taihu.
hydrolysi
% uptake of
HPP
AP
DIP %hydrolyz
AP
Sit
Organic
s/uptake
released
(μg
(μg
ed OP
e
Phosphat (μmol (mM
ratio
monomers
P/L/h) P/L/h)
100*
)
P/L/h)
es
100*(HPP/AP AP/HPP
(AP/DOP+
DOP+PP
)
PP)
(mM)
Y1
2.38
0.05
0.10
2.03
1.50
20.10
1342.42
0.07
Y2
12.64
0.03
0.28
0.22
0.85
11.70
1372.43
0.07
Y1
2.24
2.59
0.25
115.58
80.18
32.22
40.18
2.49
Y2
2.16
0.13
0.14
5.81
3.88
10.83
278.81
0.36

bacteria, substrate hydrolysis often exceed substrate
uptake [26, 33]. Conversely, lower EEA/HPP ratios
found in autumn indicated that hydrolysis and uptake
processes were more reciprocally balanced and that
the Carbon released by enzymatic hydrolysis was
efficiently incorporated into new biomass.
With respect to phosphorus, Table 7
summarized the parameters involved in its cycle
through the microbial community. In Lake Taihu,
most of the phosphorus was attributed to the
particulate phosphorus, as already observed [1].
Especially in spring at station Y1, high AP rates
sustained a quick mineralization of organic
phosphates (turnover time, calculated as the ratio
organic phosphates: AP per minutes: 1.67 minutes,
not shown in Tab.7), releasing DIP available for
microbial needs. AP rates ranging from 0.154 ±
0.012 (Meiliang Bay) to 0.171 ± 0.020 μmol/l/h
(southern side of the lake) were associated with
turnover times estimated of 53.4 and 275.9 minutes
[1].
High DIP availability was associated with high
production rates (HPP), and hydrolysis/uptake ratio
suggested that monomers released largely exceeded
the amount which was took-up for new biomass
production. At the other stations, the amount of DIP
was higher than that potentially released by AP, so
sources of P other than microbial hydrolysis were
available. In the water of Lake Taihu about 58% of
the total phosphorus can be hydrolyzed as inorganic
phosphate to compensate for phosphorus deficiency
of algae and bacteria growth [1].

carbon released by enzymatic hydrolysis into new
biomass. Thus, it is suggested that distinct regulation
pathways of microbial metabolism existed in
different seasons in large shallow lakes.
The present study represents only a first
assessment of microbial contribution to carbon and
Phosphorus cycle in Lake Taihu; nevertheless, future
investigation on aspects related to the role of
microbes in water biogeochemistry could open new
perspectives for the management of this particular
freshwater ecosystem.
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pollution [3-4]. The adsorption method has the
advantages of easy to regeneration, adsorbent
renewable. It is more conducive to use on the
treatment for the low concentration of heavy metal
wastewater.
Agriculture and forestry waste is widely used
as adsorbent in the treatment of heavy metal
wastewater due to its low price, extensive source,
and easy to regeneration. Better still, its unique
chemical properties endow it to be ideal choice for
treating low concentration wastewater containing
heavy metal [5]. A study found that using walnut
shell to treat a low concentration of
chromium-containing wastewater, which the
removal rate can reach more than 90%, but the
adsorption capacity remained to be improved [6]. In
order to get a better adsorbent, the domestic and
foreign scholars have done a lot of research to
prepare adsorbent, which the adsorption effect is
better, such as: carbonized [7], saponification [8]
and cross bonding [9]. This paper aims at making a
new adsorbent, carbonized walnut shell. The
adsorption effect of Cr(VI) was studied on
carbonized walnut shell, and preliminary study was
conducted to analyze the adsorption mechanism. It
provided a theoretical basis for the application of
walnut shell in the purification treatment of heavy
metal polluted wastewater which containing
chromium.

ABSTRACT
The normal carbonized walnut shells with
particle diameter of 0.5~1.0 mm had been utilized
as an adsorbent for the removal of Cr(VI) ions from
aqueous solutions was studied, and the surface
structure of the walnut shell before and after
carbonized were characterized by SEM, EDX and
FTIR modern technology. The experimental results
showed that a good adsorption effect of Cr(VI) with
normal carbonized walnut shells can be obtained.
The optimal conditions were as follows: initial
Cr(VI) concentration of 20 mg/L, pH at 2.0,
temperature at 25 Ԩ, adsorbent dosage of 0.8 g,
rotate speed with 150 r/min and adsorption time for
about 180 min. Under these conditions, the
adsorption rate of Cr(VI) could be up to 98.7%, the
effluent concentration of Cr(VI) was 0.27 mg/L.
Adsorption capacity of Cr(VI) increased gradually
with increasing temperature. Which adsorption
isotherm and its model of fitting results showed that
the Langmuir model can well reflect the
characteristics of the adsorption process.

KEYWORDS:
carbonized; walnut shells; Cr(VI); Adsorption isotherm

INTRODUCTION
MATERIALS AND METHODS

Chromium is a kind of important
environmental pollutants, which mainly from the
"three wastes" emissions of chrome ore processing,
metal surface treatment, printing and dyeing,
leather and pharmaceutical and chemical industry
[1-2]. Trivalent chromium and sexivalent chromium
compounds are most common in the environment,
the valence of chromium-containing compound
determines its toxicity, it is generally believed that
the toxic of Cr(VI) is more 500 times than Cr(III),
and when the valence was different, its mobility
and bioavailability was also different. The
traditional processing methods which to handle the
aqueous solutions chromium-containing cost highly,
easy to produce the problem such as secondary

Instruments and reagents. Instruments:
Box-type atmosphere furnace, electronic analytical
balance, HACH spectrometer, pH metre, digital
display velocimetric constant temperature shaker,
electrical blast drying oven, Scanning electron
microscope, FTIR spectrometer.
Reagents: Potassium dichromate, sulfuric acid,
acetone, diphenyl carbon acid dihydrazide, sodium
hydroxide, phosphoric acid, hydrochloric acid.
Experimental procedure. Preparation of
carbonized walnut shell. A certain amount of
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TABLE 1
EDX analysis of adsorbent
Element
C
O
Ca
Mg
Cl
K

Before modification of walnut shell

After modification of walnut shell

Atomic

Conc

Atomic

Conc

55.05
44.40
0.54
-

47.5
51.0
1.6
-

71.98
23.96
2.63
0.21
0.22
1.00

61.5
27.3
7.5
0.4
0.6
2.8

pores penetrating to interior and greater porosity,
which specific surface area was 146.519 m2/g.
Therefore, the carbonized walnut shell was more
beneficial to Cr(VI) adsorption.

walnut shells was weighed into a crucible, which
was placed in a box-type atmosphere furnace at the
rate of 3 ԨȀmin for 120 min. After the crucible
was took out and placed in the oven until the
temperature decreased to room level.

EDX analysis. EDX analysis of the surface
elements of walnut shell carbonized before and
after, which the contents of EDX and surface
elements in the sample were shown in Fig. 2 and
Table 1. It was visible that walnut shell before
carbonized was mainly composed of C, O and Ca
elements, the proportion of trace element was small,
so not detected; after carbonized, the contents of C
and Ca were significantly increased, as O was
decreased. Which detected the new elements (Mg,
Cl and K) with a small content.

Adsorption
experiment.
The
Cr(VI)
concentration of 20 mg/L was sucked into a conical
flask and added with the normal carbonized walnut
shells. The wastewater was placed in the shaker at a
certain condition. After filtration, the Cr(VI)
concentration of the filtrate was determined by
diphenylcarbazide spectrophotography [10]. The
effect of various factors on the adsorption for Cr(VI)
from solutions were investigated, which to
determine optimum parameters and analyze the
adsorption mechanism primarily.
Characterization of experimental effect.
Removal rate D and equilibrium adsorption
capacity qe of Cr(VI) were used to characterize
experimental results.

D

C0  Ce
u 100% ,
C0

qe

C 0  Ce V
m

where qe is the adsorbed metal on the
adsorbent (mg/g), m is the weight of adsorbent (g),
V is the volume of metal solution (L), C0 is the
initial metal concentration (mg/L), Ce is the metal
concentration (mg/L) at equilibrium time.

(a) Before carbonized

RESULTS AND DISCUSSION
Characterization for surface structures.
SEM analysis. From Fig. 1, walnut shell before
carbonized, which pore structure was developed,
the hole shape was neatly arranged in a honeycomb
structure, and which pore size distribution was
more concentrated and uniform. The specific
surface area was 0.178 m2/g. After carbonized, the
basic structure of walnut shell was destroyed and
blurry, increased the number of micro pores, more

(b) After carbonized
FIGURE 1
SEM images of walnut shells
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(a) Before carbonized

(b)After carbonized
FIGURE 2
EDX images of walnut shells
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FIGURE 3
FTIR spectrum of walnut shells

FTIR spectrum analysis. FTIR spectrum
analysis was performed for the purpose of
understanding changes in functional groups of the
adsorbent. In Fig. 3, the spectrum exhibited
absorption peaks at 3553.0 cm-1, 3477.5 cm-1,
3415.0 cm-1 and 3236.8 cm-1, which were
corresponding to stretching vibrations of O-H. The
absorption peaks at 1744.2 cm-1 and 1617.7 cm-1
were assigned to C=O of aldehyde and the in-plane
bending vibration absorption attributed to N-H,
respectively. At 619.5 cm-1 was presented the
out-plane vibration absorption peak of primary
amide NH2 [11]. After carbonized, the wave
number of active groups on the surface of walnut
shell was changed, and showing a different
chemical structure. The causes of this phenomenon
may be that the oxygen in air to participate in the
reaction of the walnut shell internal oxygen group.

amount of hydroxyl, carboxyl and carbonyl
functional groups [17]. When the initial pH<4.0,
mainly HCrO4- anion form of Cr(VI) in aqueous
solution. Though the way of electrostatic attraction
to the adsorbent to adsorb HCrO4- on the active site.
Increasing pH, the content of the system of OHions gradually increases, then occurring the
competitive adsorption about OH- and Cr2O72-,
CrO42-, so that the adsorption effect decreased.
Some related research also came to a similar result:
it¶s more conducive to the adsorption effect of
heavy metal ions in the acidic environmental
condition [18-19]. Therefore, pH was selected as
2.0.
Effect of adsorbent dosage on adsorption. In
Fig.5, with increasing adsorbent dosage, the
removal rate of Cr(VI) by carbonized walnut shells
increased. In the dosage range from 0.1 g to 0.8 g,
the corresponding removal rate increased from 36.4%
to 98.5%, which maybe walnut shell after being
carbonized, it increased the surface area of the
adsorbent and pores number, so that more of Cr(VI)
was carrying more fully in the surface of the
adsorbent. if the amount of Cr(VI) increased, which
may be occurrence of the adhesion between the

Effect of initial pH values on adsorption.
Studies showed that pH is the key factor affecting
removal of Cr(VI), it can affect the existence of
active group status, as well the existing forms of
Cr(VI) in aqueous solution [12-16]. Fig.4 showed
that when the pH at 2.0, the removal rate of Cr(VI)
could be up to 98.7%. Walnut shell contains a large
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research scholar found that the process of
adsorption of metal ions by biological materials
was generally divided into two stages [21]. The first
stage: fast adsorption stage, it usually occurred in
the adsorbent dosage in aqueous solution before
dozens of minutes. But for some of the adsorbent
which composition is cellulose and hemicellulose,
the longer time it required. The second stage: slow
adsorption stage, it took a few hours or even longer
that achieve a balance of adsorbent for metal ions.
As shown in Fig. 6, at 60 min, the removal rate of
Cr(VI) was 98.7%, with the extension of adsorption
time, the adsorbent on the removal rate of Cr(VI)
showed a trend of increasing. In 180 min, the
removal rate of Cr(VI) increased faster, and then
stable. It was thus clear that the carbonized walnut
shell reached adsorption equilibrium firstly at 180
min.
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FIGURE 4
Effect of pH values on adsorption of Cr (VI)
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Effect of rotate speed on adsorption. As
shown in Fig. 7, when the rotate speed range from
50 r/min to 150 r/min, the corresponding removal
rate increased from 86.2% to 93%, it branched for
rotate speed, so that the running speed of adsorbent
particles became faster, the collision probability
between adsorbent with chromium ion was
improved and the specific surface area increased,
which can fully reaction, then the removal rate
increased. When the rotate speed was more than
150 r/min, the removal effect was not obvious. In
summary, the rotate speed was selected as 150
r/min.
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FIGURE 7
Effect of rotate speed on adsorption of Cr (VI)
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FIGURE 6
Effect of adsorption time on adsorption of
Cr (VI)

Adsorption isotherm. Fig. 8 showed that
the adsorption isotherm of Cr(VI) was I type [22].
The adsorption capacity of Cr(VI) increased
gradually with increasing temperature and changing
the concentration of Cr(VI), which may be due to
elevating temperature made the Cr(VI) into the
adsorbent of microporous diffusion transfer rate
accelerated, also may be a chemical interaction

adsorbent particles and the adsorption process was
inhibited, as the resistance of functional groups on
the surface of the adsorbent [20]. The optimum
dosage was selected as 0.8 g, follow-up
experiments adopt the dosage.
Effect of adsorption time on adsorption. A
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TABLE 2
Parameters of adsorption isotherm models
Langmuir model

T(K)
298

Freundlich model

Fitting equation

correlation

Fitting equation

correlation

y=0.1127x+0.2718

0.9959

y=0.4546x+0.6334

0.8559

308

y=0.1117x+0.1928

0.9937

y=0.3956x+0.8557

0.8291

318

y=0.1104x+0.1582

0.9915

y=0.3621x+1.0001

0.8880



Cr(VI) was 0.27 mg/L. With the increase of the
system temperature, the adsorption capacity of
Cr(VI) gradually increased.
The adsorption isotherm of Cr(VI) by
carbonized walnut shells was I type, Langmuir
model can better describe the adsorption behavior
of Cr(VI) on modified walnut shell, and the
adsorption process belongs to the single molecular
layer adsorption, which controlled by the chemical
adsorption.

8
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strengthened, so as to perform more conducive to
react.At a temperature of 298 K, 308 K and 318 K,
which the maximum adsorption capacity was 8.731
mg/g, 8.949 mg/g and 9.142 mg/g, respectively.
The experimental data was substituted into
Freundlich and Langmuir adsorption isotherm
equations to perform fitting, which obtaining
related parameters shown in Table 2.
It could be seen from that the Langmuir
adsorption isotherm model showed better linear
correlation than Freundlich. It indicated that
Langmuir model can better describe the adsorption
behavior of Cr(VI) on carbonized walnut shells, and
the adsorption process belongs to the single
molecular layer adsorption, which controlled by the
chemical adsorption.
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soils [6, 7], hot springs [8], and estuaries [9, 10].
Research has demonstrated that AOA are pervasive
in oceans [4, 11], and are predominant among
ammonia-oxidizing prokaryotes in soils [6]. Studies
using isotopic analyses have confirmed that AOA are
largely responsible for oceanic and soil N2O
emission [12, 13]. These studies suggested that AOA
plays an important role in the global nitrogen cycle.
Increasing evidence also suggests that archaea play
a major role in ammonia oxidation in lakes and rivers
[14, 15]. In lake sediments, the abundance of AOA
has been found to be also higher than that of
ammonia-oxidizing bacteria (AOB) [16, 17], and
this indicates that AOA may be an important factor
influencing the lake nitrogen biogeochemical cycle.
The abundance of AOA, spatial pattern, and factors
affecting this pattern have an important effect on the
ecological role of AOA, which has been widely
explored in soil and marine environments, but not in
freshwater habitats [18]. Environmental factors
affecting the distribution of AOA in lakes, such as
temperature [19],water depth [20], pH [21], and
submerged macrophytes [22], have recently been
studied. However, there are limited environmental
studies on the distribution of freshwater AOA and
factors modulating their abundance [18]
In this study, the abundance of archaeal amoA,
and environmental factors that may affect the
abundance of archaeal amoA in small eutrophic
lakes and reservoirs were investigated with an aim to
identify factors that regulate the abundance of AOA
in these environments.

ABSTRACT
Ammonia-oxidizing archaea (AOA) play a
major role in the ammonia oxidation as the first and
limiting step of nitrification. In this research the
abundance of AOA in eight small lakes and
reservoirs at different trophic states were
investigated by amoA gene quantification. Several
environmental factorsˈincluding temperature, pH,
Secchi depth (SD) and total phosphorus (TP), total
nitrogen (TN), ammonia nitrogen (NH4+-H) and
chlorophyll a (Chl a) contents, total carbon (TC), the
classical Carlson index TSI were simultaneously
monitored. The results showed that amoA copies
ranged from 7.80 × 104 to 1.23 × 106 per liter in water
samples and from 1.62 × 105 to 1.30 × 106 per gram
in sediment samples. For identify factors that
regulate the abundance of AOA in these
environments, correlation analysis was performed
and the results revealed that the abundance of AOA
showed a positive correlation with TN and NH4+-H
in both water and sediment samples, while other
environmental factors showed no correlation with
the abundance of AOA, suggesting that nitrogen is
the main factor regulating AOA abundance.
KEYWORDS:
ammonia-oxidizing archaea; abundance; lake; reservoir

INTRODUCTION
Ammonia oxidation, the first and limiting step
of nitrification, determines the distribution of
reduced and oxidized forms of nitrogen [1].
Ammonia-oxidizing archaea (AOA) were first
detected in an oceanic environment by
environmental genome shotgun sequencing [2]. The
first isolation of AOA and confirmation of their
ammonia-oxidizing ability were reported in 2005 [3].
Recent studies have discovered that AOA are widely
distributed in various habitats, such as ocean [4, 5],

MATERIALS AND METHODS
Sampling sites. Eight shallow lakes and
reservoirs in Hubei, China were investigated. The
sampling sites are listed in Table 1. Water was
collected at different depths and then mixed. Surface
sediments were collected using a Petersen grab. Both
water and sediments were stored at 4°C, and brought
back to the laboratory for analysis.
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TABLE 1
Sampling sites
Longitude and latitude

Sites
Nanhu Lake (NH)
Nantaizihu Lake (NTZH)
Sanjiaohu Lake (SJH)
Houguanhu Lake (HGH)
Caidianxihu Lake (CDXH)
Liangzihu Lake (LZH)
Malong reservoir (ML)
Shizikou reservoir (SZK)

Fresenius Environmental Bulletin

1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2

30°29Ą56.02ĄĄN
30°29Ą37.08ĄĄN
30°30Ą0.10ĄĄN
30°29Ą46.54ĄĄN
30°31Ą2.20ĄĄN
30°31Ą18.49ĄĄN
30°30Ą32.43ĄĄN
30°30Ą19.96ĄĄN
30°32Ą27.36ĄĄN
30°32Ą37.68ĄĄN
30°14Ą0.20ĄĄN
30°13Ą4.40ĄĄN
30°6Ą24.50ĄĄN
30°6Ą19.14ĄĄN
30°4Ą5.16ĄĄN
30°4Ą0.48ĄĄN

114°20Ą54.60ĄĄE
114°20Ą49.32ĄĄE
114°11Ą5.50ĄĄ E
114°11Ą17.54ĄĄE
114°9Ą47.90ĄĄE
114°10Ą2.32ĄĄE
114°7Ą19.29ĄĄE
114°7Ą11.56ĄĄE
113°56Ą11.32ĄĄE
113°56Ą12.73ĄĄE
114°36Ą20.10ĄĄE
114°35Ą31.60ĄĄE
114°41Ą34.50ĄĄE
114°41Ą39.89ĄĄ E
114°41Ą58.03ĄĄE
114°42Ą1.49ĄĄE

samples using GraphPad Prism version 5.0.

Water and sediments chemical analysis.
Water temperature, pH, Secchi depth (SD), and total
phosphorus (TP), total nitrogen (TN), ammonia
nitrogen (NH4+-N), chlorophyll a contents (Chl a)
were measured using the methods of Lu [23]. The
trophic state assessment of reservoirs and lakes was
based on the classical Carlson TSI modified by
Cigagna et al. [24]. Sedimentary TP and TN were
measured according to the methods of Yang et al.
[25], sedimentary NH4+-N was measured according
to the method of Verdouw [26], total carbon (TC)
was measured according to the method of Borg [27].

RESULTS
Environmental indexes. The physical and
chemical indexes of water samples are listed in Table
2. TP content ranged from 0.01 mg Lí1 to 0.12 mg
Lí1, TN content ranged from 0.06 mg Lí1 to 4.92 mg
Lí1, and TSI ranged from 42.5 to 74.0. According to
the nutrient concentration and TSI, the trophic status
varied from mesotrophic to hypereutrophic. The
physical and chemical indexes of sediment samples
are listed in Table 3. TP content ranged from 0.2 g
kgí1 to 3.5 g kgí1, TN content ranged from 2.7 g kgí1
to 4.2 g kgí1, TC content ranged from 0.8 g kgí1 to
1.9 g kgí1.

Quantification of AOA by quantitative PCR.
Water DNA was extracted using the method of
Auguet [15], and sediment DNA was extracted using
the method of Lu [28]. The primer pair ArchamoAF/Arch-amoAR (Arch-amoAF: 5 Ą STAATGGTCTGGCTTAGACG-3Ą, Arch-amoAR:
5Ą-GCGGCCATCCATCTGTATGT-3Ą) was used
for archaeal amoA gene quantification [6].The 25μL
reaction system contained 10μL SYBR Green PCR
Master (UK), 10 pmol each of Arch-amoAF/ArchamoAR and 1μL DNA as the template. Amplification
and detection were performed as follows: 50°C for 2
min, and 95oC for 10mins, followed by 40 cycles of
40 s at 94oC, and 40 s at 53oC.
Statistical analysis. Pearson correlation
analysis was used to examine the correlation
between the abundance of ammonia-oxidizing
archaea and environmental factors among the

Abundance of AOA. The abundances of
archaeal amoA in water and sediment samples are
shown in Fig. 1 and Fig. 2 respectively. The results
showed that amoA copies ranged from 7.80 × 104 to
1.23 × 106 per liter in water samples and from 1.62 ×
105 to 1.30 × 106 per gram in sediment samples.
Correlation analysis showed that in water and
sediment samples the abundances of AOA showed a
positive correlation with TN and NH4+-N contents
(Table 4 and Table 5, respectively). However, other
factors showed no effect on the abundance of AOA.
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Sampling
sites
CDXH-1
CDXH-2
HGH-1
HGH-2
NTZH-1
NTZH-2
SJH-1
SJH-2
NH-1
NH-2
ML-1
ML-2
SZK-1
SZK-2
LZH-1
LZH-2

pH
7.4
7.4
7.6
7.7
7.7
7.6
7.6
7.7
7.4
6.9
6.9
6.9
7.0
7.0
8.6
8.6

Sampling sites
CDXH-1
CDXH-2
HGH-1
HGH-2
NTZH-1
NTZH-2
SJH-1
SJH-2
NH-1
NH-2
ML-1
ML-2
SZK-1
SZK-2
LZH-1
LZH-2
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TABLE 2
Physical and chemical indexes of water samples
Chl a
SD
TP
TN
NH4+-N
í1
í1
í1
(ȝJ/ ) (cm)
(mg Lí1)
(mg L )
(mg L )
27.41
32
0.02
1.50
0.88
22.40
32
0.02
1.30
0.74
9.21
73
0.01
1.08
0.85
5.63
78
0.01
1.16
0.69
77.74
22
0.04
3.01
2.77
50.93
22
0.03
1.43
1.24
71.07
25
0.11
1.34
0.50
87.13
25
0.12
1.85
0.44
70.77
23
0.10
4.92
3.64
103.13
23
0.11
3.84
2.98
17.63
140
0.01
0.70
0.13
12.63
138
0.01
0.55
0.33
8.18
152
0.01
0.09
0.04
13.96
167
0.01
0.06
0.03
15.75
36
0.03
0.87
0.16
12.36
42
0.02
0.19
0.13
TABLE 3
Physical and chemical indexes of sediment samples
TN
TP
TC
Water
pH
(g kgí1)
(g kgí1)
(g kgí1)
(g kgí1)
3.6
0.2
0.8
6.7
7.5
3
0.2
0.9
6.8
7.6
7.5
3.3
0.2
1.1
7.4
7.6
3.3
0.2
1.3
7.7
7.6
3
0.3
0.8
6.3
7.2
3.2
0.4
0.8
6.3
7.3
2.7
0.3
0.9
6.9
7.5
3.2
0.4
1
7.1
7.3
4.2
1.3
1.4
7.7
7.5
3.8
3.5
1.9
7.9
7.1
2.9
0.4
0.9
6.9
7.1
3.4
0.6
1
7.5
7.0
2.8
0.3
1.5
7
6.9
2.9
0.3
1.3
7.2
7.3
3.6
0.2
1
7.7
7.3
2.9
0.2
1
7.7

TSI
55.2
54.2
44.9
42.5
65.3
61.2
72.2
73.83
71.3
74.0
48.1
46.4
44.3
46.9
55.4
51.3

NH4+-N
(mg kgí1)
35.56
40.38
40.18
39.23
30.23
28.77
29.16
34.53
75.21
64.31
48.71
60.13
58.19
62.93
18.38
22.80

TABLE 4
Correlation analysis of AOA amoA copies and environmental factors in water column
pH
TP
TN
NH4+-N
Chl a
SD
TSI
amoA
-0.227
0.297
0.427(*)
0.443(*)
0.269
0.072
0.220
* Correlation is significant at the 0.05 level (one-tailed).
TABLE 5
Correlation analysis of AOA amoA copies and environmental factors in sediments
amoA

pH

TN

TP

NH4+-N

TC

0.189

0.570(*)

0.205

0.427(*)

0.122

* Correlation was significant at the 0.05 level (one-tailed).
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FIGURE 1
Abundances of AOA in water samples obtained from eight lakes and reservoirs, as detected by
quantitative PCR. The primer pair specific for the AOA amoA gene was used in quantitative PCR.

FIGURE 2
Abundances of AOA in sediment samples obtained from eight lakes and reservoirs, as detected by
quantitative PCR. The primer pair specific for the AOA amoA gene was used in quantitative PCR.

DISCUSSIONS

AOA community succession without a decrease in
the final abundance [34]. Hence, further studies on
the community structure of AOA are required to
explain the effects of NH4+-N and TN contents on the
distribution of AOA in the investigated lakes and
reservoirs.
The trophic status is also thought to be an
important factor affecting the distribution of AOA.
For example, the abundance of AOA was found to
decrease from mesotrophic to eutrophic sites in Lake
Taihu and Lake Chaohu [35]. Another investigation
in Lake Taihu also indicated that significant spatial
differences in the abundance of AOA
exist
between algae-dominated
and macrophytedominated regions, suggesting that the trophic status
is an important factor [19]. However, the trophic
status of the eight investigated lakes and reservoirs
ranged from mesotrophic to hypereutrophic
according to TSI, while the abundance of AOA
showed no correlation with the trophic status. This

NH4+-N content is one of the main factors
affecting the distribution of AOA. In most previous
studies, NH4+-N content has been found an adverse
effects on the nitrification process in shallow lakes
[29, 30], and AOA was largely prefer water and
sediment that are aerobic and relative low NH4+-N
content[31-33]. In our study, AOA were widely
distributed in water columns and sediments in the
studied lakes and reservoirs, with NH4+-N and TN
contents being the only factors affecting the
abundances of AOA. However, the abundances of
AOA showed a positive correlation with NH4+-N and
TN contents in water and sediment samples. This is
quite different from previous reports, possibly
because of a difference in the community structure
of AOA. A study of paddy soil indicated that
selective pressure of NH4+-N content could lead to
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shotgun sequencing of the Sargasso Sea. science
304, 66-74.
[3] Könneke, M., Bernhard, A. E., José, R., Walker,
C. B., Waterbury, J. B., Stahl, D. A. (2005)
Isolation of an autotrophic ammonia-oxidizing
marine archaeon. Nature 437, 543-546.
[4] Francis, C. A., Roberts, K. J., Beman, J. M.,
Santoro, A. E., Oakley, B. B. (2005) Ubiquity
and diversity of ammonia-oxidizing archaea in
water columns and sediments of the ocean.
Proceedings of the National Academy of
Sciences of the United States of America 102,
14683-14688.
[5] Christman, G. D., Cottrell, M. T., Popp, B. N.,
Gier, E., Kirchman, D. L. (2011) Abundance,
diversity, and activity of ammonia-oxidizing
prokaryotes in the coastal Arctic Ocean in
summer and winter. Applied and environmental
microbiology 77, 2026-2034.
[6] Leininger, S., Urich, T., Schloter, M., Schwark,
L., Qi, J., Nicol, G. W., Prosser, J. I., Schuster,
S. C., Schleper, C. (2006) Archaea predominate
among ammonia-oxidizing prokaryotes in soils.
Nature 442, 806-809.
[7] He, J. Z., Shen, J. P., Zhang, L. M., Zhu, Y. G.,
Zheng, Y. M., Xu, M. G., Di, H. (2007)
Quantitative analyses of the abundance and
composition of ammonia ϋ oxidizing bacteria
and ammoniaϋoxidizing archaea of a Chinese
upland red soil under longϋterm fertilization
practices. Environmental Microbiology 9, 23642374.
[8] Zhao, W., Song, Z., Jiang, H., Li, W., Mou, X.,
Romanek, C. S., Wiegel, J., Dong, H., Zhang, C.
L. (2011) Ammonia-oxidizing Archaea in
Kamchatka hot springs. Geomicrobiology
Journal 28, 149-159.
[9] Beman, J. M., Francis, C. A. (2006) Diversity of
ammonia-oxidizing archaea and bacteria in the
sediments of a hypernutrified subtropical
estuary: Bahia del Tobari, Mexico. Applied and
Environmental Microbiology 72, 7767-7777.
[10] Santoro, A. E., Francis, C. A., De Sieyes, N. R.,
Boehm, A. B. (2008) Shifts in the relative
abundance of ammoniaϋoxidizing bacteria and
archaea across physicochemical gradients in a
subterranean
estuary.
Environmental
Microbiology 10, 1068-1079.
[11] Wuchter, C., Abbas, B., Coolen, M. J., Herfort,
L., van Bleijswijk, J., Timmers, P., Strous, M.,
Teira, E., Herndl, G, J., Middelburg, J. J.,
Schouten, S., Sinninghe Damsté, J. S. (2006)
Archaeal nitrification in the ocean. Proceedings
of the National Academy of Sciences 103,
12317-12322.
[12] Santoro, A. E., Buchwald, C., McIlvin, M. R.,
Casciotti, K. L. (2011) Isotopic signature of
N2O produced by marine ammonia-oxidizing

phenomenon was also observed in several high
mountain lakes in Spain and was attributed to the
adaptations of AOA to the strong selection of local
environmental conditions [18], because the
community composition of AOA is generally
determined by different factors related to lake
trophic status [36].
Organic matter is another important factor
affecting distribution of AOA. Accumulations of
organic substances have been found to be negatively
related to archaeal amoA gene copy numbers in Lake
Donghu sediment [16]. The organic matter content
of the sediments exhibited significantly negative
correlations with the abundance of AOA [30].
Moreover, other studies have indicated that low
molecular-weight organic compounds represent an
important energy source for archaea [37, 38].
However, TC content showed no correlation with the
abundances of AOA in our study. The facts that the
results related to the effects of organic matter
reported in the aforementioned studies were obtained
from different sampling sites within the same
environments, and our results were obtained from
sampling different environments may indicate the
abundance of AOA was affected by organic matter
composition, instead of TC content. An estuarine
study supported the hypothesis that organic matter
composition (C:N isotope ratios, %N and %C) was
significantly related to the abundance of AOA [39].
Hence more studies are required to explore the
effects of organic matter effects on the growth of
AOA.
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macronutrients [1]. Additionally it also contains
noxious materials including invasive organisms,
heavy metals, and other harmful substances,
contributing to the high economic
and
environmental cost associated with sludge disposal
[2]. It is therefore of significant global concern and
interest to ensure safe sludge recycling and disposal
[3-4].
Land spreading of sewage sludge appears to
be increasing in popularity compared to alternative
disposal methods such as landfilling, ocean
dumping and incineration because of environmental
concerns [5]. Using sludge as a fertiliser or as an
organic soil regenerator seems an attractive
possibility as it enables the recycling of valuable
nutrients necessary for plant growth [6]. Research
has shown that the potential harm can be controlled
as long as the sludge is applied properly, and that
the total heavy metal concentrations in sludge have
decreased substantially both in developed countries
and in China over the last two decades [7].
The chemical fractions of heavy metals in
sludge determine their mobility, bioavailability and
stability in the environment, so are more important
from an environmental perspective than the total
concentration of the heavy metals [8]. Unstable
fractions of heavy metals in sludge may penetrate
through the soil and pollute the groundwater when
applied to land. They may be taken up more readily
by plants and so accumulate in the food chain, thus
having the potential to cause serious health
problems to both animals and humans. Previous
studies have shown that the fractions of the heavy
metals in sludge would change after land
application in clay and sandy soils [9] as measured
by the Tessier extraction method [10].
Earthworms have also been shown to affect
heavy metal fractionation, availability and mobility
in soil by changing the soil characteristics or metal
speciation distribution [11]. Following treatment
with earthworms, the distribution of heavy metal
fractions in soil was significantly changed [12-13].
However, some reports proved that earthworms
could decrease the bioavailable fraction of heavy
metals, or did not significantly affect them at all

ABSTRACT
The excessive usage of sludge treatment from
urban wastewater plants has become a major
concern in China because of the potential for heavy
metal pollution. Sedum lineare (SL) is a hardy
evergreen plant and an important ornamental
succulent widely used as a µJUHHQLQJ¶ RU µJUHHQ
URRI¶ SODQW LQ &KLQD DQG -DSDQ ,Q WKLV VWXG\ 6/
was planted in pots of soil with fermented sewage
sludge applied in varying concentrations,
additionally, to investigate the impact of
earthworms on sludge-treated soil, a parallel set of
experiments were established with E. fetida. The
content and fractionation of heavy metals (Pb, Cr,
Cu, Zn, and Ni) in the soil, and the impact of sludge
use on the growth of SL were measured over a
period of 100 days, plants grown in higher sludge
concentration had significantly less growth than
those in lower concentrations. The different heavy
metals were found to have differing amounts of
each fraction, in all cases fraction I, the
exchangeable form, was least present. There were
considerable differences when comparing test soils
with and without earthworms, the earthworms had
different effects on different heavy metals
suggesting a potential role of the worm in effecting
availability of heavy metals. The application of
fermented sludge did not appear to impede SL
growth at low doses but was found to be harmful at
higher doses. Therefore land usage of sludge should
be optimized carefully to ensure it is most effective
and causes minimal harm.

KEYWORDS:
Sewage sludge; heavy metal; Sedum lineare; earthworm;
fraction

INTRODUCTION
Sewage sludge, produced from urban
wastewater treatment plants, contains substantial
organic
matter,
nutritive
materials
and
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volume ratio of 3:10, four repeats of 40 pots, each
adding 12 earthworms;
e) Control group (CK): only soil without
sludge, four repeats of 40 pots
The fresh weight and height of the SL plantlets
was measured. The plantlets with the most similar
weight and height were planted into pots,
measuring 11cm in diameter and 10cm in height,
with one plantlet per pot. The average weight of a
plantlet was 4.98g, and the average height was
11.26cm. All the pots were put into a greenhouse in
Engineering Training Center of Agricultural and
Biological School, Shanghai Jiao Tong University.
The pots were sampled at day 0, 14, 21, 49, 63
and 100. For each treatment and the control group,
three pots of each treatment were randomly selected
for sampling. The height and fresh weight of the SL
plantlet samples were also measured. The soils
were air dried and stored at 4Ԩ prior to
measurement of the heavy metals.

[14-15]. Therefore, additional potential mechanisms
and environmental factors need to be considered
and additional studies need to be conducted to
further elucidate the contribution of earthworms to
the transformation of heavy metals in soil.
Sedum lineare, a member of the subfamily
Sedoideae of the family Crassulaceae [16], is a
hardy perennial plant widely distributed in China. It
is used for both its medicinal properties [17] and as
DQ RUQDPHQWDO µJUHHQLQJ¶ RU µJUHHQ URRI¶ SODQW in
both China and Japan [18]. In this study, the
fractional transformation of five heavy metals,
typically found in fermented sludge (Pb, Cr, Cu, Zn
and Ni), was investigated with respect to the effect
on SL growth in SL planted in pots of soil with
sludge applied in varying concentrations, with and
without the addition of earthworms. The objective
was to increase the basic knowledge of heavy metal
changes in sludge and the associated impact on SL
growth to explore this as an effective and
acceptable utilization of sewage sludge.

Heavy metal fraction measurement. The
chemical fractions of the heavy metals in the soils
were analyzed by a five-step sequential extraction
procedure[10], the operating steps are shown in
Table 2. According to the extraction procedure, the
chemical fractions of the heavy metal was classified
as exchangeable fraction (Ϩ), carbonated-bound
fraction (ϩ), iron-manganese (Fe/Mn) oxidesbound fraction (Ϫ) and, organically-bound fraction
(ϫ), and residual fraction (Ϭ). FractionϨof heavy
metals is always adsorbed by the clay, humus and
other constituents sensitive to environmental
change, it is easily transported and can be absorbed
by plants. In fraction ϩ the heavy metals are
combined to the carbonate minerals, this fraction is
susceptible to pH changes. In fraction Ϫ iron and
manganese oxides exist as nodules, concretions,
cement between particles, or simply as a coating on
particles. These oxides are excellent scavengers for
trace metals and are thermodynamically unstable
under anoxic conditions. In fraction ϫ the heavy
metals chelate with organic matter such as animal
and plant residues, the humus in soil. Once the first
four fractions have been removed, fraction Ϭ
should contain mainly primary and secondary
minerals, which may hold trace metals within their
crystal structure. These metals are not expected to
be released in solution over a reasonable time span
under the conditions normally encountered in
nature.
The content of heavy metals were measured
by 5300DV ICP (PE, USA). The total content of
heavy metal in soil was measured using step V.

MATERIALS AND METHODS
Sludge, soil, sedum lineare and earthworms.
The fermented sewage sludge was from Shanghai
Fengxian Sludge Treatment Plant. The small stones,
wood and plastic pieces were taken out manually.
The sludge was then air dried, ground, and stored in
a dry cool place. Soil was taken from a farm plot in
the experimental farm of Shanghai Jiao Tong
University. The basic properties of the sludge and
soils are shown in Table 1. Sedum lineare and
Earthworms Eisenia fetida were both purchased
from a commercial provider.
TABLE 1
The basic properties of sludge and soil
Test items

sludge

soil

pH
Organic C (%)
nitrate nitrogen(mg/kg)
rapid available phosphorus
(mg/kg)
Ammonium Nitrogen(mg/kg)

6.83
19.28
14.40
85.80
3268.40

8.86
0.26
27.50
3.45
25.40

Pot experiment design. Four treatment
groups and one control group [19] (as described by
Zhiliang et al., 2006) were established comprising a
total of 200 planted pots of SL. The fermented
sewage sludge was evenly mixed with soil in the
following proportions:
a) Treatment 1: sludge and soil mixed at a
volume ratio of 1:10, four repeats of 40 pots;
b) Treatment 2: sludge and soil mixed at a
volume ratio of 3:10, four repeats of 40 pots;
c) Treatment 3: sludge and soil mixed at a
volume ratio of 5:10, four repeats of 40 pots;
d) Treatment 4: sludge and soil mixed at a

Statistics. In this study, all data were
presented as the mean value of three replicates. The
standard deviations of triplicate determinations
were below 10% of the mean values. Differences
were considered to be significant at P < 0.05 and
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TABLE 2
Condition of the sequential extraction by Tessier et al (1979)
No
ĉ
Ċ
ċ
Č
Č

Form
Exchangeable
Bound to carbonates
Bound
to
Fe/Mn
oxyhdroxides
Bound to organic matter

Č
č

Residual

Extractant
MgCl2 1 mol/L
CH3COONa 1 mol/L + CH3COOH
NH2·HCl 0.04 mol/L+25%(v/v)
CH3COOH
H O 30% + HNO3 0.02 mol/L
H O 30% + HNO3
CH3COONH4 3.2 mol/L + (v/v)
HNO3 20%
HNO3 4 mol/L + HCL 36%

pH
7
5

2

Time
h
1
5

Temp.
ć
25
25

Stirring
Continuous
Continuous

6

96

Periodical

2
3

85
85

Periodical
Periodical

0.5

25

Continuous

0.5

96

Periodical

predominant fractions were Ϫ and ϫ
Heavy metal fraction in test soils.Lead (Pb)
fractions: Table 4 and Figure 1 showed that Pb in
the CK and 1:10 soil was mainly found in fraction
Ϫ and Ϭ, and their contents were similar (P > 0.05).
The soils contained little of fraction ϫ. During the
growth of SL, fraction Ϫ and ϫdecreased, while
fraction Ϭ increased. Pb in 3:10, 5:10 and
3:10+earthworm soil was mainly found in fraction
Ϭ during the test. Increased amount of sludge
corresponded with increased amount of residual
fraction (V). Fraction ϩin 3:10+earthworm soil was
found much more than in the other soil, which
suggested that the earthworms might increase the
availability of Pb.
Chromium (Cr) Fractions: Table 5 and Figure
2 showed that Cr in CK soil was mainly found in
fraction Ϭ with a little in fractions Ϫ and ϫ. Cr in
the SL treatment groups was mainly found in
fractions Ϫ and Ϭ. As growth progressed, fraction
Ϫ decreased, while fractionϩ, ϫ and Ϭ increased.
A comparison of the 3:10 and 3:10+earthworm soil
demonstrates that the fraction of Cr was similar
(P<0.05) in 3:10+earthworm soil, suggesting that
the earthworm activity might have little effect on
the bioavailability of Cr.

extremely significant at P < 0.01. All statistical
analyses were performed using SPSS software
(SPSS 17.0; SPSS, Inc., Chicago, IL, USA). All the
figures were prepared by Excel (Microsoft office
2010).

RESULTS AND DISCUSSIONS
Heavy metal content and fraction in
fermented sludge. The heavy metal contents and
fractions in fermented sludge are shown in table 3.
The results showed that total heavy metal content in
sludge in order of decreasing magnitude was Zn >
Cu > Ni > Cr > Pb. When these values were
compared to the Standard of China, Pb content was
less than the Grade 1 cut off value, Cr and Cu
contents were between Grade 3 and 4, while Ni and
Zn exceeded the thresholds for Grade 4, which was
indicative of notable environmental risk. The
different heavy metals had different fraction
proportions. Generally, fraction I was minimal for
all the heavy metals. Pb was mainly found in the
residual fraction and the other fractions were rare.
Cr was predominantly found in fractions Ϫ, ϫ and
Ϭ. Cu was most represented in fractions ϫ and Ϭ.
Zn was mainly found inϩ, Ϫ and ϫ,and for Ni the

TABLE 3
Heavy metal content and fraction in fermented sludge (mg/kg)

Fractions in sludge

Pb

Cr

Cu

Zn

Ni

Ϩ

0.00 ±0.00

0.06 ±0.01

3.24 ±0.85

135.18 ±9.85

9.36 ±0.23

ϩ

0.00±0.00

1.00± 0.03

16.10 ±0.62 1263.75± 105.6 42.76 ±3.27

Ϫ

0.40 ±0.01

82.54 ±4.36

ϫ

0.00±0.00

90.18 ±6.04

Ϭ
Total content

Standard of China*

4.65 ±0.41

3005.33 ±226.1 133.66 ±10.38

310.83 ±16.04 1107.00 ±92.7

92.81 ±8.41

18.82 ±0.91 112.88 ±10.13 152.23 ±12.13 517.37 ±47.9

36.98 ±2.93

19.22±1.72 286.66±21.15 487.05±30.15 6028.63±492.3 315.57±20.21
Grade 1

85

100

40

150

40

Grade 2

300

200

200

300

80

Grade 3

450

250

350

450

150

Grade 4

530

380

500

650

220

*: Heavy Metal Content Limit in Planting Soil for Greening (pH > 6.5), Standard No. CJ/T340-2011.
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TABLE 4
Pb fractions in test soils (mg/kg)
Time (d)

0

14

21

49

63

100

Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ

CK
0.00
0.00
3.73
0.83
3.49
0.00
0.00
3.64
0.64
3.62
0.00
0.00
3.47
0.60
3.72
0.00
0.00
2.83
0.32
3.86
0.00
0.00
2.47
0.30
4.62
0.00
0.00
2.40
0.58
4.81

1:10
0.00
0.00
3.77
0.55
4.72
0.00
0.00
3.30
0.43
4.91
0.00
0.00
1.97
0.11
5.60
0.00
0.00
1.89
0.13
6.50
0.00
0.05
1.19
0.10
7.34
0.00
0.20
1.24
0.32
7.22

3:10
0.00
0.00
3.28
0.53
7.73
0.00
0.00
3.24
0.36
7.80
0.00
0.00
2.00
0.14
8.74
0.00
0.00
2.19
0.12
8.81
0.00
0.07
2.27
0.18
9.45
0.00
0.12
1.83
0.12
10.66

5:10
0.00
0.00
3.34
0.46
8.20
0.00
0.00
3.23
0.41
8.38
0.00
0.00
3.83
0.19
8.34
0.00
0.00
1.89
0.10
8.83
0.00
0.11
2.05
0.20
9.70
0.00
0.19
1.05
0.10
11.53

3:10+earthworm
0.00
0.00
3.28
0.53
7.73
0.00
0.00
3.69
0.76
7.13
0.00
0.20
4.58
0.37
7.79
0.00
0.18
2.93
0.10
8.21
0.00
0.39
2.15
0.28
8.90
0.00
0.43
2.13
0.20
8.86

TABLE 5
Cr fraction in test soils (mg/kg)
Time (d)

0

14

21

49

63

100

Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ

CK
0.00
0.05
1.23
11.29
16.41
0.00
0.13
1.34
8.25
16.70
0.00
0.50
1.83
7.50
17.49
0.00
0.56
1.29
5.55
18.55
0.00
0.50
1.13
4.50
18.49
0.00
0.20
1.49
3.94
20.43

1:10
0.00
0.05
31.10
11.42
25.13
0.00
0.24
29.05
14.43
24.99
0.00
0.48
18.67
11.64
26.82
0.00
0.49
25.71
19.47
27.78
0.00
0.49
13.99
22.17
25.54
0.00
0.79
11.30
18.71
30.93

3:10
0.00
0.05
41.38
11.35
19.83
0.00
0.14
39.21
14.13
21.34
0.00
0.27
34.92
19.78
23.54
0.00
0.33
21.66
26.15
29.96
0.00
0.68
14.96
24.35
35.97
0.00
0.72
14.23
25.71
39.01

813

5:10
0.00
0.07
71.10
21.33
29.97
0.00
0.28
64.41
29.57
31.11
0.00
0.71
52.70
43.05
32.37
0.00
0.67
45.16
41.14
37.03
0.00
0.57
34.69
45.79
44.35
0.00
0.63
21.83
47.71
49.45

3:10+earthworm
0.00
0.05
41.38
11.35
19.83
0.00
0.57
35.97
17.68
20.63
0.00
0.68
34.96
23.35
25.97
0.00
0.85
20.45
25.93
30.46
0.00
0.94
13.91
31.27
33.85
0.00
1.20
11.32
28.59
36.54
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FIGURE 1
Pb fractions in test soils

FIGURE 2
Cr fraction in test soils
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TABLE 6
Cu fraction in test soils (mg/kg)
Time (d)

0

14

21

49

63

100

Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ

CK
0.72
1.28
3.34
5.44
5.98
0.83
1.51
2.53
5.73
5.93
1.37
2.07
3.08
5.33
6.30
0.99
1.68
3.12
6.63
6.27
0.37
1.07
3.08
6.33
7.30
0.34
0.79
2.81
6.04
7.80

1:10
0.72
1.33
2.93
17.61
16.93
0.37
1.43
1.35
21.95
16.35
1.55
3.13
1.59
19.70
16.60
2.46
2.84
1.37
13.18
17.31
0.44
2.73
1.41
11.61
18.25
0.68
2.91
1.97
12.98
18.31

3:10
0.25
1.43
2.26
93.45
27.17
0.53
0.96
1.66
89.83
32.82
1.35
2.62
2.45
80.81
35.11
1.29
3.27
1.81
90.83
32.31
0.91
7.76
2.20
84.41
36.02
0.69
5.02
4.79
89.64
41.91

FIGURE 3
Cu fraction in test soils
815

5:10
0.23
2.43
2.39
133.86
38.64
0.52
1.56
3.31
124.68
40.79
1.50
4.74
2.13
115.27
45.50
1.71
4.23
2.18
118.80
50.08
1.46
4.27
2.71
100.74
66.42
0.95
10.21
4.89
85.66
62.72

3:10+earthworm
0.25
1.43
2.26
93.45
27.17
0.43
4.40
8.69
83.12
20.82
0.53
6.86
6.74
85.95
21.86
1.53
7.78
5.87
86.17
22.61
0.72
8.21
4.45
91.87
27.28
0.60
10.69
6.24
81.89
29.71
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Copper (Cu) Fractions: Table 6 and Figure 3
shows that Cu in CK soil contained five fractions,
with fraction ϫ and Ϭaccounting for 68%. Cu in
the four treatment groups was mainly found in
fraction ϫ and fraction Ϭ. During the growth of SL,
fraction ϫand Ϭ increased in CK soil, while the
other three fractions decreased. In the treatment
group, fraction ϩand Ϭincreased, while fraction
ϫdecreased. A comparison of the 3:10 and
3:10+earthworm soil demonstrates that the fraction
of Cu was more stable (P<0.05) in 3:10 soil,
suggesting that the earthworm activity might
increase the bioavailability of Cu.
Zinc (Zn) Fractions: Table 7 and Figure 4
showed that Zn in CK soil contained five fractions,
and the proportion of fraction ϫ was the most
commonly found. During the growth of SL, fraction
Ϫ and ϫ decreased while the other three fractions

increased. In the four treatment groups the
proportion of fraction Ϫ was the highest, and
during the growth of SL, in 5:10 soil, fraction ϩand
Ϫ decreased while the other three fractions
increased. In 3:10 and 3:10+earthworm soil,
fraction ϩ, Ϫ and ϫdecreased while the other two
fractions increased. Zn in 3:10+earthworm soil was
more unstable when compared to the 3:10 soil
(P<0.05), indicating that the earthworm activity
might increase the bioavailability of Zn.
Nickel (Ni) Fractions: Table 8 and Figure 5
showed that Ni in CK soil was mainly found in
fraction Ϭ, while the four treatment groups were in
fraction Ϫ and ϫ. During the growth of SL, fraction
Idecreased, while fraction ϩand Ϭincreased. The
3:10+earthworm soil was more stable than the 3:10
soil (P < 0.05), which suggested that the earthworm
activity might decrease the bioavailability of Ni.

TABLE 7
Zn fraction in test soil (mg/kg)
Time (d)
Ϩ
0

14

21

49

63

100

CK

1:10

3:10

5:10

3:10+earthworm

1.61

13.54

32.77

43.93

32.77

ϩ

3.46

104.16

246.73

408.13

246.73

Ϫ

34.19

231.77

465.08

1059.92

465.08

ϫ

45.94

133.62

309.53

442.71

309.53

Ϭ

32.69

74.11

136.55

240.15

136.55

Ϩ

5.09

12.54

23.67

31.23

28.45

ϩ

4.78

79.67

209.20

358.94

271.30

Ϫ

31.57

204.53

466.20

1044.54

453.00

ϫ

40.84

136.13

280.25

490.56

292.12

Ϭ

35.42

98.84
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FIGURE 4
Zn fraction in test soils
TABLE 8
Ni fraction in test soils (mg/kg)
Time (d)

0

14

21

49

63

100

Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ
Ϩ
ϩ
Ϫ
ϫ
Ϭ

CK
0.00
0.00
1.03
1.34
6.21
0.00
0.00
1.30
1.40
5.97
0.00
0.00
1.85
1.67
6.32
0.00
0.00
2.08
2.21
6.78
0.00
0.00
2.85
1.67
6.32
0.00
0.00
1.41
1.79
6.62

1:10
0.60
3.70
10.59
7.96
9.78
0.67
1.88
10.01
7.09
9.91
0.75
2.13
7.83
8.20
9.43
0.53
5.52
11.29
8.55
9.35
0.04
5.89
11.17
9.70
9.53
0.00
5.41
11.18
8.69
9.63

3:10
1.09
9.00
31.24
21.18
12.27
1.01
9.93
29.92
27.21
13.12
0.70
9.80
33.26
29.15
13.24
0.68
10.58
26.74
20.95
14.35
0.46
12.84
27.90
19.57
14.96
0.44
13.12
26.30
18.28
14.07

817

5:10
2.02
13.00
41.95
35.05
16.25
2.04
11.49
45.39
33.91
16.86
1.64
11.12
46.43
32.26
19.63
0.67
10.12
43.78
34.48
19.50
0.27
12.55
47.01
30.74
18.27
1.25
15.87
40.02
26.90
20.18

3:10+earthworm
1.09
9.00
31.24
21.18
12.27
1.00
9.16
26.72
24.34
13.13
0.60
7.71
28.53
24.08
14.26
0.40
9.41
21.79
31.09
14.05
0.30
9.81
20.93
27.09
14.70
0.33
10.09
20.13
26.73
15.80
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FIGURE 5
Ni fraction in test soils

FIGURE 6
The residual fraction change of heavy metals
grass could be used to reduce the eco-toxicity and
bioavailability of Ti, V, Mn, Co, Cr and Cd in fly
ash-sludge amended soil [22]. The study reported
here added further evidence to support these data
and showed that during the pot experiments, the
residual fraction of all the measured heavy metal
tended to increase (P<0.05).

Previous studies have shown that some plants
can reduce bioavailability of Pb in soil, thereby
alleviating the toxic effects on plants [20]. Indian
mustard (Brassica juncea L.) roots were found to
reduce the high biological effectiveness of
hexavalent Cr to the low toxicity and low
bioavailability of trivalent Cr, and caused it to
solidify [21]. Another study showed that Manila
818
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high heavy metal environment or the other
componenents found in sludge. After 49 d, the SL
in 1:10 and 3:10+earthworm groups grew well and
significantly more so than the values in CK (P <
0.05), while the weight of SL in 3:10 and 5:10
groups was signficantly less than that in CK.
The results of SL height were approximately
similar to the results of weight (Figure 7(b)). There
was no significant difference for the height of SL
between the groups of CK, 1:10 and
3:10+earthworms (P > 0.05), and between the
groups of 3:10 and 5:10 (P > 0.05). However, the
heights of SL in the latter two groups were both
significantly less than the former three groups (P <
0.05). Both the results of SL weight and height
showed that the higher application of sludge
inhibited the growth of SL, but low sludge
application did not and that the addition of
earthworms improved both height and weight.
A recent study [26] explored the influence of
sludge compost application on growth of three
kinds of lawn grass; tall fescue ˈ ryegrass and
white cloverˈand the characteristic distribution of
Zn and Cu in the soil and plants by pot experiment.
The results showed that the growth of these three
kinds of plants was enhanced by the sludge
compost application, and the cumulative grass
biomass increased with increasing sludge compost
dosage with a range of 0 ~ 6 kg/m2ˊAnother pot
scale experiment showed that the plant biomass,
height and absorption of total nitrogen and
phosphorus increased gradually with sludge
compost application ratios of 0 ~ 10 % in Festuca
arundinacea Schreb or 0-5 % ratios in Tagetes
erecta. The enrichment of heavy metals in both
plants decreased in the order: Zn >Cu>Cr, Ni >Cd,
Pb [27]. An experiment in Spain showed that 2kg
compost/m2 application of sewage sludge had a
positive effect on physical and biological properties
of the soil and provided a supply of nutrients to
grow cauliflowers (Brassica oleracea var. botrytis)
on its surface under intensive exploitation regimes
without loss in biomass yield [28]. Another
experiment in Turkey proved that sewage sludge
application as fertilizer used in appropriate
concentrations did not pollute the soil very much,
but did lead to an increase in lucerne (Medicago
sativa L.) products[29].

The residual fraction change dynamics of
heavy metal during sludge application in soils of
pot cultured Sedum lineare. This study found that
Fraction č of heavy metals in all groups had a
tendency to increase over time (Figure 6).
Generally, heavy metals in soil gradually
transitioned to the residues and tended to be stable.
Effects of earthworms. For all heavy metals
the amount of each fraction was different when
comparing
3:10 and 3:10+earthworms soils
suggesting the addition of earthworms to sludge
treated soil has different effect on availability of
each metal as described above.
A previous pot experiment was carried out to
study the roles of earthworms in Zn contaminated
soil, the results demonstrated that earthworms made
Zn fractions change from residual forms and
organic forms to Fe-Mn oxide-bound and
extractable forms, which contributed to increased
amounts of plant-available heavy metals in the soil
[23]. Another study showed that earthworm
activities significantly increased shoot biomass
(65% for maize and 73% for barley) and root metal
concentration for all the metals under study in both
maize (Zea mays) and barley (Hordeum vulgare)
The total accumulation rate values for Cd, Cu, Pb
and Zn were significantly higher in the presence of
E. fetida for both crop plants [24].
A pot experiment of wheat (Triticum aestivum
L.) with earthworms demonstrated that earthworm
activity increased the yield of wheat shoots and
roots, the concentrations of heavy metals in wheat
roots and shoots as well as the mobility and
bioavailability of heavy metals (Zn, Cu, Cr, Cd, Co,
Ni, and Pb) in soils [25]. In the 3:10 + earthworms
soil in this study we found that the Sedum lineare
grew better than in 3:10 soil, which suggested that
the earthworms could decrease the inhibition of the
heavy metals, improve the soil quality, or promote
the plant growth. A study by Liu et al showed that
earthworm activity in sewage sludge could
significantly improve soil physical properties and
available nutrients, such as N and P [15]. Compared
with the fraction change of heavy metals in the 3:10
soil and the 3:10+ earthworms soil, the unstable
fractions of Pb, Cu, Zn were increased in the latter,
while Cr had little change, and Ni decreased. Hence
it is a fair assumption that earthworm activity in
soil may have different effects on different heavy
metals.

Land application quantity of the sludge. A
previous study on the municipal sludge mixed in
soil for cultivation for Loilum perenne L. and
Festuca arundinacea showed that municipal sludge
did not enhance the growth of herbaceous plants at
the early stages of growth when the mixture ratio
was no more than 10%, indicating that the adaptive
phase to the municipal sludge was needed for these
two herbaceous plants [30]. After this time period,
the plants grew well and the physiological
characteristics were higher than the control group.

Effect of sludge application on the growth
of Sedum lineare. The sludge application
significantly effects the weight of SL (P < 0.05,
Figure 7(a)). Before 21 d, all the values in the
treatment groups were less than the control group,
indicating that the growth of SL was inhibited by
the application of sludge. It could be the case that in
this initial period SL had not yet adapted to the
819
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FIGURE 7
The average height and weight of sedum lineare in test soils
Heavy metals with high stability have low risk to
the environment. The results of this study showed
that the soil application of fermented sludge during
SL planting could change the heavy metal fractions.
After application of fermented sludge, the content
and fractions of the heavy metals in the test soil
changed considerably; the content was higher and
the unstable fractions increased. On completion of
the pot experiments, the residual fraction of all the
heavy metals had increased. Exchangeable and
carbonated-bound fractions were considered as the
high bioavailability fractions. This study found that
the bioavailability order of decreasing magnitude
was Zn > Ni > Cu > Cr > Pb.
The residual fractions of the measured heavy
metals increased with time, indicating that the
heavy metals in fermented sludge were gradually
transformed to the steady state. SL in CK, 1:10 and
3:10+earthworms soil grew better than that in 3:10
and 5:10 soil, suggesting that SL 1:10 soil retains
normal growth. Both the groups of 3:10 and
3:10+earthworm soil had the same content of
fermented sludge, but their biomass of SL were
different. It might be due to the activities of the
earthworms which potentially improved the
physical and chemical properties of the soil.
Additionally, the fractions of heavy metals had
different profiles in both soils and thus earthworm
activity in soil might have different effects on
different heavy metals. These results are of
important reference for the management of sludge
and its land application in landscape planting.

The municipal sludge therefore presents promising
opportunities for promoting plant growth. However,
a significant inhibition and toxic effect was shown
on both of these plants with the 15% dosage of
sludge applied. When the ratio of sludge to soil was
30% Loilum perenne L. wilted and died at 20 days
and the Festuca arundinacea was also significantly
affected. The optimal application ratio of sludge to
soil was therefore determined to be between 5% to
10% for Loilum perenne L. and 5% for Festuca
arundinacea [30]. Another study showed that
sewage sludge, as a slow-release fertilizer,
positively influenced the development of potted
Ligustrum lucidum and Washingtonia robusta,
while higher municipal solid waste compost
reduced plant growth of both species[31]. Our study
aligns with this previous work in that the weight of
SL was lowest at day 21, after which the weight
increased, possibly due to the need for a period of
adaptation.
Sludge is a valuable source of nutrients and
trace elements important for plant growth, and can
improve the chemical and physical properties of
soils [32]. It is proven here that land use of
fermented sludge in landscape plants is feasible. On
the one hand, landscape plants can tolerate
relatively high concentrations of heavy metals and
avoid the food chain so offer an advantageous
usage for land sludge application. This potentially
solvesthe problem of sewage sludge disposal from
treatment plants, and makes effective sludge
utilization a reality [33]. The results here have
shown that as long as the sludge application rate is
controlled to be less than 10%, heavy metals in the
sludge will not have adverse effects on soil and
plants [34]. This study shows that Sedum lineare in
1:10 soil grew well, which proved that the land
application of fermented sludge to landscape plants
is feasible.
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that more than half of ecosystem carbon is stored in
soil as opposed to vegetation biomass of mangroves
[5, 6]. Nitrogen is another vital dietary requirement
for all of mangrove organisms and it uniquely
influences mangrove productivity [7, 8]. Studies
have shown that soil properties including SOC and
SN can be remarkably affected by mangrove
afforestation, which in turn influence the community
structures and development of mangroves [9].
Unfortunately, published papers mainly focused on
nutrient cycling in the top soil layers (İ 50 cm) [1012]. Uncertainties remain about the change of both
SOC and SN in these afforested mangroves because
of a lack of information in deep soil layers (ı 50
cm) [13, 14].
Sonneratia apetala (SA) is a woody fastgrowing species of Sonneratiaceae family with high
adaptability and seed production [10]. SA was
introduced into South China in 1990s. SA has been
mostly planted in Hainan, Guangdong, Guangxi, and
Fujian provinces [15, 16]; the area of SA plantations
reached 3800 ha [17]. SA plantations has the
potential to sequestrate more organic materials and
improve both carbon and nitrogen cycles [12, 18, 19].
To better understand these processes of nutrient
cycles after SA plantation, some researches have
been focused on SOC dynamics, composition and
biomass of mangroves and net primary productivity
along Chinese coastline [18, 20-22]. However, few
researches have been reported to study both the
organic carbon and nitrogen, especially in deep soil
layers after SA planted.
In this study, we hypothesized that both SOC
and SN would be significantly affected by SA
plantation. Three distinct sites were selected: a nonnative forest, a native forest, and a bare flat (BF).
Non-native forest is 20 years old and it is composed
primarily of SA with occasional Aegicerias
corniculatum (AC). Native forest is more than 60
years old and it is composed predominately of AC
and Kandelia obovata (KO) with occasional

ABSTRACT
Mangrove afforestation can be expected to
improve soil conditions and mitigate the greenhouse
effect by absorbing carbon dioxide. Attempts were
made to quantify both soil organic carbon (SOC) and
soil nitrogen (SN), vegetation biomass and others in
a non-native Sonneratia apetala (SA) community, a
native natural Aegicerias corniculatum + Kandelia
obovate (AC+KO) community, and a bare flat. SA
plantation (20 years old) accumulated relatively
higher biomass but contained less SOC and SN than
AC+KO. Vegetation biomass of SA and AC+KO
were 181.51 t/ha and 136.50 t/ha, respectively and
their SOC and SN pools were respectively 183.98
t/ha and 8.37 t/ha, 261.50 t/ha and 10.28 t/ha. SOC
and SN pools of bare flat were 97.32 t/ha and 8.00
t/ha, respectively. Both SOC and SN concentration
of SA decreased more quickly with soil sampling
depth compared to AC+KO, although they were
generally higher than that of bare flat. Other obvious
effects of non-native SA plantation are: more
deposition of finer particles; increase in soil
physicochemical properties such as soil water
content and soil salinity; and decrease in soil pH and
bulk density up to 100-cm soil depth.

KEYWORDS:

Sonneratia apetala plantation; Mangrove forest; Soil
organic carbon; Nitrogen; non-native species; South
China

INTRODUCTION
Mangroves are mainly located in the intertidal
zones at subtropical and tropical coast [1-4].
Generally, mangroves play an important role in soil
carbon accumulation, which greatly reduces the
impact of greenhouse effects. It has been reported
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established for SA and AC+KO communities,
respectively. Within each quadrat, each tree was
identified and its height and diameter were recorded.
Tree diameter of SA was measured at breast height,
1.3 m (DBH). Stem basal diameter (Do) of AC, KO
and B. gymnorrhiz was measured. Tree diameter of
KO and B. gymnorrhiz was also measured at 0.1 m
height (Do.1) and 0.6 m height (Do.6), respectively.
Aboveground biomass (AGB) and belowground
biomass (BGB) were estimated by species-specific
allometric equations for each tree species. These
allometric equations could be seen from Wang et.al
[23].

Bruguiera gymnorrhiza. The objectives were to find
that: (1) both SOC and SN were accumulated in 0100 cm soil layers after SA afforested, in comparison
with the native forest and BF; and (2) discuss how
accumulation of both SOC and SN affected by
afforestation activities.

MATERIALS AND METHODS
Study area. The study was carried out in
Zhanjiang Nature Reserve, which is located at
latitude 20°14'²21°35' N and longitude 109°40'²
110°35' E in Yingluo bay of Guangdong Province,
South China (Fig. 1). The mean minimum (14 °C)
and maximum (32 °C) temperature occurred in
winter and summer, respectively. Mean annual
rainfall was 1724 mm/year. This study site is affected
by irregular-diurnal tidal inundation (tidal height
ranged from 2.53 m to 6.25 m).

Soil parameters. Triplicate 100-cm soil cores
were randomly taken from both the bare flat and each
of each quadrat to form a mixed sample, using a
stainless steel corer of 5 cm diameter. Cores were
immediately cut into seven depth sections,
representing depths 0-10 cm, 10-20 cm, 20-30 cm,
30-40 cm, 40-50 cm, 50-70 cm, and 70-100 cm. All
of the soil samples were labeled, sealed in plastic
bags and transported back to the laboratory for
analysis. Soil samples were air dried to constant
weight, then ground and sieved to 0.15 mm after
plant residues and shells were sorted out. Triplicate
soil samples were mixed if these soil samples taken
from the same quadrat. Following drying, all depthinterval samples from the 100-cm soil cores were
weighed to assess dry bulk density. Soil particle size
was determined using a Laser Particle Size Analyser
(Malven Instruments, Master Sizer 2000). Using the
international classification standard of soil particle
size, soil particle size was classified into clay (< 2
ȝP VLOW -ȝP DQGVDQG !ȝP Salinity and
pH were measured using a salinity meter and a pH
meter, respectively; their soil-to-water ratios were
1:5 and 1:2.5. SOC concentration was determined by
wet combustion with K2Cr2O7. In order to reduce the
effect of chlorine ion on the result of combustion, 0.1
g Ag2SO4 was added before H2SO4 added [23]. Total
nitrogen concentration was determined by a Kjeltec
Analyzer Unit (Kjeltec 2300).
Both SOC and SN pools (SP) were estimated
using the following formula:

FIGURE 1
Location of the study area, located in Yingluo
Bay, Guangdong province of South China
Mangroves can be classified into non-native
and native species in this area. These native species
are characterized by the following dominant species:
Avicennia marina, AC, KO, Rhizophora stylosa, B
gymnorrhiza. SA was introduced to restore the
degraded area in 1990s. It was highly adaptive and
grew very fast. The understory of SA community has
been covered by AC and SA. Three distinct sites
were selected: a non-native forest (SA community),
a native forest (AC+KO community), and a bare flat
(BF). The non-native forest is 20 years old with
canopy height more than 6 m. The native forest is
more than 60 years old with canopy height less than
3 m, and it is composed predominately of AC and
KO with occasional B gymnorrhiza.
Biomass estimation. Both above- and belowground biomass were investigated in April of 2012.
Triplicate plant quadrats (10 m h 10 m) were

n

SP = 䌥ȉL ×șL × Ci × (1 - įL  (1)
i =1

Where: n signifies the number of soil layers
involved, Giˁ signifies the gravel content (>2mm)
in the soil layer i; Ti is the bulk density of the soil
layer i (g·cm-3); Ci represents the organic carbon
concentration in the soil layer i (g·kg-1); and Ti
stands for the thickness of the soil layer i (cm).
Statistical analyses. The data on vegetation
biomass, SOC concentration and SOC density were
statistically analyzed by the software SPSS 19.0. The
significance of difference between means for
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mangrove communities while increased in bare flat
(Table 1).
Textural studies revealed that there was little
variation in average soil textural characteristics of 0100 cm soil layers between mangrove communities.
Average sand contents were 42.61% for non-native
SA and 43.83% for native AC+KO; they were
greatly lower than that for bare flat (82.44%). As
mentioned above, mangrove plantation with nonnative SA species would obviously affect soil
conditions and its basic characteristics may be
similar to that of native mangrove communities as
time goes on.

different sampling sites was evaluated using the
Mann-Whitney nonparametric U test (significance,
P<0.05). Coefficients of correlation among different
parameters were used to determine how SOC and SN
affected by SA plantation. Non-linear regression
relationships between SOC/SN concentration and
soil depths were simulated using professional
graphics software Origin Pro 8.0.

RESULTS
Vegetation biomass. The result showed that
AGB was significantly higher in SA than in AC+KO.
Average AGB were 153.23 t/ha for SA and 97.17 t/ha
for AC+KO, respectively; BGB has no significant
difference
between
these
two
mangrove
communities, while average BGB were 28.28 t/ha
for SA and 38.88 t/ha for AC+KO, respectively.
Total vegetation biomass 181.51 t/ha for SA and
136.50 t/ha for AC+KO, respectively. Total
vegetation biomass increased by 9.08 t/(ha·year).
Obviously, vegetation biomass of non-native SA was
remarkably higher than that of native AC+KO,
although stand age was much lower in SA (20 years)
and in AC+KO (> 60 years). This may be attributed
to the high adaptability of SA in poor habitats and
high woody productivity in this region, due to lack
of competition from other woody mangrove species,
and very low rates of herbivory and propagule
predation [24, 25].

Concentration and pools of SOC. In general,
SOC concentration decreased with soil sampling
depth in the mangroves, while SOC concentration
slightly increased in the bare flat (Fig. 2). These
relationships could be approximated by the
following equation: Y = a*Xb (as shown in Fig. 2).
Higher coefficient was found in non-native SA. This
may be attributed to some typical soil sedimentation
happened in native AC+KO (for example, living
vegetation buried in the deep soil layer caused by
hurricane disaster), and higher SOC concentration
occurred especially in 70-100 cm soil layers (Fig. 2).
The weakest coefficient existed in bare flat, and the
reason is that SOC concentration could be affected
by many factors in different extent (e.g. water
erosion and decomposition processes) due to lack of
protective vegetation.
There was slightly higher SOC concentration in
0-10 cm soil layer of non-native SA than that of
native AC+KO. It was indicated that plantation with
non-native SA could rapidly increase carbon
accumulation in the top soil layers. In comparison
with native AC+KO, SOC concentration was much
lower in non-native SA. Except for the 0±10 cm soil
layer, SOC concentration of SA was only 39.29±
72.07% of that AC+KO. Average SOC concentration
for the whole (0±100 cm) soil layer was 20.67 g/kg
for SA and 31.62 g/kg for AC+KO, respectively.
This is because mangrove stems and leaf litters, after
fall and decomposition, mainly incorporate into the
top soil layer, while dead roots add organic matter to
the soil at varying depths [11]. Therefore, higher
organic materials would be incorporated into native
mangrove soils with longer history. There was a
noticeably lower average SOC concentration (7.69
g/kg) in bare flat than in both mangrove communities.
Moreover, much higher SOC concentration occurred
in all soil layers of SA in comparison with the bare
flat. This result suggested that SOC accumulation
also happened in deep soil layers if non-native SA
planted.

Basic soil attributes of different soil layers.
Basic characteristics of different soil layers were
shown in Table 1. In general, bulk density increased
with soil sampling depth for both communities
although no variation pattern existed in bare flat.
Average bulk density values of 0-100 cm soil layers
were 1.03 g/cm3 for non-native SA and 0.83 g/cm3
for native AC+KO; bulk density was higher in SA,
but it was much lower than that for bare flat (1.18
g/cm3). Both soil salinity and soil water content
decreased with soil sampling depth in mangrove
communities; lower values were found in SA (as
shown in Table 1). Soil water content was much
lower in mangrove communities than in bare flat,
while soil salinity was remarkably higher in
mangrove communities in comparison with bare flat.
Similar pH values were found in mangrove
communities and they also decreased with soil
sampling depth. Average pH of the whole soil layers
was 3.83 for both communities and it was much
lower than that of bare flat. This result suggested that
mangrove soil tended to be acidic. Furtherly, both
clay and silt decreased with soil sampling depth in
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TABLE 1
Basic characteristics of different soil layers for both the SA and AC+KO communities and the bare flat
Communi
ty Types

Soil
(cm)

SA

0-10
10-20
20-30
30-40
40-50
50-70
70-100
0-10
10-20
20-30
30-40
40-50
50-70
70-100
0-10
10-20
20-30
30-40
40-50
50-70
70-100

AC+KO

BF

depth

Bulk
density
(g/cm3)

Soil
salinity
(ppt)

Soil
water
content (%)

pH

Clay (%)

Silt (%)

Sand
(%)

0.61
0.90
1.09
1.16
1.10
1.15
1.18
0.60
0.66
0.80
0.88
0.95
0.96
0.93
1.13
1.12
1.42
1.07
1.36
1.07
1.12

5.3
3.7
3.3
3.4
3.4
3.4
2.9
5.3
5.5
4.8
4.6
4.2
4.3
4.7
1.0
1.0
1.1
1.6
1.6
2.0
2.2

89.17
61.94
49.29
45.17
46.34
37.07
34.94
95.06
83.11
72.11
65.04
56.87
55.25
58.66
75.64
78.62
77.56
70.36
74.22
71.02
70.37

5.04
4.40
3.98
3.57
3.33
3.25
3.26
5.02
4.49
4.08
3.76
3.49
3.22
2.76
5.10
5.10
4.62
4.64
4.63
4.96
5.02

9.23
9.70
12.72
11.30
7.38
7.90
5.98
6.77
10.33
8.42
12.19
7.20
11.55
10.18
2.66
1.07
2.76
2.89
3.14
3.27
3.45

53.94
52.56
58.79
45.00
43.31
46.63
37.29
40.27
49.55
50.89
51.59
36.44
51.94
45.91
17.90
7.31
13.09
14.69
15.91
18.17
16.57

36.83
37.74
28.49
43.70
49.31
45.47
56.73
52.96
40.12
40.69
36.22
56.36
36.51
43.91
79.44
91.62
84.15
82.42
80.95
78.56
79.98

SOC pools in a 100 cm soil layer are illustrated
in Fig. 3. Much higher SOC pool was occurred in
native AC+KO in comparison with non-native SA.
SOC pools of the SA and AC+KO were 261.50 t/ha
and 183.98 t/ha, respectively. SOC pool of SA only
accounted for 70.36% that of AC+KO, although
relatively higher vegetation biomass found in SA.
This is due to lower carbon concentration occurred

in 10-100 cm soil layers of SA, as mentioned last
paragraph. However, it was also noted that SOC pool
of SA was remarkably higher than that of bare flat
(97.32 t/ha). The former was almost double times of
the latter. Thus, plantation with SA can be considered
to be one of good choice to improve habitat quality
by accumulating soils and SOC.

FIGURE 2
SOC concentration of various soil layers in both the SA and AC+KO communities
and the bare flat
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higher net primary productivity in comparison with
AC+KO in the subtropical area of South China [2628]; subsequently, much more organic materials
were accumulated in top soil layers. In general, there
was much lower SN concentration in non-native SA
in comparison with native AC+KO. Except for the 010 cm soil layer, SN concentration of SA was only
49.47-74.18% of that AC+KO. Average SN
concentration for the whole (0±100 cm) soil layer
was 0.99 g/kg for SA and 1.36 g/kg for AC+KO,
respectively. However, there was a noticeably lower
average SN concentration (0.65 g/kg) in bare flat
than in both mangrove communities. Unlike SOC,
much higher SN concentration was occurred in 0-70
cm soil layers of SA in comparison with the bare flat.
Moreover, the ratio values between SN concentration
of bare flat and SA community decreased with soil
sampling depth. This result suggested that SN of
deep soil layers could be affected by non-native SA
plantation, but affection degree decreased with soil
depth increased due to less plant litter and dead roots
reached in these deep soil layers.
SN pools in a 100 cm soil layer are shown in
Fig. 5. Much higher SN pool (10.28 t/ha) occurred in
native AC+KO in comparison with non-native SA
(8.37 t/ha). SN pool of SA only accounted for 81.46 %
that of AC+KO, although there was no significant
difference between these two communities. Notably,
it was also found that SN pool of SA was slightly
higher than that of bare flat (8.00 t/ha). In
comparison with SOC, it was suggested SN could be
less affected by SA plantation.

FIGURE 3
SOC pools in both the SA and AC+KO
communities and bare flat
*Column mark with asterisk indicated a
significant difference between two mangrove
communities.
Concentration and pools of SN. SN
concentration of various soil layers was illustrated in
Fig. 4. Similar to SOC, SN concentration decreased
with soil sampling depth in the mangroves, while SN
concentration increased in the bare flat. These
relationships could be simulated by the following
equation: Y = a*exp{b/(X+c)} (as shown in Fig. 4).
Higher coefficient also occurred in non-native SA
than in native AC+KO. This is because both SN and
SOC have the same sources of organic materials.
Higher SN concentration was in 0-10 cm soil
layer of non-native SA than that of native AC+KO.
The result indicated that plantation with non-native
SA could be in favor of nitrogen accumulation in the
top soil layers. This can be explained that SA has a

FIGURE 4
SN concentration of various soil layers in both the SA and AC+KO communities
and the bare flat
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TABLE 2
3HDUVRQ¶VFRUUHODWLRQFRHIILFLHQWV 5 DPRQJVWXGLHGattributes of soil
Parameters
Bulk
Density
SOC
Soil water
content
TN
salinity
pH
Clay
Silt
Sand

Bulk
Density

SOC

1
-0.840**

1

-0.761**
-0.889**
-0.812**
-0.278
-0.232
-0.337*
0.324*

0.529**
0.877**
0.901**
-0.043
0.197
0.279
-0.269

Soil water
content

1
0.733**
0.415**
0.631**
-0.051
-0.039
0.043

TN

salinity

pH

Clay

Silt

1
0.782**
0.313*
0.169
0.253
-0.242

1
-0.128
0.268
0.392**
-0.376**

1
-0.136
-0.116
0.123

1
0.848**
-0.901**

1
-0.994**

Sand

1

**P<0.01, *P<0.05.
In comparison with the bare flat, both SOC and SN
concentration and their pools were generally much
higher in SA (Fig. 2, Fig. 3, Fig. 4, and Fig. 5).
Similar results were obtained by Zhang et.al [33] in
mangroves of Zhanjiang, South China. They found
SOC and SN concentration of afforested mangroves
accounted for more than 200% that of bare flat; and
SOC pool of 0-100 cm soil layers was 189% of that
in the bare flat. Furtherly, Ren et.al [10] found that
SOC pools (0-20 cm) increased along with biomass
increasing in non-native SA mangroves of South
China. These results demonstrated that afforestation
would be beneficial to both SOC and SN
accumulation in mangrove sediments. Soil organic
materials (both SOC and SN included) can be
derived from local mangrove production
(autochthonous) and also can be imported and
subsequently deposited (allochthonous) by the tide
or rivers from the adjacent upland ecosystems [12,
34]. As reported by others, the higher SOC and SN
accumulation could be attributed to the higher
production of leaf litter and root litter in non-native
SA mangroves [26, 35]. In addition, extensive root
systems of non-native SA mangroves could promote
both the retention of organic materials and the
deposition of the finer soil fraction which has a high
SOC concentration [36], while no vegetation existed
in the bare flat. The slower decomposition of litters
and organic matter in sediments also contributed to
the higher soil organic material accumulation in nonnative SA mangroves [37].
SOC and SN distributions were strongly
stratified with depth in mangroves, which had the
highest C and N concentration in the top 20 cm. As
noted, average SOC and SN concentration (0±100
cm) were 34.63% and 27.21% lower in non-native
SA than in native AC+KO, respectively; SOC pool
of SA only accounted for 70.36% that of AC+KO
and SN pool was slightly lower in the former than in
the latter, while much higher biomass occurred in
non-native SA. These results are consistent with the

FIGURE 5
SN pools in both the SA and AC+KO
communities and bare flat
Correlations between soil attributes.
Correlations between soil attributes were shown in
Table 2. Correlation analysis showed that there were
significantly positive correlations between these
parameters such as bulk density, SOC, TN, soil water
content and soil salinity. Moreover, pH was
significantly correlated with soil water content and
TN concentration. Soil salinity was obviously
correlated with both silt and sand content. Silt
contents, clay contents and sand contents also
correlated with each other. These results suggested
that soil attributes are interrelated and interacted with
each other while they were influenced by mangrove
structures and hydrological conditions [9, 29].

DISCCUSSION
Effects of non-native SA plantation on both
the SOC and SN. Mangrove afforestation can be
expected to improve soil conditions and mitigate the
greenhouse effect by absorbing carbon dioxide [10,
11, 30-32]. In this study, it was supported that both
SOC and SN concentration would be significantly
affected by afforested non-native SA in mangroves.
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study was remarkably lower than that of mangroves
in Micronesia and SOC pools (to 100 cm soil depth)
were 414 and 411 t/ha in the Palau and Yap sites,
respectively [5]. However, SOC pools here were
closest to the value (288.65 t/ha) in Hong Kong but
much higher than mangroves, Japan (57.3 t/ha) [41,
42]. This may be attributed to the lower latitude of
Micronesia which resulted in the higher carbon-rich
soil. SOC concentration of mangroves in Micronesia
ranged from 73 g/kg to 120 g/kg which was
significantly higher than these observed values for
this study (13.13±39.01 g/kg). Besides soil depth,
SOC pools are subject to wide temporal and spatial
variability since they are regulated by a variety of
factors such as primary productivity, location,
species composition and forestry chronosequence
[36, 43]. According to these results of Zhang [44]
and Sun [45], SOC pools (0-100 cm) of upland
mature forests ranged from 105.73 t/ha to 117.68 t/ha
in subtropical regions of South China. Obviously,
SOC pools were much higher in mangroves, in
comparison with upland mature forests at the same
latitude. This substantial difference can be largely
explained by the higher SOC concentration
throughout the soil profile due to slow
decomposition of litters and organic matter in
sediments in the mangroves [5, 33].
In this study area, SN pools were 10.28 t/ha for
AC+KO and 8.37 t/ha for SA, respectively. This
result was consistent with Alongi et.al [46]. They
found in different arid coastal settings of Western
Australia that there were 10.3 t/ha in the Rhizophora
stylosa and 11.7 Mg t/ha in Avicennia marina,
respectively. However, these SN pools were greatly
higher in comparison with the value (2.73 t/ha) of
Japan [41]. Difference in SN pools can be ascribed
to the variance in forest age, climate conditions and
forest structures among different locations. SN pools
of mangroves were similar to upland mature forest.
Sun [45] reported that SN pool of upland mature
forest was 9.16 t/ha, although there was higher SN
concentration in various soil layers of mangroves
than that of upland mature forest. This result can be
explained by their difference in soil bulk density.
Average soil bulk density (0-100 cm) ranged from
0.83 g/cm3 to 1.18 g/cm3, while soil bulk density of
upland mature forest was 1.32 g/cm3 [45].

observations of other researchers. For example,
Zhang et.al [33] found that SOC pool (0-100 cm) was
41% lower in non-native mangroves than in native
mangroves of Guangdong, South China. Yan et.al
[38] also found that SOC pool (0-120 cm) was
remarkably higher in KO-plantation mangroves
(144.5 t/ha) than in natural mangroves (192.8 t/ha) of
Fujian, South China. These differences may be
mainly caused by forest age. At the sampling time,
SA was only 20 years old but AC+KO was more than
60 years old. Age difference suggested that much
higher foliage and root litter returned into the
anaerobic sediments in AC+KO than in SA [6, 10,
33].
Notably, both SOC and SN concentration of 020 cm soil layer were slightly higher in SA than in
AC+KO (Fig. 2 and Fig. 4). This is because much
more leaf and root litter could be returned and stored
in the 0-20 cm soil layer of SA. It was reported that
plant-litter production of nature mangroves ranged
from 631 g/m2 to 1389 g/m2 while plant-litter
production of 6 and 7 years old SA were 1888 g/m2
and 1895 g/m2 [16]. Moreover, Lin [39] reported that
fine root biomass of 0-30 cm soil layer accounted for
38.60% that of 0-120 cm soil layer in KO of Fujian,
South China; Han et.al [18] also found fine root
biomass of 0-20 cm soil layer accounted for 39.56%
that of 0-100 cm soil layer in SA of Leizhou
Peninsula, South China. Thus, relatively higher SOC
and SN concentration occurred in the top soil layer
of SA. However, both SOC and SN concentration of
SA decreased more quickly with soil sampling depth
compared to AC+KO, although they were generally
higher than that of the bare flat (Fig. 2, Fig. 4).
Higher SOC and SN concentration occurred in the
20-100 cm soil layer of AC+KO than that of SA. It
was well known that foliage litter mainly deposited
in top 20 cm soil layer but hardly entered the deeper
soil layers (> 20 cm), and that root biomass (litter)
decreased sharply with soil sampling depth [18, 39,
40]. At the same time, less root litter could be
accumulated in deeper soils because of the shorter
growth history in SA. In other words, both SOC and
SN of the top 20 cm soil layer were firstly affected
by afforestation in mangroves.
Both SOC and SN pools in comparison with
other forests. In this study area, SOC pools were
261.50 t/ha for AC+KO and 183.98 t/ha for SA,
respectively. These SOC pools are at the lower end
of SOC pools for mangroves of Asia and the Pacific.
Fujimoto [35] reported that SOC pools ranged from
220 t/ha to 4200 t/ha with an average pool 887 t/ha
in the region (soil samples collected from 1±2 m).
Because SOC pools was only estimated based on the
top 100 cm data, SOC pools were underestimated in
this study when compared with those reported in
Fujimoto (2004). Furthermore, SOC pools of this

Effects of afforestation with non-native SA
along the coastline of South China. Afforestation
with fast-growing tree species has been
recommended to protect the coastline and increased
SOC sequestration [10, 47, 48]. As shown in Fig. 3
and Fig. 5, SOC pool of bare flat was only 52.90%
of that in the SA while SN pool was also higher in
SA than in bare flat. Therefore, in order to sequester
more SOC, SA can be considered as a key
afforestation species for coastal area in South China.
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facilitate the reestablishment of native mangrove
species.

In the past decades, the total area of SA plantations
reached 3, 800 ha in South China and it accounted
for more than half of afforestation area [17].
According to mangrove afforestation plan in the next
ten years, an additional 60, 000 ha of mangroves will
be planted along the coastline of South China and SA
is considered as one of the leading choices. If 50%
of the total afforestation area in this plan, there will
be 33, 800 ha SA mangrove planted in the coastal
mudflats. Annual SOC accumulation rate of 0±100
cm soil layer was 4.33 t/(ha· year) in a 20-year SA
plantation in this study. It is expected that SOC
sequestration will be estimated at 0.15 Tg/year after
these plans carried out in South China. Afforestation
with SA will increase carbon storage from 3.29 Tg
(before the plan) to 6.22 Tg if forest age of these SA
plantations is 20 years planted in the bare flat.
However, SOC storage in this study may be
underestimated because it was only based on data
from the upper 100 cm soil layer. It has been reported
that organic-rich soil may extend to several meters in
depth [6, 49].
Although SA plantation is benefit to improving
soil conditions and increasing carbon sequestration,
there are still debates on whether non-native SA in
China is an invasive species. As an exotic species,
SA showed higher adaptability in the species-poor
barren flat with higher survival and growth rate. At
present, invasion of SA have been found in Shenzhen,
Dong Zhaigang, and Hong Kong of South China [25].
It was reported by Ren et.al [10] that after the exotic
SA planted, several native mangrove species
occurred in 5-year SA plantations but they all died
later due to shading effect of high density canopy and
high stems. According to result of Liao et.al [21], one
individual of SA may out-compete 21 native
mangrove individuals. Li et.al [50] reported that SA
had strong allelopathic effects on germination and
seedling growth of four native mangrove species.
However, it was still believed by some researchers
that SA does not have high invasion ability in certain
locations and that SA plantations can greatly modify
the environmental conditions in a way accelerate the
survival and establishment of the propagules of
native species [25, 51, 52]. Liao et.al [53] and Tian
et.al [52] reported that SA had medium niche width,
low propagative rate and propagation ability in
comparison with native mangrove species in South
China. Therefore, non-native SA will be hard to take
over or out-compete the native mangrove species,
completely. Furtherly, invasion of SA has been not
observed in the north boundary of the mangrove
forests in South China [25]. In this study area, it was
observed that native species AC occurred in
understory of SA community because of their
relatively low dense canopy. It was concluded that
SA can be considered as a pioneer species to improve
habitat quality by accumulating sediments and

CONCLUSIONS
Mangrove plantation (20 years old) with nonnative SA accumulated relatively higher biomass
than these native natural mangroves (˚60 years old
AC+KO). Both SOC and SN concentration were
slightly higher in the top 20 cm soil layer of SA than
that of AC+KO, because of higher leaf and root litter
mainly returned in the top soil layer. Both SOC and
SN concentration of SA decreased more quickly with
soil sampling depth compared to AC+KO. In
comparison with the bare flat, there were remarkably
higher SOC concentration, SN concentration and
SOC pools in SA. Other obvious effects of nonnative SA plantation are: more deposition of finer
particles; increase in soil physicochemical properties
such as soil water content and soil salinity; and
decrease in soil pH and bulk density up to 100-cm
soil depth. It was concluded that mangrove
plantation with non-native SA has the potential to
increase SOC sequestration and improve soil
conditions.
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DETERMINATION OF ZOOPLANKTON COMMUNITY
STRUCTURE, BIOMASS AND TROPHIC STATE OF A
SHALLOW TURBID LAKE
Zeynep Dorak*, Latife Koker, Onur Saglam, Reyhan Akcaalan, Meric Albay
Department of Freshwater Biology, Fisheries Faculty, Istanbul University, Istanbul, Turkey

Manyas were determined to be physical variables
and favorable food availability.

ABSTRACT
Lake Manyas is an important area for bird
conservation, due to its location along the world
wide
migratory
waterbird
route.
Heavy
cyanobacterial blooms occur in this highly turbid
and shallow lake during summer and early autumn
months, and excessive fish kills were observed after
the blooms. The purpose of the present study was to
characterize the zooplankton fauna of the pelagic
food web to its relationship with selected water
quality variables, and to evaluate its contribution to
the food chain namely as abundance and diversity in
a hypereutrophic shallow lake. Zooplankton and
water samples were collected bimonthly at five
stations from the open water of the lake between July
2010 and February 2012. During the study period a
total of 48 taxa were recorded (3 taxa for Copepoda,
6 taxa for Cladocera, and 39 taxa for Rotifera).
Rotifera was the most abundant group of the
zooplankton community, comprising 81.2% of all
samples, followed by Copepods 10.3% and
Cladocerans 8.5%. Zooplankton community of the
lake was dominated by eurytopic euplanktonic
species Keratella cochlearis (21.8%). According to
the QB/T index, Lake Manyas showed a eutrophic
character (QB/T=2.3). The outcome of the statistical
analysis showed that zooplankton fauna and its
abundance were influenced mainly by water
temperature, suspended particulate matter, and
Secchi disk depth (transparency), respectively. The
dense turbidity of Lake Manyas may be responsible
for the elimination of sensitive organisms (largersized cladocerans and copepods) over time, and also
allow the dominancy of rotifers. Moreover
cyanobacterial blooms affected crustaceans
negatively, through poor food quality and harmful
toxins. Temperature had a positive effect on rotifers
as a result of population growth rates and available
food. Consequently, the main factors that altered the
composition and abundance of zooplankton in Lake

KEYWORDS:
Zooplankton, Rotifera, Water Quality, Shallow Lake
Manyas, Turkey

INTRODUCTION
Due to their ecological and economical
importance, many studies have focused on shallow
lakes in recent years. Generally, the maximum depth
of shallow lakes is between three and eight meters,
and through wind-induced turbulence they are not
stratified. This continuous mixing causes nutrient
exchange between the sediment and water column,
therefore shallow lakes are susceptible to serious
eutrophication pressure [1].
Shallow lakes are important areas for
biodiversity and ecosystem services [2,3,4],
ecologically however, due to human pressure they
are endangered habitats. Therefore, these areas have
gained importance and are becoming protected, with
the development of management plans to protect
biodiversity [3].
Although invertebrates are an important link
between higher and lower levels of the food web as
secondary producers, most studies have been carried
out on the biodiversity and abundance of benthic
insects [5], rather than microcrustaceans in shallow
lakes [6]. Zooplankton, which is a microcrustacean
group, feed on microbes and protists [7], have a short
generation time and high reproductive rate [8], are
important for nutrient recycling [9], and they
constitute part of the diet of higher trophic levels [8].
Consequently, zooplankton is the secondary
producer group of the food chain in aquatic
ecosystems, and they provide a flow of energy
through the food chain. Also, zooplankton may be a
good food source for water birds via consumption of
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fish, which feed on zooplankton [10]. For this reason
determining the fauna and abundance of zooplankton
in shallow lakes, may enable an estimation of the
functional role of populations [11,6].
In the Bird Paradise National Park about 266
bird species are nesting and more than 90 are
breeding [12]. The main vegetation of the park are
meadows and willow trees, and they are partially
covered with water. Lake Manyas is an important
area worlwide, both for migratory birds and
wildfowl species, and also is an important breeding
area for herons. On the other hand, the lake is an
important reproduction area, as well as an
accommodation area for many native and migratory
water birds (Dalmatian Pelican, Spoonbill, Pygmy
Cormorant, other cormorants, White Pelican, White
Stork, Red-footed Falcon, geese, swans, ducks and
pink flamingos).
In the present study, we aimed to determine the
zooplankton fauna, abundance and the relationship
with some water quality variables of Lake Manyas,
due to both the importance of the study area, and the
critical importance of zooplankton in secondary
production. Thus the obtained data may enable an
estimate of the potential contribution of zooplankton
to the energy flow and ecological function of a
shallow lake.

comprising 23 species was dominated by Cyprinus
carpio
L.,
Esox lucius
L., Scardinius
erythrophthalmus (L.), Rutilus rutilus (L.), Gobius
fluviatilis L., Vimba vimba (L.), Carassius gibelio
(B.) and Blicca bjoerkna (L.) [15,16,17].
Furthermore, B. bjoerkna is the most abundant fish
species in recent years [18]. Fish kills were observed
after heavy cyanobacterial blooms occurred during
the summer and early autumn months in Lake
Manyas.
Sampling. The present study was carried out
bimonthly at five non vegetated stations (St.1 was
located in the middle of the lake, and others were
located 200 m away from the streams) of Lake
Manyas between July 2010 and February 2012
(Figure 1). Physical, chemical and biological
variables included Chlorophyll-a (Chl a), and
community structure and diversity of zooplankton
were investigated at bimonthly intervals.
Transparency of the lake was measured using a
Secchi disk. To determine the water quality of the
lake, the water samples were collected at 0.5 m depth
using 5 L van Dorn bottles. During the sampling
period salinity, dissolved oxygen (DO), conductivity
(EC), water temperature (T) and pH were measured
in situ using the YSI 6820 Multi-parameter
Instrument. Suspended particulate matter (SPM) was
determined following the procedure of APHAAWWA [19]. Chl-a analyses were performed
according to Nusch [20]. All variables were
measured in triplicate.

MATERIALS AND METHODS
Study area. Lake Manyas is located in the
western part of Turkey. The streams of Kocacay,
Murvetler, and Sigirci are the main water sources of
the lake. The stream inflows, as well as annual
rainfall feeds the lake (Figure 1). The main outflow
of the lake is the Karadere stream (Figure 1).
Maximum depth of the lake is 3.4 m (mean depth 1.7
m), and its surface area is 159 km2. The northeastern
part of the lake, where the Sigirci stream joins the
lake, known as the Bird Paradise National Park
covers a 64 hectare forest area. This part of the lake
has been declared a national park since 1959 and was
awarded with the A class diploma by the European
Council in 1976. In 1993, the lake was included as a
wetland under the Ramsar Convention [13].
Celik and Ongun [14] reported that the open
water phytoplankton flora of Lake Manyas were
represented by Chlorophyta (47%), Bacillariophyta
(33%), Cyanobacteria (15%), and Euglenophyta
(5%) (as the total number of species). The flooded
lake bed, where the study was carried out, does not
contain any vegetation. The fish fauna of the lake

FIGURE 1
Distribution of sampling sites in Lake
Manyas, Balikesir, Turkey.

835

© by PSP

Volume 26 ± No. 1a/2017, pages 834-845

Fresenius Environmental Bulletin





Zooplankton community structure and
diversity. Zooplankton samples were collected at
0.5 m depth at each station by filtering 12 L of water
through a plankton net with a  ȝP PHVK VL]H
immediately preserved with 4% formaldehyde
solution and in the laboratory, organisms were
identified to species level, under a binocular
microscope and counted under an inverted
microscope. All the densities are presented as
number of individuals per liter (ind. L-1). The
following references were used to identify
specimens: Dussart [21], Koste [22] and Margaritora
[23].

correspondence analysis: DCA), the proper analysis
was determined as the linear model of redundancy
analysis (RDA), due to the length of the gradients
(SD<2) [29]. In the present study, we have 7
measured environmental variables and Chl-a. Rare
species were not included in the canonical analysis,
instead species, which were >2% of total
zooplankton abundance were used. To guard against
interpretation of spurious axes, the statistical
significance of the first and all the ordination axes
were tested by Monte Carlo permutation test (999
unrestricted permutations). The multicollinearity of
all these variables, which were used in RDA, were
checked using Variance Inflation Factors (VIF) [30].
The computer program Canoco 4.5 performed DCA
and RDA analyses for Windows.

Data analysis. To determine the trophic state
of Lake Manyas, Trophic State Index (TSI) [24], and
Organization for Economic Cooperation and
Development (OECD) criteria were used. TSI was
calculated using TP (μg L-1), Chl-a (μg L-1), and SD
(m) with the following formulas: TSI(SD)=60-14.41
ln(SD); TSI(Chl-a)=9.81 ln(Chl-a)+30.6, and
TSI(TP)=14.42 ln (TP)+4.15. Also, to biologically
determine the trophic state of the lake a QB/T index
was used[24]. This index (QB/T) was calculated by
determining the ratio of number of Brachionus
species to the number of Trichocerca species.
The data were controlled for normal
distribution
(Shapiro-Wilk
test)
and
for
homogeneity. The data did not show normal
distribution, therefore all abiotic and biotic variables
were log-transformed (log (x + 1)) to ensure normal
distribution before statistical anaylsis.
Shannon-Wiener diversity index (H') [26],
Pielou evenness (J) [27], and species richness (S) (as
the total number of species) indices for zooplankton
for each sampling time were computed.
PHDUVRQ¶V correlation factors were applied
between physicochemical variables, Chl-a, and
diversity indices, and between physicochemical
variables, Chl-a, and abundance of zooplankton
[28].
To determine space and time differences of the
zooplankton
community,
Chl-a,
and
physicochemical variables analysis of variance
$129$  ZDVXVHG7XNH\¶V+RQHVWO\6LJQLILFDQW
Different (HSD) test was applied to identify sources
of variation, when significant differences were
determined as a result of ANOVA. These statistical
analyses were performed using SPSS 19.0.
To determine the relationship between all
variables (biological and physicochemical), a
canonical ordination method was applied. According
to the results of the first analysis (detrended

TABLE 1
General physicochemical and Chlorophyll-a
characteristics of Lake Manyas during the study
period.
Variable
Chlorophyll-a (μg L-1)
7HPSHUDWXUH &
DO (mg L-1)
pH
EC (μS cm-1)
Secchi disc depth (cm)
SPM (mg L-1)

range
0.89-506.16
5.5-30.6
6.44-13.53
7.32-9.87
202-487
10-54.5
121-4544

mean± stdev.
87.63±86.1
17.38±7.56
9.16±1.6
8.94±0.48
343.86±72.16
26.27±11.9
479.58±46.8

RESULTS
Water quality and Chlorophyll a
characteristics. Environmental variables and Chl-a
concentrations in Lake Manyas during the study
period are shown in Table 1. Water temperature
showed seasonal patterns, with the lowest value
determined in winter (February, 5.5   C), and the
highest detected in summer (July, 30.6   C). DO
concentrations did not showed notable variations
during the study period, and relatively high values
were determined in cold months. DO did not show a
correlation with any variable. The pH was low
during the winter months and showed a positive
correlation with water temperature (Pearson
correlation; r=0.59, p=0.000, p<0.01, N=150). EC
values increased in September 2010 and September
2011 (mean 396 μS cm-1 and 388 μS cm-1,
respectively). The highest EC values were
determined at St. 5 (mean 389 μS cm-1), where the
highly polluted Sigirci stream joined the lake. Due to
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with water temperature (Pearson correlation;
r=0.379, p=0.008, p<0.01, N=150).
According to the results, significant differences
were detected for all variables (p<0.05, N=150),
temporally; and also all variables, except water
temperature, transparency, and SPM (p>0.05,
N=150), showed spatial differences between stations
(p<0.05, N=150) (Table 2).
According to the TSI (TSI (SD)=0.11, TSI (Chla)=75.17, and TSI (TP)=95.94), and OECD (TP>100
μg/L; Chl-a >75 μg/L, and Secchi disk depth <0.7m)
results Lake Manyas was found to be in a
hypereutrophic state (Albay et al., unpublished data).

wind induced re-suspension in the shallow lake,
transparency decreased significantly in November
2011 (mean 13 cm). The lowest SPM concentration
was determined in July (121 mg L-1), whereas the
highest was in January (4544 mg L-1). The inflows
that carry the alluvial materials to the lake in rainy
seasons, influenced the transparency and SPM
concentration. Also, increasing phosphate fertilizer
use due to increasing agricultural activities around
the lake, and the use of the lake environment as
grassland for bovines was responsible for the
alteration of water quality of the lake. Chl-a
concentrations were determined to be significantly
higher in May and July, and correlated positively

TABLE 2
One way ANOVA assessing the effects of spatial and temporal variables on some physicochemical
variables and Chlorophyll a.

Chl a
T
DO
pH
EC
Transparency
SPM

ANOVA, p<0.05, N=150
Temporally (months)
Spatial (stations)
F(9,140)=4.567, p=0.000
F(4,145)=11.431, p=0.000
F(9,140)=1000.9, p=0.000
F(4,145)=0.101, p=0.982
F(9,140)=6.904, p=0.000
F(4,145)=2.568, p=0.041
F(9,140)=6.625, p=0.000
F(4,145)=7.974, p=0.000
F(4,145)=9.871, p=0.000
F(9,140)=8.325, p=0.000
F(4,145)=1.155, p=0.334
F(9,140)=61.613, p=0.000
F(4,145)=1.016, p=0.401
F(9,140)=3.446, p=0.001

TABLE 3
Zooplankton species composition of Lake Manyas.
Copepoda
Acanthocyclops venustus (Norman & Scott, 1906)
Cyclops vicinus vicinus Uljanin, 1875
Metacyclops gracilis (Lilljeborg, 1853)
Cladocera
Alona guttata Sars 1862
Bosmina longirostris (O. F. Muller, 1776)
Ceriodaphnia reticulata (Jurine,1820)
Chydorus sphaericus (O.F. Muller 1785)
Daphnia longispina O.F. Muller 1785
Diaphanosoma brachyurum (Lieven, 1848)
Rotifera
Asplanchna girodi De Geurne, 1888
A. priodonta Gosse, 1850
A. sieboldi (Leydig, 1854)
Brachionus angularis Gosse, 1851
B. budapestinensis Daday,1885
B. calyciflorus Pallas, 1776
B. caudatus Barrois & Daday, 1894
B. diversicornis (Daday, 1883)
B. quadridentatus Hermann 1783
B. urceolaris Müller, 1773
Cephalodella gibba (Ehrenberg, 1832)
Colletheca spp.
Dicranophoroides caudatus (Ehrenberg, 1834)
Euchlanis dilatata Ehrenberg, 1832

Rotifera
E. triquetra Ehrenberg, 1838
Filinia longiseta (Ehrenberg, 1834)
F. maior Carlin 1943
F. terminalis (Plate, 1886)
Hexarthra mira (Hudson, 1871)
H. oxyuris (Sernov, 1903)
Keratella cochlearis(Gosse, 1851)
K. quadrata (Muller, 1786)
K. valga Ehrenberg, 1834
Lecane luna (O.F.Muller, 1776)
Lepadella ovalis (Muller, 1786)
Notholca acuminata (Ehrenberg, 1832)
N. caudata Carlin, 1943
N. squamula (Muller, 1786)
Platyias quadricornis (Ehrenberg, 1832)
Polyarthra euryptera Wierzejski, 1891
P. vulgaris (Carlin, 1943)
Pompholyx sulcata (Hudson, 1885)
Synchaeta litoralis Rousselet, 1902
S. pectinata Ehrenberg, 1832
S. oblonga Ehrenberg, 1832
Trichocerca cylindirica (Imhof, 1891)
T. pusilla (Jennings, 1903)
T. similis (Wierzejski, 1893)
Rotaria rotatoria (Pallas, 1766)
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(7.1%) (Table 4). Other identified taxa were
determined in low numbers during a short period of
the study.
Total zooplankton abundance of the studied
period ranged from 367 ind. L-1 (January 2011) to
5825 ind. L-1 (July 2010) (Figure 2). Abundance of
crustaceans (copepods and cladocerans) ranged from
14 ind. L-1 (November 2011) to 1123 ind. L-1 (July
2010), while the abundance of rotifers ranged from
242 ind. L-1 (September 2011) to 4702 ind. L-1 (July
2010). The distribution of zooplankton abundance at
the stations was between 1585 ind. L-1 (St.2) and
2594 ind. L-1 (St.4). Crustaceans (copepods and
cladocerans) attained their highest densities at St.1
(622 ind. L-1), whereas rotifers reached their highest
values at St.4 (Figure 3).

Zooplankton community structure and
diversity. During the study period a total of 48 taxa
were recorded (3 taxa for Copepoda, 6 taxa for
Cladocera, and 39 taxa for Rotifera) (Table 3).
Rotifera was the most abundant group of the
zooplankton community, comprising 81.2% of all
samples, followed by Copepods 10.3% and
Cladocerans 8.5%. Rotifer community of the lake
was dominated (N>2% of total zooplankton) by
eurytopic euplanktonic species K. cochlearis
(21.8%), B. angularis (13.1%), P. sulcata (12.2%),
P. vulgaris (6.7%), T. similis (6.2%), B. calyciflorus
(4.2%), F. longiseta (2.5%), and B. diversicornis
(2.4%), respectively. The most abundant crustacean
taxa were the small-bodied filter-feeding cladoceran
B. longirostris (6.6%), the cyclopoid copepod A.
venustus (2.7%), and copepod nauplii+copepodits

TABLE 4
Densities of main zooplankton taxa in Lake Manyas during the survey period.
N% (>2%)
Acanthocyclops venustus (Aca ven)
Nauplii+Copepodits (Nauplii+Copepodits)
Total copepoda (total copepoda)
Bosmina longirostris (Bos lon)
Total cladocera (total cladocera)
Brachionus angularis (Bra ang)
Brachionus calyciflorus (Bra cal)
Brachionus diversicornis (Bra div)
Filinia longiseta (Fil lon)
Keratella cochlearis (Ker coc)
Polyarthra vulgaris (Pol vul)
Pompholyx sulcata (Pom sul)
Trichocerca similis (Tri sim)
Total rotifera (total rotifera)
Total zooplankton (total zoo)

2.7
7.1
10.3
6.6
8.5
13.1
4.2
2.4
2.5
21.8
6.7
12.2
6.2
81.2
100

min.-max.
(ind. L-1)
2-488
3-1774
4-1924
1-1560
1-1800
1-2440
1-660
1-560
1-678
3-2078
1-1410
1-2282
1-2060
67-6118
76-7824

mean± stdev.
(ind. L-1)
86±113
228±368
304±430
145±279
187±319
338±491
107±147
77±121
200±249
470±553
178±324
359±579
280±481
1676±1650
2065±2049

60

x100

70

50
45
40
35
30
25
20
15
10
5
0

50
40
30

ind./L

ind./L

x100

Taxa abbreviations presented in brackets were used in latter RDA analysis

20
10
0

total copepoda

total cladocera

FIGURE 2
Annual variation of mean values for zooplankton group densities in Lake Manyas.

838

Volume 26 ± No. 1a/2017, pages 834-845

© by PSP

Fresenius Environmental Bulletin


30

x100

25

25
20

15

ind./L

ind./L

20

x100



15
10
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5

5

0

0
St.1
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Total copepoda
Total rotifera

St.3

St.4

St.5
Total cladocera
Total zooplankton

8

15

6

10

4

5

2

0

0

Brachionus spp.
P. vulgaris

F. longiseta
P. sulcata

x100

20

ind./L

ind./L

x100

FIGURE 3
Spatial variation of zooplankton group densities in Lake Manyas.

K. cochlearis
T. similis

FIGURE 4
Annual variation of dominant rotifer taxa in Lake Manyas.

One way ANOVA was used to determine
spatio-temporal differences of the zooplankton
community. Abundances of total zooplankton, each
zooplankton
groups
(Rotifera,
Cladocera,
Copepoda) and dominant taxa (except F.longiseta)
showed significant differences between months
(One way ANOVA, p<0.05), whereas neither of
them showed any spatial differences (One way
ANOVA, p>0.05).
Zooplankton species richness (S) of Lake
Manyas changed between 12 (February) and 33
(November). Generally, we expected a positive
relationship between temperature and species
richness. However, it was not observed in this study.
On the other hand, there was a significant correlation
between pH and species richness (Pearson
correlation; r=0.638, p=0.047, p<0.05, N=50). The
Shannon-Wiener Index (H') for zooplankton
abundance ranged from 1.12 (March 2011) to 2.61
(September 2010), and the equilibrium of the
zooplankton community (J) in a like manner to H',

ranged between 0.41 (March 2011) and 0.75
(September 2010). There was no correlation between
environmental variables, H' and J. However,
increasing zooplankton abundance in warm months
due to increasing temperature, enabled stability of
the zooplankton community in the lake ecosystem.
In the present study, seven Brachionus (B.
angularis, B. budapestinensis, B. diversicornis, B.
caudatus, B. calyciflorus, B. diversicornis, B.
quadridentatus, B. urceolaris) and three Trichocerca
(T. cylindirica, T. pusilla, T. similis) species were
identified. QB/T index of Lake Manyas was 2.3.
According to Sladecek [24] if the QB/T index is
higher than two, then the lake is eutrophic. The result
of the QB/T index for Lake Manyas showed a
eutrophic character.
Relationships between biological and
physicochemical variables. Abundance of total
zooplankton was positively correlated with Chl-a, T,
DO and pH, whereas it was negatively correlated
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The RDA plot showed temporal grouping (as
with transparency during the study period (Pearson
seasonally), but not spatial grouping (stations)
correlation p<0.01, p<0.05, N=150; Table 5). Also,
(Figure 5). Water temperature (0.98), transparency
abundances of each zooplankton groups and
(0.74), and SPM (-0.06) were determined as the most
dominant zooplankton taxa showed significant
important environmental variables for the spatiocorrelations with selected variables (Table 5).
temporal distribution of zooplankton (Figure 5). The
Concerning the RDA, the first two eigen values
abundance of zooplankton increased in warm
explained 26.6% of the cumulative variance of
months as shown in RDA plot B, and most of the
species data. The first two axes showed high
dominant zooplankton taxa correlated with water
correlations between species and environmental data
temperature (Table 5). Also, according to the results
(axis I: 0.770; axis II: 0.398). The first four
of both the Pearson correlation and RDA, all
environmental variables explained 73.4% of the total
zooplankton taxa correlated mainly with water
variance in species data. The result of the Monte
temperature, pH, DO and Chl-a positively, whereas
Carlo permutation test showed significance
they correlated negatively with low transparency and
differences on the first axis (F-ratio = 13.572, Pvalue = 0.001) and all axes (F-ratio = 3.070, P-value
high SPM concentration. (Table 5, Figure 5).
= 0.001).
TABLE 5
Pearson correlations between abundances of total zooplankton, zooplankton groups and dominant
zooplankton taxa (ind. L-1) to physical/chemical variables and Chl a.
r
Chl a
Aca ven
.304**
Nauplii+copepodits
.486**
Bos lon
.255**
Bra ang
ns
Bra cal
ns
Bra div
ns
Fil lon
.505**
Ker coc
.378**
Pol vul
ns
Pom sul
ns
Tric sim
.257*
.401*
Total Copepoda
.329*
Total Cladocera
.241**
Total Rotifera
.242**
Total Zooplankton
**p<0.01; *p<0.05; ns: not significant; N=150

T
.508**
.492**
.242**
.303**
ns
.620**
ns
.216**
ns
.684**
.713**
.445**
.526**
.313*
.395**

DO
.230*
ns
ns
ns
.430**
.379**
ns
ns
ns
ns
.265*
ns
ns
.218**
.188*

pH
.545**
.320**
.200**
.239**
ns
.529**
.361*
.256**
.226*
.581**
.394**
.322**
.421**
.280**
.318**

EC
.285**
.254*
ns
-.211*
ns
ns
ns
ns
-.187*
ns
.250*
.289**
ns
ns
ns

trans.
.347**
.512**
.255**
-.332**
-.509**
ns
ns
.231*
ns
-.226*
ns
.558**
.195*
-.248**
-.215*

SPM
-.231*
-.309**
ns
ns
ns
ns
-.195*
ns
ns
ns
ns
-.292**
-.195*
ns
ns

(B)
FIGURE 5
RDA ordination plots. (A) with samples, and physical, chemical variables; (B) with biological
(zooplankton and Chl a) physical and chemical variables. Numbers 1-10 represent samples taken
bimonthly (1:July 2010; 2:September 2010; 3:November 2010; 4:January 2011; 5:March 2011; 6:May
2011; 7:July 2011; 8:September 2011; 9:November 2011; 10:February 2012), and symbols represent
stations (circle:St.1; filled circle:St.2; star:St.3; square:St.4; filled square:St.5).
(A)
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P. vulgaris, S. pectinata, and B. longirostris), and
also most of them are known as indicators of
eutrophic waters (Brachionus spp., E. dilatata, F.
terminalis, K. cochlearis, L. luna, P. quadricornis,
B. longirostris, D. longispina) [34,25,35,36,37,38].
Multivariate analysis revealed that water
temperature and zooplankton abundance showed a
positive correlation (Table 4), and as a consequence
abundance increased with increasing temperature
(Figure 4). Growth rates of zooplankton, especially
rotifers, are influenced by temperature [39,40,41].
Development times of zooplankton species diminish
as temperatures increase; consequently, their
lifespan decreases [42] and reproduction occurs over
a narrow age range [43]. Due to their short
generation times and large reproductive potential,
rotifers are more advantageous for creating a new
population in a short time [41]. In the present study,
abundance of rotifers increased in late summer (July)
and early autumn (September), as reported for other
eutrophic lakes [44,45,41].
In excess nutrient-loaded lakes, like Lake
Manyas, phytoplankton biomass may reach high
levels, and this rise causes increased turbidity [46]
and contributes to the SPM. In these cases,
Cyanobacteria, which are an unfavourable food for
zooplankton [47,48,49], are more able to rapidly
increase in this environment [46,50,51]. The open
water phytoplankton of Lake Manyas was reported
to have a cyanobacterial dominancy both in summer
and fall [14], when zooplankton abundance was high
in the present study. Many authors stated that the
high abundance of Cyanobacteria in warm seasons
in hypereutrophic lakes, such as Lake Manyas, was
related to increased water temperature [52,53,14,54],
and also available food, a favorable environment for
their development [55], and a low transparency
[56,57].
On the other hand, rotifers feed on
phytoplankton, but also detritus and bacteria.
Suitable environmental conditions, for example
temperature and food availability, have a positive
effect on the fecundity rates of rotifers [58]. Food
availability for the zooplankton in the present study
was measured as Chl-a concentration. According to
the results, zooplankton abundance showed a
positive correlation with Chl-a concentration
(Pearson, p<0.01, Table 4). A similar result was
determined in the shallow eutrophic Lake
Okeechobee [59]. Planktonic crustaceans are more
dependent on phytoplankton as food [34,60]. Also,
rotifers and cladocerans are the consumers of the
same type and size of particles [42]. Although

DISCUSSION
The water quality of the lake was identified as
hypereutrophic in terms of both nutrient
concentrations (nitrates and phosphates) and
biological data. This polymictic shallow lake, was
mixed by the wind-induced turbulence over all
seasons. Hence, the SPM concentration of the lake
was high, and transparency was low during the
whole season. 6Õ÷ÕUFÕ 6WUHDP ZKLFK ZDV WKH PRVW
polluted water resource of the lake (mean TP is 5 mg
L-1 and mean NO3+NO2 is 12 mg L-1), was the major
source of pollution to the lake. Also, other pollution
threats to the lake were the agricultural wastes of
cultivated areas, livestock activities and poultry
farms around the lake. Heavy pollution loads carried
by the streams give a considerable nutrient increase
to the lake (see above TSI and OECD values). Due
to the flows of streams influenced by weather
conditions, physical and chemical variables of the
lake changed seasonally (Table 2). Also,
environmental conditions varied spatially, according
to the altered water quality of the streams connected
to the lake (Table 2).
As previously stated, that zooplankton of the
shallow eutrophic lakes are usually dominated by
rotifers [31,32]. In the present study the zooplankton
community of Lake Manyas was represented mainly
by the Rotifera group (81.2 %). However, it was
previously reported that the zooplankton of Lake
Manyas was dominated by crustaceans (copepoda
and cladocera), and also rotifers, especially
Brachionus, Keratella and Polyarthra species,
which increased in August and November [33].
Akbulut and Akbulut [33] reported 16 rotifers, 11
cladocerans, and 3 copepods from Lake Manyas in
their study. On the other hand our results suggest,
that the dominance of the zooplankton groups of
Lake Manyas changed over time, and most of the
previously reported crustaceans [Diaphanosoma
orghidani Negrea, Daphnia cucullata Sars,
Simocephalus vetulus (Muller), Scapholeberis kingi
Sars, Moina micrura Kurz, Alona rectangula Sars,
A.
quadrangularis
(Muller),
Leydigia
acanthocercoides
(Fischer),
Arctodiaptomus
pectinicornis (Wierzejski), Acanthocyclops robustus
(Sars)] and some of the rotifers [Conochilus
dossuarius
(Hudson),
Testudinella
patina
(Hermann), Pompholyx complanata Gosse] were not
found in the present study. Most of the identified
zooplankton species in the present study are
cosmopolitan (A. priodonta, B. angularis, B.
calyciflorus, E. dilatata, F. terminalis, K. cochlearis,
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cladocerans are more efficient feeders [61], they did
not reach high numbers during the study period. This
may have contributed to the increase in rotifer
abundance, which was affected negatively by the
high numbers of cladocerans [42]. The high numbers
of rotifers in the present study may be explained due
to the fact that rotifers need greater amounts of food
than crustaceans [62], as a consequence they are
more durable to eutrophic conditions than
crustaceans [41]. The low abundance and diversity
of crustaceans in Lake Manyas may be related to
food quality, that filamentous Cyanobacteria and a
high seston concentration, which are the
characteristics of the lake, provide unfavourable
feeding conditions [63,64,49]. On the other hand, it
was reported that small cladocerans are less sensitive
to Cyanobacteria [65,]. This fact may explain that,
despite the Cladocera group being represented by 6
species in the present study, only small-sized B.
longirotris was found continuously and at greater
abundance (mean 6.6% of total zooplankton) during
the study period.
SPM, which causes turbidity, was reported to
contain phytoplankton, eroded and re-suspended
sediments, waste discharge, algae growth and urban
runoff [66]. Even though turbidity is known as an
obstacle to visual predation, copepods are more
sensitive to turbid waters than rotifers [67]. In the
present study, both copepods and cladocerans
showed negative correlations with SPM, whereas no
relationship was determined between SPM and
rotifers (Table 5). As expected, transparency and
SPM correlated negatively (Pearson, r=- 0.230,
p<0.01, N=150; Figure 5). The negative correlation
of transparency with Chl.a (Pearson, r= -0.197,
p<0.05, N=150) may indicate a high amount of
available food for rotifers, due to organic material
concentration, which include phytoplankton, was
high in this turbid environment.
As known, dissolved oxygen concentration is
the limiting factor for crustaceans, which is greater
than for rotifers [67]. Morever, B. angularis,
Polyarthra and the Filinia taxa of rotifers are durable
to low oxygen concentrations between 0.2 and 1 mg
L-1 [68]. In the present study, we found a high DO
concentration (mean±SD=9.16±1.6 mg L-1) from the
likely permanent mixing of the water. Therefore, DO
may be not responsible for the missing species, their
distribution, and the abundance of zooplankton.
Most of the fish species of Lake Manyas are
benthivorous, and they reached high abundances
(especially B.bjoerkna). During the foraging
activities of benthivorous fish species, turbidity will

increase due to resuspension of the sediment [1]. The
consumption of zooplankton as a food by fish may
be an important factor to determine and alter the
structure of zooplankton assemblages. Namely,
despite macrozooplankton being a main prey for
planktivorous fish, no planktivorous were
represented in Lake Manyas. For this reason, also,
the low abundance of crustaceans, especially largesized cladocerans, in the present study may be
attributed to predatory pressure of YOY (young of
the year) fish of the lake.
The available results in the present study
VKRZHG WKDW WKH ]RRSODQNWRQ IDXQD DQG LW¶V
abundance are extremely affected by temperature,
suspended particulate matter, and Secchi disk depth
(transparency). In the present study, continuous and
increasing turbidity may affect the zooplankton
composition of Lake Manyas, and can eliminate
sensitive organisms (larger-sized cladocerans and
copepods), and also allow the dominancy of rotifers.
Furthermore, excessive increases of cyanobacteria
affected crustaceans negatively, both through poor
food quality and harmful toxins. Temperature has a
positive effect on rotifers, for both population
growth rates and available food. In conclusion,
physical variables and food availability are the main
factors, which affect the composition and abundance
of zooplankton in Lake Manyas.
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consumption means we must evaluate the
organoleptic properties, as along with physical,
chemical and microbiological properties that inform
us about the quality of water intended for drinking
[7]. In 2008 the Polish Sanitary Service checked the
quality of water in artesian wells in Krakow. Those
studies revealed that the water was unfit for human
consumption in a number of wells with respect to
selected parameters [8]. However, people still use all
the wells. No complete analysis of water for
physical, chemical and biological parameters was
carried out for the Krakow wells and such data
remain unavailable in the literature.
We aimed to evaluate the water quality in nine
commonly used artesian wells in Krakow. We
measured organoleptic parameters (directly through
the senses), physical and chemical parameters (with
ions, metals and organic compounds) and
microbiological parameters. We compared the data
with permissible limits and with the previous data
available. Our studies addressed the question
whether the artesian wells in the industrialized city
of Krakow are a safe source for drinking water.

ABSTRACT
Artesian wells are sources of water from the
late Pleistocene era. They are in common use in
Krakow, in southern Poland, where five years ago
limited studies were carried out, the results of which
disputed the potability of water from some of the
wells. This paper presents complex studies carried
out at the end of 2012 concerning the pollution and
composition of water samples from nine artesian
wells. We studied smell and taste, color, turbidity
and conductivity, pH levels, hardness, oxygen
concentration and demand, total organic content,
compound concentrations (NH4+, NO2-, NO3-, Br-,
Cl-, benzene, ethylbenzene, xylene, toluene),
element concentrations (Al, Ca, Cd, Cu, Fe, Hg, Mg,
Mn, Pb, Zn) and the quantity of bacteria. In only one
well was water fit for human consumption. In other
cases, numerous parameters were above the
permissible limits. Most often, the parameters of
color, turbidity and concentrations of Fe and NH4+
exceeded the acceptable levels. In one well the
concentration of benzene also exceeded the
maximum permissible level. The significance of the
differences in the levels between wells shows that
aquifers mix either very slowly or not at all.

MATERIAL AND METHODS
Samples for this study were collected on 2nd
December 2012 between 5 p.m. and 8 p.m. in
Krakow, which is located in the valley of the Vistula
at the interface of three regional tectonic units:
Monocline Silesian-Krakow, Miechów Hutch and
Carpathian
Foredeep
(FIGURE
1).
The
meteorological conditions prior to and during the
collection (from 30th November) were monitored by
the ICM service [9].
Water from nine artesian wells (Table 1,
FIGURE 2) was collected in plastic bottles (3 x 500
mL). The collected samples were examined in the
laboratory of the Institute of Biology (Pedagogical
University of Cracow) for smell and taste, color,
turbidity, conductivity (SEC), pH levels, hardness
(sum of Ca and Mg), concentration of dissolved
oxygen, biochemical oxygen demand (BOD5),
concentrations of the compounds NH4+, NO2-, NO3-,
Br-, Cl-, concentration of the elements Al, Ca, Cd,
Cu, Fe, Hg, Mg, Mn, Pb, Zn and quantity of bacteria

KEYWORDS:
water; groundwater; artesian wells; pollution; metals

INTRODUCTION
Artesian water is a type of groundwater which
lies at a great depth between two impervious layers
of rock. It is generally believed that this type of water
is healthy and should form a part of our daily diet [1,
2, 3]. Krakow has artesian wells commonly in public
use [4]. The springs date back about 10 000 years to
the late Pleistocene era. The ceiling of aquifer rocks
lies at a depth of between 54 m and 68 m below a
thick layer of insulating clay. The performance of
individual wells varies between 300 and 1500 liters
per hour, giving a total of about 84,000 liters per day,
for all the spa wells in Krakow [5, 6].
The exploitation of groundwater for human
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TABLE 1
Physicochemical characteristics of the samples studied (respectively mg/L, NTU and µS/cm) with
maximum permissible levels (or permissible range for pH) according to Polish law [10]
Well no.
Localization
GPS data
Color Turbidity Conductivity pH
1
Osiedle
Tysiaclecia 50.092N
20
26.40
1927
7.48
2
Osiedle Piastow
50.101N
5
4.70
1486
8.23
3
Osiedle
Bohaterow 50.098N
20
36.10
1649
7.84
4
Osiedle Dywizjonu 303
50.085N
5
0.08
1215
7.18
5
Ulica Majora
50.091N
20
4.29
1454
7.78
6
Ulica Podchorazych
50.076N
25
38.30
1034
8.00
7
Plac Inwalidow
50.069N
15
16.20
1104
7.64
8
Plac Sikorskiego
50.061N
10
7.22
1388
8.25
9
Ulica Kosciuszki
50.054N
20
28.20
1298
8.01
Mean
15.6
17.943
1395,0
7.82
SD
7.3
14.662
277.5
0.350
Permis. levels
15
1.00
2500
6.5-9.5
Concentrations of organic compounds (BTEX:
benzene, ethylbenzene, toluene, xylene) and the total
organic content were examined in the laboratory of
the Department of Environmental Management and
Protection (AGH University of Science and
Technology). Most measurements were taken in
accordance with international norms and procedures
used in commercial laboratories (Table 2). Taste and
smell were studied immediately the samples were
taken; concentrations of metals were measured
within two weeks of the samples having been taken;
and all other measurements were taken within 24
hours of the samples’ being taken. The analyses of
metals (with the exception of aluminum) were
carried out in accordance with internal procedures.
Samples for that protocol were stabilized with 1 mL
of nitric acid (65% Ultranal®, POCH) per 500 mL of
water. All samples were initially studied by means of
flame atomic absorption spectrometry (AAnalyst
200, PerkinElmer). If the concentration was below
the limit of quantification, the sample was reanalyzed with electrothermal AAS (AAnalyst 800,
PerkinElmer).
The BTEX concentrations were analyzed with
a gas chromatograph equipped with the Trace Ultra
mass spectrometer detector and DSQ-II (Thermo
Electron Corporation), with helium as a carrier gas.
The RxiTM-1ms capillary column (Restek) was used
(100% polydimethylsiloxane; film thickness 0.25
µm; column length 30 m; column diameter 0.25
mm). The BETX were extracted by means of the
Head-Space method and determined on GC-MS
according to PN-ISO 11423-1. The samples were
incubated in 90˚C for 40 minutes; the column was
heated from 31°C to 200°C at a temperature rate of
16˚C/min.
The bromide concentration was determined by
spectrophotometry with chloramine T as an
oxidizing agent, and phenol red as an indicator. The
bromide
content
was
measured
in
a
spectrophotometer Aurius UV-VIS 2021 Cecil
Instruments Company.

(coliform bacteria, Escherichia coli and intestinal
enterococci, all results given as CFU: colony
forming unit per 100 mL of water).

FIGURE 1
Krakow (dark dot) – sampling area in southern
Poland (dark grey), Central-Eastern Europe

FIGURE 2
The distribution of artesian wells studied (1 to 9)
in Krakow. Green represents natural areas
(parks, forest, bushes), blue represents water
areas (rivers, ponds), white represents
residential areas, retail outlets and recreational
amenities, brown represents industrial areas, red
represents mineral extraction and dump sites.
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In all the analyses each sample was analyzed
twice per analyte and the mean value was used as the
final result. If the RSD level between replicates was
higher than 15%, the sample was re-analyzed. Levels
of all the parameters lower than LoQ were treated as
0. After each ten instrumental measurements the
control sample (with a known concentration or
parameter value) was analyzed. All the recoveries
were positive and satisfactory (100±10%).
All the maps included in the manuscript (with
the exception of FIGURE 1) were prepared with
QGIS 2.2 software with implemented co-ordinate
system EPSG:2180.
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temperatures were stable (up to 2°C and down to 1°C respectively). Precipitation was low and the
atmospheric pressure was stable and close to normal
(Table 3).
In the samples from the artesian wells only one
sample had an acceptable taste and smell (well no.
4). Among the physical and chemical characteristics
of the water studied turbidity revealed the highest
variation (Table 1). The color of the well samples
varied between 5 and 25. Only four had a color value
lower than or equal to 15. The mean pH value for all
the water samples was 7.82 and individual values
varied from 7.18 to 8.25 (Table 1).
Calcium was a dominant cation in all the wells
studied. Magnesium concentrations were a little
lower with a maximum of 93 mg/L in well sample
no. 7 (Table 4). The highest level was found in well
no. 4. Zinc was the next highest concentration with a
mean of 19.0 μg/L.

RESULTS
On the day the samples were taken and for two
days before both the daytime and nighttime

TABLE 2
Summary of the procedures used in the studies with limits of quantification (LoQ)
Parameter

Standards

LoQ

color (visual examination)

PN-EN ISO 7887:2011

5 mg/L Pt

turbidity (turbidity meter)

PN-EN ISO 7027:2003

0.05 NTU

electrical conductivity (electrochemical method)

EN 27888:1993

88 µS/cm

pH (electrochemical method)

PN-90 C-04540/01

-

smell (organoleptic method)

PN-EN 1622

-

taste (organoleptic method)

PN-EN 1622

-

aluminum (UV-VIS spectrometric method)

PN-92/C-04605:02

40 µg/L

calcium (F-AAS method)

internal procedure

30 µg/L

cadmium (ET-AAS method)

internal procedure

0.057 µg/L

copper (F-AAS method)

internal procedure

27 µg/L

iron (F-AAS method)

internal procedure

415 µg/L

mercury (CV-AAS method)

internal procedure

4 µg/L

magnesium (F-AAS method)

internal procedure

30 µg/L

manganese (F-AAS method)

internal procedure

30 µg/L

lead (ET-AAS method)

internal procedure

1.478 µg/L
24 µg/L

zinc (F-AAS method)

internal procedure

the sum of calcium and magnesium (EDTA titrimetric method)

PN-ISO 6059

10 mg/L

ammonium ion (UV-VIS spectrometric method)

PN-ISO 7150-1:2002

0.070 mg/L

nitrates (UV-VIS method with sodium salicitate)

PN-82/C-04576-08

1.00 mg/L

nitrites (molecular absorption spectrometric method)

PN-EN 26777:1999

0.030 mg/L

bromides (UV-VIS method with chloramine T)

internal procedure

0.1 mg/L

chloride (silver nitrate titration with chromate indicator – Mohr's method)

PN-ISO 9297:1994

5.0 mg/L

dissolved oxygen in water (electrochemical probe method)

EN 25814

0.01 mg/L

biochemical oxygen demand after 5 days (BOD5)

EN 1899-2

0.01 mg/L

benzene (GC-MS method)

PN-ISO 11423-1

0.01 µg/L

toluene (GC-MS method)

PN-ISO 11423-1

0.01 µg/L

ethylbenzene (GC-MS method)

PN-ISO 11423-1

0.01 µg/L

xylene (GC-MS method; as the sum of o-, m- and p- isomers)

PN-ISO 11423-1

0.01 µg/L

TOC (GC-MS method)

PN-EN 1484

0.3 mg/L

coliform bacteria (membrane filtration method)

PN-ISO 9308-1

1 CFU/100 mL*

Escherichia coli (membrane filtration method)

PN-ISO 9308-1

1 CFU/100 mL*

intestinal enterococci (membrane filtration method)

ISO 7899-2:2000

1 CFU/100 mL*

*

CFU – colony forming unit.
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TABLE 1
Summary of meteorological conditions in days just before the sampling [9]
Average day Average night
Atmospheric
wind
[m/s]
Date
Precipitation [mm]
temp. [°C]
temp. [°C]
pressure [hPa] (direction)
30.11.2012 2
-1
1 (rain with snow)
1005
2 (→)
1.12.2012
1
-5
0
1017
2 (→)
2.12.2012
2
-3
1 (snow)
1012
3 (changeable)
which was 2.238 mg/L (Table 4).
All the well waters examined contained the
BTEX organic compounds studied. Apart from the
sample of well no. 1, which contained 1.039 μg/L of
benzene, concentrations of this compound did not
exceed 0.610 μg/L. Among other BTEXs studied,
xylene was found in the highest concentrations,
0.974 μg/L. The range of the total organic content
was the highest among all the organic parameters
examined (Table 5).
Apart from one of the samples (from well no. 2,
where one CFU of intestinal enterococci occurred),
no bacteria (none of the bacteria groups studied)
were found in the samples studied.

Iron, manganese and cadmium were found in
significantly lower concentrations (Table 4).
Aluminum, copper, mercury and lead generally did
not occur in the artesian wells studied.
Chlorides predominated over other anions in all
the samples studied (up to 186 mg/L). The
concentration of nitrates was significantly lower and
was found in only two wells (no. 4 and no. 5). The
ammonium ion concentration was significantly
higher than that of nitrites and was found in the
lowest concentrations among all the anions studied.
The variation in the concentration of oxygen was
small and the mean was 5.908 mg/L. BOD5 was
characterized by a higher variation, the mean of

FIGURE 3
Particular variation among wells in biological oxygen demand (BOD5), and concentrations of NH4+, Fe,
Zn, Mg+Ca, Br- and Cl-. The maps correspond to the rectangle indicated in FIGURE 2.
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TABLE 4
Concentrations of elements and ions in samples studied [mg/L] with maximum permissible levels
according to Polish law [10] * values given in µg/L; parameters in bold presented in details in FIGURE 3.
Well no.

Al*

Ca

Cd*

Cu

Fe

Hg*

Mg

Mn

Pb*

Zn

NH4+

NO2-

NO3-

Br-

Cl-

O2

BOD5

1

0

71

0.025

0.00

2.57

0

66

0.00

0

52

1.68

0.14

0

1.17

186

6.90

2.08

2

0

43

0.029

0.00

0.80

0

62

0.53

0

12

1.06

0.03

0

1.15

120

5.63

2.50

3

0

59

0.000

0.00

3.27

0

66

0.08

0

14

1.44

0.01

0

1.05

128

5.67

2.19

4

0

180

0.036

0.00

0.00

0

35

0.00

0

12

0.00

0

30.45

2.02

123

7.62

2.22

5

0

43

0.000

0.00

2.66

0

48

0.00

0

19

1.24

0.01

0.43

0.86

76

5.70

1.11

6

0

57

0.035

0.00

4.60

0

76

0.04

0

11

0.50

0

0

1.62

75

5.43

2.65

7

0

67

0.011

0.00

1.24

0

93

0.02

0

6

0.37

0

0

1.67

74

5.39

2.18

8

0

21

0.036

0.00

0.84

0

34

0.02

0

12

2.72

0

0

0.49

99

5.44

3.24

9

0

47

0.022

0.00

2.65

0

70

0.04

0

31

8.60

0

0

0.69

94

5.39

1.97

Mean

0.0

65.3

0.0216

0.000

2.069

0.0

60.9

0.080

0.000

19.0

1.957

0.021

3.431

1.193

108.3

5.908

2.238

SD

0.0

45.7

0.0146

0.000

1.452

0.0

19.2

0.170

0.000

14.2

2.618

0.046

10.133

1.983

36.0

0.797

0.572

Permis.
levels

200

-

5

2.0

0.200

1

30-125

0.050

10

-

0.50

0.50

50.00

-

250

-

-

TABLE 5
Concentrations of organic compounds in samples studied [µg/L] with maximum permissible levels
according to official Polish regulations [10]
Well no.
Benzene
Ethylbenzene
Toluene
Xylene
TOC*
1
1.039
0.274
0.284
0.880
0.728
2
0.184
0.234
0.442
0.974
0.722
3
0.195
0.134
0.242
0.279
0.001
4
0.305
0.158
0.306
0.381
0.585
5
0.298
0.200
0.378
0.416
0.879
6
0.365
0.074
0.277
0.260
1.031
7
0.171
0.110
0.265
0.193
0.698
8
0.604
0.111
0.229
0.288
0.496
9
0.609
0.062
0.143
0.244
0.101
Mean
0.4189
0.1509
0.2851
0.4349
0.5824
SD
0.2856
0.0724
0.0862
0.2879
0.3392
Permis. levels
*

1.0

-

-

-

5.0

values given in mg/L.
points was governed by the necessity of gathering
information about the pollution and condition of the
artesian wells in Krakow. As may be seen (FIGURE
2) wells Nos 6, 7, 8 and 9 are in a residential area
which also includes retail and leisure outlets. Wells
Nos 1, 2, 3, 4 and 5 are located in the northern and
north-eastern parts of Krakow, and are therefore
closer to its industrial area, part of which is the Nowa
Huta industrial region. Some of these wells are
located near industrial plants and landfills that may
cause pollution of surface waters and therefore pose
a risk to groundwater.
Alpine tectonic movements in the Krakow area
caused the creation of numerous tectonic ridges and
trenches. This stimulated the formation of a
multitude of aquifers: Quaternary, Tertiary,
Cretaceous and Jurassic [5]. The anthropogenic
impact on the upper aquifer is significant and
connected to the centuries-old settlement in the city.
Jurassic and Cretaceous layers, where water might

DISCUSSION
We found great variation in the physical and
chemical levels among well waters from different
parts of Krakow. Only the pH level was
characterized by a narrow range of differences. In all
the water samples calcium and chloride were the
dominant ions. Concentrations of toxic metals, such
as Cd, Hg and Pb, were low. We also noted the
quantifiable concentrations of BTEX compounds.
Microbiological parameters showed that no bacteria
were found in the wells examined (with the
exception of one colony of enterococci in well no. 2).
The sampling method allowed the collection of
representative samples of water from each well. The
year of the study was relatively representative
regarding hydro-meteorological conditions insofar
as neither substantial floods nor droughts were
noted, so the hydrological characteristics of wells
were time representative. The selection of sampling
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study. The substances beyond the reach of legislation
(ethylbenzene, xylenes and toluene) occur in the
samples at levels of 0.062 to 0.974 µg/L. Benzene,
however, exceeds this range and in sample no. 1 it
reached a concentration of 1.039 µg/L. This level
exceeds the permissible levels for drinking water and
thus makes the water unfit for human consumption
[10].
Biochemical oxygen demand (BOD) is an
indicator of the content of the biodegradable organic
matter. Similarly to O2 concentrations, there is no
acceptable level of BOD for groundwater, and it does
not itself specify whether underground water is
contaminated. It rather indicates the general water
quality. According to the US EPA procedures,
evaluation of biological contamination of
groundwater may be carried out by comparison of
the basic parameters of water quality, such as
turbidity, temperature and pH in groundwater, and
surface water or rain. If a positive correlation occurs,
contamination is suspected. These criteria may also
apply to the presence of pathogenic organisms [18].
In accordance with the official regulations on the
requirements for the quality of surface water used for
human consumption (there are no regulations for
groundwater at present), the well water examined,
except for well no. 8, qualify as class A1 [19]. This
means that their level of pollution by organic matter
is minimal.
In eight of wells studied, the iron
concentrations exceeded the permitted level of 0.2
mg/L. Only the water from well no. 4 contained no
iron (FIGURE 3E and Table 4). The increase in mean
iron concentrations over the past 20 years is clearly
noticeable [5]. It is also worth emphasizing that the
permitted level has changed over the years from 0.5
to 0.2 mg/L [20]. As far as copper, aluminum,
mercury and lead ions are concerned, the levels
found placed below the limit of method
quantification. Cadmium concentrations ranged
from the minimal quantification limit to 0.036 µg/L.
All these concentrations fell within the potable water
norms. Similarly, no other levels researched (NO2-,
NO3-, Cl-) exceeded the acceptable levels (Table 4).
Apart from well no. 4, the concentrations of nitrates
and nitrites are low. The concentration of chlorides
in all the samples is significantly higher. This is
particularly true for wells Nos 1, 2, 3 and 4, where
the content of Cl- ranged from 120 to 186 mg/L. This
may be caused by the high mineralization of the
water due to having spent so long in the rock layers
or by the anthropogenic impacts of the centuries-old
city [10]. Only the concentration of manganese in
well no. 2 significantly exceeded the acceptable
level. Levels such as Zn have no acceptable level set,
but in comparison with the average concentration in
groundwater in Poland (15 μg/L), concentrations in
the wells examined are similar [20].
Only the water from well no. 2 contained one
CFU of intestinal enterococci, which made it unfit

remain for thousands of years, are less susceptible to
contamination. Jurassic layers form no single
aquifer, but are cut by faults creating many separate
hydrostructures. Due to the configuration of layers,
the mirror bodies are at different heights, which
hinders the flow of water between neighboring
hydro-structures, as well as with surface water [11].
This may be the reason for the significant variation
in numerous parameters of the water samples studied
(FIGURE 3, Tables 2 to 5).
A common feature in all the wells studied was
the presence of water in the Jurassic and Cretaceous
layer. This layer is rich in limestone which makes its
water fairly hard with high concentrations of calcium
and magnesium (Table 4 and Figure 3G). The high
mineralization of waters from the Jurassic
formations in the Krakow area may also be caused
by confined groundwater tributaries in the fracture
zone [12]. A comparison of the current data with the
results of research carried out in the early 1990s
showed that calcium and magnesium concentrations
have not changed significantly over the last twenty
years [5]. Interestingly, even though the calcium
concentrations decreased by a few percent, the
magnesium concentrations increased, maintaining
water hardness at a similar level.
Ammonium compounds may naturally occur
under anaerobic conditions [13]. The ammonium ion
content in the wells examined may be the result of
continuous contamination of the water intakes with
organic compounds (Figure 3B). Only well no. 4
contained ammonium within the permitted levels
(Table 4). The data from previous years also showed
that ammonia concentrations often exceed
acceptable levels, particularly in well no. 9, where
even today the highest levels were noted (8.60 mg/L
NH4+). This was most probably an inorganic type of
ammonia related to the origin of the Miocen
formations [5, 14]. The high content in well no. 9
may additionally be caused by the accumulation of
ammonia nitrogen in the silt layer on the banks of the
Vistula, and subsequent slow infiltration into
groundwater [15].
The worldwide average bromide concentration
in water ranges from trace quantities to 0.5 mg/L.
These compounds are considered of minor toxicity
and their maximum acceptable daily intake is 24 mg
for an adult [16]. The regulation regarding the
quality of water fit for consumption does not define
the maximum bromide concentration levels.
Increased human interference in the natural
environment has resulted in higher levels of
groundwater pollution by organic substances. Most
frequently these pollutants are gasoline and diesel
oils, and various derivatives of petroleum [17]. Their
influence on water quality is extremely damaging:
they also have a toxic and mutagenic effect. The
regulations on potable water quality give maximum
concentration levels for benzene, but none of the
other organic compounds examined in the present
851

&%

# ' !





for human consumption. This result suggests
possible fecal pollution of the water. In 2008 no
excessive microbiological levels were noted, so the
quality of water in the above-mentioned well must
have deteriorated. Generally, however, water from
the wells examined is safe when it comes to
microbiological parameters.



 !#!$ "#"

preparation of the microbiological methodology.
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CONCLUSIONS
The current condition of artesian waters in
Krakow is vastly different from their state in the
1990s, when the wells were famous for their
bacteriological cleanliness and lack of nitrogen
compounds or any other substances indicative of
external interference [5]. In 2008 the Polish Sanitary
Service examined only the basic physico-chemical
and microbiological aspects of Krakow’s artesian
wells, and listed the waters either fit or unfit for
drinking [8]. According to those results well Nos 1
and 4 were fit for human consumption. Since then it
transpires that only well no. 4 has retained the good
quality of its water regarding fitness for human
consumption. All other wells are unfit for human
consumption at least on the basis of turbidity. The
above-mentioned well no. 1 additionally fails to
meet the requirements regarding various levels: the
water consumption criteria have not changed
diametrically since 2008, so the water quality in this
well must have deteriorated substantially. Despite
the fact that most of the wells examined give water
unfit for human consumption, the water is consumed
by humans, which may put the consumer at risk.
People generally believe that boiling the water
makes it fit for human consumption. This is certainly
effective for the microbiological pollution, but in the
case of artesian wells, the unfitness for consumption
is chemical in nature, so boiling does not improve the
water quality. Health considerations of the
population determine that the above-mentioned
wells should be adequately signposted with
information regarding the waters' unfitness for
human consumption, and a thorough inquiry into the
sources of the pollution should be carried out. It is
difficult to determine which levels should be
particularly closely monitored and studied in the
future. The higher concentration of benzene,
however, is alarming. The presence of pathogenic
bacteria, which clearly indicates anthropogenic
pollution of deep water, should additionally be
verified.
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represented by the chemical formula [M2+1±
3+
n±
n±
is an anion
xM x(OH)2](A )x/nÂmH2O, where A
3+
2+
3+
and x is the M /(M
+ M ) molar ratio
(0.20  x  0.33) [1-3]. LDHs are known to exhibit
anion exchange properties. Recently, LDHs have
been examined for the uptake of organic anions, such
as fatty acids and Congo red, in aqueous solutions
[4,5]. LDHs intercalated with organic anions can
adsorb non-ionic organic materials from aqueous
solutions. For example, LDH intercalated with
dodecylsulfate can take up dyes, such as Disperse
Red 3B, from aqueous solutions [6]. Removal of
Disperse Violet 28 from water using self-assembled
organo-LDHs through a one-step process was also
reported [7]. Furthermore, we have shown
previously that Mg±Al LDHs intercalated with 2,7naphthalenedisulfonate
(2,7-NDS2±),
1,3,6naphthalenetrisulfonate (NTSí), 3-amino-2,7naphthalenedisulfonate
(ANDSí),
and
í
benzenesulfonate (BS ) preferentially adsorb
benzene compounds from aqueous solutions [8-11].
The amount of material adsorbed by the organically
modified Mg±Al LDHs depends on the electrondonating or -withdrawing properties of the adsorbate
functional groups. The adsorption mechanism is
dependent on ʌ±ʌ stacking interactions [12] between
the aromatic rings of the adsorbates and the
naphthalene and benzene moieties of 2,7-NDS2±,
NTSí, ANDSí, and BSí. Furthermore, Mg±Al
LDH modified with 1-naphthol-3,8-disulfonate (1N-3,8-DSí)
preferentially
adsorbs
1,3dinitrobenzene over 1,2-dimethoxybenzene based on
ʌ±ʌ stacking interactions [13]. In addition, Cu±Al
LDH intercalated with 1-N-3,8-DSí preferentially
adsorbs substituted phenols with electron-poor
benzene rings from aqueous solutions, which is
attributed to ʌ±ʌ stacking interactions between the
benzene rings of the substituted phenols and the
naphthalene core of intercalated 1-N-3,8-DSí [14].
Until now, LDHs intercalated with aromatic
sulfonates have been found to take up preferentially
benzene compounds and substituted phenols due to

Mg±Al and Cu±Al layered double
hydroxides (LDHs) intercalated with 1naphthol-3,8-disulfonate (1-N-3,8-DSí), i.e., 1N-3,8-'60Jí$O/'+ and 1-N-3,8-'6&Xí$O
LDH, and Mg±Al LDH intercalated with
benzenesulfonate (BSí), i.e., %60Jí$O /'+,
show preferential uptake of 1-nitronaphthalene
(NN), 1-chloronaphthalene (ClN), and 2,7dimethoxynaphthalene (DMN) over naphthalene
(N) from solutions. In the case of NN and ClN
uptake, ʌ±ʌ stacking interactions are considered
to occur between the electron-poor naphthalene
ring of NN and ClN and the electron-rich
naphthalene and benzene cores of intercalated 1N-3,8-DSí and BSí in the LDHs. In the case of
DMN uptake, CH/ʌ LQWHUDFWLRQs are considered
to occur between the electron-poor CH of the
OCH3 groups in DMN and the electron-rich
naphthalene and benzene cores of intercalated 1N-3,8-DSí and BSí in the LDHs. On the other
hand, the uptake of N is attributed to
hydrophobic
interactions
between
the
naphthalene ring of N and the naphthalene and
benzene cores of intercalated 1-N-3,8-DSí and
BSí in the LDHs. Thus, ʌ±ʌ stacking and CH/ʌ
interactions are a stronger driving force than
hydrophobic
interactions,
resulting
in
preferential uptake of substituted naphthalenes
by
1-N-3,8-'60Jí$O /'+
1-N-3,8'6&Xí$O/'+DQG%60Jí$O/'+

KEYWORDS:
Layered double hydroxide; Aromatic
Substituted naphthalenes; Uptake

sulfonates;

,1752'8&7,21
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TABLE 1
Chemical structures and surface charges of substituted naphthalenes

ʌ±ʌ stacking interactions. In this study, therefore,
substituted naphthalenes were examined as
adsorbates. In this study, we examined the uptake of
substituted naphthalenes (1-nitronaphthalene (NN),
1-chloronaphthalene (ClN), naphthalene (N), and
2,7-dimethoxynaphthalene (DMN); Table 1) from
aqueous solutions by 1-N-3,8-'60Jí$O /'+ N-3,8-'6&Xí$O /'+ DQG %60Jí$O /'+ to
determine whether the LDHs can take up
preferentially the substituted naphthalenes due to ʌ±
ʌ stacking interactions.

of each single-compound solution. The quantity
of LDH added was such that the molar ratio of
intercalated 1-N-3,8-DSí or BSí to each
compound was 25:1. Each mixture was shaken at
20°C for 2 h. The resulting suspensions were
filtered, and the filtrate was analyzed for
naphthalene content. The concentrations of the
substituted naphthalenes in the filtrates were
determined
by
high-performance
liquid
chromatography (HPLC).
In addition, the molecular geometries of the
substituted naphthalenes in the ground state were
calculated by an ab initio Hartree±Fock method
utilizing an STO-3G basis set in Gaussian 03
[16].

0$7(5,$/6$1'0(7+2'6
All compounds were chemical reagent grade
(Kanto Chemical, Ltd. and Wako Pure Chemical
Industries, Ltd., Tokyo, Japan) and used without
further purification.
1-N-3,8-'60Jí$O/'+-N-3,8-'6&Xí$O
/'+DQG%60Jí$O/'+ were prepared by a coprecipitation technique, as described in our previous
work [13-15]. 1-N-3,8-'60J±Al LDH contained
17.0 wt% Mg, 6.7 wt% Al, and 23.2 wt% 1-N-3,8DSí; the molar ratios of Mg/Al and 1-N-3,8-DS/Al
were 2.8 and 0.31, respectively. 1-N-3,8-'6&X±Al
LDH contained 35.1 wt% Cu, 5.5 wt% Al, and 23.3
wt% 1-N-3,8-DSí; the molar ratios of Cu/Al and 1N-3,8-DS/Al were 2.7 and 0.38, respectively.
%60J±Al LDH contained 19.0 wt% Mg, 6.7 wt%
Al, and 22.9 wt% BS; the molar ratios of Mg/Al and
BS/Al were 3.1 and 0.58, respectively.
Four substituted naphthalenes, as shown in
Table 1, were assessed for uptake: NN, ClN, N,
and DMN. Single-compound solutions were
SUHSDUHG DW  ȝPRO/ by dissolving each
naphthalene in 98% deionized water and 2%
acetone. In 200 mL conical flasks, 1-N-3,8'60Jí$O/'+-N-3,8-'6&Xí$O/'+DQG
%60Jí$O/'+ were each mixed with 100 mL

5(68/76$1'',6&866,21
Table 1 shows the chemical structures and
surface charges of the substituted naphthalenes.
The change of color in the order of blue, green,
yellow, and red expresses the change in the
surface charge from electron-poor to electronrich. NN and ClN bear electron-withdrawing
groups. The extent of electron withdrawal by the
NO2 group in NN is greater than that of the Cl
group in ClN. Therefore, the naphthalene ring of
NN is more electron-poor than that of ClN.
However, because N has no functional groups,
the naphthalene ring of ClN is more electrondeficient than that of N. On the other hand, DMN
bears electron-donating OCH3 groups, and the
naphthalene ring of DMN is more electron-rich
than that of N. Thus, the electron-richness of the
naphthalene ring in the substituted naphthalenes
increases in the following order: NN < ClN < N
< DMN. However, in the LDHs, the naphthalene
core of intercalated 1-N-3,8-DSí is more
electron-rich than the benzene core of
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intercalated BSí [13-15].
Fig.1 shows the uptake of (a) NN, (b) ClN,
(c) N, and (d) DMN from aqueous solutions by
1-N-3,8-'60Jí$O /'+ 7KH XSWDNH RI 11
ClN, and DMN was over 90%. On the other hand,
the uptake of N was below 60%. Fig.2 shows the
uptake of (a) NN, (b) ClN, (c) N, and (d) DMN
from aqueous solutions by 1-N-3,8-'6&Xí$O
LDH. The uptake of NN, ClN, and DMN was
over 99%. On the other hand, the uptake of N
was around 30%. Fig.3 shows the uptake of (a)
NN, (b) ClN, (c) N, and (d) DMN from aqueous
VROXWLRQV E\ %60Jí$O /'+ 7KH XSWDNH RI
ClN and DMN was over 99%, and the uptake of
NN was over 80%. On the other hand, the uptake
of N was below 70%. In summary, the uptake of
N was appreciably lower than that of NN, ClN,
and DMN for all LDHs. This result means that
the LDHs take up preferentially the substituted
naphthalenes.

Fresenius Environmental Bulletin

N is attributed to hydrophobic interactions
between the naphthalene ring of N and the
naphthalene and benzene cores of intercalated 1N-3,8-DSí and BSí in the LDHs. Thus, it was
found that hydrophobic interactions were weaker
than ʌ±ʌ stacking interactions and CH/ʌ
interactions as a driving force for the uptake of
substituted naphthalenes by 1-N-3,8-'60Jí$O
LDH, 1-N-3,8-'6&Xí$O/'+DQG%60Jí$O
LDH.

FIGURE 2
Uptake of (a) NN, (b) ClN, (c) N, and (d) DMN
from aqueous solutions by 1-N-3,8-'6&Xí$O
LDH.

FIGURE 1
Uptake of (a) NN, (b) ClN, (c) N, and (d) DMN
from aqueous solutions by 1-N-3,8-'60Jí$O
LDH.
In the case of NN and ClN uptake, ʌ±ʌ
stacking interactions were considered to occur
between the electron-poor naphthalene rings of
NN and ClN and the electron-rich naphthalene
and benzene cores of intercalated 1-N-3,8-DSí
and BSí in 1-N-3,8-'60Jí$O /'+ -N-3,8'6&Xí$O /'+ DQG %60Jí$O /'+ ,Q WKH
case of DMN uptake, ʌ±ʌ stacking interactions
were considered unlikely between the electronrich naphthalene ring of DMN and the electronrich naphthalene and benzene cores of
intercalated 1-N-3,8-DSí and BSí in the LDHs,
and instead CH/ʌLQWHUDFWLRQVZHUHFRQVLGHUHGWR
occur. On the other hand, the uptake of N was the
lower than those of the substituted naphthalenes.
N is non-polar molecule; therefore, the uptake of

FIGURE3
Uptake of (a) NN, (b) ClN, (c) N, and (d) DMN
IURPDTXHRXVVROXWLRQVE\%60Jí$O/'+
In fact, the electron-richness of the
naphthalene ring in the substituted naphthalenes
did not correspond to the extent of their uptake
by
1-N-3,8-'60Jí$O /'+ -N-3,8'6&Xí$O/'+DQG%60Jí$O/'+, although
the electron-richness of the naphthalene ring in
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the substituted naphthalenes increases in the
following order: NN < ClN < N < DMN, as
shown in Table 1. Instead, it was found that the
LDHs could take up NN, ClN, and DMN
preferentially over N due to ʌ±ʌ stacking and
CH/ʌLQWHUDFWLRQs.

&21&/86,216
The electron-richness of the naphthalene
rings in the substituted naphthalenes increases in
the following order: NN < ClN < N < DMN. The
uptake of N was appreciably lower than that of
NN, ClN, and DMN for 1-N-3,8-'60Jí$O
LDH, 1-N-3,8-'6&Xí$O/'+DQG%60Jí$l
LDH. For the uptake of NN and ClN by the
/'+V ʌ±ʌ VWDFNLQJ LQWHUDFWLRQV ZHUH
considered important, whereas for DMN and N,
&+ʌLQWHUDFWLRQVDQGK\GURSKRELFLQWHUDFWLRQV
respectively, occurred. As a driving for the
uptake of substituted naphthalenes by the LDHs,
hydrophobic interactions were weaker than the
ʌ±ʌ stacking and CH/ʌLQWHUDFWLRQs, resulting in,
the LDHs taking up NN, ClN, and DMN
preferentially over N.

5()(5(1&(6
[1] Ingram, L., Taylor, H.F.W. (1967) The crystal
structures of sjögrenite and pyroaurite,
Mineral. Mag. 36, 465±479.
[2] Allmann, R. (1968) The crystal structure of
pyroaurite, Acta Crystallogr. B24, 972±977.
[3] Mills, S.J., Christy, A.G., Génin, J.-M.R.,
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T.,
Colombo,
F.
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Natural layered double hydroxides, Mineral.
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STANDING TIME
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ABSTRACT

INTRODUCTION

The Gram-positive bacterium Bacillus subtilis
was employed to induce barium hydrogen phosphate
precipitation from an aqueous solution, resulting in
the formation of barium hydrogen phosphate crystals
exhibiting different morphologies upon varying the
treatment standing time. Structural characterization
by energy-dispersive X-ray spectroscopy (EDS) and
X-ray techniques diffraction (XRD), in addition to
morphological observations through scanning
electron microscopy (SEM) and transmission
electron microscopy (TEM), confirmed that
different types of barium hydrogen phosphate
successfully prepared under different standing times.
Our results demonstrated that the heavy metal Ba (II)
could be easily obtained by precipitation after 36h
treatment. Analysis by SEM indicated that the four
different barium hydrogen phosphate morphologies
included flakes (2± ȝP GLDPHWHUV  LUUHJXODU
spheres (10±100 ȝP diameters), dumbbells (10±100
and 5± ȝP GLDPHWHUV  DQG VShere sphericalshaped particles (5± ȝP GLDPHWHUV  IROORZLQJ
standing times of 0, 12, 24, and 36 h, respectively.
Finally, TEM images confirmed that the shape of
barium hydrogen phosphate nanoparticles isolated
following a standing time of 0 h were present as
irregular flakes measuring 20±100 nm in diameter.

Alkaline earth phosphates are important
inorganic materials for application in catalysts,
bioceramics,
ion-exchange
materials,
solid
electrolytes for batteries, luminescence, chelating
agents, synthetic replacements for bone and teeth,
phosphates, cements, detergents, and fertilizers.
More specifically, barium hydrogen phosphate
(BaHPO4) has been widely investigated due to its
suitable crystal structures and potential for doping
with metal ions [1, 2]. To date, a number of synthetic
processes have been reported for the preparation of
BaHPO4 crystals and powders, including gel-based
methods [3], electrochemical techniques [4],
hydrothermal syntheses [1], and chemical
precipitation using H3PO4 or P4O10 in the presence of
a base [2, 5, 6]. However, few studies focus on the
nanoparticles
via
synthesis
of
BaHPO4
microbiological techniques. Indeed, by mimicking
the biomineralization process, Wang [7] reported
controlling the morphology and size of barium
hydrogen phosphate through the use of an organic
matrix at a range of pH values. Such organic
matrices are of particular interest to tailor the size of
the synthesized materials, and they also influence the
morphologies of the resulting products [7±11].
Thus,
we
herein
report
the
precipitation/removal of the heavy metal Ba(II) from
an aqueous solution via a microbiological technique
using the Gram-positive bacterium Bacillus. The
various precipitates obtained were characterized by
energy-dispersive X-ray spectroscopy (EDS), X-ray
diffraction (XRD), scanning electron microscopy
(SEM), and transmission electron microscopy
(TEM). We expect that our system will provide a
novel route for the removal of other heavy metal ions.

KEYWORDS:
Bacillus subtilis; Barium hydrogen phosphate; Scanning
electron microscopy; Transmission electron microscopy;
Heavy metal; Nanoparticle
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EXPERIMENTAL PROCEDURE

ଶି
ଷି
ଶି
ଷି
ସ Ȁ ସ ሱۛۛሮ ସ ሺሻସ ሺሻ

ଶା

All raw materials were of analytically pure
grade and used without further purification. And
deionized water was self-made.
The Gram-positive bacterium Bacillus subtilis
was selected to investigate the microbially-induced
precipitation of BaHPO4. Cultivation of the bacteria
was conducted in a medium containing yeast extract
(3 g/L) and peptone (5 g/L). The harvested
microorganisms were stored at 4 °C prior to use.
For the precipitation reactions, the substrate (20
mM) was dissolved in a petri dish containing water
(30 mL). After adjusting the solution pH to pH 9
using an 18% aqueous HCl solution, it was added to
the bacterial solution (200 mL). The reaction mixture
was then allowed to stand at 30±2 °C for 24 h, after
which time the supernatant was obtained by filtration
of the reaction mixture. Subsequently, BaCl2·2H2O
(20 mM) was added to the above supernatant. The
mixture of solution and precipitate was allowed to
stand at room temperature for 0, 12, 24, 36 h, and the
products were collected and characterized after each
specified time.
XRD (X-ray techniques, Bruker, Germany)
analysis was carried out on sample at room
temperature by a D8-Discover X diffraction meter
(40kv, P$  ZLWK &X Ȝ c  LUUDGLDWLRQ DW
the rate of 0.020s/step in the range of 5-Û
Scanning electron microscope (SEM, FEI Company,
Netherlands, operating voltage 20 kV) with Genesis
60S energy dispersive X-ray spectroscopy (EDS)
spectroscopy system was used to conduct
morphological studies and to measure the elemental
compositions of the samples. Transmission electron
microscopy (TEM) images were obtained on an FEI,
G2 20 equipment. TEM grids were prepared to use a
few drops of nanoparticles followed by drying.



ଶି
ସ ሺሻ ՜ 

ସ 

(2)
(3)

Elemental analysis of the various precipitated
products samples composition was performed using
EDS spectrum to confirm the presence of O, P, and
Ba (see Fig. 1). In addition, XRD studies (Fig. 2)
confirmed that all barium hydrogen phosphate
patterns corresponded to the reported structures of
BaHPO4 (JCPDS card No. 72-1370), with no peaks
attributable to impurities being observed.
Furthermore, the BaHPO4 yields were 47.6, 67.8,
75.4, and 77.8% when the standing times were 0, 12,
24, and 36 h, respectively. These results indicate that
precipitation of the heavy metal Ba (II) from an
aqueous solution was successful upon treatment with
Bacillus subtilis and substrate for 36 h.

FIGURE 1
EDS spectrum of all samples.

RESULTS AND DISCUSSION
The process investigated herein relies on the
induction of BaHPO4 precipitation by Bacillus
subtilis. In the mineral deposition process, bioBaHPO4 crystals continue to grow with the bacterial
body until all substrate is consumed. The OD600
values of the precipitated solutions decreased with
increasing standing time, with values of 1.29, 0.78,
0.69, and 0.43 corresponding to standing times of 0,
12, 24, and 36 h, respectively. The reaction equation
is as follows:
௨௦௦௨௧௦


6XEVWUDWH+ 2 ሱۛۛۛۛۛۛۛۛۛۛۛሮ 32
 +32

FIGURE 2
XRD patterns of all samples.

Figure 3 shows the SEM images of the bioBaHPO4 particles obtained at the different standing
times, where Figures 3(a, b), (c, d), (e, f), and (g, h)
corresponded to the BaHPO4 particles obtained at

(1)
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standing times of 0, 12, 24, and 36 h, respectively.
More specifically, the BaHPO4 particles shown in
Fig. 3(a, b) adopt an irregular flake-like morphology
with a particle size range of 2±20 μm. Furthermore,
TEM images show that the bio-BaHPO4 particles is
also adopted an irregular flake morphology but with
a size range of 20±100 nm, as shown in Fig. 4. This
result implies that nano-BaHPO4 particles can be
synthesized with a standing time of 0 h upon
treatment with Bacillus subtilis. Moreover, after 12

h treatment, the BaHPO4 particles were observed as
irregularly spheres and dumbbell-shaped particles
with a non-uniform size (10± 100 μm), as shown in
Fig. 3(c, d). A similar morphology was observed
after 24 h, although the particles were generally
smaller (i.e., 5±50 μm) (see Fig. 3(e, f)). Finally, Fig.
3(g, h) shows that after standing for 36 h, the
BaHPO4 particles adopted an irregular spherical
morphology with an approximate particle size range
of 5±30 μm.

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)
FIGURE 3
SEM images of bio-BaHPO4 under different standing time: (a, b) 0h, (c, d)
12h, (e, f) 24h, (g, h) 36h.

861

© by PSP

Volume 26 ± No. 1a/2017, pages 859-863

Fresenius Environmental Bulletin

FIGURE 4
TEM images of bio-BaHPO4 under the standing time 0h.

CONCLUSIONS
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Water resources are increasingly polluted with
the advances in technology and industry.
Environmental pollution threatens the ecosystem
and people more and more every day. When the
environmental conditions are considered, the most
dangerous environmental pollutants are the heavy
metals, because, they cannot be degraded by
physical forces and they keep their presence for a
long time [3]. Heavy metals also show toxic effects
on aquatic animals. Heavy metals form insoluble
organometallic compounds on the gills of the fish.
[4]. The fish exist as an important protein source in
the biological cycle. Increased accumulations of
heavy metals in fish negatively affect the health of
the fish-feeding organisms [5].
Trace elements may have beneficial or
harmful effects on human life depending on their
concentration. These elements are important as they
act as antioxidants in the body, they are the
cofactors of several enzymes and they participate in
the assimilation process [6,7].
Van fish is in the second rank after carp in
7XUNH\¶VLQODQGILVKSURGXFWLRQDQGLt constitutes a
great economic importance, because it is an
important source of protein for the regional people
[8]. However, in recent studies, it has been reported
that Lake Van is contaminated by chemicals and
that this pollution has caused abnormalities in
different organs of the fish [9]. Individual factors
such as gender and age of the fish affect the level of
this mutation [10]. The source of the pollution in
the lake is discharge of domestic and industrial
waste from the settlements and industrial areas that
are located on the shores of Lake Van. The
treatment plants in the residential areas are working
below capacity, or not present at all. Although
measurements of heavy metals were previously
made in the lake and Van fish, the level of pollution
will be updated with this study. Furthermore, in this
study, the investigation of the changes in the levels
of some metals by gender, age and weight of Van
fish was planned.

ABSTRACT
Environmental pollution threatens the
ecosystem and people more and more every day.
This situation is also valid for Lake Van. For this
reason, the alterations in the levels of some metals
were studied according to gender and weight in Van
fish (Alburnus Tarichi, Güldenstädt 1814). In the
study, beryllium (Be), bismuth (Bi), lead (Pb),
cadmium (Cd), iron (Fe), copper (Cu), zinc (Zn),
selenium (Se), nickel (Ni) and manganese (Mn)
elements in the tissues of muscles, liver, gills,
gonads and brain of Van fish were analyzed by
inductively coupled plasma optical emission
spectroscopy (ICP-OES). The results were
evaluated as toxic elements and trace elements.
Highly toxic Be, Bi, Pb and Cd elements were
found in the tissues of Van fish. Especially in the
brain tissues, their concentrations were observed to
EH KLJKHU 1L PHWDO¶V WLVVXH FRQFHntration in the
brain was found to be higher than the other tissues.
In the study, the metal concentrations in the male
fish were found to be higher than the female fish
(p<0.05). According to their weights, the levels
were found to be higher in the 80>Weight group
and 80-100 Weight group, and lower in the
100<Weight group (P<0.05).

KEYWORDS:
Toxic trace elements, Trace elements, ICP-OES, Van
fish, Lake Van

INTRODUCTION
In addition to land-based food, aquaculture
food has an important place in terms of nutritional
value. The World Health Organization has stated
that fish consumption should be at least12 kg per
year per person [1]. Today, through examination of
its components and determining their effect of on
our health, fish has been regarded as an important
source of protein, [2].
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lung disease, expressed as "Beryl Disease". There
are studies available reporting that beryllium has
lethal effects [12].
The level of beryllium, which has toxic effects
in fish has not been reported in the literature,
although it has been determined in the muscle and
brain tissues of Van fish. The classification
according to gender shows that female fish Be
levels are higher and also vary statistically (P<0.05)
(Table 1). This may be due to the higher levels of
adipose tissue in the female living creatures, and
toxic substances accumulate more in fat tissue. In a
study carried out in northeast China with carps
containing other toxic elements, the levels of Al, Ti,
Ba, Ag, Sn, Tl, Ga, and Sb elements were found to
be extremely low [13].
%LVPXWK¶V WR[LF HIIHFWV RQ WKH OLYHU DQG
kidneys have been reported to be at treatable levels,
but higher doses can be fatal. Bismuth has been
regarded as the least toxic among the heavy metals
industrially [14].
With the exception of 207Bi used in radioactive
applications, the standard Bi level in fish has not
been reported in the literature. In the classification
according to gender, the Bi levels in the liver tissue
of male fish was shown to be higher, and
demonstrated statistically difference (P<0.05). In
the classification according to weight, the muscle
tissue results of the 100<Weight group were higher,
and showed statistical difference (P<0.05). In this
case again, the toxic element is considered to
accumulate in the fat tissue, and the amount of
adipose tissue in big fish is higher. It was not
detected in the gonadal tissue (Table 1). In a study
of Medeiros et al. [15], the highest Bi level was
detected in the Salmo salar fish (0.3 mg/kg).
Lead inactivates the enzymes by binding to
the sulfhydryl, phosphate or carboxyl radicals on
proteins, and also interacts with calcium, zinc and
iron. Thus, it affects the cell membranes, disrupts
neurotransmission, affects the redox events of the
cell and creates multi-system damage by disrupting
the nucleotide metabolism [16].
While the maximum lead limit in fisheries
should not exceed the level of 1 mg/kg in standards,
in our study, the levels of brain tissue exceeded this
value in each group [8]. In a study conducted in the
water of Lake Van, the level of Pb was identified as
0.214 (mg/l) [17]. In the classification according to
gender, the liver, kidney, intestine and brain tissue
results were found to be statistically significant
(P<0.05). In the weight groups, the results were
found to be significant only in the brain tissue
(P<0.05) (Table 1). This demonstrates to us that the
increased nutrition increases the accumulated lead
levels in fish.

MATERIAL AND METHODS
Fish. In the study, a total of 70 Van fish were
obtained from the fishermen who had caught them
in the lake. After determination of the weight (g),
fork height (cm) and sex under laboratory
conditions, tKH\ ZHUH VWRUHG LQ D IUHH]HU DW -ࡈ &
until the tissue analysis process of the muscle, liver,
gills, gonads and the brain. Age determination was
made on the operculum sample obtained from each
fish.
Sample preparation. Approximately 1 g of
the tissues of the frozen fish was weighed. The
tissues prepared according to the Alam et al. [11]
method were placed into glass tubes and 65%
HNO3 0HUFN *HUPDQ\  ZDV DGGHG 7KH WLVVXHV
ZHUHNHSWLQWKHLQFXEDWRUIRUKRXUVDWࡈ&IRU
breakdown of the tissues.
1N 2 mL of solution prepared with 65%
HNO3 was DGGHG WR WKH FRPSOHWHO\ GU\ WXEHV DQG
WKH GU\LQJ SURFHVV ZDV UHSHDWHG DW WKH ࡈ&
incubator. This process should be repeated until
there is no remnant left in the tubes. At the last
stage, after the dried tubes were cooled, 2.5 mL of
1N HNO3 was added and the volume was
completed to 10 mL with deionized distilled water
and ready for the analysis. The prepared tissues
were analysed with ICP-OES (Thermo scientific
ICAP 6000 Series) (0.005 ppm detectable limit) and
the levels of Be, Bi, Pb, Cd, Fe, Cu, Zn, Se, Ni and
Mn elements were determined.
Statistical Analysis. After analysis of the
metal levels in the samples obtained from Van fish,
the confidence intervals were formed by
determining the standard deviations of the obtained
results. The One-way analysis of variance (Oneway ANOVA) and the Duncan's multiple
comparison tests were applied to the data, and the
difference between the data was determined
(P<0.05).

RESULTS AND DISCUSSION
The Be, Bi, Pb, Cd, Fe, Cu, Zn, Se, Ni, and
Mn elements were analysed in the tissue and organ
samples of Van fish (Alburnus tarichi, Güldenstädt
1814) by gender and weight. The obtained data
were studied under 2 headlines as toxic elements
and trace elements.
Metallic beryllium is known as one of the
most toxic substances, and beryllium compounds
are chemicals that are also hazardous and toxic for
living creatures and the ecosystem. The greatest
damage caused by beryllium in living creatures is
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TABLE 1
The distribution of toxic trace elements (Be, Bi, Pb, Cd) levels in some tissues of Van fish according to
gender and weight (μg/g wet weight)
Tissue Male
Female
80> Wght
80-100Wght
100<Wght
Be Muscle 0.004±0.004*
0.009±0.005*
0.004±0.003
BDL
BDL
BDL
BDL
BDL
BDL
BDL
Liver
BDL
BDL
BDL
BDL
BDL
Gill
BDL
BDL
BDL
BDL
BDL
Gonad
0.10±0.13*
0.013±0.005*
0.101±0.13a
BDL
BDL
Brain
Bi Muscle 0.014±0.007
0.015±0.008
0.013±0.006a
0.015±0.007a
0.022±0.006b
0.14±0.22*
0.06±0.06*
0.20±0.24a
0.05±0.04a
0.04±0.01a
Liver
a
a
0.008±0.005
0.01±0.007
0.01±0.003
0.01±0.007
0.004±0.002a
Gill
BDL
BDL
BDL
BDL
BDL
Gonad
0.06±0.11a
0.01±0.008a
0.06±0.08
0.05±0.11
0.07±0.09a
Brain
Pb Muscle 0.11±0.14
0.12±0.16
0.12±0.15a
0.13±0.16a
0.06±0.05a
a
a
1.70±4.92*
0.28±0.44*
2.35±5.61
0.23±0.38
0.06±0.06a
Liver
a
a
0.51±0.62
0.32±0.35
0.41±0.57
0.36±0.44
0.70±0.62a
Gill
a
a
0.33±0.36
0.26±0.23
0.41±0.40
0.23±0.21
0.26±0.23a
Gonad
a
a
10.27±8.64*
16.20±25.43*
12.22±9.31
7.22±4.72
51.11±46.51b
Brain
a
a
Cd Muscle 0.67±0.49*
0.53±0.31*
0.67±0.54
0.58±0.31
0.43±0.20a
a
a
1.07±0.51
0.92±0.76
1.21±0.65
0.74±0.66
1.07±0.62a
Liver
a
a
2.31±1.32
1.04±0.80*
1.56±1.33
1.27±0.83
0.58±0.33a
Gill
0.46±0.23
0.52±0.60
0.74±0.64a
0.45±0.23a
BDL
Gonad
3.32±2.14
3.77±1.86
3.80±1.82a
3.39±2.19a
BDL
Brain
Mean±standard deviation. *P<0.05. BDL: Below detectable limit. a,b: The difference between the mean values
carrying different letters at the same column is statistically important (P<0.05).

the bones slowly begin to weaken [20]. Similar to
the Pb element, the toxic Cadmium element was
detected at higher levels in brain tissue than in other
tissues. By gender, the muscle, gills and kidney
results were determined to be statistically different
(P<0.05). In the classification according to their
weights, there was no difference in the outcomes
(P<0.05) (Table 1).
While the Cadmium limit was 0.1 mg/kg in
the standards, according to the results of the
analysis of our study, the samples were observed to
exceed the limit values. In their study with tuna fish
and Capar and Yess in America [21], <ÕOPD]et al.
[19] found the Cd level as 0.07 mg/kg in the
aquaculture. In a study performed according to the
herring gender, it was detected to be the highest in
the male fish liver as 0.912 μg/g, and the lowest in
the female fish gills as 0.189 μg/g [22]. Again, in a
study performed in different tissues according to
the age and season, the highest Cd level in groups
with over 7 years of age in Abramis brama L. fish
in autumn was found to be 2.10 μg/g and the lowest
Cd level in spring in groups with 3 years of age as
0.42 μg/g [23]. Although the values found in our
study appear to be over the limit values, the results
show parallelism with the values in other studies.
In the organism, iron is found in various
tissues, including in particular, haemoglobin,
myoglobin, and in the respiratory enzymes [24].
The main disease seen in its absence is anemia.
Typically, this value varies according to the fish

The highest lead level between the values
detected was in the 100<Weight group, with a value
RI ȝJJ LQ WKH EUDLQ WLVVXH DQG WKH ORZHVW
level in the fish group with 5 years of age with a
YDOXH RI  ȝJJ LQ WKH OLYHU WLVVXH 7KH H[FHVV
amount of Pb in the brain tissue may give the idea
that Pb may affect the nervous system to a higher
extent. When compared, in the study of Medeiros et
al. [15], they found the highest Pb level in Salmo
Salar fish as 0.01 mg/kg and the lowest level in
Cynoscion Learchus fish as 0.5 mg/kg. In addition,
in a study carried out in Northeast China, where
they conducted the study with 3 different farms of
carp fish species, they found the highest level in
Crucian carp as 0.326 (mg/kg wet wt), and the
lowest level in Ctenopharyngodon Idellus as 0.013
(mg/kg wet wt) [13]. In Turkey, a study was carried
out with 3 different fish species in the north eastern
Mediterranean. In the study, the highest Pb level in
the muscle tissue was found in Saurida
Undosquamis species as 4.149 (mg/kg dry wt), and
the lowest level in Mullus barbatus species as 1.332
(mg/kg dry wt) [18]. In their study, <ÕOPD] HW DO
[19] found the Pb level in tuna fish between 0.0580.0863mg/kg. These studies were consistent with
our study, except for the brain tissue levels.
One of the most dangerous and toxic heavy
metals is cadmium. Cadmium mostly accumulates
in the kidney and the liver in the living.
Furthermore, the body detects the cadmium such as
calcium, and due to calcium depletion in the body,
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musclHWLVVXHDV ȝJJGU\ZW 7KHKLJKHVW
level of Fe in Van fish was 175.96 (μg/g wet wt) in
the liver tissue of fish between 80-100 wt of weight,
and the lowest level of Fe was in the muscle tissue
of female fishes as 6.61(μg/g wet wt) (Table 2). In
this case, due to the fact that each haemoglobin
molecule binds 4 Fe atoms, the increase in the rate
of hemoglobin in the liver may be considered to be
related to this condition.
In the organism, plasma, liver, and brain, it is
present at the structure of oxidase enzymes. Copper
is the co-factor of many proteins. Copper plays an
important role in mitochondrial energy generation
(cytochrome c oxidase), iron homeostasis, free
oxygen detoxification, connective tissue formation,
and dopamine and melanin biosynthesis. The
copper limit has been stated as 20 mg/kg in
standards [28].

species, age, water temperature and gender [25, 26].
According to The Recommended Dietary
Allowance (RDA), the required daily amount of Fe
intake should be 11-18 mg/day for children aged
0.5-1 years and for adults (male and female) [27].
The classification by gender showed different
statistical results in the tissues, except for the liver
results (P<0.05). According to the classification by
weight, the gonadal tissue results were identified to
be statistically different (Table 2). Qin et al. [13]
determined the highest Fe level in the muscle tissue
as 10.5 (mg/kg wet wt) in Crucian carp species and
the lowest level as 4.22 (mg/kg wet wt) in
Ctenopharyngodon idellus species 4.22 (mg/kg wet
wt). In addition, Visnjic-Jeftic et al. [22] studied the
muscle, liver and gills tissues of the male and
female genders of Pontic shad fish. They found the
KLJKHVW OHYHO RI )H LQ WKH OLYHU DV  ȝJg
dry wt), and the lowest level of Fe in the female

TABLE 2
The distribution of trace element (Fe, Cu, Zn, Se, Ni, Mn) levels in some tissues in Van fish according to
gender and weight (μg/g wet weight)
Tissue
Male
Female
80> Wght
80-100Wght
100<Wght
6.61±2.60*
7.29±3.01a
6.65±2.23a
8.41±1.84a
Muscle 7.62±2.40
a
a
150.79±105.97
147.55±68.35
118.71±55.70
175.96±100.92
126.51±56.69a
Liver
a
a
85.17±29.11*
74.66±27.56*
81.95±15.39
79.04±31.97
74.60±42.33a
Gill
a
a
66.17±114.41*
26.33±10.56
42.05±30.40
159.19±208.02b
Gonad 40.77±34.59*
a
a
a
49.31±77.93*
94.15±182.02*
75.38±140.05
80.17±163.80
37.16±18.13
Brain
Cu Muscle 0.78±0.24*
0.68±0.21*
0.72±0.21a
0.70±0.24a
0.91±0.16a
7.27±6.86
6.98±4.67
6.17±6.29a
7.95±5.45a
6.36±4.70a
Liver
a
a
0.92±0.21*
1.74±2.05*
0.93±0.16
1.36±1.31
2.51±0.33a
Gill
a
a
0.80±0.42*
0.71±0.24
0.6±0.254
1.11±0.68b
Gonad 0.69±0.28*
a
a
1.41±0.39*
1.71±0.71*
1.48±0.54
1.70±0.66
1.26±0.23a
Brain
a
a
Zn Muscle 9.07±4.17*
7.50±2.65*
10.14±4.19
6.84±2.45
8.12±1.72a
a
a
19.52±6.27
20.17±6.72
18.29±5.67
21.53±6.07
17.64±10.15a
Liver
a
a
35.65±21.64
26.19±10.21
37.31±23.11
28.54±11.92
21.48±12.97a
Gill
33.32±14.59*
23.11±9.30a
29.07±13.63a
38.43±19.43a
Gonad 21.1±9.36*
a
0.1±0.13*
0.01±0.01*
0.10±0.13
BDL
BDL
Brain
0.47±0.21a
0.59±0.10a
Se Muscle 0.51±0.18
0.47±0.21
0.49±0.21a
2.57±1.77
2.69±1.51
2.32±1.54a
2.81±1.50a
2.92±2.53a
Liver
a
a
1.50±1.47
1.23±0.44*
1.37±0.51
1.45±1.32
0.89±0.44a
Gill
a
a
0.83±0.47
0.71±0.26
0.78±0.48
0.88±0.50a
Gonad 0.67±0.29*
a
a
1.42±0.39*
1.51±0.39*
1.50±0.41
1.52±0.39
1.1±0.07a
Brain
Ni Muscle 0.17±0.28*
0.08±0.07*
0.15±0.23a
0.12±0.19a
0.06±0.05a
0.37±0.41*
3.99±8.71*
2.84±8.75a
1.43±3.54a
5.70±10.82a
Liver
a
a
0.45±0.45*
0.17±0.14*
0.36±0.49
0.29±0.28
0.21±0.13a
Gill
a
a
0.40±0.65*
0.23±0.08
0.27±0.25
0.83±1.19a
Gonad 0.26±0.19*
a
a
15.63±50.19*
49.68±51.48*
51.84±62.22
27.85±90.54
5.56±10.90a
Brain
a
a
Mn Muscle 0.10±0.07
0.10±0.08
0.10±0.07
0.09±0.09
0.11±0.07a
a
a
1.81±0.66*
3.38±4.89*
1.98±0.96
3.45±5.11
1.65±1.09a
Liver
a
a
1.57±0.59*
1.43±0.49
1.73±0.54
1.40±0.41
1.28±0.87a
Gill
a
a
0.60±0.44*
2.15±1.33*
0.93±0.79
1.58±1.04
2.74±2.16a
Gonad
0.50±0.47*
0.76±0.98*
0.58±0.56a
0.70±0.99a
0.57±0.16a
Brain
Mean±standard deviation. *P<0.05. BDL: Below detectable limit. a,b: The difference between the mean values
carrying different letters at the same column is statistically important (P<0.05).
Fe
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concentration in the blood can lead to heart disease.
It is also part of the enzyme used in the production
of thyroid hormone, triiodothyronine; dysfunction
of the thyroid hormone due to selenium deficiency
may be observed. When chronic high selenium
intake is higher than 5mg/day, symptoms such as
hair loss, changes in nail morphology, diarrhoea,
disorders of the central nervous system (palsy,
paresthesia and hemiplegia), the kidney and liver
damages and anorexia may be observed [1, 33].
Fish contains 12-60 μg of selenium per 100 grams
[34].
In the gender classification, where the gills,
gonads and brain tissue differences are statistically
significant, and in the weight classification, the
differences are statistically non-significant (P<0.05)
(Table 2). Selenium has a particularly important
role in the antioxidant [24, 36] defence system.
Higher levels of Se in the gonads of females may
give us the idea that gonadal development leads to a
more intense defence system development.
In the study carried out with different fish
species (Salmo salar, Sardinella brasiliensis,
Pomatomus saltatrix, Micropogonias furnieri,
Cynoscion Learchus, Caranx crysos, Priacanthus
arenatus, Mugil cephalus, Genypterus brasiliensis,
Lopholatilus villarii and Pseudopercis numida), the
Se levels ranged between 0.1 and 0.02 (mg/kg wt)
[15]. In addition, the Se levels ranged between
0.330 (mg/kgwt) and 0.184 (mg/kg wt) in Cyprinus
carpio, Carassius carassius and Ctenopharyngodon
idella species [13]. Furthermore, in the literature,
0.63 mg/kg of Se was detected in Mugil cephalus
species [37]. It is seen that the results of this study
and the results in the literature are close.
Nickel plays a role in membrane structure and
metabolism. It acts as a cofactor for
metalloenzymes. It activates enzymes such as
arginase, carboxylase and acetyl coenzyme
synthetase, and trypsin ferment, reduces the effect
of acid phosphatase, and therefore, affects the fatty
tissue and the hormones. It is an essential element
for the living in order to obtain a higher benefit
from the iron element. In those who are working in
the Ni industry, poisoning may occur as a result of
inhalation. The major health risk created by Ni
exposure is the contact dermatitis and respiratory
cancers [1]. This case may indicate that Ni, playing
a role in the membrane structure and metabolism,
may be present more intensively in the fish brain
metabolism. The highest value was found in the
brain tissue of less than 80 g of small fishes 51.84
(μg/g wet wt), while the lowest level in the muscle
tissue was 0.06 (μg/g wet wt) in fish with over 100g
of weight. When compared according to gender, Ni
levels in all tissues showed statistically significantly
different values (P<0.05) (Table 2). Again, Ni
levels except for the muscle and gills in female fish
are found to be higher. This situation may show that
female fish metabolism may have a higher amount

As copper appears in the structure of enzymes,
in the study, supporting this finding, the liver Cu
levels were found to be generally higher. According
to the classification by gender, the muscle, gills,
gonads and brain tissue results were found to be
statistically significant (P<0.05). According to the
classification by weight, only the gonad group
results were found to be statistically significant
(Table 2). Demirezen and Uruç [29] determined Cu
levels of 0.0718-0.1001 mg/kg in fish. Qin et al.
[13] found Cu levels in the muscle tissue of
Crucian carp species as 0.435 (mg/kg wet wt),
which shows parallelism with the muscle levels of
this study. In the trace element study at the muscle,
liver and kidneys of Stenella Coeruleoalba fish
according to the body length, weight, age and
gender, the Cu levels obtained were generally in the
same range with our study results [30]. In addition,
in a study carried out in te Black Sea with Sarda
Sarda, Mullus Barbatus Ponticus, Trachurus
trachurus and Merlangius merlangus fish species,
the Cu levels found were also consistent with the
study results (0.18±0.35 μg/g) [31].
It is a biological trace element, a certain
amount of which is needed to be intaken every day
for optimal health [32]. Zinc is involved in many
enzymes or acts as a cofactor, and it is located in
hair, bone, eye, prostate and pancreas. Zinc also
acts in the growth and development of the living,
maturation, in endocrine and metabolic events, and
in immune functions. The zinc limit has been stated
as 50 mg/kg in the standards [24].
Among the detected results, the highest level
was found in the gonadal tissues as 38.43 (μg/g wet
wt) in fish weighing more than 100 g, and the
lowest level was found as 0.01 (μg/g wet wt) in the
female brain tissue. In the classification by gender,
the difference between the muscle, gonad and brain
tissue results was statistically significant (P<0.05).
This may be due to the difference in the metabolism
between the male and the female. In the weight
classification, the results were found to not to be
statistically significant (Table 2). In the study with
Pontic shad (Alosa immaculata) fish by gender, the
muscle, liver and gill tissue demonstrated levels
EHWZHHQ  DQG  ȝJJ GU\ ZHLJKW 
[22]. In their study with tuna fish, <ÕOPD]et al. [19]
determined Zn level as 12.642-20.468 mg/kg.
Again, in a study carried out with common carpCyprinuscarpio,
crucian
carpCarassius
Carassius, grass carp±Ctenopharyngodon Idella
fish species, the Zn levels varied between 9.91
(mg/kg wet wt) and 5.44 (mg/kg wet wt). In their
study with Ctenopharyngodon idellus, Aristichthys
nobilis and Cyprinus carpio fish species, Zhuang et
al. [35] determined the Zn levels to be compatible
with our study.
Although low concentrations of the trace
element selenium are an important for the body, it
is toxic in high concentrations. Low selenium
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elements were observed to be higher, and toxic
elements were observed to be lower. In the 100
<Weight group, though, the trace elements were
observed to be at a lower level on average, and the
toxic elements were found to be at higher levels
(P<0.05). This situation may suggest that according
to the increased weight, the feeding is increased,
and in this way, the metabolism may be thought to
accumulate more toxic metals.

of the Ni element. In Gobi Occitania species,
Merciai et al. [37] found Ni levels between 15.68
(mg/kg) and 0.34 (mg/kg). In their study, Said et al.
[39] determined the Ni level to be compatible with
our study. In their study, Mendil and Uluözlü [40]
found the highest levels in Carassius gibelio 5.6
(μg/g) and the lowest at Silurusglanis 1.3 (μg/g).
These results were consistent with the study results,
but the brain tissue results were higher in all
groups.
It is found in liver, bones and kidneys in the
body and acts as a cofactor of several enzymes. It
has a significant role in normal skeletal
development,
glucose,
lipid
and
protein
metabolism, thyroid hormone synthesis, and in the
enzymatic steps of biochemical reactions. The
surplus manganese scattered throughout the body is
excreted largely by bile [24]. The United Nations
science academia [41] determined that the daily
amount of MN an individual should take as 2.3 and
1.8 mg/day in males and females, respectively.
When compared according to the gender, the tissues
other than muscle tissue showed statistically
significant differences for Mn levels (P<0.05)
(Table 2).
This may be due to the different work of
metabolism in the male and the female. When
compared according to their weights, no
statistically significant differences were determined
in all tissues (Table 2). In their study with Stenella
coeruleoalba, Honda et al. [30] found values
between 6.71 (μg/wet g) and 0.15 (μg/wet g) in the
liver, muscle and the kidney tissues. Tuzen [38]
determined the lowest Mn level as 0.07 mg/kg in
Mugil Cephalus and the highest level as 7.3 mg/kg
in Scomberomorus brasiliensis. In their study with
Sarda sarda, Mullus barbatus ponticus, Trachurus
trachurus and Merlangius merlangus fish species,
Mendil et al. [31] found the highest level of Mn in
the Leiciscus cephalus as 9.4 (μg/g) and the lowest
level inOncorhynchusmykiss as 1.0 (μg/g). In their
study Sander lucioperca, Silurus glanis and Esox
lucius fish species, Miloskovic et al. [42] found the
highest levels of Mn as 1.86 (mg/kg). When
compared with this study, the levels are seen to be
in the same range.
In this study, we evaluated the metal
concentration levels in Van fish, according to
gender and weight variables. The majority of these
concentration values were observed to be
compatible with other fish species. The highly toxic
Ba, Bi, Pb and Cd elements were detected in Van
fish tissues. They have been observed to be higher
especially in the brain tissue. The trace elements
evaluated were Fe, Cu, Zn, Se, Ni and Mn. Ni metal
concentration in the brain tissue have been found to
be higher than in other tissues. In general, metal
concentrations in the male fish were observed to be
higher in the study. According to weight, the
80>Weight group and 80-100 Weight group trace
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SIZE AND SHAPE ANALYSIS OF TWO CLOSE CYPRINIDAE
SPECIES BY GEOMETRIC MORPHOMETRIC METHODS
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reported that there is a significant difference between
the ratio of length of the head and width of the head
and other parts of the body [4] and the number of
lateral scale is same for these two species but the
most important difference between C. kais and C.
macrostomus species is mouth shape [10]. The
mouth of C. macrostomus is wider and it is springshaped however the mouth of C. kais has a more
narrow shape. It has been also recorded that growth
coefficient (b) of C. macrostomus samples is greater
than those given by C. kais samples and the number
of eggs ranged between 313-1647 for C.
macrostomus, whereas it was ranged between 2951255 for C. kais [11]. Chromosome number for these
two species were found similar to be 2n = 50 [12, 13,
14, 15]. As can be seen from the above-mentioned
studies, these two species are systematically
complex and it is hard to distinguish them
morphologically and karyologically.
Geometric morphometrics (GM) is a strong
tool in taxonomy and systematics has noteworthy
statistical power [ 16, 17, 18, 19] and deal directly
with the Cartesian coordinates of landmarks, rather
than with traditional distance, angle or ratio
measurements. It is useful to reveal even very small
morphological variations, which often are invisible
by traditional morphometric [20, 21].
The goal of this study to find out the geometric
morphometric differences of these species and to
reveal that mouth structure is reliable or not which is
the just character runs for classification only in
adults.

ABSTRACT
In this study, the differences between C.
macrostomus and C. kais species that are similar to
each other were investigated in terms of their size
(CS) and shape by landmark-based geometric
morphometric methods. There was no difference in
size between the two species. However, the
difference was significant between them in shape.
The head of C. macrostomus is longer in height
while its dorsal fin is located a bit forward and caudal
peduncle is wider compared to C. kais. On the other
hand, the body depth of C. kais is greater and its
lateral line end is shorter. Considering the geometric
morphometric differences, these two species can be
identified and distinguished easily.

KEYWORDS:
Cyprinion, Bigmouth Lotak, Fish Kings, 2D Landmark,
Morphology.

INTRODUCTION
Fish are important food sources and often an
effective indicator of water pollution [1, 2, 3]. Often
there are morphological similarities between species
in the same genus that sometimes make it difficult to
distinguish [4]. For this reason, morphometric
analysis methods have been developed [5].
Species of genus Cyprinion show a wide spread
from Indus River to Asi, Tigris and Euphrates Rivers
[6]. Four species have been described from western
Syria/Tigris Euphrates drainage and one from
western Iran: Cyprinion macwstomus, Cyprinion
kais, Cyprinion neglectus, C. tenuiradius [6]. From
these C. kais and C. tenuiradius are endemic species
for Tigris Euphrates Basin [7] and Mond River [8]
respectively. Ünlü [4] conducted a study in the upper
basin of Tigris River (the part remained in Turkey)
and reported that these two species are often found
in the same locality and therefore they share the
same environment. According to Bilici et al. [9]
linear morphometric and meristic characters of C.
kais vary between population on the Tigris River
because of ecological factors and dams. It has

MATERIALS AND METHODS
In this study total 15 C. kais and 15 C.
macrostomus specimens were caught from Tigris
river (ފމN  )(ފމand Batman Dam
Lake (ފމ1( )(ފމFig. 1).
Images of lateral of samples were digitized by
Pentax x70 digital camera under the same conditions
and 14 landmarks was collected by TpsDig2 version
2.17 software [22] (Fig. 2). The obtained landmark
configurations were superimposed to remove
variation of location, orientation and scale (nonshape variations) by the GPA (General Procrustes
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Analysis) [16] using TpsRelw ver. 1.53 [23]. Size (as
Centroid size: CS) and shape differences were
analysed by MorphoJ ver. 1,06d and PAST [24].

0.15) among the examined groups but C.
macrostomus was little smaller than C. kais.
Principal component analysis (PCA) based on
the data from the lateral shape of samples showed
that the first two principal components explain 49.1
%, the first five component 77.3 % of total variance.
The species were ordered along the first principal
component moderately in a same range but the
species were separated along second principal
component (Fig. 4).

RESULTS
The differences of Centroid Size (CS) between
C. kais and C. macrostomus were given in Fig. 3.
The procrustes ANOVA based on CS showed
that there was no significant difference (F: 2.12, p:

FIGURE 1
The localities of samples (x= localities where specimens collected)

FIGURE 2
The location of landmarks (1. Snout tip, 2. Posterior nare, posterior margin, 3. Orbit, anterior margin
along longest axis, 4. Orbit, posterior margin along longest axis, 5. Anterior of lateral line, 6. Origin of
dorsal fin, 7. Origin of anterior dorsal procurrent caudal-fin ray, 8. End of lateral line, 9. Origin of
anterior ventral procurrent caudal-fin ray, 10. Origin of anal fin, 11. Origin of pelvic fin, 12. Origin of
pectoral fin, 13. Supraoccipital, posteromedial tip, 14. Intersection of gill opening and ventral margin of
body).
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FIGURE 3
The Box plot of CS of groups (The short horizontal lines: Min. and Max., the box down and up
bounder: 25 and 75 percentile, the long horizontal line: Average).

FIGURE 4
Principal component analysis (PCA) of the specimens.

FIGURE 5
Results from CVA based on the matrix of shape.
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FIGURE 6
The histogram of discriminate analysis

FIGURE 7
The shape differences between C. kais and C. macrostomus (Scale factor was set 4 for best visualising
differences)

body was enlarged downwards and the end of lateral
line was shorter in C. kais (Fig. 7).

The results of procrustes ANOVA (F = 3. 34,
p<.0001) showed that the lateral shape of groups
were significantly different. The two group was well
separated based on CVA with Mahalanobis distances
8.73 and P-values from permutation tests (10000
permutation rounds) for Mahalanobis distances
among groups was p<.0001 (Fig. 5).
According to DFA procrustes distance (0,01)
between two group were significantly different (Pvalues for permutation tests (1000 permutation runs)
= 0,0080). DFA grouped each sample in their
original group by 100 % correctly for each groups
(Fig. 6).
According to the shape mean, the important
differences found around the head, especially the
ventral side of the head, the origin of dorsal fin, anal
and pelvic fin and caudal parts. The head of C.
macrostomus was higher than C. kais. The head
more extended downwards, the body was more
narrow and the procurrent caudal was enlarged and
the end of lateral line was extended in C.
macrostomus. However, the head was narrow, the

DISCUSSION
As a result of this study, it is determined that
there is no size difference between these two species,
which is consistent with the results of the studies
conducted by Ünlü [4]. PCA (Fig. 4), CVA (Fig. 5)
and DFA (Fig. 6) analyses conducted based on shape
variables matrix show that the shape difference
between these two groups is significant and this
conclusion is consistent with the results given before
[4, 6]. In particular, the ratio of length of the head to
the width of the head and other parts of the body
differs in these two species and the differences in C.
macrostomus species given by Nasri et al. (5)
support our results suggesting that most of the shape
differences are seen in the head part (Fig. 7). In
addition, the difference between mouth structure of
these species reported by Uckun and Gokce [11] is
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very consistent with the shape difference in the head.
Because, C. macrostomus has a larger, wider and
spring-shaped mouth that is helpful for larger preys
and it is associated with its larger mandibular
elements. This is very consistent with especially
morphological changes in the ventral and in the
head. In our study, it was determined that the origin
of dorsal fin of C. macrostomus is located a bit
forward (Fig. 7), which is consistent with the results
of [6, 10]. Previous studies reported that the value of
(b) is smaller than 3 in C. macrostomus species, and
greater than 3 in C. kais [11]; and their height-weight
ratio (r) is 0.87 for C. macrostomus species and 0.93
for C. kais species. Body shape differences between
two these species are also consistent with the
morphological changes in dorsal (LM:6), caudal
(LM:8), anal (LM:10) and pelvic fins (LM:11),
respectively. The body depth of C. kais is higher
whereas its length is shorter (Fig. 7).
In conclusion, morphological differences
strongly support that these are separate species. The
results of this study are consistent with the results of
other studies [4, 6, 10] and the mouth structure is a
reliable character that can be used for species
separation.

[6] Banarescu, P.M and Herzig-Straschil, B. (1995)
A revision of the species of the Cyprinion
macrostomus-group (Pisces: Cyprinidae),
Annalen des naturhistorischen Museums in
Wien 97(B), 411±420.
[7] Coad, B.W. (1996) Zoogeography of the fishes
of the Tigris±Euphrates basin. Zoology in the
Middle East, 13, 51±70.
[8] Esmaeili, H.R., Babai, S., Gholamifard, A.,
Pazira, A. and Gholamhosseini, A. (2015)
Fishes of the Persis region of Iran: an updated
checklist and ichthyogeography, Iranian Journal
of Ichthyology, 2, 201-223.
[9] Bilici, S., Baysal, A., Çiçek, T., Uysal, E. and
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differences among Freshwater fish, Cyprinion
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ROSELLE (HIBISCUS SABDARIFFA L.) TO ORGANIC AND
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Roselle enters the international trade per year with
China and Thailand are the main supplier [1]. Due to
the health benefits, the importance of Roselle calyces
in food and health industries has increased during
recent years. Regarding health, the infusion is
diuretic and can be used to treat cancer [5],
hypertension [6], renal stones [7], high cholesterol
[8] etc. Roselle contains vitamins (thiamine,
riboflavin, niacin, and ascorbic acid) and minerals
(Ca, P and Fe) that are vital for many metabolic
processes to sustain life.
Phosphorus is the essential macronutrient
needed by all plants for normal growth and yield [9,
10]. The demand of phosphorus is high during
reproductive growth, flowering stage, early maturity
and the seed production by the plants, but over doses
of phosphorous can lead to sever losses [11]. In manmade fertilizers, the phosphorus is removed from the
rock using acids, increasing the solubility of
phosphorus and become accessible to the plant.
Plants use phosphorus in the form of H2PO4- and
HPO42-, which are the main inorganic forms of
phosphorus.
However,
phosphorus
are
bonded/absorbed onto the solid matter in the soil to
a various degrees and thus become unavailable to the
plants [12].
The organic source contributes from 50% to
80% of phosphorus in the soil. It comes from the
humus of plants as phosphorus is found in cell
membranes and DNA in living organisms. Though,
phosphorus is naturally available in the soil, yet not
readily available to the plants for their growth and
development. The major task for farmers is to
improve the uptake of phosphorus as well as nitrogen
and potassium by the plants without using man-made
fertilizers. Since centuries organic phosphorus
fertilizers have been used as the phosphorus source
for plants. The phosphorous in the soil in available
form can promote growth and development of the
plant as well as protect the plant to incorporate large
amounts of heavy metals [13]. Although the
phosphorus fertilizer technology is advanced now,
but yet organic phosphorus from sewage and animal

ABSTRACT
An experiment was designed to check the
response of Roselle to organic and inorganic
phosphorus at the horticulture farm, University of
Agriculture Peshawar-Pakistan, during the year
2012. The chemical fertilizer, Single Super
Phosphate (SSP) was used as an inorganic source of
phosphorus, while Bio-Organo-Phosphate (BOP)
containing 20% of phosphorus penta-oxide (P2O5)
was used as a source of organic phosphorus. Both
sources of the fertilizer were applied at the rate of 10,
20, 30 40 and 50 kg ha-1 and was tested and their
effect was compared with that of control. The results
revealed that both the sources and levels of
phosphorus significantly affected the growth
parameters of Roselle, i.e. plant height, numbers of
leaves, number of branches, leaf area, days to
flowering, fresh weight of the flower, calyx, dry
weight of calyx, number of calyces, number of roots,
root length and root weight.

KEYWORDS:
Hibiscus sabdariffa; Roselle; phosphorus; organic source;
root length; flower weight

INTRODUCTION
Roselle (Hibiscus sabdariffa L.) belonging to
family Malvaceae [1] is an important medicinal
plant. The plant is mostly cultivated in tropical and
sub-tropical regions of the world, including
Thailand, China, Sudan, Mexico, Egypt, Senegal,
Tanzania, Mali and Jamaica due to its medicinal
value [2-4] and is exported to the Germany and the
United States [1]. Roselle is considered an ideal
plant in poor countries due to high market demands
for natural bioactive products. It is resistant to
drought and easy to cultivate but needs heavy labor
during harvesting and can be grown in multicropping system. Currently, 15,000 metric tons of
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differences between them. In case, where the
differences were significant, the means were further
assessed for differences through Least Significant
Differences (LSD) Test. Statistical Computer
Software, MSTATC (Michigan State University,
USA) was used for computing both ANOVA and
LSD [15].

manures is of high importance [14]. Therefore, the
present experiment was designed to study the
performance of organic and inorganic phosphorus on
the growth of Roselle.

MATERIALS AND METHODS
To VWXG\ WKH ³response of Roselle to organic
and inorganic phosphorus´ an experiment was
carried out at Horticulture Farm, The University of
Agriculture Peshawar-Pakistan during 2012.

TABLE 1
Physiochemical properties of the experimental
plot
S.No.
1
2
3
4
5
6
7
8
9
10

Experimental design and field preparation.
The experiment was carried out in Randomized
Complete Block Design with the split plot
arrangement having three replications. Soil was
analyzed for important physiochemical properties
before the experiment (Table 1). The experiment
consisted of two main factors, i.e. phosphorus source
(organic and inorganic) allotted to the main plot and
phosphorus levels (0, 10, 20, 30, 40 and 50 kg ha -1)
to sub plot. SSP (18% P) was used as a source of
inorganic phosphorus. Bio Organo Phosphate (BOP)
a patent product of Niha Corporation, which is an
innovative Bio-Tech solution provider was used as
an organic source of phosphorus. Bio Organo
Phosphate was manufactured by bio-composting
(organic matter and natural P source) and bioaugmentation (by novel and effective microbes). The
finished product is finally coated with carbon rich
material for the sustainability of microbes. BOP
contains 20% organic mineralized P2O5, 30%
decomposed organic matter and 2% organic
nitrogen. BOP requires less capital low energy and
is environmentally friendly bio available P. Urea
(46% N) and Murat of potash (60% K) was used as
a source of N and K at the rate of 60 and 20 kg ha-1
respectively. Nitrogen was applied in two split
doses, first dose was applied after 20 days of sowing
and the second dose was applied at 20 days interval
of first dose.

Unit
%
«
«
%
mg kg-1
mg kg-1
%
%
%
«

Value
0.79
7.8
0.15
16.5
0.08
5.75
54.4
31.39
15.7
Silty clay loam

RESULTS AND DISCUSSION
Plant height (cm). Plant height was
significantly affected by the different phosphorus
source, phosphorus levels and control vs. rest. While
the interaction between the phosphorus source and
the phosphorus levels were non-significant (Table
2). Maximum plant height (112.09 cm) was observed
with the organic source of phosphorus while least
plant height (107.22) was observed with the
inorganic source of fertilizer. Plant height was also
affected by the different levels of phosphorus.
Highest plant height (124.39 cm) was observed in
plants treated with 40 kg ha-1 phosphorus which was
at par with plants treated with 30 kg ha-1 phosphorus
while minimum plant height (86.61) was observed in
control treatment. It might be due to the fact that the
phosphorus is an essential component of nucleic
acids, phospholipids and some amino acids [16]. The
absorbed phosphorus helped in direct stimulation of
cellular activity of roots and leaves. Additionally, the
absorption of phosphorus is useful for the process of
cell division, meristemetic growth and helps in food
reserves due to high photosynthetic activity [17].
Similar results were found by Singh et al. [18] and
Okosun et al. [19], who reported that the plant height
was significantly affected by different levels
phosphorus.

Management practices. All crop management
practices like weeding, hoeing and irrigation were
carried out uniformly in all treatments according to
the needs except fertilizer application.
Measurement
of
various
growth
parameters. Five randomly selected plants were
analysed for plant height, number of branches per
plant, number of leaves per plant, leaf area, days to
50% flowering, fresh flower weight, fresh calyx
weight, dry calyx weight, number of calyx per plant,
number of roots per plant, roots weight and roots
length.

Number of branches plant-1. Number of
branches plant-1 was significantly affected by the
different phosphorus sources and phosphorus levels
(Table 2). Higher number of branches plant-1 (4.08)
were observed in plants that were fed with the
organic phosphorus, while low number of branches
plant-1 (3.21) was observed in plants treated with the

Statistical Procedures. The data recorded for
different parameters were subjected to analysis of
variance (ANOVA) in order to observe the
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significantly affected by the application of
phosphorus sources, levels and the interaction
between them. The application of organic source of
phosphorous yields higher number of leaves plant-1
(177.87), whereas low number of leaves plant-1
(138.94) were spotted in plants treated with the
inorganic source. Also, the higher number of leaves
plant-1 (204.89) was noted in plants treated with 40
kg ha-1 phosphorus, while the minimum number of
leaves plant-1 (97.89) was observed in control.
Interaction effect exhibited maximum number of
leaves (236) plant-1 treated with organic source of 40
kg ha-1 phosphorus compared to control plants
(Figure 2). The increase in leave number might be
due to the availability of phosphorous to the plant
that can affect the number of nodes, branching, and
leaf appearance rate. Similar results have been
reported by Singh [18], who found that number of
leaves in okra increased with the increasing rate of
applied phosphorus.

inorganic source of fertilizer. Similarly, the number
of branches plant-1 (5.32) was high in plants treated
with 40 kg ha-1, whereas the control treatment gave
the lowest number of branches plant-1 (2.60).
Likewise, the interaction between the sources and
the phosphorus levels was also found significant.
Interaction effect between the sources and level
revealed that plants treated with organic
phosphorous at the rate of 40 kg ha-1 had maximum
number of branches compared to the control (Figure
1). Our results are in accordance with El-Gizawy and
Mehasen [20], who found the maximum number of
branches in Faba bean with the application of 30 Kg
P2O5 ha-1. Similarly, Khiriya and Singh [21],
recorded high number of branches in fenugreek that
was treated with 15 ton ha-1 of Farm Yard Manure
having phosphorus level up to 40 kg P2O5 ha-1.
Numbers of leaves plant-1. The data in Table
2 also revealed that numbers of leaves plant-1 was

TABLE 2
Influence of phosphorus and its sources on plant height, branches plant -1, leaves plant-1, leaf area, days to
50% flowering and fresh flower weight of Roselle
Phosphorus
(kg ha-1)
Control
10
20
30
40
50
LSD value
Phosphorus
sources
Organic
Inorganic
Significance level
Interactions
P×S

Plant height
(cm)
86.61c
105.89b
112.39b
116.00ab
124.39a
112.67b
11.33

branches
plant-1
2.60cd
2.48d
3.16 c
3.92b
5.32a
4.39b
0.67

leaves plant-

112.09a
107.22b
*

4.08a
3.21b
*

177.87a
138.94b
*

NS

*

*

1

97.89e
139.94d
158.00c
172.17b
204.89a
177.56b
12.10

Leaf Area
(cm2)
81.93c
125.23b
127.60b
129.00b
148.13a
121.35c
18.74

126.71a
117.71b
*
Significance Level
NS

Days to 50%
flowering
148.17a
144.83b
143.67b
140.83c
138.00d
136.67d
1.98

Fresh flower
weight
1.37c
2.62b
2.47b
2.42b
3.32a
2.38b
0.27

142.83a
141.22b
*

2.56a
2.29b
*

NS

*

Mean followed by similar letter(s) in column do not differ significantly from one another
NS = Non-Significant and * = Significant at 5% level of probability.
P × S = Interaction of phosphorus and phosphorus sources

FIGURE 1
Interaction effect of phosphorus × sources on number of branches plant -1 of Roselle.
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FIGURE 2
Interaction effect of phosphorus × sources on number of leaves plant -1 of Roselle.

FIGURE 3
Interaction effect of phosphorus × sources on fresh flower weight of Roselle.
1
(144.83) and 20 kg ha-1 (143.67) while early
flowering (136.67) and (138.0) was observed in
plant received 40 kg ha -1 and 50 kg ha -1 respectively.
The decrease in number of days to flowering with
increasing dose of phosphorus was due to its major
role in flowering and plant reproduction as
phosphorous is a major component of nucleic acid,
phospholipids and ATP [22].

Leaf area (cm2). The results (Table 2)
regarding leaf area indicated that both sources and
levels of phosphorus had a significant effect on leaf
area of Roselle, while their interaction had nonsignificant effect. A large leaf area (126.6 cm2) was
observed in plants treated with the organic source of
phosphorus while a small leaf area (117.7 cm2) was
observed with the inorganic source. Beside this,
phosphorus applied at the rate of 40 kg ha-1 had a
larger leaf area (148.14 cm2) compared to that of
untreated plants (81.94 cm2).

Fresh flower weight (g). Various sources and
levels of phosphorus and their interaction
significantly affected fresh flower weight of Roselle
plant (Table 2). A maximum weight (2.56) was
observed in flowers from plants that received
phosphorus from organic sources, while minimum
weight (2.29) was recorded in flowers from plants
treated with the inorganic source of phosphorus.
Moreover, flowers from the plants treated 40 kg ha 1
phosphorus have significantly higher weight (3.32)
among the various treatments. The interaction
between sources and levels of phosphorus revealed
that the application of 40 kg ha-1 phosphorus from
the organic source had the significant effect on the
weight (3.33) of fresh flowers (Figure 3).

Days to 50% flowering. Days to 50%
flowering of Roselle was significantly affected by
the different phosphorus sources and phosphorus
levels. While the interaction between the phosphorus
sources and the phosphorus levels were nonsignificant (Table 2). The results clearly showed that
inorganic source of phosphorus gave early flowering
(141.22) as compared to organic phosphorus
(142.83). Days to flowering was also affected by the
different levels of phosphorus, more days to
flowering (148.17) was observed in the control
treatment followed by plants fertilized at 10 kg ha-
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TABLE 3
Influence of phosphorus and its sources on fresh calyx weight, dry calyx weight, calyx plant-1, roots plant-1,
root length and root weight of Roselle
Phosphorus
(kg ha-1)
Control
10
20
30
40
50
LSD value
Phosphorus
sources
Organic
Inorganic
Significance level
Interactions
P×S

Fresh calyx
weight (g)
0.93d
1.76bc
1.83ab
1.63bc
2.04a
1.53c
0.26

Dry calyx
weight (g)
0.23d
0.44bc
0.46ab
0.41bc
0.51a
0.38c
0.07

1.70a
1.54b
*

0.43a
0.38b
*

NS

NS

calyx plant-1
66.08e
74.44de
86.85bc
95.44ab
105.30a
81.85cd
10.50

roots plant1

Root length (cm)

Root weight (g)

7.31b
7.74b
10.61a
11.59a
12.78a
10.61a
2.51

18.89c
19.58bc
20.06bc
22.28abc
24.50a
22.67ab
3.54

17.33c
21.11bc
22.22bc
26.00ab
29.94a
24.94ab
5.73

22.67a
19.99b
*

27.50a
19.69b
*

NS

NS

94.10a
11.03a
75.89b
9.18b
*
*
Significance Level
NS
NS

Mean followed by similar letter(s) in column do not differ significantly from one another
NS = Non-Significant and * = Significant at 5% level of probability.
P × S = Interaction of phosphorus and phosphorus sources
and at a rate of kg ha-1 phosphorus had more calyces
in flowers, while lower number of calyces in flowers
was recorded in plants fed with the inorganic source
of fertilizer and untreated control plants. The
increased number of calyces is related to the
increased number of branches that might be due to
high cytokinins activities [23].

Fresh calyx weight (g). Fresh calyx weight
was significantly affected by the different sources
and levels of applied phosphorus. While the
interaction between the phosphorus sources and the
phosphorus levels were non-significant (Table 3).
The fresh calyx weight (1.70 g) was detected higher
in flower of plants fed with the organic source of
phosphorus while lower fresh calyx weight (1.54 g)
was recorded in flowers of plants treated with the
inorganic source of fertilizer. The weight of fresh
calyx (2.04) was also increased significantly, when
phosphorous were applied at the rate of 40 kg ha1 to
the plants. While the lowest fresh calyx weight (0.93
g) was noted in untreated plants with phosphorus.
These results are in close agreement with those of
Okosun et al. [19], who received maximum yield at
30 kg ha-1.

Number of roots plant-1. The significant effect
of different phosphorus sources and phosphorus
levels was observed on number of roots plant-1, while
the interaction between the phosphorus sources and
the phosphorus levels were non-significant (Table
3). Plants that were given organic phosphorus had
greater number of roots, whilst lower number of
roots plant-1 was seen in plants treated with inorganic
source of fertilizer. Number of roots plant-1 was also
affected by different phosphorus levels. Maximum
number of roots plant-1 (12.78) were noticed, when
phosphorous was applied at the rate of 40 kg ha-1
phosphorus compared to untreated, control plants
roots (7.31). The higher number of roots may be
because of increase in leaf area photosynthate and
carbon bud jet of the plant which stimulate the root
growth and increases the number of roots [24].
Similar results were obtained by Postma et al. [25]
and Niu et al. [26], who found that phosphorus
deficiency resulted in the reduction of primary
lateral roots and length and number of nodal roots.

Dry calyx weight (g). Dry calyx weight was
significantly affected by the different phosphorus
sources and phosphorus levels. While the interaction
between the phosphorus sources and the phosphorus
levels were non-significant (Table 3). Higher dry
weight of calyx (0.43 g) was recorded in flowers of
plants treated with the organic source of phosphorus
compared to inorganic source of fertilizer. Similarly,
maximum dry calyx weight (0.51) was examined in
flowers of plants received 40 kg ha1 phosphorus that
was at par with plants obtained 20 kg P ha -1 (0.46).
Whereas, the lowest dry weight of calyx (0.23 g) was
recorded in untreated plants with phosphorus.

Root length (cm). Root length was
significantly affected by the different phosphorus
sources and phosphorus levels. While the interaction
between the phosphorus sources and the phosphorus
levels were non-significant (Table 3). A significant
increase in root length was noted with the application
of organic source rather than inorganic sources of
phosphorus fertilizer. Comparably, root length was

Number of calyces plant-1. Number of calyces
was significantly affected by the different
phosphorus sources and phosphorus levels, while the
interaction between the phosphorus sources and the
phosphorus levels was non-significant (Table 3).
Plants treated with organic sources of phosphorus
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[5] Akim, A. M., Ling, L. C., Rahmat, A. and
Zakaria, Z. A. (2011), Antioxidant and antiproliferative activities of roselle juice on caov3, mcf-7, mda-mb-231 and hela cancer cell
lines, Afr. J. Pharm. Pharmacol., 5957-965.
[6] McKay, D. L., Chen, C. O., Saltzman, E. and
Blumberg, J. B. (2010), Hibiscus sabdariffa L.
tea (tisane) lowers blood pressure in
prehypertensive and mildly hypertensive adults,
J. Nutr., 140(2), 298-303.
[7] Pachana, K., Wattanakornsiri, A., Tongnunui, S.
and Beamish, F. W. (2010), Morphological
inhibition of calcium oxalate monohydrate by
roselle (Hibiscus sabdariffa L.), Thammasat Int.
J. Sc. Tech., 15(4), 11-17.
[8] Sari, I. P., Nurrochmad, A. and Setiawan, I. M.
(2013), Indonesian herbals reduce cholesterol
levels in diet-induced hypercholesterolemia
through lipase inhibition, Malay., 11(1), 13-20.
[9] Soetan, K., Olaiya, C. and Oyewole, O. (2010),
The importance of mineral elements for
humans, domestic animals and plants: A review,
Afr. J. Food Sci., 4(5), 200-222.
[10] Mahmut Tepecik, Bihter Colak Esetlili, Dilek
Anac, Murat Cicekli and Ozturk, B. (2016),
Effects Of Different Mineral Fertilizers On
Macro Nutrient Content And Essential Oil
Components Of Lemon Balm Fresen. Environ.
Bull., 25, 4469-4477.
[11] Wang, Y., Chen, X., Lu, C., Zhao, M., Du, Y.
and Shi, Y. (2014), Effects of P application rate
and frequency on P adsorption and water
extractable P in a meadow brown soil over 12year field micro-plot trials, Fresen. Environ.
Bull., 23(7), 1524-1528.
[12] Syers, J., Johnston, A. and Curtin, D. (2008),
Efficiency of soil and fertilizer phosphorus use,
FAO Fertilizer and Plant Nutrition Bulletin,
18108.
[13] Cozzolino, V., Pigna, M., Di Meo, V., Caporale,
A. G., Violante, A. and Meharg, A. A. (2010),
Influence of phosphate addition on the arsenic
uptake by wheat (Triticum durum) grown in
arsenic polluted soils, Fresen. Environ. Bull.,
19(5), 838-845.
[14] Adams, M. and Pate, J. (1992), Availability of
organic and inorganic forms of phosphorus to
lupins (Lupinus spp.), Plant and Soil, 145(1),
107-113.
[15] Steel, R. G. D., Torrie, J. H. and Dickey, D. A.
(1997), Principles and procedures of statistics:
A biological approach, McGraw-Hill.
[16] Gottschalk, G. (2012), Bacterial metabolism,
Springer Science & Business Media.
[17] Akhtar, N., Inam, A., Inam, A. and Khan, N. A.
(2012), Effects of city wastewater on the
characteristics of wheat with varying doses of
nitrogen, phosphorus, and potassium, Recent
Res. Sci. Tech., 4(5).

also positively supported by application of
phosphorous at 40 kg ha-1, while the control plants
have stunted roots. It might be due to the fact that
the phosphorus improved the carbohydrate content
of the plants which extend the root growth [27].
Root weight (g). Root weight was significantly
affected by the different phosphorus sources and
levels. While the interaction between the phosphorus
sources and the phosphorus levels were nonsignificant (Table 3). The phosphorus from the
organic source not only increased the root length but
also the root weight, significantly. Moreover, the
application of phosphorus fertilizer at the rate of 40
kg ha-1 indicated the optimum dose compared to
various doses applied for root development. The
increase in root weight due to organic phosphorus
might be because of 35 % decomposed organic
matter that can provide more micronutrients to the
plant compared to inorganic sources. Similar results
were found by the Ho et al. [27], who found low root
weight at P deficient soils in common bean.

CONCLUSIONS
It was concluded from the experiment that
organic source of phosphorus was found better as
compared to inorganic. The maximum plant height,
numbers of leaves plant-1, fresh flower weight, fresh
calyx weight, dry calyx weight, number of calyces,
number of roots plant-1 and root weight was observed
in plant fertilized with 40 kg ha-1 phosphorus
whereas, the highest number of branches, leaf area
and root length was recorded in plants fertilized with
30 kg ha-1 phosphorus and maximum days to
flowering was observed with control plants.
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consume more energy and their cost is generally
higher than the biological methods. The most
common biological method for such toxic (saline)
wastewater treatment is the gradual adaption of
conventional biomass to the toxic (saline)
environment [10], although the adaption period is
very long. A more effective method is to use
halophilic bacteria for the saline wastewater
treatments, since such saline environments are not
toxic to halophilic bacteria [11].
The highly-saline environments in coastal
regions, including sea mud, seawater and salt ponds,
not only contain ample salt resources but also has
abundant halophilic bacteria resources [12]. In this
work, we present a method to isolate a typical
halophilic bacterium (Alkalibacillus sp.) from the
sea. The bacterium has been exclusively utilize in
saline
wastewater
treatment
using
cell
immobilization technique, as the cell immobilization
technique has been reported with advantages of
stably effective biodegradation [13] and low cost
[14]. Since the type of carrier used for cell
immobilization has significant influence on the
bioactivity [15], several types of carriers have been
used and evaluated in the saline wastewater
treatments.

INTRODUCTION

MATERIALS AND METHODS

The saline wastewater treatment has been an
emerging topic since saline environments can limit
the biodegradability of bacteria [1,2]. There has been
a huge discharge of organic wastewater with a high
salinity of 10~150 g/L in industries, including foodprocessing industry, leather industry and petroleum
industry [3]. On the other hand, there has also been
an upsurge in amount of seawater waste used for the
civil usage, such as toilet flushing and house
refrigeration [4].
In order to treat the saline organic wastewater,
many technologies including contact oxidation
reactor
[5],
membrane
technology
[6],
bioelectrochemical systems[7], UV/persulfate-based
radical chemistry [8] and crystallization [9] have
been utilized in recent years. Among these
technologies, the physical and chemical methods

Isolation and identification of the halophilic
bacteria. In order to isolate and purify halophilic
bacteria, the sea mud was obtained from the Yellow
Sea, China (37.540 N, 122.070 E). The isolation
medium included casamino acids 5g, bacto peptone
6g, yeast extract paste 12g, sodium citrate 3g, KCl
3g, MgSO4 18g, CaCl2 0.2g, FeSO4 0.001g, NaCl
70g and seawater 1000mL [16]. The medium was
regulated to pH at 7.5 and sterilized for 30 min at
120ºC. The object strain of halophilic bacteria was
obtained and purified by a quick separation
technology. A conical flask (600 mL) filled with
isolation medium (250mL) and sea mud (10g) was
cultured on a shaking table at room temperature
(35Υ) with rotation speed at 120 rpm for 5 days.
Using an inoculating needle, five curvatures of the

ABSTRACT
This work presents the use of marine halophilic
bacteria on different cell carriers to treat saline
wastewaters. A Gram-positive halophilic bacillus
(HNPH) was isolated from sea mud sample obtained
from Yellow Sea, China. The phylogenetic evolution
tree built based on 16S rRNA gene sequence
indicated the strain HNPH was in the same branch of
A. halophilus (Alkalibacillus sp.YIM 012). The
HNPH had high bioactivity in saline environments
with salinity of 10%~20% (NaCl, w/v). Besides, the
treatment of saline wastewater with salinity of 10%
(NaCl, w/v) was studied using different cell carriers.
Compare to the control group with COD degradation
rate of 66%, the COD degradation rates using
ceramsite, zeolite, tourmaline and activated carbon
as cell carriers were 74%, 81%, 84% and 87%,
respectively. The bacteria on tourmaline and
activated carbon were showed with shorter lag
period during the saline wastewater treatments.
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by inoculating test strain (5 mL) into a conical flask
with liquid medium including 0.5g casamino acids,
1.2g yeast extract paste, 0.6g bacto peptone, 0.3g
sodium citrate, 0.3g KCl, 1.8g MgSO4, 0.02g CaCl2,
0.0001g FeSO4 and 100 mL seawater at 35Υ. The
Optical Density (OD) was measured at wavelength
600 nm. The liquid medium without inoculation was
utilized as control group. Specific growth rate (ȝ)
was calculated using equation § ln X  ln X · , where

bacteria solution were continuously drawn on the
slants of solid culture medium prepared in a test tube
(200mm×30mm). The tube was then cultured at
35Υ for 48 hours to obtain single colonies on slants.
The colony with the highest growth rate was selected
and purified. The isolated bacteria were observed
and measured by optical microscope morphology
and tapping-mode atomic force microscope (AFM,
DI BioScope, Veeco Co. in USA).
For determination of DNA G+C mol α , we
used the method of macro-extraction of total RNA,
which was UHSRUWHG E\ 0DUPXU¶V JURXS and
improved by other researches [17]. A melting point
method (Tm values method) was also utilized to
measure the G+C mole fraction [18]. The total DNA
sequence of bacteria was extracted by the kit
(Easyway Bacterial Gene DNA) developed by
BioDev-Tech Co., Ltd. The universal primers of 16S
rDNA sequence used for PCR amplification were
Eu-bac27F
φ
5'AGAGTTTGATCCTGGCTCACG-3', 1492Rφ¶GGTTACCTTGTTACGACTT-3'. The primers
synthesized by Takara Biotechnology (Dalian) Co.,
Ltd. PCR were amplified on PTC- 7KH  ȝO
reaction system contained template (about 40ng),
rTaq DNA polymerase (ultimate concentration:
0.3U), dNTP (0.3mmol·L-1) and primers (each
ȝPROā/-1). The amplification procedure included
30 times of circulation (5min warming at 94Υ, 30s
denaturing at 94Υ, 45s renaturing at 58Υ and 90s
elongating at 72Υ) and finally elongating for 10min
at 72Υ. Electrophoresis with 1.0% gelose was used
to detect amplification product. Gel was extracted by
gel extraction kit, ligated to pGEM-T vector
(Promega Co.) and then transformed to TOP10 E.
coli competent cells (QIAGEN). Amp ȝJP/ DQG
X-gal were added to the solid medium. Transformant
was selected by means of blue-white selection.
Sequencing
was
performed
by
Takara
Biotechnology (Dalian) Co., Ltd. The determined
16S rDNA sequence underwent BLAST in
GenBank. The obtained homologous sequence was
analyzed. BioEdit v 5.06 was used for multiple
sequence alignment. The NJ (Neighbor-Joining)
method [19] provided in MEGA3.1 software was
adopted to build a phylogenetic evolution tree.

P

¨
©

2

t2  t1

1

¸
¹

ȝ was the specific growth rate (h ); X1 and X2 were
the OD at the time t1, t2. And the generation time (G)
was calculated by equation § 0.693 · .
-1

G

¨
©

P

¸
¹

Besides, lag time was used to describe the
period of lag phase when the value of OD remained
the same over time at the beginning of culturing.
Cell immobilization for saline wastewater
treatment. Porous ceramsite has been utilized in
biological fields for the treatment of wastewater
elsewhere [20]. The ceramsite used in this work had
a dark green surface with a grey porous inner. 7KH
FKDUDFWHULVWLFVRIWKHceramsite ZHUHVKRZQLQ7DEOH
 =eolites are porous material with regular
structures and shape-selecting function which have
been widely utilized in molecular adsorption. 7KH
zeolite used in this work was obtained from natural
clinoptilolite minerals produced in Jinyun, Zhejiang,
China. 7KH zeolite powder was 6 mm in size,
containing constituents mainly of SiO2, Al2O3, CaO,
K2O, Na2O, Fe2O3 and so forth (Table 2).
7ourmaline is a crystal silicate mineral constituted
with mainly B element and other elements like Si,
Ti, Al, Fe, Mg, Mn, Ca, Na, K, F, Cl, O and so forth
[21]. It is a heteropolar mineral with
thermoelectricity, piezoelectricity and electrical
polarity and has been utilized in multiple fields of
environment and health science [22]. The tourmaline
powder utilized in this work, obtained after
smashing, grinding and drying, had average size at
ȝP DQG was produced in Chifeng, Inner
Mongolia, China. ,WV chemical composition was
shown in Table 3 Activated carbon is one of the
most common matrixes for cell growth and
immobilization [23]. Due to its high degree of
porosity, the adsorption ability of activated carbon is
very strong even for enzyme and gas adsorption [24].
The characteristics of the activated carbon powder
utilized in this work were shown in Table 4.

Growth rate under different salinity. In order
to evaluate the bioactivity of the isolated bacteria,
growth rates of the isolated bacteria in environments
with salinity of 2%~25% (NaCl w/v) were studied,

TABLE 1
7KHFKDUDFWHULVWLFVRIWKHFHUDPVLWH
Size (mm)
3̚5

volume
density (g/cm3)
0.7̚0.9

void ratio
(%)
45̚63

grain density (g/cm3)
1.73
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specific surface area
(m2/m3)
500̚800

water content (%)
ζ19
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TABLE 2
;5)DQDO\VLV  RImain mineral composition in the zeolite
FRQVWLWXHQW


&D2


0J2


6L2


$O2


)H2


1D2


&O


.2


&X2


7L2


%D2


0Q2


B2O3
8.98

Na2O
0.98

K2O
0.06

Other
6.93

TABLE 3
Chemical composition of the tourmaline
constituent
%

SiO2
45

A12O3
20.9

Fe2O3
1.78

FeO
1.71

MnO
2.62

CaO
6.35

MgO
4.74

TiO2
0.49

TABLE 4
The characteristics of the activated carbon powder
adsorption of iodine
(mg/g)
35

adsorption of methylene
blue (mg/g)
160

size
(mm)
0.075

water
content (%)
10.3

ash
content (%)
12.1

evaluated by the degradation value of permanganate
index (CODMn) during the 10-days treatment of
saline wastewater.

RESULTS
Characteristics of the halophilic bacteria.
The isolated halophilic strain, named HNPH in this
work, was showed in a round shape on solid
medium. The Colony was in yellow color and its size
was 2 mm in diameter (Figure 2-a). Its surface was
smooth and moist. The colors on two sides were
consistent. As shown in Figure 2-b and 2-c, the strain
was Gram-positive bacillus with round terminals.
The length of the strain was uneven and their size
was (0.5-0.9)μm×(2.0-4.5)μm. It was immotile
when in the medium. Additionally, no flagellum was
seen under AFM (Figure 2-c).
The G+C mole fraction of total DNA of strain
HNPH was 37.0α measured by Tm values method.
The sequence of 16Sr DNA was determined as
1485bp. GenBank accession number was EF517965.
The homology comparison of GenBank database
indicated that strain HNPH had the closest
relationship with A.halophilus (DQ359731) of
Alkalibacillus. Their sequence similarity was higher
than 99%. The phylogenetic evolution tree (Figure
3) revealed these two stains stay in the same branch.
The sequence similarity between this strain and
another valid species of this genus (A .salilacus,
BH163T, AY671976) was as high as 99%, while the
sequence similarity between this strain and other two
valid species A.filiformis (4AGT, AJ493661) and
A.haloalkaliphilus. (DSM 5271T, AJ238041) was
lower than 96%. The analytical result of 16S rRNA
gene sequence indicated that the strain had the
closest relationship with A. halophilus. Their
sequence similarity was higher than 99%. The
phylogenetic evolution tree built based on 16S rRNA

FIGURE 1
6FKHPDWLFGLDJUDPRI6%5UHDFWRUDQG
ZDVWHZDWHUWUHDWPHQWSURFHVV
˗'2PHWHU˗
7HPSHUDWXUHFRQWUROOHU˗
S+PHWHU˗VWLUUHU˗URWRUIORZPHWHU˗
DLUSXPS˗GUDLQYDOYH˗WKHUPRPHWHU˗
'2GHWHFWRU˗S+GHWHFWRU˗
0LFURSRURXVDHUDWRU˗PXGYDOYH

Figure 1 shows the schematic diagram of
reactor. Typically, a 50 L reactor was filled with 30
L of the sterilized saline wastewater, prepared with
the nutritients [25] including dextrose monohydrate,
starch, ammonium chloride and monopotassium
phosphate with concentrations at 0.6192 g/L, 0.5067
g/L, 0.0168 g/L and 0.0084 g/L respectively. In
addition, the salinity of the saline wastewater was
increased to 10% (NaCl w/v). pH was controlled at
8.0 and temperature was controlled at 30Υ. For cell
immobilization,
activated
carbon
powder,
tourmaline, ceramsite and zeolite at 5% (v/v) were
used as microorganism carriers in reaction solutions.
A control group without bacteria was set for
comparison. Dosage of the halophilic bacteria from
the liquid medium was 60 mL/L. Bioactivity was
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Subsequently, the bacteria started to split while the
growth of bacteria entered into the log phase from
the lag phase with max reproduction and growth rate.
In log phase, due to the high growth rate of strain
consuming a large amount of nutrients, the
concentration of nutrients in culture medium largely
reduced. From the growth curves of the stain in the
log phase, we calculated the specific growth rate and
generation time (Table 5). When cultured at salinity
2% w/v, its specific growth rate was 0.113 h-1 and its
generation time was 378 min. The specific growth
rate and the generation time at salinity 10% and 20%
w/v were very similar (0.226 h-1 and 189 min at 10%;
0.214 h-1 and 198 min at 20%). At salinity of 25%
w/v, specific growth rate of the strain was 0.143 h-1
with generation time of 297 min. Later on, the rate
of growth began to decrease while the rate of death
increased, showing a stage of stable phase.

gene sequence indicated that the strain HNPH and A.
halophilus (Alkalibacillus sp.YIM 012) stayed in the
same branch.
Growth characteristics of the HNPH in
saline medium. The growth curves of strain HNPH
cultured with different salinity of 5%, 10%, 20% and
25% (NaCl w/v) are showed in Figure 4. After
inoculation, the cells remained in the lag phase to
adjust their metabolism to adapt to the new
environment, when the value of OD maintained
nearly constant. When cultured at salinity 2% w/v,
due to a very low osmotic pressure for the strain, the
strain had a very long lag period of 16 hours. When
cultured at salinity 10% and 20% w/v, the stain had
the shortest lag phase lasting only 2 hours. Because
of a high osmotic pressure, the strain spent 6 hours
in the lag phase to adapt to the new environment.

(a)

(b)

(c)

FIGURE 2
Morphology of the HNPH: colony photo (a), microscope image (b) and AFM image (c).

FIGURE 3
Evolutionary tree of the strain HNPH bacterium. Neighbour-joining tree showing the phylogenetic
positions of strain HNPH, Nocardioides species and some other related taxa based on 16S rDNA
sequences. Bar: 0.01 substitutions per nucleotide position. Bootstrap values (expressed as percentages of
1000 replications) greater than 50% are shown at branch points.
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1.5

OD

WKH ORJDULWKPLF SKDVH ZLWK PD[LPXP JURZWK UDWH
DQG GHJUDGDWLRQ UDWH RI QXWULHQWV 2YHUDOO WKH
GHJUDGDWLRQ UDWHV RI QXWULHQWV E\ WKH KDORSKLOLF
EDFWHULD XVLQJ LPPRELOL]DWLRQ WHFKQRORJ\ ZHUH
KLJKHUWKDQWKHFRQWUROJURXS
&HUDPVLWH KDV EHHQ UHSRUWHG ZLWK JRRG
SRURVLW\DQGDGVRUSWLRQDELOLW\VRWKDWWKHQHFHVVDU\
PDWHULDOV IRU ELRGHJUDGDWLRQ LQFOXGLQJ FHOOV
QXWULHQWVDQGR[\JHQJDVZHUHDEOHWREHHQULFKHGRQ
WKHFDUULHU>@,QFRPSDULVRQWRWKHFRQWUROJURXS
ZLWK &2' GHJUDGDWLRQ UDWH DW  DGGLWLRQ RI
FHUDPVLWH ZDV VKRZQ ZLWK D KLJKHU &2'
GHJUDGDWLRQUDWHDW7KHODJWLPHRIFHUDPVLWH
JURXSZDVKRXUV
=HROLWHV DUH DEOH WR EH XWLOL]HG LQ ZDVWHZDWHU
WUHDWPHQWV GXH WR D KLJK DEVRUEDELOLW\ >@ KLJK
VHOHFWLYH LRQH[FKDQJH FDSDELOLW\ >@ DQG ODUJH
VXUIDFH DUHD >@ 7KXV DOVR LQGLFDWHG E\ :HL¶V
JURXS [30] WKH ELRGHJUDGDWLRQ DELOLW\ RI QXWULHQWV
ZDV DEOH WR be enhanced by WKH DGGLWLRQ RI ]HROLWH
SRZGHULQUHDFWRU. The stuffing of zeolite increased
the COD degradation rate significantly. 7KH &2'
GHJUDGDWLRQ UDWH ZDV  ZKLFK ZDV  KLJKHU
WKDQWKHFRQWUROJURXS7KHODJWLPHRIzeolite JURXS
ZDVKRXUVWKHVDPHDVWKHFRQWUROJURXS
8VLQJFRPSOH[ERURVLOLFDWHPLQHUDOVWKHS+LQ
ZDVWHZDWHUZDVVHOIFRQWUROOHGDWDQGWKHJURZWK
RI EDFWHULD ZDV LPSURYHG GXH WR WKH DGMXVWPHQW RI
S+ UHOHDVLQJ RI PLFURHOHPHQW DQG FKDQJLQJ LQ
VWUXFWXUHRIZDWHUFOXVWHUVE\WKHKDQGVRIWRXUPDOLQH
>@7KHLQWDNHRIQXWULHQWVE\FHOOVZDVLQFUHDVHG
E\ LRQL]DWLRQ RI QXWULHQWV ZKLOH WKLV VWUDLQ +13+
KDGDQRSWLPXPJURZWKS+DWa%HVLGHVWKH
WRXUPDOLQHZDVDEOHWRHPLWIDULQIUDUHGUD\ZKLFK
KDGWKHELRORJLFDOHIIHFWVSURPRWLQJWKHDFWLYLW\RI
ELRPROHFXOHV >@ The support of WRXUPDOLQH DOVR
EHQHILWWHG WKH &2' GHJUDGDWLRQ &RPSDUHG ZLWK
FRQWUROJURXSWKHODJWLPHRIWRXUPDOLQHJURXSZDV
MXVWKRXUVDQGWKH&2'GHJUDGDWLRQUDWHZDV
KLJKHUWKDQWKHFRQWUROJURXS 
The activated carbon has been reported with
good adsorption to both dissolved organics [33] and
oxygen [34] due to a significant fraction of its pore
volume [24] required for the cell aerobic respiration.
The degradation rate of nutrients can be increased by
gathering all required materials onto the activated
carbon. Among the above microorganism carriers,
bacteria on the activated carbon had the shortest lag
time (20 hours) and the highest degradation rate of
nutrients (87%) after the wastewater treatment.

10%
20%
25%
2%

2.0

1.0

0.5

0.0

0

5

10

15

20

25

t(h)
FIGURE 4
Growth curve of the stain HNPH at different
salinity: 5%, 10%, 20% and 25% (NaCl w/v).



 

 
    






























FIGURE 5
'HJUDGDWLRQFXUYHV &2'0Q XVLQJWKHVWDLQ
+13+LPPRELOL]HGRQGLIIHUHQWFDUULHUZLWK
VDOLQLW\DW 1D&OZY 

Saline wastewater treatment using different
carrier. Figure 5 and Table 6 present WKH
GHJUDGDWLRQFXUYHVRI&2'0QVLPXODWLQJZDVWHZDWHU
WUHDWPHQWVZLWKWKHVDOLQLW\RI 1D&OZY IRU
 GD\V E\ WKH VWUDLQ +13+ RQ FDUULHUV. $IWHU
LQRFXODWLRQ ZLWK VWXIILQJ RI DFWLYDWHG FDUERQ
WRXUPDOLQH ]HROLWH RU FHUDPVLWH WKH JURZWK RI
EDFWHULDHQWHUHGIURPDVKRUWSHULRGRIODJSKDVHLQWR

TABLE 5
Specific growth rate, generation time and lag period of the strain HNPH at different salinity
Salinity (NaCl w/v %)
2
10
20
25

Specific growth rate (h-1)
0.113
0.226
0.214
0.143
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Generation time (min)
378
189
198
297

Lag period (h)
16
2
2
6
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TABLE 6
'HJUDGDWLRQGDWD &2'0Q XVLQJWKHVWDLQ+13+LPPRELOL]HGRQGLIIHUHQWFDUULHUZLWKVDOLQLW\DW
1D&OZY 
Carrier
control group
ceramsite
zeolite
tourmaline
activated carbon

Degradation rate of CODMn (%)
66
74
81
84
87

Enhancement of degradation rate (%)
0
+8
+15
+18
+21

Lag time (h)
40
40
40
25
20

[6] Tan, S., Hou, Y., Cui, C., Chen, X. and Li, W.
(2016) Real-time monitoring of biofoulants in a
membrane bioreactor during saline wastewater
treatment
for
anti-fouling
strategies,
Bioresource technology.
[7] Kim, Y. and Logan, B.E. (2013) Simultaneous
removal of organic matter and salt ions from
saline wastewater in bioelectrochemical
systems, Desalination, 308, 115-121.
[8] Yuan, R.X., Wang, Z.H., Hu, Y., Wang, B.H. and
Gao, S.M. (2014) Probing the radical chemistry
in UV/persulfate-based saline wastewater
treatment: Kinetics modeling and byproducts
identification, Chemosphere, 109, 106-112.
[9] Fernandez-Torres, M.J., Randall, D.G., Melamu,
R. and von Blottnitz, H. (2012) A comparative
life cycle assessment of eutectic freeze
crystallisation and evaporative crystallisation
for the treatment of saline wastewater,
Desalination, 306, 17-23.
[10] Vyrides, I. and Stuckey, D.C. (2009) Effect of
fluctuations in salinity on anaerobic biomass
and production of soluble microbial products
(SMPs), Biodegradation, 20, 165-175.
[11] Shi, X.Q., Ng, K.K., Li, X.R. and Ng, H.Y.
(2015) Investigation of Intertidal Wetland
Sediment as a Novel Inoculation Source for
Anaerobic Saline Wastewater Treatment,
Environ Sci Technol 49, 6231-6239.
[12] Tan, S., Cui, C., Hou, Y., Chen, X., Xu, A., et
al. (2016) Cultivation of activated sludge using
sea mud as seed to treat industrial phenolic
wastewater with high salinity, Marine Pollution
Bulletin.
[13] Liu, H., Guo, L., Liao, S. and Wang, G. (2012)
Reutilization of immobilized fungus Rhizopus
sp LG04 to reduce toxic chromate, J Appl
Microbiol, 112, 651-659.
[14] Devi, S. and Sridhar, P. (2000) Production of
cephamycin C in repeated batch operations from
immobilized
Streptomyces
clavuligerus,
Process Biochem, 36, 225-231.
[15] Lin, C.W., Wu, C.H., Huang, W.T. and Tsai,
S.L. (2015) Evaluation of different cellimmobilization strategies for simultaneous
distillery wastewater treatment and electricity
generation in microbial fuel cells, Fuel, 144, 18.

DISCUSSION AND CONCLUSIONS
In this work, a strategy of using marine
halophilic bacteria was reported to treat saline
wastewaters on cell carriers. The isolated marine
halophilic strain (HNPH) was a Gram-positive
bacillus and the phylogenetic evolution tree built
based on 16S rRNA gene sequence indicated the
strain was in the same branch of A. halophilus
(Alkalibacillus sp.YIM 012). 'LIIHUHQW FHOO FDUULHU
ZDVVWXGLHG for the VDOLQHZDVWHZDWHUWUHDWPHQWZLWK
VDOLQLW\ RI  1D&O ZY  ,Q FRPSDULVRQ WR WKH
FRQWUROJURXSZLWKD&2'GHJUDGDWLRQUDWHRI
WKH&2'GHJUDGDWLRQUDWHVXVLQJFHUDPVLWHzeolite,
WRXUPDOLQH DQG activated carbon ZHUH  
 DQG  UHVSHFWLYHO\ Among these carriers,
the bacteria on WRXUPDOLQH DQG activated carbon
spent less time in their lag periods. Overall, the
activated carbon was the best choice for cell
immobilization of the marine halophilic strain
HNPH (Alkalibacillus sp.).
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Conjunctivitis, itchy skin and skin rashes area among
possible ill health outcomes [5]
Association between exposure to grain dust and
asthma has been documented. Rice husk dust and its
smoke probably play a major role in the aggravation
of air way disease in agricultural areas and rice mill
workers [6-8]. Prakash et al. have found that there
was statistically significant relationship between
duration (years) of working and respiratory morbid
condition among rice mill workers in India [9]. Desai
and Ghosh studied workers exposure to airborne
fungi in rice mill and concluded that rice mill
workers are occupationally exposed to airborne
aflatoxin producing strains of Aspergillus flavus
[10]. The rice husk was used for the removal of toxic
heavy metals from waste water [11]. There were 150
workers who were working in 48 rice mills in Sari
city. However, most of the rice mill workers were
working in the old semi-mechanized industries
without or low efficient ventilation/ dust control
systems. A walkthrough survey suggested by
workers showed that most of the workers were
suffering from respiratory symptoms and eye
irritation due to exposure to rice husk dust.
Therefore, their exposures to dust concentrations
were likely to be high. Our knowledge about
ZRUNHUV¶H[SRVXUHDQGULVNOHYHORIULFHKXVNGXVWLQ
Iran is very low. The aim of this study was to
HYDOXDWHWKHZRUNHUV¶H[SRVXUHWRWRWDOULFHKXVNGXVW
in rice mills in Sari city and to measure the risk level
of dust using a semi quantitative method.

ABSTRACT
This study was carried out to evaluate risk level
of total rice husk dust among rice mill workers.
Gravimetric method recommended by the US
National Institute of Occupational Safety and Health
was used to determine the rice husk dust
FRQFHQWUDWLRQV LQ WKH ZRUNHUV¶ EUHDWKLQJ ]RQH and
the risk level of dust was evaluated using a semi
quantitative method. Mean workers exposure to rice
husk dust was 5.1±9.6 mg m-3 and the risk of workers
exposure to dust was in medium level. 14 of 40
workers have exposure higher than Threshold Limit
Value and Occupational Exposure Limit
recommended for grain dust. Mean husk rice dust
FRQFHQWUDWLRQV ZLWKLQ WKH ZRUNHUV¶ EUHDWKLQJ zone
among workers in drier worksites in the semimechanized operating rice mills was considerably
higher than those working in storage and feeding
worksites. We found that the risk of the rice husk
dust among all rice mill workers was in medium
level. Therefore, it is necessary to control workers
exposure to dust using engineering control systems
DQGZRUNHUV¶WUDLQLQJ

KEYWORDS:
Rice husk dust, rice mill, worker exposure, respirable dust,
health risk assessment, personal exposure, grain dust

INTRODUCTION
Exposure to organic and inorganic dusts and
synthetic chemicals may have adverse effects on
respiratory health among workers. Several studies
have suggested that unprotected dust exposures in
agricultural settings may lead to pulmonary fibrosis
[1-3]. There have been many reports on health
effects of grain dust exposure. Grain dust has a long
history of association with disease, and its adverse
effects on various organs such as eyes, nose, skin,
lung and the airways have been described [4].
Rhinitis, coughing and breathing difficulties,
asthma, chronic bronchitis, chronic obstructive
pulmonary disease COPD, extrinsic allergic
alveolitis,
organic
dust
toxic
syndrome,

MATERIALS AND METHODS
Study Location. The study was conducted in
Sari City, Iran. Sari is the capital of the Mazandaran
Province, located mainly on the west of Tajan River
and about 30km south of the Caspian Sea. It has a
population of approximately 480,000 people
residing in the town and in the suburbs. Sari is also
located in the north of Iran on the northern slopes of
the Elburz Mountains. Sari is a developing city in
Iran and recent studies have concluded that indoor
air quality in this city is getting worse in public
places [12-14]. Other studies also concluded that taxi
and bus drivers had a high exposure to PM10 in the
892
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rice husk dust were measured using a personal
sampling pump ( MP2N, Sibata, Japan), 37-mm
open-face filter holder ( 37 mm open faced filter
holder, Casella, UK) with 37 mm, 5 μm pore size
Poly vinyl Chloride filter (37-mm PVC, SKC, UK )
calibrated for 2 L min-1 flow rate. To weigh the filter,
an accurate microbalance (1 μg sensitivity, Sartorius
ME5, Germany) was used. To prevent any grass
error during the sampling, a critical orifice calibrated
by soap bubble meter for 2 lit min-1 flow rates was
used and sampling process was checked regularly by
the operator. All filters were desiccated before and
after sampling to remove the absorbed water from
the filters. To assess the volume of sampled air, the
correction factor was calculated using the ambient
temperature and atmospheric pressure. A weighed
blank filter was submitted for each group of sample
filters and placed in a filter cassette to assess the
presence of factors that might interfere with the
weight of sample filters and the below equation was
used to calculate the dust concentration in the
ZRUNHUV¶EUHDWKLQJ]RQH
ሺ: ି: ሻିሺ% ି% ሻ
& ൌ  9  
where:
W2 is weight of filter after sampling (mg)
W1 is weight of filter before sampling (mg)
B2 is weight of blank filter after sampling (mg)
B1 is weight of blank filter before sampling (mg)
And V is standardized volume of air (m3)

Sari City Center and the concentrations of the
benzene in the gas station refueling sites in a nearby
city were high [15, 17]. There are 48 small rice mills
in Sari city and about 150 workers were working in
these rice mills. 13 of 20 studied rice mills were
operated semi-mechanized and 7 of them were
mechanized using more modern machinery. In the
current study, 40 dust samples were collected from
WKH ZRUNHUV¶ EUHDWKLQJ ]RQHV LQ  ULFH PLOOV 
workers in each mill). 20 workers were operated
dryers where 20 workers were operated feeding and
storage that means one worker operated a dryer and
one worked in storage/feeding area. Drier operator
was responsible for drier and machinery operations,
maintenance, rice handling and quality control
where the storage and feeding worker
responsibilities were carrying rice bags, packing and
storage processes, cleaning and sanitary duties.
Personal exposure monitoring. Gravimetric
method (Method 0500 recommended by National
Institute of Occupational Safety and Health) was
used to determine the rice husk dust concentrations
LQWKHZRUNHUV¶EUHDWKLQJ]RQH[18]. The collection
of coarse particles for health related purposes was
based on the use of sampling instruments that were
collected the so-FDOOHGµWRWDO¶DHURVROIUDFWLRQWKDWLV
the size fraction of airborne dust that may be inhaled
into the nose or mouth.
,QWKHFXUUHQWVWXG\ZRUNHUV¶H[SRVXUHWRWRWDO

TABLE 1
Hazard Rate for different chemical exposure
Hazard
Rating
1

Description of Effects/Hazard Category

Example of chemicals
sodium chloride, butane, butyl
acetate, calcium carbonate

2

x
x
x
x

3

x
x
x
x
x
x

4

5

x
x
x
x
x
x
x
x
x
x
x

No known adverse health effect
ACGIH A5 carcinogens
Not classified as toxic or harmful
Reversible effects to the skin, eyes or mucous membranes, not
sever enough to cause serious health impairment
ACGIH A4 carcinogens
Skin sensitizer and skin irritants
Possible human or animal carcinogens or mutagens, but for which
data is inadequate
ACGIH A3 carcinogens
IARC Group 2B
Corrosive (PH 3 to 5 or 9 to 11), respiratory sensitizers, harmful
chemicals
Probable human carcinogens or mutagens based on animal studies
ACGIH A2 carcinogens
NTP Group B
IARC Group 2A
Very corrosive (PH 0 to 2 or 11.5 to 14)
Toxic chemicals
Known human carcinogens, mutagens or teratogens
ACGIH A1 carcinogens
NTP Group A
IARC Group 1
Very toxic chemicals
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Acetone, butane, acetic acid (10%
concentration), barium salts,
aluminum dust
Toluene, xylene, ammonia,
butanol, acetaldehyde, acetic
anhydride, aniline, antimony

Formaldehyde, cadmium,
methylene chloride, ethylene oxide,
acrylonitrile, 1,3-butadiene

Benzene, benzaidine, lead, arsenic,
beryllium, bromine, vinyl chloride,
mercury, crystalline silica
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Personal monitors were worn within 30 cm of
the breathing zone to ensure that the sampled air
presented the air that individual breath. The
monitoring started in the morning when the worker
started his work and continued during the shift until
he finished his work. However, the monitoring times
were not exactly 8 hours.

Statistical analysis. The statistical package
SPSS v.20 for Windows was used to perform the
Kolmogorov-Smirnov test (K-S test) to assess the
normality of the frequency distribution of data. This
software was also used to perform non parametric
6SHDUPDQ¶V Rank Correlation Coefficient and the
Man Whitney tests.

Risk Level determination. A semiquantitative method was used to assess occupational
exposure and the risk level of rice husk dust among
workers. Measured data were used to determine the
exposure rate [19]. The hazard of a chemical depends
on its toxicity, rate of exposure and other factors. The
Hazard Rate (HR) was determined from the toxic or
harmful effect of rice husk dust using Table 1.
Then the weekly exposure was determined
using the following equation.

RESULTS
Table 4 demonstrates the characteristics of rice
mills in sari city. Average workplaces area was
1061.5 m2 (ranged from 300 to 4000 m2). The
average of air temperature in studied workshops was
28.5 degree Celsius with a minimum and maximum
of 19.2 and 34.1 degree Celsius respectively. The
minimum and maximum of ambient humidity in
workplace were 14.6 and 76.5 percent respectively.
Mean workers exposure to rice husk dust was 5.1 ±
9.6 mgm-3 (with a minimum of 0.2 mgm-3 and a
maximum of 57.2 mgm-3).

E=(FX DXM)/W
E= weekly exposure (ppm or mg m-3)
F= frequency of exposure per week (no. per
week)
M= magnitude of exposure (ppm)
W= average working hours per week (40
Hours)
D= average duration of each exposure (hours)

TABLE 4
Environmental characteristics and dust
concentrations in rice mills
Workplace
Characteristics
Area (m2)

Table 2 was used to determine Exposure Rate

N

Mean

Min

Max

SD

20

1062.5

300

4000

913
.9
3.1

(ER)
TABLE 2
Exposure Rate for chemical exposure
E/OEL
Exposure Rate (ER)
<0.1
0.1 to <0.5
0.5 to <1.0
1.0 to <2.0


1
2
3
4
5

20

28.5

19.2

34.1

20

60.7

14.6

76.5

Concentration

40

5.1

0.2

57.2

12.
9
9.6

Figure 1 demonstrates workers exposure to rice
husk dust. 14 of 40 workers have exposure higher
than 4 mgm-3 (Threshold Limit Value and National
Occupational Exposure Limit for grain dust).
However, 4 workers have exposed to rice husk dust
higher than 10 mgm-3 (TLV and OEL for Particles
Non Otherwise Classified).
The Kolmogorov-Smirnov (K-S) test showed
that particle concentration data does not fit a normal
distribution. However, non-parameters tests were
applied to analyze data. As can be seen in Figure 2
PHDQ ZRUNHUV¶ H[SRVXUH WR ULFH KXVN GXVW ZHUH
6.9±11.6 mgm-3 for workers who were involved in
storage and feeding work sites and 2.3±4.3 mgm-3
for drier worksites operators. The Man Whitney test
resulted that there is a significant difference in
ZRUNHUV¶ H[SRVXUH WR ULFH KXVN GXVW EHWZHHQ WKHVH
two groups (p <0.05).
Exposure to rice husk dust was much higher in
semi-mechanized rice mills than those were operated
mechanically (6.3±11.0 vs. 2.0±2.1 mgm-3
respectively). There was a significant difference
(p<0.01) between mean workers exposure to rice
husk dust in different types of rice mills (Figure 3).

The following equation was applied to
calculate the risk level.
Risk=(HR x ER)1/2
The Risk Rate (RR) of the rice husk dust was
determined according to the Table 3. Risk Rate is a
scale to evaluate the risk of a chemical. Rating of 1
implies negligible risk and a rating of 5 implies very
high risk.
TABLE 3
Risk Ratting for chemical exposure
Risk Rating
Ranking
1
Negligible
2
Low
3
Medium
4
High
5
Very high
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exposure level (TLV-TWA) recommended by the
American Conference of Governmental Industrial
Hygienists (ACGIH) was set at 4 mgm-3 for grain
dusts in the workplace. The exposure (E=6.12) was
compared to the OEL and TLV (4 mgm-3) and the
exposure rate (ER=4) was determined using Table 2.
The following equation was applied to
calculate the risk level.
Risk= (HRXER)1/2 = (2X4)1/2 §
The results showed that the risk of the rice husk
dust among all rice mill workers was in medium
level.

FIGURE 1
:RUNHUV¶H[SRVXUHWRWRWDOULFHKXVNGXVWLQ
rice mills

FIGURE 3
:RUNHUV¶H[SRVXUHWRULFHKXVNGXVWLQ
semi-mechanized and mechanized rice mills

FIGURE 2
:RUNHUV¶H[SRVXUHWRULFHKXVNGXVWLQGLIIHUHQW
worksites

DISCUSSION AND CONCLUSIONS
Results of the current study showed that mean
ZRUNHUV¶SHUVRQDOH[SRVXUHWRWRWDOULFHKXVNGXVWLQ
20 studied rice mills was higher than both
Occupational Exposure Limit (OEL) and Threshold
Limit Value (TLV) for grain dust, recommended by
Iranian Committee for Review and Collection of
Occupational Exposure Limit (ICRCOEL) and
American Conference of Governmental Industrial
Hygiene (ACGIH) respectively [20, 21]. 14 workers
have a mean exposure higher than recommended
OEL. The risk level of exposure to rice husk dust was
at medium level for all worker and also those who
were involved in drier worksites. However, low level
risk of exposure was resulted for storage and feeding
work sites operators. There are no other published
studies of exposure to grain dust in Iran during the
last 10 years. In comparison Dewangan and Patil,
indicated that geometric mean of respirable and total
dust exposure of workers were 8.22 and 81.5 mg m3
respectively in the rice mills in north-east India that
was much higher than those in current study [22].
Also one similar study conducted by Salokhe and
Wanitchang who measured rice husk dust in 3 rice

Ambient temperature, relative humidity and
workplace area were measured when the workers
exposure to rice husk dust was monitored.
6SHDUPDQ¶V 5DQN &RUUHODWLRQ &RHIILFLHQW WHVW
showed that there is no significant relationship
between rice husk dust concentrations within the
workers breathing zone and ambient temperature or
relative humidity (p=0.45 and p=0.84 respectively).
:RUNSODFH DUHD KDG DOVR QR HIIHFW RQ ZRUNHUV¶
exposure to rice husk dust (p=0.58).
To assess the risk level of the rice husk dust,
because of the reversible effects of this kind of dust
to the skin, eyes or mucous membranes, the HR=2
was applied for employees who exposed to rice husk
dust 8 hours per day (D=8 hours) and 6 days a week
(F=6) (Table 1).Thus,
E= (6X8X5.1)/40=6.12
The Occupational exposure limit time weighted
average (OEL- TWA) recommended by the Iranian
Committee for Review and Collection of
Occupational Exposure Limit (ICRCOEL) and also
threshold limit value time weighted average
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mills and concluded that the concentration of dust
exceeded the standard values [23]. Three highest
ZRUNHUV¶H[SRVXUHs to rice husk dust concentrations
were related to workers who were working in drier
worksite in a semi-mechanized operated rice mill.
These workers were involved in cleaning activities
as well as loading and unloading rice bags during the
monitoring periods. Mean personal exposure to rice
husk dust among workers who were working in drier
worksite was much higher than those who were
working in storage and feeding worksites. Drier
worksite operators are working close to machinery
and therefore are exposed to emitted dust before its
dilution. This study resulted that average exposure of
employees who were working in semi-mechanized
operating mills was considerably higher than those
in mechanized workplaces. Operating of old
machinery and material handling are among the
main reasons for high level of workers exposure in
semi-mechanized industries.
We found that mean rice husk dust
FRQFHQWUDWLRQV ZLWKLQ WKH ZRUNHUV¶ EUHDWKLQJ zone
among workers who were working in drier worksites
in the semi-mechanized operating rice mills was
considerably higher than those working in other
worksites. Because of the high rice husk dust
concentrations within the breathing zone of the most
workers in the studied factories, it is necessary to
design and install a suitable local exhaust ventilation
system considering the factory process and job
OLPLWDWLRQV 7R UHGXFH ZRUNHUV¶ H[SRVXUH WR ULFH
husk dust in the workplace it is necessary: To clean
all machines and the workplace's surfaces using an
air suction system and also to use personal protection
device such as suitable respirators when high level
of rice husk dust exist.

423-430.
[3] Sherwin, R.P., Barman, M.L. and Abraham, J.L.
(1979) Silicate pneumoconiosis of farm
workers. Laboratory Investigation, pp. 576-582.
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ENVIRONMENTAL PROBLEMS AND LAND USE OF THE
7+5((,6/$1'6¶6,7(6´,1%(/*5$'( 6(5%,$
Dejan Filipovic, Ivan Samardzic*, Katarina Kopcic
University of Belgrade, Faculty of Geography, Studentski trg 3/III, 11000 Belgrade, Serbia

a region for economic or other activities >16@ and is
determined by biophysical factors, such as soils,
climate, topography, etc., as well as human factors
such as population, technology, economic
conditions, etc. >11@. Changes in land use are,
according to Popovici et al., very often central focus
in interests of the global environmental research in
regions with high economic and environmental
pressures >23@. Belgrade region is one of those,
especially as the fast growing and changeable city
region, both in economic and environmental terms.
³&XPXODWLYH W\SH RI FKDQJH LQIOXHQFHV DQG LV
affected by climate change, loss of biodiversity, and
sustainability of human-HQYLURQPHQW LQWHUDFWLRQV´
>23@, and Belgrade, with its three most important
river islands as subject of this research, has suffered
from high economic changes which has caused
different environmental conditions over the entire
city, especially different land use concepts among
the stated islands.
As Yin et al. state only by concentrating on
economic, ecological and social functions of an
environmental system, it will be possible to achieve
the optimization of its integral effectiveness >29@.
Using all of the stated aspects of a natural system or
systems, this research combine and balance those
systems in order to valorize the three subjected
%HOJUDGH¶VULYHULVODQGVRiver islands are important
elements, not only for river system, but for
ecological network as well, since islands act as
habitats with great ecological diversity >20@. In this
research case, functions are diverse. Purpose of land
use and environmental preservation on Ada
Ciganlija and GWI are in accordance with planning
solutions and ideas of quality and ³collaborative
management´ >26@. On the other side,
underutilization and inadequate space management
have ranked Ada Huja as one of the most vulnerable
environmental areas in Belgrade. Smrekar considers
that landscape system of a city still depends on the
primary nature environment >25@. Thereof, that basic
nature environment has influenced the current land
use of GWI and Ada Ciganlija. Urbanization process
causes considerable changes and modifications in
the natural environment, and as such, has led to
various ecological problems on Ada Huja. The main
objectives of this research are, at first, to analyze the

ABSTRACT
Flowing through Belgrade (Serbia), are the two
most significant rivers Sava and Danube, both
characterized as the flatland flow-type rivers, with a
large number of river islands. According to the
aspects of land use the three most important islands
can be singled out, but at the same time the existence
of certain environmental problems can be
determined. The purpose and use of the islands
completely differs. The present research aims, at
first, to analyze the state and problems of the
HQYLURQPHQWDQGODQGXVHRIWKH³WKUHHislandV¶ VLWHV´
and to present concrete recommendations for future
activities in those areas, with particular emphasis on
the area of Ada Huja island, and secondly, to present
environmental quality of Ada Huja in the most
reliable way, through the valorization method. In the
field of protection and improvement of the
environment, strategic goal is the restoration and
enhancement
of
degraded
environment,
revitalization of construction land and activation of
brownfields. It can also be a preventive protection of
all planned activities that could endanger the existing
environmental qualit\RIWKH³WKUHHLVODQGV¶VLWHV´

KEYWORDS:
Three islands¶ sites, environmental problems, land use,
qualitative valorization, Belgrade (Serbia)

INTRODUCTION
The three largest and most important river
islands from the aspects of land use and prospective
representative green spaces or landscapes of
Belgrade (Serbia) are the subject of this research,
which could be according to Atiqul Haq available to
users directly (active or passive recreation) or
indirectly (positively influence on urban
environment) >2@: Ada Ciganlija, the Great War
Island (hereinafter GWI) and Ada Huja, even though
the current state shows completely different purpose
of these areas. De Groot states that most landscapes
provide multitude functions and could be a subject of
various possible land uses >10@. ³/and use´ DV D
term, refers to the allocation of the surface or land in
898
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state and problems of the environment and land use
RIWKH³WKUHHLVODQGV¶ VLWHV´ and to present concrete
recommendations for future activities in those areas
(protection of nature, protection of water source
supply
zone,
infrastructure
development,
development of recreational zones, etc.), with
particular emphasis on the area of Ada Huja, and
secondly, to present environmental quality of Ada
Huja in the most reliable way, through the
valorization method.

DESCRIPTION OF RESEARCH AREA
River islands, situated within the urban
settlement Belgrade, as the subject of this research
work (Fig. 1) are: Ada Ciganlija (Sava River), GWI
(Sava River confluence into Danube) and Ada Huja
(Danube). Due to specific conditions of the terrain,
Ada Ciganlija and Ada Huja are observed in the
context of the wider area which directly affects this
territory. The spatial entities of Ada Ciganlija are:
Island, Sava Lake and Makiã, bordered by the Sava
River, small peninsulas and Makiã. The reason is the
pertinence of the lake and Makiã as the Belgrade¶V
water source protection zones (Fig. 3). GWI
represents a separate entity bordered by the rivers
Danube and Sava (Fig. 2), while Ada Huja represents
WKH³SHQLQVXOD´IRUPHGXSRQWKHartificial filling of
the Dunavac channel and due to its specific features
(Fig. 4). The black line (Fig. 1) displays the former
boundary of Ada Huja Island, while the red one is the
research area boundary: the Dunavac channel with
the confluence of the Mirijevo stream, Visnjiþka
Street, Boulevard of Despot Stefan, Poincare¶V
Street, area between the railway line and WKH³3RUWRI
%HOJUDGH´WRDanube and WKH³0DULQH'RUüRO´.

FIGURE 2
Protection zones at GWI

METHODS
The methods used have scientific research
interpretation purpose of the interdependence of
phenomena and processes, linking natural complex
with anthropogenic influence on the research areas.
Separation of complex entity into content elements
or extraction of certain properties of those elements
is implied under the analysis. We have applied
IXQFWLRQDO DQDO\VLV ZKLFK DFFRUGLQJ WR /MHãHYLü
allows detection and identification of mutual
relations of elements and components according to
particular environment as an entity, dependence of
FHUWDLQ HQYLURQPHQWDO DQG SURFHVVHV¶ VWDWHV WKDW
occur in it >22@.
Equally, we have applied synthesis, as well as
the cartographic and the remote sensing method >22@.
The conclusions on whether an element corresponds
to a particular purpose (Ada Huja), or which purpose
is the most appropriate for the research territory are
adopted using the method of qualitative
environmental valorisation >22@, while choice of the
regionalization (i.e. zoning) variant is not a feature
of the environment, thus depends only on its authors
>19@. Furthermore, water quality classes (I-V) are
used for the purposes of the analysis of the state (I
class: Excellent (quality conditions for ecosystem
functioning) - for drinking without pretreatment,
pharmaceutical industry, fish ponds, etc; II class:
Good - For drinking with appropriate treatment, for
swimming, irrigation, etc; III class: Medium - For
drinking with appropriate treatment, for navigation,
hydropower potential, in industry for cooling, etc; IV

FIGURE 1
Location of the river islands in relation
to the urban core of Belgrade
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ɌABLE 1
Parameters according to the sustainable development principles
ȿCOLOGICAL
SOCIAL
ȿCONOMIC
Vegetation
characteristics Distances to the nearest Transport connectivity (availability)
and
(forest belts, undergrowth residential
vulnerable facilities
vegetation, parks)
Landscaping
Existence
greenery

of

protective

Current land use

Location distance from water source

Existence of unhygienic
settlements

Location distance from city center
Utility equipment ± waste management, space
cleaning
Infrastructure
facilities
±
infrastructure
equipment of the location (water supply and
sewage, gas pipeline and hot water pipeline, ED
network)

Quality of the environmental
elements (air, water, soil)

FIGURE 3
Ada Ciganlija
progression of change but not an end goal, using the
three dimensions ± ecological, social and economic
>21@. However, a natural environment is not just a
pool of qualities that are useful to a human to manage
them, but its predominant role is to be a complex and
dynamically changing system >9@.
3DUDPHWHUV XVHG IRU $GD +XMD¶V YDORUL]DWLRQ
are incorporated, or can be perceived as part of the
above noted sustainable development parameters.
We used the following parameters: Location factors
settlements), Utility equipment (1. Waste removal
DQG UHF\FOLQJ LVODQGV  ³:LOG ODQGILOOV´  6WUHHW
cleaning, 4. Public toilets, drinking fountains and
hydrants), Vegetation (1. Forest belts, 2. Parks, 3.

class: Weak - Navigation, hydropower potential; V
class: Poor - Without living world, only for sailing
and possibly hydropower potential) >14@, i.e. water
monitoring of Sava Lake and the rivers Sava and
Danube (Tab. 2).
The authors observed parameters for the
qualitative valorization as the sustainable
development parameters (Tab. 1). This refers,
according to Kropp & Lein to the state of sustainable
urban development notion as process and
(1. Distance from the City center, 2. Transport
connectivity, 3. Proximity of the Danube, 4. Distance
in relation to the housing facilities and vulnerable
facilities, 5. Current land use, 6. Unhygienic
900
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arranged. These facts suggest that it is not necessary
to conduct valorization for Ada Ciganlija and GWI,
but only to give recommendations to continue with
effective and collaborative management in the
future.

Undergrowth vegetation, 4. Protective greenery),
Pollution (1. Air 2. Water 3. Soil, 4. Landscaping)
and Infrastructure facilities (1. Roads 2. Water
supply and sewage, 3. Gas pipeline and hot water
pipeline, 4. Electricity distribution networks). Each
parameter is individually graded from 1 to 8, where
1 is the least favorable, while 8 is the most favorable
grade. In this way, each category (cell) receives a
numerical value, from which the conclusions on
potential use within the zone are deduced (the sum
of all graded parameters per zone) and for which
purpose it is the most convenient, or the conclusions
in the individual parameters (the sum of all graded
parameters for all zones) (Tab. 3).

QUALITATIVE VALORIZATION FOR ADA
HUJA
Many aspects need to be considered in order to
analyze multi-functional landscapes, where results
of such multi-functional valorization might be
helpful in overcoming the conflicts between social,
ecological and economical aspect of the
environment. This would help towards the
sustainability of the landscape sites >10@.
The research area is divided into five
characheristic spatial entities which are in function
of the qualitative valorization (Fig. 4), with
numerous environmental problems, such as
communal hygiene problems, as well as lack of
infrastructure development >24@.
The Table 3 below shows the performed
TXDOLWDWLYH YDORUL]DWLRQ PHWKRG RI WKH $GD +XMD¶V
spatial entities (zones), based on the terrain research,
in order to obtain the value of their potential land use,
i.e. which zone has the most convenient purpose
according to used parameters, as well as what is the
value that determines the best valorized parameter.
Location factors: the proximity to the City core
and Danube caused high grades of location factors
for all 5 zones. The exceptions are underdeveloped
transport connections, while the road network
towards Ada Huja is developed.
Utility equipment: poor utility equipment
particularly in Zones 3 and 4 and the major
environmental problems (illegal landfills and gravel
pits, unhygienic settlements, brownfield zones,
warehouses of construction and other materials,
etc.).
Vegetation: there is almost no vegetation in this
area, except in Zone 1 where there are autochthonous
stands of willows, white and black poplars and shrub
forms, plants of oak and ash tree, especially along the
Dunavac coastline. It would be of importance to
include this area into the valid Afforestation Strategy
of the City of Belgrade 2008.
Pollution: the air pollution is more pronounced
in Zones 3,4 and 5 (hazardous and other industries,
transport, non-recultivated landfill, warehouses,
etc.); soil pollution of the landfill zones (remediation
plan should be implemented in accordance with the
valid documentation in this area >13, 4@; unhygienic
settlements and industry; water pollution (in Zone 1confluence of the Mirijevo Stream and the Dunavac
channel, in Zone 2 - the City wastewater discharges
³Ada Huja 1´ and ³Ada Huja 2´ and in Zone 5 industrial wastewater discharges).

ANALYSIS OF THE STATE. RESULTS AND
DISCUSSION
This research begins with the analysis of the
state to show GLIIHUHQFHVEHWZHHQWKH³WKUHHLVODQGV¶
VLWHV´(Tab. 2). Qualitative valorization is made only
for Ada Huja, due to various environmental issues
within the oEVHUYHGWHUULWRU\RIWKLV³SHQLQVXOD´ (we
obtained major data from terrain research during the
last 5 years). Otherwise, we have not performed
qualitative valorization to other two islands, due to
LWV¶ different purposes. The UHDVRQ LV WKH *:,¶V
protection as landscape of exceptional features,
according to the Law on Nature Protection of the
Republic of Serbia (OG of the Rep. of Serbia 36/09,
88/10, 91/10). According to the valid Decision on
SURWHFWLRQRIWKHQDWXUDOZHOO³WKH*UHDW:DU,VODQG´
(OG of the City of Belgrade 7/05), space is reserved
for biodiversity protection (Fig. 2), as well as for
climate mitigation RI WKH %HOJUDGH¶V XUEDQ FRUH
(mitigating the urban heat island, air purification,
etc.). GWI, with an elevation of about 68 m,
represents flooded area during the period of high
waters of Danube and Sava. Therefore, the use for
other purposes is certainly impossible, with an
exception of ³/LGR EHDFK´ during the summer
periods (Fig. 2).
Clearly defined land use is also given for Ada
Ciganlija, as the water source protection area
(formed of sandy-gravel Quaternary sediments, and
due to porosity and waterproof clay layers),
including the sedimentation tank, Sava Lake and
0DNLãand the area for recreation (/DNH¶Velevation
is 73 m) ± according to the Master Plan of Belgrade
2021 >6@. The lake permits controlled recreation,
such as in other parts of the island. Also, there are
two protected habitats (Fig. 3).
Analyzing the planning documents and
examining the documents of the two noted managing
bodies (Tab. 2), as well as monitoring occurrences
during the last 5 years, only these contents are
possible and acceptable in terms of land use.
Management of these areas is well organized and
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TABLE 2
Analysis of the state of the ³WKUHHLVODQGV¶VLWHV´
GWI

Ada Huja

-Surface: 800 ha >8@;
- Sava Lake was formed in 1967 by
damming the branch, with the area of 80
ha and coastal length of 7540 m, the
average width of 200 m, the average
depth of 7.23 m (max. 13.7 m), while the
volume is around 6 million m3 >3@.

-Formed at the confluence of the Sava
into the Danube River (between 1172nd
and 1169th km of the Danube flow), with
the total area of 157.75 ha >15@.

-Located at 1165th km of the Danube
River, with the altitude of 72,5 m; here
is the lowest point of the urban zone of
Belgrade 70,15 m >6@.

- Managing body: 3&³Ada Ciganlija´
- Ada Ciganlija fungi surface is 21,25 ha;
managing body LV3&Ä6UELMDãXPH³the
wintering area of the Pygmy cormorant
(Microcarbo pigmeus) (Fig. 3) >8@

- Managing body:
PUC ³Zelenilo-%HRJUDG´ >15@;
- Landscape of exceptional features
(Law on Environmental Protection (OG
RS 36/09, 88/10);

- Managing body: n/a
- Protected areas - n/a
- One of the most vulnerable
environmental zones in the City.

-Along with Sava Lake, it represents the
biggest sports and recreational complex
in the City, as well as the water source
protection zone located in Makiã.
Therefore, it is observed as a unique
whole >6@.

-Environmental, health, aesthetic, climate
importance;
-Protection of biodiversity, genetic fund,
fish spawn and represents a stopover for
migratory birds without anthropogenic
influence >15@.

-Foreseen for business, commercial
and residential area, recultivation of
the Dunavac channel, relocation of the
freight
railway
transport
and
transformation of the ]RQH ³3RUW RI
%HOJUDGH´ >6@.

-The sandy beach stretches almost over
the entire lake shoreline equipped with
lifeguard services, restrooms, drinking
fountains, showers;
-Bicycle and walking paths, more than
50 sports courts and over 70 restaurants
>3@;
-The central parking and a number of
smaller parking lots are provided;
-19 Ranney collector wells.

-There are no embankments and systems
for the protection of ground and surface
water. The terrain is not artificially raised
up. There are no superstructure facilities,
infrastructure, electricity, sewage, water
supply system. Only at the ³/LGR´beach
are facilities used in the summer period.

-There is no superstructure facilities,
cultural, health and educational
institutions, catering facilities are
located only at the promenade zone (at
the embankment) which represents the
only urbanized area with lighting,
parking, waste baskets, two recycling
islands, public toilets.

-Forests of oak, elm, ash tree, poplar and
others, and undergrowth vegetation; Ada
is the habitat of reptiles and mammals
species, while the lake is rich in fish
(silver carp, catfish, carp) >3@.

-White willow, black poplar, ash tree,
indigo, white water lily, swamp
vegetation 7KH ³*DOLMDã´ channel is the
natural
fish
reproduction
place;
Ornythofauna: around 163 species >1@.
The fauna of reptiles, amphibians and
mammals is numerous, but the exact data
are not yet recorded.

-Vegetation
fragments
of
autochthonous stands of willows,
white and black poplars and shrub
forms, as well as plants of oak, ash tree.

-The air quality control is not performed
because there are no dominant
broadcasting sources of pollutants >3@.
-Water quality control is performed and
according to the measurement results,
the most parts of Sava Lake are within
the class II >3@ ZKLOH WKH ýXNDULFD
Branch corresponds to the class V >8@.
Measurements
were
performed
according to the physical and chemical,
sanitary and microbiological parameters
and during the last five years
measurements of the Sava River show its
correspondence to the class II of water
quality >3,7,17@
-Soil quality measurements show an
increased concentration of nickel and
DDT pesticides (in the period 20072012) >3@.

-Constant measurements of air and soil
levels pollution are not established.
-Water quality control is performed and
according to the measurement results,
³/LGR´EHDFK does not correspond to the
class II (due to wastewater discharge
slightly upstream from the beach). The
last five years measurements of the
Danube River show its correspondence to
the class III of water quality >3,7,17@.
- There are no soil measurement data,
because there are no pollutants on this
island site.

-Only two sites measure concentration
of pollutants (monitoring performed
only until 2012). The endangering
factors of air quality are individual
furnaces
from
surrounding
settlements, industrial facilities and the
non-recultivated City landfill.
- The Dunavac channel is one of its
most vulnerable parts with the
confluence of the Mirijevo stream
(used as a collector of wastewater).
The water quality corresponds to the
class V >3,7,17@.
- Soil quality measurements show an
increased concentration of Pb, Cd, Zn,
Cu, Ni, As, Hg, Cr, PAH, C10-C40,
which indicates this area as the most
vulnerable one in the City >18@.

Monitoring
(air, water, soil)

Flora and fauna

Existing contents

Foreseen land use

-Managing body
-Protected areas

-Surface (ha)
-Location
h
t i ti

Ada Ciganlija
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activities in practice with the appropriate planning
and landscaping policy according to the Law on
Planning and Construction (OG of the Republic of
Serbia 72/09 with amendments), as well as the
environmental protection.
The research conducted shows that
comparative analysis is not possible for all three
islands, due to the already mentioned diversities,
while it is performed only for Ada Huja.
Based on the analysis of the state of all three
islands and qualitative valorization of Ada Huja, the
following conclusions were reached and concrete
recommendations for future activities in this area
were proposed.
Ada Ciganlija and GWI are spaces that have
Managing Body (i.e. Controller). All activities are
strictly monitored, with the achieved quality

Infrastructure facilities: generally poorly
developed infrastructure facilities, except within
=RQHGXHWRWKHLQGXVWU\¶VQHHGIRUJDVDQGURDG
infrastructure.

CONCLUSION
The strategic goal in the field of protection and
improvement of the environment is the restoration
and enhancement of degraded environment,
revitalization of construction land and activation of
brownfields, or preventive protection of all planned
activities that may endanger the existing
environmental quality >12@.
/DQGXVHRIWKH³WKUHHLVODQGV¶VLWHV´UHVHDUFK
areas is defined by strategic and planning documents
of the City >28, 5@ with obligation to carry out

FIGURE 4
Ada Huja

Spatial
entities
Zone 1
Zone 2
Zone 3
Zone 4
Zone 5


TABLE 3
Qualitative valorization of the spatial entities of Ada Huja
Location
Utility
Infrastructure
Vegetation
Pollution
factors
equipment
facilities
33
7
10
23
4
30
8
3
14
6
28
0
3
4
0
21
0
1
0
0
29
7
1
3
13
141/240
22/160
18/160
44/160
23/160
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- this area should be used for recreation until
the final solution for land use is found.
Upon solving these issues, the performed
valorization could be an instrument that can
determine the conditions of land use and zoning. An
integrated urban development plan for Ada Huja
would be necessary to adopt, which would clearly,
with sustainable development standards, opt the
purpose in future and define a set of measures to be
undertaken in order to improve the unfavorable
situation of the space utilization.

management and land use. The basic environmental
media (water, air, soil) are satisfactory. We believe
that the situation would be further improved with
elimination of the wastewater discharges into the
recipients. The problem will be resolved upon
completion of the City Interceptor (system for
collection and treatment of wastewater) ± which is
being worked on. Our opinion is to strictly respect
protection of nature on GWI, according to its valid
legislation. The same is applicable to protection of
water supply source zone of Belgrade and land use
for recreation purposes on Ada Ciganlija as well as
further development of both spaces. Our proposal is
to continue with the adequate land use and controlled
activities in the future.
On the other side, Ada Huja has completely
different situation with numerous issues. Extremely
poor state is constantly getting worse (field research
being done comparatively for the previous five
years). The qualitative valorization method
illustrates environmental quality the most
trustworthy. Results obtained indicate poor
conditions in Zones 3 and 4, while in other zones the
situation is slightly better. The location factors are
extremely
good,
which
corroborates
the
underutilization of this space. Green belts are almost
nonexistent, utility equipment and infrastructure
facilities are extremely poor. Conditions for the
implementation of purpose and land use that are
foreseen by planning documentation would be
acquired by solving problems in stages. Our concrete
proposals to be applied are:
- recultivation of the closed landfills and
elimination of WKH³illegal landfills´ (according to the
Local Waste Management Plan of the City of
Belgrade 2011-2020 >4@, stricter penalties for illegal
waste disposal;
- upon completion of the Interceptor,
problems of wastewater discharges and the Mirijevo
Stream would be solved ³EORFNLQJ ZDVWHZDWHU
pipes, intercepting sewage for further treatment and
LPSOHPHQWLQJ RWKHU HFRORJLFDO PHDVXUHV´ >29@);
therefore it would be possible to recultivate the
Dunavac channel;
- the solution for brownfield zones and
industry relocation that are under litigation (Zones 4
and 5) will depend on resolving issues of ownership
relations between the ³3RUW RI %HOJUDGH´ DQG WKH
City;
- railway line should be used as part of the
City transport network or should be completely
removed from the current location, upon completion
RIWKH%HOJUDGH¶V%\SDVV;
- warehouses and gravel pits should be
closed;
- solution for unhygienic settlements should
be covered with an integrative approach for all
unhygienic settlements in Belgrade;
- Zone 1 should be afforested;
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ABSTRACT
This work was conducted in order to
investigate the frequency of virulence genes, gene
complexities, and pathotype frequencies of
powdery mildew (Blumeria graminis f. sp. hordei)
populations on two different barley production
fields in the Çukurova Region. For this purpose, the
barley leaves, prior to the pre-harvest period, which
were infected with pathogen at the sexual period
developmental stage as Cleistothecium were
collected in 2007 and stored in the laboratory at
room temperature. Pathogenic isolates were
obtained in laboratory conditions with the aid of
susceptible control variety (Bülbül-89) by
stimulating ascospore output from each foliar.
Every isolate was further purified through
multiplying from a single spore. A total of 138
Blumeria graminis f. sp. hordei single spores were
obtained. The differential isogenic lines of 25, each
possessing a single resistance genes were
inoculated with the single spore isolates obtained
from Cleistothecium. The aggressiveness of gene
frequencies and virulence gene complexities, and
pathotype frequencies of the isolates were
determined according to the scale 0-4, developed by
Welz. The pathotypes were established through the
formula developed by Habgood. Virulence gene
frequencies varied from 0 % to 94.33 % in powdery
mildew populations. Gene frequencies of Va1,
(Va7+Vk) were at 0.0 % in both populations. In the
populations of Adana and Hatay 47 and 56
pathotypes were obtained, respectively. The isolate
with Habgood pathotype index of 04667601
showed 14.8 % gene frequency in Adana
population.

INTRODUCTION
Barley (Hordeum vulgare L.) is the most
important crop following wheat, corn and paddy in
the world. Turkey possesses a significant position
by planting area 2.783.583 hectares of barley and
136.5 million tons of yield in the world [1].
Powdery mildew (Erysiphe graminis DC. f. sp.
hordei Em Marchal Synamorph, Blumeria graminis
DC. Golovin ex Speer f.sp. hordei) is one of the
primary diseases affecting yield and quality in
barley production. Conidia spores, as a disease
factor, may infect barley plants in all growth stages
of the vegetation. A number of investigators
reported that powdery mildew causes 25-30 % yield
losses, especially in Central Europe and, more than
50 % in USA if the climatic conditions are
pertaining to spreading of the disease [2, 3, 4, 5].
The infected field ratio varies from 25 % to 70 %
when the coastal belt areas of the Aegean and
Mediterranean Regions dominated by the
Mediterranean climate. On the other hand the
intensity of the infection was stated between 1-100
%.
Several strategies were improved in the battle
against powdery mildew such as use of fungicides,
planting resistance varieties, mosaic planting
techniques, rotated planting practices and combined
fighting systems in Europe possessing moist and
cool climate conditions [6, 7]. A number of studies
were carried out on distribution of powdery mildew
and occurrence of physiologic race in order to
develop early warning systems to control crop
906
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diseases, therefore almost all barley cultivars
produced in Europe was tested in view of resistance
against to powdery mildew [8, 9, 10].
It is revealed that European barley cultivars
possess mostly two or three resistance genes and
rarely more than three [7, 11, 12, 13]. Emergence of
new physiologic races in powdery mildew
populations results in resistance-breaking in spite of
planting newly developed varieties in relatively
short time period [14]. At the same time use of
fungicides is also being ineffective due to increased
resistance by pathogen [6, 15, 16, 17].
The aim of modern agriculture is to produce
permanently and securely within the means of
minimally polluting the environment with
fungicides. Therefore, the use of resistant varieties
through plant breeding or the implementation of
chemical control methods is considered inadequate.
In developing more effective combat systems, the
in-depth studies in the interactions of host-parasite
systems and means of integrated cross-disciplinary
should be conducted. The early warning systems in
the control against diseases, a systematic and
collaborative virulence spectrum of pathogens
world-wide should also be determined. To this end,
powdery mildew virulence surveys are carried out
in barley crop fields in Europe and in the different
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regions of the world every year [12, 18, 19, 20, 21,
22, 23, 24]. However, to this date a periodical
survey for investigating the virulence pattern of
barley powdery mildew has not been implemented.
The purpose of this research is to determine
virulence spectrum in spore population of powdery
mildew in the sexual period, Cleistothecia, on the
barley fields of Çukurova Region. The data
gathered will help facilitate protection strategies in
the region.

MATERIALS AND METHODS
Plant materials. Differential test varieties of
25 isogenic lines are used to identify virulence
genes in Blumeria graminis f. sp. hordei
populations, developed by Kolster et al. [25],
widely used in Europe and a Turkish isogenic line
carrying no resistance (Table 1). Isogenic lines
were amplified at the Adnan Menderes University
farms, which were obtained from ICARDA (The
International Center for Agricultural Research in
the Dry Areas). Barley leaves with Cleistothecium,
from the barley fields in the Çukurova Region were
collected prior to harvest and stored at 4oC.

TABLE 1
Differential test varieties for the virulence of Blumeria graminis f. sp. hordei collected in the Çukurova
Region.
Isogenic Lines*
Pallas-01
Pallas-02
Pallas-03
Pallas-04a
Pallas-04b
Pallas-05
Pallas-06
Pallas-07
Pallas-08a
Pallas-08b
Pallas-09
Pallas-10
Pallas-11
Pallas-12
Pallas-13
Pallas-14
Pallas-15
Pallas-19
Pallas-20
Pallas-21
Pallas-22
Pallas-23
Pallas-24
Pallas-30
Pallas
Bülbül-89

Parent
Iso 1R
Ricardo
Iso 20R
Nordal
Nordal
Filler
Iso 10R
Mona
Senat
Senat
Iso 12R
Emir
RuPl
Hor 1657
Hor 1402
W.41/145
RuPee
Iso 5R
Atlas
Deba
Riso 5678
Lofa
Iso 3R
Filler
Pallas
Bülbül-89

Origins-owned
CI 1637 Mla1, +?
CI 6306
CI 16151
Calsberg
Calsberg
Calsberg
CI 16147
Svalof
Svalof
Svalof
CI 16149
Cebeco
Svalof
Hor 1657
Hor 1402
WeihenstePhen
Svalof
CI 16145
CI 4118
Abed
CI 15219
Abed
CI 16141
Svalof
Svalof
Turkish cultivar

*obtained from ICARDA
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Resistance Gene
Mla1, +?
Mla3
Mla6, Ma14
Mla7, Mlk, +?
Mla7, +?
Mla1
Mla7, Ml(LG2)
Mla9, Mlk
Mla9, Mlak
Mla9
Mla10, Ml(Du2)
Mla12
Mla13, Ml(Ru3)
Mlc
Ml (1402)
Ml(41/145)
Ml(Ru2)
MlP
Mlat
Mlg, Ml (CP)
mlo5
Ml (La)
Mlh
Mla1
Mla8
none known genes
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%, it is very low degree and if it is smaller than 10
%, it is called recessive. Virulence complexity is a
number of genes in a single isolate. The number of
virulence genes was determined per isolate.
Afterwards, the number isolates having the same
complexity values as percentages are determined as
complexity frequencies.

Method. Pathogen isolates were obtained by
stimulating ascospore formations on each leaf of
the susceptible variety, Bülbül-89, in laboratory
conditions. Each isolate was purified from a single
spore [26]. Virulence tests were carried out on the
26 differential test lines (Table 1) grew under
controlled laboratory conditions at the 1-2 leaf
periods according to Pons [6]. The leaves of
isogenic lines were cut in a 3 cm length, placed in 9
cm in diameter Petri dishes containing BA
(benzimidazol
agar)
(5
ppm)
in
the
counterclockwise direction with the order in Table
1, where the bottom surface of the leaves were in
contact with the feeding environment. As a control,
variety Bülbül-89 leaf particles were placed at the
center of the Petri dishes.
Inoculation of single spore isolates on test
varieties was implemented with the aid of homemade inoculation tower in a sterile cabinet.
Inoculated pieces of leaves on Petri dishes were
incubated at 17oC / 14-hour dark and 10-hour light
periods in a climate chamber for 8-10 days. The test
plates were assessed for full inoculation and
sufficient colony formation and on the Bülbül-89
susceptible variety according to the 0-4 scale
developed by Welz [27]. Following the tests
determining the genetic composition of pathotypes,
the virulence gene frequencies and the level of
complexities in virulence genes were determined
using MS-Excel version 5.0 developed by Habgood
[28]. The identification of powdery mildew isolates
were determined using the software by Hermann et
al. [29]. According to this method, the 0-4 scale
results in evaluating the test sets were turned into a
binary code system. As a result, two-type outcomes
were obtained; the scale values of 0, 1, 2, were
translated as 0 (resistant), the values of 3 and 4
were translated as 1 (sensitive). The following
formula by Habgood [28] was used to determine the
pathotypes.
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RESULTS AND DISCUSSION
Virulence genes frequencies and complexities
obtained from powdery mildew population in
barley field of Çukurova Region are presented in
Table 2 and Table 3, respectively, according to
which, both of the populations here called as Adana
and Hatay locations, had 22 virulence genes. The
similarities were observed in both populations in
fixed and recessive genes. The Va8 gene frequency
was over 90 % in both of the populations indicating
the gene is fixed, the genes; Va1, Va7+Vk,
Va9+Vk, and Va9 were recessive in both
populations. The crucial differences were observed
in Vp and Vh genes, while frequency of Vp gene
was 81.64 % in Adana, it is 32.34 % in Hatay, on
the other hand the frequency of Vh virulence gene
was 18.30 % in Adana, it was 67.62 % in Hatay.
The lowest virulence gene frequencies were found
in Va1, Va7+Vk, Va9+Vak virulence genes (0.00
%) and detected in Adana population, whereas the
highest one was in Va8 gene (94.33 %). Virulence
gene frequencies of Va1+?, Va7+Vk, Va7, Va1,
Va9+Vk, Va9+Vak, Va9, Va13+(V(Ru3), Vo5,
Va1 genes were found to be recessive (<10%),
virulence gene frequencies of Va3, Va7+V(LG2),
Vc, V(Ru2), Vg+V(cp), Vh genes were low (10-30
%); Va6+Va14, Va12, V(41/145) genes were
medium (30-60 %); Va10+V(Du2), Va(1402), Vp,
Vat, V(La) genes (60-90 %) were high in the same
population. In the Hatay population, virulence gene
frequencies of Va1+?, Va7+Va14, Va1 genes were
0.00 %, virulence gene frequency of Va8 was 91.14
%. It is detected that Va7, Va1, Va7+V(LG2),
Va9+Vak, Va9, V(41/145), V(CP) virulence genes
were found to be recessive with having less than 10
% gene frequencies. The frequencies of Va3,
Va6+Va14, Va9+Vk, Va13+V(Ru3), Vc, V(Ru2),
Vo5 virulence genes were low (10-30 %),
frequencies of Va12, Vp were medium (30-60 %),
and frequencies of Va10+V(Du2), Va(1402), Vat,
V(la), Vh genes were high (60-90 %).

 

(1)
Pti: Pathotype index, nr: order # of differential lines
(Table 1), kpi: binary code # of differential lines (0
or 1).
The values of the gene frequency aggression
were divided into 5 different groups according to
this style of grouping, if virulence gene frequency
in population is bigger than 90 %, the population is
considered fixed. If it is between 60 % and 90 %, it
is high; if it ranges between 30 % to 60 %, it is
medium; if the frequency is between 10 % and 30
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TABLE 2
The virulence gene frequencies.
Virulence Gene Frequencies (%)
Adana
0.00
29.56
36.68
0.00
1.40
4.22
12.67
1.40
0.00
7.04
84.48
30.97
2.81
15.48
83.07
36.60
25.34
81.64
83.07
19.71
4.22
74.62
18.30
1.40
94.33

Virulence Genes
Va1, +?
Va3
Va6, Va14
Va7, Vk
Va7
Va1
Va7, V(LG2)
Va9, Vk
Va9, Vak
Va9
Va10, V(Du2)
Va12
Va13, V(Ru3)
Vc
Va (1402)
V(41/145)
V(Ru2)
VP
Vat
Vg, V (CP)
Vo5
V (La)
Vh
Va1
Va8

Hatay
0.00
26.46
27.93
0.00
1.47
7.35
4.41
14.70
1.47
7.35
85.26
33.81
4.41
8.82
82.32
7.35
16.17
32.34
79.38
8.82
14.70
79.38
67.62
0.00
91.14

TABLE 3
The virulence gene complexity values.
Virulence Gene Complexities (%)
Adana
Hatay
2.81
0.00
23.80
7.35
18.30
20.58
39.42
27.93
8.44
4.44
5.56
7.35
1.40
1.47
0.00
2.94

Virulence Genes
5
6
7
8
9
10
11
12

TABLE 4
The pathotype frequencies.
Pathotypes
No
Habgood number
1
04667601
2
00467611
3
04667611
4
04667631
5
0667611
6
24667611
7
0067611
8
0067615
9
04667611
10
20067603
11
404776721
12
410676320
13
004276320
14
006756721
15
204774721
16
400676321
17
400676720
18
404776721
Total frequencies of other pathotypes (%)
Number of pathotypes
Number of isolates tested

Populations
Adana
14.08
8.44
8.44
8.44
8.44
7.04
4.22
2.81
2.81
2.81
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
49.28
47
71
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Hatay
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
7.35
4.41
2.94
2.94
2.94
2.94
2.94
2.94
70.56
56
68
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The virulence gene complexity in Adana
changed from 5 to 11, and varied from 6 to 12 in
Hatay (Table 3). The gene complexity values of this
study are in consistent with the other studies
conducted on the cultured barley fields [30, 31, 32,
33].
The pathotypes commonly seen in the
powdery mildew populations in the locations of
Adana and Hatay are presented in Table 4. The
numbers of pathotypes are 47 and 56 in from Adana
and Hatay locations, respectively. The pathotype
with the Habgood number 0466760 from the Adana
had the highest frequency 14.08 %. As for the
Hatay location, the pathotype 404776721 has the
highest frequency as 7.35 %.
A study conducted more than a decade and a
half ago by Braun et al. [15] and Zeybek [34]
showed 9 genes were fixed on wild type barley. The
fixed genes in this study are consistent with those
cited reports above. Since then, the frequencies of
the virulence genes Va1, Va9, Va13, and Vo5
decreased substantially as shown in this study, and
they became recessive by a negative selection.
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STUDY OF THE INFLUENCE OF NA/K ALKALI MOLAR
RATIO ON THE PROPERTIES OF A GLASSY MATERIAL
FOR NUCLEAR WASTE DISPOSAL
Dalila Moudir1,*, Rafika Souag2, Nour Kamel1, Abdelbaki Benmounah2,
Sonia Mesrana3, Nawel Slimani3, Ali Sari4
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Nuclear Research Center of Birine, P.O. 180, Ain Oussera, 17200, Algeria.

reactors as well as liquid waste generated from the
reprocessing of spent nuclear fuel [1].
In order to retain radioactive elements, a variety
of matrix materials is available for the
immobilization of HLW, such as ceramics and
glasses. Although, nuclear wastes are often stored in
a container isolated from the environment. And
waste containment materials still govern the
retention of active species [2].
The aluminosilicate based glasses have been
studied in details and have found wide acceptance in
the world, as suitable sequestration matrices having
capability to retain radioactivity for long durations
[3, 4].
Many physical properties of oxide glasses show
non-linear behavior as a function of the glasses alkali
contents [5-8]. This behavior, referred to as the
mixed alkali effect (MAE) [5].
The MAE has a direct effect on many properties
associated with alkali ions movements such as
electrical conductivity, ionic diffusion, dielectric
relaxation and internal friction [6-10]. However,
properties such as bulk density, molar volume and
refractive index do not change significantly [6, 7].
In the present study, we investigate the
influence of MAE on the structural, physicochemical, thermal, mechanical and electrical
properties of a Si-Al-Na-Li glass system, by varying
the molar ratio content [Na2O]/ ([Na2O]+[K2O]) as
follows 0.20, 0.34, 0.43, 0.50, 0.76, 0.82 and 0.95.
Lanthanum and yttrium rare-earth-elements (REE)
are employed as lanthanides (fission products) /
actinides surrogates.
The glassy matrices are characterized by their
physical, microstructural, mechanical and electrical
properties. The glasses densities are measured with
the aim of reaching the molar volume. The glasses
amorphous structure was confirmed by X-ray
diffraction (XRD). The scanning electron
microscopy (SEM) was used to examine glasses
morphology. The main chemical bounds in the
glasses are characterized by Fourrier Transform
Infrared (FTIR) spectroscopy analyses. The
differential thermal analysis (DTA) was used to

ABSTRACT
The effect of alkali mixture ratio is known to
delay the structural evolution of the network,
especially in glasses dedicated for nuclear waste
storage. In this work, we synthesize an
aluminosilicate glass in a Si-Al-Na-Li system, with
a batch method of oxides double melting at 1450 °C.
The effect of [Na2O]/([Na2O]+[K2O]) molar ratio on
the glass network variation was investigated in the
range of 0.20 to 0.95.
For the whole of the studied chemical
compositions, both X-ray diffraction and scanning
electron microscopy analyses reveal a pure
amorphous structure, and Fourier Transform
Infrared Spectroscopy gave representative spectra of
the studied glasses main bounds. Almost, the
evolution of many properties as a function of the
molar ratio [Na2O]/([Na2O]+[K2O]) have been
investigates. The Archimedes density varies in the
range 2530-2578 kg/m3, and the molar volume in the
range 22.87-23.71 10-6 m3/mol. The differential
thermal analysis shows that the glass transition
temperature is higher than 723 K, for the whole of
studied
compositions.
The
mechanical
characterization gave suitable properties with
Vickers indentations ranging from 685.13 to 786.70
Hv and Young modulus in the interval 0.13-5.01
GPa. Also, the glasses electrical resistivity is
maximum
for
the
equimolar
ratio
[Na2O]/([Na2O]+[K2O]) = 0.50.

KEYWORDS:
Nuclear Glass, confinement, Nuclear waste, XRD, DTA,
Young modulus.

INTRODUCTION
The processing and disposal of highly
radioactive materials is a concern in high-level waste
(HLW) management. HLW are mainly produced
from spent nuclear fuel, coming from nuclear
913
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YLVXDOL]H WKH JODVVHV SKDVHV¶ WUDQVIRUPDWLRQV 7KH
mechanical properties were studied by both Vickers
microhardness and Young modulus; and the glasses
electrical conductivity was measured using the four
SRLQW¶VPHWKRG

With:
Mi: is the i element molar masse (g/mol),
Xi: the weight fraction of the i oxide (%),
d: the Archimedes density (g/cm3),
The materials XRD diagrams were determined
with a monochromatic Cu KĮ 3KLOLSV ;¶3HUW 3UR
GLIIUDFWRPHWHU XVLQJ 3KLOLSV ;¶3HUW 3OXV 
VRIWZDUH >@3KLOLSV ;¶3HUW +LJK 6FRUH 3DFNDJH
Diffraction Data CD-ROM, International Center for
Diffraction Data, Newtown Square, PA, 2004.
Internal standard was employed, the analysis
parameters were: a scan step size of 0.02, a time per
step of 0.5, for 2T varying from 5 to 100 degrees, I =
40 mA, V = 40 kV, O = 1.54 nm. The glasses
microstructure was observed with a scanning
electron microscope: Philips XL 30 in the back
scattered electrons mode, with 10-15 keV energy.
The FTIR spectroscopy analyses are performed
by a Nicolet 380 apparatus on KBr pastels, in
absorbance mode, in the range of 4000-400 cm-1. An
average Vickers microhardness (HV) was measured,
three times for each sample, using a Zwick
apparatus. The Young Modulus (E) was measured on
parallelepiped bars using a RFDA apparatus.
The differential thermal analysis (DTA) was
performed with a Netsczh 409 instrument, in the
range temperature of 298-1923 K. The glasses
electrical conductivity was reached by resistivity
PHDVXUHPHQWV RI WKH VDPSOHV ZLWK D IRXU SRLQW¶V
apparatus.

MATERIALS AND METHODS
The glasses were prepared using the method
described by N. Ollier and al. [11]. The following
commercial reagents were employed: ZrO2 (Aldrich,
 $O2O3 )OXND 0J2 )OXND 1D2O
0HUFN     )H2O3 0HUFN     .2O
0HUFN     /L22 0HUFN     /D2O3
)OXND     <2O3 0HUFN     0R23
0HUFN  SiO2 3URODER 5((
elements oxides are dried at 1 000 °C over night, and
the other oxides at 673 K, for the same time. This
step ensures a good homogeneity of the products,
and confers them isotropic properties. La2O3 is
prepared by calcination at 723 K of La(NO3)3, 6H2O
(Fluka, 99.99 %). Seven powder mixtures were
prepared
with
different
molar
ratio
[Na2O]/([Na2O]+[K2O]), namely: 0.20, 0.34, 0.43,
0.50, 0.76, 0.82and 0.95.The corresponding
chemical compositions are gathered in Table1. A
batch of 25 g of each glass is homogenized in an
Automatic Sieve Shaker D403 during 7 h. The
powders mixtures are melted and refined at 1723 K
in air, for 1 h 30 min, in platinum crucibles using a
BLF 18/3 Carbolite furnace. The heating step was of
278 K/min. The melted glasses are casted in steel
cylindrical moulds.
The determination of the glasses densities (d)
was performed using the Archimedes method, using
distilled water as an immersion liquid. The glasses
molar volume was calculated using the mathematical
formula (1):
¦i X i M i (1)
Vm

RESULTS AND DISCUSSION
Density and molar volume Measurements.
The evolution of both materials densities (d) and
molar volumes (Vm) as a function of
([Na2O]/([Na2O]+[K2O]) ratio, are gathered on
Figure 1.

100 d

Na/K
Oxide
ZrO2
Al2O3
MgO
Na2O
Fe2O3
K2O
Li2O
La2O3
Y2O3
MoO3
SiO2

TABLE 1
Chemical Composition (mol. %) of The Studied Glasses.
0.20
0.34
0.43
0.50
0.76
0.82

0.95

2.1897
8.8242
7.4450
0.9659
0.7499
3.8395
24.092
0.0900
0.1320
1.2478
50.423

2.1504
8.6659
7.3112
5.7146
0.7364
0.3122
23.660
0.0884
0.1296
1.2254
50.006

2.1901
8,8262
7.4463
1.9381
0.7500
3.8402
24.097
0.0900
0.1320
1.2481
49.442

2.1915
8.8322
7.4512
2.8820
0.7505
3.8427
24.113
0.0901
0.1321
1.2489
48.466

2.2183
8.9402
6.3267
3.9200
0.7597
3.8896
24.407
0.0912
0,1337
1.2641
48.049

914



2.1685
8.7394
7.3729
5.7628
0.7426
1.8417
23.859
0.0891
0.1307
1.2357
48.057

2.1530
8.6769
7.3202
2.8314
0.7373
0.6253
23.689
0.0885
0.1298
1.2269
52.521
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FIGURE 1
Evolution of the Archimedes Density and Molar
Volume of the Glasses as a Function of
[Na2O]/([Na2O]+[K2O]) Molar Ratio.
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FIGURE 2
XRD Spectra of the Glass Studied for Different
Values of [Na2O] / ([Na2O] + [K2O]).

The glass density (d) increases with its alkali
ratio till the value of 0.82, and then it decreases. For
the whole, it is in the interval: 2530 - 2578 kg/m3.
There is no MAE regarding to the equimolar value:
[Na2O]/([Na2O]+[K2O]) = 0.50. The glasses molar
volume decreases with the alkali molar ratio till
[Na2O]/([Na2O]+[K2O]) = 0.5, and then increases.
The sudden change for the point [Na2O]/ ([Na2O] +
[K2O]) = 0.82, is not explained yet and should
consider other materials characterizations.
A. Gawronski and al.[13] found densities
between 2750 and 2770 kg/m3 for an aluminosilicate
glass: 51.9 SiO2 21.2 MgO 21.2 Al2O3 5.7 ZrO2, and
average values between 2880 and 2980 kg/m3 for an
aluminosilicate glass in the system: 50.6 SiO2 20.7
MgO 20.7 Al2O3 5.5 ZrO2 2.4 Y2O3. By contrast, Y.
Xiang and al.[14] reported densities in the interval of
2455-2477 kg/m3 for a sodium aluminosilicate glass.
The samples molar volume reaches a maximum
value
(23.56
cm3/mol)
for
the
ratio
[Na2O]/([Na2O]+[K2O]) = 0.43.
Overall, the
obtained results are close to the values found in the
literature.
R. Laopaiboon and C. Bootjomcha [15]
reported molar volumes comprised between
23.731cm3/mol and 23.812 cm3/mol for a glasses
series (LGS) in the system x CeO2 - 20 Na2O - Al2O3
- 13 B2O3 - 6.5 CaO - 1.5 PbO - (58-x) SiO2 prepared
by melting at 1250 °C.

The monophasic nature observed by SEM confirms
the amorphousness feature of the glasses given by
XRD analysis.

FIGURE 3
A Glass Typical SEM Micrograph
Spectroscopic Characterization. The FTIR
spectra of the samples are gathered on Table 2.They
elucidate the main chemical bonds in the materials.
TABLE 2
Glasses FTIR Main Vibration Bands.
Reference
Vibration Band
Wave number
(cm.1)
Si-O-Si
467- 473
[16]
Si-O
1070
[17]
Na-O, Li-O, K-O 444
[18]
Al-O , Mg-O in
750
[17]
Si-O Me
(Me = metal as Al
or Mg).
Al-OH
3640-3670
[16]
Si-OH
1625
[19]
Zr-O
470
[20]
[21]
[ZrO6] and [FeO4] 488

Microstructural Characterization. For the
seven studied compositions, the glasses XRD
analysis shows that whatever the molar ratio
[Na2O]/([Na2O]+[K2O]) the glasses structure is
amorphous, with no residual crystalline phase. A
typical diffractogram of the glasses is given in Figure
2.
The glasses microstructure is revealed by both
the bulk and surface SEM observations. A typical
SEM micrograph of the studied glasses is shown on
Figure 3.The micrograph confirms the homogeneity
ofthe glasses compositions.
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order Li < Na <K.Transport properties of silicate
melts (e.g., viscosity, diffusivity, and conductivity)
can be correlated with the abundance of fully
polymerized structural units and also with the
strength of the bridging T-O bond. On the one hand,
substitution of Al for Si in tetrahedral coordination
will weaken the bond. The more pronounced is the
weakening, the smaller is the charge balancing
cation[25].
For all the studied samples, Tg values are higher
than 450 °C, which is the temperature of the
radioactive waste packages. This confirms that our
glasses will not go through a meta-stable state under
storage, and thus, may be suitable candidates for
radioactive waste disposal.

Thermal characterization. The glasses DTA
analysis gave the glass transition (Tg), crystallization
(Tc) and fusion (Tf) temperatures (Table 3).
TABLE 3
Glass transition (Tg), crystallization (Tc) and
fusion (Tf) temperaturesfor different
([Na2O]/([Na2O]+[K2O]) molar ratios.
[Na2O]/ ([Na2O] Tg (K)
Tc (K)
Tf (K)
+ [K2O])
0.20
1046.95 1208.52 1425.31
0.50
1057.81 1166.63 1490.30
0.95
1047.53 1264.52 1499.20
Tg varies randomly with the molar ratio
[Na2O]/([Na2O]+[K2O]).The results show a
maximum Tg value when the molar ratio is equal to
0.5. These results agree with those given by C.L.
Losq [22].
The Tg increase is caused by the formation of
non-bridging oxygen (NBO) in the glass network.
Thus, Tg is strongly dependent of the cation network
modifier.
J.P. Poole and al. [23] reported the MAE on T g
value in a Na-K based glassy system.They found a
minimum viscosity when themole content in Nais
equal to that in K; which corresponds to maximum
entropy, and therefore a maximum Tg.
These authors report that CaO increased the
glasses viscosity; the MgO had little or no effect
(except at the higher temperatures) on the viscosity.
The presence of A12O3 in the glass had no effect on
the separate action of CaO or MgO, whether they
replaced SiO2 or NaO.
The alkaline-earth oxides CaO, MgO, SrO, and
BaO were introduced into the Na2O.3SiO2 base glass
in such a manner that the N a2: SiO2 ratio remained
approximatelyconstant at about 1:3. SrO had a
slightly less effect than MgO, whereas BaO
decreased the viscosity at all temperatures except the
lowest.
These results are confirmed by other authors in
the literature [24]. Furthermore, the T c values are
quite low, which show the ability of the studied
glasses to crystallize. The fusion temperatures (Tf)
increases
with
the
molar
ratio
[Na2O]/([Na2O]+[K2O]), due to the strong depolymerization of the glass network.
B.O. Mysen [25] also observes similar
phenomena, as K is more abundant than Na (or than
Li). In simplified alumino-silicates (Li2O-Al2O3SiO2, Na2O-Al2O3-SiO2, K2O-Al2O3-SiO2) the
polymerization of such networks increases for Alfree end-member composition melts, and when the
ionic radius of the network-modifying cation
decreases. Increasing Al/(Al + Si) also provokes the
polymerization. The extent of the phenomenum
depends on the charge balancing cation for
tetrahedrally-coordinated Al and increases in the

Mechanical characterization. The Vickers
microhardnesses are average values of 10
indentations measurements, conducted on each glass
sample.
The results of the glasses Vickers
microhardness and Young modulus are given Table
4.
TABLE 4
Vickers Hardnesses and Young Modulus of the
Glasses for Different
([Na2O]/([Na2O]+[K2O]) Molar Ratio.
[Na2O]/ ([Na2O] +
[K2O])
0.20
0.34
0.43
0.50
0.76
0.82
0.95

E
(GPa)
0.13
2.33
0.61
5.01
0.19
0.25
0.33

FIGURE 6
Electrical Resistivity for Glasses of Different
[Na2O]/([Na2O]+[K2O]) Molar Ratio.
Except for the ratio of [Na2O]/([Na2O]+[K2O])
= 0.82, the hardness varies between 6.851GPa and
7.867 GPa. The results show a non-linearity with the
content of Na2O and K2O, with a maximum
hardeness for the alkali equimolar ratio. For the
molar ratio [Na2O]/([Na2O]+[K2O]) = 0.82, one can
remark the sudden change in the evolution of the
measured property, as for the density and molar
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volume. It seems that for this composition, more
detailed structural investigations (such a Raman or
near edge spectroscopic techniques) will reveal
characteristic changes in the glass network,
involving the properties variations.
The materials Young modulus varies in the
same direction to that of Vickers indentations, with
values between 0.13 and 5.01 GPa. It varies non
linearly with the content of Na2O and K2O. The
maximum value of the Young's modulus is for 0.5
where [Na2O] and [K2O] are equimolar. However,
the nonlinear behavior of both microhardness and
Young modulus is mainly due to the mixed alkali
effect (MAE).
J. Kjeldsen and al. [24] reported very similar
Vickers indentations values to those reported in the
present study (between 6.8 GPa and 7.1 GPa), for
sodium aluminosilicate glasses. These authors found
Young's modulus values between 6628 HV (65.000
GPa) and 7444 HV (73.003 GPa) for average ratios
[Na2O]/([Na2O]+[K2O]) in the interval 0.05-1.0
mol.%, for a SiO2-Al2O3-MgO-CaO-Na2O-K2O
glass [26]. These high values show glasses good
elasticity modulus, who have a simple composition
and different atomic weights, compared to our glass,
which have very low elasticity modulus.
Overall, the elastic response of a glass depends
strongly on its chemical composition; the lower are
atomic elements weights in the glass, the higher is its
elasticity modulus [8].

[2] Petit, J.C., (1992) Natural analogues for the
design and performance assessment of
radioactive waste forms: A review. Journal of
Geochemical Exploration 46 (1) 1-33
[3] Ojovan, M.I., Karlina, O.K., (1992) Synthesis
and properties of glass composite materials for
solidification
of
radioactive
waste.
Radiochemistry 33 97-100.
[4] Ojovan, M.I., Lee, W.E. (2005) An Introduction
to Nuclear Waste Immobilization. Elsevier
Science Publishers B.V, Amsterdam, The
Netherlands,p. 315.
[5] Samee, M.A., Ahmmad, S.K., Taqiullah,
S.M.D., Edukondalu, A., Bale, S., Rahman, S.,
(2013) Mixed Alkali Effect In (40-x) K2O±
xLi2O-10Na2O±50B2O3 Glasses²Physical and
Optical Absorption Studies. International
Journal of Modern Physics: Conference Series
22 261-267.
[6] Rao, N.S., Bale, S., Purnima, M., Siva Kumar,
K., Rahman, S., (2007) Mixed alkali effect in
boroarsenate glasses.Journal of Physics and
Chemistry of Solids, 68 (7) 1354-1358.
[7] Ingram, M.D., Roling, B., (2003)The concept of
matrix-mediated coupling: a new interpretation
of mixed-cation effects in glass. Journal of
Physics: Condensed Matter, 15(16) 1595-1605.
[8] Isard, J.O., (1969) The Mixed Alkali Effect In
Glass. Journal of non-crystalline Solids. (1) 235261.
[9] Habasaki, J., Ngai, K.L., (2007) The mixed
alkali effect in ionically conducting glasses
revisited: a study by molecular dynamics
simulation.Physical
Chemistry
Chemical
Physics, 9 (33) 4673-4689.
[10] Van Ass, H.M.J.M., Stevels, J.M., (1974) The
influence of dissolved heavy water on the
internal friction of lithium metaphosphate
glasses
containing
1%
potassium
metaphosphate.Journal of Non-Crystalline
Solids 16 (2) 161-170.
[11] Ollier, N., Boizot, B., Reynard, B., Ghaleb, D.,
Petite,G., (2004) ß irradiation in borosilicate
glasses: the role of the mixed alkali effect.
Nuclear Instruments and Methods in Physics
Research B 218 176-182.
[12] 3KLOLSV;¶3HUW+LJK6FRUH3DFNDJH'LIIUDFWLRQ
Data CD-ROM, International Center for
Diffraction Data, Newtown Square PA (2004).
[13] Gawronski, A., Patzig, C., Hoche, T., Russel,C.,
(2013) High-strength glass-ceramics in the
±
system
MgO/Al2O3/SiO2/ZrO2/Y2O3
microstructure
and
properties
.CrystEngComm.15 6165±6176.
[14] Xiang, Y., Du, J., Smedskjaer, M.M.,
Maurorapporte, J.C., (2013) Structure and
properties of sodium aluminosilicate glasses
from molecular dynamics simulations.The
Journal of Chemical Physics (139) 1-12.
[15] Laopaiboon, R., Bootjomchai, C., (2014) Glass

Electrical characterization. The evolution of
both glasses resistivity and electrical conductivity as
a function of [Na2O]/([Na2O]+[K2O]) molar ratio is
represented by Figure 6 histograms.
The mixture of Na and K in the studied silicate
glass produces a maximum of resistivity when the
molar ratio [Na2O]/([Na2O]+[K2O]) is equal to 0.5.
This corresponds to a minimum of electrical
conductivity [8]. And, thus a decrease of no-bridged
oxygens (NBO); these last having more electrical
polar charge. The non-linearity of the electrical
resistivity is associated to the depolymerization of
the glass network.
In the alkali-aluminosilicate glasses, this effect
has not been reported. J.S. Lapp, and J.E. Shelby [27]
studied the MAE with the ratios Na2O/Na2O+K2O
and Na2O/(Na2O+Li2O), on the variation of an
aluminosilicate glass electrical conductivity. They
report an independence between the MAE and the
glasses Al content, due to the thermal ionic
polarization and the electrode polarization [28].
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ABSTRACT

INTRODUCTION

Lentil (Lens culinaris Medik.) is an important
legume with high carbohydrate and protein content
that is used as main source of food in many countries.
Lentil is recalcitrant and difficult to root under in
vitro conditions. Therefore, present study aimed to
determine the preconditioning effect of Murashige
and Skoog (MS) medium containing 10 and 20 mg
L-1
benzylaminopurine
(BAP),
whereas,
postconditioning media were contained of dissimilar
levels of BAP combination with indole-3-butyric
acid (IBA) for in vitro shoot multiplication using
mature embryo as explants. Comparing the three
culture conditions, the preconditioned embryo
explants
had
significant
difference
with
unconditioned embryo explants in terms of
frequency of shoot regeneration (%) and number of
shoot per explant. The presence of IBA in culture
medium with each increased concentrations of BAP
had positively enhanced the number of shoot per
preconditioned explant; whereas, shoots length were
inhibited variably. The maximum number (16.33) of
shoots was recorded on MS medium containing 0.50
mg L-1 BAP + 0.10 mg L-1 IBA at postconditioning
level. Root initiation was observed in all MS media
containing IBA after the transfer of shoots. The
maximum root induction (75.00%) and mean
number of 4.35 roots per shoot was observed on MS
medium containing 0.10 mg L-1 IBA. The healthy
and rooted plants were transferred to glasshouse for
acclimatization and exhibited 85% survival. This
regeneration protocol may facilitate genetic
transformation studies in lentil.

Lentil (Lens culinaris Medik.) is one of the
early domesticated and nutritious traditional pulse
crops, which has been experiencing a declining area
of cultivation and production in Turkey and SouthEast Asia, due to lower yields [1, 2, 3]. Lentil has
originated from the Middle East and spread to the
other parts of world. It is being cultivated as a rainfed crop on 4.32 million hectare area with the global
production of 4.97 million tons in 2013. It contains
more than 26% protein in seed and considered as a
source of amino acids for human and the livestock
[4, 5, 6].
Modern
and
advanced
biotechnology
techniques including plant tissue culture and genetic
transformation has provided new opportunities to
improve the germplasm and yield of crop [7, 8].
However, an efficient and reliable shoot
regeneration protocol is a prerequisite for lentil
genetic transformation strategies [9, 10, 11].
The regeneration frequency can be increased or
modified by plant growth regulator combinations,
photoperiod, pH, carbohydrates and other growth
supplements [12, 13, 14, 15]. Pulse treatment or
preconditioning of explants at higher concentrations
of cytokinin and auxin is often used for shoot and
root multiplication in legume [16, 8]. However,
shoot regeneration in lentil has been previously
reported
through
somatic
embryogenesis,
organogenesis and callus using different explants
[17, 10, 18, 11, 2]. But, there is no report on mature
embryo explants preconditioning in lentil for shoot
multiplication. The present study investigated the
effect of BAP preconditioning on lentil mature
embryos that may be useful for efficient regeneration
leading to genetic transformation.

KEYWORDS:
Cytokinin, lentil,
regeneration

mature embryo,

preconditioning,
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Ex vitro acclimatization. Well-developed and
rooted plantlets were selected for acclimatization.
They were removed from culture media and
transferred to the plastic pots containing peat moss
and peat moss-perlite (3:1). Each pot were watered
once a week with 100 mL tap water and covered with
a transparent polyethylene bag to provide a high
relative humidity. After ten days, polythene covers
were gradually opened and plants were exposed to
the light. The adapted plants were transferred to
glasshouse and kept under ambient light &
temperature between 19-23±2 °C.

MATERIAL AND METHODS
Surface sterilization. The seeds of lentil cv.
"Sultani YeúLOZHUHZDVKHGZLWKWDSZDWHUDQGWKHQ
surface sterilized using 10% H2O2 and few drops of
Tween-20 for 15 min followed by 3×5 min rinsing
with sterile double distilled water.
The surface sterilized seeds were placed
between two pieces of moist filter paper in petri
dishes for germination. After two days of
germination, mature embryos were excised
aseptically and preconditioned on MS medium [19]
supplemented with 3% (w/v) sucrose with 10 and 20
mg L-1 BAP for 10 days. Mature embryos were
placed on gelrite solidified MS medium as the
control treatment. The each preconditioning
treatment contained 200 embryos with three
replications.

Statistical analysis. Data were subjected to
one-way analysis of variance (ANOVA; SPSS 17 for
Windows, SPSS Inc., Chicago, IL, USA), and posthoc tests were performed using the least significant
GLIIHUHQFH /6'  RU 'XQFDQ¶V PXOWLSOH UDQJH WHVW
(DMRT) at 0.05 level of significance. The
treatments were arranged in a completely
randomized design. The data given in percentages
  ZHUH VXEMHFWHG WR DUFVLQH ¥;  WUDQVIRUPDWLRQ
(Snedecor and Cochran, 1967) before statistical
analysis.

Effect of BAP on shoot multiplication. The
preconditioned mature embryo explants were
cultured on postconditioning regeneration medium
containing different concentrations of 0.0, 0.1, 0.25
and 0.5 mg L-1BAP and constant concentration of 0.1
mg L-1 IBA. Each treatment was replicated three
times with 15 explants in each. At the end of
postconditioning treatments, data on shoot induction
(%), shoot per explant and average shoot length were
recorded for the analysis.

RESULTS
The present study investigated preconditioning
effect of BAP on mature embryo explants of lentil
using gelrite solidified MS medium supplemented
with 10 and 20 mg L-1 BAP for 10 days (Figure 1a).
Therefore, contamination-free seeds were obtained
through 10% H2O2 treatment and germinated on
sterilized moist filter paper for mature embryo
explants.
Explants subjected to Murashige and Skoog
medium (MS0, control) had significant difference
with those embryos treated with 10 and 20 mg L-1
BAP in terms of frequency of shoot regeneration (%)
and number of shoots per explants (Table 1).
Although, there was no significant differences
observed on MS medium supplemented with 10 and
20 mg L-1 BAP. The frequencies of shoot
regeneration were noted 69.67, 83.33 and 100% for
10 and 20 mg L-1 BAP and control treatments
respectively. Despite of the 100% shoot regeneration
frequency, control treatment induced only single
shoot per explant; whereas, 3.13 and 2.68 shoots per
explants were noted on MS medium containing 10
and 20 mg L-1 BAP respectively. Table 2 depicts the
effect of preconditioned mature embryo explants
when cultured on four postconditioned treatments of

In vitro rooting. Healthy and well developed
multiplied shoots (2 to 2.5 cm) were excised and
cultured on gelrite solidified ½ strength MS medium
with different concentrations of 0.0, 0.1, 0.25 and 0.5
mg L-1 IBA supplemented with 0.1% activated
charcoal. Ten shoots were inoculated in each
magenta box and each treatment consisted of three
replications. The experimental data on rooting
percentage (%), mean number of root per explant
and mean root length were recorded after four weeks
of culture.
All media were autoclaved at 121 °C for 20
minutes (1.5 kg cm±2 pressure) while their pH was
adjusted to 5.6-5.8. All cultures were grown at 16/8
h (light/dark) photoperiod with 25 ± 2 °C. Light
LQWHQVLW\RIȝPROSKRWRQVP±2 s±1 was supplied by
cool-white fluorescent lamps. However, the plant
growth regulators, Gelrite Gellan Gum, and the
chemicals were purchased from Sigma-Aldrich Co.
(St. Louis, MO, USA) and Duchefa Biochemie B.V.
(Haarlem, the Netherlands).
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0.00, 0.01, 0.25 or 0.50 mg L±1 BAP with 0.10 mg L±1
IBA. The explants mainly showed swelling after
culture in a postconditioning dose-dependent
manner. After one week, postconditioned explants
showed fragile callus initiation at the cut ends treated
with 0.25 and 0.50 mg L-1 BAP-0.10 mg L-1 IBA.
Thereafter, pale yellow fragile callus followed by
shoot bud initiation after two weeks of culture.
Analysis of the results showed that
nonconditioning and 10 mg L-1 BAP treatment were
inferior as compared to 20 mg L-1 BAP in terms of
shoot regeneration frequency after postconditioning
(Figure 1b, c, d). All treatments showed statistically
similar shoot regeneration frequencies after
postconditioning;
however,
results
varied
numerically (Table 2). The explants which were
preconditioned with 10 and 20 mg L-1 BAP induced
93.33 to 100% shoot regeneration frequency,
whereas 96.67 to 100% shoot regeneration
frequency was noted on nonconditioned explants
after postconditioning levels.

Comparing the results of nonconditioned, 10
and 20 mg L-1 BAP preconditioned explants cultured
on different concentrations and combinations of
BAP-IBA showed that 20 mg L-1 BAP treatment had
DVLJQLILFDQW 3 HIIHFWRQQXPEHURIVKRRWV
per explant. The number of shoots ranged from 1.07
to 11.00, 2.00 to 13.66 and 2.51 to 16.33 and showed
significant differences on nonconditioned, 10 mg L-l
and 20 mg L-l BAP, respectively (Table 2). The
maximum number of shoots were noted with 20 mg
L-1
BAP
preconditioned
treatment
that
postconditioned on MS medium containing 0.50 mg
L-1 BAP + 0.10 mg L±1 IBA (Figure 1e). The number
of shoots per explant, induced on 20 mg L-1 BAP,
were greater compared to 10 mg L-1 BAP and
nonconditioned explants after each postconditioning
treatment. With each increase in BAP concentration
accompanied by 0.1 mg L-1 IBA at postconditioning
step an increment in number of shoots per explant
was observed.

FIGURE 1
In vitro mature embryo tissue culture of Lens culinaris: a- Preconditioned mature embryo explants
showing regeneration on control, 10 mg L-l BAP and 20 mg L-l BAP after 10 days of culture; b, c, d, number of shoots per explants on nonconditioned, 10 mg L -l and 20 mg L-l BAP-preconditioned
explants, respectively; e- maximum number of shoots on 20 mg L-l BAP-preconditioned explants after
postconditioning on 0.50 mg L-l BAP + 0.10 mg L-l IBA; f- rooting frequency on MS medium containing
0.10 mg L-l IBA; g-acclimatization of in vitro regenerated lentil explant growing on peat-moss
substrate.
TABLE 1
Effect of preconditioning treatment of BAP on shoot regeneration of lentil
Treatment (mg L±1)
MS0 (Control)
10 mg L±1 BAP
20 mg L±1 BAP

Frequency of shoot regeneration (%) ± S.E*
100a
83.33±6.66b
69.67±3.33b

Number of shoots per explant ± S.E
1.0±0.06b
3.13±0.67a
2.68±0.55a

* Values shown in column followed by different letters are statistically different using LSD test at 0.01 levels of
significances; S.E (standard error)
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TABLE 2
Effect of postconditioning with various concentrations of BAP plus 0.1 mg L±1 IBA on shoot regeneration
of nonconditioned and 10 & 20 mg L±1 BAP-preconditioned embryonic node explants of lentil
Post conditioning
treatments
(mg L-l)

Frequency of shoot
Regeneration (%) ± S.E*

BAP

IBA

MS0

0.0
0.1
0.25
0.5

0.1
0.1
0.1
0.1

100.00a
96.67±3.33a
100.00a
100.00a

10 mg L-1
BAP
100.00a
93.33±3.33a
93.33±3.33a
96.67±6.66a

Shoot length
(cm) ± S.E

Number of shoots/explant ± S.E
20 mg L-1
BAP
100.00a
96.67±6.66a
100.00a
100.00a

MS0
1.07±0.06c
9.83±0.44b
10.50±0.28b
11.00±1.25b

10 mg L-1
BAP
2.00±0.10c
9.00±1.00b
9.50±0.57b
13.66±1.09a

20 mg L-1
BAP
2.51±0.52c
14.50±0.50a
14.83±0.33a
16.33±0.33a

MS0
10.58±0.68a
5.7± 0.46bc
4.87±0.31bc
5.29±0.61bc

10 mg L-1
BAP
5.75±0.52bc
5.04±0.40bc
3.96±0.18bc
3.91±0.43bc

20 mg L-1
BAP
4.25±0.21bc
4.83±0.25bc
3.96±0.25bc
3.21±0.11c

* Mean values shown by different letters in a block are statistically different using Duncan test at 0.05 levels of
significances; S.E (standard error)
TABLE 3
Effect of different concentrations of IBA on rooting of preconditioned explants of lentil
Treatment (mg L-l)
MS0 (control)
0.10 IBA
0.25 IBA
0.50 IBA

Frequency of root induction (%) ± S.E*
0.00c
75.00±6.6a
50.00±3.3b
15.00±1.0c

Number of roots per plant ± S.E
0.00d
4.35±0.31a
2.00±0.21b
0.25±0.01c

Root length (cm) ± S.E
0.00c
3.99±0.44c
4.65±0.35b
5.60±0.66a

*Mean values shown by different letters in a column are statistically different using LSD test at 0.05 level of
significance; S.E (standard error)

(4.35) were noted on MS medium supplemented
0.10 mg L-1 IBA (Figure 1f). MS medium containing
0.25 and 0.50 mg L-1 IBA showed inhibitory effect
on root induction and number of root per explant in
comparison with 0.1 mg L-1 IBA (Table 3).
However, increased IBA concentrations in MS
media showed positive effect on root length in the
present study. Based on results, existence of IBA is
necessary for root induction in postconditioned
regenerated shoots (Table 3). Interestingly, the
regenerated shoots when cultured on MS medium
supplemented with any concentration of IBA also
induced variable number of shoots per explants.

The comparison between nonconditioned
explants cultured on postconditioned media; the
results showed significant inhibitory effects on shoot
OHQJWK 3 6KRRWVOHQJWKRIQRQFRQGLWLRQHG
10 and 20 mg L-1 BAP preconditioned explants when
cultured on postconditioned media showed
significant differences that ranged from 4.87 to
10.58 cm, 3.91 to 5.75 cm, and 3.21 to 4.83 cm,
respectively (Table 2). Maximum shoot length of
10.58 cm was noted on nonconditioned explants
cultured on MS medium devoid of BAP with 0.10
mg L-1 IBA; whereas, minimum shoot length was
noted on 20 mg L-1 BAP preconditioned explants
cultured on MS medium containing 0.50 mg L-1 BAP
+ 0.10 mg L-1 IBA at postconditioned treatment.

Ex vitro acclimatization. Healthy plantlets
with at least 6-8 cm tall containing 3-4 elongated
nodal junctions with well-developed root system
were transferred to plastic pot containing peat moss
and peat moss-perlite at 3:1 ratio. The results showed
the acclimatization of 85% and 60% in peat moss
and peat moss-perlite respectively.
The best
substrate was confirmed as peat moss in the present
study (Figure 1g). The peat moss grown plants
showed strong roots with about 1.5 ± 2 mm thickness
at their base.
The grown root easily penetrated into the peat
moss after development of number of healthy and
fibrous roots that increased surface area of roots to
absorb nutrients from the substrate. These roots were
profuse and penetration followed by downward

In vitro rooting. The regenerated and
multiplied shoots were excised and cultured on MS0
(control) and MS medium containing 0.10, 0.25 and
0.5 mg L±1 IBA for root induction. The rooting
treatments showed sLJQLILFDQWGLIIHUHQFHV 3 
on frequencies of root induction (%), mean number
of roots and root length per explants (Table 3). No
rooting was observed on MS0 medium (control)
devoid of growth regulator. The results revealed that
frequency of root induction, number of roots per
plantlet and root lengths ranged from 0.00 to
75.00%, 0.00 to 4.35 and 0.00 to 5.6 cm respectively.
Comparing four concentrations of IBA, maximum
root induction (76.00%) and number of root per plant
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turning in plastic pots containing peat moss. Similar
numbers of roots and growth were not observed on
peat moss-perlite substrates. After acclimatization in
the growth chamber, the plants were transferred to
the glasshouse, where they induced flower and set
seeds.

preconditioned chickpea embryonic axis and mature
embryo reported by Aasim et al. [7]. Similarly,
observations were reported by Aasim [11] and
Aasim et al. [21]. They emphasized that shoot
regeneration improved when immature plumular
apices of lentil and plumular apices explants of
chickpea were preconditioned with BAP. Contrarily,
Barpete et al. [8] reported that preconditioning
followed by postconditioning on MS medium with
2-isopentenyl adenine (2iP) or Thidiazuron (TDZ)
combined with 0.10 mg L±1 IBA had positive effects
on shoot multiplication. They emphasized that TDZpreconditioned explants were more regenerative
compared to 2iP-preconditioned explants.
In the present study comparison of
nonconditioned and BAP-preconditioned explants
suggests that preconditioning enhances the shoot
regeneration potential of mature embryo in terms of
number of shoots per explant. These results are in
agreement with Aasim et al. [24]. They reported
shoot regeneration of 100% from plumular apices of
cowpea and chickpea. Similarly, Belide et al. [25]
and Barpete et al. [20] reported that preconditioning
with cytokinin enhanced multiple shoot regeneration
in Pongamia pinnata and Lathyrus sativus
respectively. However, cytokinin preconditioning
impacts positively on shoot regeneration and
multiplication in Sophoraton kinensis reported by
Jana et al. [26].
According to our results, when preconditioned
explants were postconditioned with different
concentrations of BAP-IBA in MS regeneration
media, they proliferated and induced variable
increases in number of shoots per explants which are
in agreement with Aasim et al. [7]. They also
emphasized the variable effect of cytokinin-auxin
(BAP-NAA) concentrations. Furthermore, Barpete
et al. [8] also observed variable effects of
preconditioned explants when postconditioned with
different concentrations of TDZ-IBA and 2iP-IBA.
In the present study, shoot length was
decreased by preconditioned and postconditioned
treatments. The longest shoot (10.58 cm) was
recorded in nonconditioned (control) explants.
Although, preconditioned explants also induced
variable shoot lengths and decreased shoot length in
each increase of BAP-IBA postconditioned
treatments. It might be the possible reason that
preconditioning treatments induced a reduction in
active cell division of regenerating shoots resulting
in shoot length reduction. These results are in
agreement with Chen et al. [27], Aasim et al. [21]
and Barpete et al. [8]; they observed shoots length

DISCUSSION
Successful
plant
regeneration
and
multiplication via tissue culture has been widely
used for many crops including legumes [20].
Adventitious or direct shoot formation is more
important in tissue culture raised plants that provide
an opportunity to speed up desired plant
multiplication in a short duration. It may be possible
reason that in vitro high frequency shoot
multiplication in tissue culture plants is due to
reduced nitrogen content in MS medium; which
were also demonstrated in previous studies
of chickpea and grasspea [8, 21]. While, Hazarika
[22] also reported that nitrogen content involved in
many biochemical and physiological processes that
regulate plant growth and differentiation.
The present study described preconditioning of
embryo explants with BAP followed by culture on
different concentrations of BAP with 0.10 mg L ±1
IBA to find the effect of postconditioning treatments
on shoot multiplication. The results clearly showed
the
superiority
of
preconditioning
and
postconditioning over the control irrespective of the
applied cytokinin (BAP) concentrations. It is stated
that cytokinins as efficient plant cell division and
differentiation agents have great influence on shoot
formation, quality of the in vitro cultured explants,
chlorophyll accumulation and leaf senescence [2, 8,
23].
Comparing the preconditioning treatments, 20
mg L-1 BAP was superior in terms of shoot
regeneration frequency and number of shoots per
explants; whereas, nonconditioned explants induced
longer shoots. It was established that BAP was the
most successful plant growth regulator for axillary
shoot initiation in the present study (Table 1). It is
well documented that BAP is a potential plant
growth regulator that is more effective in enhancing
in vitro shoot initiation and proliferation [24].
Furthermore, Aasim et al. [24, 16] also emphasized
that 10 mg L-1 6-benzylaminopurine (BAP) induced
successful in vitro shoot regeneration from
preconditioned embryonic axis and plumular apices
of cowpea. BAP is an early inducer of shoots from

923

© by PSP

Volume 26 ± No. 1a/2017, pages 919-925

Fresenius Environmental Bulletin





reduction in mung bean, chickpea and grasspea
respectively. Comparing the nonconditioned
explants with preconditioned explants, mean number
of shoots per explant was maximum at
preconditioned explants on different concentrations
of BAP-IBA which is in agreement with Aasim et al.
[21] and Barpete et al. [8].
The effectiveness of MS medium containing
0.10 mg L±1 IBA to induce maximum rooting
frequency and number of roots in lentil is in
agreement with Ozdemir et al. [2], who observed MS
medium containing 0.19 mg L-1 IBA to induce
maximum rooting in sixteen lentil cultivars.
Similarly, Khawar et al. [10] also found that IBA is
helpful in lentil root induction. The present study
demonstrated that increased IBA concentrations in
rooting media significantly decreased the frequency
of root regeneration and number of root per explant.
It may be due to cytotoxic effect of growth regulator
on meristematic root cells [28]. However, MS
medium supplemented with higher concentration of
IBA showed an inverse effect on root length. No
rooting was noted on shoots cultured in MS medium
devoid of growth regulators which is in agreement
with Barpete et al. [20] and Ochatt et al. [29] reports.
No negative signs were observed during the
acclimatization of plants, and they established in a
week
during
acclimatization
condition.
Acclimatization in peat moss substrates was superior
due to high water-retaining capacity of the
substrates. The present study also emphasized the
importance of substrate for acclimatization which is
in agreement with Kozai [30] and Barpete et al. [31].
The present study showed the effect of BAP
preconditioning and postconditioning on lentil
mature embryo explants for inducing a high
frequency of multiple shoots, acclimatization and
seed set. This protocol is a new vista in lentil
biotechnology, which will be helpful for easy genetic
transformation of this important legume in future.
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Netherland, Russia, United Kingdom, United Arab
Emirates, Bangladesh and Saudi Arabia etc [1].
Grapes are infested by a number of pests and
diseases during all stages of the crop development.
Major pests of grapes are mealy bugs, thrips,
hoppers, mites, lepidopteran pests [2]. Fruit borer is
another destructive insect pest that attack fruits and
vegetables leading to reduction in yield. An ideal
chemical is the one which provides effective control
of pests for a long period of time and has a short preharvest interval (PHI).
Flubendiamide (N2-[1,1-dimethyl-2-(methylsulfonyl) ethyl]- 3-iodo-N1-[2-methyl-4-[1,2,2,2WHWUDÀXRUR-1- WULÀXRURPHWK\l) ethyl] phenyl]-1,2benzenedicarboxamide) belongs to a chemical
family of benzenedicarboxamides or phthalic acid
diamides. Flubendiamide has a novel chemical
structure. The structure consists of three parts; a
heptafluoroisopropyl group in the anilide moiety, a
sulfonylalkyl group in the aliphatic amide moiety,
and an iodine atom at the 3-position of the phthalic
acid moiety. The compound shows strong
insecticidal activity especially against lepidopteran
pests including resistant strains. It has a novel
biochemical action as it affects calcium ion balance
which causes contraction of insect skeletal muscle
[3]. The major metabolite of flubendiamide is desiodo flubendiamide, which is produced by the
degradation of flubendiamide when foliar
application is given to plants.
Flubendiamide is environmentally friendly and
has low mammalian toxicity [4]. Flubendiamide was
highly effective in reducing the damage caused by
diamondback moth on cabbage; lepidopteron pests
such as helicoverpa armigera on tomato,spodoptera
litura on chilli, leucinodes orbonalis Guenee on
brinjal [5-8]. Residue study of flubendiamide has
been carried out on several vegetable crops [9-12].
Dissipation of pesticides is dependent on the growth
dilution factor besides various environmental factors
such as temperature, humidity etc [13]. Grape has a
long maturity period from flowering to harvest
(about 120 days). Majority of the vegetables have
short maturity period which helps in the dissipation
of pesticides due to growth dilution. The information
available on the dissipation pattern of flubendiamide

ABSTRACT
Persistence and dissipation of flubendiamide
on grapes and soil was studied as per good
agricultural practices (GAP). Method validation was
performed for analysis of flubendiamide and desiodo flubendiamide in grape and soil. The recoveries
of the chemicals were within 82.54-100.32% and the
relative standard deviation (RSDs) were between
4.2-9.8 % (n=6). The measurement uncertainty
(MU) of the analytical method was within 10.116.6% indicating the true values remained within
this range. The initial residues of flubendiamide on
grapes were 3.97 and 5.84 mg/kg from treatments at
the recommended and double doses, respectively.
Flubendiamide residues on grapes degraded with the
half-life of 15.6 and 15.7 days. The pre-harvest
intervals (PHIs) required for the residues to reduce
below the maximum residue limit (MRL) of 2 mg/kg
(Codex Alimentarius Commission) were 17.3 and
25.6 days. In field soil flubendiamide the residues
were 1.97 and 2.9 mg/kg initially, but reached <LOQ
(limit of quantification) at harvest. Des-iodo
flubendiamide was not detected in grape or soil.
Flubendiamide application may result in prolonged
control of lepidopteron pests of grapes due to its
persistent nature, but harvested grapes would be safe
for human consumption. The results of the study can
be utilised for plant protection of grapevines and
reduce the potential adverse effects of flubendiamide
on human and environment.

KEYWORDS:
Flubendiamide, Grapes, High performance liquid
chromatography (HPLC),Liquid chromatography-tandem
mass spectrometry (LC-MS/MS), half-life, pre-harvest
interval

INTRODUCTION
Grape (vitis vinifera) is one of the most
important commercial fruit crops in the world. Major
amount of grapes produced in India is exported to
different countries across the world such as
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formation stage by using a knapsack sprayer at the
recommended and double doses of 48 g and 96 g a.i.
haí1. The second application was given after 15 days.
The spray volume used was 1000 L haí1.Grape vines
without application of pesticides were kept for
comparison. After second spray grape berry and field
soil samples were collected and analyzed on 0 (2 hr),
1, 5, 10, 15, 20, 25, 30, 35, 40,45, 50 and at harvest
(60 days).

on vegetables cannot be used for grapes. In the
current study the persistence and dissipation of
flubendiamide on grapes and soil has been studied
under field conditions.

MATERIALS AND METHODS
Chemicals used. Certified reference materials
of flubendiamide (purity 99.5%), and its metabolite
des-iodo flubendiamide (purity 99.2%) were
procured from Sigma Aldrich Pvt. Ltd. (India). The
commercial formulation, Fame 480 SC, was
purchased from the local market. Acetic acid, LCMS/MS grade acetonitrile, methanol, ammonium
formate (NH4HCO2) and formic acid were procured
from Sigma Aldrich Pvt. Ltd. (Bangalore, India).
Primary secondary amine (PSA) and C-18 sorbent of
mesh size of 40 μm were procured from Agilent
Technologies (Bangalore, India). Magnesium
sulphate (MgSO4), sodium sulphate and sodium
acetate used were of analytical grade and procured
from Rankem Avantor Performance Materials India
Ltd (Bangalore, India). MgSO4was activated in a
muffle furnace for 5 hrs at 6000 C and kept in
desiccators prior to use. The de-ionized water for the
mobile phase was obtained from a Millipore Water
Purification System (ELIX, Merck Millipore, India
Pvt. Ltd.) and filtered using Millipore GV filter
paper of pore size 0.22 μm. PTFE membrane filter
of pore size 0.2 μm was procured from Phenomenex
(Bangalore, India).

Sample preparation. On every sampling day,
grape berries (approximately 200 g) were collected
from each plant and pooled together to make a
sample size of approximately (5 kg). A sub-sample
of 2 kg grape berries were homogenized in a Waring
blender and ) representative 15-g sample in 3
replicates were taken for analysis of flubendiamide
and its metabolite. Soil samples under canopy of
treated vines were collected at a depth of 0-15 cm
using a soil augur. The soil samples were pooled
together to form a sample size of approximately (5
kg). The soil was air dried at room temperature;
powdered, sieved (2 mm) and 20-g sample in
triplicates were used for analysis.
Extraction and clean-up. Extraction and
clean-up of grape samples was carried out according
to Lehotay (2007) [14].Grapes samples (15 g) were
placed in 50-mL Restek polypropylene centrifuge
tubes to which (15 mL) of 1% acetic acid in LCMS/MS grade acetonitrile was added. The tubes
containing the samples were treated with of
anhydrous magnesium sulphate (6 g) and of sodium
acetate (1.5 g) and mixed thoroughly for 2 min. The
tubes were centrifuged at 4100 rpm for 10 min using
a Restek Centrifuge (Q-Sep 3000, Bellefonte, PA,
USA). An aliquot (3 mL) of the upper acetonitrile
extract was placed in a 15-mL Restek polypropylene
centrifuge tube to which 150 mg of PSA,75 mg of C18 sorbent and 450 mg of anhydrous magnesium
sulphate was added. The tubes were mixed for 2 min
and centrifuged for 10 min at 4100 rpm. From the
supernatant acetonitrile phase (2 mL) was taken,
passed through (0.2 μm) membrane filters
(Phenomenex Pvt. Ltd, India) and analyzed by
HPLC and LC-MS/MS. Soil samples (20 g) in
triplicate were weighed in 100-mL polypropylene
centrifuge tubes to which 30 mL acetonitrile:water
(2:1, v/v) was added. The contents of tubes were
mixed for 2 min and centrifuged at 10,000 rpm for
10 min using a centrifuge (Remi R-24 centrifuge,
Elektrotechnik Ltd, India). The upper solvent layer
was transferred to a 50mL measuring cylinder with
stopper, 10 mL saturated sodium chloride solution
was added to it and mixed thoroughly. Three mL of
the upper acetonitrile fraction was taken and
subjected to clean-up using PSA and magnesium
sulphate as described above.

Preparation of standard solutions. Stock
solutions of flubendiamide and des-iodo
flubendiamide were prepared in LC-MS/MS-grade
acetonitrile. Working standards were prepared by
suitable dilutions of the stock solutions. Calibration
standards were prepared at the concentrations of
0.015 - 1.0 μg/mL. Matrix-matched standards were
prepared by adding the insecticides to the blank
samples. Blank sample (1 mL) extract was
evaporated to dryness by using nitrogen gas in a
TurboVap LV Concentration Workstation (Zymark
Corporation, Hopkinton, MA, USA) and
reconstituted with (1 mL) of working standard
solution at the appropriate concentrations. The stock
and working standards were stored at -200C before
use.
Field studies. Field experiment was conducted
as per good agricultural practices (GAP) on grapes,
variety Flames, at the experimental field of Indian
Institute of Horticultural Research (IIHR),
Bangalore, India during December 2013-March
2014.The treatments were untreated control,
recommended dose and double the recommended
dose. For every treatment 10 plants were selected.
Each treatment was replicated thrice. Flubendiamide
(480 SC) application was given at the berry
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Analysis by HPLC-PDA. Shimadzu HPLC,
LC-20AT, with a photodiode array (PDA) detector
(Shimadzu Asia Pacific Pvt. Ltd, Singapore) was
used for analysis of flubendiamide and des-iodo
flubendiamide residues in grapes and soil. A reverse
phase C-18 column, 250 x 4.6 mm i.d. with 5μm
particle size (Phenomenex Pvt. Ltd, India) was used
for the analysis. The mobile phase consisted of
acetonitrile: water (6:4, v/v) and the flow rate was 1
mL/min. The samples were injected with an auto-

sampler and the injection volume was 20 μL.
Flubendiamide and des-iodo flubendiamide were
detected at the wavelength of 254 nm. Under the
above operating parameters the retention times of
des-iodo flubendiamide and flubendiamide were
10.4 and 14.6 min. The chromatograms of pure
standards of flubendiamide and des-iodo
flubendiamide, untreated control, spiked and field
samples of grapes are presented in Figure 1.

FIGURE 1
HPLC chromatogram of (a) flubendiamide and des-iodo flubendiamide at 0.1 μg/mL, (b) untreated
control grape sample (c) grapes spiked with flubendiamide and des-iodo flubendiamide at 0.1 mg/kg, (d)
grape sample from field on the 20th day at recommended dose.
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FIGURE 2
Extracted ion chromatogram of (a) des-iodo flubendiamide, (b) flubendiamide analysis by LC-MS/MS.
flubendiamide from LC-MS/MS analysis are
presented in Figure 2.

LC-MS/MS analysis. Confirmation of the
presence of flubendiamide and its metabolite, desiodo flubendiamide in grape samples was carried out
by LC-MS/MS as per Radhika et al. (2015) [15].
Agilent Infinity 1290 HPLC connected to Agilent
6460 Triple quad mass spectrometer (Agilent
Technologies, Palo Alto, CA) was used for the
analysis
of
flubendiamide
and
des-iodo
flubendiamide. Agilent Zorbax Eclipse Plus C18
FROXPQ ;PPLGȝPSDUWLFOHVL]H ZDV
used for HPLC separation. The temperature of the
column was maintained constantly at 40ºC±0.8º C
and flow rate was 0.4 mL/min. The mobile phase
was composed of (A) water with 0.1% ammonium
formate (5 mM) and 0.01% formic acid, v/v and (B)
methanol with 0.1% ammonium formate (5 mM) and
0.01% formic acid, v/v. The gradient programme
started with 85% A and 15% B phase (0-1 min). A
linear gradient was then established in order to reach
a 50% A and 50% B composition at 6 min, 5% A and
95% B at 12 min; return to the initial conditions at
18 min. The samples were transferred to (1.5 mL)
vials and (2 μL) was injected using an auto-sampler.
For determination of the insecticides the electro
spray ionization (ESI) probe was operated in
negative mode by multiple reactions monitoring
(MRM). The instrument parameters were optimised
and two most abundant MS/MS (precursor±product)
ion transitions were monitored; one for
quantification and another for confirmation
(qualifier and quantifier). For confirmation, the ion
ratio (calculated as percent ratio of peak areas of the
qualifier and quantifier MRMs) were used. The field
sample extracts were diluted to make it suitable for
LC-MS/MS
analysis.
The
extracted
ion
chromatograms of flubendiamide and des-iodo

Data analysis. The residue data obtained were
subjected to first order kinetics equation; Ct = C0 e±
kt
, where Ct represents the concentration at time t, C0
is the initial concentration and k is the rate constant
for degradation. The half-life was calculated from
୪୬ሺଶሻ
. Pre-harvest
the k value using the formula; t1/2 =
୩
interval (PHI) of flubendiamide on grapes was
calculated from the residue data and MRL as per
statistical analysis by Hoskins [16].
Method validation. Validation of the
analytical method was carried out by studying the
parameters such as recovery, linearity, accuracy, and
precision, limit of detection (LOD), limit of
quantification (LOQ), and measurement uncertainty
(MU). Calibration curve was determined by
analyzing pesticides at six different levels in the
concentration ranges of 0.015-1.0 μg/mL. Analyte
concentrations against the peak areas were plotted to
obtain the calibration curves. A recovery study was
carried out by spiking grape and soil with
flubendiamide and des-iodo flubendiamide at 3
levels. The spiking levels were 0.05, 0.1 and 0.5
mg/kg and each spiking was carried out with 6
replications. The analytical method followed was the
same as described for the field samples. The
precision was expressed as the percent relative
standard deviation (% RSD) of the repeatability at
the concentrations of 0.05, 0.1 and 0.5 mg/kg. For
determination of the limit of quantification (LOQ) of
the method the insecticides were spiked at different
concentrations (0.05-0.5 mg/kg) in all the
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TABLE 1
Recovery of flubendiamide and its metabolite des-iodo flubendiamide from grapes and soil at various
spiked levels.
Spiked
concentration
(mg/kg)

Average recovery (%) ± SD*
Flubendiamide
Grapes
Soil

0.05
82.54 r 9.3
89.60 r 9.7
0.10
95.84 r 5.8
94.28 r 9.5
0.50
99.63 r 4.2
98.65 r 7.3
*Average of 6 replicate analysis ± standard deviation

Des-iodo flubendiamide
Grapes
97.86 r 6.1
98.40 r 6.0
100.32r 5.8

Soil
91.20 r 9.8
96.33 r 8.7
99.96 r 8.2

TABLE 2
Uncertainty of measurement
Spiked
concentration
(mg/kg)

Grapes
Flubendiamide

0.05
0.10
0.50

16.6
11.4
10.1

Expanded uncertainty (%)
Soil
Des-iodo
Flubendiamide
Flubendiamide
15.4
11.5
14.7
11.4
14.4
11.2

LOD and LOQ were 0.015 μg/mL and 0.05 mg/kg,
respectively. The accuracy of the method
demonstrated by spiking flubendiamide and desiodo flubendiamide at 0.05, 0.1 and 0.5mg/kg gave
satisfactory results. The method was highly selective
as flubendiamide and des-iodo flubendiamide could
be determined in grapes and soil with acceptable
accuracy and precision at a range of 0.05-0.5 mg/kg.
The MU of the analytical method was within the
range of 10.1-16.6% (Table 2) indicating the true
values remained within this range. The uncertainties
increased with decrease in the spiked concentrations,
however it was always <20%.

matrices. The lowest concentration at which the
chromatographic peaks could be reliably determined
in a complex matrix (sample) at the signal/noise ratio
RI  ZDV FRQVLGHUHG WKH /24 7KH /2' ZDV
determined by multiplying the standard deviation of
the recoveries at the LOQ with student's t value at
99% confidence limit (SD LOQ × t99). The sample
matrix has a significant effect on the
chromatographic responses of the pesticides in
samples. To avoid matrix effect on the analyte
recoveries, matrix-matched standards were used
instead of solvent standards. The MU of the method
was calculated by identifying the major components
of uncertainties leading to the measured results. The
individual uncertainties were measured and
combined; the expanded uncertainties were
determined using the coverage factor K=2, to give a
confidence level of 95%.

Flubendiamide residues on grapes. The
average initial residues of flubendiamide were 3.97
and 5.84 mg/kg on grapes from treatments at the
recommended and double doses of 48 and 96 g
a.i./ha, respectively (Table 3). The residue
dissipation of flubendiamide from grape berries was
a slow process. After 1 day 5.3% and 3.5%
flubendiamide residues dissipated from treatments at
the recommended and double doses, respectively
which increased to 23.1 and 21.3% after 10 days.
The residue dissipation was about 70% after 30 days
and 87% after 45 days. At harvest (60 days) the
residue levels on grapes were 0.29 and 0.43 mg/kg.
Even though flubendiamide residues were detected
in grapes at harvest it was much below the Codex
MRL of 2 mg/kg [17].Residues of the metabolite,
des-iodo flubendiamide, was <LOQ in all
samples.The dissipation of flubendiamide on grapes
is represented in Figure3.

RESULTS AND DISCUSSION
Results of method validation study. Method
validation study gave satisfactory results for all the
parameters studied. The recoveries of flubendiamide
and des-iodo flubendiamide from grapes and soil
were in the acceptable range of 82.54-100.32%
(Table 1). The precision of the analytical method
expressed as %RSD, was between 4.2- 9.8%. The
calibration curve was linear in the range of 0.015-1.0
μg/mL. The correlation coefficient (r2) was > 0.99
for flubendiamide and des-iodo flubendiamide. The

930



Des-iodo
Flubendiamide
15.3
13.8
13.1

© by PSP

Volume 26 ± No. 1a/2017, pages 926-935

Fresenius Environmental Bulletin


TABLE 3
Residues of flubendiamide on grapes and soil
Days after
treatment
0
1

Untreated
control
ND
ND

5

ND

10

ND

15

ND

20

ND

25

ND

30

ND

35

ND

40

ND

Residues of flubendiamide recovered (mg/kg) ± SD*
Grapes
Soil
48 g a.i./ha
96 g a.i./ha
48 g a.i./ha
3.97± 0.12
5.84±0.185
1.97 ± 0.02
3.76±0.15 (5.3)
5.64±0.49 (3.5)
1.76 ± 0.03
(10.4)
3.38±0.19 (14.8)
5.03±0.14 (13.9) 1.35 ± 0.06
(31.5)
3.05±0.15 (23.1)
4.60±0.07 (21.3) 1.00 ± 0.09
(49.0)
2.30±0.16 (42.0)
3.62±0.18 (38.1) 0.73 ± 0.05
(62.6)
1.83±0.08 (53.9)
3.54±0.08 (39.5) 0.46 ± 0.03
(76.4)
1.53±0.15 (61.4)
2.11±0.01 (63.8) 0.37 ± 0.02
(81.0)
1.31±0.07 (70.0)
1.60±0.10 (72.6) 0.14 ± 0.01
(93.0)
0.95±0.11 (76.0)
1.51±0.14 (74.2) 0.08 ± 0.01
(95.7)
0.78±0.02 (81.9)
1.12±0.03 (80.8) 0.06 ± 0.02
(97.0)
0.51±0.02 (87.0)
0.75±0.05 (87.2) <LOQ
0.41±0.01 (89.6)
0.59±0.02 (89.8) <LOQ
0.29±0.01 (92.6)
0.43±0.02 (92.7) <LOQ

45
ND
50
ND
60
ND
(harvest)
Average of three replicate analyses ± SD
ND- Not detected
LOQ-0.05 mg/kg
Residues of des-iodo flubendiamide were always <LOQ in grapes



     







 
 
   
   




  
   
 
  
















  

FIGURE 3
Dissipation of flubendiamide residues on grapes and soil
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96 g a.i./ha
2.90 ± 0.20
2.49 ± 0.09 (14.0)
2.26 ± 0.13 (22.0)
1.74 ± 0.02 (40.0)
1.12 ± 0.09 (61.3)
0.78 ± 0.07 (73.1)
0.64 ± 0.03 (77.7)
0.40 ± 0.04 (86.2)
0.29±0.02 (90.1)
0.14±0.01 (95.2)
0.09±0.01 (96.7)
0.05±0.01 (98.2)
<LOQ
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TABLE 4
Rate of residue decay of flubendiamide in grapes
Rate of application
(g a.i./ha)

Regression
equation

48
96

Y=3.639507-0.01955X
Y=3.824236-0.01911X

48
96

Y=3.35324-0.03833X
Y=3.53044-0.03347X

Regression
coefficient
Grapes
-0.99
-0.99
Soil
-0.99
-0.99

PHI
(days)

15.6
15.7

17.3
25.6

7.8
9.0

-

application of flubendiamide to grapes as per GAP
may beconsidered safe from consumer¶s point of
view.
The analytical method used for analysis of
flubendiamide and des-iodo flubendiamide in grapes
and soil gave satisfactory results for all the validation
parameters studied. The matrix effect was negligible
for analysis of the insecticides in grapes and soil. The
initial residue deposits of flubendiamide on grapes
were 3.97 and 5.84 mg/kg which remained for 60
days from treatments at the recommended and
double doses, respectively. The residue levels of
flubendiamide as initial deposits on grapes were
higher compared to its reported values on vegetable
crops [9-12]. High initial residue deposits of
trifloxystrobin and tebuconazole on grapes (7.76 and
15.53 mg/kg) have also been reported by Jyot et al.
(2010) [20].Grapes grow in clusters and form
compact bunches. Therefore grape berries are likely
to retain higher quantity of pesticides from spray
applications. Pesticides applied to grapes usually
persisted for a long period of time. Trifloxystrobin
and tebuconazole persisted on grapes for 30 days;
imidacloprid residues persisted for 50 days [21,
22].Studies on degradation rates of some pesticides
on wine grapes showed the pyrimethanil residues
persisted constantly up to harvest [23]. Fenhexamid
residues in grapes decreased rapidly to one-third of
the initial concentrations after one week after the
application and remained constant for the following
two weeks [24].
The dissipation of the pesticides after their
application depends on several factors, such as the
applied dose and formulation, number of
applications, climatic conditions, the crop variety,
physical and chemical phenomena [25-28]. Leaves
and fruits are covered by a cuticle, an extracellular
membrane consisting of a polymeric cutin matrix
and soluble cuticular waxes [29].The deposition of
pesticides on the surface of a plant is influenced by
the nature of the cuticle and overlying wax layer. The
half-life of chlorpyrifos methyl increased in the
presence of wax extracts of apple, strawberry and
grape fruit when subjected to photo-degradation
[30].When pesticide reaches fruit via foliar
application, it can interact with the cuticle through

Flubendiamide residues in soil. The initial
residues of flubendiamide in soil were 1.97 and 2.9
mg/kg from treatments at the recommended and
double doses, respectively. Flubendiamide residues
in soil degraded faster compared to grapes. After 10
days 40-49% flubendiamide residues degraded from
soil and after 20 days 73.1-76.4% residues degraded.
Flubendiamide residues persisted in soil for 40 and
50 days from treatments at the recommended and
double doses, respectively. Des-iodo flubendiamide
residues were not detected in soil during the study
period. The dissipation of flubendiamide in soil is
represented in Figure3.
Half-life and PHI. Flubendiamide degradation
on grapes and soil followed first-order rate kinetics,
which could be expressed in the form Ct = C0 e-kt.
The half-life of degradation (DT50) was expressed as
the time within which flubendiamide concentration
was reduced by 50%. The DT50values were 15.6 and
15.7 days for grapes; 7.8 and 9.0 days for soil from
treatments at the recommended and double doses,
respectively. Based on the persistence pattern and
MRL value (2 mg/kg) the pre-harvest interval (PHI),
the time taken for flubendiamide residues on grapes
to reduce to below MRL, was calculated. The PHIs
thus calculated were 17.3 and 25.6 days from
treatments at recommended and double doses,
respectively. The regression coefficients and
regression equation are presented in Table 4.
Risk assessment of flubendiamide. The
residue implication of flubendiamide applied on
grapes was evaluated by comparing theoretical
maximum residue contribution (TMRC) of the
insecticide on the grapes with that of its maximum
permissible intake (MPI). The prescribed acceptable
daily intake (ADI) of flubendiamide is 0.017 mg/kg
body weight/day [18]. The MPI was determined by
multiplying the ADI with the average body weight
of adult as 60 kg which was 1.02 mg/person/day. The
TMRC was calculated by multiplying the maximum
residue level (5.84 mg/kg) of flubendiamide on
grapes with the average of daily consumption of 100
g of fruits[19]. The value thus obtained was 0.583
mg/person/day which is less than the MPI. Therefore
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soil leading to accumulation of residues in the soil.
In the current study flubendiamide residues in soil
degraded faster than grapes and at harvest (60 days)
it had reached <LOQ. In the current study residue of
des-iodo flubendiamide was always<LOQ in soil. In
studies carried out on the degradation of
flubendiamide in soil, formation of des-iodo
flubendiamide was not reported [39, 40]. It has also
been reported that no significant degradates of
flubendiamide were formed in field soil [41].
Degradation of pesticides in soil depends on the
organic matter content, pH, pesticide characteristics
and microbial community present in the soil [42].
Photo-degradation is another mode of pesticide
dissipation from soil [43]. Soil microorganisms play
an important role in the soil ecosystem. These
microorganisms degrade pesticides to chemicals and
use them as growth substances, consequently
decreasing their persistence in the environment [44].
The residues in soil could have degraded faster due
to the combination of all these factors.

absorption; such processes tend to effect fate of the
pesticide, its efficacy and its persistence on the fruit.
The long persistence of flubendiamide on grapes
could be due to absorption of the insecticide in the
cuticular waxes. It could have been enhanced further
due to the presence of adjuvant [31].
In the present study the residues of des-iodo
flubendiamide was always <LOQ on all days. When
residue trials were conducted for flubendiamide on
grapes, residues of des-iodo flubendiamide were
always <LOQ [32]. When application of
flubendiamide was given to cabbage, tomato and
okra, the residues of des-iodo flubendiamide were
not detected [10-12]. Des-iodo flubendiamide
residues were not detected on capsicum when
application of flubendiamide was given under field
and controlled environmental conditions [15]. On
gherkin too it was not detected when flubendiamide
application was given at two locations [33]. These
results indicated that residues of the metabolite desiodo flubendiamide were not detected when
flubendiamide application was given to different
crops. Dissipation of flubendiamide from grapes
followed first order rate kinetics. The half-life of
flubendiamide on grapes was 15.6 and 15.7 days.
Longer half-lives of flubendiamide on grapes could
be due to the higher initial residue deposits coupled
with reduced growth dilution effect .The half-lives
of imidacloprid on grapes were 16.6 days;
fluopicolide, 10.2-12.3 days and chlorothalonil, 1015 days [22, 34, 35].The time taken from fruit
initiation of grapes to harvest is about 90-95 days.
The long maturity period of grape crop could be the
reason for slow dissipation of pesticides on grapes.
The required PHI for flubendiamide residues to
dissipate below MRL (2 mg/kg) was 17-26 days.
Pesticides require a longer PHI for fruit crops
compared to vegetable crops. The PHI for
trifloxystrobin and tebuconazole residues on grapes
was 36 and 34 days from treatment at 175 g a.i./ha
[21].The PHI for buprofezin residues on grapes was
31 days and methomyl on grapes, 55-61 days [36,
37].
Flubendiamide residues in soil were 1.97 and
2.9mg/kg which degraded with the half-life of 7.8
and 9.0 days in the field soil from treatments at the
recommended and double doses, respectively. In the
studies conducted on persistence of flubendiamide
on various crops, the residues of flubendiamide and
des-iodo flubendiamide were not detected in soil
after 15 days [9-12].Soil samples collected from
grape growing areas showed that pesticides were
detected in 73.33% samples[38].The canopy
structure of vegetable crops is different from that of
grapes. When spray applications are given to
vegetable crops the canopy may prevent spill of
spray liquid to the soil. In case of grapes the berries
grow as bunches under the canopy of the crop.
Therefore while spraying the berries there is a
possibility of spray liquid falling on the surrounding

CONCLUSION
The method developed for analysis of
flubendiamide and its metabolite, des-iodo
flubendiamide in grapes and soil gave satisfactory
results for all the parameters studied. The residue
levels on grapes from treatments at 48 and 96 g
a.i./ha were 3.97 and 5.84 mg/kg which dissipated at
the half-lives of 15.6 and 15.7 days, respectively.
The PHIs required for flubendiamide residues to
dissipate below its MRL was 17.3 and 25.6 days. The
TMRC for an average Indian (60 kg) was less than
the MPI. Residue levels in soil were high initially
(1.97 and 2.9 mg/kg) but degraded fast to reach
<LOQ after 60 day. Matured grapes at harvest were
safe for consumption as the residues were much
below the prescribed MRL. The persistence of
flubendiamide in grapes and soil for 40-60 days may
ensure longer protection against lepidopteron pests.
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PHOTOCATALYSTS Ag/AgCl/KTaO3 NANOCUBES AS HIGHPERFORMANCE PHOTOCATALYTIC ACTIVITIES
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disinfection is a green technique and friendly to
environment.[1-2] The TiO2 as a kind of stability and
nontoxicity photocatalyst has been made in a
remarkable progress. Unfortunately, the wide band
gap and rapid recombination of photo-generated
electrons (e-) and holes (h+) of the TiO2 hinder its
application in the environmental for cleaning
pollutants driven by solar energy. Therefore, to
exploit new photocatalysts is still an urgent topic at
present.
Tantalates as novel photocatalysts have
GLYHUWHG VRPH UHVHDUFKHUV¶ DWWHQWLRQ EHFDXVH WKH
conduction bands of tantalates are consisted by Ta5d
orbital which located at a more negative position
than the conduction bands of titanates which are Ti3d
orbital.[3] So a variety of tantalates have been
prepared recently. Such as alkaki tantalates ATaO3
(A = Li, Na and K),[4] alkaline earth tantalates
BTa2O6 (B = Mg, Ca, Sr and Ba),[5-6] lanthanide
tantalates LnTaO4 (Ln = La, Ce, Nd and Sm),[7-8]
and so on. However, these tantalates only can be
photoexcited under UV light irradiation so that
limited the application in the environment. Therefore,
the development of tantalates-based photocatalysts
for efficient using visible light is very important for
enhancing the photocatalytic activity.
Previous reports revealed that the surface
plasmon resonance (SPR) of Ag/AgX (X = Cl, Br
and I) has been used as photocatalysts due to their
excellent visible light driven for the degradation of
organic pollutants. It has been reported lots of works
about the preparation of Ag/AgX (X = Cl, Br and I)
photocatalysts.[9-11] However, the pure Ag/AgX
always has large particles which limit its high
photoactivity for application in the environment.[1215] So importantly, recent works have widely used
Ag/AgX to modify the semiconductor to prepare
nanocomposite
photocatalysts,
such
as
Ag/AgCl/WO3,[16]
Ag/AgBr/TiO2,[17]
Ag/AgI/TiO2,[18] Ag/AgX/BiOX,[19] and so on.
These nanocomposite photocatalysts usually have an
advantages of efficient visible light absorption
compared with the substrate semiconductor.
Furthermore, the synergy effect of SPR effect

ABSTRACT:
A
novel
plasmonic
Ag/AgCl/KTaO3
photocatalysts were synthesised by deposition±
precipitation and photoreduction methods. The
crystal structures and morphology of the
Ag/AgCl/KTaO3 photocatalysts were characterized
by X-ray diffraction, scanning electron microscopy
and transmission electron microscopy. The
composition of the photocatalysts was studied by Xray photoelectron spectroscopy and energydispersive X-ray spectroscope. The photocatalytic
properties
were
examined
through
the
decomposition of methyl orange and methylene blue
aqueous solution under visible light irradiation.
Compared to the pure KTaO3 and Ag/AgCl, the
Ag/AgCl/KTaO3 photocatalysts have better
photocatalytic activities. We measured the UV±vis
diffuse
reflectance
spectroscopy
and
photoluminescence of the photocatalysts verified
that the Ag/AgCl/KTaO3 photocatalysts could
absorb the visible light and the electron-hole pairs
have high separation which enhanced the
photocatalytic activity. Additionally, electron spin
resonance experiment was used to measure the main
reactive species in the photocatalytic process. Based
on above, a photocatalytic mechanism for organics
dyes degradation over Ag/AgCl/KTaO3 was
proposed. The results for degradation of dyes show
that the Ag/AgCl/KTaO3 photocatalysts were
efficient and friendly for environment.

KEYWORDS:
Ag/AgCl/KTaO3; Water Research; plasmon; visible light;
dye degradation;

INTRODUCTION
In recent years, using the semiconductor
photocatalysis to solve the water pollution by using
the solar energy for decomposing pollutants and
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(XRD) patterns were characterized by a Bruker D8
diffractometer using the Cu-.ĮUDGLDWLRQVRXUFHDWD
VFDQUDWH ș RIV7KHsurface morphologies and
composition of the samples were examined with a S4800 field emission scanning electron microscope
(SEM, Hitachi, Japan) equipped with an energydispersive X-ray spectroscope (EDS). The
transmission electron microscopy (TEM) analyses
were conducted with a JEM-2100F electron
microscope (JEOL, Japan). X-ray photoelectron
spectroscopy (XPS) analysis were performed with a
VG ESCALAB 250 XPS system with $O.Į;-ray
source (1253.6 eV) source. All of the binding
energies were referenced to the C1s peak at 284.8 eV
of the surface adventitious carbon. UV-visible
diffuse reflectance spectra (DRS) were recorded on
a UV-visible spectrophotometer (Shimadzu UV3100, Japan) using BaSO4 as a reference standard.
Steady state luminescence (PL) experiments were
performed using a Photon Technology International
Model Quantamaster-QM4m spectrofluorimeter
equipped with a 75 W lamp and dual excitation
monochromators. The electron spin resonance (ESR)
analysis was conducted with an electron
paramagnetic resonance spectrometer (A300-10/12,
Bruker).

driving from Ag/AgX greatly improve the
photocatalytic activity.[20-22]
In the present work, the Ag/AgCl nanoparticals
(NPs) decorated KTaO3 nanocubes were
successfully prepared via a multistep route. First a
hydrothermal method was employed to synthesize
KTaO3 nanocubes and second a deposition±
precipitation synthesis was used to deposit AgCl on
the surface of KTaO3. Finally, the photoreduction
method was addressed to form Ag NPs, then the new
plasmonic photocatalysts of Ag/AgCl/KTaO3
nanocomposites were prepared. The photocatalytic
degradation activities of the Ag/AgCl/KTaO3
photocatalysts were investigated by using methyl
orange (MO) and methylene blue (MB) under visible
light irradiation. Compared to the pure KTaO 3 and
Ag/AgCl
photocatalysts,
the
plasmonic
Ag/AgCl/KTaO3 photocatalysts show a remarkable
photocatalytic activity under visible light irradiation.
The improvement of photocatalytic activity is
because of the SPR of Ag/AgCl particles and the
photo-induced charges fast separation.

EXPERIMENTAL SECTION
Materials. Tantalic oxide (Ta2O5), potassium
hydroxide (KOH), silver nitrate (AgNO3),
hydrochloric acid (HCl), methyl orange (MO),
methylene blue (MB), were purchased from Beijing
Chemical Works. All of the reagents were analytical
grade and used without further purification. Double
distilled water was used for the experiments.

Photocatalytic Activity. The photocatalytic
activity of the Ag/AgCl/KTaO3 photocatalysts were
evaluated by the degradation of MO and MB
aqueous solution because they are persistent dye
pollutant. Experiments were carried out in a reactor
at home-temperature to maintain 25 oC. 0.1 g sample
was placed in a 100 mL MB or RhB aqueous solution
(10 mg/L) in the reactor. Prior to irradiation, the
suspensions was magnetically stirred for 30 min to
reach an adsorption-desorption equilibrium in the
dark. A 250 W Xe lamp with a UV-cutoff filter (>425
nm) was used as a visible light source to trigger the
photocatalytic reaction. Every 15 min, 5.0 mL of
solution was taken out and centrifuged then sent to
UV-vis absorption measurement.

Preparation. The KTaO3 nanocubes were
prepared by the reported hydrothermal method.[23]
In a typical procedure, the KTaO3 nanocubes
samples were added in a 50 mL beaker with 25 mL
distilled water and vigorous stirring at room
temperature. Then a certain amount of AgNO 3
aqueous solution was added and finally added
excessive amounts of HCl aqueous solution under
magnetic stirring for 2 h. On the surface of the
KTaO3 nanocubes, the AgCl particles were
synthesized. Then the as-prepared samples were
irradiated under a 300 W xenon lamp for 30 min to
form the Ag NPs. The resulting photocatalysts were
washed by distilled water and ethanol same times
until the pH 7.0 and the final products were dried at
ƕ&IRU12 h. By adjusting the quantity of AgNO3
and HCl, the weight ratio of Ag/AgCl to pure KTaO3
was controlled to be 30%, 40%, 50%, 60%,
respectively. For comparison, Ag/AgCl catalyst was
prepared by excessive amounts of HCl aqueous
solution added to the AgNO3 aqueous solution.
Characterization.

The

X-ray

RESULTS AND DISCUSSION
Materials Characterization. The typical XRD
was used to determine the synthesized
Ag/AgCl/KTaO3 photocatalysts with different
compositions. As shown in Fig. 1, the diffractions
peaks of pure KTaO3 can be indexed to the JCPDS
card No. 77-0918. Moreover, with the weight
percent of Ag/AgCl added, the AgCl phases (JCPDS
No. 31-1238) was found and the peaks were marked
ZLWK³´ TKHSHDNVPDUNHGZLWK³ ´DUHDVVLJQHGWR
the phases of Ag (JCPDS No. 04-0783). In the XRD
VSHFWUXP WKH SHDNV DW ƕ DQG ƕ can be

diffraction
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correspond to the (2 2 0) and (2 2 2) crystal planes
of AgCl. $ZHDNSHDNZDVDSSHDUHGDWƕVXJJHVW
that the small quantity of Ag phases with the plane
(3 1 1) was formed in the Ag/AgCl/KTaO3
photocatalysts.

FIGURE 2
SEM images of (a) KTaO3 and (b), (c) Ag/AgCl,
TEM image of (d) 50% Ag/AgCl/ KTaO3.

FIGURE 1
XRD patterns of pure KTaO3 and
Ag/AgCl/KTaO3 samples.

Fig. 4C and 4D, the peaks at 198.1 eV and 26.1 eV
could be assigned to the Cl 2p and Ta 4f,
respectively.[28-30] The observations of XPS results
which are consistent with the XRD further confirm
that the Ag/AgCl NPs was obtained.

Typical morphology of the prepared
photocatalysts was characterized by the SEM and
TEM as shown in Fig. 2. As shown in the Fig. 2A,
the pure KTaO3 was characterized by the SEM. The
SEM image shows a regularly nanocubes of KTaO3.
Fig. 2B was the typical SEM image of the asobtained Ag/AgCl NPs. It is clearly observed that the
AgCl are heterogeneous particles and it can be seen
that there are Ag NPs attached on the surface of
AgCl
particles.
Furthermore,
the
50%
Ag/AgCl/KTaO3 plasmonic photocatalysts were
characterized by the TEM, as shown in Fig. 2C, the
image shows that the surface of KTaO3 is not clean
and the Ag/AgCl NPs are deposited on the surface of
KTaO3 nanocubes. Such an Ag/AgCl/KTaO3
nanostructure can fully use the KTaO3 nanocubes
outer surface so that it is beneficial for enhance the
photocatalytic activity on degradation of dye
pollutants. The composition of Ag/AgCl/KTaO3
photocatalysts was examined by the EDS technique.
As shown in Fig. 2D, it can be seen that there are
strong signals from Ag and Cl, Ta, O, K. Such a
result indicates that the Ag, Cl, Ta, O and K elements
are consisted of Ag/AgCl/KTaO3 photocatalysts.
Compared to the XRD result, it is clearly that the
Ag/AgCl/KTaO3
photocatalysts
have
been
synthesized successfully.
The XPS was measured to determine the
elemental composition and the chemical status of the
Ag/AgCl/KTaO3 composite. As shown in Fig. 4A,
the XPS survey spectrum, it can be seen that the
signals from elements of Ta, Ag, Cl, O and C. In Fig.
4B, the Ag spectrum displays two peaks at 367.5 and
372.9 eV, which could be assigned to Ag3d5/2 and Ag
3d3/2,[24-27] respectively. As shown in

FIGURE 3
XPS survey spectrum (A) and XPS spectra of Ag
(B), Cl (C) and Ta (D) of the as-prepared 50%
Ag/AgCl/ KTaO3 photocatalysts.
The UV-vis light absorption properties of pure
KTaO3 and Ag/AgCl/KTaO3 photocatalysts are
compared in Fig. 4. It is clearly to see that contrast
to the pure KTaO3, the Ag/AgCl/KTaO3
photocatalysts have a strong adsorption peak (from
420 to 700 nm) by the surface plasmon resonance
observed in the visible region. Moreover, with the
weight ratio of Ag/AgCl added, the adsorption peaks
under visible light are more and more strongly. The
Ag/AgCl/KTaO3 photocatalysts have a strong
absorption under visible light irradiation suggests
that it can efficiently utilize the visible light for the
degradation of organic dyes pollutants.
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the MO under visible light. The test confirmed that
the degradation was negligible. However, in 90 min
irradiation, the 30% Ag/AgCl/KTaO3 and 40%
Ag/AgCl/KTaO3 photocatalysts degraded nearly 52%
and 65% of MO, respectively. The highest
photocatalytic
activity
was
the
50%
Ag/AgCl/KTaO3 photocatalysts. In addition, the 60%
Ag/AgCl/KTaO3 photocatalysts have the lower
photocatalytic
activity
then
the
50%
Ag/AgCl/KTaO3 photocatalysts. The reason may be
that when the Ag/AgCl over the limit value, much
too Ag/AgCl on the surface of KTaO3 which limit
the photogenerated charge carriers transfer.
According to the results, indicating that the
Ag/AgCl/KTaO3 have a significantly improved the
photocatalytic activity then the pure KTaO3 for the
degradation of MO and the excellent photocatalytic
activities of Ag/AgCl/KTaO3 photocatalysts are
thanks to be the surface plasmon resonance of
Ag/AgCl and the interaction between Ag/AgCl and
KTaO3.[31]
MB is another typical dye pollutant that
without absorption in the visible light region so that
was selected to degradation. As shown in Fig. 6a, the
absorbance of MB was evaluated on the
50%Ag/AgCl/KTaO3 photocatalysts. After 120 min
irradiation, the MB was degraded about 92%. From
the Fig. 6b, we can see that the MB photodegradation
of pure KTaO3 under visible light can be negligible.

FIGURE 4
UV-visible diffuse reflectance spectra of the pure
KTaO3 and Ag/AgCl/KTaO3 photocatalysts.
Photocatalytic activity. As shown in Fig. 5,
the photocatalytic activity of Ag/AgCl/KTaO3
photocatalysts for degradation of MO molecules
under visible light irradiation was displayed. As
shown in Fig. 5a, the absorption changes for the MO
solution in the presence of Ag/AgCl photocatalysts
during the photocatalytic process were displayed.
From the degradation results, after 90 min irradiation,
the Ag/AgCl degraded MO only about 20%. The
absorption changes of MO solution for 50%
Ag/AgCl/KTaO3 photocatalysts degraded under
visible light were shown in Fig. 5b. After 90 min
irradiation, the MO was degraded nearly 90%. From
the Fig. 5c, the pure KTaO3 only slightly degraded

FIGURE 5
Comparison of various photocatalysts degradation of MO with the same weight.

FIGURE 6
Comparison of various photocatalysts degradation of MB.
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eí injected into the conduction band of KTaO 3 and
adsorbed O2 ZKLFK FDQ EH UHGXFHG WR 2í free
radical. From the ESR results, it can know that the
2í free radical is the primary reactive specie to
oxidize dyes molecules. Meanwhile, a little part of
the 2í free radical could be on protonation yields
WKHOH free radical to oxidize dyes molecules.[40]
The remaining h+ from Ag NPs are react with Cl- to
Cl0 atoms.[41-44] Moreover, AgCl can be formed
again from that the Cl0 atoms are reactive species
which are able to oxidize dyes molecules and
reduced to Cl- again so that the Ag/AgCl/KTaO3
system remains stable.[45-47] At another step, the
photogenerated eí from Ag NPs also can inject into
the conduction band of AgCl. However, the e- cannot
transfer to the O2 WR IRUP 22- free radical on the
surface of AgCl because the conduction band of
AgCl is higher than the E0 (O222-  í H9 YV
NHE). Therefore, the eí recombine with the h+ inside
of Ag NPs (as the dotted line shown). In the
summary, on the surface of KTaO3 nanocubes,
Ag/AgCl NPs have superior visible-light-driven
activity so that form the plasmonic Ag/AgCl/KTaO3
photocatalysts enhancing the photocatalytic activity
for degrading dyes pollutant.

The Fig. 6b results are as the same with Fig. 5c
indicate that the plasmonic Ag/AgCl/KTaO3 are
good photocatalysts for degradation organic dyes
pollutant under visible light.
The photoluminescence (PL) spectra wrer used
to confirm the photogenerated electrons and holes
recombination.
The
higher
recombination
probability of photogenerated charges will display
higher intensity in the PL spectra.[32-34] As can be
seen in Fig. 7, the PL spectra of KTaO3 nanocubes
and Ag/AgCl/KTaO3 photocatalysts are presented at
the wavelength of 472 nm emission. However, the
Ag/AgCl/KTaO3 photocatalysts display lower PL
intensity than the pure KTaO3 nanocubes.
Ag/AgCl/KTaO3 photocatalysts have a higher
separation efficiency of the photoexcited e- and h+.
As a result, the SPR of Ag/AgCl on the surface of
KTaO3 could contribute to improve the separation
efficiency of photoexcited e- and h+, then the
plasmon Ag/AgCl/KTaO3 photocatalysts have a
higher
photocatalytic
activity
in
the
photodegradation system.

FIGURE 7
Photoluminescence spectra of the KTaO3 and
50% Ag/AgCl/KTaO3 photocatalysts.
FIGURE 8
ESR spectra of radical adducts trapped by
DMPO for prepared Ag/AgCl/KTaO3
photocatalysts.

To clarify the photocatalytic mechanism, the
ESR technique was used to explore the reactive
species.[35] As shown in Fig. 8, there is no ESR
signal in the dark for 50%Ag/AgCl/KTaO3
photocatalysts. However, there are the obvious
VLJQDOV RI 22- DQG 2+ LQ 50%Ag/AgCl/KTaO3
system under light irradiation. The peaks of 22- are
VWURQJHU DQG WKH SHDNV RI 2+ DUH weaker in the
50%Ag/AgCl/KTaO3 system. The ESR results
FRQILUP WKDW WKH 22- radicals exist in the
Ag/AgCl/KTaO3 system which are the principal
active specie for the photodegradation of organic
dyes.
The possible mechanism of Ag/AgCl/KTaO3
photocatalytic degradation of organic dyes was
proposed. As shown in Fig. 9, photogenerated
electrons (eí) and holes (h+) by visible light can be
produced on Ag NPs by the local electromagnetic
field induced from SPR.[36-39] Then the produced

FIGURE 9
Schematic diagram for the charge separation in
a visible light irradiated of Ag/AgCl/KTaO3
photocatalysts.
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Ag@AgCl: a highly efficient and stable
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CONCLUSIONS
In summary, the plasmonic Ag/AgCl/KTaO3
photocatalysts were successfully synthesized
through the simple precipitation and photoreduction
methods. XRD, SEM, TEM, EDS and XPS
measurements were used to characterize the
photocatalysts. The as-synthesized photocatalysts
showed high photocatalytic activity for the
decomposition of MO and MB then the pure KTaO3
and Ag/AgCl photocatalysts under visible light
irradiation. In addition, the enhanced photocatalytic
performance of the Ag/AgCl/KTaO3 photocatalysts
can be mainly attributed to the SPR with strong
visible light absorbance and efficient charge
separation on the surface. In general, the
Ag/AgCl/KTaO3 photocatalysts have promising
application in photocatalysis for degradation of dyes
pollutants and purification of water.
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CONTAMINATED BENZO(A)PYRENE IS ASSOCIATED
WITH DIFFERENT PROCESS IN MEATS ACCOMPANIED
BY VARIOUS CANCER POTENTIALITY
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compounds may exposure to humans [1].
Contamination of foodstuffs by PAHs can occur
during smoking and during particularly intense
thermal processing (such as toasting, roasting and
frying) [2]. PAHs are readily absorbed into the
body through the skin, lungs and gastrointestinal
tract. Some of PAHs are able to interact in
organisms to form PAH derivatives, which are
believed to be the ultimate carcinogens, promoters
of covalently bound adducts with proteins and
nucleic acids, initiating cell mutations and sequent
malignancy [3,4]. Benzo(a)pyrene (BaP) treatment
in a chronic feeding study indicated an increase
incidence of papillomas and/or carcinoma for
forestomach, esophagus and tongue in mice, and a
positive association between the investigation of a
diet containing BaP and forestomach tumor was
found in mice. Also, BaP causes cancers such as
leukemia, pulmonary adenoma, lung tumor, gastric
tumor or forestomach tumor in human described by
Kazerouni and his colleagues [5].
Meat contains some micronutrients such as
iron, selenium, vitamins A, B 12 and folic acid, and
is an important food source. Meat as a protein rich
DQG FDUERK\GUDWH µµORZ¶¶ SURGXFW FRQWULEXWHV WR D
low glycemic index which is assumed to be
µµEHQHILFLDO¶¶ ZLWK UHVSHFW WR REHVLW\ diabetes
development and cancer. Thus, meat is an
important nutrient for human health and
development [6]. However, chemical hazards such
as persistent organic pollutants (POPs) result in
meat contamination. Additionally, meat cooked at
high temperatures is a source of carcinogenic
heterocyclic amines (HCA) and PAHs [7-9].
According to the EFSA Scientific Opinion on
Contaminants in the Food Chain, it is concluded
that BaP may be used as a marker of occurrence
and effect of the carcinogenic PAHs in food [10].
So, for risk assessment and further risk

ABSTRACT
The aim of this work was to investigate the
benzo(a)pyrene (BaP) content of different
manufactured or cooked meats. BaP levels were
analyzed
by
high
performance
liquid
chromatography. Cancer risk assessments were
used according to the margin of exposure (MOE)
approach. BaP contamination levels were detected
ranging from not detected (Nd) to 5.46 ȝJNJ in
pork meats, Nd to 10.08 in other meats, 0.05 to 3.67
ȝJNJ LQ ILVK PHDWV UHVSHFWLYHO\ BaP levels in
meat samples were affected by other factors,
including used fuels in roasted processing, different
regions and barbecue stalls, heated time and
different month of a year. All meat samples except
charcoal-roasted
mutton
segregate
with
MOE >10,000 and may be considered as a low
priority. The higher levels of BaP and the relative
lower MOE values were found in oven-broiled,
roasted, grilled/smoked samples for BaP, indicating
a potential concern for consumer health.

KEYWORDS:
benzo(a)pyrene, HPLC, meat, cancer risk assessment

INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are
produced during incomplete com- bustion of
organic materials. Many of PAHs are known to be
carcinogenic or co-carcinogenic. A wide variety
sources, such as occupation (coke-oven or
iron-foundry workers), environment (air pollutants,
drinking water), personal habits (e.g. smoking),
medical treatment (coal tar), diet (broiled and
smoked foods) and so on, contain PAHs. These
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management, data on meat exposure source and
levels of BaP are crucial.
Based on the described above, the aim of this
study is to shed some light on the levels BaP in
meat manufactured or cooked samples. High
performance liquid chromatography (HPLC)
method was used for determination of BaP in this
study. Risk assessments of the data, based on the
margin of exposure (MOE) approach and the daily
consumption of meat/fish products, were assayed to
extend the occurrence of persistent BaP compound
in consumer of different manufactured and cooked
process meats.

Fresenius Environmental Bulletin

temperature. Then, 5ml H2O and 10ml
cyclohexane were added, following the mixture was
vortexed for 5min and centrifuged for 15min at
8000× g. The supernatant layer was poured from
the tube. The sample was reextracted with 20ml
cyclohexane and evaporated to dryness under
nitrogen. The residue was dissolved in acetonitrile
(2 ml) and was applied to an SPE cartridge (Agilent,
USA) pretreated with acetonitrile (5 ml). BaP was
eluted with two portions of acetonitrile (3ml), then
the eluate was evaporated to dryness under nitrogen.
The residue was dissolved in 500ȝODFHWRQLWULOH
HPLC analysis. HPLC analysis was
conducted using the method according to Lee and
Shim [12]. Waters Alliance 2695 HPLC (Waters,
USA) coupled to a fluorescence detector of F1000
(Hitachi, Japan) and data were recorded on a
computer. The column was achieved using a 5ȝP
Beckman LC-18 (250 × 4.6 mm) (Beckman, USA)
thermostated at 20 ± 2°C. The solution of 20ȝO
acetonitrile was injected into the chromatographic
system. BaP was analyzed in isocratic elution at
1ml/min at room temperature, with a mobile phase
consisting of acetonitrile/water/ methanol (20:10:80,
v/v/v). The wavelengths of excitation and emission
were 294nm and 404nm, respectively.

MATERIALS AND METHODS
Chemical. HPLC-grade acetonitrile, ethanol
and cyclohexane were purchased from Sigma
(Sigma St Louis, MO, USA). KOH was purchased
from Sigma-Aldrich (Munich, Germany). Water
was purified with a Milli-Q System (Millipore,
Bedford, MA, USA). The glassware was carefully
washed and rinsed with distilled solvent (acetone
and hexane) before use.
Sampling. Raw seafoods (carp, grass carp,
perch, crucian, hairtail, crab and shellfish), raw
meats (pork, beef, chicken, mutton), manufactured
or cooked different porks (including ham, hot dogs,
cured meat, bacon, sausage), processed chicken
(ham, sausage) and processed beef (beef cooked in
soy sauce) were purchased from a Walmart
supermarket IURP ;L¶an City, north China. Each
pool of pork, beef, chicken, mutton, seafood
samples consisted of three individual samples.
Cooked meats of parched, oven-broiled, frying,
barbecued were purchased from four fast food or
regular restaurants, four to six samples from the
same store were pooled. Only the parts to be eaten
were analyzed. The chicken and the fish samples
were tested including the skin, as they are
commonly eaten.

Cancer risk assessment. The MOE approach
was used for cancer risk assessment. MOE is the
ratio between a defined point on the dose±response
curve (reference point) for the adverse effect of the
compound in the animal carcinogenicity study and
the estimated human intake of the compound. The
reference point is calculated using the benchmark
dose (BMD) approach, based on a mathematical
modelling being fitted to the experimental tumor
data within the observed range. It estimates the
dose that causes a low but measurable response.
The use of a benchmark dose lower limit (BMDL10)
representing the lower bound of a 95% confidence
interval on the BMD corresponding to a 10% tumor
incidence was chosen as reference point on the
dose-response curve [13]. For BaP, a BMDL10 of
0.122mg/kg.bw as total tumor was used in this
study [14]. Daily dietary intake of BaP was
estimated based on the daily consumption level of
meats of urban, rural and national residents (a daily
consumption of 104.5g, 68.7g, 78.6g per person,
respectively) for the adult (body weight, 60 kg) in
China [15].

Sample preparation. BaP extraction of all
samples was carried out on the basis of the
modified method described by Anastasio and his
colleagues [11]. Briefly, 1 M KOH ethanolic
solution (10 ml) was added to 2g of previously
homogenized sample. The mixture was placed for
6h in a water back (80°C) and then cooled at room
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TABLE 1
BaP content in pork and dietary cancer risk assessment
Type
ȝg/kg
BaP-MOEU
BaP-MOER
BaP-MOEN
Raw
Nd
Nd
Nd
Nd
Parched
0.28
247,763
376,872
329,401
Oven-broiled
1.49
46, 241
70,337
61,477
Fried
2.37
29,072
44,221
38,651
Hot dogs
Stored
0.23
299,563
455,665
398,269
parched
0.87
79,195
120,464
105,290
Oven-broiled
1.60
43,062
65,502
57,251
Fried
3.14
21,943
33,377
29,173
Bacon
Stored
0.63
109,364
166,354
145,399
Oven-broiled
1.23
56,015
85,204
74,472
parched
1.05
65,619
99,813
87,240
fried
2.69
25,613
38,960
34,052
microwave
1.09
63,211
96,681
84,039
Ham
Stored
1.77
38,926
59,210
51,752
parched
1.87
36,845
56,045
48,985
Oven-broiled
2.02
34,109
51,883
45,348
fried
2.56
27,043
41,135
35,954
microwave
2.13
32,347
49,203
43,005
Sausage
Stored
2.36
29,195
44,409
33,815
parched
2.68
25,709
39,106
34,180
Oven-broiled
3.02
22,148
33,689
29,446
microwave
3.75
18,373
27,947
24,427
fried
5.46
12,619
19,195
16,777
Note: N National BaP-MOE is for a daily consumption of 78.6g per person, U Urban BaP-MOE is for a daily
consumption of 104.5 g per person, R Rural BaP-MOE is for a daily consumption of 68.7g per person (15). BaP
BMDL10 is used as 0.122mg/kg.bw/day (14). Nd: not dected.
Sample
Pork

whereas microwave ham and sausage were relative
KLJKHU  DQG ȝJNJ UHVSHFWLYHO\  WKDQ
oven-broiled (2.02 anG ȝJNJ UHVSHFWLYHO\ 
samples. The contamination levels of BaP were
higher in different pork goods than the raw pork.
Table 2 showed the relative higher BaP levels in
roasted, grilled or smoked other meat samples, the
highest level of BaP was detected in
charcoal-URDVWHG PXWWRQ ȝJNJ  IROORZHG E\
VPRNHGZKROHFKLFNHQ ȝJNJ URDVWHGFKLFNHQ
ERQHVNLQ ȝJNJ JULOOHGERQHOHVV ȝJNJ 
URDVWHG FKLFNHQ ȝJNJ  7KH ORZHVW %D3 OHYHO
ZDV GHWHFWHG LQ SDUFKHG EHHI VWHDN ȝJNJ 
Levels of BaP ranging from 0.07 (steamed Crab) to
 ȝJNJ JULOOHGVPRNHG *UDVV FDUS  ZHUH
detected in seafoods (Table 3). Different
grilled/smoked sea meats showed relative higher
BaP levels than other cooking process seafoods.

RESULTS AND DISCUSSION
Different meat contamination of BaP.
ε
Tables 1- VKRZHG FRQFHQWUDWLRQV ȝJNJ 1 wet
weight) of each single BaP in both raw and
processed meat samples. BaP amounts are the
average of triplicate analyses (three replicates for
sample). The cooking process is the most important
contributor to the formation of BaP in foods [16,
17]. In this study, HPLC analysis of BaP was
carried out in meats and showed that all samples
investigated were contaminated with measurable
levels of BaP. Tables 1-3 summarized the data
obtained from the analysis of meats, such as
different porks, beef, chicken and mutton, seafoods,
etc. As shown in Table 1, different porks showed
levels of BaP ranging from 0.23 (stored hot dogs) to
 ȝJNJ ILUHG VDXVDJH  7KH KLJKHU OHYHOV RI
BaP were detected in oven-broiled and fired porks,
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TABLE 2
BaP content in beef, chicken and mutton and dietary cancer risk assessment
Type
ȝg/kg
BaP-MOEU
BaP-MOER
BaP-MOEN
Stored
Nd
Nd
Nd
Nd
Parched
0.13
529,996
806,177
704,630
Oven-broiled
1.17
58,888
89,575
78,292
Fried
1.25
55,120
83,842
73,278
Roasted
3.56
19,353
29,439
25,730
Hamburgera
Oven-broiled
1.39
49,568
75,398
65,898
Fried
1.42
48,521
73,805
64,506
Roasted
3.45
19,971
30,378
26,550
Stored
Nd
Nd
Nd
Nd
Chicken
with Oven-broiled
1.98
34,798
52,931
46,262
bone/skin
Fried
2.39
28,828
43,850
38,325
roasted
5.15
13,378
20,350
17,786
Stored
Nd
Nd
Nd
Nd
Oven-broiled
1.53
45,032
68,499
59,868
Chicken/boneless
fried
2.07
353,28
50,629
44,250
Grilled
4.83
14,265
21,698
18,964
Chicken/ ham
Stored
1.31
52,595
80,026
69,926
Oven-broiled
2.08
33,125
53,086
44,037
Fried
2.39
28,828
43,851
38,325
Grilled
3.87
17,803
27,081
23,669
Whole chicken
Stored
Nd
Nd
Nd
Nd
stewed
0.19
362,629
551,595
482,094
smoked
5.78
11,920
18,132
15,847
Chicken/sausage
Stored
2.12
32,500
49,436
43,209
Oven-broiled
3.49
19,742
30,029
26,246
Fried
3.56
19,354
29,439
25,730
Roasted
4.82
14,294
21,743
19,004
Mutton
Raw
Nd
Nd
Nd
Nd
Electric-grilled
1.23
56,016
85,206
74,470
Charcoal-roasted
10.08
6,835
10,397
9,087
Duck
Raw duck
Nd
Nd
Nd
Nd
Roasted
0.38
181,314
275,797
241,047
Note: N National BaP-MOE is for a daily consumption of 78.6g per person, U Urban BaP-MOE is for a daily
consumption of 104.5 g per person, R Rural BaP-MOE is for a daily consumption of 68.7g per person (15). BaP
MOE is used as 0.122mg/kg.bw/day (14), a represent the processed meat of hamburger, Nd: not dected.
Sample
Beef steak

contamination of BaP levels in 21 meat samples
with different cooking process, as expected, the
higher BaP levels were also observed in
oven-broiled and fired porks, in roasted, grilled or
smoked meat samples of beef, chicken or mutton.
2XU UHVXOWV ZHUH VLPLODU WR .D]HURXQL HW DO¶V
reports. In Kazerouni et al. [5] analysised meat
samples, the highest levels (> 4ng/g) were observed
in control cooking with grilled/barbecued from
medium (4.15ng/g) to very well done (4.86ng/g)
steaks, in grilled/barbecued well done chicken with
skin (4.57ng/g). In restaurant/fast-food meat
samples, the four highest levels were also found in

In recent years, a great concern about PAHs
presence in food because they are an important
class of carcinogens [18]. Generally, cooking
process, including grilling, roasting and smoking
may lead to the PAHs formation. Especially,
charcoal grilled/barbecued foods can lead to high
concentrations of PAHsˈsuch as BaP. Smoking is
widely used not only for special organoleptic
properties of smoked products, but also for the
inactivating effect of smoke and heat on enzymes
and microorganisms [19]. Smoking is the most
popular processing technology and is widely used
in meat samples [20]. In this study, we analyzed the
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pork meat samples analysised by Kazerouni
and his colleagues. This suggested that in control
cooking of pork samples may decrease BaP
FRQWDPLQDWLRQ OHYHOV &KDUFRDO¶V LQFRPSlete
combustion also results in PAH formation and
adheres to surface of the food [23]. In our study, the
highest BaP level was observed in charcoal-roasted
PXWWRQZKLFKUHDFKHGWRWKHOHYHORIȝJNJLQ
the present study.
This is agree with the description by
Kumosani1 and his colleagues which indicated the
highest amount of total PAHs in the charcoal
grilling of duck samples with skin, followed by the
smoking, charcoal grilling and roasting duck
samples [24]. This is lower than the BaP levels of

pan-fried of fast food steak (1.75ng/g), followed by
baked pork ribs (1.64ng/g), grilled/barbecued very
well done steak (1.62ng/g), grilled/barbecued very
well done hamburger (1.45ng/g). This may be due
to the fact that meat is grilled or barbequed above
an open flame and resulted in fat and juices
dripping onto the fire. Then yields flames that
contain PAHs and PAHs adhere to the surface of
the meat. Additionally, other food preparation
methods that expose meat to smoke or charring,
also results in PAH formation [21, 22]. However,
the BaP levels from 0.01 to 0.13ng/g (smooked ham)
was found of various control cooking pork samples
>@ 2XU UHVXOWV RI %D3 OHYHOV IURP ȝJNJ
(stored hot dogV  WR IULHG VDXVDJH ȝJNJ  RI
restaurant/pedlar were observed and higher than

TABLE 3
BaP content in sea meat and dietary cancer risk assessment
Type
ȝg/kg
BaP-MOEU
BaP-MOER
BaP-MOEN
Raw
0.05
1377,990
2096,070
1832,061
Oven-broiled
1.56
102,751
194,662
155,860
Fried
2.23
71,908
136,231
109,076
Grilled/smoked
2.88
55,679
105,484
84,461
Grass carp
Raw
0.05
1377,990
2096,070
1832,061
Oven-broiled
2.03
78,992
149,650
119,825
Fried
2.97
53,991
102,286
81,900
Grilled/smoked
3.67
43,693
82,776
66,276
Raw
0.05
1377,990
2096,070
1832,061
Oven-broiled
1.02
158,179
299,670
239,937
Crucian
Fried
1.76
91,665
173,659
139,043
Grilled/smoked
2.21
73,000
138,299
110,648
Stored
0.08
861,244
1310,044
1145,038
Oven-broiled
1.52
106,135
201,072
160,871
Hairtail
Fried
2.09
77,181
146,220
116,985
Grilled/smoked
2.78
24,784
46,953
37,594
Perch
Raw perch
0.05
1377,990
2096,070
1832,061
Oven-broiled
0.88
78,295
148,330
118,763
Fried
1.89
36,748
69,619
55738
steamed
0.20
347,268
657,900
526,761
Grilled/smoked
2.34
29,681
56,231
45,022
Crab
Raw
0.06
1148,325
1746,725
1526,718
steamed
0.07
992,193
1879,710
1505,028
parched
0.12
578,779
1096,497
877,932
Shellfish
Raw
0.06
1148,325
1746,725
1526,718
parched
0.8
86,817
164,475
131,690
N
U
Note: National BaP-MOE is for a daily consumption of 78.6g per person, Urban BaP-MOE is for a daily
consumption of 104.5 g per person, R Rural BaP-MOE is for a daily consumption of 68.7g per person (15). BaP
MOE is used as 0.122mg/kg.bw/day (14), Nd: not dected.
Sample
Carp
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charcoal grilled meat samples, including grilled and
over-grilled lamb and beef meats of 43.80 +/- 1.80
microg/kg, 31.33 +/- 0.94 microg/kg and 62.60 +/3.72 microg/kg, 37.60 +/- 3.84 microg/kg,
respectively [25]. There are literatures reported that
frying or electrical broiling does not lead to the
production of PAHs [24], baked, stewed, and
microwaved meats do not contain HCA and PAHs
compounds [26]. In contrast to previous reports, in
processed pork meats, microwave ham and sausage
were relative higher (2.13 and 3.75ȝJNJ
respectively) than oven-EURLOHG DQGȝJNJ
respectively) samples. Simultaneously, fried meat
samples, including pork, beef steak, chicken and
fish indicated a relative higher BaP levels. This
may be due, at least in part, to the fact that the fat
content and the fatty acid composition play a vital
role in PAH formation in meat products used in our
study [23]. Also, this may be the cause of fats and
oils which contained the highest PAHs levels of
their lipophilic character [24].
According to European commission, a
maximum concentration limit of BaP in smoked
PHDW ZDV ȝJNJ > @ $V LQGLFDWHG LQ 7DEOHV
1-3, the levels of BaP in the various processed meat
samples which were higher than the established
PD[LPXP FRQFHQWUDWLRQ OLPLW RI ȝJNJ were
REVHUYHG LQ IULHG VDXVDJH ȝJNJ  URDVWHG
FKLFNHQZLWKERQHVNLQ ȝJNJ VPRNHGZKROH
FKLFNHQ ȝJNJ  FKDUFRDO-roasted mutton
ȝJNJ 2QWKHRWKHUKDQGWKHOHYHOVRI%D3
in other processed meat samples were lower than
the established maximum concentration limit of
ȝJNJ
Furthermore, no determination data or very
low BaP levels (0.05-ȝJNJ  ZHUH REVHUYHG LQ
various raw meats and seafoods (Tables 1-3). This
may be due to the fact that raw meat does not
contain appreciable levels of carcinogenic PAHs
and no accumulation along the food chain has been
observed for these contaminants in animal fat tissue
[28, 10]. Very low BaP contamination levels in raw
fish meat samples may be due to their ability to
rapidly metabolize PAHs. Also, in Perelló HWDO¶V
[29] study, BaP levels of Sardine, Hake and Turna
was 0.04 ug/kg fresh weight. However, high PAH
concentrations, such as 5.4 to 44.0 mg/kg dry
weight for raw fish from contaminated waters were
reported [28].

contamination levels. The contamination of
BaP roasted duck with wood chips from fruit trees
was

Effects of various factors on meat
contamination of BaP. In this studyˈwe further
analyzed effects of other factors, on BaP

significant higher (P<0.001) than the other
three used materials (Fig. 1A). The significant
higher BaP levels in used wood chips from fruit
trees than in used coal gas, hard coal and charcoal
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0.9

BaP content (ug/kg)

0.8
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4.5
4.0

BaP content (ug/kg)

3.5
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2.0
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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(C)
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mutton shashlik 1
mutton shashlik 2
chicken hearts
chicken legs
chicken wings
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2
0
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B
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D

Different barbecue stalls

FIGURE 1
BaP contents of four fuels in roasted duck (A),
15 hams from 15 regions (B), mutton shashlik,
chicken hearts, chicken legs and chicken
ZLQJV &  $ µ¶UHSUHVHQWXVHZRRGFKLSV
frRPIUXLWWUHHVLQURDVWµ¶UHSUHVHQWXVH
FRDOJDVLQURDVWµ¶UHSUHVHQWXVHKDUGFRDO
LQURDVWµ¶UHSUHVHQWXVHFKDUFRDOLQURDVW*
UHSUHVHQW3 % µ-¶UHSUHVHQW
preserved ham collected from 15 different
UHJLRQVRI;L¶DQ & µ$-'¶UHSUesent:
different four barbecue stalls.
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may be due to incomplete combustion of wood [23].
The contamination of BaP levels varied from of 15
KDPVIURPUHJLRQVRI;L¶DQWKUHHUHJLRQVRI³
  UHJLRQV´ZHUH EHORZ XJNJ RQ WKH RWKHU
hand, BaP contamination levels of two regions of
³ ´ ZHUH KLJKHU WKDQ XJNJ Fig. 1B). The
results suggested that the present situation of the 15
regions really different each other [23]. The
contamination of BaP levels of two mutton
shashliks, chicken hearts, chicken legs and chicken
wings from four barbecue stalls were also analyzed
and varied differently. The contamination of BaP
levels in two mutton shashliks were relative higher
than the chicken samples, followed by the chicken
OHJV IURP ³&´ barbecue stall, chicken wings from
³$´barbecue stall (Fig. 1C). In four barbecue stalls,
the pedlars were all used charcoal grilling to make
these meat samples. Hence, different BaP
contamination levels accounts for a number of
factors, including the fat content, smoke
composition, degree of exposure to smoke,
doneness levels, processing methods [22, 23].
The contamination of BaP levels varied
differently in mutton shashliks among twelve
months of a year, relative higher levels were
observed in January, February, March, November
and December. On the other hand, lower levels
were observed in mutton shashliks of June, July,
August, September, and October (Fig. 2A).
Actually, several reports have indicated seasonal
effects on PAHs contamination levels. For example,
in a toxicokinetics of 2,4,5-trichlorophenol and BaP
in the clam Pisidium amnicum study, the effects of
seasonal
temperatures
showed
that
the
accumulation rate for both chemicals was slower at
4 degrees C than at 15 degrees C [30]. In a
genotoxicity of complex mixtures of organic
compounds adsorbed onto ambient air particles
(extractable organic matter, EOM) collected in
Teplice study, winter samples of EOM from
Teplice (TP-W) were more effective in inducing
DNA damage than summer samples (TP-S) [31]. In
our study, a relative higher of BaP contamination
levels was observed in January, February, March,
November and December than other months in
annual year. ;L¶DQLVDQRUWKHUQFLW\LQ&KLQDZKHQ
the seasonal temperature is low, residents usually
used lignite combustion to heat or cook at home,
especially in winter. Then, the higher emission
levels present in the air during the low temperature
of annual year. Hence, the inefficient lignite
combustion in home heating systems and
unfavorable meteorological conditions may cause

Fresenius Environmental Bulletin

the relative higher BaP contamination levels
in mutton shashlik [31, 32].
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FIGURE 2
BaP contents in mutton shashlik of 12 months
in a year (A) and heated time for fired oil and
fired meat samples (B).

In addition, the contamination of BaP levels
increased with the longer heated time for oil and
meat, especially after 20h (Fig. 2B). In fact,
repeated frying of vegetarian and non-vegetarian
food in edible oils enhances the generation of
variety of carcinogenic PAHs in both oil fumes and
oils [33, 34]. In an assessment of cytotoxic potential
of PAHs derived from repeated fish fried oil (RFFO)
study, when BaP were used as prototype
compounds for heavy PAHs, heavy PAHs showed
WKH FRQFHQWUDWLRQRIȝJNJ [35]. Also, in the
present study, BaP contamination levels reached
above  ȝJNJ LQ UHSHDWHG IULHG RLO  ȝJNJ LQ
fried meat, respectively. The higher BaP
contamination levels in repeated fried oil further
implied that more lipid oxidation or degradation
products were produced, and then the more
formation of BaP could be possible [23]. Generally,
more PAHs generated in deep frying which the
higher temperature maintained during cooking and
the larger amount of oil used in deep frying. For
example, in an analysis the levels of PM2.5 and 16
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priority PAHs in Chinese, Malay and Indian food
stalls, the higher levels of PM2.5 and PAHs were
found at the Chinese stall. This may be due to the
fact that the stir-frying cooked method involves a
higher temperature and uses more oil than
simmering [36]. Similarly, in this study, BaP
contamination levels increase in concentration with
temperature.

Fresenius Environmental Bulletin

appropriate data to be modelled in assessing
the MOE for human dietary exposure to genotoxic
and carcinogenic PAHs [16]. MOE values were
relative smaller because this value is smaller than
the lowest BMDL10 value of the log-probit model
as 2.0 mg/kg bw/day [39]. However, it is consistent
with BaP segregate with MOEs considerably higher
than 10,000 and could be considered as a low
priority for exposure reduction research [40]. As
described above, the BMDL10 value used in the
present study as a total tumor parameter [14],
accordingly, in some extent, the trend of MOE
values also reflected the different potential
carcinogenicity of processed meat samples.
However, as described by Schütte et al. [20], an
02( DSSURDFK EDVHG RQ WKH DYHUDJH FRQVXPHUV¶
exposure, is of low concern for high consumers.
This is certificated by the indicated MOE of 17,900
for average consumers and 10,800 for high level
consumers, respectively. MOE method combined
with other cancer risk assessment methods, or the
daily BaP intake of high level consumers should be
further survived and studied.

Dietary cancer risk assessment of BaP.
Using the previous BMDL10 value, 21 meat
samples with different cooking process investigated
for BaP analysis in this study were consumed in
Tables 1-3. The relative lower values were found in
oven-broiled, roasted, grilled/smoked samples for
BaP. The lowest value MOE below 10000 was
found in charcoal-roasted mutton. On the other
hand, MOE values of parched or steamed samples
were relative higher; MOE values of steamed crab
were 992193 for urban residents and 1879710 for
rural residents, followed by parched crab and
parched beef steak (578779, 529996 for urban
residents and 1096497, 806177 for rural residents,
respectively). The highest MOE values of raw
seafoods were 1377990 for urban residents and
2096070 for rural residents. Urban MOE values
were lower than rural residents based on the total
daily intake of different meats.
Based on the daily consumption level of meats
of urban, rural and national residents, MOEs
calculated for mean exposure using EFSA
BMDL10 of 0.122 mg/kg bw/day for PAHs were
6835-1377990 for Urban residents, 10397-2096070
for Rual residents, 9087-1832061 National
residents, respectively. In the analyzed meat
samples, only MOE of charcoal-roasted mutton is
lower than 10,000. For MOE, the larger value
suggest that the smaller risk posed by exposure to
the genotoxic carcinogen under considerations [37].
Accordingly, our results suggested the larger risk in
oven-broiled, roasted, grilled/smoked meat samples;
the smaller risk parched or steamed meat samples,
especially raw meat samples. Urban residents were
relative higher risk exposure to the genotoxic
carcinogen based on the higher intake meat samples
[17]. According to EFSA description, MOE
YDOXHV!µµPLJKWEHFRQVLGHUHGDORZSULRULW\
IRUULVN PDQDJHPHQWDFWLRQV¶¶ [38] when assessing
food safety. So, the meat samples, except
charcoal-roasted mutton in the experiment, were
low priority for cancer risk assessment. In this
study, we used the BMDL10 value as 0.122 mg/kg
bw/day which was considered to be the most

CONCLUSION
In conclusion, the data from this study
indicated that BaP contamination levels may
increase during the manufacturing process, such as
hot dogs, bacon, ham, sausage and hamburger.
Simultaneously, it may increase during cooking
process, especially in roasted, grilled or smoked
meat samples. Additionally, the factors contributing
to the increase of BaP released from meat cooking
include the type of fuel, different regions and
barbecue stalls, oil and heated time, and different
month of a year. MOE values indicated the larger
risk in oven-broiled, roasted, grilled/smoked meat
samples; the smaller risk parched or steamed meat
samples, especially raw meat samples. This
suggests the need for selecting healthy cooking
process in China and reducing possible cancer risk
management action.
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suggest that precipitation will be significantly
reduced further in the Mediterranean region [4]. This
change in climate has important implications for
forage production, thus attention is needed to adopt
appropriate management techniques in order to
maintain forage production under the more severe
drought conditions.
In the warm and dry environments, such as in
the Mediterranean region, arbuscular mycorrhizal
(AM) symbiosis could play an important role as it
improves plant resistance to drought via increased
dehydration-avoidance and increased tolerance [5].
However, its effectiveness is complex and should be
connected to the plant arbuscular mycorrhizal fungi
(AMF) functional compatibility. The root
colonization by the mycorrhiza tends to increase the
active absorptive surface area and to stimulate water
uptake even in water stress conditions. Ruiz-Lozano
[6] reported that the AMF symbiosis could increase
drought tolerance via the increased soil water
movement to the plant roots, and the ability of the
mycorrhizal plants to mediate the osmotic stress.
AMF plants can postpone declines in water potential
during water stress [7]. These effects are explained
by the ability of the fungus to enhance the water
uptake and transport it in the plant. Moreover, the
beneficial effects of AMF to the drought - plant
relation are also linked to the improved soil water
conditions to the rhizosphere due to the extended soil
environment by the promoted soil aggregation [8].
By increasing water uptake, AMF symbionts can
promote plant performance and influence aspects of
plant form such as biomass, height, and other growth
characteristics.
Medicago sativa L., alfalfa or lucerne, is a
widespread perennial legume forage species
distributed throughout Eurasia including the
Mediterranean basin [9]. It is considered as one of
the most important forage species, thus it is widely
cultivated around the world [10] because it yields
high quality forage, even in less favourable climatic
conditions [11, 12, 13, 14]. Although its populations
and varieties thrive in a great number of
environments and many of them have been reported

ABSTRACT
Limited information is available about the
selection of effective mycorrhizae and the
exploitation of their beneficial effects on the
enhancement of the forage production of Medicago
sativa under the predicted warmer and drier
conditions in the Mediterranean region the following
years. The objective of this study was to test the
effects of Rhizophagus intraradices, Funneliformis
mosseae and their mix inoculation on growth
characteristics and dry matter production of
Medicago sativa in relation to full and limited
irrigation. The experiment was conducted in
Orestiada, Northeastern Greece. Limited irrigation
significantly decreased yield and yield components
of Medicago sativa over the full irrigation. Drought
stressed plants had significantly lower root dry
weight indicating limited ability to adapt to water
stress. The arbuscular mycorrhizal fungi (AMF)
inoculation did not significantly affected yield and
yield components of Medicago sativa indicating that
the interaction between the host and the AMF plants
is complex and species depended. However,
inoculation of Funneliformis mosseae and
Rhizophagus intraradices sustained root dry weight
under water stress conditions. Among the studied
mycorrhizae species, Rhizophagus intraradices
performed better than Funneliformis mosseae and
their mixture as it in higher root dry weight under
limited irrigation.

KEYWORDS:
Rhizophagus intraradices, Funneliformis
Mediterranean region, forage, alfalfa

mosseae,

INTRODUCTION
Drought is considered as one of the most
ominous abiotic factors that decreases the crop yields
around the world [1] because it suppresses plant
growth and development [2, 3]. Model predictions
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irrigation levels) with five replications. All pots were
randomized within each irrigation treatment
biweekly. Hand weeding was done when required.
The length of the main axis as well as the total
number of both axillary and adventitious shoots, and
the total number of leaves per plant were measured
at the end of the growing season (June 2012). The
plants from all the pots were removed at late June
2012 and ovendried at 60 °C for 48 h. Shoot and root
samples were weighed in order to determine shoot
dry weight (g plant-1) and root dry weight (g plant -1)
and to calculate the S/R ratio.
Root samples were cleared and stained and
mycorrhizal colonization was evaluated according to
Trouvelot et al. [18]. It expressed as percentage of
mycorrhization (M%) and percentage of arbuscules
in the root system (A%).
Data for the shoot dry weight, root dry weight,
the S/R ratio, the length of the main axis, the total
number of both axillary and adventitious shoots, the
total number of leaves per plant, the mycorrhizal
colonization and the percentage of arbuscules in the
root system were analyzed as completely
randomized block design with two irrigation
treatments and four AMF colonization treatments
[19] with five replications. General linear models
procedure (SPSS 18 for Windows) was used for
ANOVA. The LSD at the 0.05 probability level was
used to detect the differences among means [20].

to be adapted well to drought stress conditions [15],
limited information is available regarding the effects
of AMF colonization on its growth characteristics.
The beneficial effect of mycorrhizal
colonization has been well substantiated on many
forage crops [16]. Nevertheless, less is known about
the selection of effective mycorrhizae and
exploitation of their beneficial effects on enhancing
the forage production of Medicago sativa in the
Mediterranean region. The understanding of growth
characteristics and dry matter yield as affected by
AMF colonization is important for the sustainable
utilization of M. sativa swards under the predicted
future warmer and drier climatic conditions. The
general objective of this study was to test the effects
of various AMF on growth characteristics and dry
matter production of Medicago sativa in relation to
different water availability.

MATERIALS AND METHODS
The experiment was conducted at the farm of
the Democritus University of Thrace, in Orestiada,
Northeastern Greece (41° 33' N, 26° 31' E), at an
altitude of 33 m above sea level. The climate of the
area is characterized as sub-Mediterranean. The
mean annual precipitation is 515 mm, and the mean
annual temperature is 14.2 °C.
Seeds of the perennial legume Medicago sativa
L. cv. Hypati, were sown into 40 plastic pots of 10 lt
full of surface soil (0-20 cm) from the Democritus
University farm mixed with sand, in March 2012.
The soil is silty clay with pH 7.5 (1:2 water), organic
matter 20.5 g kgí, electrical conductivity 0.04 S mí,
total N 1.11 g kgí, N±NO3 9 mg kgí, P (Olsen) 13.2
mg kgí, and available K 178 mg kgí [17]. The total
seeding density was six seeds per pot. Two weeks
after the emergence of the seeds, some seedlings
were removed from every pot in order to acquire a
planting density of two seedlings per pot. The pots
were then placed in an open area and subjected to a
full irrigation treatment for a month prior to the onset
of the experiment.
Two different irrigation treatments were
applied once the experiment commenced: (1) up to
full capacity and (2) 33% of full capacity. AMF
application treatments were defined as: (1) control
(no addition of AMF); (2) Rhizophagus intraradices
Blaszk, Wubet, Renker and Buscot (recently
renamed from Glomus intraradices Schenck and
Smith) inoculation; (3) Funneliformis mosseae
Nicolson and Gerdemann (recently renamed from
Glomus mosseae) inoculation; (4) mix of
Rhizophagus intraradices and Funneliformis
mosseae inoculation. In the AMF inoculated pots, 8
ml of 10% w/v water-inoculum suspension (25
spores gí) was applied 3 cm below the depth of
seeding in each pot before sowing. The pots were
arranged in a completely randomized block (block in

RESULTS AND DISCUSSION
Mycorrhizal colonization did not significant
differ between the irrigation treatments (Figure 1a).
Similar results are common in studies involved
potted plants [21]. AMF development could be
affected not only by soil water content but also by
differences in host and soil factors [22]. Both
irrigation and mycorrhizae application affected
significantly the percentage of arbuscules in the root
system (Figure 1b). Under limited irrigation the
percentage of arbuscules in the root system reduced
with the exception of Rhizophagus intraradices,
while increased arbuscules (%) were found in plants
inoculated with the mix of mycorrhizae species
compared to the other AMF application treatments.
Irrigation and mycorrhizae application affected
significantly root dry weight of Medicago sativa
(Table 1). Additionally, significant differences for
shoot dry weight, the length of the main axis, the
total number of both axillary and adventitious shoots
and the total number of leaves per plant were
recorded only between the irrigation treatments. S/R
ratio was affected neither by the irrigation treatment
nor by the mycorrhizae application. Significant
interaction was observed between the irrigation and
the mycorrhizae treatments only for root dry weight
(Table 1), indicating that the water stress effect was
not consistent in the mycorrhizae.
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The shoot dry weight (across mycorrhizae
treatments) and the root dry weight of limited
watered plants reduced approximately 67% and 54%
respectively, while the S/R ratio did not significantly
differ between the irrigation treatments (Table 2).
Similarly, the number of leaves, the number of
shoots and the length of the main axis were
significantly lower for limited watered plants
compared to the well watered ones (Table 2).
The results of the present study suggest that
limited irrigation decreases significantly yield and
yield components in Medicago sativa. It has to be
noted that the decreased number of leaves recorded
at plants grown under drought stress conditions has
been described as a drought avoidance strategy of
seedlings in order to reduce transpiration [23].
Decreased number of shoots and length of the main
axis of Medicago sativa under reduced irrigation has
been reported by Gorai et al. [24], too. It has been
reported for many species that they tend to increase
their roots under drought conditions as a water
restriction tolerance mechanism for their better
survival [25]. However, in this study drought
stressed plants had significantly lower root dry
weight. It seems that Medicago sativa has probably
other mechanisms to adapt to water stress. Similar
findings for the response of Medicago sativa's roots
under water limitations have been reported in many
other studies [24, 26, 27, 28].

* Rhizophagus intraradices, ** Funneliformis
mosseae.
FIGURE 1
(a) Percentage of mycorrhizal colonization
(Mean ± S.E.) and (b) percentage of arbuscules
(Mean ± S.E.) in Medicago sativa plants grown
under well-watered conditions (up to full
capacity) and drought stressed (33% of full
capacity).
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[7, 30, 31]. In contrast, Khan et al. [32] reported
increased shoot dry weight of AMF inoculated
Medicago sativa plants, but they used different AMF
species and mixtures in their study. The results of the
present study confirm that the ability of AMF to
promote plant growth by absorbing nutrients from
soil is AMF species depended [33, 34, 35].
Moreover, Auge [21] stated that photosynthetic
responses under various abiotic stress conditions are
related to the different species of AMF.
The root dry weight was significantly lower for
all AMF plants than the non-inoculated plants under
full irrigation. This result is in accordance with Di
and Allen [36] for Agropyron cultivars and
Cavagnaro et al. [37] for Solanum lycopersicum who
also found that AMF colonization of plants
decreased root biomass. The low root dry weight can
be associated with the AMF symbiosis, which
improved significantly the water absorption capacity
[38] of the inoculated plants, fact that reduces the
need of an increase to the roots. However,
inoculation of Funneliformis mosseae and
Rhizophagus intraradices maintained root biomass
compared to the control and the mix inoculated
plants under drought stress conditions. This is a
positive effect indicating that AMF symbiosis can
benefit the survival and growth of Medicago sativa
which tends to decrease its roots under water
limitations. It is worth mentioning that the effect on
plant adaptation to drought among the AMF species
is complex [39].
Among the studied mycorrhizae species,
Rhizophagus intraradices performed better than
Funneliformis mosseae and their mixture as the root
dry weight of Medicago sativa plants inoculated with
this species was significantly higher under limited
watered conditions. The mix of these mycorrhiza

These results confirm the fact that soil moisture
constitutes a critical factor for plant growth and
forage production in the Mediterranean region [29].
The root dry weight (across the irrigation
treatments) was significantly lower for the plants
with Funneliformis mosseae and the mix of
Rhizophagus intraradices and Funneliformis
mosseae compared to the non-inoculated plants and
those with Rhizophagus intraradices, while there
were no significant differences among them (Table
3). Mycorrhizae treatments did not affected shoot
dry weight, S/R ratio, the number of leaves, the
number of shoots and the length of the main axis.
The AMF inoculated plants tend to have more shoots
and leaves, but this difference did not produce
significant results.
The AMF inoculated plants had significant
lower root dry weight under well watered conditions
compared to the non-inoculated plants, while there
were no significant differences among the
mycorrhizae application treatments (Table 4). On the
contrary, the root dry weight of Rhizophagus
intraradices inoculated plants was significantly
higher under limited watered conditions compared to
the Funneliformis mosseae, the mix and non
inoculated plants, that they are not differed. Limited
irrigation significantly reduced root dry weight of the
mix inoculated and the non inoculated plants, while
it did not affect those inoculated with Funneliformis
mosseae and Rhizophagus intraradices.
Arbuscular
mycorrhizal
fungi
(AMF)
inoculation did not improve Medicago sativa yield,
although there was a non significant tendency of
inoculated plants to have more shoots and leaves.
This result is in agreement with previous studies who
reported that AMF inoculation did not affect the dry
weight of Glycine max, Lactuca sativa and Zea mays
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Geneva, 210 p.
[5] Ruiz-Lozano, J.M. and Azcon, R. (2000)
Symbiotic efficiency and infectivity of an
autochthonous arbuscular mycorrhizal Glomus
sp from saline soils and Glomus deserticola
under salinity. Mycorrhiza, 10, 137-143.
[6] Ruiz-Lozano,
J.M.
(2003)
Arbuscular
mycorrhizal symbiosis and alliviation of
osmotic stress. New perspectives for molecular
studies. Mycorrhiza, 13, 309-317.
[7] Porcel, R. and Ruiz-Lozano, J.M. (2004)
Arbuscular mycorrhizal influence on leaf water
potential, solute accumulation, and oxidative
stress in soybean plants subjected to drought
stress. J Exp Bot, 55, 1743±1750.
[8] Rillig, M.C., Treseder, K.K. and Allen, M.F.
(2002) Mycorrhizal fungi and global change. In:
van der Heijden, M.G.A., Sanders, I.R. (Eds.),
Mycorrhizal Ecology, Ecological Studies Series
157. Springer, Berlin, pp. 135±160.
[9] Michaud, R., Lehman, W.F. and Rumbaugh,
M.D. (1988) World distribution and historical
development. P. 25-91. In A.A. Hanson, D.K.
Barnes and R.R. Hill, Jr. (ed.) Alfalfa and alfalfa
improvement. ASA-CSSA-SSSA, Madison,
WI.
[10] Bingham, E., Armour, D. and Irwin, J. (2013)
The hybridization barrier between herbaceous
Medicago sativa and woody M. arborea is
weakened by selection of seed parents. Plants,
2(2), 343-353.
[11] Charrier, X., Emile, J.C. and Guy, P. (1993)
Recherche de génotypes de luzerne adaptés au
pâturage. Fourrages, 135, 507-510.
[12] Rochon, J.J., Doyle, C.J., Greef, J.M., Hopkins,
A., Molle, G., Sitzia, M., Scholefield, D. and
Smith, C.J. (2004) Grazing legumes in Europe:
a review of their status, management, benefits,
research needs and future prospects. Grass
Forage Sci, 59, 197-214.
[13] Samuil, C., Vintu, V., Sirbu, C. and Surmei,
G.M. (2012) Behaviour of fodder mixtures with
alfalfa in North-Eastern Romania. Rom Agric
Res, 29, 227-235.
[14] Kavut, Y.T. and Avcioglu, R. (2015) Yield and
quality performances of various alfalfa
(Medicago sativa L.) cultivars in different soil
textures in a Mediterranean environment. Turk J
Field Crops, 20(1), 65-71.
[15] Erice, G., Louahlia, S., Irigoyen, J.J., SanchezDiaz, M. and Avice, J.C. (2010) Biomass
partitioning, morphology and water status of
four alfalfa genotypes submitted to progressive
drought and subsequent recovery. J Plant
Physiol, 167, 114±120.
[16] Erkovan, H.I., Erkovan, S., Memur, M., Erdem,
E. and Koc, A. (2015) Response of the seedlings
of four cool-season grasses to plant growthpromoting bacteria and mycorrhizae in two
different soils. Fresen. Environ. Bull., 24(5),

species was inferior to the other AMF application
treatments. This is probably related to the interaction
between the two mycorrhiza species that reduces
their positive effect to plants. Similar results about
the mixture of the specific AMF species has been
reported for Dactylis glomerata [40]. Moreover, the
mixture reduced drastically the root system of the
plants growing under limited irrigation, fact that
could prejudicially affect the plants growth under
prolonged drought and consequently the sward
persistence.
The response of Medicago sativa to AMF
inoculation was generally weak. The weak growth
response of plants to AMF is not unusual, as
mycorrhizal growth response varying from positive
to neutral or negative. It has been well documented
that these responses are influenced by the symbiotic
partners, the genotypes, the developmental stages
and the environmental conditions [41, 42, 43].
Moreover, negative response also correlates with the
higher symbiotic cost in relation to the
photosynthetic supply [44].

CONCLUSIONS
In conclusion, Medicago sativa is difficult to be
adapted to water stress as its yield and yield
components as well as its root biomass significantly
reduced with limited irrigation. This study provided
evidence that AMF have the potential to be
beneficial on the survival and growth of Medicago
sativa under drought stress conditions. As the effects
of mycorrhizae application to host plant are
complex, further studies on Medicago sativa±AMF
symbiosis in the field are needed in order this
symbiosis to be tested under plant competition and
cutting or grazing conditions. Moreover, the effect of
AMF inoculation on the forage quality of Medicago
sativa is also essential to be tested.
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larva feding [3,4].
A kind of honey bee product; pollens that are
rich antioxidant sources are very important for both
the nourishment of people and for pharmaceuticals
[3,4]. Pollen collected by bees can be identified as
free radical compensator and lipid peroxidant
inhibitör [5]. It is also known that bee pollen contains
lipids, sugars, proteins, amino acids, vitamins,
carbohydrates, caretenoids and polyphenolics such
as flavonoids [3]. Therefore, the aim of this study is
to investigate the antioxidant activity of Onobrychis
pollen grains which are preferred by bees as a source
of protein. For this purpose, the pollen grains were
analyzed by GC-MS and antioxidant test parameters
such as total phenolic and total flavonoid contents,
metal chelating activity, hydrogen peroxide and free
radical scavenging activities were evaluated. It is
deemed that the results of this research will
contribute to the beekeepers in this region and for the
further researches about applications of pollen.

ABSTRACT
In this study, brown pollens of the genus
Onobrychis Mill. were collected from the Black Sea
Region of Turkey. By this study, antioxidant test
parameters such as free radical and hydrogen
peroxide scavenging capacities, chelate activity,
total phenolic and flavonoid contents were
investigated in Onobrychis pollens. The volatile
compounds of the pollens were determined by Gas
Chromatography-Mass Spectrometry.
The metal chelating activities of sample and
standards in the concentration of 100 μg/mL ranged
from 89.43±1.74% to76.36±1.39%. DPPH radical
and hydrogen peroxide scavenging activities of
sample and standards decrease as BHA, OP, TOC
and OP, BHA, TOC, respectively. It was detected
596.81±2.60 mg GAE/100g of total phenolics and
21.49±0.52 mg CAE/100 g of total flavonoids in
pollens. Alcohols, aliphatic acids and their esters,
carboxylic acids and their esters, fatty acids,
hydrocarbons and sugars groups were identified by
GC-MS in the ethanol extract of pollen sample.
According to these results, Onobrychis showed
high antioxidant activity compare to standard
antioxidants.

KEYWORDS:
Onobrychis, Pollen, antioxidant activities,
scavenging, phenol, flavonoid, GC-MS.

MATERIALS AND METHODS
Field of Study. The sample was collected from
the Eastern part of the Black Sea Region between
40°54´N and 38°25´S. The area is located in the
European-Siberian flora region and represents the
Euxine Province in Turkey. Euxine field is divided
in two by the Melet River. East and West of the
Melet River are called Colchic and Euxine,
respectively [6].
On the Eastern Black Sea, receives a lot of rain
and different climate features exist on he north
hillsides of the Mountains and in the Kelkit basin.

radical

INTRODUCTION
In the world there are nearly 170 taxa of
Onobrychis Mill. which are especially planted as
feed crops for animals [1,2]. In Turkey, Onobrychis
represents 54 taxa [2].
Today, people have started to prefer healthier
and more nutritious food. Pollens are collected from
different flowers by honeybees colonies (Apis
mellifera L.) for the purpose of brood breeding and

Pollen Samples. In September 2013, pollen
samples were collected from the Black Sea
Geographical Region of Turkey.
Pollen Analysis. The pollen analysis was done
with permission from the International Bee Botanic
committee and the Society of International Biology
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mL was taken from both the solution of extract and
each of the standard antioxidant materials. The
samples were let sit for 10 min with 0.05 mL FeCl 2
(2 mM). Then they were filled to 4 mL by adding 0.2
mL ferrozine (5 mM) and absolute ethanol. These
mixtures were kept at room temperature for 10 min.
They were shaken forcefully and the absorbance of
the mixtures was measured at 562 nm. A decrease in
absorbance estimation demonstrates a high level of
metal chelating activity of extracts and standard
antioxidant materials. The metal chelating activities
of the extract and the standard antioxidant material
were calculated according to the formula below:
)HUURXV ,RQV &KHODWLQJ $FWLYLW\    > í
(As/Ac)] × 100
AcFRQWURO¶VDEVRUEDQFHYDOXHVAS : H[WUDFW¶VRU
VWDQGDUGPDWHULDO¶VDEVRUEDQFHYDOXHV

Scientists. The Louveaux et al. method (1978) was
applied with minor changes [7]. 2 g of pollen was
mixed with 50 mL water for 15 min. Then 10 ml of
this mixture was attenuated with 30 mL water [8].
After this stage, sample was centrifuged and
supernatant was poured and sample coloured using
basic-fuchsin glycerin jel for permanent
preparations. Microscope examination (Nikon
Eclipse 50i) was performed under normal lighting at
a magnification of 1000X. The pollen diagnosis was
done according to reference preparates obtained
from local flora, and related palynology books and
atlases [1,9,10].
The Determination of Free Radical
Scavenging Activity. The pollen extract solutions
(5-100 μg/mL) were prepared with absolute ethyl
alcohol. The DPPH free radical scavenging activity
of the sample was determined according to Blois
method [11]. 3.0 mL was taken from sample
solutions and 1.0 mL DPPH (0.1 mM), prepared by
adding absolute ethanol, was mixed with it and then
blended properly. It was kept at room temperature in
a dark environment. 30 min later, the absorbance of
mixtures was measured at 517 nm. Free radical
scavenging activity was evaluated by drawing
standard calibration graphics. Free radical
scavenging activities of reaction mixtures were
calculated by using absorbance estimations 30 min
later and compared with BHA (Butylated Hydroxy
Anisole) and TOC Į-tocopherol) as standard
antioxidants. The decrease in absorbance estimation
is a demonstration of high rate of free radical
scavenging activity. The free radical scavenging
activity of the sample is expressed as SC50 ȝJP/ 

The measurement of total phenolic content.
Amount of total phenolic compound in the pollen
extract used in this research was determined
according to the Slinkard and Singleton method [14]
using Folin-Ciocalteu reactive. A sample was taken
in ethyl alcohol solution (1 mg/mL, 0.5 mL) and then
deionized water (7.0 mL). 0.5 mL Folin C reagent
was added and the content of the tube mixed
thoroughly. After 3 minutes, Na2CO3 (2.0%, 2.0 mL)
was added and the sample was let sit at room
temperature and was shaken occasionally for 2 h.
The absorbance of mixtures was measured at 760
nm. Total phenolic content of the sample was
calculated with the aid of gallic acid calibration
curve (R2:0.9827).
The measurement of total Flavonoid
content. Total flavonoid content of pollen extract
used in this study was measured according to the
aluminium chloride colorimetric method [15]. Ethyl
alcohol solution of the samples (1 mg/mL, 0.5 mL)
were taken and deionised water (1.5 mL) was added.
Then, A1C1Â6H2O (10.0%, 0.1 mL) and 1 M
potassium acetate (0.1 mL) were added and was
diluted using 2.8 mL deionized water. After it was
incubated at room temperature for 30 min, its
absorbance was immediately measured at 415 nm.
7KH VDPSOH¶V WRWDO IODYRQRLG contents were
calculated with the aid of the catechin calibration.

Hydrogen Peroxide Scavenging Activity
Determination. The hydrogen peroxide scavenging
activity of the sample used in the study was done
according to Ruch method [12]. For this, 3.4 mL was
taken from the sample (5-100 μg/mL), and 0.6 mL
40 mM H2O2 (prepared with 0.04 M phosphate
buffer (pH =7.4)) was added. After 10 min the
absorbance of the mixture was measured at 230 nm
compared to a blank sample. Phosphate buffer (0.04
M, pH=7.4) which does not include hydrogen
peroxide solution was used as blank sample.
Decreasing in the absorbance value shows that
hydrogen peroxide scavenging activity of this
sample is high. Hydrogen peroxide scavenging
activity of sample is expressed as SC50 values
(μg/mL) and the obtained result compared with
standart antioxidants.

Gas chromatography-Mass spectrometry
(GC-MS) analysis. Extraction of pollen sample.
The pollen samples were extracted with absolute
ethanol (1g/10ml). The samples were vortexed every
day during a week. Then 1 μl of the extract was
analysed by GC-MS. The method is modified from
Çelemli and Salih [16].

The Determination of Metal Chelating
Activity. The metal chelating activity of the solution
of pollen extract and the standard antioxidant
materials prepared with absolute ethanol was
determined according to the Dinis Method [13]. 0.4

GC-MS analysis. Aroma compounds are
present in pollen at very low concentrations as
complex mixtures of volatile components of
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different functionality and relatively low molecular
weight.
Since
gas
chromatography/mass
spectrometry combines high separation efficiency
and sensitivity and provides qualitative and
quantitative data for these compounds, it is usually
the technique of choice for aroma profile
determination.
A GC 6890N instrument from Agilent (Palo
Alto, CA, USA) coupled with a mass detector
(MS5973; Agilent) was used for the analysis of the
pollen sample. Experimental conditions of the GCMS system were as follows: a DB 5MS column (30
P[PPȝPILOPWKLFNQHVV ZDVXVHGDQG
the flow rate of the mobile phase (He) was set at 1
mL/min. For gas chromatography, the temperature
was kept at 35°C for 8 min and then increased to
60°C at a rate of 6°C/min followed by 4°C/min to
160 °C and 20°C/min to 200°C/min. It was then kept
at 200°C for 1 min.
Organic compounds in the pollen sample were
LGHQWLILHGLQ:LOH\¶V1,670DVV6SHFWUDO/LEUDU\LI
the obtained comparison scores were higher than
95%. Otherwise, fragmentation peaks of the
compounds were evaluated, and the compounds
were identified using the memory background for the
identification of the compounds that appeared in GCMS chromatograms. Contents of individual
compounds in the ethanol extract are given in percent
of the total compounds in the sample. This was the
standard way to quantify most organic compounds in
the pollen sample. Variations were not higher than
5% [17].

FIGURE 1
SC50 values (μg/mL) of free radical scavenging
(FRSA) and hydrogen peroxide scavenging
activities (HPSA) of pollen extract. OP:
Onobrychis, Pollen, BHA: (Butylated Hydroxy
$QLVROH DQG72& Į-tocopherol).

RESULTS
According to microscopic observation, it was
determined that the pollen sample belonged to the
Onobrychis spp..
For the determination of the antioxidant activity
of pollen sample several different test methods were
done. According to obtained results, DPPH free
radical scavenging activities of the sample and
standard were found to be BHA (8.77 ± 0.29) < OP
(10.55 ± 0.57) < TOC (11.42 ± 0.74) expressed as
SC50 values (μg/mL) (Figure1). Hydrogen peroxide
scavenging activities SC50 amounts (μg/mL) were
found to be OP (100.69±1.83) < BHA (182.19±0.78)
< TOC (217.46±1.47) (Figure 1).
Metal chelating activity of the sample used in
the experiment studies and standard antioxidant
materials was determined according to the Dinis
PHWKRG   7KH VDPSOH DQG VWDQGDUGV¶ PHWDOchelate activities were found to be OP
(89.43±1.74%) > TOC (82.97±0.41%) > BHA
(76.36±1.39%) at the 100 μg/mL concentration
(Figure 2).

FIGURE 2
Metal chelating activities of pollen extract
and standards at the 100 μg/mL concentration.
OP: Onobrychis, Pollen, BHA: (Butylated
+\GUR[\$QLVROH DQG72& Į-tocopherol).
According to the results, in the pollen extract,
596.81±2.60 mg gallic acid equivalent (GAE)/100g
total phenolic substance and 21.49±0.52 mg
CAE/100g total flavonoid substance were found.
The copounds belong to the alcohols, aliphatic
acids and their esters, carboxylic acids and their
esters, hydrocarbons and sugars groups were
identified in the pollen sample by GC-MS (Table 1).

DISCUSSION
As a result of microscopic observation, it was
determined that brown pollen pellets collected by
honey bees are homogeneous and belong to the
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7$%/(
7KHFRPSRXQGVLGHQWLILHGLQSROOHQVDPSOH
Compounds
Alcohols
2-Furanmethanol
Iso butyl alcohol
Aliphatic acids and their esters
Butenoic acid ethyl ester
Decanoic acid propyl ester
11-Cyclopentylundecanoic acid
Pentanedioic acid
Heptadecanoic acid
Carboxylic acids and their esters
Acetic acid
Fatty acids
Palmitic acid
Hydrocarbons
Heneicosane
10-Heneicosane (c,t)
Hexatriacontane
Sugars
D-Glycero-D-galacto-heptose
Others
1-methyl-2-ethylcyclopentane isomer 2
2-Oxo Propionamide
¶-Imino-Bis(Propylamine)
1,1-dihydroxy-2,2-dimethoxy cyclobutane-3,4-dione
Ethyl 2,2-difluoro-2-(4-propen-¶-oxyphenyl)acetate
3-chloro 1,2-Propanediol
1-methoxy-1-buten-3-yne
Eethylamine
3,4-dimethyl-1H-Pyrazole
Hexyl isopropyl ether
2-carbamyl-9-[beta-D-ribofuranosyl]hypoxanthine
Ethyl D,L-3-hydroxybutyrate
(+-)8,8,-Dimethyl-(3ar,8bc)3,3a,4,5,6,7,8,8b-octahydro-indo[1,2-b]furan-2-one
4,5- Dihydro-2-methylimidazole-4-on
2-methyl-cyclopentanone
cis-2,3-epoxyheptane
2-methyl-morpholine
4-Chloro-1-butanol
O-pentyl-hydroxylamine
Hexahydro-1,2,4,5-tetramethyl-1,2,4,5-tetrazine
3-hydroxy butanal
1-pentyl-3,3-D2-acetate
Acetic anhydride
S-[2-Aminoethyl]-D,L-cysteine
6 (E),9 (Z),13(E)-pentectriene
2-Methyl-9-beta-D-ribofuranosyl hypoxanthine
S- (N-PHWK\OWKÕRFDUEDP\O isothiourea
genus Onobrychis. Also Stanciu (2012) stated in his
study that brown pollens were Onobrychis and
Verbascum phlomoides [22]. Many researchers
suggested that pollens collected by honeybees reflect
the flora of the field [4,23,24]. Our study also
confirms this finding. O. montana subsp. cadmea
(Boiss) is the form most commonly planted in the
region [25].

6.69
3.60
4.86
2.42
2.32
0.99
0.35
0.34
7.83
3.74
1.37
2.09
1.32
0.56
0.37
0.37
1.32
0.74
3.36
6.08
0.58
0.59
5.20
0.81
3.73
0.81
0.41
0.24
1.35
0.65
1.67
1.14
1.41
7.95
3.75
0.80
1.84
7.51
1.75
0.42

In literature no research exists about the
chemical composition of Onobrychis pollen. We
found compounds belonging to the alcohols,
aliphatic acids and their esters, carboxylic acids and
their esters, hydrocarbons and carbohydrates groups
in Onobrychis pollen sample by GC-MS.
Carbohydrates content of pollen are derived
from the nectar with which the flower pollen has
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EC50 values to be 181.4 ± 1.7 μg/mL. Of the 16 taxa,
only Trifolium sp. is in same family with our sample,
but it is a different genus [3]. Compared to this result,
the sample of pollen in our study shows a high
activity. Also Almaraz-Abarca et al. found EC50
values in the range of 6.4 ± 0.3 ± 14.0 ± 0.9 μg/mL
in their pollen samples from the taxa Zea mays L.
(Poaceae), Tagetes sp. (Compositae), Amaranthus
hybridus L. (Amaranthaceae), Solanum rostratum
Dun. (Solanaceae), Bidens odorata Cav.
(Compositae) and Ranunculus petiolaris HBK.
(Ranunculaceae) [20]. These results show great
similarities with our results.
Our pollen sample and the standard antioxidant
PDWHULDOV¶ K\GURJHQ SHUR[LGH FOHDUDQFH DFWLYLWLHV
were determined according to the Ruch Method [12].
The basis of this method is to measure hydrogen
peroxide content at 230 nm spectrophotometrically.
The decrease in absorbance indicates the extent of
the hydrogen peroxide clearance activity. Hydrogen
peroxide clearance activities in SC50 amounts
(μg/mL) were found to be OP (100.69±1.83) < BHA
(182.19±0.78) < TOC (217.46±1.47). According to
these values, our pollen sample showed higher
activity than standard antioxidant materials.
The basis of metal chelating activity method is
to calculate the portion of a complex which is
composed of Fe+2±ferrozine, via spectrophotometry
at 562 nm. If there is a chelating agent present, the
construction of Fe+2±ferrozine complex spoils and a
pale colour is seen. Freire et al. analysed chelating
agent with Fe+2 ion of sample and found it low
compared to EDTA which was used as a positive
control [4]. As seen from results, our sample has a
quite higher metal chelating activity than the results
found in in literature.
In the pollen extract, 596.81±2.60 mg GAE/100
g total phenolic substance and 21.49±0.52 mg
CAE/100g total flavonoid substance were found. In
literature, some articles about phenolic and flavonoid
ingredients of pollen samples can be found. In these
articles, while Freire et al. found the phenolic content
in a pollen sample to be 41.5±0.2-213.2 mg GAE/g
[4], Le Blanc et al. found the phenolic content in a
pollen sample to be 15.91±0.05 ± 34.85±0.08 mg/g
[19]. According to these results, our sample has a
lower phenolic content than samples of Freire et al.
[4] and Le Blanc et al. [19]. In a study which was
conducted by Serra Bonvehí et al., it was determined
that the flavonoid content of eleven pollen samples
(Cistus ladaniferus, Echium plantagineum, Quercus
sp., Compositae, Papaveraceae, Plantago sp., and
Erica lusitanica) was 0.35 ± 0.78g/100g [21].
According to these results, our sample had a slightly
lower flavonoid content. When all the data is
evaluated, phenolic and flavonoid contents may vary
based on differences in region and time. This
situation is shown in the study which was conducted
by Freire et al. [4].

been mixed in the flowers [3]. We found only one
FDUERK\GUDWH FRPSRXQG ³'-Glycero-D-galactoKHSWRVH´ZLWKDUDWLRRI
According to the GC-MS analysis, we mostly
found fatty acids and aliphatic acids in the pollen
sample. Fatty acids play an essential role in the
reproduction, development, and growth of honey
bees [26]. Of all the fatty acids, palmitic acid was
identified as having the highest amount (7.83%) in
the Onobrychis pollen sample.
When comparing with the other researches the
results were similiar. Thompson et al. analyzed the
fatty acid of five cultivars of pecans (Carya
illinoinensin) by GC-MS and they found palmitic,
stearic, oleic, linoleic and linolenic acids in these
samples [27]. Also SzczĊsna (2006) investigated the
fatty acids of Brassicaceae, Artemissia and
multifloral pollen samples and found myristic acid,
palmitic acid, stearic acid, oleic acid, linoleic acid,
linolenic acid, arachidic acid, behenic caid,
lignoceric acid. Among these compounds the ratio of
linolenic acid was the highest in all investigated
samples and the content of palmitic acid is close to
the linolenic acid compare to the other compounds
[18]. We also found palmitic acid in a ratio of
7.83%. More samples must be investigated to
determine marker compounds for Onobrychis
pollen.
DPPH is a decisive radical and can take
electrons or hydrogen from its environment. The free
radical removal activities of the sample used in this
study and standard antioxidant material was
measured according to the Blois method. The basis
of this formula is spectrophotometric measurement
of DPPH radical at 517 nm. If there is an antioxidant
material in the environment, there is a decrease in the
purple colour of the DPPH and the hydrazine
compound, and the DPPH turns to yellow. For this
reason, such a decrease in absorbance value
demonstrates that the concentration of the DPPH
radical is decreased in the environment. DPPH free
radical removal activity was found to be BHA (8.77
± 0.29) < OP (10.55 ± 0.57) < TOC (11.42 ± 0.74)
SC50 values (μg/mL). LeBlanc et al. found DPPH
free radical removal activities to be 0.00 ± 90.45 ±
0.69 % for six taxa in America (Mesquite, Yucca,
Palm, Terpentine Bush, Mimosa ve Chenopod) using
various solvents. Also, in samples that included
ethanol as the solvent, DPPH free radical removal
activities ranged between 11.35 ± 3.46% ± 75.90 ±
1.19 % [19] According to our results, our sample
showed higher activity than all six taxa except for
Mimosa. Grakiou et al. detected 16 different taxa in
their pollen samples (Papaver rhoeas, Chamomila
recutita, Sinapis arvensis, Cistus sp., Trifolium sp.,
Dorycnium sp., Cichorium sp., Convolvulus sp.,
Circium sp., Malva sylvestris, Fumaria sp.,
Eucalyptus camaldulensis, Anemone sp., Ononis sp.,
Asphodelus sp. and Quercus ilex) and determined the
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[9] 6RUNXQ.  7UNL\H¶QLQ1HNWDUOÕ%LWNLOHUL
YH3ROHQOHUL $QNDUD7UNL\H.DONÕQPD9DNIÕ
<D\ÕQÕ
[10] (ULN6DQG'R÷DQ&  $OOHUMHQbitkiler.
In: Onerci M (ed.) Allerjik Rinosinüzitler, pp.
257-335. Ankara: Rekmay Ltd.
[11] Blois, M.S. (1958) Antioxidant determinations
by the use of a stable free radical. Nature 26:
1199±1200.
[12] Ruch, R.J., Cheng, S.J., Klaunig, J.E. (1989).
Prevention of cytotoxicity and inhibition of
intracellular communication by antioxidant
catechins isolated from Chinese green tea.
Carcinogenesis 10:1003±1008.
[13] Dinis, T.C.P., Maderia, V.M.C., Almeida, L.M.
(1994) Action of phenolic derivates
(acetoaminophen,
salycilate,
and
5aminosalycilate) as inhibitors of membrane lipid
peroxidation and as peroxyl radical scavengers.
Arch Biochem Biophys 315: 161±169.
[14] Slinkard, K., Singleton, V.L. (1977) Total
phenol analyses: automation and comparison
with manual methods. Am. J. Enol. Vitic. 28:
49±55.
[15] Chung, Y.C., Chang, C.T., Chao, W.W., Lin,
C.F., Chou, S.T. (2002) Antioxidative activity
and safety of the 50% ethanolic extract from red
bean fermented by Bacillus subtilis IMR±NK1.
J. Agric. Food. Chem. 50: 2454±2458.
[16] Çelemli, Ö.G., Salih, B. (2009) GC-MS
Analysis of propolis samples from 17 different
regions of Turkey, four different regions of
Brazil an done from Japan. Mellifera 9(17): 1928.
[17] Çelemli, Ö.G. (2014) Comparing botanical
origin and volatile compounds of some turkish
honey samples. Hacettepe J. Biol.&Chem.
42(4):459-468.
[18] Stanciu, O.G., Marghitas, L.A., Dezmirean, D.,
Campos, M.G. (2012) Specific distribution of
minerals in selected unifloral bee pollen, Food
Science and Technology Letters 3(1): 27-31.
[19] Morais, M., Moreira, L., Feas, X., Estevinho,
L.M. (2011) Honeybee-collected pollen from
five Portuguese Natural Parks: palynological
origin, phenolic content, antioxidant properties
and antimicrobial activity. Food. Chem.
Toxicol. 49: 1096-101.
[20] Dorea, M.C., Novais, J.S., Santos, F.A.R.
(2010) Botanical profile of bee pollen from the
southern coastal region of Bahia, Brazil. Acta
Botanica Brasileira 24: 862±867.
[21] Davis, P.H. (1969) Onobrychis Mill In: Davis
PH (ed.) Flora of Turkey and the East Aegean
Islands. Vol. 3. pp. 560-589. Edinburgh:
Edinburgh University Press.
[22] <DQJ.:8'<(;/ø8'&+(1-
SUN, P. (2013) Characterization of chemical
composition of bee pollen in China, J.

CONCLUSION
Pollen grains of Onobrychis found fatty acids
and aliphatic acids. Of all the fatty acids, palmitic
acid was determined as having the highest amount
(7.83%) in sample. Antioxidant activity is very
important for natural and synthetic compounds
because of the exogenous and endogenous oxidant
species ie. superoxide anion radical, hydroxyl
radical, hydrogen peroxide etc. We conclude that this
pollen can be used antioxidant agent in several area
such as food, medicine owing to its crucial
antioxidant activity.
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other natural factors, but also easily polluted by the
agricultural irrigation, industrial emission, domestic
sewage and wastewater discharge etc. [2, 3]. As the
population increasing and the water pollution getting
severe, the quality of surface water has recently
become as significant as their quantity for effective
management of water resource [4].
Since the 1980s, China has the serious water
pollution problems caused by the rapid
developments of society and economy [5, 6].
Although the southern area of China has abundant
quantity of natural water resource, high quality water
sources is still insufficient due to water pollution.
Consequently, the water quality analysis and
evaluation of drinking water sources is necessary and
crucial for developing a new drinking water source
and water supply security.
Huzhou is a city located in the northern of the
Zhejiang Province, China, and a part of Tai Lake
Basin. Huzhou has a superior environment, a typical
subtropical monsoon climate, four distinct seasons
and abundant rainfall [7, 8]. In Huzhou, surface
water resources are very important for drinking,
irrigation and other purposes. In the earliest time, the
drinking water source of downtown was just river
water from Tiaoxi River System. Due to the rivers
being polluted by many factors and the water quality
declining year by year, the Laohutan Reservoir
which was located 30 kilometers away from
downtown in the southwest of Huzhou was added to
be the new drinking water source in 2009. The
Laohutan Reservoir has good water quality, but also
has the disadvantages as the limited quantity, the far
conveying distance and high transportation cost [9].
With the promotion of urbanization and the
improvement of unified urban and rural water supply,
the Tai Lake with abundant water and close location
becomes the preferred choice and a new water plant
is under construction now. In Tai Lake, the
eutrophication degree, dissolved organic matter and
metal content increased rapidly because of the
discharge of the contaminative water, heavy use of
fertilizers and pesticides [10-12], and caused the
large-scale blue algae bloom in 2007. In coming

ABSTRACT
Water quality evaluation is very important for
the design and operation of water treatment and the
security of water supply. As the urbanization and
population increasing, three types of surface water
are simultaneously applied for drinking water
sources in Huzhou. Based on the continuous
monitoring and data analysis from 2011 to 2015,
water quality evaluation was carried out by nine
water quality indexes, in order to investigate the
pollution characteristics and temporal variation
trends of drinking water sources. The results showed
that these three types of surface water generally
conformed to the water quality standards of drinking
water sources, and the water quality decreased in
order of reservoir, lake and river. The water quality
of reservoir was good and stable, while the main
problem of Tai Lake was the exceeding standards of
total nitrogen and total phosphorus which might lead
to the algae growth. In the rivers, the indexes
exceeding the national standards were total nitrogen,
iron and manganese, and water quality indexes
including chemical oxygen demand, dissolved
oxygen, ammonia nitrogen and total nitrogen
exhibited seasonal variation. More attention should
be paid to water eutrophication and seasonal
accidental risk in Huzhou.

KEYWORDS:
drinking water sources, water quality indexes, correlation
analysis, temporal variation.

INTRODUCTION
The surface water has been the fundamental
requirement of human for the survival and
development of human, due to the land subsidence
caused by excessive groundwater exploitation [1].
The quality of surface water is not only influenced
by regional hydrology, rainfall, monsoon, season and
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Study area and sampling. The sampling sites
for three different types of drinking water sources
studied in Huzhou are shown in Figure 1. The river
is the traditional drinking water source that consists
of West Tiaoxi River (Site A) and Xintanggang River
(Site B). Site C is the Laohutan Reservoir located in
the southwest of Huzhou. Site D is 1000 meters
distance away from the shore of Tai Lake and near
the water intake for a new water plant under
construction. The turbidity, pH, dissolved oxygen
were detected at once while samples were taken.
Then the water samples were stored in the fridge and
other six water quality indexes were detected in the
laboratory as soon as possible. The West Tiaoxi
River and Laohutan Reservoir were sampled from
2011 to 2015, and the Xintanggang River and Tai
Lake were sampled from 2012 to 2015. And the
sampling frequency was once a month.

years, the three different types of drinking water
sources including river, reservoir and lake will
supply water at the same time in Huzhou. These three
types of surface water sources have different
characteristics and problems of water quality owing
to the different external influences. Therefore, in
order to avoid the potential hazards of drinking water
quality, the characteristic analysis and assessment of
drinking water sources are very important for the
design and operation of water treatment and optimal
allocation of water sources.
In this paper, a continuous monitoring with
representative water quality parameters of three
drinking water sources in Huzhou was carried out
from 2011 to 2015. According to previous work, nine
water quality indexes including turbidity, potential of
hydrogen (pH), dissolved oxygen (DO), chemical
oxygen demand (CODMn), total iron (Fe), total
manganese (Mn), ammonia nitrogen (NH3-N), total
nitrogen (TN) and total phosphorus (TP) are chosen
to explain the concentration of suspended particulate
matter, organic and metal content, eutrophication
degree of drinking water source. Based on the data
analysis, temporal variation trends, water quality
characteristics and stabilities were illustrated and
compared among three different types of surface
water sources. Our work is useful for the
management of drinking water sources and security
of water supply.

FIGURE 1
The sampling sites for the drinking water
sources in Huzhou, China

MATERIALS AND METHODS
Chemicals and instruments. The chemicals
used in this study were all purchased from
Sinopharm Chemical Reagent Co., Ltd (Shanghai,
China). The chemicals of chemically pure grade (CP)
used were phenolphthalein, Nessler Reagent,
potassium antimony tartrate hemihydrate. The
analytical reagents (AR) included hydrochloric acid,
L-ascorbic acid, sodium hydroxide, potassium
persulfate, ammonium heptamolybdate tetrahydrate,
sodium oxalate, potassium sodium L - tartrate
tetrahydrate and trichloromethane. And the
guaranteed reagents (GR) applied were sulfuric acid,
nitric acid, perchloric acid, potassium nitrate,
potassium dihydrogen phosphate, potassium
permanganate, and ethanol.
The instruments in this study included
turbidimeter (Hach 2100P, USA), portable meter
(Hach HQ30d, USA) with pH probe and dissolved
oxygen probe, water bath (Jieruier HH-6, China),
UV-VIS spectrophotometer (Hach DR 5000, USA),
polarized
zeeman
atomic
absorption
spectrophotometer (Hitachi Z-5000, Japan), and
vertical heating pressure steam sterilizer (Shenan
LDZX-30KBS, China).

Analytical methods. The turbidity, pH and
dissolved oxygen were detected by relevant portable
instruments directly. Chemical oxygen demand
(CODMn) was detected by acidic potassium
permanganate titration. Total iron and manganese
were measured by Flame atomic absorption
spectrometric method. Ammonia nitrogen was
detected by Nessler¶s reagent spectrophotometry.
Total nitrogen was detected by alkaline potassium
persulfate digestion-UV spectrophotometric method.
And the determination of total phosphorus was
ammonium molybdate spectrophotometric method.
All these analytical methods referred to the national
standard examination methods that are promulgated
by the Ministry of Health, P. R. China (GB/T 57502006 [13]) and the Ministry of Environmental
Protection, P. R. China (HJ 535-2009 [14], HJ 6362012 [15], GB 11892 ± 89 [16]).

RESULTS AND DISCUSSION
Statistical analysis.This statistical analysis
could summarize useful information about water
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almost conformed to Class III while the Laohutan
Reservoir conformed to Class II. Thus, the reservoir
and lake were more suitable to be the drinking water
sources.
The situation of pH, and dissolved oxygen in all
sites were good with the high qualified rate. In the
rivers, the concentration of iron and manganese were
many times more than permissible limits, and the
qualified rates were quite low.
Especially in the West Tiaoxi River, the highest
superstandard multiple of iron reach to 21.03 with
the qualified rate as 3.3%. The chemical oxygen
demand and ammonia nitrogen in rivers were also

quality from a large number of data and is helpful for
the management of surface water sources in Huzhou.
Table 1 presented a summary of water quality
situation in study area by the average value,
maximum value, minimum value and qualified rate
of the nine water quality indexes being contrasted
with the permissible limit for surface drinking water
sources in China [17] and European Union [18].
According to the Chinese standard, surface water
was divided into five classes by water quality and
public use, and Class I, II, III were suitable for
producing drinking water. Compared with this
standard, the West Tiaoxi River and the Xintanggang
River generally conformed to Class IV, the Tai Lake

TABLE 1
The data analysis of four sampling sites in 2011-2015
Sampling Sites
GB3838-2002 75/440/EEC
Indexes
Site A
Site B Site C Site D Ϫ
A3
average
128.71
61.36
2.60
37.02
Turbidity
5.5-9
max
905
252
10.20
151
(NTU)
min
9.63
10.60
0.63
1.28
average
7.88
7.83
7.34
7.88
max
8.69
8.82
8.30
8.49
pH
6-9

min
7.39
7.35
6.73
7.21
qualified rate(%)
100.0
100.0
100.0
100.0
average
8.55
8.36
8.33
8.54
Dissolved
max
13.0
12.3
11.9
12.7
oxygen


min
5.0
4.9
4.3
5.9
(mg/L)
qualified rate(%)
100.0
97.9
97.0
100.0
average
3.73
3.77
1.79
3.92
Chemical
max
6.20
6.69
2.24
6.12
oxygen


demand
min
2.00
2.08
1.33
2.89
(mg/L)
qualified rate(%)
98.3
93.8
100.0
97.8
average
1.80
1.55
0.05
0.90
max
6.31
6.12
0.49
4.97
Iron

1.00
(mg/L)
min
0.22
0.36
<0.05
<0.05
qualified rate(%)
3.3
0.0
98.3
37.8
average
0.13
0.11
0.01
0.01
0.49
0.43
0.15
0.13
Manganese max

1.00
(mg/L)
min
<0.05
<0.05 <0.05
<0.05
qualified rate(%)
45.0
54.2
97.0
97.0
average
0.40
0.42
0.13
0.26
Ammonia
max
1.36
1.38
0.47
0.87
nitrogen

2.00
min
0.06
0.08
<0.05
0.05
(mg/L)
qualified rate(%)
98.3
91.7
100.0
100.0
average
0.10
0.10
0.03
0.08
Total
max
0.26
0.27
0.11
0.36

0.70
phosphorus
 a
min
0.02
0.03
<0.02
0.01
(mg/L)
qualified rate(%)
96.7
95.8
83.3
35.6
average
2.48
2.45
1.90
1.28
Total
max
5.80
6.87
3.67
4.35
nitrogen

3.00
min
0.49
0.55
0.91
0.51
(mg/L)
qualified rate(%)
15.0
14.6
1.7
35.6
a
The standard limit of total phosphorus in reservoir and lake is special as 0.05mg/L, while other surface
drinking water sources is 0.2mg/L
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on the continuous monitoring and data analysis of
drinking water sources in Huzhou, the temporal
variation trends were investigated in this work.
For the concentration of dissolved oxygen in
Laohutan Reservoir (Site C), there was a rough
downward trend from January to August, and an
upward trend from August to December. It
conformed to that the higher the temperature was, the
lower the dissolved oxygen was. The highest level of
dissolved oxygen usually appeared in winter
(December to February), and the lowest level usually
appeared in summer (June to August). For the
concentration of dissolved oxygen in West Tiaoxi
River, Xintanggang River and Tai Lake, the same
variation trends were observed.

out of limits occasionally. On the other hand, the
Laohutan Reservoir is the best for metal content
among the four sites with the qualified rate of iron as
98.3% and the qualified rate of manganese as 97.0%.
Total nitrogen was the key pollution indicator for the
Laohutan Reservoir with the average concentration
of 1.90 mg/L and qualified rate of 1.7%. The main
problem of Tai Lake was that the total nitrogen, total
phosphorus and iron exceeded the standards for
drinking water source. The average concentration of
total nitrogen and total phosphorus respectively were
1.28 and 0.08mg/L, and the qualified rate both
reached 35.6%. Compared with the monitoring data
in Tai Lake from 1998 to 2006 when the average
value of the chemical oxygen demand, total nitrogen
and total phosphorus were 4.51, 3.05 and 0.136 mg/L
[19], the water quality became better in our study.
However, the Tai Lake still had a potential risk of
eutrophication due to the high concentration of total
nitrogen and total phosphorus.
The 187 sets of monitoring data among the four
sampling sites from 2012 to 2015 were used to
establish the correlation between the nine water
quality indexes by the method of Linear Regression.
The best correlation was between turbidity and total
iron which had the highest correlation coefficient as
0.802. A previous study about the correlation
analysis in Nadu River [20] also reported a strong
correlation between turbidity and total iron. There
were also a certain correlations among the turbidity,
the chemical oxygen demand, total phosphorus and
iron with the correlation coefficients more than 0.5.
And the relationships between total nitrogen and
other water quality indexes were not distinct expect
for ammonia nitrogen.

FIGURE 3
The concentration of total nitrogen in different
seasons from 2012 to 2015 at Xintanggang River
The concentration of total phosphorus changed
randomly with the season in all four sampling sites.
Among the samples at West Tiaoxi River, the highest
concentration was 0.26 mg/L detected in March 2012,
while the limit of the national standard for drinking
water sources in China was 0.2 mg/L. With regard to
the Laohutan Reservoir and the Tai Lake, the highest
concentration also appeared in 2012. Although the
concentrations of total phosphorus in reservoir and
lake were lower than rivers in Huzhou, the qualified
rate of total phosphorus in the Laohutan Reservoir
and the Tai Lake were lower due to the stricter
standard of total phosphorus in reservoir and lake.
The condition of total nitrogen was not satisfied
in Huzhou. From 2011 to 2015, the total nitrogen
level always exceeded the standard limits as 1.0mg/L
for surface drinking water sources. For the
Xintanggang River, the values of total nitrogen
usually reached the peak in spring in the recent four
years, as shown in Figure 3. The highest
concentration of total nitrogen in other sampling
sites also appeared in spring. This phenomenon was
probably caused by algae, which usually grew
abundantly in summer and autumn, and would
consume nutrient elements, leading to the reducing
of total nitrogen [21]. The increase of total nitrogen

FIGURE 2
The temporal variation of dissolved oxygen at
Laohutan Reservoir from 2011 to 2015
Seasonal variations. The water quality of
drinking water sources is influenced by many factors
such as rainfall, temperature, output of industrial
waste water, domestic sewage and so onˈleading to
the water instability and frequent fluctuation. Based
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On the basis of Figure 4, it revealed an upward
trend about turbidity from 2012 to 2013, and the
downward trend from 2013 to 2015 in the West
Tiaoxi River (Site A) and the Laohutan Reservoir
(Site C). The turbidity declined year by year in
Xintanggang River (Site B). In addition, the value of
turbidity fluctuated with random in Tai Lake (Site D).
The chemical oxygen demand, iron and
manganese all became better and better in last three
years as turbidity in rivers and reservoir. It meant that
the organic matters and metal in the rivers and
reservoir declined from 2013 to 2015. But the
concentration of ammonia nitrogen, total nitrogen
and total phosphorus decreased from 2012 to 2014
and slightly increased in 2015. Overall, the water
quality of river and reservoir as drinking water
sources was better and better in last four year. For Tai
Lake, it was difficult to define a trend for the change
of water quality in last four year because of its
fluctuation. The reason was probably that the water
quality of Tai Lake was easily influenced by many
river networks both in upstream and downstream.

from winter to spring was resulted from the enriching
processes of contaminants and algae resolved by
microorganism. It demonstrated that there was most
potential possibility of algae bloom in spring than
other seasons. Compared with the Aerial& Rangat
Bay of Andaman Islands [22], the concentration of
ammonia nitrogen and total nitrogen in Huzhou were
much higher. The concentrations of ammonia
nitrogen and total nitrogen in Aerial Bay were
respectively 0.42 and 12.77 μmol/L. It could be
inferred that the surface drinking water sources in
Huzhou would suffer from the problem of
eutrophication which might lead to the blue algae
bloom.
The results revealed an upward trend of
chemical oxygen demand from spring to autumn and
a downward trend from autumn to spring in two
rivers. The maximum concentration of iron was
usually detected in winter for the rivers and lake. The
seasonal effect on the rivers was more obvious than
that on reservoir and lake by the apparent liquidity of
river, and the organic matter content and iron content
in flood period was lower than that in drought period
[23].

Comparison of different water sources.
Through the data comparison of water quality
indexes, the water quality of different drinking water
sources was investigated. The spatial changes
especially the types of drinking water sources had a
great effect on water quality.

FIGURE 4
The annual variations of turbidity in four
sampling sites from 2012 to 2015
Annual variations.In general, the water
quality of West Tiaoxi River, Xintanggang River and
Laohutan Reservoir improved year by year from
2012 to 2015, while the water quality of Tai Lake
constantly
fluctuated
without
significant
improvement. From 2011 to 2015, the annual
qualified rates of manganese in West Tiaoxi River
were 45.45%, 16.67%, 33.33%, 58.33% and 66.67%
in sequence. It was observed that the qualified rate of
manganese had been higher and higher year by year
from 2012 to 2015. And the Xintanggang River in
which the values of qualified rate were respectively
58.33%, 41.67%, 50.00% and 66.67% from 2012 to
2015 had a similar tendency as the West Tiaoxi River.
On the other hand, the concentrations of manganese
were almost up to standard in the Laohutan Reservoir
and Tai Lake every month. 

FIGURE 5
The comparison of iron between different types
of drinking water sources


There were no significant differences about the
pH and dissolved oxygen between three types of
drinking water sources. And the obvious distinction
could be found about other seven water quality
indexes. It was evident that the concentration of iron
changed with the similar range and fluctuation in
both two rivers as drinking water sources in Figure 5.
Although the average content of iron in Tai Lake was
lower than that in rivers, the fluctuation range of iron
in Tai Lake was wider with the highest concentration
as 2.35 mg/L in December. Without doubt, the
concentration of iron in Laohutan Reservoir was the
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total nitrogen exceeded the standard limits seriously,
and the highest concentrations were respectively
6.31, 0.49 and 5.80 mg/L in West Tiaoxi River. The
seasonal variation of rivers and lake was obvious,
especially the concentrations of ammonia nitrogen,
total nitrogen and total phosphorus usually reached
to the peak in spring. Correspondingly, the water
quality of reservoir was steadier and less fluctuant.
Recently, a gradual improvement about water quality
had been observed in the rivers and reservoir in
Huzhou. Thus, on the basis of well-optimized
distribution for all drinking water sources in Huzhou,
continuous monitoring and emergency water
treatment technologies were necessary for the risk of
water eutrophication and seasonal variation in Tai
Lake and rivers in order to ensure the water supply
security.

lowest among the three types of surface water. In
comparison with Indian River and Three-Gorges
Reservoir [24, 25], in which the average values of
iron were 0.13 and 0.12 mg/L, the average
concentrations of iron in West Tiaoxi River,
Xintanggang River and Laohutan Reservoir were
respectively 1.88, 1.55 and 0.05 mg/L.
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As shown in Figure 6, the maximum and
minimum concentrations of ammonia nitrogen were
observed in the Xintanggang River and the Laohutan
Reservoir respectively. The concentration of
ammonia nitrogen in Tai Lake was smaller than that
in two rivers. Compared with the Xinyunliang River,
Dongting Lake and Bakun Reservoir [26-28], in
which the concentrations of ammonia nitrogen
respectively were 6.92, 1.19 and 0.14mg/L, the
average concentrations of ammonia nitrogen in West
Tiaoxi River, Tai Lake and Laohutan Reservoir were
lower and suitable to be drinking water sources.
Compared by nine water quality indexes, all
indexes of reservoir had the lowest value than that of
other drinking water sources. The rivers had the
higher value of all water quality indexes than Tai
Lake, except for chemical oxygen demand. Thus, it
could be inferred that the water quality of the
reservoir was the best and the water quality of river
was the worst.
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due to population growth and economic and social
development, it could be argued that water problems
would become more severe in the future, and water
would become undoubtedly an important issue [1].
Water quality is of substantial importance for water
uses. Pollution of drinking water sources like lakes
and reservoirs is important in terms of individual and
community health. Many strategies have been
developed
to
protect
watersheds
against
contamination.
Many researches show that water sources are
mostly contaminated as a result of human activities
such as domestic and industrial wastes apart from
natural factors like rain water, material transport
with surface waters, atmospheric transport and plant
pollens [1, 2, 3, 4]
Several studies demonstrated that water sources
were mostly contaminated as a result of human
activities such as domestic and industrial waste in
addition to natural factors such as rain water,
substance transport with surface waters, atmospheric
transport and plant pollens [1, 2, 3]. If adequate
measures against these pollutants are not taken in
basins, algae explosion and eutrophication arise as a
sign of pollution seen after a long lasting process in
the lake environment.
Drinking water in Istanbul is supplied mainly
from three big surface water sources namely Omerli,
Buyukcekmece, and Terkos Lakes. Istanbul, with its
population over 13 million and a rate of population
increase about twice that of Turkey, is one of the
biggest metropolitan areas in the world. Currently,
due to the immense migration, it receives migration
from all over the country every year. Its population
is increasing in rate that makes difficult to provide
sufficient services for the inhabitants to live a good
standard of [5]. Average water demand for public
and industrial use is more than 2.5 million cubic
meters per day. The water demand of the city is
mainly supplied from surface water sources. In the
Anatolian part of the city, Omerli and Darlik
Reservoir systems meet almost half of the water
requirement of the city. Diverse sources of nutrient
input located in the Omerli dam watershed cause its
pollution and support growth of algae [6]. In the last
few decades, Omerli reservoir has become heavily
polluted by sewage, industrial wastewater and soil
run-off that reach the lake via streams and rain water.

ABSTRACT
Omerli dam reservoir is very important source
of drinking water for Istanbul metropolitan area. The
present study covers measurement and evaluation of
water quality parameters. Omerli Dam Reservoir has
eutrophic character in terms of secchi disc depth
(varies between 1.0-3.0 m) and phosphorus
parameter (varies between 0.001-3.52 mg/L). It has
oligotrophic character in terms of phytoplankton and
carbon produced per unit area. Although pH of the
reservoir is often alkaline in character, it shows
categorically weak acid character after heavy rains.
The chlorophyll-a parameter measured in the
reservoir varies in vertical and horizontal positions.
The average chlorophyll-a in the reservoir is 1.03
mg/L. Based on the water temperature measurements
in the reservoir, it was determined that there was
stratification in the reservoir during summer months.
This stratification (the thermocline) was determined
to be destroyed during winter months and the spring.
The mean value of the measured dissolved oxygen in
the reservoir was 8.49 mg/L. The TKN average in the
reservoir was calculated as 1.83 mg/L. With these
parameters, Omerli Dam Reservoir water quality
could not be considered in a very clean class. Some
rehabilitation studies have been carried out to solve
the pollution problem in the lake basin. Preventing
the pollution and improving water quality have
affected the nature of the reservoir basin but it is
necessary to continuously monitor the ecological
balance of the reservoir continuously, which is
significant for drinking water, fisheries and
recreation facilities.
KEYWORDS:
Eutrophication, secchi disc, phytoplankton, chlorophyll-a,
reservoir, dissolved oxygen

INTRODUCTION
Water is an important resource for human
society and living organisms; efficient protection of
this natural resource has become one of the main
challenges of this century. Since many countries
have faced serious water shortage problems for years
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In this study, water quality level in the Omerli lake
water was determined by laboratory and in-situ
measurements to determine whether the effects of
severe pollution in the past still exist to effect the
current quality level. Samples were taken at six
different locations at the lake, with the aim of
characterizing the current water quality of the entire
lake. Analysis results were compared to Water
Pollution Control Regulation of Turkey (WPCR) and
European Water Directive 2000/60/EC to evaluate
the quality of the lake water [7].

MATERIALS AND METHODS

FIGURE 2
Locations of workstations in the project area

Study areas. Omerli dam reservoir, a vital
drinking water resource of the city of Istanbul, is
located in the northeast (approximately 30 km) of the
city. The reservoir provides approximately 43% of
WKHFLW\¶VGULQNLQJZDWHUDQGDYHUDJHRI 395 million
m3 per year is discharged from the reservoir [5].
Omerli Dam was constructed on Riva River in 1973
to supply drinking water. Location of the reservoir is
presented in Figure 1. Morphometrically, the
reservoir has a surface area of 23.5 km2 and a volume
of 2.2 x 106 m3 [8]. Its maximum depth is 62 m.
There are four main streams which are feeding the
reservoir, namely; Ozan, Gocbeyli, Ballica and
Kömürlük. The fifth stream named Pasakoy which
was feeding the reservoir until 2004 was connected
to Riva Stream via a tunnel in order to prevent
domestic and industrial wastewater inputs into the
reservoir (Figure 1).

In 6 sampling stations, dissolved oxygen (DO),
Chlorophyll-a, temperature, depth and pH were
measured using of "OTT-Hydrolab" brand "Data
Sonde 5" device and transparency (turbidity, secchi
disc depth) measurements were made by secchi disc.
In addition, at each station; the surface, middle and
bottom water samples were taken with automatic
water samplers. Ammonium, nitrite, nitrate, total
kjheldal nitrogen (TKN), phosphate, total suspended
solids (TSS) analyses were performed based on
Standard Methods [9]. Ion species were evaluated
by Dionex ICS-3000 brand device. The device was
equipped with an ASRS column and guard column
for separation of the anion species. The device was
equipped with a CSRs column and guard column for
separation of the cation species. KOH (potassium
hydroxide) and MSA (methane sulfonic acid) were
used as eluents.
History of water quality studies in Omerli
dam reservoir. 'XHWRLWVLPSRUWDQFHIRUWKH&LW\¶V
water supply system, some studies were conducted
in the past to search the water quality of the Omerli
Lake. One of the significiant reports underline the
importance of keeping the water quality of Omerli
reservoir at a level that would enable its use as a
drinking water and this environmental protection
report explains certain alternative solutions to
improve the existing situation [10].
Within the scope of the Emergency Action Plan
of the Ministry of Environment published in 1994,
the measurements taken during a ten year period
(between 1981 and 1991) by State Hydraulic Works
and Istanbul Water and Sewerage Administration
were evaluated [8]. In the report, it was identified
that four creeks in the north and east of the basin and
one creek in the south had Class-I water quality
according to the Water Pollution Control Regulation
(WPCR), while the other creek in the south had
Class-III and the one in the west had Class-IV water
quality (as per the classification depicted in Table 3).
Other studies analyzed the pollutant
concentrations in Omerli Dam Lake and several

FIGURE 1
Omerli dam reservoir in Turkey
(google maps, static.panoramia.com)
Measurements. Studies to monitor water
quality were conducted in two stages that lasted for
13 months. The first stage includes field studies, and
the second stage includes laboratory studies
conducted
on
obtained
water
samples.
Measurements were performed at six sampling
points as seen in Figure 2. The coordinates of the
sampling points are given in Table 1.
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TABLE 1
Measuring coordinates at Omerli dam reservoir
Water
Sampling Depth, m
Station Coordinates
depth, m
Surface
Middle
Bottom

Station
No

ƍƎ1ƍƎ(
ƍƎ1ƍƎ(
ƍƎ1ƍƎ(
ƍƎ1ƍƎ(
ƍƎ1ƍƎ(
ƍƎ1ƍƎ(

1
2
3
4
5
6

11
16.5
22.4
24.8
26
20.5

0.2
0.2
0.2
0.2
0.2
0.2

7.5
10
12
12.5
10

10
15
20
24
25
20

TABLE 2
Minimum, maximum and average values at sampling stations in Omerli Dam Reservoir
Station
Temperature
pH
Chlorophyll-A
D. O.
No
( °C )
ȝJO-1 )
( mg l-1)
Surface
6.77-30.00
4.91-8.63
0.16-5.87
5.95-15.54
Middle
7.76-27.05
5.99-9.01
1.09-6.67
5.36-15.35
1
Bottom
6.76-24.74
5.74-8.27
0-2.65
4.61-11.64
Average
13.89
7.44
1.84
8.70
2

3

4

5

6

Surface
Middle
Bottom
Average
Surface
Middle
Bottom
Average
Surface
Middle
Bottom
Average
Surface
Middle
Bottom
Average
Surface
Middle
Bottom
Average

6.77-27.66
7.38-25.67
6.15-17
13.76
6.14-30
6.14-27
6.14-18
12.67
6.33-29
6.74-21
5.98-18
12.21
8.05-30
7.16-24
6.23-22
11.64
7.64-31
6.08-24
5.84-23
13.78

5.42-8.84
5.26-8.14
5.21-8.00
7.08
5.51-8.5
5.47-8.2
4.93-8.5
7.17
6.12-8.44
3.95-8.00
4.46-8.00
7.19
3.87-8.78
4.75-8.3
4.07-8.2
6.84
4.79-9.00
5.09-8.06
3.78-8.01
7.02

0.27-10.11
0.88-5.94
0.53-8.92
2.67
0.68-3.62
0.56-7.29
0.35-9.45
1.76
0.29-9.59
0.56-2.61
0.33-22.07
2.14
0.01-9.56
0.59-7.72
0.45-8.11
1.87
0.15-8.12
0.45-4.33
0.46-2.33
3.77

6.13-15.00
5.98-11.37
5.26-10.49
8.82
6.01-11.11
5.58-9.7
3.5-8.3
7.77
5.86-14.5
5.82-12.17
4.75-9.88
8.72
5.71-13.8
5.49-12.4
4.15-9.47
8.33
5.92-14.00
5.53-13.2
4.17-9.12
6.77

progress towards Class-III. Recent studies, on the
other hand, showed that the lake was at eutrophic
level and had Class-III water quality [11].
Urban population around Omerli lake region
showed an increase of 100% between 1990 and 1997
[13], while Sultanbeyli district had witnessed a
population increase of 2000% [14]. In the
southwestern part of the basin, population has
increased 36% between 1985 and 1990 [15].
Furthermore, 65% of the 26 settlements were also
included in the long-distance protection area of the
lake, while 12% and 8% were in short and criticaldistance protection areas, respectively. Land use
distribution of the catchment area was segmented as
follows: 51% forest area; 35% meadows and

creeks flowing into it, as well as the variations of
these concentrations based on time [11, 12]. As a
result of the studies, it was confirmed that Omerli
reservoir had a mesotrophic character in the past (in
1975) and Secci disk depth varied between 3 and 10
meters. However, phosphorous concentrations above
0.1 mg/L showed that the reservoir took a more
eutrophic or hypertrophic character. Furthermore,
the data between the years of 1985 - 1992 proved that
the restricting element of the lake was phosphorous
[11]. As a result of the detailed classification of the
Omerli Dam Reservoir, the lake was determined to
have Class-II water quality and was categorized as
Class-III, i.e., an eutrophic lake based on trophic
level. In the 1994 study, the lake was found to have
characteristics of Class-II water quality, in a slow
979
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TABLE 3
Comparison of Water Pollution Control Regulation in Turkey and Directive 75/440/EC in Europe [20].
PARAMETERS
CLASS-I ±
CLASS-II ±
CLASS-III ±
CLASS-IV
A1
A2
A3
1
2
1
2
1
2
1
2
o
25
22
25
22
30
22
>30
Water Temperature ( C)
6.5-8.5
6.5-8.5
6.5-8.5
5.5-9.0
6.0-9.0
5.5-9.0
6.0-9.0
Ph
8
6
3
<3
Dissolved Oxygen (mg O2 l-1)
>70
>50
>30
Oxygen saturation (%)
0.2
0,04
1
0,8
2
1,6
>2
Ammonium -N (mg NH4+-N l-1)
0.002
0.01
0.05
>0.05
Nitrite mg NO2Ǧ-N l-1)
5
25
10
50
20
50
>20
Nitrates(mg NO3Ǧ-N l-1)
0.02
0,4
0.16
0,7
0,7
Orthophosphates (P-PO4-3)
-1
0,02
0,16
0.65
>0.65
Total Phosphorus (mg P l )
-1
0.5
1
1.5
2
5
3
>5
Total Kjeldahl-Nitrogene (mg l )
0.1
0.2
0.5
Chlorofophyl ± a (μg l-1)
TABLE 4
Secci disc values in Omerli dam reservoir
Station
No

1st year
March

1
2
3
4
5
6

1
1.5
1.8
1.6
-

2nd year

April

July

Aug.

Sept.

Oct

Nov.

March

Aril

June

July

Aug.

1.4
1.5
1.6
1.8
1.7
1.8

1.7
1.6
1.7
1.7
1.8
1.9

1.8
1.9
1.9
2
2
2

1.2
1.4
1.4
1.5
1.3
1.5

1.4
1.2
1.3
1.4
1.6
1.5

1.2
1.4
1.4
1.5
1.3
1.5

1.2
1.4
1.4
1.5
1.3
1.5

2.6
3
3
2.7
2.4
1.4

3
1.5
1.5
2
2
1.5

1.5
1.5
2
1.5
1.2
2

2
2
3
3
2
2

Abstraction of Drinking Water (Table 3). The last
revision of this directive is 2000/60/EC
Transparency measurements of the sampling points
are shown in Table 4.
Temperature parameter varies on a seasonal
basis based on the radiation intensity of sunlight. It
also varies at various time intervals during the day.
It was observed from the analysis that thermocline
disappears during the winter and spring months. At
other stations, there were no thermocline layers. It is
important to identify the season in which the
stratification (thermocline) occurs and the depth it
was observed at the lake. According to the results
obtained from the study, stratification occurred in the
reservoir especially in summer months in stations 1
and 4.
Similarly, surface temperature of the lake
follows the air temperature. The concentrations of
the parameters in the upper layer (0-5 m) of the lake
were measured [21]. Temperature started decreasing
sharply from the depth of 5 m and reached a
minimum value at 15 m depth from the surface.
Thermocline is located between 5 and 15 m. Below
this depth, temperature was almost homogeneous.
Temperature in winter months was almost constant
(4oC) in the water column from top to the bottom. In
February, temperature at all stations exhibited a
complete mixing of water.

agricultural land and, 10% residential [15]. 260
industrial plants occupy the catchment area,
including livestock and metal industries.
Urbanization increased rapidly in the area without
any precautions [13]. Agricultural land decreased by
up to 82% between 1990 and 2010, while built areas
increased 169% [13]. Moreover, a highway passing
through the region increased the pollution in the
protected area [15, 16]. As a result of a treatment
plant project established in 2000, Pasakoy stream
that drained the domestic and industrial waste from
residential areas into Omerli reservoir watershed was
transferred to Riva creek. Thus an attemts was made
to protect the watershed from pollution. However,
polluted overflow of this creek was discharged to the
lake during rainy periods [17, 18]. High levels of
phosphorus and other pollution elements were
observed in Pasakoy and Komurluk creeks [19].

RESULTS AND DISCUSSION
In-situ measurements. Minimum, maximum
and average values of temperature, pH, Chlorophylla and DO in-situ measurements in 6 sampling
stations are given in Table 2. All the results were
compared to Water Pollution Control Regulation of
Turkey [7], and Directive 75/440EEC of
Characteristics of Surface Water intended for the
980
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productivity and indicates the existence of
productivity (chlorophyll- a data also supported this)
in the middle and deeper parts of the lake.
Dissolved oxygen (DO) values at the surface,
middle and bottom layers of the stations are given in
Figures 3, 4 and 5 respectively. In natural water
environment, DO values change according to
temperature, salinity, barometric pressure, and algae
(phytoplankton organisms) concentration. In the
Omerli Lake, DO particularly varies depending on
the water temperature. Micro-algae population that
grows with the increasing water temperature results
in an increase in the existing DO value. The value
that was measured as 15.5 mg l-1 in October support
this approach. The difference on the DO saturation
YDOXHV FDQ EH H[SODLQHG E\ WKH UHVHUYRLU¶V KLJh
chlorophyll-a concentration measured at sampling
points. As a difference, measured DO value of 5.7
mg l-1 was below the saturation value based on the
water temperature measured at that time (28 0C).
Chlorophyll-a value of the same point at the same
time was 1 mg l-1. It could be argued that oxygen
concentration below the saturation value was also
associated with increased biological activity due to
increased temperature.
In the present study, difference between the DO
values measured during summer months is
noteworthy. In the reservoir, thermocline layer that
occurs in the summer is similar to the change in DO
value in vertical position. The mean value of DO
measurements in the reservoir was 8.2 mg l-1. In
terms of reservoir quality, it is in Class-I according
to WPCR. The average of dissolved oxygen
saturation value was 82.6%. Based on this percentile,
the reservoir is also in Class-A1 based on the
Directive 2000/60/EC. Moreover, mean oxygen
saturation (75%) in the Hypolimnion (hipolimnetic
zone) shows that it was in the mesotrophic class. The
highest oxygen value was 11.6 mg l-1 in the 1st station
in November. Transparency parameter of water was
obtained by secchi disc value. Measured values in
the reservoir varied between 1.0 - 3.0 m. The lowest
value was measured at the 1st station as 1.0 m in
March. The greatest value was measured at the 1st
station in June; 2nd and 3rd stations in April, and at
the 3rd and 4th stations in August. The lowest average
depth of Secchi Disc was found in September and
November. The average values measured in these
months were 1.40 m. The highest value was in April
as 2.52 m.
Secchi disc depth is mainly affected by TSS
value of water and concentration of planktonic
microorganisms. Wind and meteorological events
also affect the Secchi depth to a significant degree.
In the literature, Secchi Disc Depth is commonly
used as water quality criterion in conjunction with

TABLE 5
Nutritional states of reservoirs [25]
Oligotrophic
Water
Quality
Parameter
Total
<10
phosphorus
TP (μg l-1 )
Chlorophyll-a
<4
(μg l-1)
Depth of
Secchi Disc
>4
(m)
Hypolimnetic
>80
oxygen
( % saturation )

Mesotrophic

Eutrophic

10 ± 20

>20

4 ± 10

>10

2-4

<2

10 ± 80

<10

The pH of water is important and determines
the solubility and biological availability of chemical
constituents such as nutrients. In addition to
affecting how much and what form of phosphorus is
abundant in the water, pH may also determine
whether aquatic life can use it. Fortunately, lake
water is complex and full of chemical shock
absorbers that prevent major changes in pH [22].
According to the pH studies conducted in the
surface, middle and bottom layers of the reservoir,
the dam reflected Class-I criteria in WPCR and
Class-A quality in the classification based on
Directive 2000/60/EC. The results showed that
measured pH values displayed weak acidic
characteristics in Omerli Reservoir, largely
associated to the autumn rainfall. The pH of the rain
water is about 5 under normal atmospheric
conditions in certain seasons. During the study, the
surface water of the reservoir largely displayed basic
characteristics especially during the spring, summer
and winter months [23].
Chlorophyll-a values of the reservoir were used
to calculate carbon amounts and algae mass
produced per unit and time in the lake. The amount
of algae produced in Omerli ranged from 0.8 g m-2 to
7.3 g m-2. Yearly algae and carbon production per
unit area were about 30 g m-2-year and 15.5 g m-2year, respectively. The lake is an 'oligotrophic'
reservoir based on the Reservoir Trophic level
classification which is calculated by algae biomass
produced per unit area (Table 5). Also chlorophyll-a
average of the reservoir was calculated as 2.34 μg l1
based on the measurement results obtained
throughout the study and this finding confirms that
the reservoir is oligotrophic.
In a previous study, it was found that
chlorophyll-a was less than 1 μg/m3 in the inner body
of the lake and its concentration slightly increased
towards the outer borders of the lake [24]. On the
other hand, suspended solid matter concentration
was lowest in the part of the lake that was closest to
the land. This was because TSS also originates from
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FIGURE 3
Change of dissolved oxygen with temperature on the surface layer
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FIGURE 5
Change of dissolved oxygen with temperature on the bottom layer
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FIGURE 4
Change of dissolved oxygen with temperature on the middle layer

 

© by PSP

Volume 26 ± No. 1a/2017, pages 977-988

© by PSP

Fresenius Environmental Bulletin


0.5±1.0 m in February [21]. Similarly, there was no
significant correlation with particulate matter and
chlorophyll-a concentration, which may be under the
control of the land-based sources. Chlorophyll-a
concentrations were high in surface layer with a
maximum of 10.1 ȝJO-1 and the lowest values were
0.01 ȝJO-1. However, concentrations of chlorophylla were high in productive season in June and July.
Total suspended solids demonstrated typically high
values (0.4±17.6 mg l-1) in surface waters and (0.2±
38.6 mg l-1) in lower layers (0.2±38.6 mg l-1).

other parameters in the classification of reservoirs. In
our study, the reservoir average secchi disc depth
was approximately 1.8 m.
The water quality was determined as Class-III
or Class-IV in periodical monthly measurements
[24]. However, Class-III quality was detected at the
satellite image acquisition date. It was reported that
inlets, suspended solid matter runoff as a result of
precipitation and nutrient mixing amounts must have
caused an increase in the water column, which had
enhanced the growth of phytoplankton in the least
accessible parts of the lake. They found that most of
the inner part of the lake had 3±6 m. secchi disk,
while this was lower than 0.7 m. in the creeks. A
former study reported that dissolved oxygen values
in the lake ranged from 8.5 to 19 mg l-1 at the surface,
while they were 0.07 to 14.62 mg l-1 at the bottom
waters [21]. The result showed a typically eutrophic
water body. The vertical profile of DO in the Omerli
Lake was the net result of oxygen availability and
oxygen consumption. While the epilimnion was
generally well oxygenated, the hypolimnion was
more critically low in this regard.
In the earlier study, secchi disc depths showed
wide variations in time and space with the highest
values of 2.5±3.5 m in May and the lowest values of

Results of laboratory analysis. Results of
nitrogen and phosphorus parameters (NH4, NO2,
NO3, TKN, TP, PO4) in 6 stations sampled at the
Omerli Reservoir are given in Table 6 and results of
the suspended solids analysis are shown in Table 7.
Nitrogen and phosphorous compounds.
Figure 6 shows change of ammonium levels in the
reservoir. As seen in the figure, NH4 average was
found to be 0.095 mg l-1. Based on this result, Omerli
Dam Reservoir was between Class-I and II (in
Turkish Regulation) and between Class-B and C
according to the classification in the European
Directive.

TABLE 6
Laboratory analysis results of Omerli dam reservoir
Station
No

1

2

3

4

5

6

Layer

NH4
( mg l-1)

NO2,
(mg l-1)

Surface

0.0001- 0.55

0.0001-0.082

0.0001-4.7

Middle

0.0001-0.36

0.0001-0.345

0.0001-4.11

Bottom
Average

0.0001-0.55
0.1

0.0001-0.03
0.13

0.0001-4.92
1.920

Surface

0.001-0,48

0.001-0.1

Middle

0.001-0,71

0.001-0.363

Bottom

0.0001-0,58

Average

NO3
(mg l-1)

TKN
(mg l-1)

TN
(mg l-1)

TP
(mg l-1)

PO4
(mg l-1)

0.83-3.97

0.1-6.08

0.0006-2.51

0.0001-0.26

0.053-1.09

0.15-5.51

0.009-0.83

0.0001-0.09

0.03-3.08
0.53

0.1-5.02
0.956

0.0008-0.45
0.32

0.0001-0.1
0.035

0.0001-3.642

0.1-3.50

0.20-5.15

0.0001-0.71

0.0001-0.074

0.0001-3.577

0.044-0.84

0.69-4.17

0.001-0.57

0.0001-0.077

0.0001-0.043

0.0001-4.432

0.026-2.80

0.42-4.92

0.009-0.49

0.0001-1.27

0,1

0.141

2.22

0.47

0.976

0.210

0.076

Surface

0.0001-1.5

0.0001-0.084

0.0001-3.87

0.062-3.52

0.18-5.59

0.0001-0.47

0.0001-0.037

Middle

0.0001-1.14

0.0001-0.173

0.0001-5.37

0.038-4.81

0.36-5.51

0.0006-0.60

0.0001-1.16

Bottom

0.0001-1.71

0.0001-1.9

0.0001-4.48

0.1-4.62

0.89-5.74

0.0006-0.68

0.0001-0.12

Average

0.18

0.035

2.030

0.73

1.19

0.28

0.05

Surface

0.0001-0.97

0.0001-0.06

0.0001-3.61

0.077-1.68

0.30-4.50

0.0002-3.52

0.001-0.78

Middle

0.0001-0.43

0.0001-0.024

0.0035-3.44

0.028-1.68

0.65-5.05

0.0007-4.81

0.001-0.053

Bottom

0.0001-0.39

0.0001-0.021

0.0048-3.59

0.1-0.84

0.83-4.33

0.0005-4.62

0.001-0.084

Average

0.1

0.059

2.17

0.36

0.85

0.55

0.037

Surface

0.0001-0.54

0.0001-0.04

0.0001-2.50

0.019-1.60

0.26-4.68

0.0001-0.53

0.0001-0.063

Middle

0.0001-0.6

0.0001-0.05

0.0001-3.39

0.1-1.40

0.86-4.83

0.0006-6.21

0.0001-0.066
0.001-0.096

Bottom

0.0001-0.49

0.0001-0.04

0.0001-3.39

0.093-0.98

0.1-4.30

0.0006-0.55

Average

0.001

0.008

1.99

0.34

0.81

0.25

0.017

Surface

0.0001-0.83

0.0001-0.412

0.0001-3.03

0.75-1.95

0.18-4.08

0.0001-0.63

0.001-0.0065

Middle

0.0001-0.25

0.0001-0.142

0.0001-3.45

0.044-1.12

0.1-3.90

0.0004-0.53

0.0001-0.040

Bottom

0.0001-0.39

0.0001-0.190

0.0001-3.49

0.067-0.86

0.86-3.99

0.0004-0.58

0.0001-0.050

Average

0.0083

0.0056

1.90

0.31

0.83

0.22

0.013
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FIGURE 6
Ammonium change in Omerli dam reservoir
TABLE 7
Results of the total suspended solids
1st year
Station
No
1

2

3

4

5

6

Layer

2nd year

April

July

Aug.

Sept.

Oct.

Surface

5

8

4

3

3

Middle

2.5

-

3

2

3.5

Bottom

3

5

3

2.5

3

Surface

1.5

7

4.5

2

Nov.

Jan.

March

April

June

4

3

4.5

2

1

4.5

3.5

1

1.5

1.5

3

3

12

3

2.5

4

3

4

1

2

July

Aug.

March

4

2.99

1.67

9.3

13.33

6.67

4.6

11

12.67

0.5

4

17.66

4
8.33

Middle

1.5

6

4

1.5

4

4

4

0.5

2

1

3.33

10.65

Bottom

3.5

5

4.5

1.5

3.5

3

3.5

0.5

2.5

1

9

6.99

9

Surface

-

4

3.5

1.5

4.5

3

4.5

1.5

1

0.5

1

11.33

17.33

Middle

-

6

3

1

4

3

4

1.5

2

1

2.17

19

11

Bottom

-

4

2.5

1.5

3.5

2.5

3.5

4

8

2.5

1.67

16.33

21.66

Surface

1.5

4

2.5

1.5

2

4

2

3.5

0.5

1

1.67

12.67

15

Middle

1

3

3

1

2.5

2.5

2.5

2

1

0.5

1.33

2.33

15.33

Bottom

0.5

3

3

1

1.5

2

1.5

3

2.5

2

4.33

4.33

16

Surface

1.5

4

2

1.5

3.5

2

3.

0.5

0.5

2

4.67

4

2

Middle

1.5

4

2.5

1.5

3

2.5

3

3

1.5

1

3.67

12.67

1

Bottom

0.5

2

2

1

2

2

2

2.5

1

1.5

2.3

3

5.33

Surface

-

3

2

1

3.5

3

3.5

3.5

2.5

1

1.33

3.33

4.67

Middle

-

3

1.5

0.5

3

3

3

1.5

1.5

1

3

9.33

12.33

Bottom

-

2

2

1

4

2.5

4

2

1.5

2.5

2.2

5.33

9

the measurements produced results, 59% of the
measurements were below the instrument's
measurement limit. Accordingly, it could be argued
that Omerli Dam Reservoir's water quality was 41 %
within Class-II water quality, and 51% within ClassI.
In terms of the ammonium nitrogen obtained
from the laboratory analysis, Omerli Dam Reservoir
was between Class-I and II. In Directive 75/440/EEC
classification, the findings were found between
Class-B and C. Here, it could be argued

In the study period, average TKN value in the
reservoir was calculated as 0.460 mg l-1. In terms of
this parameter, Omerli Dam Reservoir was found to
be close to Class- III and Class-C water quality. The
Total Nitrogen (TN) results ranged between 0.1 and
6.1 mg l-1. The highest values were found on surface
layer in March. Mean Organic and Total Nitrogen
values in the reservoir were 0.38 mg l-1and 0.936 mg
l-1, respectively. According to the obtained nitrite
results in the reservoir, average value of 0.004 mg l 1
demonstrated Class-II quality. It was also identified
that nitrite was found in 93 of 228 measurements
conducted with ion chromatography. While 41% of
984
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FIGURE 7
Phosphate-total phosphore changes
t year-1 for NH3-N and 57 t year-1 for TP. The overall
evaluation of pollutant parameters indicated that
total suspended solid was the main source of the
pollution in the lake [21]. Pasakoy creek accounted
for only 8.6% of the water inflow to the lake,
whereas Komurluk creek contributed 13%. Seasonal
variation did not show a definite trend in all creeks.
Nitrate load had a peak value of 1.5 t day-1 from the
Gocbeyli creek in winter and almost 0.6 day-1 from
Pasakoy in spring. The highest ammonia discharge
was from Pasakoy with a value of 78 t year-1. In
general, Pasakoy was carrying most of the nutrient
loads into the lake as expected. Phosphorus load was
the lowest in all seasons in the lake compared to
other parameters.
Inorganic phosphorus (PO4) and total
phosphorus (TP) measurements are given in Table 6.
In the study period, average PO4 was 0.4 mg l-1. Total
Phosphorus and PO4 changes in the reservoir are
presented in Figure 7. Average TP was 0.3 mg l-1
and this value was 36% below the 2 mg l-1 limit. In
terms of phosphorus, 43% of the measurements
provided a Class-II water quality (<160 mg l-1),
while 2% provided a Class-III water quality.
&RQVHTXHQWO\ 2PHUOL 5HVHUYRLU¶V ZDWHU TXDOLW\ LQ
terms of TP value stood closer to the Class-II and
could be considered as Class-A per the Directive
2000/60/EC classification. In addition, according to
the TP results in Table 5, Omerli Dam Reservoir
could be considered as a eutrophic reservoir type.
In the study period, average TP value of the
reservoir was calculated as 305 μg l-1. In the study
conducted in the reservoir, 36 % of TP was <2 mg l 1
. In terms of measurement results, the reservoir
water shows 43% Class-II water quality (<160 mg l1
), and 2% Class-III water quality traits. In terms of
TP value, the water quality in Omerli Dam Reservoir

that the surface and the central regions of Omerli
Dam Reservoir was within Class-II and Class-B
specifications, while the bottom character of the
water was on the border between Class-I and ClassA.
In the study period, average nitrate value in the
reservoir was found as 2 mg l-1. According to this
result, Omerli Dam Reservoir is considered within
the Class-I water quality. This is a much lower value
as a Class-I water quality of 5.0 mg l-1. The measured
TKN average in the reservoir was calculated as 1.83
mg l-1. With this parameter, Omerli Dam Reservoir
water quality was within the Class-III and Class-C.
Based on average nitrite results, it could be
argued that Omerli Dam Reservoir could be
considered within Class-II. While 41% of the
measurements provided results, 59% of the
measurements were below the instrument's
measurement range. Accordingly, reservoir reflected
51% Class-I values, while it also reflected 41%
Class-II values, according to WPCR, and according
to the results of nitrate nitrogen, it was understood
that it could be considered as Class-I. During the
study period, TKN average of the reservoir was
calculated as 460 mg l-1. In terms of these
parameters, it was revealed that Omerli Dam
Reservoir was in Class-III and a little worse as ClassII, and it could be considered as Class-C based on the
Directive 2000/60/EC classification.
7KH FRQWULEXWLRQ RI FUHHN¶V GLVFKDUJHV WR
annual nitrogen load in the lake was significant [21].
The distribution of TKN and NH3-N in the surface
waters of the lake originating from the streams were
431 and 96.4 t year-1, accounting for only 5.4 and
1.2%, respectively, whereas TP was only 0.9%.
Pasakoy creek contributed the highest
nutrient loads in the lake as 116 t year-1 for TKN, 78
985
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Linnaeus) died in October 1999 when cyanotoxin
(microcystin) was detected in the reservoir [8]. After
this phenomenon, Istanbul Water Authority decided
to apply algicide (copper sulphate) to control the
blue-green algal biomass at specific sites in the
reservoir. Treatment started in April 2000 and 1600
kg CuSO4 (53.3 kg dí1) was applied to surface
waters. Afterwards, the dose was increased to 4800
kg (160 kg dí1) and to 5050 kg (168.3 kg dí1) in May
and June, respectively. In mid-July, a dose of 5000
kg (166.67 kg dí1) was applied and the treatment was
terminated. During the spring, summer and early
autumn (April-September 2000), approximately 25
tons of algicide were added to surface water and the
biomass decreased by 3.1 fold [8]. Preventing the
pollution, improving water quality and introduction
of alien fish species by the fishermen have affected
fish fauna in the reservoir basin. After the algal
treatment, a considerable difference in water quality
ZDVREVHUYHG$WZDWHUVXUIDFH73ZDVȝJOí1
EHIRUHDQGȝJOí1 after; pH was 10.11 before and
9.5 after; euphotic zone was 2.43 m before and 3.31
m after the treatment. On the contrary, total nitrogen
(TN) concentration increased slightly after the
algicide application. Due to this operation, Chrome
and Zinc concentrations also increased in the
reservoir [28].

stood closer to the Class-II, based on WPCR, and it
belonged to Class-A based on the Directive
2000/60/EC Classification.
When the physical parameter measurements
performed in June 2008 were evaluated, it was found
that the pH values varied considerably at the bottom
of lake, which brought to mind a possible
phytoplankton explosion at the surface of the lake.
Moreover, dissolved oxygen values showed that
there might have been an anaerobic fragmentation at
the bottom of the lake as these values decreased
sharply in this part [26]. Furthermore, the results of
these measurements also made it possible to
calculate the trophic state index (TSI) values, which
were scored between 0 and 100. In the study, the TSI
values were calculated as a fraction of the
chlorophyll-a and total phosphorous in the lake.
Accordingly, the values were generally found to be
within the hypertrophic class, while some were in the
eutrophic class.
In another study, phosphate concentration was
PHDVXUHGOHVVWKDQȝJO-1 only in the most inner part
of the lake, the least accessible region to humans.
The total phosphate concentrations were found more
WKDQȝJO-1 in the outer borders and the branches
of the lake. This was an evidence that human
interaction and uncontrollable pollutants from
nearby settlements caused this pollution [24].
In Omerli preservation project, nutrient loads
on the basin were estimated as 70 kg d-1 for TP and
18 kg d-1 for TN [10]. Moreover, total nitrogen was
too high (average 1.8 mg/L) in the reservoir and
411.5 tons of nitrogen was reaching lake waters via
the five main streams [8]. Similarly, nutrient
concentrations were high in surface waters with peak
values of 1800; 1424; 506 and 3000 μg l-1 for nitrate,
ammonia, ortho-phosphate and silicate, respectively
[21]. Values in lower layers were 2500; 2676; 472
and 5000 μg l-1 for nitrate, phosphate and silicate,
respectively. This indicated that the concentrations
of nutrients were low in productive months and high
in low productivity months in surface waters.
Omerli Dam Lake was trophic in the light of the
measurements performed by Istanbul Water
Authority between 2004 and 2007. In the study, it
was found that the phosphorous load in the lake was
above authorized limits. N/P ratio was also
determined by the measurements conducted in the
study. When this ratio was above 7, the restricting
element was phosphorous; however, when it was
below 7.00, the restricting element was nitrogen.
When the findings were assessed, it was understood
that sometimes the restricting element was nitrogen
and sometimes it was phosphorous [26].
During the last few decades, pollution of
Omerli reservoir has also promoted the formation of
toxic cyanobacterial (blue-green algae) blooms from
late summer to mid autumn, but only a few studies
were conducted on phytoplankton and zooplankton
[27]. Several thousands of fish (Cyprinus carpio

CONCLUSION
Omerli reservoir was polluted by domestic and
industrial wastes for more than fifteen years. As a
result of the present analysis, it was found that
Omerli Dam Reservoir has eutrophic character in
terms of secchi disc depth and phosphorus
parameter. It has oligotrophic character in terms of
phytoplankton and carbon produced per unit area.
Although pH of the reservoir is often alkaline in
character, it showed categorically weak acid
character after heavy rains. The chlorophyll-a
parameter measured in the reservoir varied in
vertical and horizontal positions.
Certain rehabilitation studies were conducted to
solve the pollution problem in the lake basin.
Preventing the pollution and improving the water
quality have affected the nature of the reservoir basin
but it is necessary to continuously monitor the
ecological balance of the reservoir, which is
important for drinking water, fisheries and recreation
facilities in the area.
Monitoring the water quality of a lake is very
critical. Microbiological analysis of the study is
ongoing, but initial results showed that limits in
terms of these criteria were not satisfied at some
points in the lake. If authorities do not take necessary
measures, urbanization and activities such as
recreation around the lake will result in
anthropological contamination. Waste of livestock
around the villages in the basin is also a source of
986
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[15] Tanik AB, Beler, BB, Gonenc IE (2000) A
Long-Term Management Plan for a Watershed
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Management and Health 11: 2000: 208-215.
[16] Coskun GH, Alparslan E Environmental
Modelling of Omerli Catchment Area of
Istanbul, Turkey Using Remote Sensing and
GIS techniques (2009). Environmental
Monioring and Assessment 153: 323-332.
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of Fishes from The Marmara Region
(NWTurkey). Journal of Applied Ichthyology
22: 271-273.
[18] Tarkan AS (2007) Physical Chemical and
Biological Features in Omerli Dam Creeks. PhD
Thesis, Institute of Science, Istanbul University,
Turkey, Istanbul.
[19] Gökdemir C (2011) The Last Case of Dams and
Three Examples in Istanbul. Chamber of
Environmetal Engineers Report, Istanbul,
Turkey. 2011.
[20] Council Directive 75/440/EEC of 16 June 1975
concerning the quality required of surface water
intended for the abstraction of drinking water in
the
Member
States
http://eur-lex.euro
pa.eu/legalcontent/en/ALL/?uri=CELEX:3197
5L0440
[21] Morkoç E, Tüfekçi V, Tüfekçi H, Tolun L,
Karakoç FT, Güvensel T (2009) Effects of
Land-Based Sources on Water Quality in the
Omerli
Reservoir
(Istanbul,
Turkey).
Environmantal Geography. 57: 1035±1045.
[22] Harris GP (1986) Phytoplankton Ecology:
Structure, Function, and Fluctuation, Chapman
and Hall. 1986.
[23] Basak B, Alagha O (2009) Trace metals
solubility in rainwater: evaluation of rainwater
quality at a watershed area, Istanbul. Environmental Monitoring and Assessment 1: 1
[24] Alparslan E, Aydöner C, Tüfekçi V, Tüfekçi H
(2007) Water Quality Assesment at Ömerli Dam
Using
Remote
Sensing
Techniques.
Environmental Monitoring and Assessment
135: 391±398.
[25] Arcivala SJ (1981) Wastewater Tereatment and
Disposal. Marcel Dekker Inc. New York and
Basel 3: 130.
[26] Ceylan M (1999) Eutrophication in The Omerli
Reservoir and Impacts of The Creek. Msc.
Thesis. Gebze Institute of Technology, Institute
of Engineering and Science, Istanbul, Turkey.

contamination. Moreover, no study on the lake
sediments was conducted. Sediments could be an
important pollutant source and should be monitored.
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capture elemental mercury [3]. A promising method
is to catalyze the elemental mercuryto oxidized
mercury,
followed
by
wet
flue
gas
desulphurization(FGD). To date, three broad catalyst
areas were mainly focused on by researchers:
selective catalyticreduction catalysts (SCR), carbonbased materials, and metals andmetal oxides.
Various iron oxides and iron compound, included in
the last option, have been studied widely. Mercury
oxidation efficiencyranged from 10% to 90%
depending on the iron compound and flue gas
component [7].It wasconcluded that the extent of
mercury oxidation in the presence of fly ash
increased with the magnetite and Fe2O3content of the
ash [4, 5], and catalytic effect of iron oxides in fly ash
VKRXOGEHOLPLWHGWRȖ-Fe2O3 QRWĮ- Fe2O3 [6].
*RHWKLWH Į-FeOOH) was a naturaloccurring
iron oxide in soil and sediment, especiallyabundance
in pyrite-ULFK )H6  URFNV 7KH VXO¿GH R[LGDWLRQ
reactions generate solutions that are quite acidic and
that carry high concentrations of both dissolved Fe
(II) and Fe (III).The Fe (II) can be oxidized by
mixing of mine waters with surface oxygenated
water, or catalyzed by microbial activities to produce
large quantities of iron-rich precipitates. These
precipitates can coat the bottoms of streams and
smother aquatic life.Therefore, they must be cleaned
out in order to maintain treatment effectiveness,
resulting in high removal and disposal costs. The
costs could be offset if the iron hydroxides could be
recovered and used as a resource. These precipitates
had been studied as sorbents of trace metals (e.g., As,
Co, Ni, and Zn) and subsequently can control
mobility, fate and transport in polluted and
unpolluted waters [8, 9]. The aim of this study was to
investigate the possibilityof using the abandoned
mine drainage precipitate to remove mercury in flue
gases from coal-fired power plants.

ABSTRACT
Properties of Fe-rich abandoned mine drainage
(AMD) precipitates on mercury removal were
accomplishedby fixed bed adsorption system.
Puregoethite was synthetized as a reference
material.Characteristicexamination tests revealed
the AMD precipitates primarily consist of poorly
crystallized nanoparticulate goethite. Fixed bed
adsorption tests demonstrate itowns mercury
UHPRYDOFDSDFLW\RIDERXWȝJJ)XUWKHUPRUHD
predominant oxidized mercury fraction of about 6570% was also observed. Properties responsible for
the reaction mechanism were analyzed preliminarily.
Previously proposed aggregation-based growth
pathway was helpful to understand the crystal
formation process, during which point defects,
dislocations and planar defects on the surface were
produced. In this study, they were considered as
active sites for the elemental mercury oxidation
reactions. Based on the active sites and the effect of
gas components on mercury removal obtained in the
tests, Eley-Rideal chemisorptions mechanism was
proposed to explain the reactions.

KEYWORDS:
abandoned mine drainage, mercury, flue gas, goethite

INTRODUCTION
Mercury is regarded as one of the most harmful
substances because of its persistence and its
compound
in
environment.
Most
global
mercuryemissions come from coal burning
incinerators and fossil fuelcombustors [1]. There are
three mainforms in the flue gases, elemental (Hg0),
oxidized(Hg2+) and particulate (Hgp) [2]. Particulate
matterabatement technologies (ESP, bag house)
could removemost mercuryin particulate forms.
However, it provides very limited reduction in
gaseous mercuryemissions. Similar technologies
such as wet and dry scrubbers are only effective
atremoving oxidized mercury. It is difficult to

EXPERIMENTAL AND MATERIALS
Sample preparation. AMD precipitate sample
was collected from Lowber mine (Westmoreland
County), Pittsburgh, US. It is an abandoned coal
989
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source during an experiment run. There was no
oxidized Hg in the inlet. The amount of Hg0
introduced into the simulated flue gas was constant
at 15μg/m3 in this study. The heating box in figure 1
was used to keep the entrained mercury in vapor
phase.Componentconcentrations of the simulated
gases are as follows: CO2 13.5%, SO2 0.15%, NO
300ppm, NO2 20ppm, O2 6%, HCl 50ppm. It is
consistent with typical bituminous coal fired flue
gases[3].
Mercury concentration baseline was obtained
when inert gases N2 and CO2 were employed only.
The flow rate of the mixed gases was controlled
at1L/min. A wet conditioning system was placed
upstream of the mercury monitor to split the
simulated gases into two parts, of which one flow
through KCl solution and the other flow through
SnCl2 solution. Thus, the elemental mercury
concentration (CE) in the simulated flue gases could
be obtained from the former part and total mercury
concentration (CT) from the later one. Mercury was
detected by PS Analysis (SirGalahad). 50mg
adsorbent was used for each run, and the dimension
of the materials was smaller than 200m U.S. mesh.
Mercury uptake capacity was calculated by
integrating the area between baseline and
breakthrough curves. Oxidized mercury fraction was
indicated by oxidation rate, which was calculated as
followings.
Oxidation ratio = (CT-CE)/CT*100

mine. The iron-richprecipitate was recovered by Iron
Oxide Recovery, Inc. according to US Patent[10].
Description of treatment of the acid mine drainage
had been reported other where [11].
Syntheticpure goethite was prepared by Fe
(NO3)3[12] hydrolysis reactions. The ferrihydrite was
precipitated by adding 5M KOH to 1MFe
(NO3)3solution.The suspension was diluted with
deionized water and held in a closed polypropylene
flask at70°C for 60 hours. Then the suspension was
filtered, washed and dried. Prior to use, both samples
were dried in oven at 110ć for 24h.The related
hydrolysis reactions for synthetic goethite are as
follows:
Fe 3  H 2 O o FeOH 2  H 

2 Fe 3   2 H 2O o Fe 2 (OH ) 42   2 H 
FeOH 2   2H 2O o FeOOH  2H 

Sample characterization. X-ray diffraction
3KLOOLSV ;¶SHUW  ZDV XVHG WR GHWHUPLQH WKH
mineralogy of both AMD precipitate and synthetic
goethite. Morphology of the samples was
determined
using
scanning
electron
photomicrographs (Phillips XL30 FEG) with an
EDAX. The surface areas of the samples were
measured by Micromeritics ASAP 2000 and results
were analyzed using BET method.
Mercury adsorption test system. In the fixed
bed adsorption system (Figure 1), a quartz reactor
was amounted in a temperature-controlled vertical
furnace. Samples were supported by a quartz frit in
the reactor. A dynacalibrator (VICI Metronics) with
a permeation tube was used to produce a constant
amount of Hg0 to simulate the mercury emission

RESULTS
Characteristics of the iron oxides. It can be
seen from Figure 2 that the AMD precipitate sample

FIGURE 1
Schematic fix-bed adsorption system
990
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(wt %): Fe 72.1% and Al 1.8%. Other metals
reported previously, such as Mn, As, Ni and Pb could
not bedetermined. BET results indicate the
surfaceareas of the AMD precipitate and synthetic
goethite were 143.4m2/g and 43.9m2/g.

is composed of aggregated spherical crystals, and the
synthetic goethitesample contains acicular and
twinnedcrystals, which have six branches or star-like
shape.

(a)
FIGURE 3
XRD of AMD precipitate and synthetic goethite
Mercury removal test. Heterogeneous
catalytic oxidationoccurring on the solid-gas
interface would be influenced by both the
characteristics of adsorbent materials and flue gas
components. In this study, the performance of the
twosamples varied considerably, it could be obtained
from the breakthrough curves in Figure 4. When HCl
was added into the baseline gases containing CO 2,
N2 and O2, it took about 20 hours that mercury
concentration in effluent gas was 12μg/m3for AMD
precipitate sample, and the corresponding oxidation
ratiovaried in the range of 70% to 85%. In contrast,
the synthetic goethitesample took only about 7 hours
to reach the breakthrough concentration of 15μg/m3
with an average oxidation ratiobelow 20%.
When other gas components were added into
the baseline gases separately or in combination,
mercury uptake capacity and oxidation ratioalso
exhibited wide change. The results were summarized
in Table 1.

(b)
FIGURE 2
SEM micrographs (magnification 104 for a)
natural AMD precipitate andb) synthetic
goethite
Schwertann[13] found that the increased
proportions of star-like twins were formed when the
synthesis temperature was under 60-90°C.In
addition, crystal size of AMD precipitate was
smaller than that of the synthetic one.In Figure 2 (b),
length of the largest crystal is about 4Pm, and that of
the branch was no longer than 2Pm for star-like
crystals. In contrast, the radius of the spherical
particle in the Figure 2 (a) was about 1Pm averagely.
The mineralogy was illustrated by XRD shown in
Figure 3, which indicated that both samples are
goethite. However, the intensity and width of the
peaks in the Lowber samples were much weaker and
broader than the synthetic one. Thus, it is reasonable
to believe the degree of crystallization of AMD
precipitates was lower than that of the synthetic
goethite.
It is well known that the naturally occurred
JRHWKLWHUDUHO\H[LVWVDVSXUH Į-FeOOH as it easily
contains foreign metals such as Al, Co, Ni, and Zn.
EDS results revealed the Lowber sample contains

Effect of gas componentson mercury
adsorption test. For test 1-3, components added into
baseline gases were SO2, NO and NO2 in
combination with O2 respectively, both samples
exhibited minor capacity towards mercury
adsorption.
An exception is the test of SO2. The cooccurrence of SO2, O2 and AMD precipitates caused
relatively higher mercury removal, meanwhile its
oxidation ratio increased to about 40%. GAO [18]
revealed in the CO2-O2-N2-SO2 system, that SO2 was
helpful to promote the formation of HgSO4, which is
more stable than HgO in CO2-O2-N2 system. It is
consistent with the results in Table 1.
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FIGURE 4
Mercury adsorption test for AMD precipitate and synthetic goethite

TABLE 1
Mercury uptake capacities on AMD precipitate and synthetic goethite
Synthetic goethite
No. Gas
AMD precipitate
Adsorption
Oxidation
Adsorption
Component
&DSDFLWLHV ȝJJ ratio (%)
FDSDFLWLHV ȝJJ
31.2
25-40
1
SO2+O2
2
NO+O2
<5
<10
3
NO2+O2
182.6
70-85
21.4
4
HCl
5
HCl+SO2+O2
153.4
70-80
12.4
6
HCl+NO2+O2
42.1
70-80
8.7
7
HCl+NO2+NO+SO2+O2 175.6
60-75
6.7
1RWH³-´PHDQVWKHDGVRUSWLRQFDSDFLWLHVDUHVPDOOHQRXJKWREHLJQRUHG
Reaction of Hg0 with NO and NO2 as reported
previously with a product of mercuric oxide and
mercuric nitrate-nitrite mixtures were not found [19].
It was concluded when activated carbon were used
as the adsorbent materials. Surface properties of
AMD precipitate were different from that of the
activated carbons, which had an important effect on
the test results.
When HCl added into thesimulated flue gas,
both samples exhibited greater mercury uptake
capacity comparing to tests without HCl. Chlorinecontaining species in coal-fired flue gases have the
most important influence on mercury species in postcombustion gases by redox reactions[20]. Evaluation
of activated carbons, fly ash and calcium containing
materials were consistent with the results. Thus, it is
reasonable to assume that active sites on the surface
of AMD precipitate were available in this study with
an oxidation ratio as high as 85%, which is somehow
similar to Lewis acid site and basic site on the

Oxidation
ratio (%)
<10
<5
<10
10-20
15
20
15-20

surface of activated carbon propose by Olson [21].
Oxidation ratefor synthetic goethite remain in the
extent of 10% to 30% in test 1-3, it is much lower
than that of the AMD precipitate sample.
For test 4-7, influence of SO2 and NO2 on
adsorption capacities and mercury oxidation ratio
showed different trends. Either acid gascomponent
additionmakes the adsorption capacities decreased.
The same phenomenon was obtained by other
reports, by which explained competion adsorption
theory [14]. In contract, acid gases addition did not
cause significant changes for either AMD precipitate
or synthetic goethite.
Preliminary conclusion could be summarized
from the test results, that either SO2 or NO2 could
enhance breakthrough and both samples could
oxidize Hg0 into oxidized state.
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A(ad )  B( g ) o AB( g )

DISCUSSION ON MECHANISM

Here A notates gas component in flue gas, such
as HCl, SO2 and NO. B notates Hg0 in flue gas. Take
HCl as an example, firstly the HCl was adsorbed
onto the active sites on the surface of AMD
precipitate, then the adsorbed HCl converted the Hg0
in flue gas into oxidized forms. However, to verify
mercury species on the spend adsorbent materials,
further detection measurement are needed

According to the previous study, for granular
activated carbon its mercury adsorption capacity is
DERXW ȝJJ[5], and the calculated result for
$0'SUHFLSLWDWHLVȝJJLQWKLVVWXG\7KXVWKH
waste acid mine drainage iron oxyhydroxy can be
treated as adsorbent material precursor to remove
mercury in coal-fired flue gases.
Iron oxides and compound had been widely
studied on adsorption behaviors towards trace metal
in environment. Comparing to Fe3O4 LQIO\DVKRUȖFe2O3[6], the treated AMD precipitate in this study
exhibits greater catalytic oxidation reaction
capacities with an average oxidation rate of 65%.
Webster [8] found the AMD iron(ċ) oxy-hydroxy
sulfate have greater trace metal adsorption capacities
than pure synthetic schwertmannite, partially to the
participation bacteria during the formation of the
AMD precipitate.
SEM micrograph (Figure 2) illustrates
particulate size difference between synthetic goethite
and treated AMD precipitate. To get more
information, crystal sizeof the two sampleswere
calculate by Scherrer formula based on X-ray
diffraction resultin Figure 3. Sizesin three
dimensions for AMD precipitate were less than
10nm, and 30nm and 60-80nm in direction parallel
to a, b axis for synthetic goethite. The obtained
values of synthetic sample were consistent with
previous results reported by Schwertann[13].
Studies [15,16] oncharacteristics of nanometer
particulate iron oxides minerals in nature
demonstrated that nanocrystallites have dramatically
different properties compared to bulk crystallites,
such as larger surface area/volume ratio, enhanced
structural disorder, which are the same to the result
in this work. However, mechanisms of catalytic
oxidation reactionsof elemental mercury in the
presence of iron oxideis still not clearly understood
now. This is a complex issue encompassing many
factors.Banfield [17]proposed that the nano-scale
goethite haddifferent grown process, during
whichpoint defects, dislocations and planar defects
on the surface were formed. Thus, incomplete
double chains of Fe octahedral and the pseudo
oxygen vacancy at coherent interface could be
formed. Katsumi found that [22] point defect or
planar defects on the surface of iron oxides are active
sites for acid gas component in flue gases, such as
NO and SO2 . Adsorption tests proved the inertness
of the synthetic goethite towards elemental mercury
even HCl was presence, and that capacity of AMD
precipitate dropped down when SO2 was added into
the flue gases. Based on the above observations,
Eley-Rideal mechanism was used to explain the
catalytic oxidation reactions between gases
component and elemental mercury when the AMD
sample was present.

CONCLUSIONS
Owing to the large surface area, tendency to
aggregate as part of their growth process, and altered
chemical and physical properties relative to bulk
crystallites, theAMD precipitate composing of
nanoparticulate FeOOH minerals could be used as
adsorbent materials to remove mercury in coal fired
flue gases. The fixed bed adsorption tests verified
that its adsorption capacity of elemental mercury is
DERXWȝJJWKRXJKLWLVVRPHKRZVPDOOHUWKDQ
that of activated carbons which is widely used
industrially now, the AMD precipitate could convert
almost 70% elemental mercury into oxidized forms.
Point defects or oxygen vacancy on the surface of
AMD samples were considered as the active sites for
the catalytic oxidation reaction. Based on the results
obtained from adsorption tests, Eley-Rideal
chemisorptions mechanism was proposed to explain
the reaction occurred on the active sites. However,
further studies on examinations on mercury species
and distribution are needed to confirm the reaction
mechanism.
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common gill pathologies include hyperplasia,
hypertrophy, lamellar fusion, thrombosis, epithelial
necrosis, epithelial lifting, edema and multiple
structural disorders [3, 4]. In regard to the gill
pathology, earlier studies have focussed on the
histologic effects of different chemicals, including
pesticides [5, 6], disinfectants [7], and fertilizers [8]
on reared and wild-type fish gills and damage due to
of infectious fish pathogens, especially protozoan [9]
and metazoan [10] fish parasites on the gills.
The gill histopathology of fish has also been
used recently as a biomarker for determination of
pollution and a tool for environmental monitoring
[11, 12]. The interaction between gill structure and
external environment can be employed while
seeking the cause of a problem. Therefore, gill
histology should be investigated for different fish
species considering the variables of aquatic systems.
The aim of the present study was to investigate the
effects of external variables such as water quality,
chemicals and infectious agents on the gills of
different fish species.

ABSTRACT
The gill histology in fish is used as an
identification of infectious and non-infectious
diseases. This approach has also been used in recent
years as a biomarker for the determination of
pollution and as a tool in environmental monitoring.
The gill structure is extremely influenced by external
factors, and might serve as an indicator of many
problems. In the present study, pathology associated
with Ichthyobodo necator, Ichthyophthirius
multifiliis, Apiosoma sp., Dactylogyrus sp.,
Gyrodactylus sp. (parasites), Flavobacterium sp.
(bacteria) and concrete contamination were
investigated on different fish gills (Oncorhynchus
mykiss, Salmo coruhensis, Salvelinus fontinalis,
Acipenser baeri and Symphysodon discus). The gill
tissues of all examined fish were fixed in 10%
neutral buffered formalin embedded in paraffin
blocks and stained with hematoxylin and eosin.
Hyperplasia and lamellar apposition were observed
as the most common pathologies on the gills
analyzed. However, abundant necrotic cells, as an
indication of a more serious complication, were also
observed on the gills of Symphysodon discus infested
by Gyrodactylus sp. The vacuolisation of the gills in
brook trout, infected with Flavobacterium sp. was
recorded as another notable finding.

MATERIAL AND METHODS
Different fish species affected by infectious and
non-infectious agents were used in this study. The
fish species and their pathologic agents are presented
in Table 1. All fish were obtained from the aquaria
research unit or aquaculture research unit. Sturgeons
(Acipenser baeri) were obtained from accidentally
concrete contaminated water,
anesthetized with
MS-222, and then immediately fixed with neutral
buffered formalin (10%). To determine the
pathologic agents, some of the fish species, such as
coruh trout (Salmo coruhensis), brook trout
(Salvelinus fontinalis), discus (Symphysodon
discus), and rainbow trout (Oncorhynchus mykiss)
showing disease symptoms, were sampled for
bacteriological [13] and parasitological [14, 15]
examinations.
Anacker-Ordal Agar (AOA) medium was used
for bacteriological examination. The gill samples of
infested brook trout were aseptically inoculated on
AO agar. Then, the medium was incubated at 20
±2qC. Pure bacterial colonies were selected and
examined according to Sanders and Fryer [16] and

KEYWORDS:
Fish, histology, parasites, bacteria, concrete contamination

INTRODUCTION
Infectious and non-infectious factors in aquatic
ecosystems are extremely damaging for aquatic
organisms, especially fish. The gills of fish are in
direct contact with the external environment and are
sensitive to external fluctuations in the aquatic
environment. The gills are used for exchange of
gases, ammonia and ions [1, 2].
Damage to the gill structure might result in
several
morphological
and
physiological
complications to fish. Among them, respiratory
problems and the accumulation of ammonia are the
most apparent results of gill damage. Whereas most
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TABLE 2
Histologic changes on different fish gills and
their pathologic agents.

TABLE 1
Fish species, infectious and noninfectious
agents in the study. N; number of fish, RTEU;
5HFHS7D\\LS(UGR÷DQ8QLYHUVLW\.78
Karadeniz Technical University.
Fish Species
Rainbow trout
(Oncorhynchus
mykiss)
Çoruh trout
(Salmo
coruhensis)
Brook trout
(Salvelinus
fontinalis)

Sturgeon
(Acipencer
baeri)

Discus
(Symphsodon
discus)

N
5

Pathologic
effects
Ichthyobodo
necator

6

Apiosoma sp.

5

Ichthyophthirius
multifiliis

2

Flavobacterium
sp.

3

Concrete
contamination

1

Dactylogyrus sp.

2

Gyrodactylus sp.

Fish
Rainbow
trout
(Oncorhynch
us mykiss)
Rainbow
trout
(Oncorhynch
us mykiss)
Çoruh trout
(Salmo
coruhensis)

Source

Research
Unit
RTEU
Fisheries
Sciences
Research
Unit
KTU
Fisheries
Sciences
Research
Unit
RTEU
Fisheries
Sciences
Aquarium
Unit
RTEU
Fisheries
Sciences

Pickett [17]. The infected live fish were
anesthetized with MS-222 and immediately fixed
with 10% neutral buffered formalin; in case of large
fish, only gills were removed and fixed.
The second gill arch of all fish samples was
removed and processed for paraffin embedding. The
WLVVXH VHFWLRQV RI  ȝP ZHUH FXW SODFHG RQ
microscope slides and stained with hematoxylin and
eosin [18]. All slides were examined and imaged
using a microscope (Leica DFC365 FX model).

Pathologic
agents
Apiosoma
sp.

Ichthyobod
o necator
Ichthyopht
hirius
multifiliis

Discus
(Symphsodon
discus)

Gyrodactyl
us sp.

Discus
(Symphsodon
discus)

Dactylogyr
us sp.

Brook trout
(Salvelinus
fontinalis)

Flavobacte
rium sp.

Sturgeon
(Acipencer
baeri)

Concrete
contaminat
ion

Histologic
changes
Edema
Epithelial lifting
Necrosis
Hyperplasia
Edema
Epithelial lifting
Multiple
deformation
Epithelial lifting
Deformation
Lamellar
apposition
Hyperplasia
Necrosis
Hyperplasia
Loss of
erythrocytes
Lamellar
apposition
Vacuolization
Hyperplasia
Deformation
Lamellar
thrombosis
Hyperplasia
Lamellar
apposition
Deformation

Figure
s
Figure
1

Figure
2
Figure
3
Figure
4

Figure
5

Figure
6

Figure
7

RESULTS AND DISCUSSION
A
bacteriological
and
parasitological
examination of the fish was carried out; and as an
infectious agent following pathogens were isolated:
Ichthyobodo necator, Ichthyophthirius multifiliis,
Apiosoma sp., Dactylogyrus sp., Gyrodactylus sp.
and Flavobacterium sp. (Table 1). High mortality
rates and cataracts in the eyes of the concrete
exposed fish were observed. The histopathologic
changes observed on the gills are presented in Table
2 and Figure 1±7.
According to the results, edema was a common
histological finding on the gills of rainbow trout
infested by protozoan parasites except for
Ichthyophthirius multifiliis infestation. In addition,
an epithelial lifting was also observed on the gills
infested with protozoans (Figure 1,2,3).

FIGURE 1
Effects of Apiosoma sp. infestation on gills of
rainbow trout (Oncorhynchus mykiss). A:
control, B: edema (ed), C:, epithelial lifting (el),
and hyperplasia (hp), D: necrosis (n) (scale bar:
50μm).
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FIGURE 4
Effects of Dactylogyrus sp. infestation on gills of
discus (Symphsodon discus). A: lamellar
apposition (black arrow) and hyperplasia (white
arrow), B: Dactylogyrus sp. and loss of blood
from lamellea, erythrocytes (e). C: Dactylogyrus
sp. longitudinal section, D: Dactylogyrus sp.
longitudinal and cross-section (a), (scale bar:
400μm).

FIGURE 2
Effects of Ichthyobodo necator infestation on gills
of rainbow trout (Oncorhynchus mykiss). A:
control, B: multiple deformation, C:, edema (ed),
D: ephitel lifting (el), (scale bar: 25μm).

FIGURE 3
Effects of Ichthyophthirius multifiliis infestation
on gills of çoruh trout (Salmo coruhensis). A: I.
multifiliis on base of lamellae (black arrow) and
its nucleus (white arrow), ephitel lifting (el), B: I.
multifiliis and their nucleus (n), on gill rakers of
S. coruhensis (scale bar: 300μm).
Lamellar opposition defined as the initial phase
of hyperplasia was observed in the gills of discus
infested with trematodes (Dactylogyrus sp. and
Gyrodactylus sp.) (Figure 4,5). The most prominent
histologic changes observed on the gills of brook
trout were multiple vacuolisation (Figure 6).
There was a development of pale yellow
bacterial colonies on the Anacker-Ordal agar. The
isolated bacteria were gram-negative, thin, long
bacilli, oxidase positive and catalase weak positive.
The gliding movement of the bacteria was also
observable under a microscope. Based on these
characteristics, the bacteria could be identified as
Flavobacterium sp.

FIGURE 5
Effects of Gyrodactylus sp. infestation on gills of
discus (Symphsodon discus). A: individual of the
parasites (black arrow), B: lamellar apposition
(la), C: necrosis (n) and hyperplasia (hp), D:
Gyrodactylus sp. and its hooks in the base of
lamella (black arrows), (scale bar: 200μm).
The parasitic infestations on the external
surface of the wild and reared fish species are very
common problems.
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FIGURE 6
Effects of Flavobacterium sp. infection on gills of
brook trout (Salvelinus fontinalis). A, B: multiple
deformation, hyperplasia (hp), vacuolization (vc)
and lamellar thrombosis (t), (scale bar: 30μm).
Such infestations result in a high fish mortality and
economic lose in intensive culture conditions. The
main disorder that occurs in the gill structure of the
fish, infested with ciliate and flagellate parasites, is
hyperplasia. A hyperplasia on gills can cause
hypoxia [19]. In the present study, hyperplasia was
observed on all fish gills infested with protozoan and
metazoan parasites except for Ichthyophthirius
multifiliis, the causative agent of white spot disease.
Epithelial lifting and edema were described by
Fernandes and Mazon [20] as the early defense
mechanism of the gills against an external abuse.
However, Nascimento et al. [21] stated that necrosis
caused by different abuses is an irreversible damage
occurring on the fish gill. Necrotic cells (although a
small amount) were observed on the secondary
lamellae of the rainbow trout infested with Apiosoma
sp. The other necrotic cells were observed on the
gills of discus infested with Gyrodactylus sp. We
also observed that the hooks of Gyrodactylus sp.
were embedded in the base of secondary lamellae
(Figure 4). These situations possibly explain the
difficulty in the treatment of Gyrodactylus sp.
infestation. Haidar and Ansari [22] reported a lower
amount of red blood cell in Cyprinus carpio infected
with monogenean parasites (Dactylogyrus and
Gyrodactylus) compared with the healthy fish. The
present study shows how erythrocytes are lost from
the gill lamellae in discus (Figure 5).
The fusion of gill lamellae causes reduction in
the surface area of the gills, which unavoidably
results in hypoxia. Lamellar apposition and
hyperplasia are defined as the beginning of lamellar
fusion [3]. Typical lamellar appositions were
observed on the discus infested with monogenean
parasites and sturgeon exposed to concrete
contamination (Figure 4, 7).
Concrete is the most preferred building material
having binding properties for different materials.
Bridges, retaining walls, hydroelectric power plants,
and dams are commonly built in the aquatic systems
throughout the world. However,

FIGURE 7
Effects of concrete contamination on gills of
sturgeon (Acipencer baeri). A: control, B:
hyperplasia (hp), C: multiple deformation,
hyperplasia (hp) and lamellar apposition (la),
(scale bar: 35μm).
the contents of concrete can cause a significant
damage to aquatic organisms. Cement and other
chemicals in concrete having high pH levels are the
main contributors of the adverse effects of the
concrete contamination in aquatic ecosystems [23,
24]. In the present study, multiple deformations,
lamellar apposition and hyperplasia were observed
on the gills of sturgeon in the water contaminated by
concrete. Our results show that concrete
contamination can cause massive fish death due to
multiple gill pathologies in both intensive aquatic
systems and their natural habitats. Therefore, the
construction of concrete structure in the aquatic
systems must be strongly controlled by authorized
government agencies.
The genus Flavobacterium causes several
diseases such as: Flavobacterium columnare causes
columnaris diseases, Flavobacterium psychrophilum
causes
bacterial
coldwater
disease
and
Flavobacterium branchiophilum causes bacterial gill
diseases [25]. Wakabayashi et al. [26] found
swelling of gill lamellae in juvenile rainbow trout
while
infested
with
Flavobacterium
branchiophilum. Declercq et al. [27] observed that F.
columnare spreads rapidly throughout the gill
lamellae and causes respiratory distress. They also
reported lamellar fusion and gill epithelium
destructions on the coi carp in the same study. Many
bacteria produce some proteolytic enzymes, which
disrupt host protein structure and also affect
carbohydrates and lipid metabolism. These enzymes
can severely damage host enzymes. In this case,
vacuolisation occurs in the cells due to defective
enzyme system dealing with glycogen metabolism.
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technology/nanoscience are widely used in the
pharmaceutical, construction, and the cosmetics
industries. There is growing concern about the
potential side effects of these substances on human
health and various studies have been performed
revealing these biological effects. Thus, studies in
the nanogenotoxicology to evaluate the harmful
effects of NMs are increasing [1-8].
Several studies in the literature have
demonstrated that some NMs are toxic and cytotoxic, inducing allergic or inflammatory responses [5].
It is assumed that NMs can generate reactive
oxygen species (ROS) due to oxidative stress, DNA
damage, micronucleus formation, inflammatory
events and fibrosis in different target organs [9].
Nevertheless, NMs' effects depend on their unique
physicochemical properties such as form, chemical
stability, dissolution rate, surface charge,
agglomerations/aggregations, crystal structure, and
size.
Among the different NMs present in our daily
life, titanium dioxide (TiO2-NPs) and zinc oxide
nanoparticles (ZnO-NPs) are important due to the
fact that they are used in many areas including food
products, pharmaceutical products, nanomedicine,
biological and medical applications, and as UV
protection [10-11]. Concerning the harmful effect
of TiO2-NPs exposure, several researchers have
studied its relationship with genetic material. Some
studies have demonstrated the genotoxic effect of
TiO2-NPs in different assays and in different
biological systems.
Osman et al. [12] showed that significant
changes in DNA and chromosome damage in
human epithelial type 2 (HepG2) cells with Comet
and micronucleus (MN) assays. In another study, Di
Virgilio et al. [13] demonstrated positive results in
the sister-chromatid exchanges (SCE) and the MN
assays in Chinese hamster ovary (CHO-K1) cells.
In human lymphoblastic (WIL2-NS) cells, Wang et
al. [14] reported that acute exposure to ultrafine
particles
induced
cytotoxicity
and
TiO2
genotoxicity (MN, Comet and HPRT assays). On
the other hand, Jugan et al. [15] found significant

ABSTRACT
There are no studies in the literature on
nanomaterials (NMs) using gene mutation
approaches in mammalian cells, which represents
an important gap for genotoxic risk estimations. To
fill this gap, mouse lymphoma L5178Y Tkí assay
(MLA) was used to evaluate the mutagenic effect of
titanium dioxide and zinc oxide nanoparticles
(NPs). Two different NP sizes (between 1-50 and
50-100 nm) of each NP were used. The results
indicate that both the selected NMs and their
microparticulated forms do not have mutagenic
effects. Nevertheless, pre-exposure to these NMs
reduce the mutagenic effect of posterior UVC-light
exposure, in an indirect concentration-effect
relationship. As such, cells previously exposed to
low concentrations of the selected NPs show better
protective effects against posterior exposure to
UVC-light. These in vitro results, obtained from
mouse lymphoma cells, support the reproduction of
the current literature date on these NPs' genotoxic
potential as well as to focus on the discussion on
the benefits/risks associated with their use in photoprotection sunscreens.

KEYWORDS:
TiO2 and ZnO nanoparticles, mouse lymphoma assay,
thymidine kinase (Tk) gene, mutagenicity, UVC-light
modulation

INTRODUCTION
Nanomaterials (NMs) are described as
particles which have a maximum size of 100 nm or
less, and which exhibits novel physico-chemical
properties including high tensile strength, thermal
and chemical stability, high hydrophobicity, heat
and electrical insulation, hydrogen storage capacity,
resistance to oxidation, etc. NMs are at the leading
edge of the rapidly developing field of
nanotechnology.
Nowadays,
nano-
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formulations can modify skin penetration [36]. On
the other hand, TiO2 and ZnO compounds have
been considered photogenotoxic in the sense that
their genotoxic potential increases after exposure to
UV-light [38]. At this point, it seems adequate to
reproduce our knowledge on the potential
modulating role of TiO2- and ZnO-NPs on the
genotoxic effects of UV-light. Thus, in addition of
determining the mutagenicity of TiO2- and ZnONPs exposure in the mouse lymphoma assay, we
tested their possible influence on the genotoxic
potential of UVC-light. Taking into account that
particle structure and size can be an important
modulating agent, our study included two different
size ranges for each one of the NMs tested: between
1-50 nm and 50-100 nm (for both TiO2- and ZnONPs). In addition, we also included their
microparticulated forms to determine the
importance of the release of ions in the observed
effects.

increases in DNA strand breaks and oxidative
lesions in the human lung cancer (A549) cell line,
together with positive induction of MN [16].
Positive effects in the Comet assay have also been
obtained in human amnion epithelial (WISH) cells
[17], in human lymphocytes and embryonic kidney
(HEK293) cells [18], and in the nuclei of Allium
cepa root meristem cells [19]. Nevertheless, no
genotoxicity or activity of different enzyme
biomarkers in Xenopus laevis embryos of TiO2-NPs
have been observed in bacteria [20-21] or in human
lung cells; the induction of MN was strongly
mediated by the culture medium characteristics
[22]. Long-term exposure (60 d) did not cause
genotoxicity (HPRT assay) in CHO-K1 cells) [23],
and in in vivo exposures, no actions were observed
in mice after long-term exposures (6 weeks) in the
Pig-a assay and the MN test [24].
With respect to the genotoxic potential of
ZnO-NPs clastogenic effects were detected in the
chromosome aberration test using CHO cells [25].
Furthermore, the genotoxic effects of ZnO-NPs
with Comet assay were demonstrated in the human
epidermal cell line A431 [26], in primary human
epidermal keratinocytes [27], on root meristem cells
of A. cepa [19], and in human liver cells (HepG2)
[28]. Additionally, Osman et al. [12] reported that
ZnO NPs exposure induced DNA strand breaks and
chromosomal damage in the human carcinoma
(HepG2) cell line using MN and Comet assays. In
contrast, negative results were recently obtained in
an OECD battery that included a bacterial
mutagenicity assay, in vitro chromosomal damage
test, in vivo Comet, and micronucleus assays [29].
Although there are many studies on the
genotoxicity area, only one has been published to
date evaluating the positive effect of mammalian
gene mutation by any of the two selected NMs.
That study was conducted using the hypoxanthineguanine phosphoribosyl transferase (HPRT) locus
as a target and determining the effects of TiO2-NPs
[30]. No studies with the mouse lymphoma assay
(MLA) have been reported to date. It must be keep
in mind that this is a frequently applied in vitro
mutagenicity assay [31-34].
MLA was applied to the mouse lymphoblastic
cell line for in vitro mutagenicity testing of different
mutational
changes,
including
mitotic
recombination, point mutations, chromosome
aberrations, and aneuploidy [30], including NMs
[35].
Since different modern cosmetics contain
NMs, including TiO2- and ZnO-NPs, their potential
absorbance through skin has been widely discussed.
NPs can penetrate the stratum corneum without
reaching living skin; consequently it is assumed that
they do not suppose a significant risk to humans
[36]. A similar opinion was recently given by the
Scientific Committee on Consumer Safety [37].
Nevertheless, it is accepted that nano-sized

MATERIALS AND METHODS
Chemicals. TiO2-NPs (< 25 QP   99.7%
purity; CAS No. 13463-67-7) and the
microparticulated form (titanium (IV) oxide, 99100% purity; CAS No. 13463-67-7) were from
Sigma Chemicals Co. (St. Louis, MO, USA). TiO2NPs (50 nm) (SXULW\&$61R-67-7)
was from MK Impex Corp. (Mississauga, Ontario,
Canada). ZnO-NPs (< 35 nm) (CAS No. 1314-132), ZnO-NPs (< 100 nm) (CAS No. 1314-13-2), and
the microparticulated form of ZnO (zinc oxide, 
99.0% purity; CAS No. 1314-13-2) were from
Sigma Chemicals Co. Both TiO2- and ZnO-NPs
were in anatase crystalline form.
Nanoparticles
characterization
and
dispersion procedure. In this study, to characterize
the selected NPs, different analyses were
conducted, as previously described by our study
[18, 39]. The dispersions were briefly vortexed and
sonicated for 16 min prior to the measurement
according to the Nanogenotox protocol [40].
Cellular uptake by TEM. L5178Y/Tk+/-3.7.2C mouse lymphoma cells (1x106) exposed for
24 h to the lowest and highest concentrations of two
different NP sizes of TiO2- (< 25 and 50 nm) and
ZnO-NPs (< 35 and < 100 nm) were fixed in 2.5%
(v/v) glutaraldehyde (Merck, Darmstadt, Germany).
Cellular uptake by TEM was demonstrated
according to the previous studies [41].
UVC-light
exposure.
For
UVC-light
treatment, the medium was removed and 5 million
cells (exposed or not) were washed twice in PBS
and resuspended in 3 mL PBS with 3% heatinactivated donor horse serum (DHS). The cell
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suspension was transferred to Petri dishes and
irradiated at the indicated doses (as a duplicate).
Control cells were not irradiated. In this study, we
used a lamp producing UV-C (VL-215 M, 60 W,
0.091 mW/cm2, 265 nm). The UV intensity was
measured by a VLX-3W radiometer attached to an
UVCX sensor. All equipments (lamp and
radiometer) was purchased from Vilber Lourmat
Co. (Marne-la Vallée, France). Cells were then
irradiated for different periods of time with constant
intensities of UVC-light. The distance between the
Petri dishes containing cells and the lamp was 90
cm. To determine the genotoxic dose of UV-C-light
to be used, preliminary experiments (toxicity and
genotoxicity) were conducted, and the final selected
irradiation conditions were 2 min for 0.004 J/cm2.

Statistical analysis. The MLA was used as
previously described by our study [33]. The
concentration-response relationship was also
evaluated by testing for a linear trend [44]. Results
were considered statistically significant when the Pvalue was <0.05.
To assess the possible effects of the
combinations between NMs and UV-C-light
treatments, an interaction factor (IF) was calculated
[18, 45-46].
A)

Mouse lymphoma assay (MLA). The
L5178Y/Tkí-3.7.2C mouse lymphoma cell line
was used for the MLA. Cells were cultured in
suspension in RPMI 1640 medium supplemented
with 10% vol/vol DHS, L-glutamine (2 mM),
penicillin (100 U/mL), streptomycin (100 μg/mL),
sodium pyruvate (1 mM), and amphotericin B (2.5
μg/mL). Cultures were diluted at 2x105 cells/mL
daily to prevent overgrowth (> 106 cells/mL).
The MLA used in this study conducted as
previously described by our study and in other
studies [30-31, 33-34, 42-43].
A)

B)

B)





C)



FIGURE 2
Characterization of TiO2 NPs (50 nm). (A)
Typical TEM image and size distribution
histogram using such images. (B) and (C)
represents size distribution and zeta potential,
by DLS and LDV characterization.

RESULTS
C)

NPs characterization. This study used TEM
to determine particle size of TiO2- (< 25 and 50 nm)
and ZnO-NPs (< 35 and < 100 nm). Examples of
TEM figures are shown in Figures 1-4. Information
on mean size and standard deviation was calculated
by measuring 200 isolated NPs in random areas. As
observed, the obtained measures match well with
those indicated by the manufacturer: 24.23 ± 5.95
for TiO2-NPs (< 25 nm); 50.216 ± 12.425 for TiO2NPs (50 nm); 34.00 ± 9.00 for ZnO-NPs (< 35) and
68.00 ± 32.86 for ZnO-NPs (< 100). The average
hydrodynamic diameter and zeta potential of the
TiO2- and ZnO-NPs suspensions in RPMI 1640
medium with 10% DHS were detected by DLS and
LVD, respectively. Later, the sonicated NPs were

FIGURE 1
Characterization of TiO2 NPs (24.23 nm). (A)
Typical TEM image and size distribution
histogram using such images. (B) and (C)
represents size distribution and zeta potential,
by DLS and LDV characterization.
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and 100 μg/mL) at 24 h. TiO2- and ZnO-NPs were
observed as NPs and/or nano-aggregates in the
vacuoles.
A)

dispersed in RPMI 1640 medium with 10% DHS
for the measurements. The average diameters
obtained using DLS were 418.7 ± 0.441 and 129.3
± 0.206 nm for TiO2-NPs (< 25 and 50 nm,
respectively), 64.25 ± 0.158 and 698.3 ± 0.576 nm
for ZnO-NPs (< 35 and < 100 nm, respectively).
The hydrodynamic diameter averages were
different and higher than TEM analyses (Figures 14), indicating that TiO2-NPs and ZnO-NPs form
large agglomeration in medium suspension. The
zeta potential average obtained from the LDV
technique was -10.8 ± 0.03 and -10.3 ± 0.01 mV for
TiO2-NPs (< 25 and 50 nm, respectively) and 48.4
± 0.15 and -22.3 ± 0.05 for ZnO-NPs (< 35 and <
100 nm, respectively), indicating good stability and
dispersion of these nano-compounds in a medium
solution.
A)





B)

C)





B)

FIGURE 4
Characterization of ZnO NPs (68 nm). (A)
Typical TEM image and size distribution
histogram using such images. (B) and (C)
represents size distribution and zeta potential,
by DLS and LDV characterization.

C)

Mutagenicity as detected by the MLA. The
results obtained after treatment of the cells with
TiO2- and ZnO-NPs (and their microparticulated
forms) are indicated in Figures 6 and 7,
respectively. Each compound was tested in one
experiment with two replicates. MMS (10 μg/mL),
which was used as a positive control, showed
mutagenic effect.
In this study, the microparticulated form of
TiO2 (Figure 6A), < 25 nm of TiO2-NPs (Figure
6B) and 50 nm of TiO2-NPs (Figure 6C) were
tested from 1 to 100 μg/mL. Although slights
increases were observed after NPs exposures,
nor
their
neither
the
tested
TiO2-NPs
microparticulated form induce significant increases
in the mutant frequency in the MLA assay.
The microparticulated form of ZnO (Figure
7A), as well as < 35 nm of ZnO-NPs (Figure 7B)
and < 100 nm of ZnO NPs (Figure 7C) were tested
from 1 to 100 μg/mL. Similarly, as occured with
TiO2 compounds although slights increases were
observed after NPs exposures, neither ZnO-NPs (<
35 and < 100 nm) nor their microparticulated form
acted as mutagenic in the MLA assay.

FIGURE 3
Characterization of ZnO NPs (34 nm). (A)
Typical TEM image and size distribution
histogram using such images. (B) and (C)
represents size distribution and zeta potential,
by DLS and LDV characterization.
Cellular uptake detection using TEM. TEM
was used to visualize the internalization of the
selected NMs. An important internalization of
TiO2-NPs in mouse lymphoma cells was observed
after 24 h of exposure. Less internalization was
observed after exposures to ZnO-NPs. Figure 5
presents some figures showing NPs internalization.
It must be indicated that cellular uptake was
examined in cells treated with the lowest and the
highest concentrations of TiO2- and ZnO-NPs (1
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(A)

(B)

(C)

A)

(D)

(E)

(F)

B)

C)
(G)

(H)

(I)

FIGURE 6
Mutation frequencies for (A) the
microparticulated form of titanium dioxide
(TiO2), (B) TiO2 NPs (24.23 nm) and (C) TiO2
NPs (50 nm) on L5178Y/Tk+/- mouse lymphoma
cells. Positive control (MMS, 10 μg/mL). Results
are from two different replications. * 3**
3ZKHQFRPSDUHGWRQHJDWLYHFRQWURO
using one way ANOVA.
A)

FIGURE 5
Examples of TEM images showing
internalization of the lowest and highest
concentrations of TiO2-NP (< 25 and 50 nm) and
ZnO-NP (< 35 and < 100 nm) in L5178Y/Tk+/í3.7.2C mouse lymphoma cell line at 24 h. Images
(A) control, (B) 1 μg/mL of TiO2-NP (< 25 nm),
(C) 100 μg/mL of TiO2-NP (< 25 nm), (D) 1
μg/mL of TiO2-NP (50 nm), (E) 100 μg/mL of
TiO2-NP (50 nm), (F) 1 μg/mL of ZnO-NP (< 35
nm), (G) 100 μg/mL of ZnO-NP (< 35 nm), (H) 1
μg/mL of ZnO-NP (< 100 nm), (I) 100 μg/mL of
ZnO-NP (< 100 nm). Arrows indicate NPs or
nano-aggregates (magnifications 10000X).

B)

In contrast, when UVC-light was tested for the
induction of mutagenicity in the MLA, significant
mutagenic effects were observed (Figure 8). At
concentrations higher than 0.001 J/cm2, distinct
decreases in the relative total growth (RTG) were
found and the two highest tested doses (0.002 and
0.004 J/cm2) were clearly mutagenic. The relative
mutagenic potency according to the induced mutant
frequency (IMF) was 349.5x10-6 at 0.004 J/cm2 and
119x10-6 at 0.002 J/cm2. According to these results,
we selected the final UVC dose of 0.004 J/cm2 for
the different challenge experiments. This dose
creates a decrease in RTG lower than 20%, which is
usually accepted as the maximum level of toxicity
for MLA.
Particularly, interesting are the results
obtained when the effects of UVC-light were tested
after cell adaptation with the selected TiO2 and ZnO
compounds. As indicated in Figures 9 and 10 both
NPs and their microparticulated forms reduce the
mutagenic effect of UVC-light, in an inverse

C)

FIGURE 7
Mutation frequencies for (A) the
microparticulated form of zinc oxide (ZnO), (B)
ZnO-NP (34 nm) and (C) ZnO-NP (68 nm) on
L5178Y/Tk+/- mouse lymphoma cells. Positive
control (MMS, 10 μg/mL). Results are from two
different replications. * 3** 3
when compared to negative control using one
way ANOVA.
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A)

B)

FIGURE 8
Mutation frequencies for UVC-light on
L5178Y/Tk+/- mouse lymphoma cells. Results are
from two different replications. * 3** 3
0.001 when compared to negative control using
one way ANOVA.
A)

C)

B)

FIGURE 10
Mutation frequencies for (A) the
microparticulated form of zinc oxide (ZnO), (B)
ZnO-NP (34 nm) and (C) ZnO-NP (68 nm) with
UVC-light on L5178Y/Tk+/- mouse lymphoma
cells. Results are from two different replications.
*
3ZKHQFRPSDUHGWR89&-light effect
using one way ANOVA.

C)

DISCUSSION
Two points should be emphasized in this
study. The first is the absence of gene mutation
induction by the two selected NPs, and the second
is the modulating effect of their pre-exposure,
reducing the genotoxic effects of posterior UV-Clight exposure. These results correspond with an
adaptation of the cells, as a result of its NP
exposure, to become more resistant to the posterior
exposure to UVC-light.
Available data according to the literature are
given in below made by a HPRT mutation test to
reveal the gene mutation of TiO2 NPs. Wang et al.
[14] demonstrated mutagenicity of TiO2-NPs using
the HPRT gene mutation assay in human
lymphoblastic cells and found 2.5 fold increases in
the HPRT mutant IUHTXHQF\ ȝJP/ for 6, 24,
and 48 h. The main advantages of the HPRT gene
mutation assay are that it is based on a mammalian
cell line, the selection of mutants with 6thioguanine is simple, it has the capacity for
different proportions of mutations, and only one
allele needs to be inactivated for the mutation to be
expressed [47]. On the other hand, Chinese hamster
fibroblast (V79) cells were used to test the
mutagenicity of TiO2-NPs using the HPRT gene as
a target [48]. Positive induction was examined after
2 h and at concentrations of 10 and 100 μg/mL.

FIGURE 9
Mutation frequencies for (A) the
microparticulated form of titanium dioxide
(TiO2), (B) TiO2-NP (4.23 nm) and (C) TiO2-NP
(50 nm) with UVC-light on L5178Y/Tk+/- mouse
lymphoma cells. Results are from two different
replications. * 3** 3ZKHQ
compared to UVC-light effect using one way
ANOVA.
concentration-effect relationship (more effective at
the lowest concentration). When the interaction
factor was calculated, negative values were always
obtained, indicating that the response obtained after
the exposure to the NM interferes with the posterior
effects caused by UVC-light. Thus, a clear
antagonism was observed (see Supplementary
Tables S1-S9). These results coincide with an
adaptation of the cells to become more resistant to
the posterior exposure to UVC-light.
To have a more clear view on how the
different exposures affects cells development, we
included cytotoxicity results as supplementary
material (see Supplementary Tables S10-S16).
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TABLE S1
Results of toxicity and mutagenicity of UVC-light in mouse lymphoma cells (L5178Y/Tk+/--3.7.2C).
Concentrat Percent plating
ion
efficiency
( J/cm2)
UVC (Replication 1)
0
113
0.0001
93
0.001
84
0.002
76
0.004
57
MMS (10
76
μg/mL)
UVC (Replication 2)
0
96
0.0001
87
0.001
78
0.002
69
0.004
63
MMS (10
81
μg/mL)
*

MF (S/L)a
(x 10-6)

IMF
(MF-SMF)

100
68
53
45
34
42

133/0
177/29
221/16
429/48
658/45

24
97
128
368
594

100
75
59
48
45
53

108/0
150/0
183/0
218/0
375/64
582/41

42
75
110
331
515

Mutant
frequency
(x 10-6)

% Relative total
gro
wth

109
133
206
237 *
477 **
703 **

108
150
183
218 *
439 **
623 **

3** 3 VLJQLILFDQWO\GLIIHUHQWIURPQHJDWLYHFRQWURO 
Total mutant frequency divided into small/large (S/L) colony mutant frequencies.

a

TABLE S2
Results of toxicity and mutagenicity of the microparticulated form of titanium dioxide (TiO2)
with/without UV-C in mouse lymphoma cells (L5178Y/Tk+/-- 3.7.2C).
Concentratio
Percent plating
Mutant
n
efficiency
frequency
( μg/mL)
(x 10-6)
TiO2-the microparticulated form (Replication 1)
0
118
99
1
96
121
10
87
158
100
78
192
MMS (10
78
625 *
μg/mL)
TiO2-the microparticulated form (Replication 2)
0
104
106
1
90
138
10
81
161
100
76
171
MMS (10
87
520 *
μg/mL)
TiO2-the microparticulated form + UV-C (Replication 1)
0
139
119
1 + UV-C
118
152 *
10 + UV-C
100
195 *
100 + UV-C
84
261 *
UV-C
71
443 *
(0.004 J/cm2)
TiO2-the microparticulated form + UV-C (Replication 2)
0
104
138
1 + UV-C
108
152 *
10 + UV-C
93
194 *
100 + UV-C
74
286 *
UV-C
81
415 *
(0.004 J/cm2)

Relative total growth

MF (S/L) a
(x 10-6)

IMF (MFSMF)

100
79
62
40
47

99/0
121/0
158/0
184/8
573/52

22
59
93
526

100
84
66
45
59

106/0
138/0
161/0
155/16
483/37

32
55
65
414

100
78
62
38
30

106/13
121/31
176/19
230/31
404/39

33
76
142
324

100
96
77
44
45

127/11
135/17
167/27
234/52
344/71

14
56
148
277

*

3 VLJQLILFDQWO\GLIIHUHQWIURPQHJDWLYHFRQWURORU89-C).

a

Total mutant frequency divided into small/large (S/L) colony mutant frequencies
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TABLE S3
Results of toxicity and mutagenicity of titanium dioxide NPs (TiO 2 NPs-24.23 nm) with/without
UVC-light in mouse lymphoma cells (L5178Y/Tk+/-- 3.7.2C).
Concentration
( μg/mL)

Percent plating efficiency

Mutant frequency
(x 10-6)

Relative total growth

MF (S/L) a
(x 10-6)

IMF
(MFSMF)

TiO2 NPs-24.23 nm (Replication 1)
0

100

104

100

104/0

-

1
10
100
MMS (10
μg/mL)

84
81
76
71

132
152
180
515 **

80
60
52
51

125/7
152/0
172/8
493/22

28
48
76
411

TiO2 NPs-24.23 nm (Replication 2)
0
1
10
100

93
93
90
87

105
126
145
158

100
96
72
64

105/0
120/6
145/0
144/14

21
40
53

MMS (10
μg/mL)

76

456 **

58

390/66

351

TiO2 NPs-24.23 nm + UVC (Replication 1)
0
1 + UV-C
10 + UV-C
100 + UV-C

113
90
78
74

140
262 **
321 **
470 *

100
67
52
47

118/22
175/87
228/93
372/98

122
181
330

UV-C
(0.004 J/cm2)

81

739 **

50

607/132

599

195
216 **
261 **
416 *
809 **

100
70
60
49
52

146/49
144/72
192/69
300/116
657/152

21
66
221
614

TiO2 NPs-24.23 nm + UVC (Replication 2)
0
1 + UV-C
10 + UV-C
100 + UV-C
UV-C
(0.004 J/cm2)
*

104
87
84
71
78

3** 3 VLJQLILFDQWO\GLIIHUHQWIURPQHJDWLYHFRQWURORU89-C). a Total mutant frequency divided into small/large (S/L) colony mutant frequencies.

TABLE S4
Results of toxicity and mutagenicity of titanium dioxide NPs (TiO 2 NPs-50 nm) with/without
UVC-light in mouse lymphoma cells (L5178Y/Tk+/-- 3.7.2C).
*

3 VLJQLILFDQWO\GLIIHUHQWIURPQHJDWLYHFRQWURORU89-C). a Total mutant frequency divided into small/large (S/L) colony mutant frequencies.

Concentration
( μg/mL)

Percent plating
efficiency

Mutant frequency
(x 10-6)

Relative total growth

MF (S/L) a
(x 10-6)

IMF (MF-SMF)

82
130
127
152
731 *

100
65
61
55
31

82/0
117/13
127/0
138/14
582/149

48
45
70
649

84
123
130
155
591 *

100
80
69
62
31

84/0
105/18
130/0
127/28
457/134

39
46
71
507

140
262 *
333 *
416 *
739 *

100
69
52
43
50

118/22
177/85
219/114
361/55
607/132

122
193
276
599

195
289 *
322 *
403 *
809 *

100
78
59
45
52

146/49
169/120
243/79
309/94
657/152

94
127
208
614

TiO2 NPs-50 nm (Replication 1)
0
1
10
100
MMS (10
μg/mL)

118
90
87
81
57

TiO2 NPs-50 nm (Replication 2)
0
1
10
100
MMS (10
μg/mL)

108
100
90
84
52

TiO2 NPs-50 nm + UVC (Replication 1)
0
1 + UVC
10 + UVC
100 + UVC
UVC
(0.004 J/cm2)

113
93
84
76
81

TiO2 NPs-50 nm + UVC (Replication 2)
0
1 + UVC
10 + UVC
100 + UVC
UVC
(0.004 J/cm2)

104
96
87
74
78
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TABLE S5
Interaction effects of UVC-light (0.004 J/cm2) and TiO2 (ionic form and NPs) in L5178Y/Tk+/í-3.7.2C
mouse lymphoma cell line. Mutant frequency was measured by the mouse lymphoma assay (MLA).
Results are expressed as mean of two replications.
#
##

when compared to negative control using one way ANOVA.
when compared to UV-C using one way ANOVA.
Cell line

Mutant Frequency (x 10-6)

Concentration

Interference

(μg/mL)

Factor
Negative control

UV-C

TiO2

TiO2 + UV-C

129

152 ** (##)

-303

160

195 ** (##)

-291

182

274

** (##)

-234

129

239 ** (##)

-558

149

290

** (##)

-527

169

443 * (##)

-394

127

276 ** (##)

-540.6

129

327 ** (##)

-491.6

154

** (##)

-433.6

TiO2 (ionic form) + UV-C
1
103

10

429

** (#)

100
TiO2 (24.23 nm) + UV-C
L5178Y/Tk+/í

1
10

105

773

** (#)

100
TiO2 (50 nm) + UV-C
1
10

83.4

773

** (#)

100
*

410

3** 3
TABLE S6
Results of toxicity and mutagenicity of the microparticulated form of zinc oxide (ZnO)
with/without UVC-light in mouse lymphoma cells (L5178Y/Tk+/-- 3.7.2C).

Concentration
Percent plating efficiency
Mutant frequency
( μg/mL)
(x 10-6)
ZnO-the microparticulated form (Replication 1)
0
118
99
1
87
143
10
84
155
100
76
180
MMS (10
78
625 **
μg/mL)
ZnO-the microparticulated form (Replication 2)
0
104
106
1
81
144
10
90
138
100
81
161
MMS (10
87
520 **
μg/mL)
ZnO-the microparticulated form + UVC (Replication 1)
0
139
119
1 + UVC
96
179 *
10 + UVC
81
250 *
100 + UVC
76
288 *
71
443 *
UVC
(0.004 J/cm2)
ZnO-the microparticulated form + UV-C (Replication 2)
0
104
138
1 + UVC
90
209 *
10 + UVC
93
194 *
100 + UVC
84
281 *
UVC
(0.004 J/cm2)

81

415 *

Relative total growth

MF (S/L) a
(x 10-6)

IMF (MFSMF)

100
69
52
38
47

99/0
143/0
155/0
172/8
573/52

44
56
81
526

100
74
64
47
59

106/0
144/0
138/0
154/7
483/37

38
32
55
414

100
70
44
32
30

106/13
160/19
211/39
254/34
404/39

60
131
169
324

100
87
68
47

127/11
174/35
154/40
250/31

71
56
143

45

344/71

277

*

3** 3 VLJQLILFDQWO\GLIIHUHQWIURPQHJDWLYHFRQWURORU89-C).

a

Total mutant frequency divided into small/large (S/L) colony mutant frequencies.
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TABLE S7
Results of toxicity and mutagenicity of zinc oxide NPs (ZnO NPs-34 nm) with/without
UVC-light in mouse lymphoma cells (L5178Y/Tk+/-- 3.7.2C).
*
a

3 VLJQLILFDQWO\GLIIHUHQWIURPQHJDWLYHFRQWURORU89-C).
Total mutant frequency divided into small/large (S/L) colony mutant frequencies.

Concentration
( μg/mL)

Mutant frequency
(x 10-6)

Relative total growth

MF (S/L) a
(x 10-6)

IMF (MFSMF)

108
81
78
71
74

114
161
175
192
577 *

100
64
35
32
53

114/0
154/7
167/8
184/8
514/63

47
61
78
463

96
76
84
76
81

121
162
155
180
482 *

100
68
42
38
65

121/0
162/0
155/0
180/0
426/56

41
34
59
361

124/19
186/41
212/50
344/72
540/132

84
119
273
529

131/21
188/39
249/62
318/73
533/126

75
159
239
507

Percent plating efficiency

ZnO NPs-34 nm (Replication 1)
0
1
10
100
MMS (10 μg/mL)
ZnO NPs-34 nm (Replication 2)
0
1
10
100
MMS (10 μg/mL)

ZnO NPs-34 nm + UV-C (Replication 1)
0
1 + UVC
10 + UVC

131
93
93

143
227 *
262 *

100 + UVC
UVC
(0.004 J/cm2)

78
87

416 *
672 *

100
57
37
28
32

152
227 *
311 *
391 *
659 *

100
66
38
30
33

ZnO NPs-34 nm + UV-C (Replication 2)
0
1 + UVC
10 + UVC
100 + UVC
UVC
(0.004 J/cm2)

118
100
87
76
81

TABLE S8
Results of toxicity and mutagenicity of zinc oxide NPs (ZnO NPs-68 nm) with/without UVC-light in mouse
lymphoma cells (L5178Y/Tk+/-- 3.7.2C).
* 3 VLJQLILFDQWO\GLIIHUHQWIURPQHJDWLYHFRQWURORU89-C).a Total mutant frequency divided into small/large (S/L) colony mutant frequencies.
Concentration
( μg/mL)

Mutant frequency
(x 10-6)

Relative total growth

MF (S/L) a
(x 10-6)

IMF (MFSMF)

100
87
84
87
71

104
135
155
166
515 *

100
80
49
48
51

104/0
122/13
155/0
152/14
443/72

31
51
62
411

93
96
93
90
76

105
128
148
145
456 *

100
96
58
54
58

105/0
116/12
148/0
138/7
390/66

23
43
40
351

143
244 *
320 *
428 *
672 *

100
64
37
28
32

124/19
208/36
268/52
336/92
540/132

101
177
285
529

152
271 *
365 *
416 *
659 *

100
66
38
34
33

131/21
209/62
299/66
321/95
533/126

119
213
264
507

Percent plating efficiency

ZnO NPs-68 nm (Replication 1)
0
1
10
100
MMS (10
μg/mL)
ZnO NPs-68 nm (Replication 2)
0
1
10
100
MMS (10
μg/mL)

ZnO NPs-68 nm + UVC (Replication 1)
0
1 + UVC
10 + UVC
100 + UVC
UVC
(0.004 J/cm2)

131
90
76
67
87

ZnO NPs-68 nm + UV-C (Replication 2)
0
1 + UVC
10 + UVC
100 + UVC
UVC
(0.004 J/cm2)

118
84
71
74
81
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TABLE S9
Interaction effects of UVC-light (0.004 J/cm2) and ZnO (ionic form and NPs) in L5178Y/Tk+/í-3.7.2C
mouse lymphoma cell line. Mutant frequency was measured by the mouse lymphoma assay (MLA).
Results are expressed as mean of two replications.
# when compared to negative control using one way ANOVA.
## when compared to UV-C using RQHZD\$129$ 3 3
Cell line

Mutant Frequency (x 10-6)

Concentration
(μg/mL)
Negative control

UVC

Interference
Factor

TiO2

TiO2 + UVC

ZnO (ionic form) + UVC
1
10
100
ZnO (24.23 nm) + UVC
1
10
100
ZnO (50 nm) + UVC
1
10
100

L5178Y/Tk+/í

103

429 ** (#)

143
146
170

194 * (##)
221 * (##)
285 * (##)

-275
-251
-211

118

666 ** (#)

162
165
186

227 ** (##)
286 ** (##)
403 ** (##)

-483
-427
-331

105

666 ** (#)

132
152
156

257 ** (##)
342 ** (##)
422 ** (##)

-436
-371
-295

TABLE S12
Results obtained in the mouse lymphoma assay of
titanium dioxide NPs (TiO2 NPs-24.23 nm)
with/without UVC-light made with two replications.

TABLE S10
Results obtained in the mouse lymphoma
assay of UVC-light made with two replications.
Doses(J/cm2)

Viability %

Negative control
0.0001
0.001
0.002
0.004
MMS (10 μg/mL)

Concentration
Viability %
(μg/mL)
TiO2 NPs-24.23 nm
Negative control
96.26
1
88.05
10
85.11
100
80.99
MMS (10 μg/mL)
73.66
TiO2NPs-24.23 nm + UVC
Negative control
100
1 + UVC
88.05
10 + UVC
80.99
100 + UVC
72.54
UVC
(0.004 J/cm2)
79.69

100
89.59
80.99
72.54
59.85
78.43

TABLE S11
Results obtained in the mouse lymphoma Assay
of the microparticulated form of titanium
dioxide (TiO2) with/without UVC-light made
with two replications.
Concentration
(μg/mL)

TABLE S13
Results obtained in the mouse lymphoma assay
of titanium dioxide NPs (TiO2 NPs - 50 nm)
with/without UVC-light made with two
replications.

Viability %
TiO2

Negative control

100

1
10

92.81
83.69

100

77.19

MMS (10 μg/mL)

82.32

Concentration(μg/mL)

TiO2 NPs - 50 nm
Negative control
1
10
100
MMS (10 μg/mL)

100
94.51
88.05
82.33
54.15
TiO2NPs - 50 nm + UVC

TiO2+UV-C
Negative control

100

1 + UVC

113.09

10 + UVC

96.26

100 + UVC
UVC
(0.004 J/cm2)

78.43
75.99

Viability %

1011

Negative control
1 + UVC

100
94.51

10 + UVC
100 + UVC
UVC
(0.004 J/cm2)

85.11
74.81
79.70
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TABLE S14
Results obtained in the mouse lymphoma assay
of the microparticulated form of zinc oxide
(ZnO) with/without UVC-light made with two
replications.
Concentration
(μg/mL)

Since the range of concentrations and the exposure
duration are equivalent, the examined differences
between our results and those published by Chen et
al. [48], at least for TiO2-NPs, may reside in
different sensitiveness in the cell line or in the
selected target gene. It should be kept in mind that
the Tk gene mutation assays are particularly
sensitive to agents producing chromosome
mutations, and, accordingly, in the study Chen et al.
[48] the authors observed that TiO2-NPs were
unable to induce chromosome mutations in V79
cells. This would indicate that the ability of TiO2NPs to produce gene mutation in a mammalian cell
line is strongly dependent on the selected target. In
spite of this discrepancy, we consider that our
results demonstrating that TiO2- and ZnO-NPs are
unable to produce gene mutation at the Tk locus are
important with regard to risk analysis [49].
Furthermore, it should be pointed out that no TiO2NPs genotoxicity was observed in an in vivo longterm exposure experiment using the HPRT assay
[23] and in the pig-a gene mutation assay [24]. The
observed discrepancies among studies can be due to
physicochemical differences (particle size, form,
surface properties, etc.) among the tested NPs as
recently reviewed [50]. In fact, Huk et al. [51]
reported that not only surface charge but also
surface chemical composition play a significant role
in silver NPs toxicity with the HPRT gene mutation
assay.
Although some studies have been conducted
combining UV-light and TiO2 or ZnO compounds,
they followed different protocols and no specific
interest to elucidate the effects of such type of
interaction was apparent. The initial results reported
by Linnainmaa et al. [52] suggested that ultrafine
TiO2 particles were not cytotoxic or genotoxic in
the presence and absence of UV-light in the MN
assay under in vitro conditions. Nevertheless, the
UV-light dose used was not an induction for the
MN frequency. They concluded that TiO2 ultrafine
particles were not observed significant increase in
chromosomal damage. In addition, the Scientific
Committee on Cosmetic Products and no-Food
Products [53] indicated that there was no observed
DNA damage in human keratinocytes-living cells of
epidermis (HaCaT) cells after exposure to ZnO-NPs
  QP  LQ WKH SUHVHQFH RU DEVHQFH RI 89
irradiation. In addition, and according to the
suspicious photogenotoxic potential attributed to
TiO2-NPs, an extensive study was conducted on
TiO2-NPs, including many genotoxicity tests and
different types of nano-TiO2 particles; however, no
photogenotoxicity effects were detected [37].
Different approaches (cell lines, treatment
protocols, UV-light sources, etc.) have been
addressed to answer to the question of the possible
interactions between TiO2-NPs and UV-light
exposure. According to the variability of protocols
the obtained results are also complex. Different

Viability %

ZnO
Negative control
1
10
100
MMS (10 μg/mL)
ZnO + UV-C
Negative control
1 + UVC
10 + UVC
100 + UVC
UVC
(0.004 J/cm2)

Fresenius Environmental Bulletin

100
83.70
86.56
78.43
82.33
100
92.81
86.55
79.69
75.99

TABLE S15
Results obtained in the mouse lymphoma assay
of zinc oxide NPs (ZnO NPs - 34 nm)
with/without UVC-light made with two
replications.
Concentration
Viability %
(μg/mL)
ZnO NPs - 34 nm
Negative control
100
1
78.43
10
80.99
100
73.66
MMS (10 μg/mL)
77.19
ZnO NPs - 34 nm + UVC
Negative control
100
1 + UVC
96.26
10 + UVC
89.59
100 + UVC
77.19
UVC
(0.004 J/cm2)
83.70

TABLE S16
Results obtained in the mouse lymphoma assay
of zinc oxide NPs (ZnO NPs 68 nm) with/without
UVC-light made with two replications.
Concentration
Viability %
(μg/mL)
ZnO NPs - 68 nm
Negative control
96.26
1
91.17
10
88.05
100
88.05
MMS (10 μg/mL)
73.66
ZnO NPs - 68 nm + UVC
Negative control
100
1 + UVC
86.56
10 + UVC
73.66
100 + UVC
70.37
UVC
83.70
(0.004 J/cm2)

1012

© by PSP

Volume 26 ± No. 1a/2017, pages 1001-1016

Fresenius Environmental Bulletin

of ZnO-NPs on the growth of algae were not
increased with UV pre-irradiation [61]. In addition,
our findings concur with the recently published data
using the mammalian cell cultures, where
antagonistic effects were observed between ZnONPs and UVB-light [18]. Furthermore, the ability to
induce ROS, ZnO NPs also can interfere with DNA
repair mechanisms [39].
Our results, showing an antagonistic effect
between the two selected NPs and UVC-light,
concur with others reported in the literature.
Nevertheless, an important and surprising trait of
our data is the presence of an inverse concentrationeffect relationship, showing a more strong
antagonistic effect at the lowest concentration. A
plausible explanation supposes the overlapping of
adaptation and toxic effects. Thus, at low NPs
concentration exposures, most of the cells were
"adapted" and, as consequence, a strong reduction
in the posterior mutagenic effects of UVC was
observed. When the concentration of NPs increases,
the proportion of adapted cell decreased due to
toxicity and, consequently, a lower antagonistic
effect was observed when cells were challenged
with UVC-light. It has been postulated that
protective mechanisms, generated by an adaptive
response, can be mediated by endogenous
antioxidant activity. Nevertheless other possible
mechanisms can also underlie the observed
response.

biomarkers in human keratinocytes were used to
investigate the effect of UVA-light as modulator of
the effects caused by different crystal forms and
sizes of TiO2-NPs. The obtained results showed that
under UVA-light, the generation of ROS and
damage to HaCaT significantly increased [54].
Further studies lead to similar results using electron
spin resonance and immuno-trapping methods,
demonstrating that UVA-light increased the ability
of TiO2-NPs to induce cell injury due to protein and
lipid peroxidation [55]. The same results have been
shown in peripheral blood lymphocytes, where
UVA-light increased cell mortality, induced the
activation of pro-apoptotic proteins, increased the
production of ROS and influence on the
mitochondrial membrane potential; the small TiO2NPs showing higher phototoxic effects than the
large diameter [56]. Other studies carried out in
human hepatoma HepG2 cells have shown that preirradiation with UV-light increased the genotoxic
effect of anatase TiO2-NPs inducing both DNA and
oxidative DNA damage [57]. Sanders et al. [58]
demonstrated that significant changes in the
production of ROS in exposed cells to TiO2-NPs
and UVA in retinal pigment epithelial (ARPE-19)
cells. Similarly, Xiong et al. [59] observed that
significantly inductions in the cytotoxic in
RAW264.7 cells. From the reported studies a
complex scenario is drawn. Nevertheless, we feel
that the experimental approach we used is adequate
to detect whether TiO2-NPs are able to modulate the
genotoxic effects of UVC-light. Challenge
experiments can demonstrate the presence of
adaptive responses; thus, exposure to non-genotoxic
doses of TiO2-NPs (adaptive dose) can modulate
the posterior exposure to the genotoxic agent
(challenge dose) [60].
With respect to the studies with Zn-NPs, the
SCCS [53] indicates that there is no specific result
to determine whether or not micro- or ZnO-NPs
pose a photo/genotoxic risk to humans. Although
ZnO does not absorb light (290-700 nm) and gives
negative results in the 3T3 Neutral Red Uptake
assay in mouse cells, it shows photoclastogenicity
increasing the chromosome damages in CHO cells
after the exposure to UV-light [25]. Nevertheless,
the increase observed in the chromosome damages
after UV-light did modestly, in comparison with the
effects observed for genuine photoclastogens such
as 8-methoxypsoralen, and for this reason, it has
been classified as a pseudo-photoclastogen [38]. In
human squamous carcinoma (HNSCC) cells, UVAactivated ZnO-NPs, in combination with paclitaxel
and cisplatin, significantly decreased viable cells,
revealing a synergistic effect induced mainly by a
combination of apoptosis and necrosis [11]. Our
lack of phototoxic effects of ZnO-NPs would agree
with the recently reported data with the green algae
Pseudokirchneriella subcapitata along with UV-A
and UV-B irradiation, where the inhibitory effects
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by high soil acidity and described as marginal soils
(soils with limited productive ability, respectively).
In order to improve the physical, chemical and
biological properties of these soils, it is necessary to
treat them with calcifiers (Ca-containing fertilizers)
along with regular fertilization.
Acid soils require liming and constant
fertilization when used in agricultural production.
Macronutrients and, in some cases, micronutrients
(e.g., molybdenum) have to be added [1]. Ground
limestone, chalk, marl and basic slag are used as
liming materials, the active constituent being
primarily CaCO3, with some burnt lime (CaO) and
hydrated lime (Ca(OH)2) [2].
Liming an acid soil is the first step in creating
favorable soil conditions for productive plant
growth. Crops vary in their ability to tolerate an
acidic (low pH) soil. In addition, evidence has
shown that soil acidity may influence other crop
management problems such as herbicide activity.
Soil pH is a good indicator of the need for liming,
but a buffer pH measurement is necessary to
determine the quantity of soil acidity to be
neutralized in order to change the soil pH. The
general goal of liming agricultural soils continues to
be a soil pH of 6.0 to 7.0.
The amount of lime to be added to an
agricultural soil is a function of the crop to be
grown and the acid buffering capacity of the soil.
Organic soils have special liming needs. The ideal
pH of a crop can vary over a wide range. Some
crops, such as cranberries, require a low pH.
Others, such as corn, can be grown over a wide
range of soil pH, providing that nutrient levels are
adequate. Others, such as alfalfa, prefer neutral to
slightly alkaline pHs. Organic soils are a special
condition, in that liming much above pH 6 can
result in tie up of micronutrients such as copper and
zinc [3].
Regarding the present study, the tested
vegetables are known as plants with varying
tolerance to high soil acidity. Common spinach
belongs to those vegetables that are extremely
sensitive to soil acidity. On acidic soils, spinach

ABSTRACT
Through
the
vegetative
experiments
performed in semi-controlled conditions the
influence of calcium containing metallurgical slag,
a by-product from the Steel factory, as well as the
effects of selected commercial lime materials and
fertilizers, on macro (N, P, K, Ca, Mg) and trace
elements (Fe, Zn, Cu, Cd) content in common
spinach, cabbage and radicchio grown on Stagnosol
(a soil with high acidity), was studied. P was
determined by spectrophotometer, K - by flame
emission photometry and N - using elemental CNS
analyzer Vario EL III. In the determination of Ca,
Mg, Fe, Zn, Cu and Cd, atomic absorption
spectrometry was used.
Ɍhe results of the paper indicate that all lime
materials studied, along with the studied
metallurgical slag, showed positive effects on the
content of main and beneficial biogenic
macroelements in aboveground biomass of the
tested vegetables. There is a noticeably tendency of
a little increase in the content of P in all tested
plants and Ca in spinach and cabbage in the
treatment with mineral fertilizer, manure and
metallurgical slag in relation to the control.
Regarding the concentration of trace metals in
tested vegetables, there was not found higher
accumulation of Fe in tested plants in the treatments
where metallurgical slag was applied in spite of its
significant content in this liming material. As for
Cd, its concentrations were within the safety limits
and allowed concentrations in all the treatments,
which is a highly desirable outcome.

KEYWORDS:
metallurgical slag, industrial raw material, Stagnosol,
vegetables, chemical composition

INTRODUCTION
Majority of the Serbian soils are characterized
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and varied uses.
As early as the 1930s, metallurgical slag was
being used as an agricultural amendment in
Alabama, Illinois, Indiana, Kentucky, Maryland,
New York, Ohio, Pennsylvania and West Virginia.
Certain authors [14] reported on field trials in
Pennsylvania that crop yields of corn, wheat, oats,
buckwheat and soybeans with metallurgical slag
applications were as good or better than an
equivalent amount of limestone. In addition to the
liming materials, metallurgical slag contains
various concentrations of plant nutrients such as
phosphorus, sulphur, manganese, iron and
molybdenum.
Metallurgical
slag
contains
significant amounts of calcium silicate, and several
crops, including wheat, rice and sugar cane have
shown positive growth responses to silicate
applications. Yield increases of sugar cane with
calcium silicate slag was reported [15]. Silicon has
also been shown to resist fungal infections in grass
species [16].
Along with other lime materials (ground slag
stone, saturated slag etc.) present in Serbia,
metallurgical slag from Steel factory - Smederevo
(Serbia) can be of great importance.
Regarding the preceding comments, the main
purpose of this research was to investigate the
effect of calcium containing metallurgical slag, a
by-product from Steel factory from Smederevo,
Republic of Serbia, comparing to the effects of
selected commercial lime materials and fertilizers,
on macro and trace elements content in common
spinach, cabbage and radicchio grown on Stagnosol
- a soil with high acidity.

will have low germination, yellowing and browning
of the leaf tips, the roots will burn and growth of
the plant will be slowed [4]. Similar to spinach,
cabbage grows best in soils with a pH of between
6.0 and 6.8 and the plant also demands fertile and
well-drained soils [5]. An ideal pH for radicchio
growing is 6.0-6.5, but its tolerance to soil acidity is
a little higher than the one of spinach and cabbage.
According to some sources [6] the plant grows well
in soils with a pH of 5.5-6.8, but loose, fertile soils
that have plenty of nutrients and good drainage are
ideal. If the cultivation of these vegetables is
planned on the soils with high soil acidity such as
Stagnosol, a necessary lime should be applied along
with regular fertilization.
The application of traditional alkaline liming
materials such as limestone, dolomite and burnt
lime to acid soils for the amelioration of acidity
consequently improving crop production is a
common practice [7-9]. However, the alkaline
nature and the need for sustainable and
environmentally acceptable disposal options for
metallurgical slag [10-11] have prompted its use as
a liming material on acid agricultural soils.
Although metallurgical slag has the largest
quantitative share in the overall metallurgical waste,
its physicochemical properties offer a high potential
for its utilization in agriculture.
During the iron and steel making processes,
large quantities of heavy metals are deposited into
the soil environment from the generated slag [12].
Improving the use of metallurgical slag as a
resource material requires the development of new
high-value-added products. The complete and
integrated use of slags ensures a waste-free
production process and less pollution of the
environment [13].
Metallurgical slag is a melt (after solidifying,
a rocklike or glasslike substance), usually covering
the surface of molten metal in metallurgical
processes, as the smelting of raw material, the
processing of molten intermediates, and the refining
of metals. Once scorned as a useless by-product, it
is now accepted and, often, preferred and specified
as it is known to be a valuable material with many

MATERIAL AND METHODS
Meteorological conditions. The processing of
the climatic parameters (precipitation and air
temperature) for the study period (February August, 2014) was carried out on the basis of data
obtained from the Republic Hydrometeorological
Service of Serbia, that were collected from
Belgrade meteorological station (Table 1).

TABLE 1
Average monthly precipitation sums and air monthly temperatures for the study period
and the 33-year mean (1981-2014).
Precipitation (mm)
Temperature (oC)
Year
2014
Mean (1981-2014)
2014
Mean (1981-2014)
Months
February
19.9
40.9
7.8
3.0
March
48.7
48.6
10.8
7.8
April
85.3
55.0
13.7
13.1
May
280.4
68.2
17.2
18.1
June
60.3
94.2
21.4
21.2
July
250.6
67.0
23.0
23.2
August
63.5
55.2
22.5
22.9
Sum/Average
808.7
429.1
16.6
15.6
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NPK (15:15:15)] + manure + CaCO3 (T6); NPK
mineral fertilizer [composite NPK (15:15:15)] +
manure + Ca(OH)2 (T7); NPK mineral fertilizer
[composite NPK (15:15:15)] + manure +
metallurgical slag (T8).
Common spinach (Spinacea oleracea L.),
cabbage (Brassica oleracea L. var. capitata) and
radicchio (Chicorium spp. var. rossa di treviso),
were chosen as experimental crops. The spinach
was grown from the second decade of February to
the second decade of April, the cabbage - from the
fourth decade of Febrary to the third decade of
June, and radicchio - from the third decade of
March to the fourth decade of August, all three
vegetables during 2014. Before sewing the crops,
the amount of fertilizers and slag was measured
according to the experimental design and mixed
with soil (calculated as for 1 ha): NPK ± 15:15:15 =
500 kg ha-1; manure = 30 t ha-1; CaCO3 = 4 t ha-1;
Ca(OH)2 = 2,8 t ha-1; metallurgical slag = 4 t ha-1
(same as the amount of CaCO3, in spite of lower
amount of slag). All three lime materials with
granulation of 0.2 mm were applied in the
experiment.

The studied period during 2014 was warmer in
relation to the same period of the multiannual
average (1981-2014), due to a 3-4oC higher
temperature in February and March. The total
annual amount of precipitation in 2014 for the
studied period of 808.7 mm exceeded the
multiannual average almost in double, considering
that the extreme values of this parameter for
investigated area were surpassed. In particular,
weather in spring of 2014 in Republic of Serbia was
extremely rainy. On Belgrade meteorological
station, as well as in the most areas of the country,
an absolute daily maximum of rainfalls was
registered.
Greenhouse experiment. The study was
carried out in cassettes (diameter 1x1 m) under
semi-controlled condition in the greenhouse of the
Institute of Soil Science, Belgrade, from the
begining of February until the end of August,
during 2014. In the experiments the comparisons of
the effect of metallurgical slag with other lime
materials (ground limestone and hydrated lime) in
combination with and without standard fertilizers
(organic and mineral) were studied. The ground
limestone (calcium carbonate or calcite, CaCO3)
contains 60% of carbonate. Hydrated lime (slaked
lime, Ca(OH)2) reacts very rapidly and has a TNV
(Total Neutralizing Value) of 135, thus 740 kg of
hydrated lime is equivalent to one ton of ground
limestone i.e. the TNV = 135 [17].
The experiment was undertaken with
Stagnosol [18], a type of marginal soil from
Western Serbia region that has very low pH and
poor physical and biological properties. The
following designed experiments were carried out in
three replications: control ± no fertilization (T1);
NPK mineral fertilizer [composite NPK (15:15:15)]
+ manure ± standard fertilization (T2); CaCO3, no
standard fertilization (T3); Ca(OH)2, no standard
fertilization (T4); metallurgical slag, no standard
fertilization (T5); NPK mineral fertilizer [composite

Properties of the studied metallurgical slag.
Chemical composition of metallurgical slag used
(Table 2) was determined in our previous study
[13].
Accordingly, this material has very alkaline
reaction (pH = 12.50), with the content of calcium
in oxide forms (CaO) from 33-45%, of which about
50% is easily soluble in 1 M ammonium acetate;
content of the total magnesium is about 0.40% and
it was mainly in forms of MgO (0.70%); total
phosphorous contained in the material is about
0.60%, where nearly all the amount is in available
forms for plants; content of the total iron is high
(about 15%), while the amount of its soluble forms
is only 0.30%; manganese is present in total amount
of about 1.8% , but with noticeable low amounts of
soluble forms; zinc is contained in lower amounts

TABLE 2
Chemical composition of metallurgical slag [13].
Parameter
Value (means ± standard deviation)
pH in H2O
12.48±0.04
Total Ca (%)
26.20±3.48
Total CaO (%)
36.60±4.83
Total CaCO3 (%)
65.80±8.64
Available Ca (%)
17.18±1.98
Total Mg (%)
0.41±0.04
Available Mg (%)
0.07±0.02
Total P2O5 (%)
0.61±0.10
Total Fe (%)
15.34±0.79
Available Fe (mg kg -1)
3.38±0.96
Total Mn (%)
1.80±0.15
Available Mn (mg kg -1)
3.12±1.04
Total Zn (%)
14.60±5.59
Total Cu (%)
228.8±15.4
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(10-20 mg kg-1), while the content of copper is a
little higher (about 200 mg kg-1).
Obviously, the slag contains high levels of
lime (CaO) and MgO that make it a potential liming
agent and may improve soil pH. This property
makes the slag a proper plant nutrient.
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drying at 105oC the plant biomass was weighed. For
all the plant samples from all the treatments the
chemical composition of the aerial parts was
analyzed. The content of nitrogen (N) was
determined on elemental CNS analyzer Vario EL
III [21]. Phosphorus (P) and potassium (K)
concentrations ZHUHGHWHUPLQHGE\VRFDOOHG³ZHW´
combustion, i.e. they were heated to boiling with
the mixture of concentrated sulfuric and perchloric
acids. In the obtained solution, P was determined by
spectrophotometer with molybdate, and K ± by
flame emission photometry [22]. In the
determination of calcium (Ca), magnesium (Mg),
investigated trace biogenic elements - iron (Fe),
zinc (Zn) and copper (Cu), as weel as cadmium
(Cd) as the toxic heavy metal, plant material was
converted to a solution by the so-called "dry"
combustion, i.e., first by heating at 550ºC (for
several hours) and then by treating the obtained ash
with hydrochloric acid. These elements were
determined by atomic absorption spectrometry
(AAS) [23].

Soil preparation and analysis. The soil
samples were air-dried, crushed and passed through a
VLHYH   PP . In order to provide the
representative subsampling for analysis, soil
fractions smaller than 2 mm were crushed into dust
by hand [19]. The preliminary observation of the
soil studied included the analysis of the following
chemical parameters: soil acidity (pH in water and
1M KCl) was analyzed potentiometrically with
glass electrode [20]; total nitrogen (N) was
analyzed on elemental CNS analyzer Vario EL III
[21]; available phosphorus (P2O5) and potassium
(K2O) were analyzed by Al-method according to
Egner-Riehm [22], where K2O was determined by
flame emission photometry and P2O5 by
spectrophotometer; calcium (Ca) and magnesium
(Mg) were extracted by ammonium acetate
followed by determination on atomic adsorption
analyzer SensAA Dual, GBC Scientific Equipment
Pty Ltd, Victoria, Australia [23]; determination of
effective cation exchange capacity (CEC) and base
saturation level was done by the standardized
method using barium chloride solution [24]; the
total contents of investigated trace biogenic
elements - iron (Fe), zinc (Zn) and copper (Cu), as
weel as cadmium (Cd) as the toxic heavy metal in
soil samples were determined by inductively
coupled plasma-atomic emission spectrometry
(ICP-AES) after the digestion of the samples with
aqua regia [25-26].

Data processing methods. The obtained data
on soil properties represent the arithmetic means of
three replicates and standard deviations values. The
effects of the studied treatments (T1-T8) on the
chemical parameters of the plants were evaluated
using the Analysis of Variance (SPSS 20.0,
Chicago, USA).

RESULTS AND DISCUSSION
Soil properties. In Table 3 the results of
chemical characteristics and elemental composition
of plowed layer of the studied Stagnosol are given.
The major factors controlling trace metal
concentrations in soil are organic C content, pH,
CEC and Fe, Al, Ca, Mg and P concentrations [27].

Plant analysis. The aerial parts of spinach,
cabbage and radicchio plants was taken and after

TABLE 3
Chemical properties and elemental composition of the studied soil.
Property
Value (means ± standard deviation)
pH in H2O
5.40±0.09
pH in 1M KCl
4.12±0.14
The sum of bases - S (cmol kg-1)
9.45±0.80
Potential acidity -Y´
16.50±1.27
Cation exchange capacity - CEC (cmol kg-1)
20.17±0.98
Base saturation - V (%)
46.68±3.19
Total N (%)
0.12±0.02
Available P2O5 (mg 100g -1)
9.42±1.39
Available K2O (mg 100g-1)
17.00±2.58
Available Ca (mg 100g-1)
202.17±4.5
28.6±0.54
Available Mg (mg 100g-1)
Total Fe (mg kg-1)
133.5±1.05
0.61±0.03
Total Zn (mg kg-1)
1.68±0.04
Total Cu (mg kg-1)
Total Cd (mg kg-1)
0.08±0.00
1020
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doses of liming materials, includung metallurgical
slag, was reported. In addition, experiments in
several European countries have demonstrated the
ability of metallurgical slag to raise the pH of acid
soils, increasing at the same time the Ca and Mg
contents of the soils exchange complex [30]. It has
been also shown that the slag modified the physical
and chemical properties of the soil and lead to an
increase in production of between 15 and 40%
when 1.6 t ha-1 of metallurgical slag was applied to
soils with pH of 4-5.

According to the reference values [28], the
soil is characterized by very acid soil reaction, with
pH in KCl 4.12, then, potential acidity (Y) and
significantly low saturation of CEC, low content of
soluble phosphorus and soluble calcium and it is
well supplied with available potassium. Content of
available Mg is generally within the range of
optimal supply.
Certain types of soil, including stagnosols,
require the periodic application of soil conditioners
such as commercial liming materials to provide
aeration, increase moisture retention, and promote
root permeation and growth. However, liming
agents control the acidity of the soil. Conventional
liming agents are not normally included in fertilizer
mixes and, therefore, require separate individual
application.
In several researches [29], an increase of pH,
exchangeable Ca and Mg and decrease of
exchangeable Al in acid soils by using different

Chemical composition of the vegetable
crops. The optimum pH range in soil for growth of
most crops in soil is between 5.5 and 7.0, within
which most plant nutritives are available [31].
Some trace elements may pose a toxicity threat if
present at elevated levels as their availability and
mobility increases under acidic conditions [32].

TABLE 4
Effect of applied treatments on the content of macroelements in tested vegetables.
Available macroelements (% of dry mass)
Treatment
N
P
K
Ca
Mg
Spinach
T1
6.25a±0.02*
1.54cd±0.01
3.06c±0.01
1.27b±0.02
0.46a±0.01
d
b
a
d
T2
5.90 ±0.14
1.61 ±0.01
3.27 ±0.01
1.22 ±0.02
0.35c±0.01
e
b
d
c
1.61 ±0.02
2.91 ±0.04
1.25b ±0.01
0.37b±0.01
T3
5.71 ±0.12
ab
d
d
b
T4
6.20 ±0.11
1.53 ±0.01
2.97 ±0.02
1.27 ±0.01
0.37b±0.01
e
c
e
cd
T5
5.63 ±0.07
1.56 ±0.02
2.87 ±0.02
1.24 ±0.01
0.33d±0.02
cd
a
b
d
T6
5.95 ±0.04
1.66 ±0.01
3.20 ±0.02
1.23 ±0.01
0.32d±0.02
bcd
c
c
d
T7
6.06 ±0.06
1.57 ±0.01
3.08 ±0.01
1.22 ±0.02
0.28e±0.01
1.62b±0.01
3.20b±0.02
1.33a±0.02
0.27e±0.01
T8
6.11abc±0.10
LSD (0.05)
0.163
0.028
0.036
0.026
0.018
LSD (0.01)
0.224
0.039
0.049
0.036
0.025
Cabbage
T1
6.79a±0.02
1.83d±0.01
4.65d±0.02
1.74b±0.01
0.47a±0.01
d
b
a
d
T2
6.46 ±0.01
1.94 ±0.02
4.97 ±0.01
1.67 ±0.01
0.36c±0.01
f
b
a
c
T3
5.93 ±0.03
1.93 ±0.02
4.98 ±0.01
1.72 ±0.02
0.43b±0.01
e
d
e
e
T4
6.33 ±0.10
1.83 ±0.02
4.13 ±0.02
1.63 ±0.01
0.38c±0.01
1.62e±0.01
4.67c±0.02
1.62e±0.02
0.42b±0.02
T5
5.62g±0.02
T6
6.44d±0.01
1.98a±0.01
4.97a±0.02
1.67d±0.02
0.33d±0.01
c
c
c
d
1.88 ±0.01
4.68 ±0.01
1.68 ±0.01
0.32dc±0.02
T7
6.56 ±0.01
b
b
b
a
T8
6.63 ±0.02
1.92 ±0.01
4.84 ±0.03
1.83 ±0.01
0.29e±0.02
LSD (0.05)
0.069
0.024
0.024
0.023
0.022
LSD (0.01)
0.096
0.033
0.034
0.032
0.031
Radicchio
T1
3.12ab±0.73
0.45d±0.01
5.43a±0.02
0.32a±0.01
0.23d±0.01
abc
a
d
c
T2
2.85 ±0.15
0.56 ±0.01
5.14 ±0.02
0.32 ±0.01
0.25a±0.01
a
b
de
c
T3
3.26 ±0.16
0.53 ±0.02
5.12 ±0.03
0.32 ±0.01
0.25ab±0.01
a
d
b
e
0.44 ±0.02
5.28 ±0.02
0.28 ±0.02
0.24abc±0.01
T4
3.32 ±0.01
cd
c
f
d
T5
2.59 ±0.11
0.48 ±0.01
5.08 ±0.02
0.31 ±0.01
0.24bcd±0.01
bcd
a
c
b
T6
2.64 ±0.15
0.56 ±0.02
5.21 ±0.01
0.25 ±0.01
0.23cd±0.01
0.47c±0.01
5.09ef±0.01
0.29de±0.01
0.24bc±0.01
T7
2.32d±0.01
T8
2.34cd±0.07
0.49c±0.01
5.27b±0.02
0.26f±0.01
0.23cd±0.01
LSD (0.05)
0.479
0.019
0.031
0.015
0.011
LSD (0.01)
0.661
0.027
0.043
0.021
0.015
*
means ± standard deviation; LSD - least significant difference; value followed by the same letter
in a column is not significantly different at P< 0.05.
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TABLE 5
Effect of applied treatments on the content of trace metals in tested vegetables.
Trace metals (% of dry mass)
Fe
Zn
Cu

Cd
Spinach
T1
12.62b±0.15*
20.95b±0.02
0.136b±0.005
0.073a±0.005
c
d
a
20.47 ±0.06
0.142 ±0.002
0.073a±0.003
T2
11.62 ±0.10
20.01e±0.06
0.122c±0.003
0.061b±0.002
T3
11.24d±0.10
T4
9.61g±0.05
19.79f±0.02
0.112d±0.002
0.062b±0.002
b
c
b
T5
12.58 ±0.10
20.57 ±0.02
0.133 ±0.003
0.061b±0.001
e
c
e
T6
10.86 ±0.05
20.58 ±0.01
0.102 ±0.003
0.070a±0.001
f
g
f
T7
10.27 ±0.10
18.93 ±0.02
0.081 ±0.001
0.062b±0.003
a
a
e
T8
12.86 ±0.15
21.06 ±0.01
0.101 ±0.002
0.063b±0.002
LSD (0.05)
0.046
0.043
0.004
0.004
LSD (0.01)
0.064
0.059
0.006
0.006
Cabbage
T1
4.29e±0.03
0.41a±0.01
0.56b±0.003
0.022a±0.001
0.42a±0.01
0.55a±0.001
0.022a±0.001
T2
3.94f±0.03
T3
4.61c±0.04
0.32c±0.01
0.49c±0.002
0.018c±0.001
b
b
d
T4
4.82 ±0.02
0.38 ±0.01
0.46 ±0.002
0.022ab±0.001
a
c
e
T5
4.93 ±0.02
0.31 ±0.01
0.43 ±0.001
0.017d±0.001
g
a
g
T6
3.67 ±0.02
0.42 ±0.01
0.39 ±0.001
0.022a±0.001
h
b
h
T7
3.47 ±0.02
0.39 ±0.01
0.31 ±0.002
0.021ab±0.002
0.42a±0.01
0.40f±0.002
0.020b±0.001
T8
4.35d±0.02
LSD (0.05)
0.047
0.017
0.003
0.001
LSD (0.01)
0.065
0.023
0.004
0.002
Radicchio
64.33d±1.78
16.44c±0.98
0.150d±0.02
T1
723bc±4.00
cd
a
bc
T2
677 ±17.01
86.85 ±0.97
16.86 ±1.41
0.213c±0.02
bc
c
bc
82.23 ±1.27
17.21 ±0.1
0.253b±0.02
T3
737 ±6.25
bc
c
bc
T4
720 ±4.72
80.49 ±0.66
17.21 ±0.07
0.213c±0.02
T5
947a±25.77
56.46b±1.89
18.45b±0.22
0.207c±0.02
T6
654d±92.65
101.82a±2.19
21.14a±1.15
0.323a±0.03
T7
777b±10.12
81.65c±1.69
16.49c±0.45
0.190c±0.01
bc
c
c
82.81 ±2.50
16.06 ±1.44
0.203c±0.03
T8
739 ±25.38
LSD (0.05)
62.294
2.976
1.573
0.035
LSD (0.01)
85.828
4.101
2.168
0.048
*
means ± standard deviation; LSD - least significant difference; value followed by the same letter in a
column is not significantly different at P<0.05.
and derivates on plant chemical composition [13,
34].
In soil liming agents are efficient in soil
Results of the content of main and beneficial
neutralisation. Additionally, the siliceous liming
biogenic macroelements in aboveground biomass of
materials improve soil structure and reduce fungal
the tested vegetables (Table 4) show the significant
infections. Blast furnace slag can be also applied in
differences between the treatments, that are due to
agriculture because of its high sorption capacity of
increased crop yield (their dissolution in plants,
phosphorus, which remains into the available form
especially for some elements: N, K), and due to
for the crops. Some negative impacts, resulting
higher accumulation of some elements and their
from steel slags application, could derive from their
mobilization from natural soil reserves primarily, as
heavy metal contents, but such metals tend to bound
influenced by the additional lime materials.
to the slag matrix and remain unavailable for plants.
Considering the main goal of this research, there is
All these factors contribute to underline positive
a noticeably tendency of a little increase in the
impcts of using slag as liming materials, that lead to
content of phosphorus in all tested plants and
better yield of the crops, soil protection and
calcium in spinach and cabbage in the treatment
reduction of natural resources consumption [33].
with mineral fertilizer, manure and metallurgical
All determined benefits of metallurgical slag
slag (T8) in relation to the control.
confirm the fact that for the past years the
The nature of applied treatments and their
production and application of this material in
combinations have an impact on heavy metal
agricultural areas has increased in many developed
accumulation, their mobility and storing capacity in
countries, although limited studies have been
plant tissues [35]. The concentration of trace metals
carried out on effects of the metallurgical steel slag
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concerning the behavior and immobilization in the
soil of the heavy metals that are mostly contained in
slags in order to obtained the results of more
effective and sustainable use of slags in agriculture
and thus improve its recycling.
Ɍhe results of the present paper indicate that
all lime materials studied, along with the studied
metallurgical slag, showed positive effects on the
content of main and beneficial biogenic
macroelements in aboveground biomass of the
tested vegetables. There is a noticeably tendency of
a little increase in the content of phosphorus in all
tested plants and calcium in spinach and cabbage in
the treatment with mineral fertilizer, manure and
metallurgical slag in relation to the control.
Regarding the concentration of trace metals in
tested vegetables, it should be noted that there was
not found higher accumulation of Fe in tested plants
in the treatments where metallurgical slag was
applied in spite of its significant content in this
liming material. Nevertheless, a weak tendency of
Fe increase in these treatments comparing to those
with traditional liming materials (Ca(OH)2 and
CaCO3) was observed. As for Cd, its concentrations
were within the safety limits and allowed
concentrations in all the treatments, which is a
highly desirable outcome.
Generally, it was estimated that the studied
metallurgical slag of the standardized chemical
composition can be added to the acid soils toward
amelioration the fertility without adverse effects.

in aboveground biomass of the tested vegetables
shows that there are significant differences between
different treatments (Table 5). It should be noted
that there was not found higher accumulation of Fe
in tested plants in the treatments where
metallurgical slag was applied in spite of its
significant content in this liming material, except a
weak tendency of Fe increase in these treatments
comparing to those where traditional liming
materials (Ca(OH)2 and CaCO3 ) were applied.
Regarding the amount of toxic heavy metal Cd in
aerial parts of the vegetables, it should be pointed
out that its concentrations were within the safety
limits and allowed concentrations [36] in all the
treatments, which is a highly desirable outcome
(Table 5).
On this subject some investigations have been
performed in several countries. A comparative
study [37] analyzed soil modifications produced by
Linz-Donawitz (LD) slag and those produced by
traditional liming agents has produced significant
results. Specifically, their effect on soil pH, Ca and
Mg content, the percentage of aluminum (Al)
saturation and the yields have been studied. The
obtained results concern different aspects that have
been considered in it. Firstly, increasing doses of
LD slag usage have increased the soil pH linearly,
that, as a consequence, has led to Al solubility
decrease. In addition, this has allowed the
absorption of phosphorus, due to a changing of
insoluble forms to soluble ones, as well as increase
in the Ca and Mg contents, resulting in an increased
yield, while the consequence of the pH has reduced
the toxic effects of manganese. Also, by monitoring
the state of cadmium, chromium and nickel after
LD slag application, it was observed their negative
accumulation in the soil.
By analyzing the liming and fertilising effects
of the fine grained iron and steel slags, such as LD
slag or ladle slag, compared to those of other
commercial liming materials, such as burnt lime or
carbonate limestone, in field trials and in
greenhouse pot experiments on both the soil and
plants, certain authors determined that the yields of
crops, in long term experiments, were higher than
those achieved after using different commercial
liming materials [38].
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STUDY OF MALACHITE GREEN ADSORPTION BY
WASTE ASH USING A BATCH METHOD
Serpil SavcÕ*
Department of Biosystems Engineering, Faculty of Engineering Architecture, University of Bozok, Yozgat, 66900, Turkey

parasitical agent in fish farming [12]. On the other
hand, malachite green discharged into aquatic
environment, even at low concentration, it may
cause negatively effects in liver, kidney and
intestine [13].
The ash is waste material from sugar industry
after combusting coke. Waste ash causes a great
amount of waste for the sugar factories. Although it
has been used as a potential adsorbent for the
removal of dyes and heavy metals in previous
studies, however, there is no work about Sorgun
<R]JDWLQ7XUNH\ 6XJDU)DFWRU\¶VZDVWHDVKVRIDU
The aim of this study is to sugar factory waste
ash has been used for the removal of malachite
green from aqueous solution. In this study effects of
pH, initial dye concentration, kinetic and isotherm
behaviors and contact time were investigated.
Thermodynamic and kinetic parameters have also
been investigated.

ABSTRACT
The adsorption of toxic malachite green from
aqueous effluents by sugar factory's waste ash was
studies in a batch system. The effects of initial dye
concentration, kinetic and isotherm behaviors, pH
and contact time were investigated. The waste ash
showed a high dye removal from an initial dye
concentration of 25 mg/L at pH 8 and 303 0K.
Equilibrium data were well fitted by Langmuir
model. The rate of sorption was adjusted to a
pseudo second order kinetic model. Adsorption
thermodynamic
was
also
studied.
The
thermodynamic study of malachite green and waste
ash was exothermic. The Malachite green can be
removed by sugar factory's waste ash from aquatic
media.
KEYWORD:
Malachite green, adsorption, waste ash, removal.

MATERIALS AND METHODS
INTRODUCTION

Malachite green (C23H25ClN2 molecular
weight 364.90 g/mol) was selected as an adsorbate
for carrying out the adsorption studies on sugar
factory's waste ash. Malachite green was obtained
from Mersin University Environmental Engineering
Department Laboratory and theirs characteristic
properties are listed in Table 1. Sugar factory's
waste ash was obtained from Sorgun Sugar Factory
in Yozgat in Turkey. The 1000 ppm stock solution
of dye was prepared. The maximum wavelengths
are 619 nm for malachite green.

Many of dyes are toxic to aquatic lives and
human beings. Also, some dyes are carcinogenic
agents to the environment. Removal of dye is one of
the difficulties at the treatment of wastewater.
Physical, chemical and biological methods are
widely used for removal of dyes. However,
adsorption is one of the most effective methods for
removal of dyes in aqueous solution [1,2].
Activated carbon is currently the most commonly
and widely used adsorbent for the adsorption of
pollutants [3]. However, it is very expensive
material. Due to the commercially available
activated carbon, researchers are seeking the
feasibility of using various low-cost adsorbents.
Among these materials, waste materials have
received rising attention with the advantages of low
cost [4, 5]. Tea and coffee waste [6,7], banana pith
[8], rice husk [9], bottom ash and de-oiled soya [10],
bentonite
modificated
by
3aminopropyltriethoxysilane and sodium silicate [11]
are some of the common materials in this category.
Malachite green is a basic (cationic) dye that it is
mainly used wool and skil. It has been widely used
as a strong anti-fungal, anti bacterial and anti

TABLE 1
Characteristic properties of Malachite green
Malachite green
364.90
Moleculer
weight
(g/mol)
Green
Color
619
Ȝmax (nm)
Structure
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FIGURE 1
Scanning electron microscopes images of waste ash (magnification: 1000×)
Waste ash obtained from Sorgun Sugar
Factory in Yozgat in Turkey. Fig 1 represented
scanning electron microscopes images of waste ash.
It has compact and hollowed spheres.

Adsorption
Isotherms,
Kinetic
and
Thermodynamic
Studies.
Langmuir
and
Freundlich models were employed for adsorption
isotherm model. The linearized form of the
Langmuir model can be written as [15]:

Batch Studies. To estimated that batch
experiment was performed using Malachite green as
the adsorbate onto suJDU IDFWRU\¶V ZDVWH DVK
Equilibrium tests were done by contacting 0.3 g of
waste ash with 30 mL of Malachite green solution
at different initials concentrations at room
temperature (25 0C). The supernatant was
centrifuged at 4000 rpm and 10 minutes in a
centrifugal (Hettich Zentrifugen) after batch tests.
The absorbance of Malachite green can be
measured at 619 nm by UV±vis spectrophotometer
(T 90), respectively. The initial dye concentrations
for the contact time experiments was 50, 75, 100
and 200 mg/L. The incubation times ranged from
10 to 180 min. All experiments were conducted
twice.

Ce
qe

a
1
 ( L )C e
KL
KL

where; Ce = the equilibrium concentration of
adsorbate in solution after adsorption (mg/L),
qe = the equilibrium solid phase concentration
(mg/g), KL (L/g) and aL (L/mg) = the Langmuir
constants.
The linearized form of the Freundlich model
can be written as:

log qe

1
log K F  log Ce
n

where; Ce = the equilibrium concentration of
adsorbate in solution after adsorption (mg/L),
qe = the equilibrium solid phase concentration
(mg/g), KF (L/g) and Freundlich constants (n)
related with adsorption capacity and intensity. The
pseudo second order equation is:

Calculation. The amount of Malachite green
adsorbed by waste ash was calculated using the
mass balance equation:
qt = (C0 í Ct )V
m
and the amount of Malachite green removed
(%) was calculated above:

t
qt

ª 1 º 1

t
«
2 »
«¬ k2, ad qeq »¼ qeq

k2 JPJPLQ  LV WKH UDWH FRQVWDQW IRU WKH
pseudo-second-order kinetics [16-17].
*LEEV IUHH HQHUJ\ ǻ*  FDQ EH FDOFXODWHG
from the followings:
Kc=Ca/Ce
ǻ* í57OQ.0c
where Kc is the equilibrium constant, K0c is the
thermodynamic equilibrium constant Ca is the
equilibrium concentration in solution (mg/L) R is
the universal gas constant 8.314 J/mol, and T is
temperature (K) [16].

Removal (%) = C0 ± Ct × 100%
C0
where qt (mg/g) is the amount of dye adsorbed
by waste ash C0 and Ct (mg/L) are the initial dye
concentration at any time t, V is the volume of the
Malachite green solution (L); and m is the amount
of waste ash (g) [14].
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FIGURE 2
Effect of initial malachite green concentration on the adsorption by waste ash. Initial
concentration 25-500 mg/L; adsorbent dose: 0,3 g; time 24 hours and pH: 8.


 















   

FIGURE 3
Effect of pH on removal of Malachite green conditions: dye concentration 25 mg/L,
m=0,3 g/L;T=303 K; contact time : 24 h.































FIGURE 4
Effect of pH on removal malachite green. Conditions: dye concentration 25 mg/L,
m=0,3 g/L;T=303 K; contact time : 24 h.

found by Pushpa et al.,2015. They investigated of
malachite
green
removal
by
effective
microorganisms based compost [18].

RESULTS AND DISCUSSION
Effect Of Initial Malachite Green Dye
Concentration. The adsorption capacity of
malachite green dye on waste ash was performed in
various initial concentration from 25, 50, 75, 100,
125, 150, 175, 200, 300, 400, 500 mg/L at
temperature 303 K, pH 8 and 24 hours. As shown in
Fig 2, the adsorption capacity with increased in the
initial concentration of 25 to 200 mg/L.
According to the results, the malachite green
removal efficiency decreases whereas the amount
sorbed was increased with the increase in dye
concentration (25-200 mg/L). Similar studies are

Effect of pH. The pH is usually an important
parameter affecting the adsorption extent. It is
effect on malachite green uptake by waste ash was
evaluated performing tests at different initial pH.
The results are presented in Figure 3. The effect of
solution pH was investigated by waste ash 25 mg/ L
of 30 mL malachite green at different pH from 2 to
9. According to the results, the dye removal
efficiency of waste ash increases from 29.36% to
99.432 % with the increase of pH from 2 to 9.
1028
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FIGURE 5
Variation of specific adsorption with time for various initial dye concentration for
various malachite green concentrations (50 mg/L Ƈ PJ/ Ŷ PJ/ Ÿ DQG
200 mg/L (x) )

FIGURE 6
Langmuir adsorption parameters for Malachite green

FIGURE 7
Freundlich adsorption parameters for Malachite green
investigated and the results were shown in Fig. 5.

Maximum color removal was observed at pH 8±9.
There was no significant change in color removal
pH 2-5. Findings are supported by earlier workers
[19,20].
The adsorption capacity as function of the
initial pH value was investigated at a fix
concentration 25 mg/L, over a pH range from 2 to 9.
As shown in Fig 4, the adsorption capacity of the
waste ash was higher under basic conditions.
Maximum adsorbent quantity of 2,4858 mg/g was
achieved at pH 9 and minimum adsorbed quantity
of 0,734 was obtained at pH=2.

Adsorption Isotherms. Langmuir and
Freundlich isotherms are popular isotherms for
removal of heavy metals and dyes by adsorption.
The maximum adsorption capacity is estimated by
Langmuir model. Freundlich isotherm model
assumes that the adsorption occurs on a
heterogeneous surface and non-uniform distribution
of the heat of adsorption over the adsorbent surface
occur [20]. Fig 6 and Fig 7 show Langmuir and
Freundlich adsorption parameters for malachite
green respectively. Langmuir and Freundlich
Constants for Various Dye-sorbent Systems show
Table 2 and Table 3 respectively.

Effect of Contact Time. The effect of contact
time on adsorption of malachite green was
1029
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TABLE 2
Langmuir Constants for various dye-sorbent systems
Adsorbent
Waste ash
Arundo donax root
carbon
Fly ash
Fly ash
Fly ash
Bottom ash

Dye
M.green
M. green

qmax (mg/g)
4.83
8.49

R. Blue 171
M. green
Rhodamine
B
Vertigo
Navy Marine

3.754
1.2290
1.3045

aL (L/mg)
0.022

KL (L/g)
0.107
0.35

R2
0.9971
0.9991

References
This work
[21]

0.0301

0.970
0.9669
0.9461

[22]
[23]
[23]

0.038

0.91

[24]

0.0455
0.0317

4.02

TABLE 3
Freundlich Constants for Various Dye-sorbent Systems
Adsorbent
Waste ash
Bottom ash
Biomass fly ash
Fly ash
Activated fly ash
Sepiolite

Dye
M.green
M. blue
Reactive black 5
R.blue21
M. blue
R. blue 21

Kf (L/g)
0.564
3.86
2.05
6.17
0.557
1.17

R2
0.9842
0.932
0.987
0.99
0.9917
0.97

n
2.649
3.505
7.12
1.67
4.341
1.54

References
This work
[25]
[26]
[27]
[19]
[27]

FIGURE 8
Pseudo second order rate plot IRU0DODFKLWHJUHHQ PJ/ Ƈ PJ/ Ŷ 
PJ/ Ÿ DQGPJ/ [ 

Sorbent
Waste ash
Coconut coir
Sea Shell powder
Fly ash
Fly ash
Bottom ash
Peanut husk

TABLE 4
Gibbs Free energy values for systems
Dye
ǻ* N-PRO
Malachite green
-0.803
Malachite green
-1.05
Malachite green
-10.34
Methylene blue
-3.193
Malachite green
-8.115
Malachite green
-6.813
Sunset yellow
-30.29

T (K)
303
303
303
303
298
303
303

References
This work
[28]
[29]
[19]
[28]
[30]
[31]

rate plot for malachite green. The rate of sorption
was adjusted to a pseudo second order kinetic
model.

Some researcher found that Langmuir
isotherm had higher correlation coefficient (R2)
than the other isotherms for malachite green as this
work [14,31,32].

Thermodynamic
Studies.
Adsorption
thermodynamics would define system spontaneity
or not. As shown in Table 4, the negative value of
ǻ* indicates the reversible characteristic of the
adsorption of malachite green onto waste ash.

Kinetic Study. Lagergren-first-order model,
pseudo-second-order kinetic model and intraparticle
diffusion model were used to evaluate adsorption
kinetics. Figure 8 represents pseudo second order
1030
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toxicity. So, it is important to study the method of
decomposing CIP. As a promising method,
photocatalysis has exhibited the high efficiency in
oxidizing a great variety of organic compounds [57], high degradation rate, simplicity of operation and
low cost. Numerous research reports have proved
that II-IV semiconductor cadmium sulfide (CdS)
displays promising photocatalytic material in the
photocatalyst application areas due to the
predominant property that its suitable band-gap (2.4
ev), can absorb directly wavelengths under 550 nm
of visible light [8], which has the ability to produce
electrons (e-) and holes (h+) under visible-light
irradiation. The Photo-generated e- transfers from
the valance band (VB) to conduction band (CB),
leaving h+ in the VB and e-/h+ pairs plays a chief
impact in the photodegradation process [9]. But
some drawbacks of CdS have limited its
development and practical application. Small CdS
particles will seriously aggregate together leading to
the reduced surface area; the fast recombination rate
of photodegradation photo-generated electron-hole
paris will lead to low photocatalytic efficiency; and
the photocorrosion occurred in CdS as S2- in CdS
suffers from self-oxidizing by photo-generated h+
during the photodegradation [10-13]. Therefore,
numerous researchers attempt to enhance the
performance of CdS by adding CdS particles into
other components, including noble metals [14-17],
semiconductions [18-21], carbon materials [22-25].
Recently, the integration of molecular imprinted
technique is receiving increasing interest and
attention. The growing interest in this field leads
to advanced applications including sensors [26 27], selective recognition [28], solid phase
extraction [29], and catalysis [30-31]. Using the
molecular imprinting technique and photocatalytic
technology for selective removal of the organic
pollutant has confirmed those not only modify the

ABSTRACT
The CdS imprinted photocatalyst was prepared
via surface molecular imprinted technology with a
facile
microwave-assisted
method
with
Ciprofloxacin (CIP) as the molecular template.
Methacrylic acid (MAA), Trimethylolpropane
acrylate (TMPTA), and 2,2-Azobisisobutyronitrile (AIBN) were considered to functional
monomer, cross-linking agent and initiate,
respectively. The sample was characterized by Xray diffraction (XRD), Fourier transform
infrared
(FT-IR),
Transmission
electron
microscopy (TEM). Comparing with the nonimprinted
photocatalyst,
the
molecular
imprinted photocatalyst exhibited higher photodegradation rate for CIP but also showed to enhance
selective activity for target molecular. The
degradation rate of CIP was 77.90% within 60 min
under visible irradiation.

KEYWORDS:
ciprofloxacin, surface molecular imprinting, microwaveassisted, selection, CdS

INTRODUCTION
In the past decades, an increasing concern
focuses on residues of pharmaceuticals and personal
care products (PPCPs) in the environment [1].
Thereinto, antibiotics are greatly concerned due to
their extensive use in human and veterinary
medicine [2-3], especially for ciprofloxacin (CIP),
has been widely used in human and animal treatment
against infectious diseases [4]. But it also brings
serious pollution to environment and ecological
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photocatalyst and enhance the degradation
efficiency, but also improved the selectivity of
photocatalyst. Molecular imprinted photocatalyst, as
a material for selection, can effectively
copolymerize the functional monomer and crosslinking agent in the presence of template molecular
on the photocatalyst. To synthesize the molecular
imprinted photocatalyst, light induced method is one
of the most common methods, but it needs a long
time to polymerize. Microwave-assisted method as a
heating way has the advantages of warming fast and
simple to operate. So, in this work, microwaveassisted method is used to synthesize the
Molecular imprinted photocatalyst. However, the
traditional MIP makes the template molecules
were embedded too deep to be removed and
mass transfer difficultly [32]. Based on this
cause, one way to obtain high selectivity is to
imprint cavities of target molecules on the
surface of photocatalyst.
In the quest for such a method, the work
reported the research of the microwave-assisted
method containing ciprofloxacin (CIP) imprinted
sites by using the CdS as supports for the
degradation of CIP. The CdS were prepared by
hydrothermal method. The results showed that
MIP photocatalyst was higher than non-molecular
template in degradation of CIP. According to the
results, the Molecular imprinted photocatalyst was
characterized, and the degradation behaviors were
discussed in detail.
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Preparation of surface molecular imprinted
CdS
photocatalyst.
For
preparing
CdS
photocatalyst, 0.22836g CdCl2·2.5H2O and 0.056ml
3 - mercaptopropionic acid were dissolved in 30 mL
of deionized water. Then, a solution of 0.079g
sodium thiosulfate was prepared separately and
added dropwise to the solution with constant stirring
and its pH value was adjusted to 11 by using a 1.0
mol NaOH solution. The solution was then
deoxygenated by bubbling nitrogen for at least 4h.
After being stirred, the precursors were transferred
to an autoclave, sealed, and hydrothermally treated
at 180oC for 1h. After the container cooled into room
temperature, the final products were collected by
centrifugation, washed with the deionized water and
ethanol for several times, dried in vacuum at 60oC
for 12 h.
The imprinted photocatalyst was prepared via
surface molecular imprinted technology with a facile
microwave-assisted method, the process followed:
1.0 mmol CIP was completely dissolved into 30 mL
toluene, and the mixed solution was kept in the bath
water for 30 min. Then functional monomer was
added into above mixed solution, the mixed solution
was stirred for 1 h, after that 1.92 mL TMPTA and
0.05 g (AIBN) were added into the mixed solution
stirred for 30 min. Then, 1.0 g CdS was put into
quartzose reactor and it was still stirred for 30 min.
The obtained mixture was transferred into a quartzglass container with capacity of 50 mL. The
microwave reaction was carried out into a
microwave reactor. The obtained mixture was heated
in the microwave reactor (MCR-3, BeiLun Chemical
Equipment) with the operating power of 600 W and
working temperature of 75oC for 120 min. During
the heating, vigorous stirring of 2000 r/min speed
was carried out constantly. After the container
cooled into room temperature, the final products
were collected by centrifugation, washed with the
deionized water and ethanol for several times, dried
in air at 60oC for 12 h. In order to investigate that
whether the CIP template was clearly removed, the
as-prepared MIP photocatalyst was washed by
Soxhlet extraction with a mixed solution of
methanol/glacial acetic acid (9:1, v/v) for 48 h until
the molecular template had been removed, then,
dried in a vacuum at 60oC for 12 h. For comparison,
the NIP photocatalyst was also prepared using the
same procedure, but without addition of the CIP
template.

EXPERIMENTAL
Chemicals
and
reagents.
Trimethylolpropane acrylate (TMPTA) was
purchased by Aladdin Chemistry Co., Ltd., 2,2_azobis
(2-methylpropionitrile)
(AIBN),
oPhenylenediamine
(OPDA,
CP),
methyl
methacrylate (MMA, CP), Methacrylic acid (MAA,
CP), 2-Hydroxyethyl methacrylate (HEMA)
alcohol(AR), methyl alcohol(AR) and cadmium
chloride
hydrate
(CdCl2·2.5H2O),
sodium
thiosulfate, sodium hydroxide (NaOH), 3 mercaptopropionic acid, glacial acetic acid were all
purchased from Shanghai Chemical Reagent Co. and
used as received. Ciprofloxacin (CIP), tetracycline
(TC) and Oxytetracycline (OTC) were purchased by
Shanghai Shunbo Biological Engineering Co., Ltd.
Deionized and doubly distilled water was used
throughout this work.

Characterization. X-ray diffraction (XRD)
technique was used to characterize the crystal

1034

© by PSP

Volume 26 ± No. 1a/2017, pages 1033-1040

structure of as-prepared photocatalyst. In this work,
XRD patterns were obtained with a D/max-RA Xray diffractometer (Rigaku, Japan) equipped with
Ni-filtrated CuKa radiation (40 kV,200 mA).
Transmission electron microscopy (TEM) images
were collected on an F20 S-TWIN electron
microscope (Tecnai G2, FEI Co.), using a 200kV
accelerating voltage. The 2h scanning angle range
was 10-90°with a step of 0.02°/0.2 s. Fourier
transform infrared (FT-IR) spectra were recorded on
a Nicolet Nexus 470 FT-IR (America thermoelectricity Company) with 2 cm-1 resolution in the
range 400±4000 cm-1, using KBr pellets. UV±vis
diffuse reflectance spectra (UV±vis DRS) of
photocatalyst powder was obtained for the drypressed disk samples using Specord 2450
spectrometer (Shimazu, Japan) equipped with the
integrated sphere accessory for diffuse reflectance
spectra, using BaSO4 as the reflectance sample.
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with the peaks of pure CdS. Based on the results, it
is found that MIP phototcatalyst change the phase of
CdS and the peaks have a right shift, which may
result from the excess microwave heating process of
polymerization.

FIGURE 1
XRD patterns of CdS (a), MIP photocatalysts
with different temperature (MIP-65oC (b),
MIP-75oC (c) and MIP-85oC (d))

Photocatalytic
experiments.
The
photodegradation reactions of antibiotic waste water
were carried out at 303 K in a jhomemade
photocatalytic reactor under visible light. The
photochemical reactor containing 0.1 g catalyst and
100 mL 10 mg/L aqueous solution of antibiotic
waster water. After 30 min in the dark, it reached
absorption balance, its initial absorbency was
determined. The photocatalytic reaction was
initiated by irradiating with two 150W xenon lamp
which removed the wavelength less than 420 nm
with filter. The sampling analysis was conducted in
10 min interval. The photocatalytic degradation rate
(Dr) was calculated by the formula:
Dr = [(1 -Ai/A0)] ×100%.
Where A0 is the initial absorbency of antibiotic
solution which reached absorbency balance and Ai is
the absorbency of reaction solution.

FIGURE 2
The FT-IR spectra of samples
(a. CdS, b. MIP photocatalyst)

RESULTS AND DISCUSSION

FT-IR spectra analysis. The FT-IR spectra of
the CdS and MIP photocatalyst were shown in Fig.2.
From the results, the adsorption peak around 3375
cm-1 could be ascribed to stretching vibrations of ±
NH2. It may be attributed to surface absorb of
TMPTA. The absorbed peaks of 2951 cm-1 can be
identified as -CH2 stretching vibration, 1620 cm-1
C=N stretching, 1039 cm-1 C-O stretching, 837 cm-1
and 656 cm-1 CH stretching, which were mainly
caused via surface polymerization and molecular
imprinting. The CdS had no adsorption bands. It
indicated that the CdS was well imprinted by MAA
and TMPTA.

XRD analysis. X-ray diffraction measurement
was performed to probe the structure and phase
purity of the samples. Fig. 1 depicts XRD patterns of
CdS, MIP photocatalysts with different temperature
(MIP-65oC, MIP-75oC and MIP-85oC). The
diffraction peaks of pure CdS can be indexed to the
cubic CdS phase with the (111), (220) and (311)
crystal planes. The product of MIP-65oC, MIP-75oC
and MIP-85oC showed relatively diffraction peaks
attributable to the (100), (002), (110), and (112)
crystal planes, which have a right shift compared
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FIGURE 3
TEM images of CdS (a) and MIP photocatalyst (b)

TEM analysis. The TEM of CdS and
molecular imprinted photocatalyst were presented
in Fig.3. From the figure, there was some reunion of
the photocatalyst. That may be due to the preparation
process of synthesis. But compared with the (a) and
(b), it can be found that there was a layer around the
CdS, which may be the organic molecular layer,
suggesting the formation of imprinting layer.

10 mg/L CIP was shown in Fig.4.
It was clearly seen that the molar rate of
functional monomer and molecular template for 1:2
played the highest photocatalytic activity. The
functional monomer was too little to polymerize
(such as 1:1). Template molecular cannot be
completely bonding which may affect the quality of
molecular imprinting. As well as elution template
molecular, the cavity size of template molecular will
change. There was an influence of photocatalytic
activity on molecular imprinted photocatalyst. If
the functional monomer molar rate was more (such
as 1:4) beyond the template molecular and functional
monomer bonding site, the functional monomer will
residue in the solution, which was unfavorable to the
preparation of molecular imprinted polymer. So, in
this study, 1:2 was the best proportion for
photocatalyst degradation.
(2) The influence of different microwaveassisted polymerized time. The microwave-assisted
polymerized time on the process of synthesis of
molecular imprinted photocatalyst played a very
significant role. The degradation rate of 10 mg/L CIP
with different induced time was shown in Fig.5.
From Fig.5, it can be seen that the degradation rate
gradually reduced with the increase of polymerized
time. Because imprinted thickness for the
photocatalyst degradation was important, the most
suitable thin layer played the best photocatalytic
activity. The longer microwave-assisted time the
more imprinted thickness, which lead to the active
site of template molecular more deeper. Template
molecular is not easy to be elution, so photocatalyst
selectivity is worse and the degradation rate is lower.
On the other hand, it is difficult transfer of electronic
and hole with increasing of imprinted thickness,

FIGURE 4
The influence of different proportion

Photocatalytic experiments. (1) The
photocatalytic activity effect of different
functional monomer dosage on the preparation of
imprinted photocatalyst. In order to discuss the
effect of different proportion on the photocatalytic
activity, CIP, MAA and TMPTA were used as
molecular template, functional monomer, crosslinking respectively. Different proportion of
functional monomer was used to prepare molecular
imprinted photocatalyst, and the degradation rate of
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which decrease the degradation rate of molecular
imprinted photocatalyst. So, the best polymerized
time is 120 min.
(3) The influence of different microwaveassisted
polymerized
temperature.
The
degradation rate of 10 mg/L CIP with different
induced temperature was shown in Fig.6. From Fig.6,
it can be seen that the degradation rate increase with
the temperature from 65oC to 75oC. But when the
temperature is higher then 75oC, the degradation rate
gradually reduced. It illustrated that 75oC is the best
polymerized temperature for microwave-assisted
method synthesis MIP photocatalyst.

FIGURE 7
The influence of degradation with different
functional monomer

(4) The influence of the photo-degradation
rate with different functional monomer. It was
important for functional monomer and template
molecular to prepare the molecular imprinted
polymer. In order to study the influence of different
functional monomer MAA, MMA, OPDA, HEMA
for the photocatalystic of MIP photocatalyst, the
degradation of CIP with MIP photocatalyst prepared
with different functional monomer was shown in
Fig.7. From the graph, it was evident that the MAA
played very good photocatalytic activity to CIP with
the degradation ratio of 77.90% in 60 min.

FIGURE 5
The influence of microwave-assisted
polymerized time

(5) The photo-degradation rate of imprinted
photocatalyst on different target. In order to study
the degradation rate of molecular imprinted
photocatalyst on different molecular targets, the
paper choose there different antibiotics as the target
and the result was obtained in Fig.8. It can be seen
that the degradation rate of target molecular template
CIP was higher than other molecular templates. That
may be due to the surface of imprinted photocatalyst
was matched with the template molecule cavity and
played a higher ability to photo-degradation. On
the contrary, tetracycline (TC) and Oxytetracycline
(OTC) had different structure with the CIP molecular
template, so the degradation rate was lower. All
indicated that the preparation of molecular
imprinted photocatalyst had good selectivity
degradation.

FIGURE 6
The influence of microwave-assisted
polymerized temperature

(6) The photo-degradation rate of different
photocatalyst on TC. Fig.9 showed the photodegradation rate of different photocatalyst on CIP. It
was clearly seen that molecular imprinted
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photocatalyst played the best photocatalytic activity
on CIP. Compared with CdS, the molecular
imprinted photocatalyst showed a higher
photocatalytic activity, which explained the
advantages of molecular imprinted photocatalyst.
The selectivity enhanced the degradation rate of
molecular imprinted photocatalyst.
Fig.10 showed the UV-vis variation diagram of
the degradation of molecular imprinted
photocatalyst on 10 mg/L CIP. The result shown that,
the adsorption peaks reduced with the increase of the
irradiation time at 276 nm in 60 min.
FIGURE 9
The degradation rate of different photocatalyst

CONCLUSION
A new surface molecular imprinting
photocatalyst was synthesized by microwaveassisted method with CIP as the molecular template.
The optimal experimental conditions were that CIP,
MAA, TMPTA, AIBN, and toluene were used as
molecular template, functional monomer, crosslinking, initiator and solvent, respectively. The
microwave-assisted power was 600 W with
temperature 75oC for 120 min. The result shown that
the proportion of molecular template, functional
monomer was 1:2, molecular imprinted
photocatalyst performed the best photocatalytic
activity with 10 mg/L of CIP solution and the
degradation rate reached 77.90% in 60 min. This
work not only highlights the potential use of MIP
photocatalyst, but also emphasizes the selectivity of
the MIP photocatalyst.

FIGURE 10
The UV-vis variation diagram of the
degradation of molecular imprinted
photocatalyst on 10mg/L CIP
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discharge into the lake. Therefore, despite its
proximity to the Black Sea, the lake has had the
feature of freshwater in the course of time.
Delivering the highest amount of water to the lake,
Istranca Stream joins the Terkos Lake from the west
and feeds it in this direction, the main axis of which
is in the direction of northwest-southeast. The
streams joining the lake from south and east are short
streams with a low flow rate; thus, they do not supply
a remarkable amount of water except for rainy
seasons. General benthic examination was carried
out in Istranca Stream, the subject of the study [2].
However, no study including molluscan fauna and
ecology was encountered. Mollusks are well suited
for the identification of geologic-historical
developments. They allow easy distinction of the
biotopes: marine, brackish, terrestrial, and
mountainous [3]. With the Water Framework
Directive set by The European Union in 2000, the
importance of water resources of our country and
some groups inhabiting these resources have been
further recognized. The aim of this study is to
investigate, the qualitative and quantitative
distribution of molluscan fauna, which is one of the
primary subjects of freshwater studies and accepted
as one of the most important indicators of biological
productivity in water environment, and the various
factors affecting their distribution. Istranca Stream
and its tributaries have great importance for wildlife
and for the human population in the Terkos basin.
Terkos Lake is the main source of drinking water
supply for Istanbul and thus it has strategic
importance [4]. Starting from the features described
above, Istranca Stream (Terkos-Istanbul) and its
tributaries, which are located within the boundaries
of Istanbul, were selected as the study area.

ABSTRACT
To identify the mollusk fauna of Istranca
Stream, samples were collected seasonally from 18
stations from September 2011 to August 2012. The
mollusk fauna of the stream consists of a total of 14
species, 11 of which belong to Gastropoda:
Theodoxus (Theodoxus) fluviatilis (Linnaeus 1758),
Bithynia tentaculata (Linnaeus 1758), Bithynia
pesicii *O|HU
 <ÕOGÕUÕP  Bithynia
pseudemmerica Schütt 1964, Valvata naticina
Menke 1845, Valvata piscinalis (Müller 1774),
Galba (Galba) truncatula (O F Muller 1774), Radix
labiata (Rossmassler 1835), Physella acuta
(Draparnaud 1805), Planorbis (Planorbis) planorbis
(Linnaeus 1758), Oxyloma elegans (Risso 1826);
three of which belong to Bivalvia: Pisidium
casertanum (Poli 1791), Anodonta cygnea (Linnaeus
1758), Unio pictorum (Linnaeus 1758). Futhermore,
water temperature (°C), pH, nitrate nitrogen (NO3-N), nitrite nitrogen (NO2--N), and phosphate (PO4-P) of each sample were measured at the sampling
sites. The relationships of species to environmental
parameters were reviewed by CCA analysis. This
research is the first study conducted on the Istranca
stream to determine the mollusk fauna.

KEYWORDS
Bivalvia, physio-chemical parameters, water quality,
Gastropoda, Istranca, Turkey.

INTRODUCTION
Terkos Lake, one of the cleanest water
resources of Istanbul, is pretty important as a
research field by virtue of having a wide variety of
ecological characteristics thanks to its geographical
location, having historical wealth integrated with
natural
resources,
and
different
cultural
characteristics [1]. Water transferred from the lake to
Istanbul is the primary factor of loss in hydrological
balance. Terkos Lake is rich in streams feeding the
lake itself. All runoff and streams in the basin

MATERIALS AND METHODS
Study area and stations. Istranca Stream is the
largest stream in the Turkish Thrace Region with a
length of approximately 48 km. It connects to the
Terkos Lake and extends to the Istanbul-Tekirdag
OLPLW :LWK LWV WULEXWDULHV QDPHO\ *PúSÕQDU
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and Meier-Brook [9]. All materials were deposited
in the laboratory. To determine the relationships
between the type of environment and specimens,
Canonical Correspondence Analysis was used [10].

(station number: 1), Danamandira (stations numbers:
 7DúOÕJHoLW VWDWLRQQXPEHU .UN station
number:   %LQNÕOÕo station number: 12),
Karacaköy (station number: 17), Büyükdere (station
number:  .ÕVD VWDWLRQQXPEHU .DUDPDQGHUH
(station number: 14) and Ceviz (station number: 18)
Istranca Stream (stations numbers: 7, 9, 11, 13, 15,
16) is spread over an area of approximately 458 km2

RESULTS
Environmental
Variables.
Selected
physicochemical parameters are shown in Table 1.
According to the physico-chemical measurements,
DO levels were between 5.51 and 9.37 mg/L; pH
between 6.94 and 7.73; water temperature between
11.6 and 17.9 °C; PO4--P between 2.81 and 158.45
mg/L; NO2--N between 0.09 and 1.73 mg/L; NO3--N
between 0.05 and 2.38 mg/L; electrical conductivity
between 107.4 and 630.5 ȝS/cm; flow rate between
0 and 36 m/s (Table1).

The Sampling of Water and Mollusca
Assemblages.
Environmental
variables
measurements. Water temperature (oC), dissolved
oxygen (DO), pH and electrical conductivity (EC)
were measured with YSI multi-parameter at each
sampling station, The levels of NO2--N (mg/L), NO3-N (mg/L) and PO4--P were measured in the
laboratory according to the standard methods [5].
Geographical data (coordinates) were recorded with
a geographical positioning system (Garmin e-trex
GPS) unit (Table 1).

Biological and Statistical Results. During our
survey, 14 species were found; of which six belong
to Prosobranchia: Theodoxus (Theodoxus) fluviatilis
(Linnaeus 1758), Bithynia tentaculata (Linnaeus
1758), Bithynia pesicii *O|HU  <ÕOGÕUÕP 
Bithynia pseudemmerica Schütt 1964, Valvata
naticina Menke 1845, Valvata piscinalis (Müller
1774); five belong to Pulmonata: Galba (Galba)
truncatula (O F Muller 1774), Radix labiata
(Rossmassler 1835),

Sampling of Mollusca and Statistical
Analysis. Samples were collected seasonally at 18
stations between September 2011 and August 2012
(Figure 1). All of the materials from the streams were
collected with a special hand net made of Müller
fabric. Benthic materials were washed repeatedly in
the laboratory with pressurized tap water using
sieves, 0.25 mm of mesh size. Mollusk specimens
were preserved in 75% ethyl alcohol and identified
according to Zhadin [6], Macan [7], Schütt [8], Glöer

FIGURE 1
Sampling stations of Istranca Stream (adapted from by Öztürkçü, 2012).
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TABLE 1
Seasonal values of the measured physico-chemical parameters.
N
Stations
o
1
2
3

*PVSÕQDU
Stream
Danamandra
Stream
7DVOÕJHFLW6WUHDP

6

Danamandra
Stream
Danamandra
Stream
Kürk Stream

7

Istranca Stream

8

Buyukdere

9

Istranca Stream

1
0
1
1
1
2
1
3
1
4
1
5
1
6
1
7
1
8

.ÕVD'HUH

4
5

Coordinates

Istranca Stream
%LQNÕOÕF6WUHDP
Istranca Stream
Karamandere
Istranca Stream
Istranca Stream
Karacaköy
Stream
Ceviz Stream

N 41.33462°
W 28.29089°
N 41.32975°
W 28.26322°
N 41.32997°
W 28.25646°
N 41.28878°
W 28.23157°
N 41.31415°
W 28.24893°
N 41.35748°
W 28.22774°
N 41.39901°
W 28.19366°
N 41.41175°
W 28.17310°
N 41.40430°
W 28.17036°
N 41.40049°
W 28.16553°
N 41.41750°
W 28.13845°
N 41.40391°
W 28.20745°
N 41.39171°
W 28.21515°
N 41.37920°
W 28.29610°
N 41.37974°
W 28.31460°
N 41.39103°
W 28.33630°
N 41.39946°
W 28.38352°
N 41.37614°
W 28.38546°

8,59

PO4-P
(mg/
L)
10,96

NO2-N
(mg/L
)
1,73

NO3-N
(mg/
L)
2,38

7,6

8,43

26,04

0,56

1,21

545,8

7,8

9,18

2,81

0,46

0,07

12,9

525,5

7,5

8,81

8,77

1,42

0,08

0,35

17,2

582,5

7,3

9,37

15,17

1,27

1,04

0,11

14,1

630,5

7,5

8,44

22,52

0,84

1,13

0,12

14,2

424,2

7,6

7,63

158,4

0,65

0,53

0,04

13,8

244

7,6

5,51

29,64

0,67

0,29

0,06

13,7

345,9

7,6

7,27

7,16

0,2

0,19

0

11,6

518,5

7,4

7,66

5,38

0,2

0,16

0,17

14,1

400,7

7,6

7,34

3,31

0,08

0,24

0,06

13,6

165,8

7,2

8,75

21,04

0,16

0,05

0,19

13,8

357,7

7,3

7,32

56,97

1,3

0,72

0,22

14,4

353,5

7,4

8,73

9,93

0,25

1,32

0,21

15,4

410,4

7,7

9,11

7

0,12

0,43

0,28

14,3

107,4

6,9

7,32

16,38

0,13

0,19

0,36

17,9

363,1

7,5

8,44

9,86

0,24

0,51

0,13

16,6

359,9

7,4

7,81

2,64

0,09

0,24

Flow
rate
Sediment
(m/sn
)
Very coarse sand - 0,12
small pebbles
Very fine sand - coarse 0,1
sand
Fine sand - coarse sand 0,01
Very fine sand - small
pebbles
Very fine sand - small
pebbles
Very fine sand - coarse
gravel
Very coarse sand small pebbles
Very coarse sand small pebbles
Very fine sand - coarse
gravel
Very coarse sand coarse gravel
Very coarse sand coarse gravel
Very coarse sand coarse gravel
Very coarse sand small pebbles
Very coarse sand coarse gravel
Very coarse sand blocks
Very coarse sand coarse gravel
Very coarse sand small pebbles
Very coarse sand coarse gravel

Water
temperat
ure (°C)

EC
(μS/c
m)

pH

DO
(mg/
L)

13,1

622,3

7,7

14,3

574,8

11,4

0,14

TABLE 2
Canonical Correspondence Analysis (CCA) Eigen values.
Eigen values
Totaly %
Cumulative percentage variance of species data
species±environment correlations

Physella acuta (Draparnaud 1805), Planorbis
(Planorbis) planorbis (Linnaeus 1758), Oxyloma
elegans (Risso 1826) and three to Bivalvia: Pisidium
casertanum (Poli 1791), Anodonta cygnea (Linnaeus
1758) and Unio pictorum (Linnaeus 1758).
As a result of the Canonical Correspondence
Analysis (Figure 3) the axes (Axis 1 and Axis 2)
explained the relationship between the species and
the parameters with a reliability of 93.6%. (Table 2)
and both axes were found to be statistically
important.

Axis 2
0.154
34.407
52.536
0.936

DISCUSSION
Sediment type is pretty important in terms of
allowing benthic macrofauna to nest, to lay eggs, and
to keep their eggs attached to the substrata to survive
predators and high flow rates. In addition to the
observations made during samplings, measurement
in centimeters of the substratum inside the jars, in
which the stone samples were placed and sorting was
done, provided us a range of data about the type of
sediment. Substratum measurements made with a
digital compass are considered as minimum, and
stone measurements are considered as maximum
acceptable measurements. Malard et al. [11] was
1043



Axis 1
0.186
17.983
29.946
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dissolved ions translates into a natural high
conductivity value. Species of gastropods and
bivalves are reported to be more common in the
spring and summer, and also having a higher nutrient
tolerance [14]. In addition, gastropod and bivalve
species live closer to the surface in the spring and
summer, while living in the bottom in autumn and
winter [15]. This study shows that species are more
common in the spring and summer months in Figure
2.
Most of the aquatic species belonging to
subclass Pulmonata have been reported to have high
nutrient tolerances. Therefore, their distributions are
considered normal in fresh water and is known to
give an idea about the ecological characteristics of
aquatic systems [16, 17]. CCA analysis results in our
study supports this view. According to CCA
ordination diagram temperature, pH, PO4 and NO3N were the most significantly influential factor on
species, while the other variables (Electrical
conductivity, dissolved oxygen and NO2-N) had a
weak or no effect. Pulmonata species of G.
truncatula, R. labiata, P. acuta, P. planorbis and O.
elegans are found to have high tolerance of nutrients
(see Figure 3).
pH is a determining factor for mollusk species
[18]. In addition, low pH (pH<6) can hamper the
development of mollusks, and may even be lethal
[16]. In our study, there is no such risk since the pH
ranges from 6.94 to 7.73. Also, such a pH range is
important since it allows a large number of species
to the exist. P. casertanum is one of the most widely
distributed species of freshwater mollusks in the
world [19]. This species, prefer mud biotopes, but
can also survive in lakes and rivers. It is widely
known in Palaearctic and Nearctic region including
some parts of South America, Africa, Australia and
Asia. It is a cosmopolitan and euryoecious species
[20].

considered as reference, and numerical values were
expressed verbally (Table 1). The water temperature
was 11.6 to 17.9 °C. According to the Turkish Water
Pollution Control Regulation (SKKY)[12], river
water quality is Class I in terms of water temperature,
whereas the pH range results of 6.94 to 7.73
corresponds to class III water quality. The phosphate
levels were the lowest in the third station as 2.81, the
highest in the seventh station as 158.45 mg/L.
Phosphorus in natural waters is important for aquatic
life, and can be found in organic or inorganic form.
In addition, in the absence of sufficient amounts of
phosphorus, phytoplankton development is slow and
productivity is low [13]. In station 3, where
phosphate was the lowest, no example of Mollusca
has been found. NO2-N from 0.09 to 1.73 mg/L;
NO3-N from 0.05 to 2.38 mg/L. The highest nitrate
levels measured in the first station 2,38 mg/L,
indicates mixing of sewage, thus the measurement
was higher than other stations. Even if the water is
Class I, high levels of nitrate are dangerous. When
nitrate level exceeds 10 mg/L, it can lead to blue
blood disease in infants [13]. When level of nitrite is
considered, the water can be classified as Class IV.
In our study, the highest nitrite level was in the first
station with 1.73 mg/L (Table 1). Due to the flow
rate, the soil is not flat in lotic environments. Fast
flowing water sweeps stone, gravel and sediment,
forming reefs at the bottom. In addition to
functioning as food store in lotic environments, these
reefs are places where benthic macroinvertebrates
are concentrated. Therefore, it is very important to
determine the flow rate. One of the most important
factors determining the flow rate is the slope, and the
gravity which is proportional to the slope [13].
Conductivity was measured the lowest as 107.4
ȝ6FP DQG WKH KLJKHVW DV  ȝ6FP /RZ
conductivity values are known to belong to the
winter months, while higher values are of summer.
In summer, the increase in intensive evaporation of

FIGURE 2
Species composition of Mollusks in Istranca Stream to the seasonally.
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FIGURE 3
CCA diagram shows correlation among environmental variables ( t, water temperature; EC, electrical
conductivity; DO(dissolved oxygen), PO4(phosfate), NO2-N(nitrite nitrogen), NO3-N(nitrate nitrogen) and
species Tt(Theodoxus (Theodoxus) fluviatilis), Bt(Bithynia tentaculata), Bpe(Bithynia pesicii), Bps(Bithynia
pseudemmerica), Vn(Valvata naticina), Vp(Valvata piscinalis),Gt (Galba truncatula), Rl(Radix labiata),
Pa(Physella acuta), Pp(Planorbis planorbis), Oe(Oxyloma elegans), Pc(Pisidium casertanum), Ac(Anodonta
cygnea), Up(Unio pictorum)
preventing the decline of water quality;
encouragement of sustainable use of water
resources; protection of aquatic ecosystems through
measures such as the prevention of discharge of
priority substances and priority dangerous
substances. One of the keys to achieving this goal is
benthic invertebrates. Among the benthic
invertebrates, mollusks are biomonitor organisms
[23,24] since they feed from the substrata, move
infrequently, thus accumulating dirt and metals.
Their decrease or increase in number works as an
indicator, therefore their importance as marker
species is considered high.

Indeed, in the CCA ordination diagram, the species
was located closer to the center (Figure 3).
According to the Canonical Correspondence
Analysis, P. acuta, P. planorbis and U. pictorum are
found to be close to the center and this finding
supports the result that the species are widespread
(see Figure 3). G. truncatula is the intermediate host
of the Fascioliosis hepatica, which causes
fascioliosis in vertebrate animals, especially in the
liver of cattle and sheep [21]. Fascioliosis causes
death and also a decrease in meat and milk
production, thus resulting in significant economic
losses. It is important that the above-mentioned
species have been found in our research. A parasitic
life cycle exists in the Unio and Anodonta species¶
life cycle. In some of these species, the larvae sink to
the lake bottom, then their eggs stick to the fish that
swim close to the bottom and they form cysts under
the skin, thus completing their development. They
also seek distribution in the lake through host fishes.
There exists a symbiotic relationship in others, for
example between Rhodeus sp. and Unio sp. [22]. The
fact that U. pictorum and A. cygnea are be found in
small numbers, can be explained by this
specialization in development and proliferation. The
Water Framework Directive, a directive that Turkey
needs to follow, after its entry into force in 2000, that
the European Union demanded from Turkey because
it is a candidate country, aims various issues:
protection and development of water resources;
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IMPACT OF DRIP AND FURROW IRRIGATIONS ON
SOME SOIL ENZYME ACTIVITIES DURING TOMATO
GROWING SEASON IN A SEMIARID ECOSYSTEM
Rasim Kocyigit*, Mukayin Genc
*D]LRVPDQSDúD8QLYHUVLW\ Department of Soil Science and Plant Nutrition, Tokat, Turkey

and past microbial activity, and can be influenced by
natural and anthropogenic factors such as soil
moisture content and temperature [1], pH [2], and C
and nutrient availability [3].
The activity of extracellular enzymes increases
with temperature [4] and microbes in warmer soils,
and may release fewer resources in order to minimize
metabolic cost [5]. Moreover, warming can decrease
the soil water content during the growing season,
which can limit enzyme and substrate diffusion [5];
can decrease microbial biomass due to decrease soil
moisture or increase predation [6]. Soil enzyme
DFWLYLWLHV VXFK DV ȕ-glucosidase involves carbon
cycling presenting distinguishes residue degradation
and nutrient incorporation since the enzyme
participate in degradation of plant components such
as cellobiose, mellobiose, and chitin [7]. In addition,
ȕ-glucosidase is involved in N mineralization [8].
Dehydrogenase activity is important for the soil
enzyme system [9] and it is a measure of microbial
metabolism in soil and is an indicator of biological
redox system [10]. The study area, semiarid region
of northern Turkey, has been dedicated to tomato
production under field condition with drip and
furrow irrigations. However, the effects of the
irrigation¶s systems on soil biological properties,
such as microbial biomass and soil enzymes, have
not been studied. The objective of this work was to
determine the effect of drip and furrow irrigations on
soil microbial biomasV GHK\GURJHQDVH ȕglucosidase and phosphatase enzymes during tomato
(Solanum lycopersicum) growing under a semiarid
field condition.

ABSTRACT
Soil enzyme activity is an important component
of soil quality and nutrient availability, which can be
influenced by soil management systems. The
objective of this study was to determine the effects
of furrow and drip irrigations on some soil microbial
SURSHUWLHV ȕ-glucosidase, dehydrogenase, and
alkaline phosphates enzymes during growing season
of tomato (Solanum lycopersicum) in a semiarid
ecosystem. This study was conducted on four
different locations in farmer field at Kazova
province. Soil samples were taken from 0-20 cm
depth in June, August, and October with four
replications. Microbial biomass carbon (SMC) was
not significantly affected by irrigation systems and
sampling periods (p>0.05). Soil enzyme activity
varied depending on irrigation systems and sampling
periods. Dehydrogenase enzyme activity was
JHQHUDOO\ JUHDWHU LQ GULS LUULJDWLRQ WKDQ IXUURZ ȕglucosidase enzyme was constant through the
sampling periods in drip irrigation while it decreased
from June to October in furrow irrigation. Drip
irrigation
significantly
increased
alkaline
phosphatase enzyme activity through the sampling
period. Thus, drip irrigation significantly enhanced
phosphor availability compared to furrow irrigation,
and soil enzyme and nutrient availability has been
significantly influenced by irrigation systems
through plant growing season. Generally, the
greatest soil enzyme activities were observed in drip
irrigation.

KEYWORDS:
Irrigation systems, microbial biomass, soil enzymes,
GHK\GURJHQDVHȕ-glucosidase, phosphatase.

MATERIALS AND METHODS
The study was conducted in the semiarid region
of Tokat district (40o ¶1DQGo ¶( LQQRUWKHUQ
Turkey. The average annual precipitation and
temperature of the area are around 430 mm and 11.9
o
C respectively, and most of the precipitation occurs
in winter and spring seasons. The soil samples were
taken from four different locations of farmer field in
Kazova area. In each location, two adjacent fields
under tomato (Solanum lycopersicum) production
with drip and furrow irrigations were chosen. Soil

INTRODUCTION
Soil enzymes can be considered an important
indicator of soil metabolic function and nutrient
availability. In fact, soil enzymes release carbon,
nitrogen, and phosphorus from soil organic matter
and control soil fertility and ecosystem productivity.
Soil enzymes and their activities are critical in
sustaining nutrient availability, depend on present
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the means were tested using LSD test DWĮ 

samples were taken at three different times (June,
August and October) from 0-20 cm depth with four
replications, randomly selected, during tomato
(Solanum lycopersicum) growth. Total 32 soil
samples (4 locations x 1 depth x 2 irrigations x 4
replications) were collected during the each
sampling period. Soil samples were passed through
2 mm sieve and some soil physical, chemical, and
biological properties were determined.
Soil pH and electric conductivity were
measured in the air-dried soil using a combination of
glass electrode (soil/water ratio, 1:2.5). Soil organic
carbon (SOC) content was determined using the
modified Walkley-Black wet oxidation method [11].
Microbial biomass C (MBC) was determined using
the fumigation-incubation method [12]. The CO2
produced during incubation was trapped inside
NaOH solution. The carbonates were precipitated
using BaCl2 solution and titrated with 0.5M HCl
solution. Microbial biomass N (MBN) was
determined by 2M KCl solution at the end of
incubation [13].
Soil enzyme activities were analyzed in the
three sampling periods using fresh samples [14].
Dehydrogenase enzyme activity was determined
using the reduction of 2,3,5-triphenyltetrazolium
chloride (TTC) to triphenylformazon (TPF), after
incubation for 24 h at 37 oC. Alkaline phosphatase
activity was defined by determination of the phenol
release after incubation of samples with pnitrophenyl phosphate for 1 h at 37 o&ȕ-glucosidase
enzyme activity was measured by determination of
p-nitrophenol after 1 h of incubation of samples at 37
o
C with pnitrophenyl-ȕ-D-glucopyranoside (PNG) in
modified universal buffer (pH 6.0).
The data were analyzed as completely
randomize block design. The four locations were
assumed a block and irrigation system was the main
factor. The analysis of variance (ANOVA) was
performed for all measurements. All the values were
the mean of four replications and standard errors
were also calculated for the comparison of soil
properties. Significant statistical differences between

RESULTS AND DISCUSSION
The soil clay contents of the sampling locations
were similar and ranged from 33 to 36 percent (Table
1). However, clay content was slightly greater in
location 3 and 4. Soil reaction of the study area
ranged from 7.4 to 7.9 and overall, the sampling
location had similar soil reaction (p>0.05). Soil
electric conductivity (EC) was not significantly
affected by irrigation systems (p>0.05), but
significant difference occurred between the
locations. This could be the result of long-term
management effect on EC in the study area. Soil
organic carbon (SOC) ranged from 7.7 to 13.2 g C
kg-1 in the sampling locations and the lowest SOC
was measured at location 4. Total N content was
similar within the locations, but there was a
difference between the locations. The difference
between the locations was, maybe, the result of the
changes in inorganic N fertilization among the
farmers.
Soil microbial biomass C (MBC) decreased
from June to October and the highest MBC was
observed in furrow irrigation on June and October,
while MBC was similar on August (Fig. 1). The
variation in MBC may be the effects of changes in
temperature, moisture and nutrient resources. The
variations in MBC and soil enzymes are indications
of the change tendency of soil nutrients [15]. Drip
irrigation had significantly greater microbial
biomass N (MBN) on June compared to furrow
irrigation (Fig. 1). The higher MBN on June could be
attributed to greater N availability with the increases
of temperature stimulating N mineralization in
spring. During summer days, most of the plant
nutrients especially N was taken up by tomato, which
results lower N immobilization by soil microbes.
The fluctuation in MBN was greater than MBC
during growing season. Soil microbial N

TABLE 1
Some soil physical and chemical properties of sampling locations
Location
Irrigation
Clay
pH
EC
SOC
Total N
system
%
ȝPKRVFP
g kg-1
mg kg-1
1
Drip
36.2 (2.2)a* 7.9 (0.3)a
492 (25.5)a
11.9 (1.4)a
440 (14.0)a
Furrow
36.3 (1.2)a
7.4 (0.5)a
572 (14.8)a
12.3 (0.9)a
470 (38.1)a
2
Drip
35.5 (0.6)a
7.5 (0.4)a
684 (40.3)b 11.6(4.4)ab 90 (11.0)b
Furrow
34.7 (2.1)a
7.4 (0.2)a
662 (45.6)b 15.2(4.5)ab 70 (16.4)b
3
Drip
43.7 (2.2)b
7.5 (0.1)a
732 (82.2)b 11.1 (0.8)a
430 (14.2)a
Furrow
33.8 (1.6)a
7.6 (0.1)a
708 (32.0)b 15.4 (0.8)b
610 (21.0)c
4
Drip
35.0 (2.1)a
7.7 (0.4)a
703 (38.2)b 7.9 (3.0)a
90 (10.0)b
Furrow
46.3 (0.3)b
7.7 (0.1)a
543 (27.3)a
7.7 (4.0)a
90 (23.2)b
*mean and standard error (n=4). Different letters indicate significant difference in same colon (p<0.05).
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irrigation. Soil enzyme activities are affected by a
variety of environmental factors, in fact, even
herbaceous plant and some root fungi may be
associated with elevated or decreased decomposition
potential and nutrient cycling [17]. Agricultural
practices such as tillage systems have also significant
impact on dehydrogenase enzyme activity to be
greater in low-disturbed direct seeding compared to
conventional tillage system [18].
Ǻ-glucosidase enzyme activity decreased from
June to October (Fig. 2). Generally, drip irrigation
had significantly greater enzyme activity than furrow
irrigation especially on August and October
(p<0.05).

varies seasonally in soil and is affected by N addition
while microbial biomass relatively insensitive to
warming and N addition [16].
Soil enzyme activities were significantly
affected by irrigation system and sampling period
(Fig. 2). Generally, drip irrigation had greater
dehydrogenase enzyme activity than furrow
irrigation.
The
significant
difference
in
dehydrogenase enzyme activity occurred on August.
The greater dehydrogenase enzyme activity in drip
irrigation indicates an increase in nutrient
availability. As consequences, it is possible to
hypothesize that drip irrigation greater stimulation
on dehydrogenase enzyme activity than furrow

FIGURE 1
The effects of drip and furrow irrigations on soil microbial biomass carbon (MBC) and nitrogen (MBN)
during the growth period of Solanum lycopersicum. The different letters indicate significant (p<0.05)
difference. The bars represent standard error (n=4)

FIGURE 2
The effects of drip and furrow irrigations on dHK\GURJHQDVHȕ-glucosidase and alkaline phosphatase
enzyme activities during the growth period of Solanum lycopersicum. The different letters indicate
significant (p<0.05) difference. The bars represent standard error (n=4)
The high ȕ-glucosidase enzyme activity is a good
mineralization. Irrigation with drip system has
indication of microbial activity and carbon
VXEVWDQWLDOO\ HQKDQFHG PLFURELDO DFWLYLW\ DQG ȕ1049
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compared to furrow. Hence, drip irrigation system
has significant impact on some soil enzyme activities
and nutrient availability through plant growing
season.

glucosidase enzyme activity compared to furrow
irrigation which causes a large period of dry and over
wet condition in soils. The greater difference
between the irrigation systems occurred in samples
taken on October, and it could be the result of the
variation in soil temperature and moisture contents.
The reduction in enzyme activities in droughtaffected soils was primarily due to decrease in water
availability, and to change in nutritional quality of
the enzyme substrate [19]. Soil enzymes are even too
sensitive to soil heavy metal content such as zinc,
copper, and cadmium [20], which may also managed
by contamination level and soil pH [21].
Alkaline phosphatase enzyme activity
gradually increased from June to October in drip
irrigation (Fig. 2). The greater phosphatase enzyme
activity was observed in drip irrigation on August
and October while the greater value in furrow
irrigation was on June/August. The different trend
may associate with microbial community structure
and soil temperature and moisture content. In
addition, the phosphatase enzyme activities of soils
were most sensitive to even duration of sample
compared to the other enzymes [22]. This result also
indicated that phosphatase enzyme activity in drip
irrigation increased with tomato growth, which also
shows the increases in P mineralization and
availability through plant growth.

ACKNOWLEDGEMENTS
7KLV VWXG\ ZDV VXSSRUWHG E\ *D]LRVPDQSDúD
University Research Project Fund (No: 2010.08).

REFERENCES
[1] Fioretto, A., Papa, S., Curcio, E., Sorrentino,
G. and Fuggi, A. (2000) Enzyme dynamics on
decomposing leaf litter of Cistus incanus and
Myrtus communis in a Mediterranean
ecosystem. Soil Biol. Biochem. 32, 1847-1855.
[2] DeForest, J.L., Becker, J., Burke, D.J., Elliott,
H.L. and Smemo, K.A. (2012) Soil microbial
responses to phosphorus addition and pH
manipulation in acidic temperate deciduous
forests. Biogeochem. 109, 189-202.
[3] Kaiser, C., Koranda, M., Kitzler, B.,
Fuchslueger, L., Schnecker, J., Schweiger, P.,
Rasche, F., Zechmeister-Boltenstern, S.,
Sessitsch, A. and Richter, A. (2010)
Belowground carbon allocation by trees drives
seasonal patterns of extracellular enzyme
activities by altering microbial community
composition in a beech forest soil. New Phyto.
187, 843-858.
[4] Koch, O., Tscherko, D. and Kandeler, E. (2007)
Temperature
sensitivity
of
microbial
respiration, nitrogen mineralization, and
potential soil enzyme activities in organic alpine
soils. Global Biogeochem. Cyc. 21, GB4017,
doi:10.1029/2007GB002983.
[5] Allison, S.D. (2005) Cheaters, diffusion and
nutrients constrain decomposition by microbial
enzymes in spatially structured environments.
Ecol. Lett. 8, 626-635.
[6] Rinnan, R., Michelsen, A., Baath, E. and
Jonasson, S. (2007) Fifteen years of climate
change manipulations alter soil microbial
communities in a subarctic heath ecosystem.
Glob. Chan. Biol. 13, 28-39.
[7] Sotomayor-Ramirez, D., Espinoza, Y. and
Acosta-Martinez, V. (2009) Land use effects on
PLFURELDO ELRPDVV & ȕ-JOXFRVLGDVH DQG ȕglucosaminidase activities, and availability,
storage, and age of organic C in soil. Biol. Fertil.
Soils. 45, 487-497.
[8] Tabatabai, M.A., Ekenler, M. and Senwo, Z.N.
(2010) Significance of enzyme activities in soil
nitrogen mineralization. Comm. Soil Sci. Plant
Analy. 41, 595-605.
[9] Zelles, L., Scheunert, I. and Kreutzer, K. (2007)
Effects of artificial irrigation, acid precipitation

CONCLUSIONS
The irrigation systems have significant impact
on soil physical, chemical, and biological properties.
Soil biological properties especially soil enzyme
activities were significantly affected by the irrigation
systems. MBC was almost similar during the
sampling period, and was not significantly affected
by irrigation systems. However, MBN was
significantly affected by irrigation systems and the
greater MBN was observed in drip irrigation on June
samples. On the other hand, the high response to
irrigation systems was measured in soil enzyme
activities which varied depending on irrigation
systems and sampling period. Dehydrogenase
enzyme activity was generally greater in drip
irrigation compared to furrow irrigation, indicating a
JUHDWHUPLFURELDODFWLYLW\WKDQIXUURZLUULJDWLRQȕglucosidase enzyme activity was almost constant
through plant growing season in drip irrigation, but
it decreased from June to October in furrow
irrigation. Organic C use by soil microorganism as a
substrate was similar through plant growing season
in drip irrigation while the substrate use decreased
through plant growth in furrow irrigation. Alkaline
phosphatase enzyme activity was greater in drip
irrigation and increased through sampling period, but
the activity stayed almost constant in furrow
irrigation. This result indicates the larger enhances in
phosphorous availability under drip irrigation
1050



Volume 26 ± No. 1a/2017, pages 1047-1051

© by PSP

Fresenius Environmental Bulletin


[21] Pajak, M., Gasiorek, M., Cygan, A. and Tomasz
Wanic, T. (2015) Concentrations of cd, pb and
zn in the top layer of soil and needles of scots
pine (Pinus sylvestris l.); A case study of two
extremely different conditions of the forest
environment in Poland. Fresen. Environ. Bull.
24, 71-76.
[22] DeForest, J.L. (2009) The influence of time,
storage temperature, and substrate age on
potential soil enzyme activity in acidic forest
soils using MUB-linked substrates and LDOPA. Soil Biol. Biochem. 41, 1180-1186.

and liming on the microbial activity in soil of a
spruce forest. Biol. Fertil. Soils. 4, 137-143.
[10] Samuel, A.D., Domuta, C., Ciobanu, C. and
Sandor, M. (2008) Field management effects on
soil enzyme activities. Rom. Agri. Res. 25, 6168.
[11] Nelson, R.E. (1982). Carbonate and Gypsum.
In: Page, A.L. (Eds.), Methods of Soil Analysis,
Part 2. 2nd edition, Agronomy Monographs 9,
ASA, Madison, WI. pp. 181-197.
[12] Horwath, W.R. and Paul, E.A. (1994) Microbial
biomass. In: Weaver, R.W., Angle, S.,
Bottomley, P., Bezdicek, D., Smith, S.,
Tabatabai, A. and Wollum, A. (Eds.) Methods
of Soil Analysis Part 2 Microbiological and
Biochemical Properties. Soil Science Society of
America, Madison, WI, pp. 753-773.
[13] Keeney, D.R. and Nelson, D.W. (1982)
Nitrogen in organic forms. In: Page, A.L. (Eds.).
Methods of Soil Analysis. Part 2. Agronomy
No. 9, American Society of Agronomy,
Madison, USA, pp. 643-698.
[14] Tabatabai, M.A. (1994) Soil enzymes. In:
Weaver, R.W. et al. (Eds.). Methods of Soil
Analysis. Part 2: Microbiological and
biochemical properties. Soil Sci. Soc. Am.,
Madison, USA, pp. 775-833.
[15] Gang, F.U., Zengwen, L.I.U. and Fangfang,
C.U.I. (2009) Features of soil enzyme activities
and the number of microorganisms in
plantations and their relationships with soil
nutrients in the Qinling mountains. China.
Front. For. China. 4(3), 344-350.
[16] Bell, T.H., Klironomos, J.N. and Hugh, H.A.L.
(2010) Seasonal responses of extracellular
enzyme activity and microbial biomass to
warming and nitrogen addition. Soil Sci. Soc.
Am. J. 74, 820-828.
[17] Burke, D.J., Smemo, K.A., López-Gutiérreza,
J.C. and Hewinsa, C.R. (2012) Soil enzyme
activity in an old-growth northern hardwood
forest: Interactions between soil environment,
ectomycorrhizal fungi and plant distribution.
Pedobiologia. 55, 357-364.
[18] Lupwayi, N.Z., Hanson, K.G., Harker, K.N.,
&OD\WRQ*:%ODFNVKDZ5(2¶'RQRYDQ-
T., Johnson, E.N., Gan, Y., Irvine, R.B. and
Monreal, M.A. (2007) Soil microbial biomass,
functional diversity and enzyme activity in
glyphosate-resistant wheat±canola rotations
under low-disturbance direct seeding and
conventional tillage. Soil Biol. Biochem. 39,
1418-1427.
[19] Sardans, J. and Penuelas, J. (2010) Soil enzyme
activity in a Mediterranean forest after six years
of drought. Soil Sci. Soc. Am. J. 74, 838-851.
[20] Wieczorek, K.,Wyszkowska, J. and Kucharski,
J. (2014) Influence of zinc, copper, nickel,
cadmium and lead in soils on acid phosphatase
activity. Fresen. Environ. Bull. 23, 274-284.

Received:
Accepted:

CORRESPONDING AUTHOR
Rasim Kocyigit
*D]LRVPDQSDúD8QLYHUVLW\, Agricultural Faculty,
Department of Soil Science and Plant Nutrition
Tokat, Turkey
e-mail:

1051



01.08.2016
31.10.2016

   



Volume 26 ± No. 1a/2017, pages 1052-1060

© by PSP

Fresenius Environmental Bulletin



THE FIRST EFFECT OF EUCALYPTUS CAMALDULENSIS
LEAVES AND EUCALYPTOL ADDITIONS ON SOIL
CARBON MINERALIZATION
Tugce Boga1, Husniye Aka Sagliker1,*, Sahin Cenkseven2
1

University of Osmaniye Korkut Ata, Faculty of Science and Letters, Department of Biology, Osmaniye-80000, Turkey
2
Cukurova University, Faculty of Agriculture, Department of Soil Science and Plant Nutrition, Adana-01330, Turkey

parts of the world with appropriate climate [2-5].
There is a specific compound like essential oil of
Eucalyptus in the different parts of this genus [6].
Eucalyptus oil is obtained from especially foliage,
through steam or hydrodistillation [7]. It is a
complex mixture of mainly terpenoids, particularly
monoterpenes (C10) and sesquiterpenes (C15), and
various aromatic phenols, oxides, ethers, alcohols,
esters, aldehydes and ketones that change
composition and proportion in different species [815]. Eucalyptus oil and their basic constituents have
pesticidal effects on several types of microbes fungi
and insects via its vapour form [7, 16] and inhibit
spore production and germination [17]. The
pesticidal activity of Eucalyptus oil has been due to
the components such as 1,8-cineole (eucalyptol),
citronellal, citronellol, citronellyl acetate, p-cymene,
eucamalol, limonene, linalool, a-pinene, g-terpinene,
a-terpineol, alloocimene, and aromadendrene [1821]. Among the various components of eucalyptus
oil, 1,8 cineole (C10H18O) is the most important one
and, in fact, a characteristic compound of the genus
Eucalyptus, and is largely responsible for a variety
of its pesticidal properties [22, 23]. Eucalyptol is a
significant monoterpene because of having
antimicrobial [24] and antifungal [25] effects.
Soil respiration is a basic component of
ecosystem respiration [26, 27], and minor changes in
soil respiration may forcefully influence soil carbon
sequestration [28]. It is important for obtaining
estimates of soil respiration and understanding
environmental controls on the underlying processes.
Soil respiration is affected by root biomass,
microbial biomass, litter amount, soil organic
carbon, soil nitrogen, cation exchange capacity, soil
bulk density, soil porosity, pH, salinity, soil moisture
and site topography [27, 29-31]. CO2 evolution
resulting from soil respiration originated from the
decomposition of dead plant parts (leaf, shoot, seed
and etc.) in the upper soil zone is a significant
indication for the scientific studies connected with
soil microbial community, soil microbial activity,
soil carbon mineralization and global climate change
[15, 32, 33]. Eucalyptus leaves generate a large
portion of their litter amounts [31, 34]. Litter layer
of soil occur more or less 60% of the plant own
leaves [35]. Basic source of soil organic matter stock

ABSTRACT
Essential oil content in the leaves belonging to
Eucalyptus camaldulensis from two different sites
was determined and, their first antimicrobial effects
on carbon mineralization of soil microorganisms
were assessed. Eucalyptus leaves and soils were
collected from Osmaniye and Adana cities of the
Eastern Mediterranean region in Turkey. After
determining the eucalyptol level in leaves by gas
chromatography-mass spectrometry, soils were
mixed with powdered leaves (L) and pure eucalyptol
(E) based on their C contents at quarter (Q), half (H)
and same (S) doses of soil organic C level. Carbon
mineralization of all soils was determined by CO2
respiration method for 30 d (28 °C, 80% field
capacity). Our results showed that eucalyptol
(50.0%) of obtained essential oil from Eucalyptus
camaldulensis leaves planted in Osmaniye was
significantly higher than Adana (23.5%) by GC-MS
analysis (p = 0.000). All of eucalyptol doses added
to Adana soil significantly decreased carbon
mineralization while Osmaniye soil did not affect
from different eucalyptol doses during the all
incubation periods. LQ and LH doses of Eucalyptus
leaves added to Adana soil stimulated microbial
respiration except of LS dose. This result might
explain that soil microorganisms used Eucalyptus
leaves as C source at LQ and LH doses of Adana soil.
It may be concluded that site difference, organic
matter amounts, different eucalyptol doses affected
C mineralization and its ratio into the 30 days.

KEYWORDS:
Carbon, Eucalyptus
mineralization

camaldulensis,

1,8

cineole,

INTRODUCTION
The Myrtaceae has a family approximately 100
genera and 5.500 species of plants [1]. Eucalyptus
camaldulensis Dehn. (red river gum) is the one of the
most cultivated Australian plants belonging to this
family that it is a perennial, single-stemmed,
medium-sized to tall tree and naturalized in all other
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is mainly leaves and their constituents while the
efflux of carbon dioxide (CO2) from soil through
atmosphere are outputs [36]. Carbon source
additions with plant parts can change the turnover of
soil organic matter and this can be measured with
changes in CO2 efflux rates [37].
Carbon mineralization measurement is a
sensitive method for quantifying the effects of
diverse organic matter sources on soil functions [38,
39]. It is extensively measured by following CO2
fluxes at soils which are humidified 80% of field
capacity and afterwards incubated in the laboratory
for different time intervals [40]. Mineralization of
external carbon sources like leaves or litters in the
soil provide to better understand global climate
change and CO2 increase to the atmosphere. Soil
organic carbon mineralization is affected by many
environmental factors like temperature, moisture
and organic matter quality, but the extensive role of
biotic factors (e.g. microbial activity) are now
widely recognized [41]. The respiration rate of soil
microflora is known as an indicator of the microbial
activity that regulates both soil nutrient dynamics
and organic matter turnover [42].
The aim of our study is to assure an insight
about the first effects of additions of Eucalyptus
camaldulensis Dehn. leaves and pure eucalyptol
(1,8-cineole) on soil carbon mineralization and
determination of the amounts of eucalyptol in leaves
by GC-MS. The results of current study exhibit how
addition of these two forms of carbon sources
influence the response of carbon mineralization and
make a comparison with each other.

University Campus in Adana city. The second was
Osmaniye Korkut Ata University Campus in
Osmaniye city. All these samples were taken from
these two locations in April 2015. Adana is
characterized with semi-arid Mediterranean climate
conditions (mean annual precipitation: 659 mm;
mean annual temperature: 19.1 °C for 35 years).
Osmaniye has also same climate conditions with
Adana (mean annual precipitation: 808 mm; mean
annual temperature: 18.2 °C for 27 years) [15, 43].
Soils at both sites and leaves were air-dried.
Soils were sieved through a 2 mm mesh sieve and
leaves were powdered before analysis. Soil texture
was determined by Bouyoucos hydrometer [44],
field capacity (%) by 1/3 atmospheric pressure with
a vacuum pump [45], pH by a 1:2.5 soil-water
suspension with pH-meter [46], CaCO3 content (%)
by a Scheibler calcimeter [47]. Organic C and total
N contents of soils and leaves (%) were determined
by modified Walkley and Black method and
Kjeldahl method, respectively [48, 49].
Some physical and chemical properties of
soils and leaves. Soils of Adana and Osmaniye were
sandy clay loam (SCL) and clay loam (CL) textured,
7.43 and 7.80 pH levels, respectively. Field
capacities of both soils were 31.8% and 23.9% while
CaCO3 contents were 2.10% and 11.0%,
respectively. Carbon amounts of two soils and their
leaves were found 2.62%, 1.98% and 57.7%, 43.8%,
N contents of the same soil and leaf samples were
0.22%, 0.18% and 1.44%, 1.33%, respectively
(Table 1).
Hydrodistillation and GC-MS analysis. A
sample of 20 g of powdered Eucalyptus
camaldulensis leaves was submitted for 3 h to water
distillation using a Clevenger type apparatus. After
obtaining essential oil of leaves by distillation,
TXDQWL¿FDWLRQRIHXFDO\SWROLQHVVHQWLDORLOZHUH

MATERIALS AND METHODS
Study sites, preparation and analysis of
plant and soil samples. Soils and leaves of
Eucalyptus camaldulensis Dehn. are taken from two
different sites of Turkey. First site was Cukurova

TABLE 1
Some physical and chemical properties (mean ± S.E.; n = 3) of Eucalyptus camaldulensis Dehn. soils taken
from campuses of Osmaniye Korkut Ata University (Osmaniye) and Cukurova University (Adana)
Characteristics
Sand (%)
Silt (%)
Clay (%)
Texture Type
FC (%)
pH
CaCO3 (%)
C (%)
N (%)
C/N ratio
Leaf C (%)
Leaf N (%)
Eucalyptol (%)



65.2
7.75
27.1
31.8
7.43
2.10
2.62
0.22
12.1
57.7
1.43
23.5

Adana
±
±
±
SCL
±
±
±
±
±
±
±
±
±

1.02
1.80
0.81
0.68
0.20
0.06
0.06
0.00
0.28
0.63
0.03
0.57

Osmaniye
40.1
±
3.95
24.3
±
3.63
32.2
±
3.00
CL
23.9
±
0.57
7.80
±
0.27
11.0
±
0.15
1.98
±
0.05
0.18
±
0.00
11.2
±
0.31
43.8
±
0.49
1.33
±
0.09
50.0
±
0.58

1053

Significance between sites (P)
0.004
0.015
0.173
0.001
0.342
0.000
0.001
0.001
0.104
0.000
0.349
0.000
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100% to find and compare increase and decrease
percentage of all treatments.

carried out by using GC-MS analyzer (Triplus Trace
GC Ultra ISQ, Thermo Scientific, Waltham,
0DVVDFKXVHWWV 86$  $ VDPSOH  ȝ/  REWDLQHG
from
hydrodistillation
was
injected
and
chromatographic separations were accomplished
with a TR-MS-5 capillary column (5% phenyl-95%
GLPHWK\OSRO\VLOR[DQH  PP LG î  P ¿OP
tKLFNQHVV  ȝP  7KH FROXPQ WHPSHUDWXUH ZDV
programmed as following sequence respectively: at
50 °C for 1 min, 160 °C, 3 °C min-1 for 3 min, and
250 °C at 5 °C min-1 for 10 min. The injection port
temperature was 240 °C and the applied ionization
voltage ZDVH9,GHQWL¿FDWLRQRIHXFDO\SWROZDV
performed by matching with GC-MS results of
National Institute of Standards and Technology
(NIST, Gaithersburg, Maryland, USA) mass spectral
library data. The amount of CIN in leaves was
determined using internal standard calibration
method in GC-MS and toluene was used as internal
standard [50].

Statistical analysis. Repeated Measures
(General Linear Model) analysis was used for
determination of the differences in C mineralization
over incubation time both between two sites and
among the different treatments [53]. Results are
given in figures as mean values ± standard errors of
three replicates. Differences between the data were
declared as significant at the p < 0.05.

RESULTS AND DISCUSSION
Aka and Darici [32], Aka Sagliker et al. [43]
and Kocak and Darici [15] found slightly similar
results of some physical and chemical properties in
the Cukurova University campus and Osmaniye
Korkut Ata University campus soils close to the
current study sites, but our field capacity result was
found to be lower than these studies. This result may
be source from different sampling sites and plants in
both University campus areas (Table 1).
Eucalyptol ratios of volatile oil obtained from
leaves of Eucalyptus camaldulensis Dehn. growing
in Adana and Osmaniye was found 23.5% and
50.0%, respectively (Table 1). Our results showed
that eucalyptol content (50.0%) at Eucalyptus leaves
growing on Osmaniye Korkut Ata University
campus was significantly higher than Cukurova
University campus (23.5%) by GC-MS analysis (p =
0.000). We found that eucalyptol was a major
component with being 50% of essential oil of
Eucalyptus camaldulensis Dehn. leaves in
Osmaniye. Each different or same Eucalyptus
species growing on same or different locations may
have different eucalyptol contents. For example,
Eucalyptus FGB 60/65, GRD 80/85 and smithii have
high percentage of 1,8-cineole (approximately 90%).
Eucalyptus polybraceta, Eucalyptus dives and
Eucalyptus citriodora also contain 46%, 15% and
3% 1,8-cineole, respectively [15]. All these 1,8
cineole results are in good agreement with those
determined by Boland et al. [8]. The amount and
quality of essential oil may affected by genetic
factors, climatic conditions, geography, location,
sampling time, soil, seasonal and maturity variation
[13, 15, 54, 55].
At the end of the incubation period (30 days),
cumulative C mineralization of control, EQ, EH, ES,
LQ, LH and LS of Cukurova University campus,
Adana were 15.4, 11.2, 8.67, 9.04, 21.8, 23.7 and
16.4 mg C(CO2) 100 g-1 oven dried soil,
respectively. These values were also 22.0, 24.8, 22.0,
20.7, 19.4, 21.0 and 21.5 mg C(CO 2) 100 g-1 oven
dried soil in Osmaniye Korkut Ata University
campus (Fig. 1, 2). There were significant
differences between control, EQ, EH, ES of Adana
and control, EQ, EH, ES of Osmaniye soils from the

Experimental design and the aerobic
mineralization
measurements.
Powdered
Eucalyptus leaves and eucalyptol (1,8 cineole,
C10H18O, M: 154.25 g mol-1; Merck, Darmstadt,
Germany) based on their C contents were separately
mixed with soils at the same (1×, LS, ES), half (1/2×,
LH, EH) and quarter (1/4×, LQ, EQ) doses of control
soil organic C level (2.62% for Adana and 1.98% for
Osmaniye). Both organic C levels of LS and ES were
5.24% for Adana and 3.96% for Osmaniye after
mixing 100 g soils with 8.26 g powdered leaves (LS)
and 3.37 g pure eucalyptol (ES) for Adana and 2.23
g powdered leaves (LS) and 2.55 g pure eucalyptol
(ES) for Osmaniye while C contents of LH and EH
were 3.93% for Adana and 2.97% for Osmaniye by
mixing half amount of LS and ES. With the same
calculation principle, C contents of LQ and EQ were
3.28% for Adana and 2.48% for Osmaniye by
mixing quarter amount of LS and ES. Control for
both Adana and Osmaniye was soil without both leaf
and cineole additions to determine the effects of both
C sources on C mineralization.
Soil samples (100 g) were placed in 750 mL
incubation vessels and the final moisture contents of
both soils were adjusted to 80% of their own field
capacity before incubation at 28 °C over 30 days
[51]. The CO2 produced from microbial activity was
absorbed periodically in 40 mL saturated Ba(OH) 2
solution in small tubes, which were placed on the top
of the soil in incubation vessels. Every 3 days CO2
produced by microbial respiration was measured by
titration with oxalic acid in these closed vessels [52].
Cumulative C mineralization [mg C(CO2)/100 g
soil] was calculated by summing up all 3 days CO2
until end of incubation period while its rate was
calculated by dividing cumulative mineralized C by
its soil organic C of control and all treatments. Also,
C mineralization rates were calculated at 30 days in
all treatments and rate of control soil were taken as
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majority of soil microbial properties tested. In this
tropical Eucalyptus plantation, fine-root biomass,
microbial community structure and soil nutrient
properties varied strongly between soil types. The
total abundance of bacterial were all significantly
greater in the clay loam compared to the sandy loam
soil [57].
Control of Adana soil was significantly lower
than EQ, EH and ES doses added soil of Adana (p =
0.000) while Osmaniye control soil was only
significantly higher than EQ of Osmaniye (p
=0.036). But there was no significant difference
among EQ, EH and ES of Adana (p > 0.05). EQ of
Osmaniye was significantly higher than EH and ES

aspect of C mineralization values (p = 0.000 for all
of them, Fig. 1). This situation is not current for soils
mixed with Eucalyptus leaves addition. LQ and LH
of Adana were not different from LQ and LH of
Osmaniye (p > 0.05, Fig. 2). There was only
significant difference between LS of Adana and
Osmaniye (p = 0.000). Soil texture, CaCO3 content,
organic carbon and nitrogen contents of two soils
were significantly different from each other. The
differences of carbon mineralization between two
soil might be explained with these various soil
properties. Our work result showed that the soil
texture plays a major role on the microbial properties
of Eucalyptus plantations studied [56, 57]. Soil type
was one of the most important factors affecting the

mg CO2-C 100g -1 oven dried soil

30

Control

EQ

EH

ES

25
20
15
10
5

Adana

0
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3
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Osmaniye

9 12 15 18 21 24 27 30
0 3 6
Incubation time (days)

9 12 15 18 21 24 27 30

FIGURE 1
Cumulative carbon mineralized in the control and soils mixed with eucalyptol (E) based on their carbon
contents at the same (1 ×, S), half (1/2 ×, H) and quarter (1/4 ×, Q) doses of organic carbon level of control
soils (mean ± SE, n = 3) in Adana and Osmaniye
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FIGURE 2
Cumulative carbon mineralized in the control and soils mixed with Eucalyptus leaves (L) based on their
carbon contents at the same (1 ×, S), half (1/2 ×, H) and quarter (1/4 ×, Q) doses of organic carbon level
of control soils (mean ± SE, n = 3) in Adana and Osmaniye
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mineralization through all incubation period from
the beginning (p = 0.000 for two doses, Fig. 2). Our
results showed that added LQ and LH doses of
Adana Eucalyptus leaves stimulated microbial
respiration except of LS dose. This result correlates
with results of Vokou et al. [60] who found mixing
monoterpenes with soils would increase microbial
activity. In addition, Adamczyk et al. [61] reported
that terpenes in the plant tissues can stimulate C
mineralization and microbial biomass because soil
microbes can use these terpenes as a C source. In the
current study, soil microorganisms also used
Eucalyptus leaves as C source at LQ and LH doses
of Adana soil.
Control soil of Osmaniye was not different
from LQ, LH and LS doses from the point of view of
C mineralization during incubation period (30 days).
There was also not difference among across
Eucalyptus leaf additions of Osmaniye (Fig 2).
Eucalyptus leaves (LQ, LH and LS doses) added to
Osmaniye soil might be of insufficient amount to
provide growth of microorganisms. Interactions

of Osmaniye (Fig. 1, p = 0.037 and p = 0.000,
respectively). All eucalyptol doses added to Adana
soil decreased carbon mineralization during the all
incubation periods. But Osmaniye soil was not
affected from different eucalyptol doses (Fig. 1). The
results might be explained with different carbon
contents of eucalyptol added to Adana (2.62%) and
Osmaniye (1.98%) soils. In this study, eucalyptol
contents added to the soils were separately
determined according to own carbon contents of
Adana and Osmaniye soils. Eucalyptol contents
added to Adana soil were higher than Osmaniye soils
because of significant differences of their soil carbon
contents. EQ, EH and ES doses added to Adana soil
might be high and have stifling or antimicrobial
effects on soil microorganisms when compared with
control soil of Adana. It has been known for many
years that there are reports of high antimicrobial
efficacy of 1,8 cineole obtained from essential oil of
Eucalyptus camaldulensis Dehn. [58, 59].
Comparing to control soil and LS dose of Adana, LQ
and LH doses significantly increased C

TABLE 2
Results of ANOVA (General Linear Model) for repeated measures of C mineralized (n = 21). Effects of
incubation time, site, addition, dose and some interactions
Type III
Sum of
Squares
9308.36
197.46
132.96
40.60
301.20
16.47
32.33
23.10
25.20

Incubation time
Incubation time × site
Incubation time × addition
Incubation time × dose
Incubation time × site × addition
Incubation time × site × dose
Incubation time × addition × dose
Incubation time ×site × addition × dose
Error(Time)

Df
1
1
1
2
1
2
2
2
28

Mean Square

F

9308.36
197.46
132.96
20.30
301.20
8.23
16.16
11.55
0.90

Sig.

10341.32
219.37
147.72
22.55
334.63
9.15
17.96
12.83

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.001
< 0.001
< 0.001

1,4
Mineralization ratio
(% of total soil C)
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a

1,2

Osmaniye

a
1,0
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b

b
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b
ab

c

0,4
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0,2

c
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FIGURE 3
Ratio of mineralization (Rm) in the control, Adana and Osmaniye soils mixed with eucalyptol (E) and
Eucalyptus leaves (L) doses (the same = S = 1 ×, half = H = 1/2 × and quarter = Q = 1/4 ×) of organic
carbon level of control soils (mean ± SE, n = 3) at the end of incubation period (30 days). Different letters
denote significant differences among all across additions and sites at p OHYHO
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among incubation time, incubation time × site,
incubation time × addition, incubation time × dose,
incubation time × site × addition, incubation time ×
site × dose, incubation time × addition × dose,
incubation time × site × addition × dose were
significant at p = 0.000 levels for all of them (Table
2), in the microbial respiration.
Control soil and EQ dose of Osmaniye were the
highest C mineralization ratios from all of the other
additions (p = 0.000). The lowest C mineralization
ratios were in EH and ES doses of Adana soil when
compared with the other across doses and additions
(p < 0.05). 1,8 cineole addition to Adana soil
decreased C mineralization ratio in especially EH
and ES doses. The overall finding resulting from the
C mineralization ratios, all dose additions of Adana
soil was significantly lower than Osmaniye soil
except for LH and LS of both soils (p < 0.05, Fig. 3).
Eucalyptol amounts added to Adana soil was higher
than Osmaniye soil because of its C content.
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REMOVAL OF HEPTACHLOR, HEXACHLOROBENZENE
AND COMMON POLLUTANTS IN CONSTRUCTED
WETLANDS UNDER LOW TEMPERATURES WITH STRAW
AND MEDICAL STONE AS MEDIUM
6KLPLQ0D;LQ\DQJ;X *XRJDQJ/LX4LID6XQ+XL7LDQ


&ROOHJHRI5HVRXUFHVDQG&LYLO(QJLQHHULQJ1RUWKHDVWHUQ8QLYHUVLW\6KHQ\DQJ&KLQD

6KHQ<DQJ&HQWHU&KLQD*HRORJLFDO6XUYH\6KHQ\DQJ&KLQD

6FKRRORI(QYLURQPHQWDO6FLHQFHDQG(QJLQHHULQJ*XDQJGRQJ8QLYHUVLW\7HFKQRORJ\*XDQJ]KRX&KLQD

QDWXUDOHQYLURQPHQWDQGDUHFDSDEOHRIUHPRYLQJD
ZLGH YDULHW\ RI FRQWDPLQDQWV VXFK DV RUJDQLF
VXEVWDQFHV VHGLPHQW QXWULHQWV SHVWLFLGHV DQG
SDWKRJHQV  IURP GLIIHUHQW W\SHV RI ZDVWHZDWHU >@
7KHVHHFRORJLFDOWUHDWPHQWV\VWHPVDUHRIWHQFKRVHQ
E\ZDWHUDJHQFLHVEHFDXVHRIORZRSHUDWLRQDOFRVWV
HQHUJ\FRQVXPSWLRQDQGHQYLURQPHQWDOLPSDFW DV
ZHOO DV HDV\ RSHUDWLRQ DQG QXPHURXV RWKHU
VHFRQGDU\EHQHILWV>@
&:V KDYH D KLJK RUJDQLF PDWWHU SURFHVVLQJ
FDSDFLW\7KURXJKVHGLPHQWDWLRQDQGILOWUDWLRQLQWKH
ZHWODQGVUHIUDFWRU\GLVVROYHGRUJDQLFPDWWHU FDQEH
TXLFNO\ UHPRYHG IURP WKH ZDVWHZDWHU :KHQ WKH
WHPSHUDWXUH LV ORZ WKH GLVVROYHG R[\JHQ XSWDNH
FDSDFLW\ RI ZDWHU LV KLJKHU WKDQ WKDW DW KLJK
WHPSHUDWXUHV +RZHYHU KLJK WHPSHUDWXUHV DUH
FRQGXFLYHLQRWKHUZD\VIRUH[DPSOHE\LQFUHDVLQJ
PLFURELDO GHJUDGDWLRQ UDWHV IRU RUJDQLF SROOXWDQWV
DQG PDNLQJ IORFFXODWLRQ RI UHIUDFWRU\ GLVVROYHG
RUJDQLF PDWWHU HDVLHU ZKLFK LQ WXUQ OHDGV WR HDVLHU
ILOWUDWLRQ
,QSUHYLRXVVWXGLHVLWKDVEHHQUHFRJQL]HGWKDW
&:V W\SLFDOO\ KDYH XQVDWLVIDFWRU\ UHPRYDO
HIILFLHQFLHV DW ORZ WHPSHUDWXUHV &  &ROG
UHJLRQVDUHWKHUHIRUHQRWVXLWDEOHIRUWKLVWUHDWPHQW
WHFKQLTXH $W KLJK WHPSHUDWXUHV WKH DFWLYLWLHV RI
PLFURELDO SRSXODWLRQV LQ WKH PHGLXP LQFUHDVH DQG
WKH&:VXVXDOO\KDYHKLJKUHPRYDOHIILFLHQFLHV>@
,Q WKLV H[SHULPHQW OLJKW H[SDQGHG FOD\ DJJUHJDWH
 P KLJK PHGLFDO VWRQH DQG VWUDZ ZHUH XVHG DV
PHGLD LQ WKH H[SHULPHQWDO &:V /LJKW H[SDQGHG
FOD\DJJUHJDWHKDVGRXEOHDGVRUSWLRQDQGLVXVHGDV
DILOWHULQZLQHRLOPHGLFLQHDQGIRRGSURFHVVLQJ
VHZDJH WUHDWPHQW IRU VRLO LPSURYHPHQW RLO
DGVRUSWLRQDQGKHDWSUHVHUYDWLRQ0HGLFDOVWRQHLVD
PLQHUDO URFN FRPSRVLWH ZLWK WKH PDLQ FKHPLFDO
FRPSRVLWLRQ RI LQRUJDQLF VLOLFD DOXPLQDWH DQG
FRQWDLQV DOO RI WKH UHTXLUHG HOHPHQWV IRU DQLPDO
QXWULWLRQDO VXSSOHPHQWV 0HGLFDO VWRQH LV DOVR
FKDUDFWHUL]HG E\ GRXEOH DGVRUSWLRQ %HFDXVH RI LWV
SRURVLW\ IURP WKH VLOLFDWH PHGLFDO VWRQH KDV YHU\
JRRGDGVRUSWLRQSURSHUWLHV7KHFOD\PLQHUDOFRQWHQW
KDV D VSHFLDO SRURXV VSRQJ\ VWUXFWXUH ZLWK VWURQJ
HOHFWURVWDWLF IRUFHV JLYLQJ WKH PDWHULDO D VWURQJ
DGVRUSWLRQFDSDFLW\IRUKHDY\PHWDOLRQVDQGWR[LQV

ABSTRACT
$W ORZ WHPSHUDWXUHV &  FRQVWUXFWHG
ZHWODQGV &:V  KDYH XQVDWLVIDFWRU\ SROOXWDQW
UHPRYDO HIILFLHQFLHV ([SHULPHQWV IRU WKLV VWXG\
ZHUHFDUULHGRXWLQ&:VWRHYDOXDWHWKHEHKDYLRURI
SROOXWDQWV %HVLGHV WKH FRPPRQ SROOXWDQWV &2'
%2' 71 DQG 73 RUJDQRFKORULQH SHVWLFLGHV
KHSWDFKORUDQGKH[DFKORUREHQ]HQHZHUHDOVRWHVWHG
$ VHULHV RI FRPSRVLWH HIIOXHQW VDPSOHV IURP WKH
ZHWODQGZHUHDQDO\]HG$VH[SHFWHGZLWKDGD\
K\GUDXOLF UHVLGHQFH WLPH WKH &2' DQG %2'
UHPRYDO HIILFLHQFLHV ZHUH KLJKHU WKDQ  7KH
PD[LPXPUHPRYDOHIILFLHQFLHVRI73DQG71ZHUH
 DQG  UHVSHFWLYHO\ $W ORZ
WHPSHUDWXUHV  RI KHSWDFKORU DQG
KH[DFKORUREHQ]HQH ZHUH UHPRYHG LQ &: &:
ZDVFRQVWUXFWHGZLWKOLJKWH[SDQGHGFOD\DJJUHJDWH
PHGLFDOVWRQHDQGVWUDZZLWK0DQFKXULDQZLOGULFH
SODQWHG RQ WRS &: WKHUHIRUH KDV D KLJKHU
WHPSHUDWXUH IURP WKH LQVXODWLRQ GRXEOH DGVRUSWLRQ
RI FRQWDPLQDQWV DQG LQFUHDVHG DFWLYLW\ RI WKH
PLFURELDOSRSXODWLRQ,QWKHWZRWHVWVLWHVZLWKVWUDZ
VDWLVIDFWRU\ UHPRYDO UDWHV ZHUH REWDLQHG DW ORZ
WHPSHUDWXUHV LQGLFDWLQJWKDWWKH WKHUPDOLQVXODWLRQ
HIIHFW RI VWUDZ SOD\HG DQ LPSRUWDQW UROH ,Q D ORZ
WHPSHUDWXUH HQYLURQPHQW WKH VLWHV ZLWK VWUDZ
VKRZHG D VWDWLVWLFDOO\ VLJQLILFDQW LQFUHDVH LQ
SROOXWDQW UHPRYDO UDWHV FRQILUPLQJ WKDW VWUDZ
HIIHFWLYHO\HQKDQFHVILOWHUSHUIRUPDQFH
.(<:25'6
0HGLFDO VWRQH /RZ WHPSHUDWXUH FRQGLWLRQ &RQVWUXFWHG
ZHWODQGV6WUDZ+HSWDFKORUDQG+H[DFKORUREHQ]HQ

INTRODUCTION
&RQVWUXFWHG ZHWODQGV &:V  KDYH SURYHQ
VXFFHVVIXOLQWUHDWLQJGRPHVWLFXUEDQDJULFXOWXUDO
DQG LQGXVWULDO ZDVWHZDWHU HIIOXHQWV DURXQG WKH
ZRUOG&:VDFWDVELRILOWHUVWKURXJKDFRPELQDWLRQ
RISK\VLFDOFKHPLFDODQGELRORJLFDOSURFHVVHVLQD
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LQZDWHU>@
,QVWUDZWKHUHLVDODUJHDPRXQWRIDLUZLWKSRRU
WKHUPDO FRQGXFWLYLW\ EHWZHHQ WKH VSDFHV VR VWUDZ
FDQ HIIHFWLYHO\ UHGXFH KHDW FRQGXFWLRQ ,W LV
JHQHUDOO\DSSOLHGIRUFURSKHDWSUHVHUYDWLRQGXULQJ
FROGVHDVRQV
+HSWDFKORULVXVHGWRFRQWUROSHVWV+RZHYHULW
GDPDJHV WKH LPPXQH DQG UHSURGXFWLYH V\VWHPV LQ
KXPDQV DQG DOVR KDV D FDUFLQRJHQLF HIIHFW 7KH
RUJDQRFKORULQHSHVWLFLGHKH[DFKORUREHQ]HQHLVRIWHQ
XVHG WR SUHYHQW FURS IXQJXV GLVHDVHV EXW LW DOVR
FDXVHV GDPDJH WR WKH LPPXQH DQG UHSURGXFWLYH
V\VWHPV 7KHVH FRPSRXQGV DUH LQ WKH WRS 
SHUVLVWHQW RUJDQLF SROOXWDQWV PDNLQJ WKHLU UHPRYDO
H[FHVVLYHO\ GLIILFXOW ZKLFK OHG WR WKHP EHLQJ
EDQQHGE\WKH6WRFNKROP&RQYHQWLRQLQ
,Q WKLV H[SHULPHQW WKH UHPRYDO HIILFLHQF\ RI
WKH RUJDQRFKORULQH SHVWLFLGHV KHSWDFKORU DQG
KH[DFKORUREHQ]HQHZHUHWHVWHGDWORZWHPSHUDWXUHV
WRDVVHVVWKHVXLWDELOLW\RIWKHIRXU&:VGHVLJQVIRU
XVHLQFROGUHJLRQV
7KHZRUNIRFXVHGRQWKHIROORZLQJDVSHFWV 
WRWHVWZKHWKHUWKHWKHUPDOLQVXODWLRQDQGDGVRUSWLRQ
HIIHFWRIVWUDZDWORZWHPSHUDWXUHVLVEHQHILFLDOIRU
WKHUHPRYDORISROOXWDQWV WRDVVHVVWKHHIILFLHQF\
RI WKH &:V LQ UHPRYLQJ KHSWDFKORU DQG
KH[DFKORUREHQ]HQH   WR LGHQWLI\ DQ\ FRUUHODWLRQ
EHWZHHQ WKH PHGLD XVHG LQ WKH &:V DQG WKHLU
SROOXWDQWUHPRYDOHIILFLHQFLHV

Fresenius Environmental Bulletin

days during the last 160 days. The CWs were located
in an agricultural region of a suburb in Sanqu of
Heilongjiang Province. Four test units were
constructed in the wetland. Each test unit was 3 m in
length, 0.75 m in width, and 0.5 m in depth.
&: FRQWDLQHG D  P KLJK OD\HU RI OLJKW
H[SDQGHGFOD\DJJUHJDWHPHGLXPZKLFKFRQVLVWVRI
QDWXUDO FOD\ DQG LV PDQXIDFWXUHG E\ UXQQLQJ
SHOOHWL]HG FOD\ DJJUHJDWH WKURXJK URWDU\ NLOQV DW
& WR SURGXFH OLJKWZHLJKW ± NJāP 
FHUDPLFSHEEOHV>@&:FRQWDLQHGDFPOD\HU
RI PHGLFDO VWRQH PHGLXP GLDPHWHU RI ± PP 
FRYHUHG E\ D  FP OD\HU RI OLJKW H[SDQGHG FOD\
DJJUHJDWH&:XVHGWKHVDPHPHGLDDV&:ZLWK
DQDGGLWLRQDOOD\HURIVWUDZ FPORQJ RQWRS&:
XVHG WKH VDPH PHGLD DV &: ZLWK DQ DGGLWLRQDO
OD\HU RI 0DQFKXULDQ ZLOG ULFH =L]DQLD ODWLIROLD 
SODQWHGRQWRSDWDXQLIRUPGHQVLW\RIDSSUR[LPDWHO\
VWRFNVāP )LJXUH
7RWDO SRURVLW\    %XON GHQVLW\6SHFLILF
JUDYLW\  
7KHSRURVLW\RIWKHVXEVWUDWHZDVHVWLPDWHGWR
EH
7KH&:VZHUHVXEVXUIDFHIORZW\SHV\VWHPV
ZKHUHWKHZDVWHZDWHUIHHGVLQDWWKHLQOHWDQGIORZV
VORZO\WKURXJKWKHSRURXVPHGLDXQGHUWKHVXUIDFH
RIWKHEHGLQDPRUHRUOHVVKRUL]RQWDOSDWKXQWLOLW
UHDFKHVWKHRXWOHW]RQHZKHUHLWLVFROOHFWHGEHIRUH
OHDYLQJYLDDOHYHOFRQWUROGHYLFHDWWKHRXWOHW
$ ZDWHU PDQDJHPHQW UHJLPH FRQVLVWLQJ RI
WUDFHU WHVWV IROORZHG E\ GUDLQDJH ZDV XVHG 7KH
V\VWHP UHOLHG RQ DJULFXOWXUDO LUULJDWLRQ WDLO ZDWHUV
7UDFHU WHVWV ZHUH UXQ IRU ± ZHHNV LQ $SULO
IROORZHGE\GUDLQDJHIRU±GD\VSULRUWRWKHQH[W
WUDFHUWHVWV$WUDFHUWHVWPRGHOZDVXVHGWRHVWLPDWH
WKH K\GUDXOLF UHWHQWLRQ WLPH +57  IRU FRQWLQXRXV
IORZ ZHWODQGV XVLQJ WKH VHDVRQDO DYHUDJH LQIORZ
UDWH7KHH[SHULPHQWDO+57ZDVDSSUR[LPDWHO\
GD\V

MATERIALS AND METHODS
6DPSOLQJVDPSOHSURFHVVLQJDQGDQDO\WLFDO
PHWKRGV The influent and effluent water samples
were collected from 23 April to 18 November 2014.
The sampling frequency was scheduled for once
every 2 days during the first 20 days, once every 4
days during the middle 30 days, and once every 7

),*85(
6FKHPDWLFRIWKHH[SHULPHQWDOOD\RXWRIHDFKZHWODQGXQLW
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VRGLXPR[DODWHZHUHDGGHGDQGVKDNHQZHOO:KHQ
WKH SXUSOH FRORU RI SRWDVVLXP SHUPDQJDQDWH
GLVDSSHDUHGHQWLUHO\DQGWKHVROXWLRQZDVVWLOOKRWD
SRWDVVLXP SHUPDQJDQDWH WLWUDWLRQ ZDV XVHG WR WHVW
&2'

6WUDZ FPORQJ ZDVREWDLQHGIURP)X[LQRI
/LDRQLQJ3URYLQFH1RUWK&KLQD6WUDZLVFRPPRQO\
DSSOLHGIRUFURSKHDWSUHVHUYDWLRQLQQRUWKHUQ&KLQD
7KH OLJKW H[SDQGHG FOD\ DJJUHJDWH FDPH IURP
GHSRVLWV LQ =DODQWHTL RI ,QQHU 0RQJROLD 1RUWK
&KLQD7KHFRPSRVLWLRQRIWKHOLJKWH[SDQGHGFOD\
DJJUHJDWHZDVSURYLGHGE\WKHVXSSOLHU>@
0HGLFDO VWRQH UHGXFHV DQG DEVRUEV SHVWLFLGH
UHVLGXH DQG LV DQ HIILFLHQW VRLO FRQGLWLRQHU WKDW
DFWLYDWHV PLQHUDOVDQGSURPRWHVSODQWJURZWK,WLV
W\SLFDOO\XVHGWRDGVRUEF\DQLGHUHVLGXDOSHVWLFLGHV
PHWKDQH DQG RWKHU KDUPIXO VXEVWDQFHV 0HGLFDO
VWRQH IRU WKH &:V GLDPHWHU RI ± PP  ZDV
REWDLQHG IURP GHSRVLWV LQ )X[LQ RI /LDRQLQJ
3URYLQFH1RUWK&KLQD
6OXLFHJDWHVZHUHORFDWHGDWWKHLQOHWDQGRXWOHW
VWUXFWXUHV RI HDFK ZHWODQG 7ZROLWHU KLJKGHQVLW\
SRO\HWK\OHQH ERWWOHV ZHUH XVHG IRU VDPSOLQJ E\
VXEPHUJLQJ WKHP LQ WKH VOXLFH JDWHV LPPHGLDWHO\
EHIRUHDQGDIWHUWKHZHWODQG6DPSOHVZHUHDOZD\V
WDNHQLQWULSOLFDWHDWWKHVDPHKRXUIRUDOO&:V
:DWHUVDPSOHVZHUHDOVRFROOHFWHGDWWKHVDPH
WLPH LQ RUGHU WR DQDO\]H WKH FKHPLFDO R[\JHQ
GHPDQG &2' ELRORJLFDOR[\JHQGHPDQG %2' 
WRWDO QLWURJHQ 71  WRWDO SKRVSKRUXV 73  S+
KHSWDFKORU DQG KH[DFKORUREHQ]HQH FRQFHQWUDWLRQV
7KHVDPSOHERWWOHVZHUHWUDQVSRUWHGUHIULJHUDWHGDW
& WR WKH ODERUDWRU\ ZKHUH WKH VDPSOHV ZHUH
DQDO\]HG 7KH %2' VDPSOHV ZHUH DQDO\]HG
LPPHGLDWHO\7KH&2'7173S+KHSWDFKORUDQG
KH[DFKORUREHQ]HQH FRQFHQWUDWLRQV ZHUH WHVWHG LQ D
JODVVERWWOHFRQWDLQLQJDERXW/RIGLVWLOOHGZDWHU
DQG  PJ RI WKH SROOXWHG ZDWHU  'XULQJ WKH
LQMHFWLRQ H[SHULPHQW HIIOXHQW JUDE VDPSOHV ZHUH
DQDO\]HG DV D FRPSRVLWH VDPSOH IRU JHQHUDO
ZDVWHZDWHU SDUDPHWHUV ,Q DGGLWLRQ WHPSHUDWXUHV
ZHUH PHDVXUHG E\ VRLO WHPSHUDWXUH VHQVRUV LQVLGH
HYHU\XQLW
7KHFRPSRVLWLRQRIWKHLQIOXHQWZDVDVIROORZV
&2'  PJā/ %2' 
PJā/ 71  PJā/ 73 
PJā/S+KHSWDFKORUȝJā/

 KH[DFKORUREHQ]HQH +&%   ȝJā/
7KLV PL[WXUH ZDV KRPRJHQL]HG DQG LQMHFWHG E\ D
VLQJOHVKRWLQWRWKHLQOHWWXELQJRQFHYHJHWDWLRQZDV
ZHOOGHYHORSHG

$PPRQLXP PRO\EGDWH VSHFWURSKRWRPHWU\
DQG DONDOLQH SRWDVVLXP SHUVXOIDWH GLJHVWLRQ 89
VSHFWURSKRWRPHWU\ We used the ammonium
molybdate spectrophotometric method to detect
absorbance photometry and obtain phosphorus
contents by checking the curve.
We used the alkaline potassium persulfate
digestion UV spectrophotometric method to obtain
the ammonia nitrogen content by deducting an
absorbance blank experiment from the absorbance of
the water samples.

RESULTS AND DISCUSSION
7KHHIIHFWRIWKHOLJKWH[SDQGHGFOD\DJJUHJDWH
LQ &: ZDV VWXGLHG E\ FRPSDULVRQ RI WKH UHVXOWV
IURP&: PHGLFDOVWRQHFRQWURO &: XQSODQWHG
DQGVWUDZFRQWURO DQG&: SODQWHGFRQWURO 7KH
LPSRUWDQFH RI WKH JUDYHO PDWUL[ ZDV HYDOXDWHG
WKURXJKWKLVFRPSDULVRQ
6WDWLVWLFDO DQDO\VLV ZDV SHUIRUPHG RQ WKH
HIIOXHQWFRQFHQWUDWLRQGDWD&RPSDULVRQVZHUHPDGH
IRU DOO SROOXWDQWV &2' %2' 71 73 S+
KHSWDFKORU DQG KH[DFKORUREHQ]HQH +&%  IRU WKH
IRXUVDPSOHV &:&:&:DQG&: 
7KH VRLO WHPSHUDWXUH VHQVRU VKRZHG D VOLJKW
LQFUHDVH DORQJ WKH EHGV IRU DOO H[SHULPHQWV EXW
VLJQLILFDQW GLIIHUHQFHV ZHUH QRWLFHG IRU &: DQG
&:ZLWKDWHPSHUDWXUHLQFUHDVHRIDSSUR[LPDWHO\
& 7KH VWUDZ FRYHUDJH UHVXOWV ZHUH WKH PRVW
UHPDUNDEOH DVSHFW RI WKLV DQDO\VLV7KH LQFUHDVH LQ
WHPSHUDWXUH DORQJWKH EHGZDVSUREDEO\FDXVHGE\
WKHVWUDZKHDWSUHVHUYDWLRQHIIHFWDQGWKHLQFUHDVHRI
PLFURELDO DFWLYLW\ UHODWHG WR ELRGHJUDGDWLRQ
SURFHVVHV ,Q RXU WHVW EHWWHU UHPRYDO UDWHV ZHUH
FDXVHGE\WKHLQFUHDVHLQWHPSHUDWXUHHVSHFLDOO\DW
ORZWHPSHUDWXUHV & 
6DWLVIDFWRU\ UHVXOWV ZHUH REWDLQHG IRU WKH
RUJDQLF SROOXWDQW UHPRYDO HIILFLHQF\ DW ORZ
WHPSHUDWXUHV %HFDXVH RI WKLV SUREOHPV PD\ DULVH
GXULQJGHFLVLRQPDNLQJZKHQGHVLJQLQJDSDUWLFXODU
&:RUZKHQFRPSDULQJOLWHUDWXUHGDWDIURPGLIIHUHQW
&:V7KHGDWDREWDLQHGLQWKLVH[SHULPHQWLQGLFDWH
WKDW&:ZDVWKHPRVWHIILFLHQWIROORZHGE\&:
WKHQ &: DQG ILQDOO\ &: WKH OHDVW HIILFLHQW
V\VWHP ,Q VSLWH RI WKH PDQ\ FRPSDULVRQ VWXGLHV
FDUULHGRXW>@WKHUHLV QRSUHYLRXVLQGLFDWLRQ WKDW
VWUDZ KHDW SUHVHUYDWLRQ LV PRUH HIILFLHQW IRU
ZDVWHZDWHUWUHDWPHQW
,Q IDFW KHSWDFKORU DQG KH[DFKORUREHQ]HQH
UHPRYDOZDVVLJQLILFDQWO\EHWWHULQ&:7KLVFRXOG
EHUHODWHGWRWKHKHDWSUHVHUYDWLRQDQGDGVRUSWLRQRI
WKHVWUDZDQGULFHSODQWV*HQHUDOO\WKHSUHVHQFHRI

(&' JDV FKURPDWRJUDSK\ An ECD gas
chromatography method was adapted for
determination of organochlorine pesticides, with
reference to the United States EPA8081A and
EPA3510 for water and wastewater monitoring
analysis (4th edition).
2QHKXQGUHGP/RIZDWHUZHUHGUDLQHGLQWRD
P/WULDQJOHERWWOHDQGWKHQP/RIVXOIXULFDFLG
VROXWLRQDQGP/RISRWDVVLXPSHUPDQJDQDWHZHUH
DGGHGWRWKHVROXWLRQDQGVKDNHQZHOO7KHWULDQJOH
ERWWOH ZDV SODFHG LQ WKH IXUQDFH WR ERLO WKHQ
LPPHGLDWHO\SXWLQDERLOLQJZDWHUEDWKIRUDERXW
PLQ$IWHU UHPRYLQJ WKH WULDQJOH ERWWOH  P/ RI
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WR  DQG  UHVSHFWLYHO\ 7KH KLJKHU
HIILFLHQF\ RI ]HROLWH FRXOG EH DWWULEXWHG WR LWV
UHODWLYHO\ODUJHSRUHVWKDWDOORZIRUWKHDGVRUSWLRQRI
VROLG SDUWLFOHV DQG GLVVROYHG RUJDQLFV $PRQJ
YDULRXV PDWHULDOV ]HROLWH DQG EDX[LWH DSSHDU DV
DWWUDFWLYHSRURXVPHGLDIRUXVHZLWK&:V>@
7KHDYHUDJH%2'FRQFHQWUDWLRQVZHUHUHGXFHG
IURP PJā/LQLWLDOO\WR PJā/
PJā/  PJā/ DQG  PJā/ LQ &:
&: &: DQG &: UHVSHFWLYHO\ )LJXUH D 
'XULQJ WKH H[SHULPHQWDO SHULRG %2' UHPRYDO
LQFUHDVHG JUDGXDOO\ ZLWK WKH KLJKHVW UHPRYDO RI
RFFXUULQJLQ&:

SODQWV LQ D &: LV FRQVLGHUHG EHQHILFLDO DQG ZDV
H[SHFWHGWRGLPLQLVK73DQG71UHPRYDO
&: DQG &: ZHUH PRUH HIILFLHQW LQ
UHPRYLQJ7371DQG&2'2XUFRQFOXVLRQVVHHP
WREHLQDJUHHPHQWZLWKWKRVHRIRWKHUDXWKRUV>@
>@ %XUJRRQ UHSRUWHG WKDW %2' UHPRYDO LQ
XQSODQWHGPHVRFRVPVZDVZKLOHUHPRYDOLQ
PHVRFRVPV SODQWHG ZLWK 6DJLWWDULD ODWLIROLD 7
ODWLIROLD6FLUSXVSXQJHQVDQG3DXVWUDOLVZDVRQO\
VOLJKWO\ KLJKHU DQG YDULHG EHWZHHQ  DQG
>@
$OH[DQGURV IRXQG EHWWHU SHUIRUPDQFH RI WZR
]HROLWHILOWHUVZLWK%2'DQG&2'UHPRYDOUDWHVXS

),*85(
3UHVHQWVWLPHVHULHVFKDUWVRISROOXWDQWFRQFHQWUDWLRQVIRUWKHHIIOXHQW
GXULQJWKHHQWLUHPRQLWRULQJSHULRG
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SRVVLEO\ GXH WR UHGXFHG WHPSHUDWXUHV 73 UHPRYDO
HIILFLHQF\ DSSHDUHG WR YDU\ ZLWK WKH W\SH RI EHG
PHGLDXVHGLQWKH&:VDQGLQGLFDWHVWKDWVHOHFWLRQ
RIWKHPHGLDFRXOGEHFUXFLDO
9DULRXVEHGPHGLDLQFOXGLQJJUDYHOVKDOHDQG
RWKHU PDWHULDOV KDYH EHHQ XVHG LQ &:V )URP WKH
DGVRUSWLRQ VWXG\ LW ZDV IRXQG WKDW WKH DGVRUSWLRQ
FDSDFLW\RI73RQJUDYHOZDVDERXWPJāJ7KH
DYHUDJH73UHPRYDOHIILFLHQF\LQWKHUHDFWRU  
SODQWHG ZLWK0DQFKXULDQ ZLOGULFH ZDVWKHKLJKHVW
>@ 6RPH UHVHDUFKHUV UHSRUWHG WKDW VKDOHEDVHG
VXEVXUIDFH IORZ &:V ZLWK RU ZLWKRXW UHHGV 3
DXVWUDOLV KDGD±73UHPRYDOFDSDFLW\>@
7DEOHVKRZVWKHDYHUDJH73FRQFHQWUDWLRQLQ
WKHHIIOXHQWGXULQJWKHH[SHULPHQWDOSHULRGZDV
 PJā/ ZLWK D PD[LPXP PHDQ UHPRYDO
HIILFLHQF\ RI  LQ &: 7KH 73 UHPRYDO
LQFUHDVHG IURP &: WR &: DQG WKHQ GHFOLQHG
JUDGXDOO\ IURP &: WR &: 6WUDZ UHOHDVHG 3
GXULQJGHFRPSRVLWLRQVRWKH73FRQFHQWUDWLRQZDV
KLJKHU LQ &: DQG &: WKDQ LQ &: 7KH 73
FRQFHQWUDWLRQZDVORZHUIURP0D\WR$XJXVWZKHQ
WKHSODQWVZHUHJURZLQJLQ&:(PHUJHQWSODQWVLQ
WKH ZHWODQG UHDFWRUV DOO XWLOL]H 3 DV DQ HVVHQWLDO
QXWULHQW DQG FRQWDLQ 3 LQ WKHLU WLVVXHV WKRXJK WKH
UDWLRRIWLVVXH3LVYHU\VPDOOFRPSDUHGWR&DQG1
>@
7KH DYHUDJH LQIOXHQW S+ ZDV  DQG ZDV
UHGXFHGDSSUR[LPDWHO\RQHXQLWLQWKHHIIOXHQWIRUDOO
H[SHULPHQWV7KHS+YDOXHVLQWKLVVWXG\ZHUH
DQGLQ&:&:&:DQG&:
UHVSHFWLYHO\7KHDYHUDJHHIIOXHQWS+UHGXFHGZLWK
DQ LQFUHDVH LQ UHVLGHQFH WLPH EXW UHPDLQHG ZLWKLQ
WKH UHFRPPHQGHG UDQJH   S+    WR DOORZ
JRRG DFWLYLW\ LQ WKH KHWHURWURSKV GHQLWULILHUV DQG
DXWRWURSKLFQLWULILHUV>@
7KH UHPRYDO HIILFLHQFLHV RI  IRU
KHSWDFKORU LQ &: DQG &: FRUUHVSRQGHG WR
 DQG  LQ &: DQG &: 7KH
KH[DFKORUREHQ]HQH
+&% 
UHPRYDO
ZDV
VLJQLILFDQWO\ HQKDQFHG LQ &: DQG &: DW
FRPSDUHGWRDQGLQ&:
DQG &: )LJXUH H I 7KHVH GLIIHUHQFHV FDQ EH
DWWULEXWHGWRWKHKHDWSUHVHUYDWLRQDQGDGVRUSWLRQRI
WKH VWUDZ GRXEOH DGVRUSWLRQ IURP OLJKW H[SDQGHG
FOD\DJJUHJDWHDQGPHGLFDOVWRQHLQ&:DQG&:
,Q&:SROOXWDQWGHFRPSRVLWLRQDQGFRQYHUVLRQE\
PLFURRUJDQLVPV DQG D IDYRUDEOH HQYLURQPHQW IRU
PLFURRUJDQLVP JURZWK DQG GHYHORSPHQW SURYLGHG
E\ZHWODQGSODQWVDOVRSOD\HGDNH\UROH$QLQFUHDVH
LQ WKH QLWURJHQ DQG SKRVSKRUXV FRQWHQWV FDQ EH
DWWULEXWHGWRWKHVWUDZ DQGSODQWGHFD\
&RPSDULQJ WKHVH UHVXOWV RYHU  PRQWKV RXU
ILQGLQJV VKRZ VLJQLILFDQW GLIIHUHQFHV EHWZHHQ WKH
HIIOXHQW YDOXHV IRU &2' %2' 71 DQG 73 LQ DOO
IRXU &:V 2Q WKH RWKHU KDQG KHSWDFKORU UHPRYDO
ZDV VLJQLILFDQWO\ HQKDQFHG LQ &: DQG &: DW
FRPSDUHGWRDQGLQ&:
DQG&: 7DEOH  )LJXUH 

7KH KLJKHVW &2' UHPRYDO UDWH RFFXUUHG LQ
&:ZKLFKFRXOGEHDVFULEHGWRWKHELRGHJUDGDWLRQ
RIRUJDQLFPDWWHUE\PLFUREHVWKDWJURZDURXQGWKH
URRW UHJLRQ 9tFWRU IRXQG OHVV WKDQ  RI
SHQWDFKORUREHQ]HQH
OLQGDQH
DQG
SHQWDFKORURSKHQRO HOLPLQDWLRQ ZHUH DWWULEXWDEOH WR
LQWHUDFWLRQ ZLWK RUJDQLF PDWWHU LQ JUDYHO DQG WKDW
RWKHUSROOXWDQWVVKRZHGOLWWOHRUQRLQWHUDFWLRQ>@
$ UHFHQW UHSRUW LQ LVRWRSLF VWXGLHV LQGLFDWHG WKDW
JUDYHO URRWV DQG RUJDQLF PDWWHU FRPSOH[HV LQ
DQDHURELF FRQGLWLRQV PD\ HQDEOH HIILFLHQW
HOLPLQDWLRQRIFKORULQDWHGSROOXWDQWV>@
,Q RXU WHVW WKH DYHUDJH &2' FRQFHQWUDWLRQV
ZHUHUHGXFHGIURP PJā/LQLWLDOO\WR
PJā/  PJā/  PJā/ DQG 
PJā/LQ&:&:&:DQG&:UHVSHFWLYHO\
7KH &2' UHPRYDO LQFUHDVHG JUDGXDOO\ ZLWK WKH
KLJKHVWUHPRYDORI )LJXUHE 
,Q RXU FRPSDULVRQ RI GLIIHUHQW GHVLJQV ZH
IRXQG WKDW DW ORZ WHPSHUDWXUHV WKH UHPRYDO
HIILFLHQFLHVRI&:DQG&:UHPDLQHGKLJK,WLV
ZHOONQRZQWKDW&2'DQG%2'UHPRYDOHIILFLHQFLHV
DUH UHODWHG WR WHPSHUDWXUH 6WUDZ KHDW SUHVHUYDWLRQ
PDLQWDLQHGKLJKHUWHPSHUDWXUHVLQWKHVHV\VWHPV
6XTLQJXVHGJUDYHODVDPHGLXPDQGIRXQGWKDW
WKHDYHUDJH71UHPRYDOHIILFLHQF\ZDVWKHQ
GHFUHDVHGVKDUSO\WRDURXQG&$W
WKH HQG RI WKH H[SHULPHQW WKH WHPSHUDWXUH ZDV
EHWZHHQ&DQG&7KH71UHPRYDOZDV
DQG WKHQ GURSSHG GRZQ WR  7KH SRRU 71
UHPRYDO HIILFLHQF\ ZDV SUREDEO\ GXH WR ORZHU
WHPSHUDWXUHV DQG ZLWKHUHG SODQWV >@ ,Q DQRWKHU
VWXG\ WKH DYHUDJH 71 UHPRYDO HIILFLHQF\ IURP D
1RUWK $PHULFDQ VXUIDFH ZHWODQG ZDV  &:V
UHFHLYLQJ DJULFXOWXUDO UXQRII ZHUH  DQG 
UHVSHFWLYHO\ >@ 7KH 71 UHPRYDO HIILFLHQF\
UHPDLQHGTXLWHORZDURXQGLQWUDGLWLRQDO&:V
>@
$VVKRZQLQ)LJXUHFLQWKHSUHVHQWVWXG\WKH
71 FRQFHQWUDWLRQV GHFUHDVHG IURP  PJā/
LQLWLDOO\WRPJā/ PJā/ PJā/

DQGPJā/LQ&:&:&:DQG&:
UHVSHFWLYHO\ 7KH 71 FRQFHQWUDWLRQ PDLQWDLQHG D
KLJKHU OHYHO LQ &: IURP -XQH WR 2FWREHU GXH WR
GHFD\ RI WKH VWUDZ ZKLFK DOORZHG UHOHDVH RI
DVVLPLODWHG1DQGSURPRWHGWKHUHWXUQRIRUJDQLF1
WR WKH HFRV\VWHP 7KH 71 FRQFHQWUDWLRQ WKHUHIRUH
LQFUHDVHG VKDUSO\ $FFRUGLQJO\ WKH PHDQ UHPRYDO
HIILFLHQFLHVIRU71ZHUH
DQG  UHVSHFWLYHO\ $W ORZ WHPSHUDWXUHV
&  WKH UHPRYDO HIILFLHQFLHV VWD\HG
XQH[SHFWHGO\KLJK
73 UHPRYDO LV JRYHUQHG E\ ELRORJLFDO
WUDQVIRUPDWLRQV DQG FKHPLFDO DQG SK\VLFDO
SURFHVVHV7KHDGVRUSWLRQSUHFLSLWDWLRQDQGXSWDNH
E\SODQWVDQGELRPDVVZHUHWKHPDLQFDXVHVIRU73
UHPRYDO$V VKRZQ LQ )LJXUH G WKH 73 UHPRYDO
GHFUHDVHG ZLWK WLPH GXULQJ WKH RSHUDWLRQDO SHULRG
XQWLO $XJXVW DQG WKHQ VOLJKWO\ LQFUHDVHG DJDLQ
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TABLE 1
The effluent concentration values of CWs (mg L-1)

COD
BOD
TN
TP
PH
heptachlor
HCB

CW1
118.95±12.98
66.80±6.75
26.75±9.12
7.88±0.61
7.47±0.24
1.02 (ug L-1) ±0.01
3.81 (ug L-1) ±0.08

CW2
82.07±7.32
47.93±7.51
23.59±4.90
4.73±0.57
7.90± 0.10
0.49(ug L-1) ±0.06
2.25(ug L-1) ±0.10

CW3
61.93±6.96
34.57±1.02
16.76±2.61
8.93±1.40
7.74±0.37
0.00
0.00

CW4
45.52±5.15
18.82±1.58
14.83±1.54
9.26±0.79
7.85±0.12
0.00
0.00

7KHGDWDZDVSUHVHQWHGDVPHDQYDOXHௗௗVWDQGDUGGHYLDWLRQ
TABLE 2
Pollutants removal efficiencies in CWs

COD
BOD
TN
TP
heptachlor
HCB

CW1
61.78%
46.56%
47.51%
5.74%
27.14%
74.73%

CW2
73.63%
61.65%
53.71%
43.42%
65.00%
85.07%

CW3
80.10%
72.34%
67.11%
-6.83%
100%
100%

CW4
85.37%
84.94%
70.90%
-10.76%
100%
100%

The data ZDVSUHVHQWHGDVPHDQYDOXHௗ

),*85(
7KHUHPRYDOHIILFLHQF\RISROOXWDQWVLVVKRZQGXULQJWKHH[SHULPHQWDOSHULRG
7KH UHPRYDO HIILFLHQFLHV SUHYLRXVO\ UHSRUWHG
ZHUH VLJQLILFDQWO\ HQKDQFHG LQ WKH SUHVHQW VWXG\
7KLVPD\EHGXHWRWKHVWUDZKHDWSUHVHUYDWLRQHIIHFW
DQGDGVRUSWLRQVLQFHLWKDVEHHQH[WHQVLYHO\VKRZQ
WKDWWKHPLFURELDODFWLYLW\LQPHGLXPVL]HG&:VLV
VLJQLILFDQWO\ HQKDQFHG E\ WHPSHUDWXUH LQFUHDVHV
7KH VWUDZ WKXV SOD\HG D VLJQLILFDQW UROH LQ WKH
HIILFLHQW SKDUPDFHXWLFDO UHPRYDO E\ WKH &:V ZH
REVHUYHG+RZHYHUVXUSULVLQJO\WKHOHYHOVRI&2'
%2' 71 DQG 73 ZHUH QRW IRXQG WR EH GLIIHUHQW
DPRQJ WKH &:V &: ZDV SODQWHG ZLWK ULFH DQG
PRUH HIILFLHQW WKDQ &: &: DQG &:
LQGLFDWLQJ VRPH UKL]RVSKHUH HIIHFW DVLGH IURP
UKL]RVSKHUH DHUDWLRQ DORQH 5RRW H[XGDWHV DUH
UHOHDVHGE\WKHSODQWLQWKHUKL]RVSKHUHEHFDXVHRI
JURZWK DURXQG WKH URRWV >@ 2WKHU DXWKRUV DOVR
LQGLFDWHG WKDW EDFWHULDO PHWDEROLF DFWLYLWLHV DFW DV
VXUIDFWDQWV RU WUDQVSRUWHUV WR GHJUDGH FHUWDLQ
RUJDQRFKORULQHSHVWLFLGHV>@>@
,QDGGLWLRQDVWKHUHPRYDOHIILFLHQFLHVVKRZHG

WKHVH GLIIHUHQFHV DUH DWWULEXWDEOH WR WKH HIIHFW RI
XSWDNHE\WKHDFWLYHPHGLFDOVWRQHLQVXODWLRQEHLQJ
D NLQG RI PLQHUDO URFN FRPSRVLWH ZLWK ELRORJLFDO
DFWLYLW\ D SRURXV VSRQJ\ VWUXFWXUH DQG GRXEOH
DGVRUSWLRQ 7KH UHVXOWV DOVR GHPRQVWUDWH WKDW
RUJDQRFKORULQH SHVWLFLGHV FRPPRQO\ SUHVHQW LQ
ZDVWHZDWHU FDQ EH DFWLYHO\ WDNHQ XS E\ PHGLFDO
VWRQH7KH KLJKHU SRLQW RI ]HUR FKDUJH LQ WKH OLJKW
H[SDQGHGFOD\DJJUHJDWHVOHDGVWRDPRUHH[WHQVLYH
SURWRQDWLRQRQWKHVXUIDFHDQGSUHVHQWVKLJKVRUSWLRQ
FDSDFLWLHV WKXV HQKDQFLQJ WKH UHPRYDO RI
RUJDQRFKORULQHSHVWLFLGHV>@>@>@
,WLVDOVRNQRZQWKDWWHPSHUDWXUHFRQVLGHUDEO\
LQFUHDVHV WKH PLFURELDO DFWLYLW\ LQ WKH VRLO WKXV
SURPRWLQJ SODQW JURZWK DQG LQFUHDVLQJ UHPRYDO
HIILFLHQFLHV7KHWHPSHUDWXUHSDUDPHWHUFRXOGDIIHFW
WKH ELRGHJUDGDWLRQ FDSDFLW\ ZLWK PHGLXPVL]HG
&:VDVPLFURRUJDQLVPVOLYLQJLQWKH&:VXVXDOO\
UHDFK WKHLU RSWLPDO DFWLYLW\ DW ZDUP WHPSHUDWXUHV
WKXV GHFUHDVLQJ WKH DPRXQW RI WLPH QHFHVVDU\ IRU
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ELRGHJUDGDWLRQ >@ 7KH ELRGHJUDGDWLRQ FDSDFLW\ LV
DQHQGRWKHUPLFSURFHVVDQGWKHUHIRUHLVIDYRUHGE\
LQFUHDVHGWHPSHUDWXUH3ODQWVDOVRSOD\DQLPSRUWDQW
UROH LQ UHOHDVLQJ R[\JHQ LQWR WKH UKL]RVSKHUH
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ZOOBENTHIC MAKROFAUNA IN LAKE BUYUKCEKMECE
AND THEIR RELATIONSHIP WITH ENVIRONMENTAL
VARIABLES
Serap Kosal Sahin*
Istanbul University, Faculty of Fisheries, Ordu Street No: 200, 34134 Laleli- Istanbul Turkey.

has been increasing by 300,000± 500,000 people in
every year by immigration [1]. While the rate was
5.3% population in 1985±1990, 19.79% increase in
nearby the watersheds was recorded [2-3]. Today
1.2 billion people (20% of the world population)
already have no secure access to clean drinking water
and 2.4 billion people do not dispose of access to
sanitary installations. In this respect, studies on water
sources with quality are important to increase the
awareness of more efficient use of water and water
resources that are the most precious treasure of
humankind [4]. Even though Turkey is not one of
the water-poor countries, there is still shortage of
water. Also, to minimize the adverse impact of
climate change, existing water resources should be
used wisely. Hence, sources supplying freshwater to
mega cities such as østanbul must be closely
monitored and biologically investigated to ensure the
quality [5].
In recent years, numerous publications have
critically reviewed the use of benthic
macroinvertebrates as bioindicators as well as the
appropriateness and shortcomings of certain indices.
Insect larvae, worms, crustaceans, and molluscs live
within the sediments and consume organic matter
that sinks from surface production. These benthic
macroinvertebrates are an important part of the diet
of many fish species so that they represent a crucial
link between phytoplankton and fish. The abundance
and composition of the zoobenthic communities tell
us a lot about how well the ecosystem is functioning.
Some indicator species are very sensitive to
pollutants whereas other species can tolerate a wide
range of conditions. Benthic invertebrate-based
indices have long been useful tools in evaluating the
condition of streams and lakes. Macrobenthic
invertebrates that they relatively long lived and
sessile have been much used for biological
monitoring of environmental quality in aquatic
ecosystems [6-8].
In order to determine relantionship between
benthic organism and physochemical parameters,
many significant studies have been done [9-14].
There is also studies indicating that benthic
organisms were used to determine water quality [15].
In the present study, it was aimed to determine
the macrozoobenthic invertebrate and together with

ABSTRACT
In this study, qualitative and quantitative
distributions of benthic macroinvertebrates collected
monthly from Lake Büyükçekmece were
investigated between June 2004 and November
2005. Five stations were selected for sediment
sampling with Ekman dredge. Each sampling
includes two subsamples. During sampling, some of
the physico-chemical variables such as depth, water
temperature, turbidity, dissolved oxygen, pH,
salinity, NO2±N, NO3±N, PO4±P and total hardness
were analyzed. Total of 43 taxa in 8 groups were
determined. The present study showed that larval
chironomids comprising 55.32% abundance of total
specimens are the biggest part of benthic
macroinvertebrates. It is followed by oligochates and
the other group comprising 23.03% and 21.65%
abundance, respectively. According to Spearman
correlation analyses, relationship between the
number of inviduals and some physicochemical
variables such as temperature, depth and turbidity of
the lake was determined statistically significant.
Additionally, Jacckard and Sorenson similarity
indices displayed high similarities between, station 2
and station 5 while stations 3 and 5 were found to be
the most different from each other for the zoobenthic
macrofauna.

KEYWORDS:
Abundance, Benthic Macroinvertebrate, Distribution,
Ecological Variables, Lake Büyükçekmece.

INTRODUCTION
Lake Büyükçekmece located north of the
Marmara Sea coast of Turkey is the third largest
water resources among the six main freshwater
reservoirs of a megacity østanbul, providing 17%
water demand. Büyükçekmece basin is accepted as
an important and attractive area by industry
financiers and investors because of its nearness to
AmbarlÕ harbor, and residential areas containing
workforce. That is why there are small industrial
facilities in protection zones. Population of østanbul
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stations were sampled for macrobenthic fauna by
using an Ekman-Birge grab (15 cm *15 cm), sieved
on a 0.5 mm mesh sized of sieve and kept
individually in plastic bottles in 70% ethanol.
Taxa were grouped as ³&KLURQRPLGDHODUYDH´
³2OLJRFKDHWD´ DQG LQFOXGHG RQO\ IHZ QXPEHUV RI
Ostracoda,
Isopoda,
Gastropoda,
Bivalvia,
$PSKLSRGD'LSWHUDZKLFKZHUHJURXSHGDV³Other
group´ Four major water variables temperature
(C°), dissolved oxygen (DO/mg/L), pH, and salinity
(%0) were measured with YSI 556 model
multiparameter instrument. The levels of NO2-N
ȝJ/ , NO3-1 ȝJ/ and PO4 were measured in the
laboratory according to the standard methods [16].
The quality level of the water was determined with
Turkish Water Pollution Control Regulation [17].
Geographical data (coordinates) were recorded with
geographical positioning system (Garmin e-trex ±
GPS) unit. The coordinates are marked on the
Google map. All materials were deposited at the
østanbul University, Faculty of Fisheries.

physical and chemical parameters by the use of these
organisms to make a biological monitoring. Water
Framework Directive requires (WFD) all member
states to protect, enhance and restore, and prevent
deterioration of aquatic ecosystems. All water bodies
need to achieve good ecological status or potential
under the directive. Consequently, all water bodies
should be classified according to their ecological
status by using some of the quality elements such as
macrozoobenthic invertebrates. In this process, to
assign water body types, to set objectives, and to
select implemented parameters are the most
important steps. This biological monitoring
approach contains the biological water quality
determination indices which are used in Europe.

MATERIAL AND METHODS
Study area. Büyükçekmece watershed is used
DV GULQNLQJ ZDWHU UHVRXUFHV ORFDWHG ¶¶¶1
¶¶¶( DSSUR[LPDWHO\NPWRWKHsouthwest
of Istanbul (Fig. 7KHODNH¶VEDUZDVUHLQIRUFHGLQ
1988 by a dam. The area of the lake is 28.47 km2 and
lies in a 620 km2 watershed. The lake is 7 km long
and 2 km wide [5]. The maximum depth is 8.6m
following deepening works carried out by the
Ministry of Environment and Forestry of Turkey [4].
The largest stream feeding the lake is Karasu Stream,
which is connected to Tepekent and Hamza streams.

Data Analysis. Classification of water quality
was performed according to Turkish Water
Pollution Control Regulation [18]. ShannonWiener index was performed in order to evaluate
the species diversity of the lake. Log-base 10 was
applied to the data when values fluctuated before
the values of Shanon-Wiener species diversity
index, Sorensen and Jaccard similarity index [19]
were determined to obtain distribution of the taxa.
We used numbers of individuals in Spearman Rank
Correlation analysis along with two-tailed
significance of bivariate correlations to determine
the correlations among the species, environmental
variables and both [20].

Samples. In order to determine the
relationships between zoobenthic macrofauna and
environmental variables, sampling was made at five
different stations (Fig.1) at monthly interval between
June 2004 and November 2005. The sampling

FIGURE 1
Location of Dam Lake Büyükçekmece and Sampling Stations (St 1, St 2, St 3, St 4, St 5).
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truncatula, Planorbis planorbis, Physa(Physella)
acuta, Lymnea(Radix) peregra, Viviparus
viviparus); 3 Bivalvia (Unio pictorum, Anodonta
cygnea, Dreissena polymorpha); 6 Ostracoda
(Tyrhenocythere amnicola, Candona candida,
Physocypria kraepelini, Eucypris sp., Cypridopsis
vidua, Prionocypris zenkeri); 1 Mysidacea (Mysis
sp.,); 3 Amphipoda (Gammarus sp., Corophium sp.,
Echinogammarus sp.); 1 Decapoda (Astacus
leptodactylus) comprised of 883 individual/m2
(Table 1). In the group vaia, Dreissena polymorpha
with a maximum density of 1179/m2 at station 2. It
was followed by Lymnea(Radix) peregra with a
maximum density of 420/m2 at station 3. The other
species of group varia (ostracod, amphipod, isopod
and decapoda) were found rarely.
The majority of zoobenthic invertebrates
consist of larval chironomids comprising 55.32 %
abundance of total specimens. It is follwed by
oligochaetes and the other invertebrates comprising
23.03% and 21.65% abundance, respectively (Fig.
2). The minimum, maximum, and average values of
measured physical and chemical variables of the
stations during the study period are represented in
Table 2.
Variations of depth were between 2,5-7m. The
level of dissolved oxygen were between 5-13 mg/l
and variations of pH between 6-9. Secchi disc depth
were between 0,5-2 m. Water temperature values
changed from WRÛ&ZKLOHDLUWHPSHUDWXUHZDV
measured between 19.8 -7.6. The electrical
conductivity (EC) of the samples ranged from 499,5
to 561 μS/cm. The total hardness was found to vary
from 12 to 19,5 FS. The level of NO2-N were in
between 0-2,8 μg/l, The level of NO3-N were in
between 0-2,8 μg/l, The level of phosfate were in 0135,8 μg/l (Table 2).
According to Turkish Water Pollution Control
Regulation [18], the values of pH, conductivity,
temperature, and turbidity were found at normal
levels in the course of the present study (Table 2 ).
The total hardness of the water was found at not hard
water quality level [24]. When the water quality was
evaluated for nutrients, the values of NO3-N, NO2N and phosphate were found at second quality level.
The high phosphorus concentration can be attributed
to point sources of domestic origin, whereas NO3-N
and NO2-N concentration arises from non-point
sources such as agricultural activities and meadow.
Nutrient pollution regarding pesticides and fertilizers
can also play adverse effect on water quality in terms
of eutrophication. Classification of the stations by
macroinvertebrate composition was defined in terms
of UPGMA analysis. According to the results of the
analyses (Jaccard and Sorensen), the second and fifth
stations were the most similar to each other (73%)
when the fifth and third stations were found to have
the lowest similarity (51%) (Fig. 2).

RESULTS AND DISCUSSION
In this study, 43 taxa were identified in Dam
Lake Büyükçekmece at the five different stations
between June 2004 and November 2005. The
avarage number of zoobenthic macrofauna was 4078
individuals m2. It was shown that benthic fauna of
Lake Büyükçekmece was dominated by two groups,
Chironomid larvae and Oligochaeta known as
pollution tolerant organisms. Larval chironomids
were determined to be the most dominant group
among benthic macroinvertebrates. A total of 14 taxa
belonging to Chironomidae larvae (Chironomus
plumosus,
Chironomus
(Comptochironomus)
tentans, C. reductus, C. viridicollis, C. anthracimus,
Cryptotendipes
holsatus,
Cryptochironomus
defectus, Polypedium convictum, Dicrotendipes
nervosus,
Procladius
(Holotanypus)
sp,
Cladotanytarsus mancus, Tanypus punctipennis,
Cryptocladopelma
laccophila,
Polypedilum
aberrans) comprised of 12892 individual/m2. The
most dominant chironomid species of the lake was
Tanypus punctipennis with a maximum density of
2798/m2 at station 5. Also, among the five stations,
C. reductus, C. tentans, P convictum and C.
plumosus were the most widespread species.
Chironomus viridicollis and C. laccophila were
rarely found in a few occasion. C. plumosus and C.
reductus are characteristic species of mesotrofic
lake. They were detected at all stations throughout
the study period (Table 1). According to Spearman
correlation both species showed a positive
correlation (p<0.05).
Oligochaeta comprised of 959 individual/m2
with a total of 9 taxa (Psammoryctides albicola,
Tubifex tubifex, Limnodrilus hoffmeisteri, L.
udekemianus, Limnodrilus sp., Potamothrix
hammoniensis, Nais communis, Nais sp., Stylaria
lacustris). The most dominant oligochaeta species of
Lake Büyükçekmece was T. tubifex with a maximum
density of 553/m2 at station 3, followed by P.
albicola with a maximum density of 508/m2 at
station 2 (Table 1). Limnodrilus hoffmeisteri and T.
tubifex are considered as a biological indicator of
organic pollution and eutrophication. Nais communis
has a cosmopolitan distribution [21]. According to
Brinkhurst and Jamieson
[22] T. tubifex, L.
hoffmeisteri and L. udekemianus and larval
Chironomidae (e.g., C. plumosus) can tolerate
unsuitable conditions. This knowledge is also
supported by our results. These euryoic species
especially inhabit shallow and muddy substrates.
According to their ecological valence they are
considered to be cosmopolitan species occurring
throughout the world and they have clearly adapted
to a wide range of environmental conditions and their
abundance can reach immense sizes in aquatic
systems with high trophy levels [23].
$WRWDORIWD[DEHORQJLQJWR³RWKHUJURXS´
Gastropoda (Valvata (Borysthenia) naticina, Galba
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TABLE 1
List and individual numbers of zoobenthic macrofauna which are determined from
sampling stations of Lake Büyükçekmece.
Sta.1

Sta.2

Sta.3

Sta.4

Sta.5

1965
110
22
730
176
132
22
177
0
0
22
0
0
110
464
9

3117
110
22
974
110
664
22
132
22
0
399
0
0
154
508
11

1700
0
0
0
419
287
0
331
44
0
110
0
0
88
421
12

2409
44
0
1242
242
155
132
110
44
0
242
22
22
22
132
11

3701
44
0
2798
132
132
220
44
0
22
221
0
0
0
88
9

905
443
176
0
286
0
0
0
0
4

859
353
154
22
132
66
132
0
0
7

862
553
177
0
110
0
0
0
22
8

330
132
66
0
110
0
0
22
0
8

374
176
44
22
88
44
0
0
0
6

264
0
154
110
0

176
154
0
0
22

442
0
22
0
420

0
0
0
0
0

330
220
0
110
0

Unio pictorum (Bourguignat, 1856)
Dreissena polymorpha (Pallas, 1771)
Anodonta cygnea (Tomlin, 1886)

22
0
22
0

1620
441
1179
0

882
276
474
132

22
0
22
0

409
0
409
0

Ostracoda

22

66

0

66

0

Candona candida sp. (OF Müller, 1776).
Thrhenocythere amnicola (Sars, 1887)
Physocypria kraepelini GW Müller, 1903
Prionocypris zenkeri (Chyzer and Toth 1858)
Cypridopsis cf. vidua (Müller, 1776)

0
22
0
0
0

66
0
0
0
0

0
0
0
0
0

0
0
0
44
22

0
0
0
0
0

Mysis sp.

0
0

0
0

0
0

0
0

22
22

Amphipoda

22

0

22

0

0

Gammarus sp.
Echinogammarus sp.

22
0

0
0

0
22

0
0

0
0

Decapoda

0

0

0

0

Astacus sp.
Number of taxa at the stations

0
4

0
7

0
2

0
4

CHIRONOMIDAE (total)
Cladotanytarsus mancus (Walker, 1856)
Chironomus viridicollis Wulp, 1877
Tanypus punctipennis Meigen, 1818
Chironomus reductus *DVLǌQDV1959
Chironomus plumosus(Linnaeus, 1758)
Cryptotendipes holsatus Lenz, 1941
Chironomus(Camptochironomus)tentans Fab., 1794
Chironomus anthracimus Wulp,1987
Cryptocladopelma laccophila (Kieffer, 1922)
Polypedilum convictum Chern., 1949
Polypedilum aberransChern., 1949
Dicrotendipes nervosus(Staeger, 1839)
Crytochironomus defectus Kieffer 1921
Psammoryctides albicola (Michaelsen, 1901)
Number of taxa at the stations
2/ø*2&+$(7$ WRWDO
Tubifex tubifex (Müller, 1774)
Limnodrilus hoffmeisteri Claparede, 1862
Nais communis Piguet, 1906
Potamothrix hammoniensis (Michaelsen, 1901)
Stylaria lacustris (L., 1967)
Limnodrilus udekemianus Claparede, 1862
Limnodrilus sp.
Nais sp.
Number of taxa at the stations
OTHER INVERTEBTATES
Gastropoda
Planorbis planorbis (L., 1758)
Viviparus viviparus costae (Menke, 1845)
Galba truncatula (Müller, 1774)
Lymnea(Radix) peregra (Müller, 1774)
Bivalvia

Isopoda
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TABLE 2
Physicochemical variables in dam Lake Büyükçekmece during the study period.
2004
2005
STA. 9$5ø$%/(6 JUN AGT SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JULY AGT SEP OCT NOV 0ø1 MAX AVE.
Secchi (m)
1
0,5
0,5
1
0,5
1
1
0,5 0,5 0,5 0,5 0,5 0,5 0,5
1
1
1
0,5
1
0,72

STATION 2

STATION 1

0

Temp (C)
21
Depth (m)
1
D.O (mg/l)
9
pH
7,5
E.C.(us/cm) 445
Salinity(%0) 0,03

20
1
7
8,23
528
0,03

Hardness( FS) 12
NO2-N(ug/l) 1,4
18
P04 (ug/l)

0

12
1,4
19,5

NO3-N(ug/l) 0,1
Secchi (m)
1,5
Temp 0(C)
20
Depth (m)
2
D.O (mg/l)
8
pH
7
E.C.(us/cm) 435
Salinity(%0) 0,03
Hardness(0FS) 13
NO2-N(ug/l) 1,5

STATION 3

P04 (ug/l)

STATION 4
STATION 5

5
1
8
7,5
453
0

15
1
8
7
548
0

15
1
9
6,9
553
0

19
1
7
6,8
561
0,03

21
1
6
7
550
0

20
1
7
7
525
0

15
1
7
7,3
498
0,03

14
1
8
8
476
0

10
1
5
9
440
0

4
1
5
5,8
420
0

22
1,5
13
8,2
561
0,03

12,6 13,3 13,5 17 14,9
0
0
0
0
0
0
0
0
10,3 12,8

13
0
0

13
8,5
0
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antracimus, and L. peregra (p < 0.05). The lake can
be used as a source of drinking water, but it is
important to note that the lake and its watershed are
under risk of over population and pollution. There is
pollution from highways near the coast and also from
waste water from settlement areas around the lake. A
negative effect on the trophic level of the lake has
beenobserved.

According to Shannon-Wiener diversity index
species diversity for zoobenthic macrofauna of the
lake was found as 3,254 at average. While the 3rd
station and determined to have the widest diversity
the 5th station was determined to have the poorest
(Table 1).
Significant correlations were found between
PO4 and C. candida, C. mancus (p<0,01) C.
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FIGURE 2
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macroinvertebrate communities
The structure of zoobenthic invertebrate in the lake
may change due to the effects of environmental
variables. This situation may affect the food chain.
Because of all these facts are described in here and
to fill the lack of information on the taxonomy and
ecology of this group of animals, further researches
are needed and same studies should be repeated
periodically.
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PASSIVATING HEAVY METALS DURING COCOMPOSITING PROCESS OF SEWAGE SLUDGE WITH FLY
ASH AND STEEL SLAG
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ABSTRACT
In this study, the distributions of Ni+, Pb2+ and
Cd species during the co-composting of sewage
sludge with fly ash (FA), steel slag (SS) and their
mixtures were examined to evaluate how these
additives influence the bioavailability of heavy
metals. The results indicated that the optimum
addition was FA-SS1.5 (or FA: SS = 1.5, w/w),
which had the best passivation on Ni+, Pb2+ and Cd2+.
Co-composting with FA or SS was effective to
reduce Cd migration, while their mixtures
considerably passivated Ni and Pb. Finally, 18d was
the best time to obtain the best passivation effect on
heavy metals.
2+

KEYWORDS
Sewage sludge; heavy metals; fly ash; steel slag;
composting; chemical forms

INTRODUCTION
Sewage sludge from the wastewater treatment
process is an inevitable waste that threatens the
natural environment [1-3]. How to disposal of this
waste is a serious agenda for the research on the
environmental treatment [4]. In latest decades,
composting has been intensively studied and has
been employed to dispose sewage sludge due to its
low cost, low pollution and waste recycling [5].
After composting, the physical-chemical properties
of sewage sludge, such as C/N ration, the content of
organic matter, will be changed. Sludge with
abundant oxides and organic matters has a
significant impact on the mobility and bioavailability
of heavy metals [6-7].

Steel slag (SS) is a molten oxides mixture
dominantly composed of Ca, Fe and Si oxides, as a
result of the use of fluxing agents (mainly lime)
during the steelmaking process [8]. Fe and Si oxides
may immobilize heavy metals and accordingly, SS
has a potential to passivate heavy metals in sludge.
Fly ash (FA), owning stable physical-chemical
properties and large surface specific area, is also a
high output of by-product generating by the waste
incineration and has been studied on microbial
activity [9, 10]. Based on their properties,
combination of SS and FA together to the effective
disposal of heavy metals in sewage sludge can be
possible. Nevertheless, rare research studied the cocompositing of sewage sludge with this mixed
composite additives.
Herein, the current study aimed to examine the
effect of composite additives on the distribution of
heavy metals and their species transformation during
the compositing process of sewage sludge. The study
also tested different amount ratios of FA and SS in
order to obtain the optimal ratio used to control the
activity of heavy metals in sludge. This research was
expected to provide theoretical methods for the
improvement of land utilization and the application
of recycling sludge for agriculture and forestry in the
loess region of northwest China.

MATERIALS AND METHODS
Materials. Sewage sludge was collected from
Yanerwan wastewater treatment plant in Lanzhou,
China. FA, SS and sawdust were obtained from
Lanzhou second thermal power plant, Yuzhong steel
plant in Lanzhou City and the decorations in
Lanzhou University, respectively. Sawdust was
ground and sieved to 0.149 mm for experimental use.
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The initial concentrations of heavy metals in
sewage sludge were low and even not detected.
Sludge was spiked with nitrate of NiǃCd and Pb to
achieve detectable five chemical forms.
Sludge composting experiment. (1) Optimal
ratio experiment. After 100 mesh molecular sieve
screening, FA and SS were added to the sludge in
five different ratios (1:2, 1:1.5, 1:1, 1.5:1, 2:1, w/w).
A quantitative of swelling agent sawdust was also
added to adjust carbon and nitrogen ratio (C/N) and
increase the porosity of the sludge. The thermostatic
incubator (DNP - 9082) was employed for the quick
and easy composting process of sludge.
A control experiment was set in the similar
operation with no additional composting additives.
The composting sludge was held with woven bag in

the homemade sludge compost bin. Ventilation was
used to maintain the oxygen level in the sludge
aerobic composting experiment. In control
experiment, sawdust was mixed with sludge as a
bulking agent at 1.0:7.0 (w/w, dry weight), while in
additives experiment, the dry weight proportion of
sludge, sawdust and composting additives was
7.0:1.0:0.7. The sludge samples were collected every
week and then oven dried at 105Υ, ground and
sieved through 0.149 mm mesh, and finally
preserved.
(2) Effect of three additives. FA and SS were
separately added to sewage sludge. The pilot
experiments of FA, SS and mixed additive were set
in Table 1. The composting duration was 15 d. The

TABLE 1
The setting of pilot experiments of FA, SS and mixed additive.
Additive

Materials

Ratio

Ratio

Additive

Ratio

FA0
FA7
FA14
FA21
FA28
FA35
M0

Sludge/sawdust
Sludge/sawdust/FA
Sludge/sawdust/FA
Sludge/sawdust/FA
Sludge/sawdust/FA
Sludge/sawdust/FA
Sludge/sawdust
Sludge/sawdust/FA/
SS0

7˖1
7˖1˖0.49
7˖1˖0.98
7˖1˖1.47
7˖1˖1.96
7˖1˖2.45
7:1
7:1:0.4
2:0.28

SS0
SS7
SS14
SS21
SS35

Sludge/sawdust
Sludge/sawdust/SS
Sludge/sawdust/SS
Sludge/sawdust/SS
Sludge/sawdust/SS
Sludge/sawdust/SS

7˖1
7˖1˖0.49
7˖1˖0.98
7˖1˖1.47
7˖1˖1.96
7˖1˖2.45

M10

FIGURE 1
Effect of composting mixed additives on the distribution of Ni species.
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species of heavy metals before and after composting
were analyzed. Composting additives at optimal
ratio were also added to sludge in the similar way to
the former optimal ratio experiment, but composting
lasted for 30 d. Samples were taken from the sludge
after interval of 0, 2, 4, 6, 8, 10, 14, 18, 22, 26, 30 d
during sludge composting.
Samples preparation and analysis of heavy
metals. After completion of composting, three
sludge samples in each treatment were collected
from three points of the fermentation tanks
diagonally. All the samples were oven dried at 105Υ,
then ground and sieved through 0.149 mm mesh.
Finally, three samples of each treatment were
homogenously mixed and collected one sample
using the quartering method [11].
The total concentrations of heavy metals were
determined according to the previous method [12].
Briefly, the chemical forms of heavy metals were
sequentially defined as follows: 1) exchangeable
fraction (EF); 2) carbonate-bound fraction (CBF); 3)
Fe-Mn oxide fraction (FMOF); 4) organic-bound
fraction (OBF); 5) residential fraction (RF).
Different concentrations of heavy metals species
were analyzed by flame atomic absorption
spectrophotometer (AAS, Themol-M6 American).

RESULTS AND DISCUSSION
Composting additives at different ratios. (1)
Ni. The chemical form transformation of Ni by
composting additives was shown in Figure 1. After
15 d natural composting with biodegradation, EF
concentration had no obvious change (only 0.01%)
without FA and SS, indicating limited effect of
humification of organic matter on the conversion of
exchangeable species to other forms. By contrast, in
other 5 groups experiments that added composting
mixed additives, EF concentrations were higher than
that in the control experiment. This result suggested
that additives may activate the conversion to EF. The
levels of CBF in all the treatments during 15 d
composting were shown an upward trend and the
amount of CBF increased by 2.48%, 5.06%, 2.86%,
5.42%, 2.08% and 4.65% respectively. This can be
related to the biodegradation or composting
additives that can promote the increase of CBF.
Moreover, the concentration of bioavailable
form in FA-SS1.5 was the lowest, suggesting the
best passivation performance when the ratio between
FA and SS was 1.5. It can be also found that the
concentration of FMBF decreased except FA-SS0.5
and FA-SS2. From the Figure 1, the biodegradation
and composting mixed additives had limited impacts
on the OBF and RF of Ni.

FIGURE 2
Effect of composting additives on the distribution of (a) Pb and (b) Cd species.
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composting, organic matter was gradually degraded,
and FMBF load increased, which was caused by the
hydrolysis of Fe2+ and Mn2+ as Fe(OH)2 and
Mn(OH)2. The percentages of CBF and RF in all
groups, however, were fluctuated irregularly.

(2) Pb. As is shown in Figure 2a, EF level on 7
d was higher than that on 1 d and 15 d in all groups.
This was connected to the formation of chelates
during the process of biodegradation. The
passivation effect reached the best when the ratio
was 0.5. This result indicated that a certain
proportion of composting additive can reduce the
bioavailability of Pb in sludge.
During 15 d composting, OBF level was almost
constant. RF levels of FA-SS0, FA-SS0.5, FASS0.67, FA-SS1 and FA-SS1.5 respectively
increased by 25.06%, 17.86%, 6.47%, 12.62% and
12.87%, suggesting the conversion of bioavailable
fraction to RF. However, Pb passivation effect of FASS0 was superior to that of FA-SS0.5, indicating that
single additive may be better than mixed additive.

Effects of three additives on the distributions
of heavy metals. (1) Ni. The effect of mixed additive
on Ni distribution was shown in Table 2. The
concentrations EF of control group (M0) and mixed
additive experiment (M10) declined (by 14.35% and
27.37%, respectively) during 30 d composting
process. At 0d, EF of M0 and M10 was 37.80% and
37.01%, which represented the majority of Ni
species. This suggested that Ni had great toxicity in
sludge. CBF of M10 changed at the same amount to
that of M0. All FMOF slightly increased, and the
FMOF level of M10 was higher than that of M0 at
the same time, indicating other forms of Ni
transformed to FMOF under the cooperative effect
of mixed additive and humification of organic matter.
This was the same to OBF. The result may be related
to the enrichment effect induced by the reduction
quantity of sludge after rapid humification of organic
matter.

(3) Cd. It can be seen from Figure 2b that the
proportions of EF and CBF in six groups
experiments decreased during 15d composting of
sludge. Compared to FA-SS0, bioavailable fraction
of other five groups was lower, indicating that
composite additives of FA and SS had passivation
effect on Cd. The most efficient of Cd passivation
was observed when the amount ratio between FA
and SS was 0.5 (i.e., FA-SS0.5). During the

TABLE 2
Effect of mixed additive on the change of Ni speciation.
Time
0d
2d
4d
6d
8d
10d
14d
18d
22d
26d
30d

Sample
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10

EF

CBF

FMOF

OBF

RF

37.80%
37.01%
31.76%
28.93%
21.35%
13.01%
21.12%
12.46%
21.79%
11.99%
19.99%
11.95%
22.58%
12.63%
17.45%
12.44%
19.62%
10.75%
21.44%
10.21%
23.44%
9.65%

15.76%
13.62%
15.11%
15.09%
13.73%
16.64%
14.48%
13.45%
13.07%
12.50%
11.54%
13.16%
11.57%
13.09%
11.89%
12.83%
11.12%
10.95%
8.11%
10.38%
8.21%
10.42%

24.68%
21.38%
26.53%
29.65%
30.69%
33.23%
32.22%
37.21%
31.56%
36.77%
32.40%
37.76%
31.40%
38.51%
36.32%
39.27%
36.62%
39.37%
35.97%
38.22%
33.42%
40.38%

18.20%
20.45%
24.02%
24.18%
33.07%
36.30%
30.76%
35.41%
33.54%
37.78%
31.10%
36.58%
32.04%
35.76%
32.18%
35.57%
29.61%
36.49%
28.13%
33.51%
26.81%
37.19%

3.56%
7.54%
2.58%
2.15%
1.16%
0.82%
1.42%
1.47%
0.04%
0.97%
4.98%
0.56%
2.41%
0.01%
2.16%
0.58%
3.03%
2.44%
6.35%
7.68%
8.10%
2.36%
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FIGURE 3
The chemical forms distribution of Ni before and after sludge co-composting with
(a) fly ash and (b) steel slag.
TABLE 3
Effect of additives on the distribution of Pb species.
Time
0d
2d
4d
6d
8d
10d
14d
18d
22d
26d
30d

Sample

EF

CBF

FMOF

OBF

RF

M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10

4.95%
4.62%
6.43%
3.80%
7.55%
2.89%
6.85%
4.73%
5.46%
4.05%
6.19%
3.78%
7.65%
4.80%
7.78%
5.00%
6.99%
6.34%
8.21%
5.70%
8.05%
4.68%

4.17%
3.52%
5.28%
3.79%
6.41%
4.22%
6.34%
4.16%
8.15%
3.93%
6.34%
4.24%
5.79%
4.40%
6.31%
4.42%
6.32%
4.19%
2.39%
4.07%
7.31%
4.29%

31.85%
46.48%
36.10%
43.21%
32.62%
40.80%
32.82%
39.47%
31.67%
38.59%
31.97%
34.67%
31.12%
32.41%
30.03%
28.59%
28.60%
28.49%
29.57%
28.30%
29.81%
28.70%

41.48%
42.76%
48.59%
42.15%
50.49%
44.97%
50.20%
48.80%
50.71%
52.55%
50.81%
54.10%
50.71%
56.92%
53.08%
58.80%
53.21%
59.02%
55.05%
60.75%
52.91%
60.84%

17.54%
2.63%
3.60%
7.04%
2.93%
7.12%
3.79%
2.85%
4.01%
0.88%
4.70%
3.20%
4.72%
1.47%
2.80%
3.19%
4.87%
1.96%
4.78%
1.18%
1.91%
1.50%

The effect of FA on Ni distribution was shown
in Figure 3a. FA addition decreased the EF (by
10.7%, 17.91%, 14.69%, 19.21%, 21.57%,
respectively). The results showed that FA
contributed to the transformation of EF to other
forms, and in FA35, EF level declined the largest.
Considering the potential irreversible destruction
effect of exceeded alkaline FA on soil physical-

chemical properties, FA14 was selected as optimum
addition.
The effect of SS on Ni distribution was shown
in Figure 3b. The main chemical form of Ni in sludge
converted from EF to FMOF, with a decrease of
bioavailability. No obvious change of CBF was
observed with the presence of SS. Figure 3b revealed
that SS contributed to the transformation of EF to
FMOF, OBF and RF of Ni, with greater proportion
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of FMOF than OBF. Because of its strong alkaline
industrial solid waste, surplus SS was not
appropriate to add. Therefore, SS14 was selected for
the optimum addition of reducing bioavailability of
Ni.
(2) Pb. The effect of mixed additive on the
chemical forms of Pb as a function of elapsed time
was shown in Table 3. The increasing proportion of
CBF in M10 was less than that of in M0, indicating
the repression on the formation of CBF by the coeffect of mixed additive and organic matter
humification. With the elapsed time of composting,
FMOF showed a downward trend, while OBF
exhibited an upward one, which suggested Pb
transformed from FMOF to OBF. This result
indicated that mixed additive contributed Pb to more
stable chemical forms.
The impact of FA on the species transformation
of Pb in sludge was shown in Figure 4a. When FA
was added, EF levels slightly increased except FA35.
These results showed the passivation efficiency
declined with FA addition. With the increase of FA,
OBF proportions decreased, which was possibly
related to the acceleration of biodegradation for
organic matter in sludge.
In SS0, EF, FMOF and RF levels decreased and
transformed to CFB and OBF (Figure 4b). All
chemical forms transformation slightly changed
when SS was added. The proportion of CBF
marginally decreased among SS14, SS21, SS28 and

SS35 (0.98%, 1.2%, 1.81% and 2.94%, respectively).
After composting, EF levels of five groups were
higher than that in SS0 (1.6%), suggesting the
negative passivation effect of SS on Pb in sludge.
(3) Cd. Table 4 showed that in both M0 and
M10, EF proportion increased during 30 d
composting process. The composting sludge tended
to transform Cd to EF, and with it the gradual
humification of organic matter, the amount of sludge
reduced, leading to the enrichment of EF or the
transformation of other forms to EF. However, CBF
level declined and was overall less in M10 than in
M0, indicating CBF transformed to other chemical
forms. As seen in Table 4, Cd mainly existed in the
form of FMOF that accounted about for 50%.
FA had a limited effect on the distribution of Cd
in sludge (Figure 5a). When FA was added, the
proportion of EF decreased by 5.9%, 7.26%, 4.46%,
1.33% and 2.99% respectively. FA14 can be selected
as the optimum addition for passivating Cd due to
LW¶VWKHORZHVWGHFOLQDWLRQRI()
After co-composting with SS, the chemical
form of Cd in control group transformed from EF to
the main forms of EF and CBF, and the proportion of
FMOF and OBF also increased by 9.33% and 1.91%
(Figure 5b). This result indicated that SS
transformed EF and CBF to mainly form of FMOF
and OBF, and it concluded that SS7 could be selected
as the optimum addition due to the lowest proportion
of bioavailable fraction (EF and CBF).

FIGURE 4
The chemical forms distribution of Pb before and after sludge co-composting with
(a) fly ash and (b) steel slag.
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TABLE 4
Effect of mixed additive on the change of Cd speciation.
Time
0d
2d
4d
6d
8d
10d
14d
18d
22d
26d
30d

Sample

EF

CBF

FMOF

OBF

RF

M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10
M0
M10

11.78%
7.39%
13.72%
8.00%
14.63%
14.29%
15.02%
19.49%
16.09%
19.47%
16.22%
19.01%
16.32%
14.99%
17.34%
15.54%
18.30%
18.56%
12.95%
18.84%
12.28%
21.27%

5.82%
4.49%
5.38%
5.24%
4.83%
4.86%
4.93%
4.37%
4.41%
4.23%
4.08%
3.98%
3.64%
3.36%
3.17%
3.12%
3.10%
2.99%
3.00%
2.49%
2.53%
2.50%

52.28%
36.57%
53.51%
45.14%
48.44%
49.14%
50.89%
51.14%
54.16%
47.94%
57.67%
51.26%
55.82%
52.17%
57.16%
52.25%
58.15%
51.25%
60.81%
51.14%
59.98%
49.13%

20.20%
20.45%
22.00%
22.24%
23.34%
23.76%
20.84%
24.90%
21.44%
26.88%
21.39%
25.13%
20.81%
25.39%
21.57%
25.46%
19.49%
21.51%
21.57%
23.66%
21.53%
22.23%

9.92%
31.11%
5.38%
19.38%
8.76%
7.95%
8.33%
0.10%
3.91%
1.48%
0.64%
0.63%
3.41%
4.08%
0.77%
3.63%
0.95%
5.69%
1.67%
3.88%
3.68%
4.86%

FIGURE 5
The chemical forms distribution of Cd during sludge co-composting with (a) fly ash and (b) steel slag.

CONCLUSIONS
In this research, the influence of FA and SS on
the distribution of heavy metals in sludge during the
composting was examined. The following
conclusions can be drawn.
1) Mixed additive had a passivation effect on Cd
and Pb but increased EF proportion of Ni

(bioavailable fraction was still low). FA-SS1.5 was
selected as the optimum addition for Cd and Ni,
while FA-SS0.5 had best passivation effect on Pb.
2) For Ni, those three additives all transformed its
bioavailable fraction to stable chemical forms
respectively. But mixed additive had more effective
passivation effect on Ni than single FA or SS.
3) Addition of mixed additive increased to some
degree the bioavailability of Cd, while single FA or
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SS can decrease Cd mobility. The lowest proportion
of EF of Cd can be obtained when FA or SS to dry
sludge ratio was 14% or 7% (w/w).
4) The sludge blended with mixed additive can
also transform Pb from EF and CBF to other stable
forms. However, the passivation effect of FA or SS
on Pb was inferior to the control experiment.
5) The composting time of sludge added mixed
additive should be controlled at 18d to obtain the
best passivation effect on heavy metals.
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treatment technologies, fuel cells, catalysts,
biosensors, and components of environmental
remediation[1-3]. Commonly, nanoparticles (NPs)
are defined as particulate matter with at least one
dimension does not exceed 100 nm [4-6]. Compared
with the bulk particles, NPs have several special
properties such as smaller size with larger specific
area and much greater reactivity which will induce
unpredictable risks to our environment [7-11]. Along
with the widely application of nanomaterial products,
more and more attention should be paid to the
environmental risks caused by NPs. Plants, which
were seen as one of critical impotents in ecological
system play important roles in transportation of NPs
through uptake and bioaccumulation [12].
To date, several studies reported both positive
and negative toxic effects on higher plants. LópezMoreno et al.[13-15] studied different toxicity of
cerium NPs to four edible plants species including
alfalfa (Medicago sativa), corn (Zea mays),
cucumber (Cucumis sativus), and tomato
(Lycopersicon esculentum) and the results showed
that root growth was significantly promoted by
nanoceria in cucumber and corn but reduced in
alfalfa and tomato. Ma et al.[16] investigated the
phytotoxicity of four rare earth oxide nanoparticles
(nano-CeO2, nano-La2O3, nano-Gd2O3 and nanoYb2O3) on seven higher plant species (radish, rape,
tomato, lettuce, wheat, cabbage, and cucumber) by
means of root elongation experiments. Their
findings revealed that effects on root growth varied
greatly between different nanoparticles and plant
species. In several cases, it indicated that impacts of
NPs on plants were partly because of their smaller
size. Wang et al. [17] studied the toxicity of CuO
nanoparticles (NPs) to maize (Zea mays L.) and their
transport and redistribution in the plant. According
to the results, compared with the dissolved Cu2+ ions
and CuO bulk particles which had no obvious effects
on maize growth, CuO NPs inhibited the growth of
maize seedlings. Similarly, Eichert et al. [18]

ABSTRACT
Ag nanoparticles (Ag NPs) are considered as
one of the most promising nanoparticles and have
already been applied in many consumer products.
The objective of our research is to study the toxic
effects of Ag NPs on wheat seedlings growth. The
concentrations of Ag NPs were 10ˈ50ˈ200 and 1000
mg/L respectively, and a blank control without any
Ag NPs was set. The seedlings were cultivated in
Hoagland solution with Ag NPs for 18 days after
germination. According to our results, it
demonstrated that the Ag NPs showed no significant
toxic effects on wheat seedlings during the period of
cultivation. After exposed to Ag nanopartilces,
contents hormones including ABAˈZRˈGA3ˈBRˈ
JA and DHZR changed irregularly or increased
slightly, while IPA and IAA contents raised as the
concentrations of Ag NPs increased. Compared with
the control treatments, contents of Ag are much
higher in groups exposed to Ag NPs. As for 1000
mg/L treatments, the content of Ag was 4.4-fold
higher than control in shoots and 11.3-fold higher
than control in roots. However, there was no
significant tendency that total Ag content increased
with the Ag NPs concentration enrichment.

KEYWORDS:
Ag nanoparticles, toxic effects, biomass, plant hormones

INTRODUCTION
As we all know that nanotechnology is
considered as one of the most important fields of
innovation and technology today and nonmaterial
products have also been applied in many aspects of
our daily life such as electronics, optics, textiles,
medical devices, cosmetics, food packaging, water
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Nanotechnology Company (Shanghai, China). The
Ag NPs were tawny powder and the average size of
the particles was 20 nm with 99.99% purity. Ag NPs
were dispersed in demonized water and sonicated for
about 30 min. Transmission electron microscopy
(TEM, Tecnai G2 20 S-TWIN, Co FEI, USA) was
used to determine morphology of Ag NPs.
All the other commercial chemicals were
analytical grade and were purchased from Beijing
Chemical Plant (Beijing, China).
Wheat seeds (Zhongmai 11) were purchased
from Chinese Academy of Agricultural Sciences.

analyzed the penetration of water-suspended
hydrophilic particles of two different sizes (43 nm
and 1.1 mm diameter) into leaves of Vicia faba (L.).
The findings showed that penetration of the larger
particles was never detected, whereas after 2 to 9
days, the smaller particles occasionally penetrated
the leaf interior through stomata pores. Also, Zhai et
al. [19] studied the effects of three differently
charged multiwall carbon nanotubes (MWCNTs)
including neutral pristine MWCNT (p-MWCNT),
positively charged MWCNTNH2, and negatively
charged MWCNT-COOH on maize (Zea mays) and
soybean (Glycine max) and found that all three
MWCNTs were directly taken-up and trans-located
from hydroponic solution to roots, stems, and leaves.
Moreover, Lin et al. [20] quantified the dynamics of
C70 uptake in the roots, stems, and seeds of the rice
plants and found that C70 particles were prevalent in
the roots as well as in the stems and leaves of the 2week-old plants, while the distribution of C70 in these
plants showed no significant concentration
dependence.
Nanosilver (NS) which has antibacterial,
antifungal and antiviral effects has now been used in
numbers of consumer products ranging from wound
dressings, socks, and other textiles to air filters,
toothpaste, baby products and so on[4, 21]. Until
now, many studies about the risks of Ag
nanoparticles (Ag NPs) to ecological system are
focusing on mammals and aquatic species. However,
there are limited reports about phytotoxicity caused
by Ag NPs [22]. According to some previous reports
[21], Ag NPs inhibited seed germination at low
concentrations. Lee et al. [23] pointed out that
seedlings growth of P. radiatus and S. bicolor in agar
media were greatly inhibited by Ag NPs. However,
in the soil media, P. radiatus was not significantly
affected and S. bicolor showed a slight reduced
growth rate which indicated that exposure medium
has critical impacts on phytotoxicity of Ag NPs. It
seems that Ag NPs will induce different effects on
plants growth.
The aim of our present work was to present
more information about phytotoxicity of AgNPs.
The plant used in the test was wheat which was one
of the most important crops in China. Biomass, plant
height and root length were measured and the conten
of Ag in root and shoots were determined using ICPMS, respectively. Content of eight hormones were
measured by ELISA methods.

Seedling culture and exposure to Ag NPs.
Similar-sized seeds were randomly selected and
sterilized in 10% H2O2 for 10 min. Then the seeds
were firstly rinsed with tap water and thoroughly
washed with deionized water to remove the
disinfectant. The seeds were arrayed on dampened
filter papers in Petri dishes and placed in an
intellective growth chamber (GZP-250B, Hengyu,
China) at 24ć in darkness. Demonized water was
added every day to keep the filter paper dampened.
After five days, the healthy vigorously growing
seedlings were selected to be transferred to 36
centrifuge tubes (50 mL) containing 50 mL
Hoagland solution, which contained 2 mM Ca˄NO3˅
2·4H2O, 0.1 mM KH2PO4, 0.5 mM MgSO4·7H2O,
0.1 mM KCl, 0.7 mM K2SO4, 10 ȝM H3BO3, 0.5 ȝM
MnSO4·H2O, 1 ȝM ZnSO4·7H2O, 0.2 ȝM
CuSO4·5H2O, 0.01 ȝM (NH4)6Mo7O24·4H2O, 100
ȝM Fe-EDTA. Each tube contained 10 seedlings
respectively. The concentrations of Ag NPs used for
exposure included 10ˈ50ˈ200 and 1000 mg/L except
for the blank control without any Ag NPs. Three
replicates were set for each treatment. During the 18day exposure the Hoagland solution was injected
into the tubes each day to compensate for the
evaporation loss. The experiment conducted in the
greenhouse of China Agriculture University in
January, 2016.
Measurement of biomass, plant height and
root length. After cultivation, plants were harvested
and were firstly washed thoroughly with tap water
and then demonized water. For each group, the
length of roots and shoots was measured separately
(ten seedlings for each group). Three seedlings were
randomly selected from each group to measure fresh
weight of shoots and roots separately. Roots and
shoots were firstly dried respectively at 105ć for 5
min and then at 70 ć for 36-48 h in an oven
(Memmert, Germany) until the constant weight
achieved. The shoots and roots were measured
immediately after the oven dry.

MATERIAL AND METHODS
Sample
preparation
and
NPs
characterization. Ag nanoparticles (NPs) used in
the test were purchased from Shanghai Huzheng

Determination of Ag using ICP-MS. Dried
samples of shoots and roots were ground to fine
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Effects of Ag NPs on plant height and
biomass. Fig. 2showed no apparently phenotypic
differences among treatments of wheat seedlings at
the end of experiment and most of the plants grew
very well which indicated that Ag NPs had no strong
toxic effects on growth of plants.
The length of shoots and roots were determined.
As shown in Fig.3, there were no obvious signs of
inhibition to both shoots and roots by Ag NPs.
Compared with the control treatments, length of
shoots was shorter with 200 mg/L ones (Fig.3I). As
for roots, the length firstly increased in 10 and 50
mg/L NPs, and then decreased at 200 and 1000 mg/L.
When the concentration of Ag NPs increased from 0
to 200 mg/L, the fresh weight of shoots firstly
increased from 0.159±0.027 g to 0.174±0.022g, and
then decreased to 0.139±0.029g (Fig.3 II). The dry
weight revealed similar tendency (Fig.3III). In our
present study, the phytotoxicity of Ag NPs on plants
was not significant. Whereas, A former study
conducted by Yin L et al.[26] revealed that exposure
to Ag NPs caused reduction in both root and shoot of
Lolium multiflorum. Considering both study results,
it indicated that the nanomaterial may have different
impacts on different cultivars.

powders, and then digested by using microwave
digestion system (Ultra WAVE, Milestone, Italy).
The obtained residual solutions were diluted with
ultrapure water and analyzed by inductively coupled
plasma mass spectrometry (ICP-MS).
Determination of hormones using ELISA
methods. According to the previous studies by He et
al. [24]and Nhan et al.[25], interaction and extraction
of IAA (Indole Acetic Acid), GA3 (Gibberellins),
ABA(Abscisic Acid), JA (Jasmonic Acid),
RA(Cinnamic
Acid),
BR(Brassinosteroid),
ZR(Ribosylzeatin) and IPA(Indole Propioponic Acid)
were determined by ELISA methods, which
provided by Professor BM Wang in China
Agricultural University (Beijing, China).
Data analysis. All statistical analyses were
presented using SPSS 18.0˄SPSS Inc., Chicago, IL,
USA ˅ . Differences between treatments were
compared using one-way ANOVA followed by LSD
test A value of p<0.05 was considered statistically
significant.

RESULTS AND DISCUSSIONS
Effects of Ag NPs on hormone
concentrations. Eight kinds of plant hormones
including ABAˈIAAˈZRˈGA3ˈBRˈJAˈIPA
and DHZR were determined by ELISA after exposed
to Ag NPs.

Characterization of Ag NPs. As shown in Fig.
1, TEM images revealed that Ag NPs presented
spherical morphology and were easily agglomerated.

FIGURE 1
TEM images of the Ag NPs

FIGURE 2
Photos of Wheat Seedlings under different treatments.
*Concentration of Ag NPs were 0ˈ10ˈ50ˈ200 and 1000 mg/L, respectively.
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FIGURE 3
Effects of Ag NPs on fresh weight, dry weight and length of shoots and roots.
*The value was given as meanfSD. Different letters indicadate significant differences
(p<0. 05) and the bars represent standard error of treatments.(n=9)
with the increasing concentration of Ag NPs. For
different parts of seedlings, it was obvious that the
silver content in roots was absolutely higher than
those in shoots. At the concentration of 1000 mg/L,
the average of Ag contents was 12.9-fold higher in
roots than in shoots. Some previous studies also
indicated similar results. Zhu et al. [28]found that
most of the Fe3O4 NPs aggregated in roots and only
small fraction could be transported to the leaves.
Pola Miralles et al. [29] suggested that it was
difficult for the NPs to reach the xylem because the
Casparian strip could prevent the apoplectic
transport of external material from the cortex to the
stele. According to our result, we can speculate that
the ability of seedlings absorbing and transporting
NPs is limited. The findings also indicated that as
soon as the Ag NPs concentration exceed a certain
limit, the dose of Ag NPs absorbed by plants would
not increase though the exposure concentration
increased. The results were different from the earlier
studies which figured out that the content of NPs
taken in by plants was consistent with the increase of
exposure NPs concentration [10, 23].

For most of the hormones namely ABA, ZR, GA3,
BR, JA and DHZR, their contents changed
irregularly or increase slightly after exposed to Ag
nanopartilces as the concentrations of Ag NPs
increased (Fig. 4Ϩ, Fig. 4Ċ). As for IAA and IPA,
the contents raised with the increasement of Ag NPs
concentrations. These results were different from
some former researches. Le V et al.[27] pointed out
that CeO2 nanopartilces significantly affected the
contents of IAA, ABA, ZR and GA of cotton plants.
So we can conclude that the effects of nanoparticles
were connected with nanoparticle type and plant
species. And this was the first time to study effects
of nanoparticles on IPA plant hormone.
Ag contents in shoots and roots. Ag content
in shoots and roots of seedlings after exposure was
presented in Fig.4. Compared with the control
treatments, contents of Ag were much higher in
groups exposed to Ag NPs. In the presence of 1000
mg/L Ag NPs, the content of Ag was 4.4-fold higher
than control in the shoots and 11.3-fold higher than
control in the roots. However, there was no
significant tendency that total Ag content increased
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seedlings during the period of cultivation. The
findings were different from researches in which Ag
NPs did inhibit the plant growth [26, 30]. It seemed
that Ag NPs could lead to different effects on various
plants. Ag NPs could be taken in and accumulated in
root while only a small part could be transported to
other parts of the plants. Also, compared with
controls, the content of hormones showed no
significant tendency with the Ag NPs concentration
increasing. To our knowledge, this was the first time
that investigated the effects of Ag NPs
concentrations on ABA, IAA, ZR, GA3, BR, JA, IPA
and DHZR hormone contents in shoots of seedlings.
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dry weight [7-9].
Potassium citrate is potassium salt of citric acid
which considered one of the most important organic
acids in the respiratory pathways into plant cell [10].
Additionally, citric acid plays an important role in
SODQWPHWDEROLVPLW¶VDVQRQ-enzymatic antioxidant
in chelating free radicals and protecting plant from
injury could result in prolonging the shelf life of
plant cells and improving growth characters [11, 12].
Salicylic acid (SA) is a plant phenol and today
it is in use as internal regulator hormone, because its
role in the defensive mechanism against biotic and
abiotic stresses has been confirmed [13]. SA
treatment as foliar spray counteracted significantly
the harmful effects of salinity stress levels and
increased chlorophyll content, soluble sugars,
proline and free amino acids [14].
The aims of this study are to evaluate the
adverse effects of salinity on cotton plant and
enhancing salt tolerance and eventually improving
productivity of cotton plant under high salinity by
spraying salicylic acid (SA) and potassium citrate
(PC).

ABSTRACT
Salinity is one of the major abiotic stresses in
agriculture worldwide. This study was carried out to
evaluate the effect of salicylic acid (SA) and
Potassium Citrate (PC) on cotton plant. Plants were
irrigated by sea water with concentrations (12000,
8000, 4000 ppm) followed by tab water alternately
while the control treatment was irrigated by tap
water only. In general salt conditions significantly
decreased the growth characters, yield characters,
chloroplast pigments, total soluble sugars, total
soluble protein, total phenols and total free amino
acids while increased proline contents, total
antioxidant capacity, catalase, peroxidase and
superoxide dismutase. The results clearly showed
that spraying cotton plants with salicylic acid (200
ppm) and potassium citrate (2.5 g/l) under salt
conditions caused enhancement of growth and yield
characters and increasing of leaf chemical
composition. On the other hand there are No
significant effects on fiber properties under salt
stress.

EXPERIMENTAL

KEYWORDS:
Chemical composition, Cotton, Salicylic Acid, Salt Stress,
Potassium Citrate.

Plant material and stress conditions. A pot
experiment was carried out at wire green house of
Plant Physiology Department, Cotton Research
Institute, Agricultural Research Center, Giza, Egypt.
Seeds of cotton (Gossypium barbadense L. cv. Giza
90) were sown in clay loam soils at rate 10 seeds/pot.
Plants were thinned to leave two plants per pot. All
pots received an adequate amount of fertilizer to
produce healthy plants. Fertilization was carried out
according to recommendation of Cotton Research
Institute. All pots were irrigated by tap water until 40
days. Then irrigation started with sea water from
Alexandria with the following concentrations
(12000 ppm, 8000 ppm and 4000 ppm) followed by
tap water alternately during the whole season with
control treatment which irrigated by tap water only
and sprayed with Salicylic acid 200 ppm, potassium
citrate 2.5g/l. twice at start of squaring stage and start
of flowering stage. After 10 days from the last
Spraying the fourth leaf was taken to investigate

INTRODUCTION
Salinity is one of the major abiotic stresses that
adversely affect crop productivity and quality
especially in arid and semi-arid regions, Salinity
tolerance is defined as the ability of plants to
continuously grow under salt stress conditions [1, 2].
In general, salt stress causes an imbalance of the
cellular ions resulting in ion toxicity, osmotic stress
and production of reactive oxygen species (ROS)
thus affecting plant growth, morphology and
survival [3]. Salt-tolerant plants can not only
regulate ion and water movements more efficiently
but should also have a better antioxidant system for
effective removal of ROS [4-6]. The major effects of
salinity are significant reductions in growth, such as
decreased leaf area, leaf length and root and shoot
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of SOD activity.

chemical composition on the leaf. In this stage, 4
plants were taken from each treatment (2 pots). The
soil particles were washed off the roots by a stream
of tap water. At harvest stage (180 days after
sowing), samples from four pots were taken.

Total
Antioxidant
Capacity.
Total
antioxidant capacity was assayed in ethanol extract
of cotton leaves by the phosphomolybdenum method
as described by Kumaran and Karunakaran [28].

Growth characters. The growth characters of
plants were recorded for this experiment as follows:
Plant height (cm), Numbers of main stem
nodes/plant, Inter-node length (cm), Number of
fruiting branches/plant, Dry weight (g) of root, stem
and branches, leaves and square part, Leaf area (cm)
which is determined by leaf area meter Model L1 ±
3100.

Yield and its components. Which recorded
and calculated were as follows: Number of flowers
per plant, Number of bolls per plant, Boll setting
(%), Boll weight (gm), Lint percentage%, Seed
index (gm), seed cotton yield per plant (gm),
Micronaire reading and Pressley index.
Statistical Analysis. All statistical analyses
were carried out using SPSS 10 software. Mean and
standard error were descriptive measures of
quantitative data using the analysis of variance test
(ANOVA) for independent samples. All
determinations have been done in triplicate, pValues < 0.05 were considered significant.

Biochemical analysis. Chemical composition
determinations. Cotton leaves were taken randomly
after flowering stage to determine the chemical
analysis as follows: The chlorophyll a, b and total
chlorophyll were determined according to the
method of Arnon [15] and carotenoids of Robbelen
[16]. Total soluble sugars were determined in
ethanol extract of cotton leaves by the phenolsulfuric acid method according to Cerning [17].
Reducing sugars were determined colormetrically
according to Folin and Wu method as reported in
A.O.A.C. [18]. Non- reducing sugars were
calculated by the difference between total soluble
sugars and total reducing sugars. Total free amino
acids were determined in ethanol extract of cotton
leaves by ninhydrin method according to Rosen [19].
Total phenols were determined in ethanol of cotton
leaves using Folin-Ciocalteau method according to
Simons and Ross [20]. Proline content of cotton
leaves was determined according to method of Bates
et al. [21] as described by Shyam and Aery [22]. The
results are expressed (free proline content) as ȝmoles
of proline/g of fresh weight. Total soluble proteins
were estimated according to the method of LowryFolin as described by Dawson et al. [23].

RESULTS AND DISCUSSION
Growth Characters. The data presented in
table (1) indicated that plant growth character (plant
height, dry weight, leaf area and relative water
content) of cotton plants were significantly
decreased at all levels of diluted sea water
concentrations especially at 12000 ppm. This
reduction in Growth may be due to osmotic injury or
specific ion toxicity caused by the uptake of salt [29].
Ahmed et al. [30] reported that high salinity levels
led to reducing leaf area due to turgor pressure
reduction resulting from salt stress which can cause
inhibition of cell division and expansion. The
Growth characters under salt stress are mostly
increased by applying the PC (Potassium Citrate) at
2.5 g/l. The enhancing effect of potassium on plant
growth might be attributed to its association with the
efficiency of leaf as an assimilator to CO2, activating
phyto-hormone, regulation of cellular pH, enhancing
N uptake, and acting as an activator to enzymatic
systems [10, 11]. The second material that keeps
improving the growth characters is SA (Salicylic
Acid) at 200 ppm. SA plays key roles in the
regulation of plant growth, development, the
interaction with other organisms, and the responses
to environmental stresses [31]. However, there is
some controversy in the literature regarding whether
SA can counteract the adverse effects of salt stress
[32]. He et al. [33] reported that foliar application of
salicylic acid may regulate stomatal openings and
reduce transpirational water loss under stress
conditions enabling the plants to maintain turgor,
carry on photosynthesis and be

Determination of antioxidant enzymes.
Crude enzyme extract was prepared for assay of
catalase (CAT), peroxidase (POX) and Superoxide
Dismutase (SOD) activities according to Chance and
Maehly [24], as described by Choudhury and Panda
[25]. CAT was measured according to the method
described by Jaleel et al. [26]. The activity was
expressed in U/mg protein (U = 1 mM of H2O2
reduction/min/mg protein). POX was assayed as
described by Jaleel et al. [26]. The activity was
expressed in U/mg protein. One U is defined as the
change in the absorbance by 0.1 min/mg protein.
SOD was assayed on the basis of its ability to inhibit
the photochemical reduction of nitro blue
tetrazolium (NBT), according to the methods of
Beauchamp and Fridovich [27]. The increase in
absorbance in the absence of enzyme was taken as
100 and 50% initial was taken an equivalent to 1 unit
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TABLE 1
Effect of foliar application of potassium citrate and salicylic acid on Growth characters
applied of cotton plants under salt stress.
Plant
(cm)

Growth G90

Control

Salt
4000
Salt
8000
Salt
12000
LSD 0.5%

Height

Dry Weight (g)

Number of
Fruiting
Branches

Leaf Area (cm)

Control

46.5c±0.09

5.50bc±0.29

328.96d±0.48

4.39c±0.12

Stem
Branches
5.99c±0.08

PC
SA
Control
PC
SA
Control
PC
SA
Control
PC
SA

50.75a±0.06
48.00b±0.09
39.00f±0.12
44.00d±0.11
40.25e±0.05
37.00g±0.11
43.75d±0.08
39.00f±0.05
30.00i±0.12
37.00g±0.13
36.00h±0.13
0.258

7.50a±0.29
6.50ab±0.50
4.50cd±0.65
5.50bc±0.65
5.25bc±0.63
3.00ef±0.41
4.50cd±0.29
4.25cde±0.48
2.50f±0.29
3.50def±0.29
3.00ef±0.41
1.254

472.32a±0.48
407.68b±0.50
263.68h±0.29
318.00e±0.58
360.96c±0.48
225.28i±0.25
290.56f±0.29
277.12g±0.41
186.24l±0.41
218.88j±0.25
199.68k±0.65
1.21

5.61a±0.06
5.16b±0.08
3.60ef±0.06
3.90d±0.05
3.79de±0.10
3.31gh±0.09
3.50fg±0.12
3.41fg±0.09
2.87j±0.14
3.11hi±0.07
3.01i±0.06
0.234

7.93a±0.09
7.28b±0.12
4.41e±0.09
4.91d±0.09
4.66de±0.02
3.21g±0.14
3.80f±0.13
3.69f±0.10
1.67i±0.04
2.34h±0.09
2.30h±0.16
0.286

Leaves

and

(RWC)

Roots

Square parts

5.81b±0.06

3.15d±0.07

49.50bc±1.62

6.38a±0.07
6.37a±0.08
4.22d±0.10
4.84c±0.06
4.47d±0.11
2.91f±0.07
3.23e±0.11
3.03ef±0.11
1.62h±0.06
2.21g±0.16
2.09g±0.08
0.269

4.17a±0.06
3.99a±0.12
2.91ef±0.07
3.75b±0.06
3.49c±0.10
2.15h±0.04
2.95de±0.10
2.71f±0.10
1.86i±0.05
2.48g±0.05
2.08hi±0.06
0.224

54.40a±1.67
52.80b±1.98
39.05e±2.12
45.65cd±1.19
42.90de±1.64
28.6gh±1.66
37.95ef±2.49
33.55fg±1.63
15.95j±2.02
24.20hi±1.93
20.90ij±2.09
5.135

FIGURE 1
Effect of foliar application of Potassium citrate and Salicylic acid on
Pigments in leaves applied of cotton plants under salt stress.
chlorophyll content, photosynthesis activity and CO2
fixation. The decrease in net CO2 fixation is the
result of water shortage, closure of stomata,
accumulation of apoplast salt and mesophyll cells
loosing turgor and direct toxicity of salt ions. All
these negative situations are the indicators of the fact
that general metabolic activity has been deteriorated
[34]. Abdul Qudos [14] reported that with increasing
salinity levels, total chlorophyll in pepper leaves
significantly decreased, this reduction may be
related to enhanced activity of the chlorophylldegrading enzyme, chlorophyllase, as suggested by
Mishra and Sharma [35]. Spraying of cotton plants
with PC and SA under salt conditions increased
chlorophyll a, b, total chlorophyll and carotenoid
contents of cotton plants to be near control plants
under normal conditions.
The results generally indicated that chlorophyll
a, b, total chlorophyll and carotenoid contents were
significantly increased as a result of foliar

productive under stress condition.
Chemical constitutions of cotton leaves.
Cotton leaves obtained from this experiment were
employed to determine their contents of chlorophyll
a, b, total chlorophyll, carotenoids, total soluble
sugars, reducing sugars, non-reducing sugars,
proline, total free amino acids, total phenols and total
soluble proteins in addition to determine the
antioxidant enzyme activities (catalase, peroxidase
and super oxide dismutase) and total antioxidant
capacity.
The obtained results are presented graphically
in Figs. 1, 2, 3 and 4. Data presented in Fig. 1 showed
that the contents of chlorophyll a, b, total
chlorophyll, carotenoids of stressed cotton plants
were decreased in comparison with control plants
with increasing salinity levels. The reduction in
chlorophyll and carotenoid contents as a result to
indirect effect of NaCl. There is a relation among
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of cotton plants with PC (2.5g/l) was more effective
in increasing the contents of total soluble sugars,
reducing and non-reducing sugars in comparison
with SA. Ahmed et al. [42] found that when
potassium was applied, it increased different
minerals uptake. Since, leaf carbohydrates represent
the primary metabolic carbohydrate pools for cotton
plants, an understanding of their dynamics during
cotton growth and boll development could be
reported. Photosynthetic pigments were increased in
response to salicylic acid treatments thus enhance
biosynthesis of these polysaccharides and total
carbohydrates significantly which are utilized in
growth of sunflower plants [37]. SA application
might activate the metabolic consumption of soluble
sugars to form new cell constituents as a mechanism
to stimulate the growth of sunflower plants.
Results presented in Fig.3 indicate that proline
content in leaves was significantly increase by salt
treatment in cotton plant, proline content in control
plants was very low, while it rapidly rises exposing
to salinity. The foliar application of PC and SA on
cotton plant under salt stress increased the contents
of proline in comparison with untreated stressed
plants. These results are in line with the findings of
previous studies [34, 43]. The increase of proline
concentration in cotton plants enabled the water
stressed plants to maintain low water potentials by
decreasing water potentials, proline accumulation
involved in osmo-regulation appeared to allow
additional water to be taken up from the
environmental [43].

application of PC and SA. Potassium plays an
important role of the survival of plants under
environmental stress condition. Potassium is
essential for many physiological processes, such as
photosynthesis, translocation of photosynthates into
think organs, maintenance of turger, activations of
enzymes, reducing of some ions such as Na and Fe
in soils suffer from environmental stress [36].
Dawood et al. [37] reported that salicylic acid caused
significant increases in photosynthetic pigments.
These results corroborate with those on maize and
barley plants [38, 39]. The enhancing effects of SA
on photosynthetic capacity could be attributed to its
stimulatory effects on Rubisco activity and pigment
contents [40]. As well as increased CO2 assimilation,
photosynthetic rate and increased mineral uptake by
the plant [41].
Carbohydrates that represent one of the main
organic constituents of the dry matter were found to
be affected by salt stress. As shown in Fig. 2, the
content of total reducing and non-reducing sugars
were decreased with increasing salinity levels. The
reduction in sugars content may be due to the
reduction in photosynthesis and increasing
photorespiration under water deficit has been
reported by Namich et al. [42]. Our finding showed
that the foliar application of PC and SA to cotton
plants under salt conditions increased the contents of
total soluble sugars, reducing sugars and nonreducing sugars as compared with untreated stressed
cotton plants.
The results generally showed that the spraying

FIGURE 2
Effect of foliar application of Potassium citrate and Salicylic acid) on total soluble sugar,
reducing sugar and non-reducing sugar in leaves applied of cotton plant under salt stress.
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FIGURE 3
Effect of foliar application of Potassium citrate and Salicylic acid on Proline, Total phenols, Total free
amino acids and Total soluble protein in leaves applied of cotton plants under salt stress.
for ATP synthesis which is essential for different
biochemical and physiological processes [49].
CAT, POX and SOD are antioxidant enzymes
that protect cells from oxidative stress of highly
reactive free radicals. The results obtained in Fig. 4
showed that the activities of these enzymes of
stressed cotton plants were increased in comparison
with control plants with increasing salinity levels. To
mitigate and repair damage initiated by reactive
oxygen, plants have developed a complex
antioxidant system. Many components of this
antioxidant defense system can be found in different
sub-cellular compartments [50]. In addition, There
was a significantly increase with foliar application of
PC and SA under salt stress. The increase in enzyme
activities under potassium application could be
explained by that potassium neutralizes various
organic anions and other compounds within the
plant, helping to stabilize pH between 7 and 8 the
optimum for most enzyme reactions. Also,
potassium plays essential roles in enzyme activation,
protein synthesis [10, 11]. Salicylic acid acts as one
of antioxidant substances concentrated in the
chloroplast and protect the photosynthetic apparatus
when a plant is subjected to stress, by scavenging the
excessively reactive oxygen species known as free
radicals. Such effects might be due to protecting the
endogenous anti-oxidant systems often correlated
with increased resistance to oxidative stress and/or
controlling the level of free radicals within plant
tissues [51].

Also proline acts as a major supply of energy, which
helps to improve salinity tolerance [44]. Also data in
Fig. 3 indicated that the total phenols and total free
amino acids were significantly decrease by salt stress
in cotton plant These results are in accordance with
those of Shallan et al. [45] who reported that water
stress reduced total phenols content as compared to
these found in control plants. Phenolic compounds
as well known can be synthesized through three
pathways, i.e., acetate mevalonate and shikimic acid.
The main precursors for phenol synthesis in plant
tissue are carbohydrates, especially soluble
carbohydrate in which lead to the formation of the
essential substances required for simple and
polyphenols synthesis. Thus, the reduction in
phenolic compounds in which was observed may be
due to the reduction in soluble carbohydrate under
stress these results are in harmony with those
obtained by Gebaly [46]. The positive influences of
PC on total soluble carbohydrates, phenolic
compounds and total soluble protein may be
attributed to the importance of potassium as a cation
(+) and/or citrate anion (-) in the different
physiological processes: Potassium plays a major
role in the transport of water and nutrients
throughout the xylem [47, 48].
These processes are required in enhancing most
biochemical pathways into the plant; also, citric acid
is considered one of the most important organic acids
in the respiratory pathways into plant cell. The
mitochondrial citric acid cycle provides the energy
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FIGURE 4
Effect of foliar application of Potassium citrate and Salicylic acid on Antioxidant enzymes in leaves
applied of cotton plants under salt stress.
TABLE 2
Effect of foliar application of Potassium citrate and Salicylic acid on Yield characters applied of cotton
plants under salt stress.
Number of
Flowers

Number of
Bolls

Boll
Setting %

Boll
Shedding %

Boll
Weight
(gm)

Lint%

Seed
Index/g

Cotton Seed
Yield/g/plant

Micronaire
Reading

Control

16.92a±0.00

13.5b±0.65

79.77abc±3.80

20.23cde±3.8

1.65a±0.06

41.28c±0.11

9.19b±0.05

22.27b±0.83

4.13a±0.05

PC

17.69a±0.48

15.0a±0.41

84.78a±1.29

15.22e±1.29

1.72a±0.05

42.33a±0.06

10.23a±0.03

25.85a±1.05

4.17a±0.06

SA

a

17.31 ±0.25

ab

ab

de

ab

23.90 ±1.14

4.17a±0.10

Control

13.08c±0.41

10.0d±0.41

76.47c±0.73

PC

14.62b±0.15

12.0c±0.41

82.11abc±1.35

SA

bc

cd

abc

cde

Giza 90

Control

Salt
4000

Control
Salt
8000

Salt
12000

LSD 0.5%

14.23 ±0.41
ef

9.62 ±0.50
d

PC

10.91 ±0.41

SA

de

10.38 ±0.50

Control
PC
SA

14.5 ±0.29

11.0 ±0.41

83.78 ±2.54

77.30 ±0.63

11.03 ±1.01

4.09a±0.08

38.52i±0.08

7.02g±0.09

3.74g±0.36

4.06a±0.06

38.86gh±0.05

7.27f±0.08

5.83fg±0.44

4.07a±0.11

1.06c±0.09

38.69hi±0.05

7.16fg±0.14

5.29g±0.87

4.07a±0.07

0.22

0.237

0.233

2.697

0.241

0.127

41.86 ±0.1

9.35 ±0.09

23.53c±0.73

1.54ab±0.11

39.77e±0.09

8.61d±0.04

15.41d±1.09

4.10a±0.09

17.89cde±1.35

1.58ab±0.05

40.33d±0.06

8.86c±0.07

18.92c±0.98

4.11a±0.09

d

cd

cd

4.11a±0.08

22.70 ±0.63

d

62.40 ±2.37

37.60 ±2.37

e

bc

77.93 ±2.88

cd

22.07 ±2.88

e

c

c

8.5 ±0.50

8.10 ±0.07

1.65 ±0.08

b

f

6.0 ±0.41

9.62a±0.
04
9.63a±0.
04
9.63a±0.
04
9.59a±0.
03
9.61a±0.
04
9.60a±0.
08
9.57a±0.
03
9.58a±0.
03
9.57a±0.
02
9.55a±0.
04
9.56a±0.
05
9.56a±0.
07

a

16.22 ±2.54

b

8.0 ±0.41

77.04 ±2.20

22.96 ±2.2

6.54g±0.29

3.5g±0.29

53.53e±2.06

8.94f±0.48

5.5f±0.29

61.50d±1.38

8.17f±0.48

5.0f±0.41

1.247

1.25

Pressley
Index

ab

40.16 ±0.09

b

g

39.02 ±0.11

b

f

39.34 ±0.05

b

f

1.58 ±0.07
1.38 ±0.15
1.39 ±0.02
1.38 ±0.06

39.26 ±0.09

46.47a±2.06

1.07c±0.11

38.50b±1.38

1.06c±0.05

61.22d±2.55

38.78b±2.55

6.314

6.314

b

8.80 ±0.07
e

8.07 ±0.11

17.37 ±1.15
f

8.30 ±0.98

4.08a±0.06

e

e

11.84 ±0.70

4.10a±0.13

e

e

8.16 ±0.05

Values are means of four replicates ± SE. Means followed by a letter in common in the same column are not significantly different at
P<0.05.

Yield Characters. The data in Table (2) show
that yield characters (No. of flowers and bolls, boll
weight, seed index and cotton seed yield) were
significantly affected by salt concentration
especially at 12000 ppm where reduction in yield
characters were observed as salt concentrations
increased. The reduction may be due to the rate of
photosynthetic CO2 assimilation is generally
reduced by salinity. This reduction is partly due to a
reduced stomata conductance and consequent

restriction of the availability of CO2 for
carboxylation.
Nonstomatal inhibition of photosynthesis,
caused by direct effects of NaCl on photosynthetic
apparatus independent of stomatal closure, has also
been reported for several plant species, both
halophytes and non-halophytes [52]. Salinity
severely affects the photosynthetic activity of plants
and it may be because of the variations in osmotic
potential and water potential within the tissues. As
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free amino acids, total soluble protein, proline
contents , antioxidant enzymes activity.

the salts within the plant tissues increases osmotic
potential increase while water potential decreases
[53]. So, this decrease in water potential affects the
opening and closing of stomata which finally causes
the imbalance in gaseous exchange and disturbs the
photosynthetic apparatus. On the other hand,
reduction in photosynthesis may be due to reduction
in stomatal conductance [54, 55]. The reduction in
seed cotton yield may be due to the reduction in its
components, I.e. number of open bolls/plant, weight
of bolls and seed index [41]. In general, salinity
especially at higher concentration exerts harmful
effects on plant metabolites required to form more
sound bolls with higher seeds. Also, salinity
decreased the vegetative growth especially leaves
number and area. The data in the same table showed
significantly increased in yield characters of cotton
plants by foliar application with potassium citrate
(PC) and salicylic acid (SA). Yield increases could
be attributed to the effect of potassium on new
growth and nutrient uptake which caused favorable
effects on the number of opened bolls per plant and
boll weight, leading to higher cotton yield. Ahmed et
al. [42]. Plants treated with SA grown under salinity
conditions enhanced all growth parameters and yield
compared with salinity treatment only. This positive
effect of SA may be attributed to the increase of CO2
assimilation and photosynthetic rate and increased
mineral uptake in stressed plant under SA
application [34]. SA significantly increased plant
growth either under stress or without stress
conditions. This effect probably related to SA
inhibition of Cl- and Na+ absorption and its help for
Mg, Fe, Mn, N and Cu absorption or results from its
effect on lipid peroxidation and membrane
permeability [34]. It could be concluded that
spraying cotton plants with PC and SA under salt
stress conditions increased yield characters
compared to untreated plants under the same salt
conditions.

ABBREVIATIONS
CAT: Catalase; LRWC: Leaf relative water
content; PC: Potassium citrate; POX: Peroxidase;
ROS: Reactive oxygen species; SA: Salicylic acid;
SOD: Superoxide dismutase.
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REMOVAL OF IRON, COPPER AND ZINC MIXTURES
FROM AQUEOUS SOLUTIONS BY CROSS FLOW
NANOFILTRATION
Duygu Kavak*
'HSDUWPHQWRI&KHPLFDO(QJLQHHULQJ)DFXOW\RI(QJLQHHULQJDQG$UFKLWHFWXUH(VNLúHKLU2VPDQJD]L8QLYHUVLW\
26480, Meselik, Eskisehir, Turkey,

control, low consumption of energy, no requirement
of chemical substances to be added and is feasible
for recovery of valuable metals [23-25]. Despite the
advantages of membrane methods, membrane
fouling and concentration polarization are important
drawbacks which lead to the decline in permeates
flux [26,27]. There are four various pressure-driven
membrane
methods:
microfiltration
(MF),
ultrafiltration (UF), nanofiltration (NF), and reverse
osmosis (RO) [22]. Among these membrane
methods, nanofiltration uses membranes with very
small pores (<1 nm) and requires operating pressures
in the 10-50 bars range [3]. NF membranes are
usually negatively charged. The membrane layer that
controls all the transport properties by diffusion,
convection, and Donnan exclusion mechanisms [21].
NF offers many more advantages such as higher
rejection of divalent ions, lower operating pressure,
higher flux and lower energy consumption compared
with reverse osmosis [3,19]. There are two ways to
operate nanofiltration process. While in dead-end
filtration, all of the solution is directed towards the
membrane area under applied pressure, in cross-flow
filtration entire solution is directed parallel to the
membrane surface [28]. Because fouling is less and
permeate flux is reasonable cross-flow filtration
method was used in this study.
Several studies have been reported using
nanofiltration (NF) for removal of multivalent heavy
metals such as Ni2+, Zn2+, Cu2+, Co2+, Cd2+, Pb2+,
As5+, Fe3+, and Cr6+. Gherasim and 0LNXOiVHN [3]
used an AFC 80 nanofiltration membrane for the
rejection of Pb2+ from aqueous solutions, and found
that the rejection of lead ions is >98% even for very
concentrated feed solutions. Piedra et al. [22] studied
the removal of Cr6+ from chromium plating rinsing
water with NF90. They reported that the rejection of
Cr6+ by NF90 above 99%. According to this study,
the NF90 membrane showed the best performance.
Chaudhari and Murthy [18] have studied, NF
membrane to separate Cd2+ and Ni2+ ions from
multicomponent aqueous solutions at different
operating conditions. The maximum observed
rejection of Cd2+ and Ni2+ ions are 80.57% and
85.27% for CdCl2-NiCl2-water system and 97.26 and
98.90%
for
CdSO4-NiSO4-water
system,
respectively. Nguyen et al. [29] studied the

ABSTRACT
Recently, nanofiltration process have shown
promise based on their high efficiency and their
convenience for the treatment of wastewater
containing heavy metals. In this study, cross-flow
nanofiltration process have been investigated for
removal of heavy metals such as Fe(II), Cu(II) and
Zn(II) from synthetic wastewater. NF-DK
membranes were used in the experiments. The
influence of operating parameters such as feed
concentrations (10, 25, and 80 mg/L) and transmembrane pressure (10, 20, and 30 bars) on the
Fe(II), Cu(II) and Zn(II) rejections and permeate flux
of DK membrane, was investigated. The results
indicate that the DK membrane has satisfactory
rejections over 99.3% against heavy metals at
optimum conditions.

KEYWORDS:
Nanofiltration; Heavy metal; Cross-flow system; Permeate
flux; Rejection

INTRODUCTION
Heavy metals are extremely harmful to the
environment and human health due to their toxicity
and their accumulation in living organisms [1]. The
sources of these metals in wastewaters are
electroplating, mining, metal finishing, battery
manufacturing, energy and fuel production,
fertilizers
and
pesticides,
leather-working,
photography automotive industries and chemical
manufacturing [2-4]. In the literature, conventional
methods have been discussed for removing heavy
metals from process waters such as: chemical
precipitation
[5,6],
coagulationflocculation/electrochmical
coagulation
[7,8],
adsorption [9,10], ion exchange [11-15] and
membrane methods [1,2,4,16-21]. Popularity of
membrane technology gained increased in chemical
and
environmental
engineering,
including
desalination and wastewaters treatment [1,22].
Membrane technology, which is known to be
environmental friendly, has ease of construction and
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separation of three divalent cations (Cu2+, Co2+ and
Ni2+) by two NF membranes (ESNA and DK) in a
cross flow module from pHs 3 to 5. They found that
rejection order for the two selected membranes was
Ni2+> Cu2+> Co2+ from conducted experiments. They
also pointed out the removal efficiency of DK
membrane was better than ESNA membrane. Zhu et
al. [19] used modified thin film composite (TFC)
nanofiltration (NF) hollow fiber membranes for
heavy metals like Ni2+, Zn2+, Cu2+, Cd2+, Pb2+, and
As5+. The resultant membrane possesses rejection
was over 99% against most of the heavy metals.
dLIWoLDQGùDQOÕ [30] studied the removal of Fe(III),
Cu(II), and Cd(II) ions from aqueous solutions by
polymer-enhanced cross-flow filtration technique.
Alginic acid/cellulose composite membranes were
used in the experiments. They obtained the rejection
values of the mixtures of 1x10-4 M Fe(III), Cu(II),
and Cd(II) as 89, 96, and 98%, respectively.
Heavy metal removal from aqueous solutions
with nanofiltration process has been investigated in
many studies; however, there is a lack of reports in
the literature using this technology especially for the
removal of Fe2+, Cu2+, and Zn2+ multicomponent
heavy metals from aqueous solution using DK
membrane. In this study, the effect of the DK
membrane on the NF performance was investigated
by treating synthetic water containing Fe2+, Cu2+, and
Zn2+. The performance of DK membrane was
evaluated with relation to both permeate flux and

Fe2+, Cu2+, and Zn2+ rejection as a function of
transmembrane pressure (10, 20, and 30 bars) and
feed concentration (10, 25, and 80 ppm).

MATERIALS AND METHODS
Materials. The nanofiltration membrane used
in this study was a DK membrane supplied by GE
Osmonics, Florida, USA as a flat sheet, thin film
nanofiltration membrane. DK membranes are
negatively charged having a proprietary active
nanopolymer layer based on polypiperazine amide
(PA) [31]. Table 1 shows the properties of the
membrane provided by the manufacturer [32].
Nanofiltration unit and procedures. The
schematic diagram of the cross-flow NF unit (SEPA
CF, Sterlitech) used in this work is shown in Fig. 1.
This stainless steel cross flow nanofiltration unit was
equipped with one membrane module with an
effective membrane filtration area of 150 cm2 (length
15 cm and width 10 cm) which was operated at
pressures of 10, 20, and 30 bars. The nanofiltration
unit consisted of a membrane module, a hydraulic
hand pump, a feed tank, a high pressure pump, an
analytical balance for the measurement of flux, a
computer, a thermostat and necessary fittings.

FIGURE 1
&URVVIORZQDQRILOWUDWLRQH[SHULPHQWDOVHWXS
TABLE 1
Information on the DK membrane, as provided by the manufacturers [32]
Manufacturer
GE Osmanics (USA)
MWCO* (Daltons)
~150-300
pH stability
2-10
Polimer
Thin-Film
96.00
MgSO4 Rejection (%)
Type
High Rejection
*Molecular Weight Cut-off
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JDLQVPRUHLPSRUWDQFH>@7KHPD[LPXPVWHDG\
VWDWHSHUPHDWHIOX[ZDVREWDLQHGDW¨3 EDUVIRU
DOOPHWDOFRQFHQWUDW൴RQV7KHPD[LPXPIOX[YDOXHV
RIPHWDOVZLWKDQGPJ/ZHUHDQG
/PKUHVSHFWLYHO\DWEDUVSUHVVXUH*KHUDVLP
DQG0LNXOiãHN>@DOVRREVHUYHGVLPLODULQFUHDVHLQ
SHUPHDWH IOX[ ZLWK LQFUHDVLQJ SUHVVXUH XVLQJ WKH
$)&  QDQRILOWUDWLRQ PHPEUDQH IRU UHPRYDO RI
3E ,, LRQVIURPDTXHRXVVROXWLRQV

The system pressure was adjusted by a by-pass
valve. Synthetic wastewater taken from feed tank by
centrifugal pump was transmitted to the membrane
cell. To measure the permeate flux, the amount of the
collected solution passed through the membrane was
determined using a sensitive balance connected to a
computer. The weight of the collected permeate was
measured at 1 min intervals. The operating time
required for the system to reach steady-state was
usually about 120 minutes. During all the tests, the
temperature of feed solution was maintained at 25ºC
with a thermostat.
Analytical methods. In the experiments, metal
ion concentrations of both feed and permeate were
analyzed by using an atomic absorption
spectrometer, model Perkin Elmer AAnalyst 400AA.
The permeate flux (J) is determined by using
Eq. (1):

J=

Q
A.t

(1)

FIGURE2
Effect of operating pressure on the permeate
flux of DK membrane (feed temperature: 25ºC,
[metals]=10 ppm).

Where Q, A and t are the volume of permeate
(L), effective area of the membrane (m2), and
operation time (h), respectively [4].

The rejection value (R) of heavy metals is
calculated as follows [33]:
 R = (1  

Cp
Cf

[ 

:KHUH &S PJ/  DQG &I PJ/  UHSUHVHQW WKH
PHWDOFRQFHQWUDWLRQVLQWKHSHUPHDWHDQGLQWKHIHHG
VROXWLRQUHVSHFWLYHO\

FIGURE 3
Effect of operating pressure on the permeate
flux of DK membrane (feed temperature: 25ºC,
[metals]=25 ppm).

Scanning electron microscopy (SEM). 7KH
PRUSKRORJ\RI'.PHPEUDQHZDVREVHUYHGZLWKD
VFDQQLQJ HOHFWURQLF PLFURVFRSH 6(0 -60
/9 -(2/  The VDPSOHV ZHUH FRDWHG ZLWK JROG
SDOODGLXP SULRU WR 6(0 REVHUYDWLRQ ,PDJHV ZHUH
FROOHFWHGZLWKDEHDPSRWHQWLDORIN9


RESULTS AND DISCUSSION
Effects of trans-membrane pressure on flux
decline and metal rejection. )LJV  VKRZ WKH
IOX[HV RI '. PHPEUDQH DV D IXQFWLRQ RI WUDQV
PHPEUDQH SUHVVXUH ሺοࡼሻ 3UHVVXUHV RI   DQG
 EDUV DQG PHWDO FRQFHQWUDWLRQ RI   DQG 
PJ/ ZHUH DSSOLHG $V VKRZQ LQ )LJV  WKH
SHUPHDWHIOX[LQ'.PHPEUDQHVGHFUHDVHGZLWKWLPH
IRU WKUHH PHWDOV 7KH IOX[ JUDGXDOO\ UHGXFHG DQG
UHDFKHG WR VWHDG\VWDWH YDOXH ZLWKLQ  PLQ 7KH
GHFOLQH RIIOX[LV PDLQO\GXHWRWKHGHSRVLWLRQDQG
DGVRUSWLRQRIIRXODQWVRQWKHPHPEUDQHVXUIDFH>@
7KH SHUPHDWH IOX[ LQFUHDVHG ZLWK LQFUHDVLQJ
SUHVVXUH )LJV   As pUHVVXUH LQFUHDVHV WKH
FRQYHFWLYH WUDQVSRUWDQGFRQFHQWUDWLRQSRODUL]DWLRQ

FIGURE 4
Effect of operating pressure on the permeate
flux of DK membrane (feed temperature: 25ºC,
[metals]=80 ppm).
)LJVVKRZWKH UHMHFWLRQ  RI PHWDOVDW
YDULRXV SUHVVXUH DQG YDULRXV LQLWLDO PHWDO
FRQFHQWUDWLRQV$VVKRZQ൴Q)൴JVWKHUHMHFW൴RQ
RIPHWDOVWKURXJKWKH'.PHPEUDQHV൴QFUHDVHGZ൴WK
൴QFUHDV൴QJSUHVVXUH7K൴V൴VH[SOD൴QHGE\0DKHUHWDO
>@ DV IROORZV ZKHQ SUHVVXUH ൴QFUHDVHV VROYHQW
SDVVDJHVLQFUHDVHPRUHWKDQVROXWHSDVVDJHVFDXVLQJ
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PHPEUDQH UHMHFWLRQ WR LQFUHDVH ,Q WKH FDVH RI WKH
'.PHPEUDQHWKHPD[൴PXPUHMHFW൴RQZDVREWD൴QHG
DWEDUVIRUVWXG൴HGKHDY\PHWDOV7KHUHMHFW൴RQVRI
)H&XDQG=QZHUHREWD൴QHGDVDQG
 UHVSHFW൴YHO\ ZKHQ WKH FRQFHQWUDW൴RQ RI 
PJ/DQGXQGHUEDUVSUHVVXUHZDVXVHG6൴P൴ODU
UHVXOWVFDQEHIRXQG൴QRWKHUUHVHDUFKHV>@

FIGURE 8
Effect of initial Cu(II) concentration on the
rejection of Cu(II) ions (membrane pressure:10
bar, feed temperature: 25ºC)

FIGURE 5
Effect of initial Fe(II) concentration on the
rejection of Fe(II) ions (membrane pressure:10
bar, feed temperature: 25ºC).
FIGURE 9
Effect of initial Cu(II) concentration on the
rejection of Cu(II) ions (membrane pressure:20
bar, feed temperature: 25ºC)

FIGURE 6
Effect of initial Fe(II) concentration on the
rejection of Fe(II) ions (membrane pressure:20
bar, feed temperature: 25ºC).
FIGURE 10
Effect of initial Cu(II) concentration on the
rejection of Cu(II) ions (membrane pressure:30
bar, feed temperature: 25ºC)

FIGURE 7
Effect of initial Fe(II) concentration on the
rejection of Fe(II) ions (membrane pressure:30
bar, feed temperature: 25ºC)

FIGURE 11
Effect of initial Zn(II) concentration on the
rejection of Zn(II) ions (membrane pressure:10
bar, feed temperature: 25ºC)
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Effects of initial metal concentration on flux
decline and metal rejection. 9DULRXV PL[WXUHV RI
WKH WKUHH KHDY\ PHWDOV )H &X DQG =Q  ZHUH
SUHSDUHG&RQFHQWUDWLRQVRIDQGPJ/IRU
HDFKPHWDOLQWKHPL[WXUHZDVXVHG3UHVVXUHVRI
 DQG  EDUV ZHUH XVHG DW & 7KH SHUPHDWH
IOX[HVDVIXQFWLRQVRILQLWLDOPHWDOFRQFHQWUDWLRQVDUH
VKRZQLQ)LJV$VFDQEHVHHQLQ)LJVWKH
SHUPHDWH IOX[ GHFUHDVHV ZLWK LQFUHDVLQJ PHWDO
FRQFHQWUDWLRQ 7KLV LV EHFDXVH LQFUHDVLQJ PHWDO
FRQFHQWUDWLRQUHVXOWVLQLQFUHDVHRISRODUL]DWLRQDQG
PHWDODGVRUSWLRQRQWKH PHPEUDQHVXUIDFH6LPLODU
UHVXOWVZHUHDOVRUHSRUWHGE\/LQHWDO>@DQGAlAseeri et al.>@
,QWHUPVRIPHWDOUHMHFWLRQDVVKRZQLQ)LJV
DKLJKOHYHORI±ZDVDFKLHYHGDW
EDUV DQG ZDV REVHUYHG WR LQFUHDVH VOLJKWO\ ZLWK
LQFUHDVLQJ PHWDO FRQFHQWUDWLRQ +HQFH XQGHU WKHVH
FRQGLWLRQV PHWDO FRQFHQWUDWLRQ ZRXOG QRW DIIHFW
PHWDO UHMHFWLRQ VLJQLILFDQWO\  $ VLPLODU WUHQG ZDV
DOVR UHSRUWHG E\ /LQ HW DO >@ $FFRUGLQJ WR WKH
VWXG\E\/LQHWDO>@JRRGPDVVWUDQVIHUDFURVVWKH
PHPEUDQH VXUIDFH GRHV QRW DOORZ IRU VHULRXV
FRQFHQWUDWLRQ SRODUL]DWLRQ $ VLPLODU LQFUHDVH LQ
PHWDO UHPRYDO ZLWK LQFUHDVLQJ PHWDO FRQFHQWUDWLRQ
ZDVDOVRREVHUYHGE\:DQJHWDO>@7KH\IRXQG
KLJKHU UHPRYDO RI PHWDO XVLQJ '/ DQG '.
PHPEUDQHIRUYDULRXVPHWDOVVXFKDV&XDQG&UZLWK
LQFUHDVLQJPHWDOFRQFHQWUDWLRQ
7KH VWHDG\VWDWH UHMHFWLRQV RI )H &X DQG
=Q ZHUH   DQG  UHVSHFWLYHO\
ZKHQ WKH FRQFHQWUDWLRQ RI HDFK KHDY\ PHWDO ZDV
IL[HGDWPJ/DQGZHUHDQG
UHVSHFWLYHO\ ZKHQ WKH FRQFHQWUDWLRQ RI HDFK KHDY\
PHWDOZDVIL[HGDWPJ/

FIGURE 12
Effect of initial Zn(II) concentration on the
rejection of Zn(II) ions (feed temperature:
membrane pressure:20 bar, feed temperature:
25ºC)

FIGURE 13
Effect of initial Zn(II) concentration on the
rejection of Zn(II) ions ( membrane pressure:30
bar, feed temperature: 25ºC)
7KH UHMHFW൴RQ VHTXHQFH 5=Q!5&X!5)H ZDV
REWD൴QHG Z൴WK '. PHPEUDQH DW DOO RSHUDW൴QJ
FRQG൴W൴RQV ,Q D V൴P൴ODU VWXG\ %HQQDQ൴ HW DO >@
H[SOD൴QHGWKDWWKH൴RQVZK൴FKKDYHK൴JKHUGLIIXVLRQ
FRHIILFLHQW ZLOO VKRZ ORZHU UHMHFWLRQ YDOXHV 7KH
GLIIXVLRQFRHIILFLHQWVRILURQFRSSHUDQG]LQFFDWLRQV
ZHUH IRXQG LQ WKH OLWHUDWXUH >@ 7KH GLIIXVLRQ
FRHIILFLHQWVRI)H&XDQG=QLQZDWHUDW&
DUH [ [ DQG [ FPV
UHVSHFWLYHO\ 7KH RUGHU RI GLIIXVLRQ FRHIILFLHQWV LV
LQYHUVHO\UHIOHFWHGLQWKHUHMHFWLRQVHTXHQFH>@
6LPLODU WUHQGV ZLWK QDQRILOWUDWLRQ PHWKRGV ZHUH
REVHUYHGLQWKHOLWHUDWXUHIRUYDULRXVLRQV>@

Scanning electron microscopy (SEM)
analysis. Fig. 14 shows the SEM images of the
surface morphology of the DK membrane.
According to the SEM images there are deposits of
foulants on the membrane surface used in NF
experiments when compared to the surface of an
unused membrane.



(a)

(b)
FIGURE 14
SEM images of DK membrane (a) before nanofiltration and (b) after nanofiltration
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removal from aqueous solutions by organic
thiourea derivatives intercalated magadiite.
Desalination and Water Treatment 57, 9383±
9395.
[16] Maher, A. Sadeghi, M. and Moheb, A. (2014)
Heavy metal elimination from drinking water
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CONCLUSIONS
,Q WKLV VWXG\ SHUIRUPDQFH RI D '.
QDQRILOWUDWLRQ PHPEUDQH KDV EHHQ VWXGLHG WR
VHSDUDWH Fe2+, Cu2+, and Zn2+ ions from
multicomponent aqueous solutions by cross-flow
nanofiltration at different operating conditions.
Effects of different factors including operating
pressure and initial metal ion concentration on
permeate flux and metal rejections were
investigated. Experimental results show that the
rejection of metal ions increases with increasing the
operating pressure. The rejection of metal ions also
increased with increasing concentration in feed but
slightly. The best performance obtained by DK
membrane was observed at an optimum transmembrane pressure of 30 bars. At 30 bars with
initial metal ion concentration of 80 mg/L the metal
rejection efficiency values were 99.30, 99.70, and
99.95% for Fe2+, Cu2+, and Zn2+ ions, respectively.
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pathogens causing diseases. Bacteria are associated
with disease outbreaks in aquaculture. These
accounts for more than 50% of disease outbreaks
among various fish species. Many pathogenic
bacteria have been isolated and identified from
different fishes such as Crucian carp,
CarassiuscarassiusandMegalobramaamblycephalai
ncreasing haemorrhagic septicaemia several times
[2]. Pathogenic bacteria were isolated from cultured
fish farms and characterised phenotypically and by
16S rDNA sequences. These isolates were assayed
for hemolytic and proteolytic activity [3]. In fishes,
bacteria of Aeromonadaceae family cause the wellknown diseases haemorrhagicsepticaemia, fin as
well as tail rot and results in high mortality in
commercial aquaculture [4].
Motile bacteria isolated from commercially
raised channel catfish were screened for production
of surface-layer protein. However, the surface layer
protein of aeromonads was produced only in 58%
isolates [5]. Sioutas et al. [6] reported the mortality
of carp (Cyprinuscarpio) in farms in northern
Greece. A bacterium secretes several enzymes
which cause the disease such as proteases, DNase,
RNase, lecithinase, amylase, lipase, gelatinase,
chitinase [7] and cytotoxic/ cytolytic enterotoxins
[8] and three haemolysins [9]. Rivero et al.[10]
reported that enzymes and toxins are major
virulence factors involved in the pathogenesis.
Other virulence factors may influence the
pathogenicity of organisms and production of
surface proteins, lipopolysaccharide, surface layer
or outer membrane proteins. Bacterial isolates from
water samples may be avirulence or less pathogenic
to fish than isolated from diseased fish
[11].Polymerase chain reaction is a rapid sensitive
and specific molecular tool for detection of
pathogens. The biochemically similar bacteria were
isolated from fish but they were slight difference
was proved by 16S rDNA sequencing [8].
The immunoassays have been accepted for
detection and characterise the pathogens. It requires
antigen or antibody. The whole bacterial cell can be
used for the immunoassay but common antigenic

ABSTRACT
Diagnosis is one of the most important steps
for prevention of disease. In the present study, we
have isolated bacteria from the muscles of
theabdominal
infected
area
of
diseased
fishCatlacatla, whichis the fastest growing Indian
major carp and an important freshwater fish in
Asian countries. On the basis of primary and
secondary biochemical test, it was confirmed that
Edwardsilatarda, Aeromonashydrophila and Vibrio
cholera are frequently present. DNA was isolated
and amplified with help of PCR and then RFLP was
performed, which showed all the three bacterial
isolates were pathogenic in nature on the basis of
350bp band pattern. Cell lines designed as C. catla
blood monocyte was developed from adherent
peripheral fish are one of the healthiest and low
calorie nutrient rich food sources. Partial
sequencing, amplification and alignment of
fragments of two mitochondrial genes 16S rRNA
and CO1 confirmed that the developed cell line
originated from C. catla. This cell line could be
successfully employed for cytotoxicity assays as
revealed by uptake of neutral red. This cell line can
be auseful tool to study the role of macrophages in
teleost immune response and development of
markers for macrophages.
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INTRODUCTION
Fish are the important nutrient rich food
source and have significant medicinal value. In
developing countries, freshwater reserves are
decreasing due to growing populations, increased
human consumption, urbanisation and the lack of
cost-effective sewage water treatment systems
[1].However, fish are susceptible to various
1108

© by PSP

Volume 26 – No. 1a/2017, pages 1108-1115

Fresenius Environmental Bulletin

necessary for the aerobic oxidation of the glucose
and/or the fermentation of the glucose. OF test was
done by growing the bacterium in two tubes of
Hugh and Leifson`s [12] medium; in one tube the
medium was overlaid with a layer of sterile paraffin
oil. The carbon sugar of the medium was glucose.
Oxidizers showed acid production in the open tube
while as fermenters produced acid in the paraffincovered tube and starting from the bottom in the
open tube.

epitopes give cross-reactivity. Therefore, the
purified and specific protein is required for the
diagnostics of pathogens.

MATERIALS AND METHODS
Isolation and biochemical identification of
bacterial isolates. The bacterial isolates were
isolated from diseased fish(Catla catla).

Carbohydrate breakdown (gas acid and
from glucose): Nutrient broth containing 5%
glucose was prepared and approximately 4ml of it
was taken in the test tube into which carefully a
small tube (Durham’s tube) was inserted. Then a
bacterial colony was inoculated into the tube and
was kept for incubation. After incubation if a gas
bubble is seen within small tube i.e. is positive for
the gas test, by theaddition of 100µl of Andrade’s
reagent, if colour changes to rose pink it means
positive test for acid. This was tested in sugar
media. Acid production was shown by pink or red
colour change of the medium and the gas produced
in the small tube.

Genus identification (primary test). A single
colony of each isolate was streaked on nutrient
agar. These colonies were subjected to the primary
tests for genus identification as per the methods
described below
Gram’s staining. Bacterial cells are
categorised into groups according to the structure
and composition of their cell wall. These are Grampositive (retain theviolet colour of Gram’s stain)
and Gram negative (undergo decolourization by
washing with acetone after staining with Gram’s
stain).The slides were observed under the
microscope using oil immersion objective (100X).
Cells stained red, were Gram negative (- ve).The
shape, size and arrangement of cells was noted.

Species identification (Secondary test).
Secondary tests are necessary to recognize bacteria
up to species level.

Motility Test. Hanging drop method was used
for motility of bacterial culture. A drop of overnight
grown culture was placed in the coverslip. All
corners of coverslip were smeared with paraffin
jelly. A dust free cavity slide was taken and
inverted over the coverslip, and then it was detcet
under the microscope using high power objective
(40X).

Methyl Red test (MR) and Voges-Proskauer
(VP) test. MR test was employed to observe the
production of acid during the fermentation of
glucose and pH below 4.5 in an old culture. Five
drops of 0.04% solution of methyl red were added
to the culture in glucose phosphate medium
incubated at 30ºC for five days, mixed well. The
red colour was positive while yellow signified a
negative test.
VP) test is used to observed the an organism
produces acetylmethyl carbinol from glucose
fermentation. In the occurrence of alkali and
atmospheric oxygen, the small amount of acetylmethyl carbinol exist in the medium was oxidised
to diacetyl (CH3.CO.CO.CH3), which reacted with
peptone broth to give a red colour. The test was
performing by adding 0.6ml of a 5% solution of
alpha-naphthol in ethanol and 0.4 ml of 40% KOH
to thesame tube which was used for MR test. The
result was positive if the colour was in the range of
pink to magenta and was considered negative if no
colour change was detected.

Oxidase Test. The test was done to observed
the cytochrome oxidase enzyme in bacteria. The
reagents contain tetramethyl-p-phenylenediamine (a
substrate for the cytochrome oxidase reaction). the
colourless reagent was showed the reduced state
and purple colour showed oxidised state. All
isolates were used for oxidase activity using
oxidase disks (HiMedia, Mumbai) saturated with
sterile normal saline. Oxidase disk was placed on
glass slide with culture. The appearance of dark
purple colour on the disk within the 30 seconds
denotes a positive test.
Catalase test. This test was used to detect the
catalase enzyme. It catalyses the break of the H2O2
and generates free oxygen. Fresh overnight grown
bacteria was re-suspended with normal saline and
placed on glass slide. Two drops of 30% H2O2 were
added. Evolution of gas from the culture indicated
apositive reaction for catalase.

Carbon source utilisation: citrate utilisation
test. This test was performed to show the ability of
amicroorganism to grow in media without organic
nitrogen and carbon but having the ability to utilise
Sodium citrate as a carbon source and ammonium
dihydrogenphosphate (NH4H2PO4) as a nitrogen
source.

Oxidation-fermentation test. The test was
done to determine the bacterium has these enzyme
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Simmon’s medium and Christensen citrate has
citrate have the lone source of carbon. The
production of turbidity in the medium was indicated
ability to use this substance. The slants of medium
were prepared in the tube and inoculated the
bacterial colony by streaking the loop over the
surface of the slope. The slants were incubated at
30oC and examined after 72 h.

(nutrient gelatin) used to tests the ability of an
organism to generate an exoenzyme, called
gelatinase, whichhydrolyzesgelatin. When gelatin is
below 32°C it is a semisolid form and above 32°C,
it is a viscous liquid. Gelatinase break down
gelatine into smaller polypeptides, peptides, and
amino acids and utilised by the organism. If an
organism can break gelatine, the areas where the
organism will remain clear zone after adding
mercuric chloride.

Decarboxylase reaction. From a plate culture,
tubes of the four media (arginine, lysine, ornithine,
and control) were heavily inoculated with a straight
wire, through paraffin layer. Alternatively, they
were inoculated by adding a drop of a suspension of
the organism above the paraffin layer and shaking
to distribute the inoculums; the paraffin rose to the
top on standing. It was then incubated and
examined daily for up to 5 days. The media first
became yellow due to acid production from the
glucose; if decarboxylation occurred, the medium
became purple. The control remained yellow. With
non-fermentative organisms, no acid (or insufficient
acid) was produced from glucose and there was,
therefore, no change of the indicator to yellow.

Caseinase Test. For the degradation of
casein some bacteria produced an exoenzyme e.i.
casease. Casein is a large protein that is responsible
for the white colour of milk. This test was
performed on milk agar media which was
containing casein, peptone and beef extract. If an
organism can produce casein, then there will be a
clearing zone around the bacterial growth.
Extraction of DNA from isolated bacteria
and PCR amplification for 16S rDNA. DNA was
extracted following Lo et al. [13]. Genomic DNA
(5 µl) was loaded on 1% agarose gel
electrophoresis.

Triple sugar iron (TSI) test. This test was
performed to observed the ability of an organism to
used specific carbohydrate (glucose, sucrose and
lactose).The test was performed by taking a single
colony from the plate and streaked on the slant of
sterilised TSI slants. Tubes were incubated at 30oC
for 18-24 hr. if the butt changed from red to yellow
and slant changed from red to yellow then glucose
and lactose were positive.
Some
organisms
decompose
sulphur
containing amino acids and produced H2S among
the products. Inoculated a tube of TSI Agar by
streaking the slope; observed daily for upto 7 days
for blackening only due to H2S production.

TABLE 1
Primers used for amplification of 16S rDNA
gene

Test.

Differential

Primer

Primer sequence

27 F
1492 R

AGA GTT TGA TCC TGG CTC AG
CTT GTG CGG GCC CCC GTC AAT TC

The 16S rDNA of bacteria is a highly
conserved non-structural gene, which is useful for
identification of bacteria. 100 ng DNA (1 µl DNA
template solution) was added to PCR tube
containing 50 µl of reaction mixture. The forward
primer was 27F' and reverse primer was 1492R
(Table 1). In 16S rDNA-specific amplicon from this
reaction was 1465 bp.10 µl of PCR reaction
products were run on 1% agarose gels.

Indole test. The test was done to observe the
ability of an organism to break tryptophan into
indole. This was tested in nutrient broth culture
incubated at 30oC for 48-96hrs. This test
demonstrated the formation of indole from
tryptophan. Kovac`s reagent (0.5 ml) was added
and shaken gently. The red colour indicated a
positive test.
Urease test. This test was carrying out to
observe the production of the enzyme Urease by
bacteria. Urease converts urea to ammonia, which
makes the condition alkaline. This change of pH
was indicated by phenol red (an indicator) whose
colour changes from yellow to pink. A slant of urea
media was made in a tube and inoculated and
examined after 24 hours. Urease positive culture
produced a violet colour and urea negative culture
remained yellow colour.
Gelatinase

Fresenius Environmental Bulletin

Restriction fragment length polymorphism
(RFLP). It refers to a difference between samples
of homologous DNA molecules. In RFLP analysis,
the DNA sample was digested by restriction
enzymes and restriction fragments was separated
by agarose gel electrophoresis (according to their
lengths).
Antigen
preparation
and
their
quantification and protein profiling of isolated
bacteria. Isolated bacteria was grown in 10 ml NB
medium, bacteria were harvested by centrifuge at
5000g for 10 min, the pellet was washed twice with
PBS and finally resuspended in 500 µl PBS and
sonicated. After sonication centrifuge with high

medium
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Effect of bacterial toxin on cell line. The
bacterial extracellular products from isolated
bacteria were tested with cytokeratin-positive cells.
The cell lines were grown in 24 well plates using L15 media with FBS supplemented and incubated at
30oC. After 24 hr, a monolayer was formed well.
For the toxicity test, the cell line was inoculated
with 0.1 ml serial dilutions of the bacterial
supernatant. Plates were incubated at 30 °C and the
effects of the bacterial toxin on the cells were
observed.

speed (13000g for 10 min) and collected
supernatant. These proteins were estimated with
Lowry method [14]and the concentration was 950
microgram per ml.
Whole cell protein analysis by SDS-PAGE
provides a rapid, simple and powerful tool to
discriminate and differentiate various strains of
bacteria. Whole-cell bacterial proteins were
analysed under reducing conditions in a 12% gel.
Ten µl of sonicated supernatant and reducing dye
(1:1) put on boiling water for 5 min, then loaded on
thegel and run at 25 V. After thecomplete run,
thegel was stained with astaining solution and
observed.

RNA Isolation. TRI reagent is the most
effective method for RNA isolation. It isolates a
whole spectrum of RNA molecules. Hundred mg
fresh tissues were taken and homogenised in TRIreagent and centrifuged at 12000g for 10 min at
40C. The supernatant was taken and 0.2 ml
chloroform was added. The tubes were shaken
vigorously for 15 sec and allowed to stand for 10
min at room temp. The tubes were centrifuged and
theupper layer was taken in another tube. Thereafter
0.5 ml isopropanol was added and the tubes were
incubated at RT for 10 min. After centrifugation at

Antibodies and immunofluorescence. The
cells were grown on coverslips (sterile) for 24 h.
Their after cells fixed and permeabilized. For
immunostaining, the coverslips incubated overnight
at 4°C with mouse anti-cytokeratin and mouse antivimentin antibodies. After PBS washing, cells were
incubated with rabbit anti-mouse FITC conjugate
for 1 h. The coverslips were washed again in PBS,
mounted in buffered glycerol and observed at
fluorescent microscope.
TABLE 2
Results of biochemical tests
Primary test:
S.N.

Biochemical tests
Grams staining

Results
1
-Ve

1

2
-Ve

3
-Ve

4
-Ve

5
-Ve

6
-Ve

2

Motility

M+

M+

M+

M+

M+

M+

3

Oxidase test

-Ve

+Ve

+Ve

-Ve

+Ve

+Ve

4

Catalase test

+Ve

+Ve

+Ve

+Ve

+Ve

+Ve

5

O/F test

F

O

F

F

F

O

6

Morphology

R

R

R

R

R

R

S.N.

Biochemical tests

Secondary test:
Result of Sample

1
2

MR test
VP test

1
+Ve
-Ve

2
+Ve
+Ve

3
+Ve
+Ve

4
+Ve
-Ve

5
+Ve
+Ve

6
-Ve
+Ve

3

Indole test

+Ve

+Ve

+Ve

+Ve

+Ve

+Ve

4

Urease test

+Ve

-Ve

+Ve

+Ve

+Ve

+Ve

5

Carbohydrate breakdown
1

Gas test

G-

G+

G+

G-

G-

G+

2

Acid test
Citrate utilisation test

A+

A+

A+

A+

A+

A-

1

Simmon’s citrate

-Ve

+Ve

+Ve

-Ve

+Ve

+Ve

2

Christenson test
Decarboxylase reaction
Arginine

+Ve

+Ve

+Ve

+Ve

+Ve

+Ve

-Ve

+Ve

+Ve

-Ve

+Ve

-Ve

Lysine
Ornithine
TSI
Alkaline

+Ve
+Ve

+Ve
-Ve

+Ve
-Ve

+Ve
+Ve

+Ve
-Ve

+Ve
+Ve

K/A

K/A

K/A

K/A

K/K

A/A

H2S production
Gas
Caseinase
Gelatinase

+Ve
G+
+Ve
-Ve

-Ve
G+
-Ve
-Ve

-V
G+Ve
+Ve

+Ve
G+Ve
-Ve

-Ve
G+Ve
+Ve

-Ve
G-Ve
+Ve

6

7
1
2
3
8
1
2
9
10
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In this study, a PCR-mediated identification assay
was designed using species-specificsegments of
16S rDNA as targets. 16S r DNA is anon-structural
gene of thebacterial genome. This is ahighly
conserved region of bacteria genome, this product
was amplified by the using 27F and 1492R primer.
The size of this product is approximately 1500 bp
(Fig 2).

previous speed, the supernatant was removed and
the pellet was washed with 70% alcohol and air
dried. The pellet was dissolved in RNA storage
solution and observed in 1% agarose gel.
Histological observation in experimentally
infected fish. In the study, mean 50-80 gm fish
were taken and acclimatised in thewet lab for 15
days. Bacteria were grown in 9 ml broth for 24 hrs
washed the bacteria and 100 µl of 1 x 108
bacteria/ml was injected in fish by intraperitoneal
route. After one week, lesions appeared. Then fish
was sacrificed and thesample was fixed in
10%NBF. After one week, fixed tissue was
dehydrated in ascending grades of alcohol, cleared
in chloroform and impregnated with wax. Finally,
paraffin block was prepared. The blocks were
sectioned at a thickness of 4-5 µ, stained with
Haematoxylin and eosin and mounted with DPX.
The stained sections were observed under
amicroscope.

FIGURE 2
Agarose gel electrophoresis of bacterial 16S
rDNA gene, amplified using universal primers
Lane 2 to 6- PCR product(~1500 bp), lane 1
negative control
Targets containing conserved regions and
areasof variability for specific identification of
bacteria arethe genes encoding 16s and 23s rRNA
[16]. In addition, astretch of DNA between the 16S
and 23S rDNA, the16S-23S rDNA intragenic
spacer region, proved to be a comparable
speciesspecific segment.

RESULTS AND DISCUSSION
Biochemical tests. We have done biochemical
test for identification genus (primary test) and
species (secondary test). On the basis of
biochemical tests, these isolates are isolate no 1 and
4, Edwardsiellatarda(Table 2),isolate no 2,
Pseudomonas aeruginosa(Table 2),isolates no 3
and 5, Aeromonashydraphila(Table 2) and isolate
no. 6, Vibrio cholera (Table 2).

RFLP. In this study, PCR-amplified 16s
ribosomal DNAs of strains were analysed on the
basis of their restriction fragment length. Tetra
cutter restriction enzyme was used for digestion; it
is useful for screening of bacterial strains.Fig.
3shows amplified 16s rDNA gene restriction
analysis in 3% agarose gel. Lane 3, 100 bpladders,
Lane 1,2,4, 5 restriction analysis patterns of
isolates.

Results of biochemical test. On the basis of
biochemical tests, these isolates areIsolate no 1 & 4, Edwardsiella tarda
Isolate no 2, Pseudomonas aeruginosa
Isolates no 3&5, Aeromonas hydraphila
Isolate no 6, Vibrio cholera
DNA extraction from isolated bacteria and
PCR amplification for 16S rDNA. Genomic DNA
was isolated from bacteria and Fig. 1 shows
bacterial genomic DNA.

FIGURE 3
Amplified16S rDNA generestriction
analysis in 3% agarose gel Lane 3, 100 bpladder,
Lane 1,2,4,5, -restrictionanalysispattern of
isolates.
Yoon et al. [17] identify Saccharo monospora
strains by using RFLPs analysis of PCR-amplified
16s ribosomal DNA.

FIGURE 1
Lane 1-7. Agarose gel electrophoresis of
bacterial genomic DNA on 0.8% gel.

Antigen
preparation
and
their
quantification and protein profiling (SDSPAGE) of isolated bacteria. Bacterial cultures (24
hr old) were used for isolation of protein, the
concentration of this protein was estimated by

Hassan et al., [15] has been reported that 16S
rDNA has been widely used for the identification of
micro-organisms at genus, family or species levels.
1112
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Expression of RNA. Different tissues of fish
such as liver, kidney, spleen were taken for RNA
isolation. Fig. 7shows agarose gel electrophoresis
of RNA extracted from fish tissues; total RNA from
spleen, kidney and liver (Lane 1, 2, 3), respectively.

Lowry method [14] and it was 950 µg/ml. The
isolated bacterial protein can be used in
immunoassays or for immunisation. These proteins
were used for differentiated of strains bacteria on
the basis of their band pattern. Fig. 4shows total
protein profile of bacteria and serum (lane 3, 4, 5,
6), serum protein normal fish (lane 1), serum
protein infected Catla fish (12%, lane 2).

FIGURE 7
Agarose gel electrophoresis of RNA extraxted
from fish tissues; Lane 1,2,3- Total RNA from
spleen, kidney and liver, respectively.

FIGURE 4
Lane 3,4,5,6 Total protein profile (SDSPAGE) of bacteria and serum, Lane 1, Serum
protein normal fish, Lane 2, Serum protein
infected Catla fish(12%)

Histology of kidney from infected Catla
catla. Apparently, healthy fish was challenged with
isolated bacteria and after two-week tissue was
fixed for observation of effect on kidney tissues.
Fig. 8 shows a section of a kidney from C. catla and
it was stained with Haematoxylin and Eosin.

Antibodies and immunofluorescence. This is
an antibody-based test, in this, we have observed
the effect of the toxic material of bacteria on the
related fish cell line, here we confirmed that these
cells are epithelial-like by using this antibody. Fig.
5 shows immunofluorescent staining of cultured
cells for a demonstration of cytokeratin.

FIGURE 8
A section of kidney from infected Catla catla fish
stained with Haematoxylin and Eosin. Black
colour arrow indicated enlargement of bowman
capsule and green arrow vacuole formation.

FIGURE 5
Immunofluorescent staining of cultured
cells for demonstration of cytokeratin.

Kaleeswaran et al [18] also reported that
Aeromonas hydrophila infected C. Catla showed
the symptoms such as haemorrhages erosion of the
pectoral fins, ulcers on the skin surface and
septicaemia, kidney and spleen with clear
histopathological alterations in morbid fish.
Moreover, histopathological changes have been
widely used as biomarkers for evaluating the health
of fish. It was also observed that histopathological
alterations are good biomarkers for field
measurement [19].
Witeska and Jezierska [20] and Kondera and
Witeska [21] have been reported heavy metals such
as cadmium damaged the hematopoietic renal tissue
of fish e.g. common carp. Diagnosis is one of most
important step for prevention of disease. There are
so many diseases possible in fish such as bacterial,

Effect of bacterial toxin on cell line. 24 hrs
old cultures supernatant were used in a different
concentration, after 48 hr it was observed that cells
were going dead.Fig. 6 B shows cytotoxic effects of
bacterial extracellular products on cultured cells of
catla.

FIGURE 6
Cytotoxic effects of bacterial extracellular
products of cultured cells of catla
A. Control cells B. Exposed cells
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fungal, viral and parasitic etc. Bacterial disease in
fishes is possible throughout the year.In this study,
we have isolated bacteria from diseased fish and
characterised through the biochemical test,
molecular and protein level difference we have
observed. We have also observed the effect of
bacteria and their toxin on the cell.
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THE EFFECT OF VERMICOMPOST, SHEEP MANURE, AND
COW MANURE ON NUTRITION CONTENT OF
CURLY LETTUCE (Lactuca Sativa var.)
Korkmaz Belliturk1,*, Nazli Hinisli2, Aydin Adiloglu1
1DPÕNKemal University, Faculty of Agriculture, Department of Soil Science and Plant Nutrtion7HNLUGD÷
2
Bingöl Directorate of Provincial Food, Agriculture and Livestock, Bingöl.

1

increase soil fertility in a short period of time [1].
Vermicompost production has developed in
European countries, India, and America. It is
recognized as a high quality product and innovative
addition to fertilizer options.
There is an increase in the number of users
and producers of vermicompost in our country
(Turkey) too. Soils in Turkey typically have less
than 1% organic matter. It is difficult to increase
soil organic matter and vermicompost is an
alternative fertilizer that raises organic matter. But
the most important reasons for vermicompost are
the benefits to the environment, crops, and soil [2].
Polat et al. [3]. found that various organic
fertilizers increased the lettuce yield by 56-212%
when compared to the control (no fertilizers added).
In this study, solid chicken manure and liquid
chicken manure had the greatest effect on
increasing lettuce head size, root collar diameter,
and weight when compared to the control. This
research also found that chicken manure
applications did not have a significant effect on pH.
Gul et al. [4]. investigated the role of cow
manure on maximizing iceberg lettuce growth in a
production system without soil. In this experiment,
the same rate of cow manure was mixed with soil in
pots before planting seeds. Results indicate that this
application had no effect on early germination rates
and plant growth. However, the results suggest that
organic manure can be used as an effective fertilizer
application in perlite media mixtures.
Arancon et al. [5]. reported that vermicompost
had a significant role in ripening a variety of plants
even at low application rates. This study also
indicated that vermicompost application is most
effective when applied during flowering period of
fruits and vegetables.
In another study, the effect of vermicompost
and cow manure on the germination rates of tomato
and lettuce plants was investigated. Vermicompost
had a greater effect on plant growth and
development than cow manure [6].
Azarmi et al. [7]. applied 1.5 tons of
vermicompost per hectare to the tomato crop. The
application of vermicompost improved the crop
quality and nutritional content, organic carbon, N,
P, K, Ca, Zn, and Mn.

ABSTRACT
The main purpose of this study is to assess the
effect of different concentrations of vermicompost,
sheep manure, and cow manure on curly lettuce
crop nutritional content and yield. This study was
conducted using random experimental design in
greenhouse conditions. The three amendments were
incorporated into 2500 gr of topsoil from a wheat
field in the following concentrations: 1% (25 gr),
3% (75 gr), 5% (125 gr) and 7% (175 gr). It was
observed that the vermicompost had a significant
effect on the germination rate. In general,
application of sheep manure resulted in higher
nutrition content of the plant. However,
applications of cow manure resulted in higher levels
of N uptake. The N content of curly lettuce
increases in a linear manner reaching a high of
3.608% with an application rate of 7% cow manure.
KEYWORDS:
Vermicompost, sheep manure, cow manure, curly lettuce.

INTRODUCTION
Food needs around the world are rising with
the rapid population growth rate causing an increase
in agricultural activities. The mismanagement of
fertilizers and pesticides in planting systems can
lead to soil degradation and other adverse impacts
on the environment. Particularly in fields where
fertilizer is the only amendment for soils, the
sustainability of the field fertility will be disrupted.
In these conditions, new approaches should be
considered.
Current research is examining agricultural
systems that limit negative effects of farming on
soil and other environmental factors, are more
sustainable, and rely on organic fertilizers rather
than conventional agriculture methods. There is a
global focus on sustainability concepts of
agricultural production. Sustainable approaches can
include taking advantage of the biological processes
of worms as vermicompost. Worms are capable of
breaking down organic matter into elements that
1116



Volume 26 ± No. 1a/2017, pages 1116-1120

© by PSP

Fresenius Environmental Bulletin


for nutrient content by a private laboratory in
Istanbul.

In the current study examined in this paper,
different rates of vermicompost, sheep manure, and
cow manure were applied. The effects on lettuce
leaf quality and nutrient content were observed.

MATERIALS AND METHODS
In this study, curly leaf lettuce seed was
planted LQWRSVRLOIURPZKHDWILHOGVRZQHGE\<HúLO
6DQDW 3H\]DM 0LPDUOÕN øQúDDW *ÕGD 7HNVWLO 6DQD\L
Ticaret Ltd. (Green Art Landscape Architecture,
Construction, Food, Textile Trade Industry). Table
1 illustrates some of the physical and chemical
characteristics of the field soil used in this study.
The results of the soil analysis show that the
sample soil texture was clay with extremely low
salinity and neutral pH. The soil has above average
levels of organic material and average levels of
nitrogen, and calcium carbonate. In terms of
nutrient element contents, concentrations of P, K,
Fe, and Mn were sufficient. However, the analysis
indicates that the soil was boron deficient.

TABLE 1
Soil analysis results
Parameters
N
P2O5
K2O
Organic
material
Saturation
percent
pH
salinity
CaCO3
Ca
Mg
Fe
Cu
Zn
Mn
B

Concentration
0.135
113.90
391,98
2.69

Unit
%
kg/da
kg/da
%

40.90

-

7.16
0.006
11.12
12.81
1007.99
11.84
1.28
3.37
2.78
0.01

%
%
ppm
ppm
ppm
ppm
ppm
ppm
ppm

FIGURE 1
Pots of curly leaf lettuce with vermicompost,
sheep manure, cow manure, and control
treatments.


Total nitrogen of the crop, soil, and fertilizer
samples were analyzed by using Kjeldahl method.
Crop, soil, and fertilizer samples were analyzed for
phosphorus, potassium, calcium, magnesium, iron,
copper, zinc, manganese, and boron by PerkinElmer
ICP-OES system [8, 9]. The texture of soil samples
were determined by saturating samples in water
[10]. The pH was measured using a ratio of 1:2.5,
soil:distilled water, with a glass electrode pH-meter
[11].
The salinity was measured with a Sanxin
electric conductivity instrument (EC meter) with a
ratio of 1:2.5 (soil:water). The amount of soil
organic matter was determined with the WalkleyBlack method. Scheibler Calcimeter method was
used to measure the CaCO3 content of the soil [12].
The detailed results in Table 2 summarize the
vermicompost, sheep manure, and cow manure
fertilizer analysis results. The organic matter
content of the applied vermicompost, sheep
manure, and cow manure were respectively
37.84%, 58.49% and 12.22%. Sheep manure had

The experiment took place in plastic pots in
greenhouse conditions. Each pot was filled with
2500 gr soil. Vermicompost, sheep manure, and
cow manure were mixed at rates of 1% (25 gr), 3%
(75 gr), 5% (125 gr) and 7% (175 gr). There were
four replications including four control pots (no
fertilizer added). Pots were irrigated with tap water
using a method specifically designed for this
experiment (Figure 1). The lettuce crop was
harvested 45 days after planting. The lettuce leaf
tissue, soil samples, and fertilizers were analyzed
1117
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illustrates the correlation coefficient analysis results
of different rates of fertilizer applications and the
plant nutrient content.
As shown in Table 3, the correlation
coefficients varied for the major elements N, P, K.
Overall, the results were more consistent with sheep
manure having higher positive correlation
coefficients or less negative coefficients with the
more minor elements.
The total nitrogen correlation coefficient of
cow manure was highest (0.736) and vermicompost
had the lowest total nitrogen (0.14). This shows that
there is a closer relationship between total nitrogen
and cow manure applications than in either of the
other two organic fertilizers.
Phosphorus had an even higher correlation
coefficient with sheep manure (0.848) than total
nitrogen and cow manure. Cow manure applications
had nearly no relationship with phosphorus (0.034)
and vermicompost had a negative correlation
coefficient with phosphorus (-0.362).
There was a high negative coefficient
correlation between cow manure applications and
potassium (-0.888) and a slightly lower negative
correlation between vermicompost and potassium (0.532). This suggests that the higher the cow
manure or vermicompost applications were the
lower the potassium content of the curly lettuce

the highest amount of organic matter, cow manure
had the lowest, and vermicompost was in between
the two.
In order to assess the data for statistical
significance, the SPSS software package was used
to perform the correlation analysis [13].

RESULTS AND RECOMMENDATIONS
The effect of different application rates for the
three treatments (vermicompost, sheep manure, and
cow manure) on the nutritional content of the curly
lettuce crop was determined from laboratory leaf
analysis and statistical correlation investigations to
show the degree of relationship. The correlation
coefficient ranges from -1 to +1. There are strong
correlations between application rates and nutrient
content when the correlation coefficient approaches
either -1 or +1. Values approaching +1 show a
strong positive linear relationship i.e. the higher the
application, the higher the nutrient content of that
particular element. A correlation coefficient
approaching -1 indicates a strong indirect
relationship i.e. the higher the application the lower
the nutrient content. A correlation coefficient
approaching 0 (zero) indicates that the variables
have very little relationship to each other. Table 3

Parameters
Total nitrogen
Total phosphorus
Water soluble potassium
Total calcium
Total magnesium
Total boron
Water soluble zinc
Water soluble cooper
Water soluble iron
Water soluble manganese
Organic matter

TABLE 2
Fertilizer analysis results
Vermicompost
Sheep manure
1.10
2.43
1.11
3.79
7.19
40.60
10.19
5.19
0.77
1.74
0.003
0.010
86.41
381.82
15.65
50.72
885.90
1830.00
657.82
798.20
37.84
58.49

Cow manure
0.56
0.65
5.45
1.35
0.44
0.002
51.51
14.24
556.94
311.45
12.20

Unit
%
%
%
%
%
%
ppm
ppm
ppm
ppm
%

TABLE 3
Statistical analysis showing coefficient correlations of fertilizer treatments with lettuce
leaf nutritional content.
Correlation coefficient results for fertilizer application rates and lettuce leaf nutrient
content
Treatment
(N)
(P)
(K)
(Ca)
(Mg)
(Fe)
(Cu)
(Zn)
(Mn)
(B)
Vermicompost

0.140

-0.326

-0.532

0.429

0.250

-0.246

0.439

0.706

-0.608

-0.901

Sheep

0.411

0.848

0.176

0.890

0.831

0.500

0.821

0.774

0.611

-0.507

Cow

0.736

0.034

-0.888

-0.448

-0.579

-0.488

0.653

0.001

-0.692

-0.883
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Direct relationship

Indirect relationship

FIGURE 2
Graph depicting direct and indirect relationships between fertilizer applications and crop
nutrient content as represented by correlation coefficients.

manure applications. According to these results,
vermicompost
additions
encourage
earlier
germination by as much as one week. This
indicates that vermicompost would have a high use
value when beginning the growing season earlier in
a priority.

leaf. There was very little relationship between
sheep manure applications and potassium content
(0.176).
Figure 2 illustrates the relationship between
the fertilizer applications and crop content with
correlation coefficient results. The graph highlights
strong direct and indirect relationships.
The highest correlation coefficients were
observed in the sheep manure applications with Ca
(0.890), Mg (0.831), Fe (0.500), Cu (0.821), Zn
(0.774), and Mn (0.611). Vermicompost
applications also had the highest correlation
coefficients with Zn (0.706) and the most negative
correlation with boron (-0.901). This suggests that
vermicompost would be a better choice for crops
with high zinc demand than sheep or cow manure
and would be detrimental to use in crops with high
boron demand.
Although cow manure had the highest positive
correlation coefficient for nitrogen (0.736) and a
high correlation coefficient with copper (0.653), it
had negative correlation coefficients with Ca (0.448), Mg (-0.579), Fe (-0.488), Mn (-0.692), and
B (0.0883). Cow manure has the lowest calcium
concentration which may be due to excess calcium
exiting the cow via milk rather than excrement.
Cow manure had no relationship with phosphorus
(0.034) or with zinc (0.001). This suggests that cow
manure was able to tie-up nutrients in the soil or
otherwise make unavailable to the crop, nutrients
other than N and Cu.
The curly leaf lettuce seedlings emerged after
eight days in pots with vermicompost applications
and after 15 days in pots with either sheep or cow

CONCLUSION
The observed results from this study suggest
that vermicompost encourages a faster germination
rate for curly leaf lettuce. This may be due to the
higher nutrient availability of vermicompost earlier
in the application process. On the other hand, curly
leaf lettuce with sheep manure applications
generally had higher coefficient correlations with
nutrient content. This may be due to increased
nutrient uptake because of the high water solubility
of those nutrients. Although cow manure had less
total nitrogen than vermicompost or sheep manure,
results indicate that cow manure applications had
high correlation coefficients with nitrogen. This
suggests that nitrogen from cow manure may
release more quickly and be the best choice in fields
where nitrogen content is a concern earlier on in the
growing season.
More research is needed in Turkey to elucidate
these findings. It is recommended that additional
studies be conducted under field conditions with
variations in soil type and environmental conditions
on different crops and include data on production
yield. Additionally, mixing the different fertilizers
could improve the effect crop yield. For example, a
1119
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[9] [9] Kacar, B., 2009. Toprak Analizleri
*HQLúOHWLOPLú  %DVNÕ  1REHO <D\ÕQ 1R
1REHO<D\ÕQ'D÷ÕWÕP$QNDUD
[10] Tüzüner, A., 1990. Toprak ve Su Analiz
/DERUDWXYDUODUÕ (O .LWDEÕ 7& 7DUÕP YH .|\
øúOHUL %DNDQOÕ÷Õ .|\ +L]PHWOHUL *HQHO
0GUO÷V-73, Ankara.
[11] %D\UDNOÕ )  7RSUDN YH %LWNL $QDOL]OHUL
dHYLUL  2QGRNX] 0D\ÕV hQLY =LUDDW
Fakültesi, s: 77-79, Samsun.
[12] *HGLNR÷OX ø  7RSUDN 9HULPOLOL÷LQLQ
7D\LQLQGH .XOODQÕODQ /DERUDWXYDU $QDOL]
<|QWHPOHUL .+*0 ùDQOÕXUID $UDú (QVW
0G<D\*HQHO<D\ÕQ1R7HNQLN<D\ÕQ
No:11, s:22-ùDQOÕXUID
[13] Eymen, E., 2007. SPSS Kullanma Klavuzu.
øVWDWLVWLN0HUNH]L<D\ÕQ1RøVWDQEXO

mixture of the three fertilizers may encourage early
germination from vermicompost, high yield with
nitrogen uptake from cow manure, and increased
nutrient content with uptake of the water soluble
nutrients from sheep manure.
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CELLULASE ISOLATION, PRODUCTION AND
CHARACTERIZATION FROM BACILLUS SP. AND CANDIDA
SP. STRAINS CULTIVATED IN KOMBUCHA
Sina Akan Gumusburun, Ibrahim Halil Kilic, Mehmet Ozaslan*
Department of Biology, Gaziantep University, TR27000-Gaziantep, Turkey

linkages of cellulose >6@. Cellulose is broken down
to give glucose during metabolic processes.
Cellulose cannot be taken into the cell due to its
solubility in water. Biologic degradation of cellulose
occurs outside of the cell >7@.
Biotechnological conversion of cellulosic
biomass is a desirable feedstock for several
bioprocesses and products >8@. Cellulase has been a
commercially available agent for more than 30 years
and is very important in both academic and industrial
areas
areas>9@;
>10@;>11@.A
number
of
microorganisms including bacteria, fungi, and yeast
can produce cellulose>12@; >13@;>14@. Genera
including Bacillus, Cytophaga, Herpetosiphon,
Pseudomonas,
Cerratia,
Streptomyces,
Sporocytophaga,
Thermoactinomyces,
and
Thermomonospora are known as aerobic cellulolytic
microorganisms
>7@.
Cellulase
has
wide
biotechnological potential in various fields including
animal feed, carotenoid extraction, and the
agricultural, waste management, paper, textile,
bioethanol, wine and brewery, food processing, olive
oil extraction, and detergent industries. High
production costs and low production yields are
among the major problems in industrial enzyme
applications. Microbial enzymes are preferable
because of their lower production costs and high
yields>14@;
>15@.
Cellulase
synthesizing
microorganisms can live in many habitats. The
microorganisms found in Kombucha produce
various metabolites in the food chain>16@.
In this study, we aimed to evaluate the cellulose
activities of Bacillus sp. strain cultivated in
kombucha as well as the optimization of this
enzyme.

ABSTRACT
The aim of this study was the isolation,
production and characterization of cellulase from
Bacillus sp. and Candida sp. strains cultivated in
kombucha. As the first step, all the bacterial strains
were isolated from kombucha. Candida sp and
Bacillus sp. were determined as the highest cellulase
producers. Cellulase from Candida sp SNK-5
showed maximum activity at pH 9.5 and 60 °C,
whereas the enzyme from Bacillus sp SAK-5 showed
maximum activity at pH 9.0 and 40 °C. The enzyme
isolated from Candida sp. SNK-8 and Bacillus sp
SAK-5 had 100% residual activity at pH 9.0 and 7.0,
respectively. The cellulase from Candida sp. SNK-8
also showed 100% and 85% residual activity at 30
°C and 40 °C, respectively. Cellulase from Bacillus
sp. SAK-5 was shown to have 100% residual activity
at 40 °C. It was stable between 30 °C -50 °C, but the
activity was decreased above 50 °C. CaCl2, Na2SO3
and SDS were found to stimulate the enzyme
activity. This study shows that Bacillus sp. SAK-5
and Candida sp. SNK-8 are suitable for commercial
cellulase preparation. If pH stability and alkaliphilic
properties are considered, these cellulases have
potential to be used for most industrial applications.
KEYWORDS:
Cellulase; Candida sp.; Bacillus sp., Kombucha, Enzyme

INTRODUCTION
Kombucha is a fermented and sweetened black
tea and it consists primarily of a culture of bacteria
and yeast. Cellulose is produced during the
fermentation process and appears as a thin film on
the top of the tea >1@. Cellulose is the most abundant
and renewable biopolymer on the planet >2@.
Cellulose makes up about 40% of wood, 60-85% of
linen, and 85-90% of cotton fibres>3@;
>4@.Hemicellulose is a non-cellulose polysaccharide
in wood >5@.
Biodegradation of cellulose is catalyzed by a
complex of cellulase and hemicelullase enzymes.
Cellulases hydrolyze the beta 1-4-glycosidic

MATERIALS AND METHODS
Isolation and Screening. Samples were
isolated from kombucha>17@. The samples were
diluted and inoculated on YM agar, LB agar and
incubated at 30 °C for 3 days and 37 °C for 1 day,
respectively. The single colonies were selected and
inoculated on YM agar and LB agar, incubated at 30
°C for 3 days and 37 °C for 1 day, respectively. The
1121
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isolates were then inoculated on YPD and CMC agar
containing 1% carboxymethyl cellulose and
incubated at 30 °C for 3 days and 37 °C for 1 day,
respectively>11@; >18@.The plates were stained with
Congo Red solution for 15 minutes and treated with
NaCl for re-staining. In the assays, Bacillus sp. and
Candida sp. strains were used since they showed the
maximum zones.

Thermal stability and pH stability. To
determine the thermal stability, enzyme supernatant
was pre-incubated at a temperature range of 20-80
°C for 30 minutes. To determine the pH stability, the
enzyme supernatant was pre-incubated in a pH range
of 6.0 - 11.0 at 37 °C for 42 hours. After preincubation, the enzyme activity was measured by
using an enzyme assay as described elsewhere>18@;
>20@;>22@.

Identification of microorganisms. The
highest cellulase producers were identified by
evaluating their morphological properties. Candida
sp. and Bacillus sp. were identified by API
Biomerieux and Vitek-2 Biomerieux, respectively.

Influence of metal ions. Inhibitors and metal
ions were added to each enzyme supernatant. The
enzyme was pre-incubated at 37 °C for 15 minutes in
the presence of 5 mM CaCl2, 5 mM Na2SO3, 5 mM
KCl, 5 mM urea, 5 mM EDTA, 5 mM ZnCl2, 5 mM
306)P0ȕ-mercaptoethanol, 5 mM MgCl2, 1%
of SDS, and 1% of trixton X-100, as described by
Yin >23@ and Miller >22@. After pre-incubation,
enzyme activity was measured by using an enzyme
protocol reported elsewhere>18@; >20@;>22@.

The influence of pH and temperature on
growth and production of cellulase. We used CMC
and YEPD agar with the initial pH values of 5, 6, 7,
8, 9, and 10 to determine the influence of pH on
growth and production of cellulase. Bacillus sp.
SAK-5 and Candida sp. SNK-8 were inoculated on
CMC and YEPD agar and incubated at five different
temperatures between 20 °C and 40 °C. The
influence of temperature and pH were then measured
as described by Horikoshi >14@and Kuhad >19@.

Statistical Analysis. One sample test analysis
was performed using SPSS 22.

RESULTS
Enzyme production and partial purification
of cellulase. Candida sp. SNK8 were inoculated in
YEPD broth and incubated at 30 °C for 3 days. On
the other hand, Bacillus sp. SAK5 was inoculated in
CEPM broth at 37 °C for 1 day at 250 rpm. After
incubating, cells were removed by centrifugation at
4 °C. The supernatant was used for enzyme assay
>18@; >20@. Partial purification was carried out by
using the ethanol precipitation method as described
by Aygan and Arikan >18@.

Isolation and screening. Eighteen isolates
obtained from kombucha were screened for the
production of cellulase on agar plates. Among the
isolates, two of them were selected since they
showed the maximum activity one on the agar plates.
They were identified as Bacillus sp. (Vitek-2
BioMerieux) and Candida sp. (API BioMerieux).
The influences of pH and temperature on the
growth and production of cellulase. Maximum
cellulase production was observed at pH 7 and at 30
°C for Candida sp. SNK-8 and at pH 6 and 35 °C for
Bacillus sp. SAK-5. Above pH 8, cellulase
production was decreased for both species. The
species showed some growth up to pH 10. The
activity zone diameter of Candida sp. SNK-8 at pH
7.0 was determined as 18 mm. The enzyme synthesis
was observed between pH 6.0 and pH 8.0.

Enzyme assays. 0.5 ml of enzyme solution and
0.5 ml of CMC in phosphate buffer (50mM pH 5.0)
were incubated at 37 °C for 30 min>21@. The DNS
reagent was used to release the sugars, as described
by Miller >22@.
Effect of pH and temperature. The effect of
pH on the cellulase activity was assayed at different
pH values (pH 6.0-11.0) by using three different
buffers >18@.0.5 ml of enzyme solution and 0.5 ml of
1% CMC (in buffers having different pH) were
mixed in the test tubes and incubated at 50 °C for one
hour. After incubation, 1.0 ml of DNS reagent was
added to the mix and boiled for 5 minutes. After that,
absorbance was measured at 550 nm. On the other
hand, the effect of temperature on the cellulase
activity was evaluated at different temperature
values>17@; >20@.0.5 ml of enzyme solution and 0.5
ml of 1% CMC in buffer were incubated in a range
of 20 °C to 80 °C. After incubation, 1.0 ml DNS
reagent was added to mix and boiled for 5 minutes.
The reaction was measured by absorbance at 550 nm.

Effect of temperature and pH. Candida sp.
SNK-8 and Bacillus sp. SAK-5 were tested for their
enzyme activities at different temperatures. Bacillus
sp. SAK-5 showed maximum enzyme activity at 40
°C whereas the maximum activity was observed at
60 °C for Candida sp. SNK8. Candida sp. SNK-8
and Bacillus sp. SAK-5 showed their maximum
enzyme activity at pH 9.5 and 9.0, respectively. As
can be seen from the results, Candida sp SNK-8 and
Bacillus sp. SAK-5 showed the maximum enzyme
activity at 60 °C and 40 °C, respectively.
Thermal stability. Bacillus sp. SAK-5 was
found to produce cellulase that remained stable by
1122
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retaining its activity between 20 °C and 50 °C.
Cellulase of Candida sp. SNK-8 showed maximum
activity at 30 °C. Residual activity of this species was
determined as 66 % at 20°C (Fig 1, Table 2). The
residual activity of cellulase belonging to Bacillus
sp. SAK-5 was measured as 98% and 100% at 30 °C
and 40 °C, respectively (Fig 1).

and 8.0. Cellulase of Candida sp. SNK-8 had 100%
enzyme activity at pH 9 (Fig 2, Table 1). On the other
hand, cellulase of Bacillus sp. SAK-5 showed 100%
enzyme activity at pH 7.0
.

pH Stability
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FIGURE 1
Thermal stability of cellulase from
Bacillus sp. SAK-5

Effect of inhibitor and metal ions. Cellulase
activity was inhibited by several metal ions and other
chemicals such as CaCl2, Na2SO3, SDS, KCl, urea,
EDTA, trixton X-100, ZnCl2 306) ȕmercaptoethanol, and MgCl2. Candida sp. SNK-8
showed a decrease in enzyme activity in the presence
of KCl (27%), urea (28%), EDTA (67%), trixton X100 (30%), ZnCl2   306)   ȕmercaptoethanol (57%), and MgCl2 (6%) (Fig 5,
Table 3). On the other hand, Bacillus sp. SAK-5
showed a decrease in activity in the presence of KCl
(18%), urea (49%), EDTA (16%), trixton X-100
(8%), ZnCl2  306)  ȕ-mercaptoethanol
(72%), and MgCl2 (8%) (Fig 6).

TABLE 1
pH Stability
Residual Activity (%)
Bacillus sp. SAK-5

6

61.0 ± 2.0

7

100.0 ± 0.0

8

88.0 ± 2.0

9

85.0 ± 2.0

10

71.0 ± 2.0

11

70.0 ± 2.0



FIGURE 2
pH Stability of Cellulase from
Bacillus sp. SAK-5

      
 

Statistical Analysis. Bacillus SAK-5 and
Candida SNK-8 are analyzed in terms of pH and
temperature stability and effect of inhibitors and
metal ions.
The residual activity of pH stability values for
Bacillus SAK-5 and Candida SNK-8 remained
statistically significant (P,000) (Table 1). The
residual activity of temperature stability values of
Candida sp. SNK-8 remained statistically significant
(P,001). The residual activity of temperature
stability values of Bacillus sp. SAK-5 remained
statistically significant (P,001) (Table 2). The
residual activity on the effect of inhibitors and metal
ions values of Candida sp. SNK-8 remained
statistically significant (P,004). The residual
activity on the effect of inhibitors and metal ions
values of Bacillus sp. SAK-8 remained statistically
significant (P,005) (Table 3) .

TABLE 2
Thermal Stability
Residual
Temperature
Bacillus sp.
20°C
91.0 ± 2.0
30°C
98.0 ± 2.0
40°C
100.0 ± 0.0
50°C
98.0 ± 4.0
60°C
61.0 ± 3.0
70°C
29.0 ± 3.0
80°C
22.0 ± 3.0
pH Stability. The cellulase of Candida sp.
SNK-8 was determined to be stable between pH 7.0
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Effects of Inhibitors and Metal Ions
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FIGURE 3
Effects of inhibitors and metal ions (Bacillus sp. SAK-5)

Bacillus sp. SAK-5 were pH 6 and 35°C. Bacillus sp.
SAK-5 and Candida sp. SNK-8 are classified as
mesophilic species. As can be seen from the results
section of this paper, Candida sp SNK-8 and
Bacillus sp. SAK-5 showed maximum enzyme
activity at 60°C and 40°C, respectively. These
findings indicate that Bacillus sp. SAK-5 is more
suitable than Candida sp.SNK-8 for commercial
cellulase preparation >21@. On the other hand,
Candida sp. SNK-8 can be useful for textile industry
for the enzymatic washing process. Cellulase from
Candida sp. SNK-8 and Bacillus sp. SAK-5 showed
maximum enzyme activity at pH 9.5 and 9.0,
respectively. Liu et al. >15@. was investigated the
enzyme of Aspergillus fumigatus at different pH
values ranging from 3.0 to 11.0. In this report, they
found pH 5.0 as the optimum value for CMCase
activity. On the other hand, Sulman and Rehman>22@
investigated the optimum pH range for the
production of cellulase via Candida tropicalis W2.
According to the results of this study, maximum
enzyme activity was determined at pH 8. The
optimal pH and temperature ranges of yeast and
bacteria cellulases varies from species to species.
Small differences can be observed because of the
differences in their morphologies>21@. Nowadays,
alkaline cellulases were determined as the new
industrial alternatives. Alkaline cellulases produced
by an alkaliphilic Bacillus strain were found as the
best choice for the production of laundry detergents
>19@. Many Bacillus species produce alkaline
cellulase >18@. The Cellulase derived fromCandida
sp. SNK-8 showed 100% residual activity at 30°C.
Additionally, it has also shown to have 85% residual
activity at 40°C. According to these results, the
cellulase of Candida sp. SNK-8 can be accepted as
mesophilic. In the case of Bacillus sp. SAK-5, the
cellulase showed %100 residual activity at 40°C and

TABLE 3
Effect of Inhibitors and Metal Ions
Residual
Inhibitors and metal ions Bacillus sp.
SAK-5
5 mM CaCl2
5 mM Na2SO3
1% SDS
5 mM KCl
5 mM urea
5 mM EDTA
1% Triton X-100
5 mM ZnCl2
5 mM PMSF
Ǻ-mercaptoethanol
5 mM MgCl2

120.0 ± 5.0
118.0 ± 5.0
101.0 ± 4.0
18.0 ± 2.0
49.0 ± 5.0
16.0 ± 1.0
8.0 ± 1.0
5.0 ± 1.0
30.0 ± 3.0
72.0 ± 3.0
8.0 ± 1.0

DISCUSSION
Researchers have focused on cellulase
production by optimizing pH and temperature
values. Temperature and pH are among the most
important factors for cellulase production.
Especially pH is an important control factor.
Cellulases have wide diversity in terms of their
chemical properties. Synthesis and secretion of
different cellulase components need different
optimal pH and temperature ranges even within the
same species>13@. Effect of factors such as
temperature and pH play important role for
production processand also pH affects the culture
conditions>8@;>24@.Maximum cellulase production
was observed at pH 7 and at 30°C for Candida sp.
SNK-8. On the other hand, the values determined for
1124
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was found to be stable between 30°C -50°C.
However, the activity decreased dramatically above
50°C. The Cellulase of Candida sp. SNK-8 showed
100% residual activity at pH 9.0. Additionally, the
cellulse of Bacillus sp. SAK-8 exhibited residual
activity at pH 7.0. Semjonovs et al. >25@. were used
Kombucha beverages as the isolation source for
bacterial cellulose. According to their investigation,
IsolateB17fromKombucha was an efficient producer
of bacterial cellulose. The cellulase activity of
Candida sp. SNK-8 and Bacillus sp. SAK-5
decreased in the presence of KCl, urea, EDTA,
trixton X-100, ZnCl2 306) ȕ-mercaptoethanol,
and MgCl2. In both species, ZnCl2 and MgCl2
strongly inhibited the cellulase activity. On the other
hand, CaCl2, Na2SO3, and SDS stimulated the
activity. Because of the simulative effect of SDS on
enzyme activity, it can be used as an alternative
additive for detergents >18@.
This study could be assumed to be the first
report on the isolation and optimization of cellulase.
In a similar study conducted in 2013, bacterial
cellulase isolated from kombucha membrane has
been reported to have a therapeutic effect on nerve
tissue>26@.

and Enzymatic Degradation of Wood and Wood
Components.Part of the series Springer Series in
Wood Sciencepp 89-180.
[4] Stutzenberger, F.J. (1971) Cellulase production
by Thermomonospora curvata isolated from
municipal
solid
waste
compost.Appl
Microbiol.,147-152.
[5] Martinez,A.T., Camarero, S., Gutierrez, A.,
Bocchini, P., Galletti, G.C. (2015) Studies on
wheat lignin degradation by Pleurotus species
using analytical pyrolysis. J Anal Appl
Pyrolysis58-59, 401-411.
[6] Liming, X., Xueliang, S. (2004) High-yield
cellulase
production
by Trichoderma
reesei ZU-02 on corn cob residue. Bioresour
Technol.,91, 3.
[7] Fang, H., Xia, L. (2015) Cellulase production by
recombinant Trichoderma reseei and its
application in enzymatic hydrolysis of
agricultural resicues. Fuel 143, 211-216.
[8] Ahmed, S., Bashir, A., Saleem, H., Saadia, M.,
Jamil, A. (2009) Production and purification of
cellulose-degrading
enyzmes
from
a
filamentous fungus Trichoderma harzianum.
Pak J Bot.,41(3), 1411-1419.
[9] Gao, J., Wng, H., Zhu, D., Yuan, M., Guan, F.,
Xi, Y. (2008) Production and characterization of
celluloytic enzymes from the thermoacidophilic
fungal Aspergillus terreus m11 under solid-state
cultivation of corn stover.Biosour Technol., 99,
7623-7629.
[10] Goldbeck, R, Ramos, M.M., Pereira, G.A.G.,
Maugeri-filho, F. (2013) Cellulase production
from a new strain Acremonium strictum isolated
from the Brazilian biome using different
substrates.Biosour Technol., 128,797-803.
[11] Sarawan, S., Mahakhan, P., Jindamorakot, S.,
Vichitphan, K., Vichitphan, S., Sawaengkaew,
J. (2013) Candida konsanensis sp. nov., a new
yeast species isolated from Jasminum
adenophyllum in Thailand with potentially
carboxymethyl cellulase-producing capability.
World J Microbiol Biotechnol.,29(8), 14811486.
[12] Jayant, M., Rashmi, J., Shailendra, M., Deepesh,
Y. (2011) Production of cellulase by different
co-culture of Aspergillus niger and Penicillium
chrysogenum from waste paper, cotton waste
and baggase. J Yeast and Fungal Res., 2(2),2427.
[13] Li, C., Yang, Z., Zhang, R.H.C., Zhang, D.,
Chen, S., Ma, L. (2013) Effect of pH on
cellulase production and morhology of
Trichoderma reesei and the application in
cellulosic
material
hydrolysis.
J
Biotechnol.,168, 470-477.
[14] Kuhad, R.C., Gupta, R., Singh, A. (2011)
Microbial cellulases and their industrial
applications. sage-hindawi access to research.
Enzyme Res., $UWLFOHÕGSDJHV

CONCLUSIONS
Bacillus sp. SAK-5 and Candida sp. SNK-8 are
suitable
for
commercial
cellulase
preparation.Because of the simulative effect of SDS
on enzyme activity, these cellulases can be used an
alternative additive for detergents. If pH stability and
alkaliphilic properties are considered, these
cellulases have potential to be used for most
industrial applications.
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SOME ECOLOGICAL NEEDS OF THE SPECIES IN THE
AQUATIC GASTROPODS IN MALATYA REGION (TURKEY)
Serap Kosal Sahin1,*, Esra Albayrak2
øVWDQEXO8QLYHUVLW\)DFXOW\RI)LVKHULHV Ordu Street No: 200, 34134 Laleli- øVWDQEXO7XUNH\
øVWDQEXO8QLYHUVLW\,QVWLWXWHRI6FLHQFH'HSDUWPHQWRI%DVLF6FLHQFHV%H\D]ÕW-øVWDQEXO-Turkey
1

2

for studies of the relationship between organisms and
environment.
The distribution of freshwater snails depend on
water quality, e.g. pH, DO, calcium etc. and
temperature. Most live submerged, and many are
specialized for particular habitats aquatic vegetation,
stones, rocks, wood and other solid surfaces, or soft
sediment. Most freshwater gastropods are microherbivorous and/or micro-omnivorous grazers
feeding on bacterial films, algae and diatoms [5].
Freshwater gastropods are promising tools as
pollution indicators through assessments of
molluscan
community
composition
and/or
biological monitoring programs that rate water
quality and status of aquatic biotopes based on
invertebrate assemblages. They also have utility in
monitoring and assessing the effects of endocrinedisrupting compounds and as monitors of heavy
metal contamination [6,7,8,9].
Owing to practical considerations (simple
anatomy, low cost, fewer ethical issues), freshwater
molluscs are also being used in neurotoxicological
testing to evaluate the effects of environmental
pollutants on neuronal processes and to clarify the
mechanisms of action of these substances at the
cellular level [10]. Previous some studies [11,12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25] on
freshwater gastropod in Turkey were mostly focused
on their taxonomy. There were a few study [26,
27,28, 29, 30, 31] about freshwater mollusks ecology.
Consequently, almost nothing is known about
gastropod ecology, habitat requirements and usage in
monitoring and management studies. The aims of the
present work were to determine the gastropod
species composition in the different aquatic habitats
of Malatya, to estimate the relationship between the
individual species and measured environmental
factors, and to outline ecological requirements and
habitat preferences of the most frequently occurring
species, along with assessing the tolerance and
optimum values of environmental factors for each of
them.

ABSTRACT
Total of 12 gastropoda species obtained from
45 different sampling locations in Malatya were
examined to determine relationships between
species and their ecological characteristics from June
2014 to May 2015. The first 2 axes of canonical
correspondence analysis explain 86.4 % of the
variance between thirteen species and seven
environmental variables. The influence of electrical
conductivity on species distribution was
significantly higher (P = 0.02) than that of the other
ecological factors. Two taxa (Anadoludamnicola
glöeri and Anadoludamnicola glöeri brevis) were
positively correlated to DO and pH. Some species
(Acroloxus lacustris, Anadoludamnicola glöeri,
Anadoludamnicola glöeri brevis and Ancylus
fluviatilis) showed no clear relationship with any of
those environmental variables. The most frequently
occurring species were clustered into 4 main groups
based on their ecological characteristics using
unweighted pair group mean averages (UPGMA).

KEYWORDS:
CCA, Gastropod, Tolerance and Optimum, UPGMA.

INTRODUCTION
Benthic macroinvertebrates are currently used
in lake monitoring and different indexes were
proposed to assess the ecological status of lentic
ecosystems [1,2]. Gastropoda is likely to be a
common group of macrobenthic fauna in aquatic
ecosystems. The Mollusca is an extraordinarily
varied phylum with estimates of 80,000±100,000
described species and total diversity possibly as high
as 200,000, they are second only to arthropods in
species richness. They occupy a prominent place
among aquatic organisms suitable for biological
monitoring [3, 4]. They react strongly to
environmental changes. This makes them suitable
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examined by applied Canonical Correspondence
Analysis (CCA) (Figure 2). We used CCA with 13
species and the 7 influential environmental variables
within 45 sites. Using quantitative data, unweighted
pair group mean averages (UPGMA) applied with
-DFFDUG¶V FRHIILFLHQW WHVWV ZHUH XVHG WR HYDOXDWH
possible clustering relationship among the species
(Figure 3). UPGMA was performed with a
multivariate statistical package program (MVSP,
version 3.1) [37] while CCA was done with the
CALIBRATE program, version 1.0 [38] (Figure 2,
Table 2). Ecological tolerance (uk) and optimum
estimates (tk) determined with the C2 program [39]
(Table 3). For all statistical analyses, we used only
living species.

MATERIALS AND METHODS
0DODW\DLVORFDWHGDWWKHXSSHU)ÕUDW5LYHUEDVLQ
in Eastern Anatolia. The branches of the southeast
Taurus mountains that took shape during the 3rd
Upper Eoucene period cover the south of East-West
direction [32]. Gastropoda samples were collected
(June 2014 and May 2015) from 45 stations (Figure
1) with surber net (25*25 cm). Among the sampling
sites, we included a variety of different types of
aquatic habitats; for example, creeks, springs,
ditches, ponds, lakes, troughs, etc. The sediment was
sieved by using a sieve mesh of 0.5 mm. Gastropods
were preserved in 75 % ethanol. In the laboratory,
they were identified and counted using a trinocular
microscope. Gastropods were identified at the
species level using taxonomic keys [33,34,35].

RESULTS AND DISCUSSIONS

Physicochemical Analysis. Water samples for
physicochemical analyses were collected from each
station, using prewashed polyethylene bottles. Water
temperature (°C), dissolved oxygen (DO mgl-1), EC
(electrical conductivity) and pH were measured by
using YSI 556 model multi-parameter instrument as
in situ. The levels of NH4--N (ammonium nitrogenμg L-1), NO3--N (μg L-1) NO2--N (μg L-1), Ca+2 (mg
L-1) and were analysed in the laboratory according to
standard methods [36]. Geographical data
(coordinates) were recorded with the geographical
positioning system (Garmin e-trex - GPS) unit and
the coordinates were marked on the map (Table 1).
All materials were deposited in the laboratory of
Istanbul University, Faculty of Fisheries.

A total of 13 freshwater gastropoda taxa
Theodoxus anatolicus (Récluz, 1841), Bithynia
pseudemmerica ( Leach, 1818) , Bithynia tentaculata
(Linnaeus, 1758), Ancylus fluviatilis (O.F. Muller,
1774) , Galba truncatula (Linnaeus, 1767), Radix
ovata (Draparnaud, 1801), Physella acuta
(Draparnaud,
1805),
Planorbis
planorbis
(Höglund, 1947) , Planorbis carinatus (O.F. Muller,
1774) , Planorbarius corneus (Linnaeus, 1758),
Acroloxus
lacustris
(Linnaeus,
1758),
Anadoludamnicola glöeri and Anadoludamnicola
glöeri brevis
[40]
were collected from 45
different bodies of Malatya (Figure 1).
DO levels were between 5.7 and 10.21 mg/L;
pH levels were between 6.2 and 9.16, water
WHPSHUDWXUH OHYHOV ZHUH EHWZHHQ  DQG  Û&
Electrical conducttivity levels were between 221.2
and 497.2 μs/cm, The NH4 levels was 0-ȝJ/ 
NO3-N levels were between 0- ȝJ L-1) and
NO2-N levels were between 0- ȝJ L-1), PO4
OHYHOV ZDV  ȝJL-1), Ca +2 levels were between
31.657-99.927 mg/ L-1 (Table 1).
The 11 most common species (except of
Anadoludamnicola glöeri and Anadoludamnicola
glöeri brevis) were grouped into 4 main clusters on
the UPGMA dendrogram (Figure 2); 2 species
(Ancylus fluviatilis and Acroloxus lacustris) were
located separately. The 3 groups consist of the 3
gastropod
species
(Theodoxus
anatolicus,
Planorbarius corneus and Planorbis planorbis) the
2 species (Planorbis carinatus and Physella acuta),
the 4 species (Bithynia pseudemmerica, Bithynia
tentaculata, Radix ovata and Galba truncatula).
Another 2 gastropoda species (Anadoludamnicola
glöeri and Anadoludamnicola glöeri brevis) were
not used in the statistical analyses.

FIGURE 1
The map shows 45 sampling sites from 10 towns
of the city Malatya.
Statistical Analysis.The relationships between
species and physicochemical variables were
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TABLE 1
Geographical information (coordinates, station nemes) and 9 physicochemical variables from 45 different
water bodies in Malatya Region (Turkey). DO: dissolved oxygen (mgl-1) pH NH4--N (ammonium
nitrogen), NO2- N( nitrite nitrogen mgl-1), NO3²N(nitrate nitrogen mgl-1) Ca+2 (mgl-1) PO4: phosphate;
C: water temperature. 13 species (Ta: Theodoxus anatolicus, Bp: Bithynia pseudemmerica, Bt: Bithynia
tentaculata, Af: Ancylus fluviatilis, Gt: Galba truncatula, Ro: Radix ovata, Pa:Physella acuta, Pp:Planorbis
planorbis, Pca:Planorbis carinatus, Pco: Planorbarius corneus, Al: Acroloxus lacustris,
Ag:Anadoludamnicola glöeri, Agb: Anadoludamnicola glöeri brevis

The first UPGMA cluster consist of two species
Ancylus fluviatilis and Acroloxus lacustris. The
genus Ancylus is more or less continuously

distributed mainly in the western Palaearctic, in
northern Africa [41] and in the northeast to the
Caspian Sea and the Transcaucasian region [42].
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spring waters (Table 1). This species showed the
highest optimum estimates for electrical
conductivity (432.18μs cm-1   WHPSHUDWXUH  YDU൴HG
EHWZHHQDQG&ZK൴OHpH 7,38 and 8,79 and
DO 6,2 and 10,21 mg L-1 (Table 1).
According to [50] pH is important factor that
influence metabolic activies and thereby the growth
and abundance of freshwater mollusca. Low pH
values (<6.0) were reported to be unfavourable for
mollusc growth. In this study optimum of pH
between 7.43-8.83 (Table 3). In addition to calcium
is an assential requirement fort he succesful growth
and devolopment of gastropod mollusc [51]. During
the present optimum of Ca between 42.62-53.73 mg
L-1 (Table 3).
Electrical conductivity was the most
significantly influential factor on species, while the
other variables showed weak or no influence.
Electrical conductivity, dissolved oxygen and pH
showed an inverse relationship with NO3-N, NO2N, Ca+2 and wDWHU WHPSHUDWXUH  &  '൴VVROYHG
oxygen and pH most significantly influential factor
on Anadoludamnicola glöeri and Anadoludamnicola
glöeri brevis (Figure 3).
P. corneus is very abundant in central Europe is
the Great Ramshorn, that lives sapro and phytophage
and feeds on the waterground on detritus [52]. P.
corneus still inhabits nearly every central European
flood plain and wetland, the species declines
constantly [53].
The third UPGMA cluster consist of 2 species
Planorbis carinatus and Physella acuta. Planorbid
snails (Gastropoda: Planorbidae) are the largest
family of aquatic pulmonate gastropods, which are
nearly present on all continents and most islands [54].
According to [26, 29] P. acuta are the most
tolerant taxon and can be found in all the determined
water quality classes. Physa acuta is frequently
occurring in warm water discharges from power
stations in some rivers, but very rarely and not
numerously in clay pit ponds [55]. This study
supports that information. This species was found
different habitat (Table 1).
UPGMA grouped B. tentaculata, B.
pseudemmericia and Radix ovata together in the last
group. Bithynia is represented a Bithyniid genus of
euryoecious characteristic [56].
Except for B.
tentaculata, all Bithynia species are generally
distributed in averagely polluted freshwater sections,
and spring waters [57]. Members of the single genus
Bythinella in Turkey are generally stenoecious
species with limited distributions [58]. B.
pseudemmericia is endemic to Anatolia. In this study,
B. pseudemmericia and B. tentaculata reached the
highest frequency at unpolluted sites (stations
numbers: 4,5,6,9,21,29,32,41) (Table 1).

Outside the continuous core range, there are few
isolated occurrences, e.g. in Egypt, southern Arabia
and Turkestan. Recent studies reported four highly
divergent lineages within Ancylus from Europe [43,
44]. According to 49 found Ancylus fluviatilis in
(÷ULGLr with water temperatures ranging between
6,5-Û& S+ UDQJLQJ EHWZHHQ -10,7 and DO
ranging between 7,8 and 13mg L-1 . During this study,
A. fluviatilis was found from five spring water
(stations numbers: 7,14,24,30,31) with high
dissolved oxygen level and alkaline waters (Table 1).

FIGURE 2
CCA diagram shows correlation among the
seven environmental variables(°C: Water
temperature, DO: dissolved oxygen (mgl-1) pH
NH4--N (ammonium nitrogen), NO2- N( nitrite
nitrogen mgl-1), NO3²N(nitrate nitrogen mgl1) Ca+2 (mgl-1) 13 species (Ta: Theodoxus
anatolicus, Bp: Bithynia pseudemmerica, Bt:
Bithynia tentaculata, Af: Ancylus fluviatilis, Gt:
Galba truncatula, Ro: Radix ovata, Pa: Physella
acuta, Pp: Planorbis planorbis, Pca: Planorbis
carinatus, Pco: Planorbarius corneus, Al:
Acroloxus lacustris, Ag: Anadoludamnicola
glöeri, Agb: Anadoludamnicola glöeri brevis

The second UPGMA cluster consist of 3
species Theodoxus anatolicus, Planorbarius corneus
and Planorbis planorbis. The Palearctic genus
Theodoxus lives in running waters of turbulent
ecosystems includes taxa living in springs, rivers,
lakes and even in low-salinity waters [45]. They
often live, in large groups, on the benthic zones of
running or turbulent waters, on the solid banks and
sometimes on the vegetation [46, 47, 48]. According
to [49] Theodoxus anatolicus is endemic species in
Turkey and prefers oligotrofic water bodies with
gizzard bottom of streams. This species has been
reported from Turkey but without details about its
ecology. During this study T. anatolicus were
collected this species from 5 fast-flowing creeks and
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TABLE 2
Two axix of CCA summary table show about 86.4 of the corelation among seven enviromental variables
and the most frequently occuring species
Axes
Eigenvalues
Species-environment correlations
Cumulative percentage variance
of species data
of species-environment relation
Sum of all

1
0.951
0.976

2
0.411
0.675

3
0.130
0.486

4
0.059
0.529

20.2
60.3

28.9
86.4

31.7
94.6

32.9
98.3

Total inertia
4.714

eigenvalues

4.714

Sum of all canonical eigenvalues

1.577

TABLE 3
Species tolerance (tk) and optima estimates (uk) of the 13 most common species. Abbreviations: Sp:
species code; Count: number of species occurrences found among the sampling sites; Max: maximum
QXPEHUVRILQGLYLGXDOV1+LOO¶VHIIHFWLYHQXPEHUVRIRFFXUUHQFHV
DO
Sp

Ta
Ro
Bp
Bt
Pp
Pa
Pca
Pco
Gt
Al
Af
Ag
Agb

Count Max

1 933
2 294
1 1101
1 774
2 755
5 1582
1 127
1
92
1 925
3 330
3 360
3 941
3 1125

N2 Uk

1 7,18
2 6,34
1 5,78
1 5,78
2 6,08
3 6,87
1 5,87
1 5,87
1 5,78
3 9,82
3 9,79
3 10,92
3 10,88

pH

Û& :7

EC

NH4-N

NO3-N
tk

NO2-N

tk

Uk

tk

Uk

tk

Uk

tk

Uk

tk

Uk

0.638
0.989
0.638
0.638
0.187
0.706
0.638
0.638
0.638
1,05
1,02
0.256
0.260

7,64
7,54
7,48
7,48
7,60
7,69
7,43
7,43
7,48
7,79
7,81
8,83
8,82

0.182
0.113
0.182
0.182
0.162
0.240
0.182
0.182
0.182
0.246
0.244
0.132
0.138

9,27
11,79
13,52
13,52
11,63
10,64
10,77
10,77
13,52
7,05
7,07
6,48
6,57

1,398
3,008
1,399
1,399
0.799
1,990
1,399
1,399
1,399
1,055
1,030
0.946
0.961

432,18
420,94
413.25
413.25
452,48
396.72
430.19
430.17
413.25
316.63
316,36
338,80
335,65

25,073
13,382
25,073
25,073
20,683
67,560
25,073
25,073
25,073
10,597
10,338
26,914
26,038

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.005
0.006
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.022 0.013 0.001 0.001
0.02670.005 0.001 0.001
0.03 0.013 0.001 0.001
0.03 0.013 0.001 0.001
0.00540.013 0.001 0.001
0.03080.018 0.0001 0.001
0.02 0.013 0.001 0.001
0.02 0.013 0.001 0.001
0.03 0.013 0.001 0.001
0.042 0.015 0
0,000
0.043 0.014 0
0,000
0,00 0.013 0
0,000
0,00 0.013 0
0,000

Uk

tk

Ca+2

PO4-P


Uk

tk

0.01
0.06
0.1
0.1
0.003
0.012
0.01
0.01
0.1
0.01
0.01
0.01
0.01

0.0294 42.62
0.0636 48,88
0.0294 53,16
0.0294 53,16
0.0063 54,82
0.0184 47,71
0.0294 53.73
0.0294 53.73
0.0294 53,16
0.0294 53,24
0.0294 53,24
0.0294 45,52
0.0294 45,49



2,471
7,456
2,471
2,471
1,011
6,485
2,471
2,471
2,471
0.930
0.920
0.254
0.239

FIGURE 3
UPGMA diagram shows 4 clustering groups of 11 gastropods species. Two species (Al, Af) Show
independent distribution.
7KHVH VSHF൴HV FDQ WROHUDWH ZDUPHU ZDWHU 
&  DQG ORZHU Rxygen level (5,87-6,34mg/L)
while Ancylus fluviatilis, Acroloxus lacustris,
Anadoludamnicola glöeri and Anadoludamnicola
glöeri brevis SUHIHU FROG &  DQG K൴JKHU

During the present study, Planorbarius corneus,
Planorbis planorbis, Planorbis carinatus, Physella
acuta,
Bithynia
pseudemmerica,
Bithynia
tentaculata, Radix ovata and Galba truncatula
VKRZHGK൴JKHVWWROHUDQFHWRS+DQG'2 )൴JXUH 
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[6] 8VWDR÷OX 05 %DOÕN 6 DQG  g]EHN  0
  ,úÕNOÕ *|O dLYULO-'HQL]OL ¶QQ
0ROOXVFD)DXQDVÕ(h6XhUQOHUL'HUgisi, 18
(1-2): 135-139.
[7] Salanki, J., Farkas, A., Kamardina, T. and
Rozsa, K. S. (2003). Molluscs in biological
monitoring of water quality. Toxicology Letters
140±141: 403±410.
[8] El Gamal, M. and Sharshar, M.K. (2004).
Heavy metals partitioning between soft tissues
and shells of some freshwater and marine
molluscs as accumulation indicators for their
monitoring in the environment.
Egyptian
German Society of Zoology, 45, 141±161.
[9] Karayakar, F. Karaytug, S. Cicik, B. Erdem, C.
Ay, Ö. Çiftçi, N (2010). Heavy Metal levels in
five species of fish caught from Mersin Gulf.
Fresen. Environ. Bull. 19 (10), 2222-2226.
[10] Salanki,
J. (2000). Invertebrates in
neurotoxicology. Acta Biologica Hungarica 51:
287±307.
[11] %LOJLQ )+    ø]PLU &LYDUÕ 7DWOÕ
6XODUÕQGD <DúD\DQ *DVWURSRGODU h]HULQH
6LVWHPDWLNYH(NRORMLN$UDúWÕUPDODUÕ(JHhQL
)HQ)DNøOPL5DSRUODU6HULVL-54.
[12] %LOJLQ ) +    7UNL\H¶QLQ %D]Õ
%|OJHOHULQGHQ 7HVSLW (GLOHQ 7DWOÕ 6X
0ROOXVNODUÕ )UHVK :DWHU 0ROOXVNV &ROOHFWHG
From Some Parts of Turkey), E.Ü. Fen Fak.
øOPL5DSRUODU  6HULVL-34 (in Turkish).
[13] Schütt, H. (1988). The Danubian character of
the mollusc fauna of the Sapanca Gölü
(Marmara Region, Turkey). Zoology in the
Middle East. 2: 79-85.
[14] Schütt, H. (1993). Pseudamnicola species and
other freshwater gastropods (Mollusca,
Gastropoda) from East Anatolia (Turkey), the
Ukraine and the Lebanon, Basteria. 57: 161171.
[15] ùHúHQ  5DQG%LOJLQ  )+  +DWD\øOL
%D]Õ 7DWOÕ 6XODUÕQGD 7HVSLW (GLOHQ 0ROOXVND
Türlerinin TaksonomisL YH 'D÷ÕOÕPÕ h]HULQGH
$UDúWÕUPDODU ; 8OXVDO %L\RORML .RQJUHVL 
97-110. Sivas.
[16] Soylu,
E. ( 1990).Sapanca Gölü mollusk
IDXQDVÕøVWDQEXOhQL6XhUQ)DN'HUJLVL
73-89.
[17] Soylu, E. (1996). Terkos Gölü Molluskleri.
Anadolu Üni. Fen Fak. Dergisi. 2 : 5-17.
[18] ùHúHQ 5 DQG <ÕOGÕUÕP 0 =   
3DUD]LWRORMLN |QHPL RODQ 7UNL\H WDWOÕVX
VDO\DQJR]ODUÕ]HULQHELUoDOÕúPD73DUD]LWRO
Derg., 17 (3-4) : 138-ø]PLU

oxygen level water (8,82-10,92 mg/L).
Finally, nothing was known about the life cycle
and ecological requirements of these gastropod
species in some countries. We found that most of
these species show a wide tolerance for different
water conditions, and that their prevalence shows a
positive relationship with EC, Ca and some of
nutrients. Dissolved oxygen levels, and pH levels
are important for two species (Ag and Agb).
Although our knowledge of species ecology is still
somewhat limited and results can not be generalized
for many species, we assume that species with high
ecological tolerances and optimum levels are not
directly limited by some physicochemical
parameters. However, the levels and the type(s) of
such variables differ from species to species
knowledge on species characteristic can help
increase our understanding of aquatic gastropod and
their importance in ecological and biological studies.
Further detailed studies on each of these individual
parameters are needed.
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ABSTRACT

INTRODUCTION

Studying the distribution and balance of
residual fertilizer N is of great importance for the
optimization of N fertilization strategies. In 2011, we
conducted a field experiment under natural rainfall.
The experiment served the flue-cured tobacco as
plant material, containing five different fertilizer N
(sourced from 15NH415NO3, with abundance of
10.28%) application amounts of 60, 90, 120, 150 and
180 kg ha-1. This study was to investigate the
distribution and balance of 2011-residual fertilizer N
(abbreviated as 15N) in the 2012 tobacco-growing
season. The amounts of the soil15N in different layers,
the plant 15N in different organs and the lost 15N in
2012 season were observed. Results showed that
averagely 5.4% of the 15N were reutilized by the
tobacco plants in 2012 season, 7.5% were leached by
runoff and seepage, 73.1% were remained in the 060 cm soil layer, and 14.0% were lost via
volatilization, or entering into the deeper soil layer
below 60 cm. Of the total soil residual 15N, 47.3%
were remained in the 0-20 cm layer. And of the total
15
N that absorbed by the tobacco, 52.6% were
accumulated in the leaf. Higher N application
amount in the previous season increased the risk of
15
N leaching in the succeeding season, while it also
increased the plant 15N reuptakes significantly
(p<0.05). The reutilization rates of 2012-season
tobaccos to the 2011-applied fertilizer N were ranged
from 1.2% to 4.6%.

The environment problems caused by
excessive residual N from agricultural fields have
been reported not only in developing countries such
as Costa Rica [1], Pakistan [2], India [3], but in Spain
[4], the United States [5], England [6], etc. In China,
in order to achieve higher yields, farmers applied
quantities of inorganic fertilizer for a long period.
For each hectare of arable lands, the application
amount of inorganic fertilizer in China was 2.6 times
higher than the world's average value[7]. The longterm application of inorganic fertilizer, particularly
N fertilizer, have resulted in many problems of soil,
including poor physical and chemical condition, low
fertility, salinity, compaction and hardening,
etc.[8,9].The worsening of the soil condition caused
the yield reduction, thus requiring more fertilizer to
maintain a normal output. These have formed a
vicious circle, which increased the cost of
agricultural products and threatened the soil and
water environment[10, 11]. To relieve these
problems, Chinese farmers should have enough
knowledge on the fertilizer effects, and the
distribution and balance of fertilizer elements.
Flue-cured tobacco is an important cash crop
for China [12]. Studies have shown that water and N
were two main factors that affecting the growth,
development, yield and quality of flue-cured tobacco
[10,13]. A low soil moisture tended to reduce the dry
matter accumulation and economic yield, and
decrease the N, P and K uptake; on the contrary, an
excessive soil moisture or an unreasonable irrigation
time would negatively affect the yield and quality of
tobacco, meanwhile aggravate pest and disease
damage[10]. N was the "life element" for tobacco
although it only accounted for a very low proportion
of approximately 2.5%. The lack of N caused the

KEYWORDS:
distribution, balance, residual N, flue-cured tobacco, 15N
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poor development of tobacco plant, reflecting by a
thin and short stem, etiolated leaf and delayed
florescence; while the excessive N supply led to the
over growth of aboveground part and the increase of
axillary buds, the plant was shaped like a "Y", and
the leaf was characterized as green, thick and latematuring, with low availability. Therefore,
developing suitable N application strategy according
to practical soil moisture was critical for the
improvement of tobacco yield and quality.
Presently, some studies have focused on the
fate of fertilizer N in the flue-cured tobacco field
[14,15], as well as the optimization of water and
nitrogen application schemes [13, 16]. However, few
studies have looked into the reuse and redistribution
of residual fertilizer N in the subsequent growing
season. Early study demonstrated that the
succeeding crop (maize) could take up 2-9% of the
residual fertilizer N that remained by the previous
season [17]. Thus, the behavior of residual fertilizer
N should get enough attentions. In 2011, we
conducted a lysimeter experiment by using 15N tracer,
and the in-season utilization, distribution and
balance of fertilizer N were observed [18]. This
study was a continuation of the research in 2011, for
investigating the fate of residual fertilizer N that
applied by 2011 in the subsequent growing season
(2012). The results were expected to provide useful
information for optimizing fertilization strategy and
protecting ecological environment of the tobaccocultivated areas.
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MATERIALS AND METHODS
Experimental Site. The experiment was
conducted from April to August in 2012 at Liuyang,
Hunan province, China. The experimental site
belongs to the monsoon climate of subtropical zone,
having adequate rainfalls, sunlight and heat in
summer. The experimental field is located at humid
region, with an average annual rainfall of 1457-2247
mm, temperature of 16.7-18.2 Υ, sunshine hours of
1490-1850 h and solar radiation amount of 100-112
kcal/m2. The frost-free duration is 235-293 days.
Previous crop in the experiment areas before 2011
was paddy rice. The soil type was loam with
available N of124 mg kg-1, available P of 18.2 mg
kg-1 and available K of 99 mg kg-1, measuring before
the experiment of 2011.
Materials. The experiment still adopted fluecured tobacco cultivar K326, young plants were
elaborately cultivated in made-in-order seedling
trays, then they were transplanted into the
experiment field when growing out six expanded
leaves. Conventional field management based on
local practice was conducted in the first week after
transplanting. N fertilizer used in 2011 was doublelabeled 15NH415NO3, with abundance of 10.28%. The
ordinary NH4NO3 without 15N labeling was adopted
as the N fertilizer in 2012.

FIGURE 1
The profile of the lysimeter(Where, 1 was the pool for collecting runoffs; 2 was the soils; 3 was the
elbow for collecting seepages; 4 was the sealing plug; 5 was the plastic hose; 6 was the plastic bucket; 7
was the small plastic bottles for packing seepages; 8 was the battery; 9 was the micro water pump; 10
was the micro-lysimeter for measuring soil evaporation; 11 was the waterproof plastic clapboards; 12
was the raised path between fields; 13 was the furrow excavated for drainage; 14 was the cover board
of the runoff pool; 15 was the runoff aqueduct. And the dimensions of micro-region was also marked,
with the unit of cm)[18].
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Experimental Design. Experimental design in
2011: The experiment was conducted in fifteen
separated lysimeters. The length of each lysimeter
was 2.4 m and the width was 1.5 m. Plastic
clapboards were used to surround the lysimeter, in
order to avoid the inside water splashing out and
prevent the outside water entering into the lysimeter.
Besides, a simple collection device was established
to gather the runoffs, seepage flows and the sediment
(Fig 1).
The experiment used 15N-labeled fertilizer,
containing five treatments that distinguished by
different 15N application rates of 60, 90, 120, 150 and
180 kg ha-1 (Table 1), and the quantity of fertilizer
15
N have been converted into pure 15N weight per
plant in table 1. The 15N fertilizer was applied by a
proportion of basal15N: additional 15N = 7:3, and the
additional 15N was appliedat 26 days after
transplanted. P and K fertilizers were applied equally
to the five treatments according to local experience.
Each treatment occupied a single lysimeter, planting
six flue-cured tobaccos. The experiment had three
replications. The detailed experimental design and
the measured seepage and runoff amounts in 2011
were shown as Table 1.
Experimental design in 2012: The experiment
was conducted to study the redistribution and reuse
of the residual fertilizer N (15N) that remained by
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2011 season. Besides the difference in N fertilizer,
the other experimental designs of 2012 were the
same as that of 2011 [19] (Table 2).
Measurement. The leaves, stems and roots of
tobacco were collected separately at the harvest
stage. These plant samples were placed into an oven
to be toasted to constant weight under 70 Υ
temperature. The soil samples were collected from
0-20, 20-40 and 40-60 cm soil layers and air-dried in
open space. The dry samples of plant and soil were
ground and passed through 0.15 mm sieve for
measuring 15N atom percent excess. The 15N atom
percent excess was determined using a mass
spectrometer
(Finniga-Mat-251,
MassSpectrometers, Finnigan, Germany) at Nanjing
Institute of Soil Science, CAS. The total N contents
in the samples were measured using the Kjeldahl
method [20].
Calculation. The following formulas were
used to calculate the 15N amount of in the soil/
tobacco plants/ sediment/ runoff/ seepage
(abbreviated as Nf, kg ha-1) [18]:

Nf

Wt u n s u

Ws u n s u a s
Wf u n f u a f (1)

TABLE 1
The nitrogen application and the distribution of rainfall 2011.
15

Treatment

N application amount (g plant-1)
15

Distributions of rainfall (mm)
15

Basal N

Additional N

Seepage

Runoff

Total

T1

2.82

1.21

25.2

257.8

908

T2

4.20

1.80

20.1

250.8

908

T3

5.67

2.43

26.1

259.8

908

T4

7.13

3.06

25.3

258.7

908

T5

8.46

3.62

24.5

258.0

908

TABLE 2
The nitrogen application and the distribution of rainfall 2012.

Treatment

N application amount (g plant-1)

Distributions of rainfall (mm)

Basal N

Additional N

Seepage

Runoff

Total

T1

2.82

1.21

29.2

249.2

936

T2

4.20

1.80

23.1

256.8

936

T3

5.67

2.43

30.2

264.1

936

T4

7.13

3.06

24.8

252.0

936

T5

8.46

3.62

27.1

256.7

936
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Where, Wt was the total dry weight (kg ha-1) of
soil/ plant/ sediment, or the total weight of runoff/
seepage water; ns was the total N content in the
samples (%); Ws was the dry weight of soil/ plant/
sediment samples, or the weight of runoff/ seepage
samples; as was the 15N atom percent excess of the
samples (%); Wf was the weight of fertilizer; nf was
the total N content in the fertilizer; af was the
abundance of 15N-fertilizer.
The 15N balance was expressed by following
formula:
NF

Nf1 was the amount of 15Nthat absorbed by tobacco
plants; Nf2 was the amount of 15N in the runoff; Nf3
was the amount of 15N in the seepage; Nf4 was the
amount of 15N in the sediment brought by seepage;
Nf5 was the amount of 15N remained in 0-60 cm soil
layer; Nfl was the amount of 15Nloss in other forms
such as volatilization, or entering into the deeper soil
layer below 60 cm.
Statistical Analysis. Data were compared
statistically using SPSS 17.0 software. Duncan's
multiple range test was used to assess differences
when treatment effects were found to be significant
(p<0.05) [21].

N f 1  N f 2  N f 3  N f 4  N f 5  N fl

(2)
Where NF was the total N amount (kg ha-1);
15

N amount (kg ha-1)
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FIGURE 2
The amount of 15N in different soil layers in 2012 season (T1, T2, T3, T4 and T5 represent the
treatments that distinguished by different 15N application amounts of 60, 90, 120, 150 and 180 kg ha -1 in
2011 season. Means followed by the same letter (a, b, c, d, e) do not differ significantly at 5% level
according to Duncan's multiple range test. Each value is the mean ± SD).
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FIGURE 3
The amount of N accumulated in different plant parts in 2012 season (T1, T2, T3, T4 and T5
represent the treatments that distinguished by different 15N application amounts of 60, 90, 120, 150 and
180 kg ha-1 in 2011 season. Means followed by the same letter (a, b, c, d, e) do not differ significantly at
5% level according to Duncan's multiple range test. Each value is the mean ± SD).
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FIGURE 4
Relationship between the 15N reutilization rate and the amount of 15N in soil.

RESULT AND DISCUSSION
15

N in different soil layers in 2012 season.
Figure 2 showed the amount of 15N in different soil
layers in 2012 season. The amount of 15N tended to
decrease with the deepening of the soil layer. The 15N
amount in 0-20, 20-40 and 40-60 cm layers
accounted for 43.6-50.4%, 26.6-34.5% and 19.124.2%, respectively, of the total 15N in soil. In the
same soil layer, the amount of 15N differed
significantly (p<0.05) among the treatments, except
an insignificant (p>0.05) difference found between
T4 and T5 in 20-40 cm layer. Among the different
treatments, T5 had the highest amount of 15N in the
soil, and were 37.5, 23.5 and 19.4 kg ha-1 in 0-20, 2040 and 40-60 cm soil layer, respectively. While the
lowest amounts of 10.2, 6.2 and 3.9 kg ha-1 were
found in T1.
Our study found that approximately 71.4-74.7%
of the 15N were in the 0-60 cm soil layer, indicating
that most fertilizer N that left by 2011 still remained
in the soil after the 2012 growing season. This result
supplemented the findings of Shi [22] who noted that
more than 50% of the applied N were residual in the
soil and could not be absorbed by the in-season fluecured tobacco.
Overall, the residual 15N included two different
forms of mineral 15N and organic 15N, it was
important to understand the mechanism of their
transformation since which greatly affected the crop
utilization to the 15N in soil. Under microbial action,
the mineral 15N including NH4+-15N and NO3--15N
tend to be immobilized asorganic 15N to form soil
microbial biomass 15N [23, 24]. NH4+-15N is the
primary source of mineral 15N for the soil
microorganisms. The regulating system in the
microorganisms will restrain their absorption of
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NO3--15N and micromolecular organic 15N when
detecting a high content of soil NH4+-15N. When the
NH4+-15N content in the soil is low, microorganisms
start the regulating system to absorb the NO3--15N or
micromolecular organic 15N [25, 26]. Besides, the
NH4+-15N can be latticed, by integrating with silt
component in soil and adhering with light organic
matter [17]. Most organic 15N can not be directly
absorbed by crop plants, which should be
mineralized into mineral 15N as premise. The 15N
mineralization is affected by many factors including
soil moisture and temperature, pH, soil structure,
available C, soil organic matter and crop cultivating
duration [27]. Therefore, in conclusion, further
studies on soil residual 15N can be carried out from
two aspects of their immobilization and
mineralization.
15

N in different plant parts in 2012 season.
The N amount in the root, stem, leaf and lateral
bud+ blossom accounted for 8.8-11.3%, 20.3-25.3%,
47.9-56.5% and 10.4-17.6%, respectively of the total
plant 15N. This indicated that leaf was the main organ
for tobacco to accumulate 15N, followed by stem,
while root had lowest 15N accumulation amount. The
amount of 15N in all the plant parts showed
significant (p<0.05) differences as affected by the
treatments (Fig. 3).
The reutilization rates of 2012-season tobaccos
to the 2011-applied fertilizer N were ranged from 1.2%
to 4.6%. An early study by Bhogal [28] noted that
equivalent to 8-20% of the fertilizer N could be
absorbed by succeeding crops. Dong [29] reported
that the reutilization rate of the succeeding crop to
the previous applied N could reach as high as 14%.
Our early study in eastern China found a reutilization
rate of 11-15% during the later three seasons [8]. In
15
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this study, the 15N reutilization rate presented a
closely positive relationship with the amount of soil
15
N in the plough layer (r=0.986**), as well as that
in the 0-60 cm layer (r=0.989**) (Fig. 4).
Surprisingly, the reutilization rate has not
increased firstly then decreased with the increasing
of soil 15N amount, like Gu's [30] results. The
reutilization rate in our study kept increasing as the
soil 15N amount increased. Possibly, a greater
amount of soil residual 15N led to a higher amount of
soil available 15N, resulting in a higher absorption
amount of 15N for the tobacco. This in turn promoted
the growth and development of the tobacco root so
that it could contact with more 15N in the soil, thus
the plant 15N accumulation amount was significantly
increased. Wang [31] concluded that an enlarged root
system and an enhanced soil N availability might
contribute to the greater N accumulation in plant.

sediment 15N amount of T5 was significantly
(p<0.05) higher compared to that of other treatments,
whereas which of T1 was significantly (p<0.05)
lower. These results agreed with the findings of
Demurtas [32] who suggested that the high fertilizer
N application amount and the low crop N utilization
rate were responsible for the leaching of fertilizer N.
The total amount of leaching 15N was in a
percentage of 5.7-11.5% for the total soil residual
15
N. This result was lower than our earlier result[33]
that approximately 30% of the fertilizer N were
leached from the plant-soil system. Probably
because that our earlier study was an one-season
experiment, the applied fertilizer N mainly
concentrated in the surface soil and was easily
brought away by waters. However, in this study, the
applied 15N has moved into the deeper soil layer after
one-season tobacco cultivation, thus the leaching
risks of residual 15N during the succeeding season
were lowered.

15

N leaching in 2012 season. The amount of
runoff N, seepage 15N and sediment 15N accounted
an average proportion of 36.7%, 32.0% and 31.3%,
respectively for the total leaching 15N (Fig. 5). It
should be noticed that although the volume of runoff
was much greater than that of seepage, the 15N
concentration in the runoff was low, thus the 15N
amount in runoff was similar to that in seepage, as
well as sediment. The runoff 15N amount of T5 was
significantly (p<0.05) higher than that of other
treatments, while there were no significant (p>0.05)
differences among that of T1, T2 and T3. The
seepage 15N amount showed significant (p<0.05)
differences among T3, T4 and T5 but insignificant
(p>0.05) differences between T1 and T2. The
15

15

N balance in 2012 season. The balance of the
2011-residual 15N in 2012 season was shown in
Table 3. The accumulation amounts of 15N in tobacco
plant were in a range of 0.7-8.3 kg ha-1, showed
significant (p<0.05) differences among the
treatments. The amounts of leaching 15N were in a
range of 3.1-6.4 kg ha-1, which of T5 was
significantly (p<0.05) higher compared to that of
other treatments. The amounts of soil 15N ranged
from 20.4 to 80.5 kg ha-1, and were significantly
(p<0.05) increased as the total 2011-residual 15N
amounts increased. The amount of lost 15N were
from 3.1 to 17.6 kg ha-1.

4

15

N amount (kg ha-1)
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T3

T4

T5

3
a

a

b
2
c

c

a

b

c
d

cd

c

c

bc

b

d

1

0
Runoff

Seepage

Sediment

Leaching

FIGURE 5
The amount of N in runoff, seepage and sediment in 2012 season (Sediment refers to the solid
substances seperated from seepage waters. T1, T2, T3, T4 and T5 represent the treatments that
distinguished by different 15N application amounts of 60, 90, 120, 150 and 180 kg ha -1 in 2011 season.
Means followed by the same letter (a, b, c, d) do not differ significantly at 5% level according to
Duncan's multiple range test. Each value is the mean ± SD).
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TABLE 3
The balance of the 2011-residual 15N in the 2012 season.

Treatment

Total

Plant uptakes

Leaching

residual 15N

Amount

Amount

Proportion

Proportion

Remaining in soil

Loss

Amount

Amount

Proportion

Proportion

(kg ha-1)

(kg

)

(%)

(kg ha )

(%)

(kg ha )

(%)

(kg ha )

(%)

T1

27.3

0.7±0.1e

2.6

3.1±0.3d

11.3

20.4±2.5e

74.7

3.1±1.0e

11.3

T2

44.4

2.2±0.7d

4.9

3.7±0.3cd

8.4

32.7±4.3d

73.8

5.7±1.2d

12.9

T3

67.0

3.6±0.2c

5.4

4.3±0.3bc

6.5

49.2±5.2c

73.4

9.9±1.5c

14.7

T4

89.5

5.9±0.5b

6.5

5.1±0.5b

5.7

64.6±6.4b

72.2

13.9±1.4b

15.6

T5

112.8

8.3±1.3a

7.3

6.4±0.5a

5.7

80.5±5.8a

71.4

17.6±1.4a

15.6

ha-1

-1

-1

-1

15

Note: T1, T2, T3, T4 and T5 represent the treatments that distinguished by different N application amounts of
60, 90, 120, 150 and 180 kg ha -1 in 2011 season.The leaching 15N contains the 15N in runoff, seepage and the
sediment seperated from seepage waters. Means followed by the same letter (a, b, c, d, e) do not differ significantly
at 5% level according to Duncan's multiple range test. The value of 15N amount is the mean ± SD.

In our study, averagely 5.4% of the 15N were
reutilized by the tobacco plants in 2012 season, 7.5%
were leached by runoff and seepage, 73.1% were
remained in the 0-60 cm soil layer, and 14.0% were
lost via volatilization, or entering into the deeper soil
layer below 60 cm. Our results supplemented many
earlier one-season studies. Feng [34] reported that
about 76.2-92.3% of the fertilizer N were absorbed
by tobacco and remained in soil, 7.7-23.8% were lost
in various pathways, during one-season tobacco
cultivation. Fu's [35] study demonstrated that 33.944.7% of the total applied N were taken up by
tobacco plant, 33.1-37.1% were residual in soil, and
18.8-32.6% were lost from plant-soil system.
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ABSTRACT

INTRODUCTION

Mushrooms have become attractive materials
as a source of physiologically valuable bioactive
compounds recently. This study was designed to
investigate antioxidant, antibacterial and cytotoxic
properties of Schizophyllum commune Fr. which is
highly distributed worldwide. Five different extracts
of S. commune were obtained with different solvent
systems. Their antioxidant potentials were
determined by measuring bioactive components (ȕcarotene, flavonoids, lycopene and total phenols) in
conjunction with radical scavenging and metal
chelating activities as well as its reducing powers.
Antibacterial activities of aqueous and methanol
extract were observed on Bacillus subtilis
(Ehrenberg) Cohn and Agrobacterium tumefaciens
Smith & Townsend. In vitro cytotoxic effects of the
extracts against liver hepatocellular carcinoma
(HepG2) cell lines after 48 and 72 h incubation
were tested. It was found that acetone extract of S.
commune had maximum amount of ȕ-carotene
(22.69 μg/mg), phenolic (27.66 μg/mg) and
lycopene (8.73 μg/mg) content and n-hexane extract
had maximum amount of flavonoid (3.48 μg/mg).
According to IC50 values, the chloroform extract of
S. commune showed the highest DPPH capturing
(7.652 mg/ml) and metal chelating (6.590 mg/ml)
activities. Furthermore, acetone and n-hexane
extracts exerted substantial in vitro cytotoxic effects
against liver hepatocellular carcinoma (HepG2) cell
lines after 72 h incubation with IC50 value of 0.825
and 0.316 mg/ml respectively. Results of this study
showed that different extracts of investigated
mushroom have considerable cytotoxic and
antioxidant properties and may be utilized as a
promising source of therapeutics.

Bioactive compounds having health improving
effects in foods have come to focus in food sciences
in recent times. 7KH WHUP ³Functional food´ was
first introduced by the Japanese government in
1980s and has come forward in Europe since the
mid 90s. Though, there is no certain definition for
the term functional foods, it can be explained as
foods with health improving properties. Demand for
functional foods is increasing because of high
healthcare cost and desire for healthy and long life.
Therefore, people are searching for functional foods
with well known bioactive compounds and
researches on bioactivities of present foods have
been increasing tremendously [1, 2].
Although, mushrooms as a source of bioactive
compounds have been reported in recent years,
usage of mushrooms as a food has gone back to
centuries ago [3]. Mushrooms are rich in protein
and supply quite amount of vitamins. In addition,
they are rich in other bioactive compounds
(unsaturated fatty acids, phenolics and antioxidants)
having health improving capacity or reducing
disease risk [4, 5]. In addition to their nutritional
quality as functional foods, mushrooms have great
potential in medicinal usage as anticancer, antiviral,
hypocholesterolemic agent, antidiabetic and
antioxidant agent [6].
One of the nutriceutical values of a mushroom
is its antioxidant capacity. It is well known that
reactive oxygen species (ROS) and free radicals are
engendered as products of biochemical reactions in
the body. Although, humans have several lines of
defensive mechanisms against ROS, they do not
completely prevent radical induced damages.
Developing technologies and gathered information
resulted in usage of antioxidants against damage
caused by ROS [7-11]. Another nutriceutical value
for a mushroom is its cytotoxic effects against
cancer cells. Herbs are used as an alternative for
chemotherapautic treatment depending on local
traditional believes. Additionally, mushrooms also
possess cytotoxicity capacity [12, 13]. Therefore,
search for antioxidant capacity and cytotoxicity

KEYWORDS:
Macrofungi; Schizophyllum commune; Antioxidant
activity; Antibacterial activity; Cytotoxicity; HepG2
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The method was adapted to microtiter plate
measurements in total reaction volume of 200 μl. 20
μl of standards or different extracts (10 mg/ml)
were thoroughly mixed with same volume of Folin
DQG &LRFDOWHX¶V SKHQRO UHDJHQW DQG placed at dark
for 3 min. Thereafter, 20 μl of 35% sodium
carbonate (w/v) and 140 μl of dH2O were added
and incubated for 10 min followed by measuring
the absorbance at 725 nm using Multiscan GO
microplate spectrophotometer (Thermo Scientific,
USA). The results were tabulated as mean ±
standard error of mean (SEM) from gallic acid
calibration curve and expressed as mg of gallic acid
equivalents/mg of extracts.

against cancer cells of foods is one of the most
required areas in medicinal sciences. Although, a
lot studies in literature on finding different features
of mushrooms showing their health improving
properties is available, there is still need to
characterize mushroom with regard to its nutritive
capacity, qualitative and quantitative researches on
its nutriceutical value [7, 11].
Schizophyllum commune Fr. is spread all over
the world where woody plant present. There are
some studies on this species from different origins
[14]. Tripathi and Tiwari [15] evaluated the
chemical composition difference of wild type and
LW¶Vin vitro cultivated samples but no other studies
with respect to cytotoxic, antioxidant and
antibacterial capacity of S. commune were
investigated. Therefore this wide spread mushroom
was investigated in terms of its cytotoxic,
antioxidant and antimicrobial potential.

Determination of total flavonoid contents.
Flavonoid contents of S. commune extracts were
scored by using methodology reported by Pal et al.
[17] with required modifications. 50 μl of extract
(10 mg/ml), 215 μl of EtOH (80% v/v), 5 μl of
AlNO3 (10% w/v) and 5 μl potassium acetate (1 M)
were mixed thoroughly in microtiter plates followed
by incubation for 40 min at room temperature.
Thereafter, reading at 415 nm, total flavonoid
contents were tabulated using following equation:
Total flavonoid contents (μg/mg extract) =
(A415+ 0.01089) / 0.002108

MATERIAL AND METHODS
Collection and identification of S. commune.
Samples of S. commune were collected from
different localities within Karaman province in
Central Anatolian region of Turkey. Thereafter,
morphological and ecological characteristics were
taken to the fungarium and spore prints were
obtained.
Microstructural
properties
were
investigated by light microscopy and identified. The
samples were NHSW DW .DUDPDQR÷lu Mehmetbey
8QLYHUVLW\ .DPLO g]GD÷ Science Faculty,
Department of Biology for future studies.

Determination of ȕ-carotene and lycopene
contents. ȕ-Carotene and lycopene contents of
extracts was determined by re-extraction of water,
methanol, n-hexane, acetone and chloroform
extracts with 10 ml of aceton:hexane (4:6) mixture
for 1 min. Re-extracted materials were then filtered
(Whatman No.4 filter paper) followed by measuring
the absorbance of the filtrates at 453, 505 and 663
nm. Contents were determined according to
following equations [17].
ȕ-carotene content (mg/100 mg) = 0.216 A663 ±
0.304 A505 + 0.452 A453
Lycopene content (mg/100 mg) = ± 0.0458
A663 + 0.372 A505 ± 0.0806 A453

Preparation of various extracts. 10 g of
whole samples (cap and stipe) of S. commune were
used and fine dried powdered samples were
prepared bu using liquid nitrogen, mortar and
pestle. Various extracts were obtained by using
Soxhlet extraction apparatus throughout two days
using water, methanol, chloroform, acetone and nhexane as solvent system. Thereafter, solvents were
evaporated with rotary evaporator (IKA, Staufen
Germany) under vacuum to dryness and all samples
were lyophilized in order to gain ultra-dry powders.
In next step, samples were diluted as per
requirement prior to experimental setup.

DPPH radical scavenging activity. Free
radical scavenging activities of different S.
commune extracts were determined by monitoring
2,2-diphenyl-1-picrylhydrazyl (DPPH) reduction.
For that reason, 20 μl of gallic acid (0.01-0.5 mM)
and extracts (2, 4, 6, 8, 10 mg/ml) were mixed with
180 μl of DPPH (0.06 mM in methanol) in
microtiter plates and incubated at dark for 1
h.DPPH radical reduction was determined at 517
nm absorbance. Whereas, blank measurements
were also performed in order to find out percent
discoloration of DPPH by using the formula above;

Determination of total phenolic contents.
Phenolic compounds concentration of S. commune
was recorded by using colorimetric measurements
as reported by Taga et al. [16] with some
modifications. Gallic acid was used as standard in
triplicate at variable concentrations (0.01-1.0 mM).
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solution (PMS-N methyl dibenzopyrazine methyl
sulfate) was added to 5 ml XTT reagent. After
mixing, 50 μl of this solution was added into each
well and cells were incubated for 10 hr at 37°C with
XTT in CO2 incubator. The intensity of the
formazan was measured at 415 nm and IC50 values
were calculated [21].

The extract concentrations providing 50%
inhibition (IC50) was calculated from the graph of
RSA vs. extract amount and used to compare
radical scavenging activities of different S.
commune extracts [18].
Determination of metal chelating activity.
Chelating abilities of various S. commune extracts
were performed using EDTA as a standard
chelating agent [19]. 50 μl of extracts (2, 4, 6, 8, 10
mg/ml) and standard (0.1-5 mM) were added to
microplate wells followed by mixing with 10 μl
ferrozine (5 mM), 5 μl FeCl2 (2 mM) and 185 μl
methanol. Thereafter, they were incubated for 10
min at room temperature that was followed by
measuring the absorbance at 562 nm) and IC50
values were calculated.

Determination of antibacterial activities.
The antibacterial activities of S. commune extracts
(40 μg/μl) against different microorganisms
(Bacillus subtilis (Ehrenberg) Cohn, Bacillus
licheniformis, Staphylococcus aureus Rosenbach,
Escherichia coli T. Escherich and Agrobacterium
tumefaciens Smith & Townsend) were assessed by
disc diffusion susceptibility method [22]. Penicillin,
Gentamicin and Tetracycline were used as standard
antibiotic discs. All microorganisms were grown in
Müller Hilton broth at 35°C and 28°C for 18 hr and
cell density were adjusted according to 0.5 Mc
Farland standards. Thereafter, 100 μl of adjusted
microorganism suspension were inoculated onto
Müller Hilton Agar by spread plate technique.
Extracts loaded discs (40 μg/μL) and standard
antibiotic discs were placed on inoculated petri
dishes. Negative controls were also prepared with
solvents alone. Inhibition zones around the discs
were measured to determine antibacterial activities
of the extracts after overnight incubation. The study
was performed in triplicates of each sample.

Determination of reducing power. Reducing
powers of different S. commune extracts were
performed accordingly to Karamac et al. [20] with
an adaptation to microplate measurement. Various
concentrations of mushroom extracts (2, 4, 6, 8, 10
mg/ml) and standard gallic acid solutions (0.01-0.1
mM) were thoroughly mixed with 75 μl phosphate
buffer (0.2 M pH:6:6) and 75 μl K3Fe(CN)6 (1%
w/v) with total volume of 200 μl followed by
incubation at 50oC for 20 min. Afterwards, 75 μl
trichloroacetic acid (10% w/v) were added and
centrifuged for 10 min at 1000 g. 75 μl of
supernatant were transferred to another microtiter
plate and mixed with 75 μl distilled water and 15 μl
FeCI3 (0.1% w/v). After measuring the absorbance
at 700 nm, effective concentrations (IC50) at which
the absorbance was 0.5 for reducing power was
calculated.

Statistical analyses. All experiments were
performed out in triplicates (at least). Differences
among scavenging activities on DPPH radicals and
chelating activities on ferrous ions and of various
extracts obtained from S. commune tested were
subjected to analysis of variance (ANOVA) test by
using Statistical Package for Social Sciences
(SPSS®, version 21.0). IC50 values were calculated
with regression analysis by probit using SPSS.
Probit analysis of concentration-activity data was
conducted to estimate the IC50 (median inhibition
concentration) values and associated 95%
confidence limits for each treatment. Differences
among the values occurred in the result of analyses
ZHUH WHVWHG WKURXJK 'XQFDQ¶V PXOWLSOH UDQJH WHVWV
and values with p < 0.05 were considered
significantly different.

Determination of cytotoxicity over HepG2
cell line. Human hepatocellular carcinoma cells
(HepG2) were cultured in RPMI 1640 medium with
L-glutamine and 25 mM HEPES (Lonza, USA)
provided with 10% fetal bovine serum and 0.2%
gentamycin sulfate. Cells were cultured in a
humidified incubator at 37°C with 5% CO2. After
HepG2 cells grew to the expected concentration
(90% confluency), they were harvested by 2 ml
0.05% trypsin/EDTA and incubated at 37°C for 5
min for complete cell detachment. 5 ml of growth
medium was added in order to stop trypsin activity.
Counting of cell suspension was done with Trypan
Blue dye that was adjusted to 100.000 cells/ml. 50
μl each of fresh complete medium with HepG2 cell
and extracts in different concentration (0.5-10
mg/ml) were added. Thereafter, they were
incubated for 48 or 72 hr at 37°C in CO2 incubator.
The cytotoxic effect of S. commune on HepG2 cell
line was studied with cell proliferation XTT (2,3bis-(2-methoxy-4-nitro-5-sulfophenyl)-2Htetrazolium-5-carboxanilide)
kit
(Biological
Industries, Israel). Accordingly, 100 μl activation

RESULTS AND DISCUSSION
Antioxidant
components.
Antioxidant
compounds are important and used in all aspects of
medical field. Phenolic compounds are important
products in antioxidant mechanisms. Phenols
contain hydroxyl groups and were identified as
effective antioxidant agents in the macrofungi [28].
It was reported that antioxidant (such as phenols)
containing foods may reduce the risk of heart
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Contenta
(μg/mg)
ȕ-Carotene
Flavonoid
Lycopene
Total phenols
a
b
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TABLE 1
Antioxidant contents of various extracts from Schizophyllum commune
Extract
Acetone
Chloroform
n-Hexane
Methanol
Water
22.69 ± 0.15 Ab
0.79 ± 0.04 B
8.73 ± 0.08 A
27.66 ± 0.10 A

7.07 ± 0.10 D
0.4 ± 0.06 C
0.86 ± 0.11 D
22.57 ± 0.06 B

17.62 ± 2.97 B
3.48 ± 0.05 A
7.32 ± 1.74 B
12.44 ± 0.42 C

0.58 ± 0.02 E
0.12 ± 0.02 E
0.42 ± 0.03 E
2.51 ± 0.42 E

10.22 ± 2.88 C
0.22 ± 0.02 D
5.92 ± 1.85 C
12.32 ± 0.05 D

Each value is expressed as mean ± SEM (n = 3)
Values followed by different capital letters in the same row differ significantly at p < 0.05
c
Values followed by different capital letters in the same
column differ significantly at p < 0.05

disease because of their antioxidant compounds [29,
30]. Previous studies demonstrated that mushrooms
had antioxidant compounds such as ȕ-carotene,
flavonoid, lycopene and phenol [19, 23-27].
Experiment carried out on Lactarius piperatus
showed high rate of phenol, flavonoids, ascorbic
acid, ȕ-carotene and lycopene [23]. In another
study, significant quantity of phenolic content was
found in other edible mushrooms like Lactarius
delicious and Tricholoma portentosum [24].
In this study, several potential antioxidant
components including ȕ-carotene, flavonoids,
lycopene and total phenols were determined from
various extracts of S. commune. ȕ-Carotene content
of S. commune extracts followed the order: acetone
> n-hexane > water > chloroform > methanol.
Amounts of antioxidant compounds in extracts were
statistically (p < 0.05) different from each other.
Flavonoid contents in extracts were found in small
amounts (from 0.12 to 3.48 μg/mg). The highest
quantity of lycopene was found in acetone extract
(8.73 μg/mg). Total phenolic compounds found in
the different extracts from S. commune were in
order of acetone > chloroform > n-hexane > water >
methanol (Table 1). The higher content of total
polyphenolics in acetone and chloroform extract
might be the key components for the better result
found in the scavenging and chelating activity of
ferrous ion and reducing power.

TABLE 3
IC50 values (mg/ml) of extracts and standard for
chelating on ferrous ions

Acetonea
a

Chloroform

1.660 ± 0.187

7.652 (5.630-14.162) B

0.482 ± 0.132

n-Hexanea

55.873 (25.954-426.029) E

0.615 ± 0.145

Methanola

9.012 (7.540-11.713) C

0.980 ± 0.137

Watera

86.712 (32.966-1641.467) F

0.561 ± 0.147

Gallic acidb

0.037 (0.026-0.048) A

0.601 ± 0.053

1.184 ± 0.136

n-Hexane

11.739 (9.980-14.753) E

1.402 ± 0.149

Methanola

8.142 (6.682-10.985) C

0.809 ± 0.134

Watera

9.682 (8.829-10.843) D

2.219 ± 0.166

EDTAb

0.158 (0.135-0.183) A

1.207 ± 0.064

Schizophyllum commune extract
Standard solution
c
Values followed by different capital letters in the
same column differ significantly at p < 0.05

b

Furthermore, they can cause injury to the cell
membrane, enhance the permeability and eventually
leads to cell death [31]. DPPH that is also a free
radical could accept a negative or positive charge to
become a stable and colourless molecule [32] and is
widely used to assess the radical scavenging
activities of the number of materials.
It was determined that free radical scavenging
potential of extracts from S. commune on DPPH
radicals was found to increase with higher
concentrations. Chloroform extract showed the
highest DPPH scavenging activity. The scavenging
effects of various extracts from S. commune on
DPPH radical were in the descending order of
chloroform > methanol > n-hexane > water >
acetone. Scavenging activities on DPPH radicals at
maximum concentration (10 mg/ml) of chloroform,
methanol, n-hexane, water and acetone extracts
were 54.68, 54.27, 34.98, 30.86 and 30.29%,
respectively (Fig. 1). Among the five different
extract, most effective was the chloroform extract
since chloroform extract had the lowest IC50 value
of 7.652 mg/ml. IC50 values of methanol, acetone,
n-hexane and water were recorded 9.012, 20.347,
55.873 and 86.712 mg/ml respectively (Table 2).
In many studies, DPPH scavenging activities
was researched by antioxidant compounds in foods
ions such as Fe+2 and Cu+2 can stimulate Fenton and
plants [19, 23-27, 28, 33, 34]. DPPH scavenging

a Schizophyllum
b Standard

6.590 (5.804-7.656) B

Slope ±SEM

a

Slope ± SEM

20.347 (16.069-29.104) Dc

16.894 (12.776-27.043) Fc 1.020 ± 0.146
a

TABLE 2
IC50 values (mg/ml) of extracts and standard for
scavenging on DPPH radicals
IC50 (Limits)

IC50 (Limits)

Acetonea
Chloroforma

Scavenging ability on DPPH radicals. Free
radicals can damage proteins and genetic materials
in human cells.

Extract

Treatment

commune extract
solution
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activities on ferrous ions at maximum concentration
(10 mg/ml) of chloroform, water, methanol, nhexane and acetone extracts were 62.06, 55.46,
54.14, 46.76 and 38.21%, respectively (Fig. 2). As
shown in Table 3, among the five extract, the most
effective was the chloroform extract with its IC50
value of 6.590 mg/ml. IC50 values of methanol,
water, n-hexane and acetone were recorded
respectively as 8.142, 9.682, 11.739 and 16.894
mg/ml, respectively (Table 3). The data obtained
also revealed the iron binding of extract of S.
commune, especially obtained from chloroform
extraction. This iron binding capacity of S.
commune may provide its protective role against
metal induced free radical damages.

activities of other macrofungi species like
Polyporus squamosus, Lepista nuda, Russula
delica, Boletus badius and Verpa conica were also
studied and it was determined that L. nuda had
marked degree of activity [28] Similarly,
Termitomyces
heimii
and
Termitomyces
mummiformis had DPPH scavenging effect with
very low IC50 values [8].
Chelating abilities on ferrous ions. Metal
reactions which in turn increase the production of
free radicals [35, 36]. Therefore, chelating abilities
of various compounds against these metal ions
could have preventive roles in radical induced
cellular damages. Important chelating abilities of
some macrofungus species such as Grifola frondosa
[25] and Pleurotus squarrosulus [19] was reported
in their various extracts. In this study, five extracts
of S. commune, as well as standard chelating agent
EDTA, interfered with the formation of ferrous and
ferrozine complex showed the chelating activity and
capture ferrous ion prior to the production of
ferrozine.
It was determined that increased chelating
abilities of various extracts of S. commune were
dependant on their concentration. For the chelating
effect on ferrous ion, extracts from S. commune
were effective in the following order: chloroform >
water > methanol > n-hexane > acetone. Chelating

Determination of reducing power. Reducing
power of a compound may act as a significant
indication of its potential antioxidant activity [37].
Previously, researchers reported the reducing power
of many mushroom species [1, 4-8]. Similarly,
reducing power of extracts from S. commune
increased as the concentration increased (Fig. 3).
The reducing activity of various extracts from S.
commune decreased in order of methanol > acetone
> chloroform > n-hexane > water (Fig. 3). The most
effective reducing power activity was shown by
methanol extract.

FIGURE 1
Scavenging ability of extracts in different concentrations from Schizophyllum commune
on DPPH radicals. Each value is expressed as mean ± standard deviation (n = 3)
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methanol and water extracts were 12.702, 26.111,
41.454, 12.243 and 48.002 mg/ml, respectively. The
most effective extract was methanol with EC50 of
12.243 mg/ml.

Methanolic extract exhibited a fair reducing power
of 0.15 at 2 mg/ml that increased to 0.40 at 10
mg/ml (Fig. 3). Barros et al. [23], Ferreira et al.
[24], Barros et al. [27] and Elmastas et al. [28] also
reported the high reducing power activity of
methanolic extracts of some mushroom species had
Water extract caused lower reducing power activity
compared to other extracts (Fig.3). The highest
result of reducing power activity of water extract
was 0.11 at 10 mg/ml of concentration (Fig. 3).
EC50 values of acetone, chloroform, n-hexane,

Determination of cytotoxicity on HepG2 cell
lines. Hepatocellular carcinoma is a type of cancer
that shows high resistance to available
chemotherapeutic agents [38] and needs new
approaches
to
overcome
the
problem.

FIGURE 2
Chelating ability of extracts in different concentrations from Schizophyllum commune on ferrous ions.
Each value is expressed as mean ± standard deviation (n = 3)

FIGURE 3
Reducing powers of various extracts from Schizophyllum commune. Each value is
expressed as mean ± standard deviation (n = 3)
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FIGURE 4
Cytotoxicities of various extracts from Schizophyllum commune after different exposure times
(a) 48 hour incubation with extracts, (b) 72 hours incubation with extracts

Acetone and chloroform extracts showed
substantial in vitro cytotoxic activity against HepG2
cell lines with IC50 values of 0.825 and 0.316
mg/ml, respectively (Table 4). On the contrary,
effect of methanol extract is very low as compared
with other extracts (IC50: 42.632 mg/ml) and it
could be said that they do not possess toxic effects
to the cell lines tested.

Using in vitro XTT assay, the potential cytotoxic
effect of S. commune extracts was assessed.
Findings of our study clearly demonstrated that
elevated incubation time from 48 h to 72 h with S.
commune extracts increased the cytotoxic effects
over human liver carcinoma (HepG2) cells.
Cytotoxicity over liver hepatocellular carcinoma
cell lines (HepG2) by extracts from S. commune is
presented in Fig. 4.

Determination of antibacterial activities. In
this study, five different extracts, namely n-hexane,
chloroform, acetone, methanol and water, were
used against B.subtilis, E. coli, S. aureus, B.
licheniformis and A. tumefaciens.
The results of disk diffusion method for the
antimicrobial activity showed antibacterial effects
against some of the tested microorganisms (Table
5). The inhibition zones less than 6 mm is indicated
DV ³-³ DQG WKHUHIRUH RXW RI ILYH GLIIHUHQW H[WUDFWV
methanol and water extracts showed antibacterial
activity by inhibiting B. subtilis and A. tumefaciens
growth (Table 5). The orders of inhibiton zone of
both extracts on both microorganisms were almost
close to each other.

TABLE 4
48 and 72 h IC50 values (mg/ml) of extracts for
cytotoxicity effect
Extract

48 h IC50 (Limits)

72 h IC50 (Limits)

Acetone

1.63 (1.37-1.91) Ba

0.83 (0.60-1.04) Ba

Chloroform 0.36 (0.17-0.56) A

0.32 (0.16-0.48) A

n-Hexane

2.42 (2.18-2.68) C

1.62 (1.42-1.84) C

Methanol

50.86 (26.42-190.88) E

42.63 (21.91-154.50) E

Water

7.11 (6.23-8.35) D

3.47 (3.03-3.97) D

a
Values followed by different capital letters in the
same column differ significantly at p < 0.05
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TABLE 5
Antimicrobial activities of various extracts
Schizophyllum commune (IZ;mm)
Water
Methanol
Penicillin
Tetracycline
8
20
7
8
32
35
18
24
11
20
6
8
31
30

Gentamicin
19
31
22
17
24

P.R. (2014) Antioxidant activities and phenolic
content of Piper wallichii (Miq.) Hand.-Mazz..
International Journal of Food Properties 17,
309-320.
[8] Jayakumar, T., Thomas, P.A. and Geraldine, P.
(2009) In-vitro antioxidant activities of an
ethanolic extract of the oyster mushroom,
Pleurotus ostreatus. Innovative Food Science
& Emerging Technologies 10, 228-234.
[9] Nandi, A.K., Samanta, S., Maity, S., Sen, I.K.,
Khatua, S., Devi, K.S.P., Acharya, K., Maiti,
T.K. and Isla, S.S. (2014) Antioxidant and
immunostimulant ȕ-glucan from edible
mushroom Russula albonigra (Krombh.) Fr..
Carbohydrate Polymers 99, 774-782.
[10] Vieira, P.A.F., Gontijo, D.C., Vieira, B.C.,
Fontes, E.A.F., Assunçao, L.S., Leite, J.P.V.,
Oliveira, M.G.A. and Kasuya, M.C.M. (2013)
Antioxidant activities, total phenolics and
metal contents in Pleurotus ostreattus
mushrooms enriched with iron, zinc or lithium.
LWT - Food Science and Technology 54, 421425.
[11] Jin, S., Chen, G., Du, J., Wang, L., Ren, X. and
An, T. (2013) Antioxidant properties and
principal
phenolic
compositions
of
Cynomorium songaricum Rupr.. International
Journal of Food Properties 17, 13-25.
[12] Heleno, S.A., Ferreira, I.C.F.R., Calhelha,
R.C., Esteves, A.P., Martins, A. and Queiroz,
M.J.R.P. (2014) Cytotoxicity of Coprinopsis
atramentaria extract, organic acids and their
synthesized methylated and glucuronate
derivatives. Food Research International 55,
170-175.
[13] Park, B.T., Na, K.H., Jung, E.C., Park, J.W.
and Kim, H,H. (2009) Antifungal and
anticancer activities of a protein from the
mushroom Cordyceps militaris. The Korean
Journal of Physiology & Pharmacology 13, 4954.
[14] Yim, H.S., Chye, F.Y., Rao, V., Low, J.Y.,
Matanjun, P., How, S.E. and Ho, C.W. (2013)
Optimization of extraction time and
temperature on antioxidant activity of
Schizophyllum commune aqueous extract using
response surface methodology. Journal of Food
Science and Technology 50, 275-283.
[15] Tripathi, A.M. and Tiwary, B.N. (2013)

CONCLUSIONS
Macrofungi are gaining popularity in recent
decades due to their nutritive value and possible
potential therapeutic uses for health. Results clearly
showed the potential of S. commune extracts as
alternative source of antioxidant and cytotoxic
natural compounds. Furthermore, the extracts can
also be employed as a potent antibacterial drug
against infectious diseases.
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EFFECTS OF SINGLE AND COMBINED APPLICATIONS OF
CHROMIUM AND CLARITHROMYCIN ON WHEAT
SEEDLINGS
Muhittin Dogan*, Emine Gultekin
Department of Biology, Faculty of Arts and Sciences, University of Gaziantep, 27310 Gaziantep, Turkey

potential for bioaccumulation. When released into
the environment, drugs having specific mode of
actions may exert effects on terrestrial and aquatic
ecosystems. The discharge, presence and potential
adverse effects of drugs in the environment have
attracted a great deal of attention in recent years and
a growing body of literature dealing with the
environmental fate and effects of pharmaceutical
substances is emerging [3]. The amount of drug in
animal faeces, coupled with the regular application
of animal wastes to soil, and the rates of drug
degradation and dilution in the ploughed soils,
typically result in low drug-contamination levels in
terrestrial ecosystems [4,5].
The situation concerning antibiotics and their
resistances have resemblance to metal contamination
in some aspects. Heavy metals are natural
compounds, like antibiotics, present in different
ecosystems. However, their production and
utilization by humans have increased their
bioavailability, causing dramatic changes in polluted
ecosystems [6]. Among heavy metals, chromium is
the 7th most abundant element on earth and 21st in the
crustal rock. Its widespread use in leather tanning,
pigments, electroplating and alloys has converted Cr
in a serious pollutant of air, soil and water. There are
several negative effects of Cr such as membrane
damage, ultra structural changes in the organelles,
impaired metabolic activities and growth
retardations [7,8]. Also, Cr interferes with several
metabolic processes, causing toxicity to plants as
exhibited by reduced seed germination or early
seedling development [9]. Besides Cr has been
demonstrated to stimulate formation of free radicals
and reactive oxygen species (ROS) such as
superoxide radicals hydrogen peroxide and hydroxyl
radicals either by direct electron transfer involving
metal cations or as a consequence of metal mediated
inhibition of metabolic reactions [10].
The objective of this study was to determine the
some physiological effects of chromium, antibiotic
claritromicin and their combination on seedlings of
a bread wheat variety, which grown hyroponically in
a climate chamber.

ABSTRACT
The aim of the present study is to evaluate the
physiological effects of single and combined
application
of
chromium
and
antibiotic
clarithromycin on the bread wheat seedlings, which
were grown in a climate chamber as hydroponically.
Growth and development of the seedlings roots and
shoots were negatively affected by Cr and
clarithromycin+Cr supply. Single clarithromycin
treatment, however, did not significatly affect on
growth and development of the seedlings. Pigment
contents of the seedling leaves were reduced by
applications. Among applications, low proline
content determined at 100 mg/L clarithromycin.
When compared to 100 mg/L Cr treatment, low
proline content was found at 100 mg/L Cr + 100
mg/L clarithromycin applications. Although total
carbohydrate contents of wheat seedling parts were
increased by all applied concentrations and the
combination, protein contents were genarally
decreased. Contents of malondialdehyde and H2O2
of seedling roots and shoots were especially
increased by 100 mg/L Cr and 100 mg/L Cr + 100
mg/L clarithromycin applications. Element contents
of seedling parts were differently affected by
treatments. Results showed that clarithromycin
application did not critically affect the seedlings.

KEYWORDS:
Chromium, clarithromycin, physiological effects, wheat

INTRODUCTION
Antibiotics are among the most successful
drugs widely used to prevent and treat infections in
human and animals as well as to increase growth rate
of animals as food additive. The majority of
antibiotics are excreted unchanged into the
environment and pass into water systems, the soil
and sewage treatment plants [1,2]. Because of being
biologically
active,
they
are
suspicious
environmental contaminants. They are generally
very soluble and have a low biodegradability in order
to be as effective as possible. This property poses a
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shoots, dried samples were pulverized using mortar
and pestle. The samples were dissolved in 14 M
HNO3 and residues were dissolved in 1 M HCl. After
mineralization, elements were determined using an
atomic absorption spectrometer (Perkin Elmer
AAnalyst 400, USA). All chemicals used in the
study were prepared from the analytical grade.

MATERIALS AND METHODS
Plant material and treatment. For
experiment, Triticum aestivum L. cv Golia seeds
were used. The seeds sterilized with 5% sodium
hypochloride solution for 15 min, and washed with
distiled water three times and then were germinated
in perlite for 7 days under 24±1 °C. Golia seedlings
were then transferred to 2 L plastic vessels (24
seedlings per vessel) containing aerated nutrient
solution. The nutrient solution consisted of 0.88 mM
K2SO4, 2.0 mM Ca(NO3)2, 0.25 mM KH2PO4, 1 mM
MgSO4, 0.1 mM KCl, 100 μM Fe-EDTA, 1 μM
H3BO3, 0.5 μM MnSO4, 1 μM ZnSO4, 0.2 μMCuSO4
and 0.02 μM (NH4)6Mo7O24 [11]. Deionized water
used for preparing the nutrient solution. The
seedlings were grown in a climate chamber (Snijders
Scientific, Netherlands) (light/dark regimes of 16/8
h, OLJKWOHYHOaȝ(P-2.s-2, temperature 24±1 °C).
After seedlings were acclimatized for 4 days in
nutrient solution, they were supplied with 100 mg/L
Cr (K2Cr2O7), 100 mg/L clarithromycin and 100
mg/L Cr + 100 mg/L clarithromycin. Solutions
applied were changed every 2 days. The seedlings
were harvested after 6 days than seedlings roots
washed with deionized water three times to remove
any elements and clarithromycin adhered to the roots
surface. Roots and shoots were separated and dried
at 80 °C in order to determine dry weight and
element contents.

Statistical analysis. All analyses were carried
out triplicate. Data were analyzed by SPSS 11.0. The
significance of differences between mean values
were determined by Least Significant Difference
(LSD) at the 0.05 level of confidence.

FIGURE 1
Growth of wheat seedlings after applications
of 100 mg/L clarithromycin, 100 mg/L
chromium and 100 mg/L clarithromycin + 100
mg/L chromium. In Figure, seedlings from
left to right indicate: a, 0 mg/L (without
treatment); b, 100 mg/L clarithromycin; c,
100 mg/L chromium and d, 100 mg/L
clarithromycin + 100 mg/L Cr.

Physiological analyses. Fresh leaves of
seedlings were weighted, put separately in 80%
acetone and homogenized with mortar and pestle.
The supernatant was separated and the absorbances
were read using a spectrophotometer (CINTRA 202,
Australia). Pigments contents were calculated
according to the formulas of Lichtenthaler and
Wellburn [12]. Extraction solution was used as
blank. The content of H2O2 was measured according
to the method of Sagisaka [13] with the following
modification: 0.5 grams of fresh plant parts were
ground in 50 mM K-phosphate buffer (pH 7.8). The
mixture was centrifuged at 10000 rpm for 10 min.
The supernatant was collected. 1.6 mL of the
resulting supernatant was mixed with 0.4 mL 50%
trichloroacetic acid, 0.4 mL 10 mM ferrous
ammonium sulfate and 0.2 mL 125 mM potassium
thiocyanate. The absorbance of the reaction mixture
was monitored at 480 nm. For total soluble
carbohydrate determinations, anthrone method was
used [14]. The carbohydrate content was then
estimated using the standard curve of glucose. Lipid
peroxidation was determined by measuring the level
of malondialdehyde (MDA) by method of Zhou
[15]. Determination of free proline content was done
according to Bates et al. [16]. Protein content was
determined according to Lowry et al. [17].
For determination of Cr and other element
contents (Zn, Cu, Mn, Fe, Ca and K) in the roots and

RESULTS
When compared to control (without treatment),
100 mg/L Cr and 100 mg/L clarithromycin + 100
mg/L Cr applications showed severe toxicity
symptoms on the leaves (Fig. 1). The typical
symptoms of 100 mg/L Cr and 100 mg/L
clarithromycin + 100 mg/L Cr applications were the
expression of necrotic patches on the bases and
chlorosis of leaves. The middle aged leaves partly
became ripering. With respect to control, any of
toxicity symptoms such as necrosis, chlorosis, leaf
collapse etc., were not observed at 100 mg/L
clarithromycin.
A general decrease determined in root and
shoot length in all applications, as shown in Fig. 2.
The decreases were estimated in 100 mg/L
clarithromycin, 100 mg/L Cr and 100 mg/L Cr+ 100
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determined. 100 mg/L clarithromycin, 100 mg/L Cr
and 100 mg/L Cr + 100 mg/L clarithromycin
applications caused 1.10 (p>0.05), 1.97 (p<0.05) and
1.51-fold (p<0.05) enhancement of H2O2 in root
tissues, respectively, compared to control (Fig. 5).
Similarly, in 100 mg/L Cr and 100 mg/L Cr + 100
mg/L clarithromycin treatments, H2O2 contents in
shoot tissues were increased as 1.52 (p<0.05) and
1.37- fold (p<0.05), with respect to control. In 100
mg/L clarithromycin, however, H2O2 content was
insignificantly decreased (p>0.05). As can be seen in
Fig.5, there was an increase in MDA content of
seedling roots and shoots all treatments, except roots
at 100 mg/L clarithromycin. The maximum increase
of MDA content was found for roots and shoots
exposed to 100 mg/L Cr as 356.2% and 142.7%,
respectively (p<0.05), compared to control.

mg/L clarithromycin for roots as 14.7%, 31.9% and
31.0% and for shoots as 13.5%, 19.1% and 21.0%,
respectively, with respect to control. FW/DW was
also decresed in all applications (Fig. 2). The
mimimum ratios for root and shoot were estimated
in 100 mg/L clarithromycin + 100 mg/L Cr
application as 39.4% and 19.5%, respectively.

FIGURE 2
Lengths and fresh weigth (FW) / drw weigth
(DW) of roots and shoots of wheat seedlings
after applications of clarithromycin, Cr and
their combination. Error bars represent the
standard deviation of means. Means with
different letters are significantly different
from one another according to LSD test
(p<0.05).

FIGURE 3
Chromium contents of roots and shoots of
wheat seedling after applications of
clarithromycin, Cr and their combination.
Error bars represent the standard deviation
of means. Means with different letters are
significantly different from one another
according to LSD test (p<0.05).
N.D.: Not detected.

Fig. 3 shows the concentrations of Cr found in
the root and shoot tissues of wheat seedling after
with and without clarithromycin applications. Cr
was not determined in control and clarithromycin
applications. Compering to Cr applications, higher
Cr contents were determined at 100 mg/L Cr treated
seedlings than 100 mg/L clarithromycin + 100 mg/L
Cr application. The metal contents at 100 mg/L Cr
for roots and shoots were about 2.5 and 2.1 times
greater than 100 mg/L clarithromycin + 100 mg/L Cr
application, respectively (p<0.05).
Chl contents of seedling leaves were reduced
by the applications as can be seen in Fig. 4. Chl-a,
Chl-b and Chl a+b contents were not significatly
changed in 100 mg/L clarithromycin, with respect to
control (p>0.05). In 100 mg/L Cr and 100 mg/L
clarithromycin + 100 mg/L Cr applications,
however, Chl-a, Chl-b and Chl a+b contents were
significantly reduced.
To verify the identity of ROS involved in
applications of clarithromycin, Cr and their
combination-induced oxidative stress, H2O2 and
MDA contents of roots and shoots tissues were

FIGURE 4
Chlorophyll-a, chlorophyll-b and chlorophyll
a+b contents of seedling leaves after
applications of clarithromycin, Cr and their
combination. Error bars represent the
standard deviation of means. Means with
different letters are significantly different
from one another according to LSD test
(p<0.05).
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FIGURE 5
H2O2 and MDA contents of roots and shoots of wheat seedlings after applications of clarithromycin, Cr
and their combination. Error bars represent the standard deviation of means. Means with different
letters are significantly different from one another according to LSD test (p<0.05).

FIGURE 6
Proline, protein and total carbohydrate contents of roots and shoots of wheat seedlings after
applications of clarithromycin, Cr and their combination. Error bars represent the standard deviation
of means. Means with different letters are significantly different from one another according to LSD
test (p<0.05).
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FIGURE 7
Zn, Cu and Mn contents in roots and shoots of wheat seedlings after applications of clarithromycin, Cr
and their combination. Error bars represent the standard deviation of means. Means with different
letters are significantly different from one another according to LSD test (p<0.05).

and + 100 mg/L clarithromycin + 100 mg/L Cr for
roots as 6.9% (p>0.05), 62.4% and 42.4% (p<0.05),
respectively. The decreases for shoots at 100 mg/L
chromium and 100 mg/L clarithromycin plus 100
mg/L chromium were found as 16.0% and 11.4%,
respectively, with respect to control. Although Mn
contents of roots were significantly reduced by all
applications (p<0.05), the contents in shoots were
insignificantly increased (p>0.05). (Fig. 7)
Fe, Ca and K contents of roots and shoots are
represented in Fig. 8. Fe content of roots at 100 mg/L
clarithromycin was insignificantly increased as
%10.5 (p>0.05). However, the contents at 100 mg/L
Cr and 100 mg/L clarithromycin plus 100 mg/L Cr
were decreased as 64.9% and 21.1% (p<0.05),
respectively. Ca contents were increased in both
roots and shoots. The maximum increases for root
and shoot determined in 100 mg/L clarithromycin
plus 100 mg/L Cr as 45.8% and 453.2%,
respectively. K contents of roots were decreased,
except for 100 mg/L clarithromycin. K contents of
shoots at 100 mg/L clarithromycin, 100 mg/L Cr and
100 mg/L clarithromycin + 100 mg/L Cr were
decreased as 1.2% (p>0.05), 14.8% and 14.2%
p<0.05), respectively.

Free proline, total protein and total
carbohydrate contents of roots and shoots are
presented in Fig.6. In both parts of seedling prolin
accumulation was increased by treatments. In 100
mg/L clarithromycin application, however, proline
contents insignificatly increased (p>0.05). Protein
contents of roots and shoots, on the contrary to free
proline accumulation, were decreased by all
applications, except for 100 mg/L clarithromycin.
The minimum protein content was found for roots in
100 mg/L Cr as 7.58 mg/g and for shoots in 100
mg/L Cr + 100 mg/L clarithromycin as 5.31 mg/g.
Total carbohydrate contents of roots and shoots were
increased by all treatments.
The applications differently affected nutrient
uptake. Zn accumulations in roots were increased by
all treatments (Fig. 7). The increases in 100 mg/L
clarithromycin, 100 mg/L chromium and 100 mg/L
clarithromycin plus 100 mg/L chromium are about
3.2, 1.6 and 5.0 times higher than control,
respectively (p<0.05). Zn contents of shoots,
however, were not significantly changed (p>0.05).
Contrary to Zn accumulations in roots, Cu contents
were decreased, except for shoot treated with 100
mg/L clarithromycin. (Fig. 7) The decreases were
estimated in 100 mg/L clarithromycin, 100 mg/L Cr
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FIGURE 8
Fe, Ca and K contents in roots and shoots of wheat seedlings after applications of clarithromycin, Cr
and their combination. Error bars represent the standard deviation of means. Means with different
letters are significantly different from one another according to LSD test (p<0.05).

It is known that growth and development are
essential processes of life and propagation the plants.
Generally, growth and development of seedlings
roots and shoots were significantly affected by Cr
and clarithromycin+Cr. Single clarithromycin
treatment did not significantly affect on growth and
development of the seedlings. However, Batchelder
[21] tested the effects of oxytetracycline and
chlortetracyclines on pinto bean plants grown in
aerated nutrient media and showed that relatively
low antibiotic concentrations can markedly affect
the plant growth and development. On the other
hand, some researchers reported that negative effects
of antibiotic applications were also varied among
plant species [22,23]. According to our growth and
development data, antibiotic clarithromycin did not
alleviate toxic effects of Cr at clarithromycin+Cr
combination. Chromium compounds are highly
toxic to plants and are detrimental to their growth
and development. The reduction in plant height
might be mainly due to the reduced root growth and
consequent lesser nutrients to the above parts of the
plant. In addition to this, it may show that
accumulation of Cr in roots and transport to Cr to the
seedling shoots can have a direct impact on cellular
metabolism [24].

DISCUSSION
Toxicity symptoms were not observed at 100
mg/L clarithromycin. When compared to control,
however, wheat seedlings showed higher sensitivity
to Cr and clarithromycin+Cr toxicity in terms of the
symptoms observed especially on leaves. In view of
these observations, Cr and clarithromycin+Cr
treatments probably disturbed several biochemical
parameters at the cellular level. In addition to this,
antibiotic clarithromycin partly alleviated the Cr
toxicity.
Metal accumulation depends upon plant
species, its organ, and numerous abiotic factors like
temperature, pH, transportation of metal
contaminated particles and dissolved ions in water
[18,19]. Accumulated heavy metal is not uniformly
distributed throughout the plant, so that different
organs may vary in their ability to accumulate heavy
metal [20]. According to our findings, it was
determined that there was Cr concentration
difference among seedling parts and applications. Cr
in root tissues accumulated higher than shoot tissues.
On the other hand, Cr uptake was reduced by
clarithromycin supply.

1159

© by PSP

Volume 26 ± No. 1a/2017, pages 1154-1162

Fresenius Environmental Bulletin

single clarithromycin supply. Chromium has been
reported to reduce protein content in plants [25,32].
As suggested by earlier researchers, protein
degradation might be the result of increased activity
of the protease or other catabolic enzymes, which
were activated under chromium stress. In addition to
this, chromium induced lipid peroxidation and
fragmentation of proteins due to toxic effects of
reactive oxygen species led to reduced protein
content [33].
Carbohydrates are the important components
of storage and structural materials in the plants. Total
carbohydrate contents of wheat seedling parts
showed a singnificant enhancement in all applied
concentrations and the combination, except at the
seedling roots at 100 mg/L clarithromycin. The
increased carbohydrate contents may be due to
accumulation of such ligands, which may contribute
to their overall increase in the wheat seedlings under
the stress.
Interactions of Cr with uptake and
accumulation of inorganic nutrients have received
attention by researchers. Barcelo et al. [34]
determined the inhibition of P, K, Zn, Cu and Fe
translocation within the plant parts when bean plants
were exposed to Cr. Excess Cr interfered with the
uptake of Fe, Mo, P and N in soybean [35].
According to our findings, application of 100 mg/L
Cr interfered with the uptake of K, Ca, Fe, Mn, Cu
and Zn and their transport to wheat shoots. This may
be due to its structural similarity with some essential
elements.
Contrary to Cr, effect of antibiotic applications
on plant mineral nutrition was barely investigated.
Reduction of Ca, Mg, K and N was found in pinto
bean after application of chlortetracycline and
oxytetracycline in the sandy soil. However, there
was no negative effect of antibiotics on the plants in
a clay loam soil [22]. In our study, Zn, Fe, Ca and K
contents of roots were increased by 100 mg/L
clarithromycin, other elements in roots, however,
were decreased. On the other hand, Zn, Cu, Mn, and
Ca contents were only increased in shoots. The
results show that impact of clarithromycin on uptake
and accumulation of the nutrients are different.
Clarithromycin plus Cr application affected
mineral nutrition as well. When considering both
single applications, mineral contents of wheat
seedling parts at clarithromycin + Cr treatment were
affected in the same way as Cr other than
clarithromycin, exception of Fe contents in shoots.

Before these macroscopic visible dysfunctions,
the applications in seedling tissues probably
disturbed several biochemical parameters at the
cellular level. One of these are chlorophyll (Chl)
contents. According to obtained data, chlorophyll
contents did not significantly change under
clarithromycin treatment. Chromium application is
one of the important factors that affect
photosynthesis in terms of CO2 fixation, electron
transport, photophosphorylation and enzyme
activities. Application of Cr on Ocimum tenuiflorum
L. significantly reduced the level of photosynthetic
pigments [25]. Similar results obtained in our study.
This might be attributed to the toxicity of chromium
to chlorophyll biosynthesis of the wheat seedlings.
The impaired į-aminolaevulinic acid dehydratase
activity leading to reduced photosynthetic pigments
had been observed in chromium-treated plant [26].
Previous studies suggested that Cr and
antibiotic applications might lead to oxidative stress
by inducing ROS generation [27,28]. Among ROS,
hydrogen peroxide (H2O2) is the two electron
reduction product of O2. It is potentially a reactive
oxygen, but not a free radical [29]. H2O2 levels were
found to be higher following 100 mg/L Cr and 100
mg/L Cr+ 100 mg/L clarithromycin applications
when compared to 100 mg/L clarithromycin
application. Depending upon the obtained data,
stimulated H2O2 formation clearly demonstrates Cr
and Cr plus clarithromycin induced oxidative stress
in the roots and shoots. To verify the findings, we
examined lipid peroxidation of both seedling parts.
Lipid peroxidation refers to the oxidative
degradation of lipids. MDA is one of the most
frequently used indicators of lipid peroxidation. As
observed in H2O2 contents, MDA content of seedling
roots and shoots was increased by 100 mg/L Cr and
100 mg/L Cr + 100 mg/L clarithromycin
applications. The results show that oxidative stress
occured in Cr applications, but the stress in Cr plus
clarithromycin application partly alleviated by the
antibiotic supply.
Proline contents of seedling roots and shoots
were induced by all treatments. Among applications,
low proline content determined at 100 mg/L
clarithromycin. When compared to 100 mg/L Cr
treatment, low proline content was found at 100
mg/L Cr + 100 mg/L clarithromycin applications.
There are many important roles of proline in plant
cell.
The functional significance of proline
accumulation under heavy metal toxicity might
include, next to water balance maintenance,
scavenging of hydroxyl radicals [30] as well as metal
chelation in cytoplasm [31].
Protein contents of the seedling tissues were
decreased by Cr and clarithromycin plus Cr
treatments. On the other hand, protein contents of the
roots and shoots were determined to be lower in Cr
application than clarithromycin+Cr treatment. The
content, however, was insignificantly increased by

CONCLUSIONS
Results obtained in this study indicated that
there was no critical changes in the physiology and
biochemistry of the seedlings at 100 mg/L
clarithromycin
concentration.
Nevertheless,
increases in contents of H2O2 and MDA in shoots
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seedlings (Hordeum vulgare L.). J. Exp. Bot.,
25, 241-251.
[10] Stohs, S.J. and Bagchi, D. (1995) Oxidative
mechanisms in the toxicity of metal ions. Free
Radical Biol. Med., 18, 321-336.
[11] Ozturk L., Eker, S., Ozkutlu, F. and Cakmak, I.
(2003) Effect of cadmium on growth and
concentrations of cadmium, ascorbic acid and
sulphydryl groups in durum wheat cultivars.
Turk. J. Agric. For., 27, 161-168.
[12] Lichtenthaler, H.K. and Wellburn, A.R. (1983)
Determination of total carotenoids and
chlorophylls a and b of leaf in different solvents.
Biol. Soc. Trans., 11, 591-512.
[13] Sagisaka, S. (1976) The occurrence of peroxide
in a perennial plant Populus gelrica. Plant
Physiology, 57, 308-309.
[14] Plummer, D.T. (1998) An introduction to
Practical Biochemistry. Third edition. Tata
McGraw-Hill Publishing Company Ltd., New
Delhi.
[15] Zhou, Q. (2001) The Measurement of
Malondialdehyde in Plants. In: Zhou Q. (Ed.):
Methods in Plant Physiology. China
Agricultural Press, Beijing: pp. 173-174.
[16] Bates, L.S., Waldren, R.P. and Teare, D. (1973)
Rapid determination of free proline for water
stress studies. Plant and Soil, 39, 205-207.
[17] Lowry, O.H., Rosebrought, N.J., Farr, A.L. and
Randall, R.J. (1951) Protein measurement with
the folin phenol reagent. J. Biol. Chem., 193,
265-275.
[18] Lewis, M.A. (1995) Use of freshwater plants for
phytotoxicity testing: A review. Environmental
Pollution, 87, 319-336.
[19] Lewander, M., Greger, M., Kautsky, L. and
Szarek, E. (1996) Macrophytes as indicators of
bioavailable Cd, Pb and Zn flow in the river
Przemsza, Katowice. Region. Appl. Geochem.,
11, 169-173.
[20] Saygideger, S., Dogan, M. and Keser, G. (2004)
Effect of lead and ph on lead uptake, chlorophyll
and nitrogen content of Typha latifolia L. and
Ceratophyllum demersum L. Int. J. Agr. Biol.,
1, 168-172.
[21] Batchelder, A.R. (1981) Chlortetracycline and
oxytetracycline effects on plant growth and
development in liquid cultures. J. Environ.
Qual., 11, 515-518.
[22] Batchelder, A.R. (1982) Chlortetracycline and
oxytetracycline effects on plant growth and
development in soil systems. J. Environ. Qual.,
11, 675-678.
[23] Farkas, M.H., Berry, J.O. and Aga, D.S. (2007)
Chlortetracycline detoxification in maize via
induction of glutathione S-transferases after
antibiotic exposure. Environ. Sci. Technol., 41,
1450-1456.

and roots of wheat seedlings were assumed to be
resulted from provoked oxidative stress in
applications of 100 mg/L Cr and 100 mg/L
clarithromycin plus 100 mg/L Cr. Mineral contents
of wheat seedling parts were affected applications.
When considering treatments, mineral contents were
identically affected by both Cr and Cr plus
clarithromycin. Considering to some data analysed,
it can be said that toxic effects of Cr were partly
alleviated by clarithromycin. Increases in proline
and total carbohydrate may be due to their role in Cr
stress. In addition to this, uptake of Cr was decreased
by clarithromycin application. There is no study on
effects of antibiotic and heavy metal interaction in
plants. Therefore, further studies should be carried
out dealing with similar subjects.
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ABSTRACT
Soil
solutions
collected
from
soils
contaminated by emissions from copper smelter, and
amended with organic materials, were tested in two
ecotoxicological
assays:
Microtox®
and
Phytotoxkit. Acidic lignite (LG), compost produced
of green wastes (CO) and alkaline sewage sludge
(SS) were applied into soils. Soil solutions were
obtained five times within 30 days of incubation.
The results of ecotoxicologial tests were analysed in
relation to the data on chemical composition of
solutions and heavy metals speciation modeled by
Visual MinteQ program. The toxicity of soil
solutions to microorganisms and plants was
associated with various species of metals, and
different pH. Application of acidic lignite caused the
release of metal free ions into solution and dramatic
increase of toxicity to microorganisms in Microtox®
test. Toxicity of soil solutions obtained from COtreated soils was slightly enhanced compared to
control, while the highest toxicity, confirmed by all
the assays, was posed by soil solutions collected
from SS-treated soils, in which specific
amminecopper complexes were formed under
conditions of high pH and the release of ammonia
NH3. The toxicity of soil solutions clearly tended to
decrease with time (except for SS-treated soils, in
which the toxicity of solutions remained very high).
Microtox® test proved high sensitivity to the
concentrations of metals in the ionic forms, as well
as to NH3 concentrations in solutions. The toxicity
of solutions measured in Phytotoxkit test was much
stronger associated with the concentrations of
organically complexed metals, as well as with pH
and concentrations of ammonia.

copper,

Microtox®,

Phytotoxkit,

INTRODUCTION
Various kinds of organic matter, including
organic waste materials, are commonly used for
remediation of soils contaminated with heavy
metals. Such treatment may, however, result in
undesirable increase in solubility of heavy metals
caused either by pH change, or by formation of
contaminants forms complexed with organic matter,
not rarely rich in low molecular-weight organic
compounds [1, 2, 3]. The solubility of heavy metals
in soils is considered to be the main factor that
determines their bioavailability and toxicity to soil
biota and plants [4, 5, 6, 7, 8, 9, 10]. Notwithstanding
this, most of the monitoring surveys focuses on total
concentrations of heavy metals in soils, ignoring the
fact that adverse environmental effects may be
eliminated by immobilization, without metal
removal from soils. Therefore, toxicity-oriented
examination of soil solutions should be involved, as
an important component, in the assessment of
environmental
risk
associated
with
soil
contamination [11, 12]. Different groups of
organisms, representative of various trophic levels,
should be used in such an approach.
Contaminants present in soil pore water are
easily taken up by plants and soil biota, and their
bioavailibility depends on both concentrations and
speciation in solution [6, 13]. Numerous studies have
confirmed that the highest mobility and toxicity of
heavy metals is usually attributed to their ionic
forms, to which particularly susceptible are
microorganisms [14]. However, various authors
stress also an important role played by mineral and
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organic complexes of metals in soil solution that may
determine metals solubility and toxicity to
microorganisms [5].
The aim of the study was to examine
ecotoxicological properties of soil solutions
collected from soils heavily contaminated by the
emissions from copper smelter and treated with
various kinds of organic matter (lignite, compost,
sewage sludge). Soil solutions were examined in two
assays: a test based on inhibition of roots and shoots
elongation (Phytotoxkit) and a test of acute toxicity
to bacteria Vibrio fischeri (Microtox®).

was measured potentiometrically, and DOC
concentrations were determined with Merck tests.
The data obtained from chemical analyses were used
for modeling of metal speciation in solutions using
Visual MinteQ v. 3.1 computer program [18, 19, 20].
Toxicological
tests.
Two
different
toxicological assays were used in the experiment to
assess the toxicity of soil solutions: a modified
Phytotoxkit test with the seeds of two plant species
Sinapis alba and Sorghum saccharatum. and a
Microtox® toxicity test that uses marine
bioluminescent bacteria Vibrio fischeri and
measures the inhibition of their luminescence.
In the Phytotoxkit test, 3 ml portions of soil
solutions were applied to incubation plates that
contained 10 seeds of testing plants. The plates were
incubated for 72 hours in darkness. at the
temperature 25oC, in a vertical position. Then, the
growth of plant shoots and roots was analyzed, and
its inhibition was assessed in comparison to the
control samples treated with distilled water [21].
The Microtox 81.9% screening test was
performed using Microtox® Model500 analyzer,
following the instrument-designed procedures [22].
Lyophilized bacteria, necessary solutions and glass
cuvettes were obtained from Modern Water Inc. The
luminescence of bacteria was measured before soil
solutions were added and after 15 minutes of
exposure. Bacteria suspended in 2% NaCl solution
were treated as reference samples. To determine
toxic effect as a percentage inhibition of
luminescence, the data were processed using the
Microtox Omni Software, according to the 81.9%
Screening Test protocol.

MATERIALS AND METHODS
Incubation experiment. Five differently
contaminated soils, collected from the surroundings
of the Legnica copper smelter (Poland), with very
high concentrations of copper and other heavy
metals [15, 16], were used in incubation experiment.
Three kinds of organic amendments, commonly used
in land reclamation, were added to soils: lignite LG,
compost CO, and limed, alkaline sewage sludge SS.
Basic properties of soils and organic amendments
(Table 1) were determined by standard methods [17],
described in details elsewhere [18]. Soils amended
with organic materials were incubated in 1 kg pots at
constant moisture (85% of field capacity). Samples
of soil solution, i.e. soil pore water, were collected
repeatedly after 1, 2, 7, 14 and 30 days of incubation,
using MacroRhizon suction samplers. The
experiment was carried out in 3 replicates. Total
concentrations of Cu, Zn and Pb in soil solutions
were determined by flame AAS. Soil solution pH

TABLE 1
Basic properties of soils and organic materials used in the experiment. Average values for 3 replicates.

Materials

Soils

Organic amendments

1
2
3
4
5
LG
CO
SS

Total concentrations in soils
Cu
Zn
Pb
-1
mg kg
5180
368
1148
3732
295
880
1686
174
862
531
94
156
301
79
93
4.0
8.0
4.2
267
89.7
34
121
319
29

1164

Corg.

DOC

pH

-1

9.0
7.6
13.0
6.6
9.3
620
240
280

g kg
0.85
0.80
1.8
1.4
1.6
1.65
2.73
42.3

7.38
6.41
5.22
7.00
7.15
4.54
6.73
9.61
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FIGURE 1
Toxicity of soil solutions determined in different tests (upper part of figure) related to the
concentrations and speciation of metals (lower part of figure) ± representative data from selected soils13 and treatments. Solutions were obtained after 2 days of incubation.

Statistical analysis. The significance of
differences among the effects of toxicity, expressed
as inhibition of V. fischeri bioluminescence or
inhibition of plants roots or shoots elongation,
measured for different soils and various treatments,
after different incubation time, was determined by
the ANOVA analysis. Complex relationships among
the toxicity indices obtained from Microtox® and
Phytotoxkit tests and the concentrations of metal
species in soil solutions were analyzed by the
Principal Component Analysis (PCA) and illustrated
in the graphs, using Statistica 12.0 software (StatSoft
Inc).

those from the least polluted soils (No. 4 and 5) in
which the predominating forms of metals were those
complexed with indigenous low molecular weight
organic matter, represented in the model by fulvic
acid-bound fraction (FA-Me). The indices of toxicity
measured for the solutions obtained from nonamended soils No. 1-3 depended on total
concentrations of heavy metals and pH values and
differed depending on the toxicity tests used (Fig. 1).
V. fischeri turned out to be particularly sensitive to
high concentrations of ionic metal forms, the
contribution of which was the largest (of nonamended soils) in soil solutions acquired form the
soil No. 3, with the lowest pH value. The sensitivity
of Phytotoxkit test was much poorer, and the
inhibition of shoots and roots elongation determined
for Sinapis alba and Sorghum saccharatum
seedlings incubated in pore water acquired from
non-amended soils No. 2-5 did not exceed 25% and
were not significantly different. However, in the case
of soil solutions obtained from the most polluted,
non-amended soil No.1, the inhibition of Sorghum
saccharatum roots and shoots elongation was much
higher and reached the level of 58%. Application of
lignite LG caused significant changes in the toxicity
of soil solutions, as measured in Microtox® test,
where the strongest effects were observed for the
treatments LG-2 and LG-3 (100% and 60%
inhibition of luminescence, respectively). Soil
solutions acquired from those two treatments
contained particularly high concentrations of Cu and
Zn in ionic forms (Cu: 0.2-5.5 mg L-1, and Zn:2.25-

RESULTS
The toxicity of soil solutions was found to
depend strongly on the type of organic amendment
that caused modification of pH values and DOC
concentrations, and consequently, also speciation of
Cu, Zn and Pb in soil solutions [18]. The graphs in
Fig. 1 present the results of toxicity assays
performed on soil solutions acquired from nonamended soils and from soils treated with lignite
(LG) and compost (CO) in the second day of
incubation, when the toxicity effects were the
strongest and the concentrations of metals in pore
water were particularly high [18]. The least
expressed effects of toxicity (measured in all the
tests) were observed in the case of soil solutions
collected from non-amended soils, and particularly
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17.8 mg L-1). Similarly, in the Phytotoxkit assay
performed with Sinapis alba, the strongest inhibition
of roots and shoots elongation was observed in the
case of solutions collected from LG-amended soil
No. 2 (78% i 45% - for roots and shoots
respectively), while in the case of solutions acquired
from other LG-amended soils, the corresponding
rates of inhibition did not exceed 22%. Different
were, however, the results of the same test performed
with Sorghum saccharatum. In that case, the
inhibition of roots and shoots elongation seeds
germination did not differ significantly between all
the solutions obtained from LG-treated soils, and
remained in the range 34-42%, but were significantly
higher compared to non-amended soils (Fig. 1).
The results of ecotoxicological assays
performed on soil solutions extracted from COtreated soils differed depending both on the level of
soil contamination and the kind of test used. The
highest toxicity was observed in the Phytotoxkit test
with Sorghum saccharatum performed on soil
solutions acquired form CO-treated soil No. 1 (4073% of inhibition). Much lower were the results

obtained from this test when applied to CO-treated
soils No. 4 and 5. Unlike Sorghum saccharatum, the
inhibition of roots and shoots elongation measured
for Sinapis alba showed only small variation among
soil solutions extracted from all CO-treated soils,
except for the highest inhibition of roots elongation
observed in the case of CO-treated soil No. 1. It
should be stressed, however, that the toxicity of soil
solutions obtained from CO-treated soils was in each
case significantly higher compared to control
solutions, acquired from non-amended soils (Fig. 1).
The toxicity of soil solutions collected from COtreated soils, as measured in Microtox® test, did not
differ significantly among the soils No. 1-5, and
remained generally at constant level of ca. 30%.
The highest toxicity (confirmed in all the
assays tested) was definitely attributed to soil
solutions acquired in the second day of incubation
form SS-treated soils (Fig. 2), in which total copper
concentrations were particularly high: from 29.3 mg
L-1 (the least polluted soil No. 5) to 669 mg L -1 (soil
No. 2).

FIGURE 2
Toxicity of soil solutions determined in different toxicity tests (upper part of figure) related to the
concentrations and speciation of metals (lower part of figure) collected from SS-treated soils after 2
days of incubation.
Toxicity: Microtox- V. fischeri luminescence inhibition; Sa-roots, Sa-shoots: inhibition of roots and
shoots elongation of Sinapis alba; Ss-roots, Ss-shoots: inhibition of roots and shoots elongation of
Sorghum saccharatum;
Speciation: FA-Me stands for the sum of following species: FA-Cu+2G(aq); FA2Cu(aq); FACu+(aq) and
FA2CuOH(aq); NH3-Me stands for the sum of following species: Me(NH3)4+2, Me(NH3)3+2 and
ME(NH3)2+2. Error bars illustrate standard deviation SD.
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Predominating Cu species in all those solutions
were amminecopper complexes, with the highest
contribution of tetraamminecopper complex
[Cu(NH3)4]2+ [18]. Germination of Sinapis alba
seeds and the growth of its shoots and roots was in
those soil solutions completely inhibited, and only in
the case of solutions obtained from the least
contaminated soil No 5, amended with SS, the
inhibition of roots growth was lower than 100%, i.e.
at the level of 92%. The inhibition of Sorghum
saccharatum growth (measured for both roots and
shoots) was much weaker than that observed for
Sinapis alba, and differed considerably among soil
solutions collected from various SS-amended soils.
The lowest values of shoot growth inhibition were
observed in the case of solutions acquired from the
soils No. 1 and 5 (63.3% and 60.5%, respectively),
that contained relatively low concentrations of
metals, either due to very high pH value (soil No. 1)
or low total concentrations of heavy metals in soil
(No. 5). The toxicity of soil solutions, as measured
by Microtox® test, differed among SS-amended
soils, and tended to decrease (from 92% to 68%) in
the soil sequence No 1-5, according to decreasing
total concentrations of metals in soils.

Some examples that illustrate the changes of
soil solution toxicity during prolonged incubation of
non-amended and organic matter-amended soils are
presented in the Figure 3. The graphs show typical
tendencies
observed
in
the
experiment,
representative for all treatments. The toxicity of soil
solutions acquired from non-amended soils tended to
decrease with time, and the solutions obtained from
soils No. 3-5 after 14th day of incubation did not
show any measurable toxicity in either of assays. On
the contrary, certain stimulation of shoots and roots
growth in Phytotoxkit, as well as increased
bioluminescence in Microtox® test, were observed
in soil solutions collected from soils No. 4-5. The
toxicity of soil solutions obtained from nonamended soils No. 1-2, as measured in Phytotoxkit
test with Sinapis alba, did not exceed 50% in the first
days of incubation and decreased to reach 0% in 14th
and 30th days of incubation. Similarly, the toxicity
of soil solutions acquired form LG- and CO-treated
soils apparently tended to decrease with prolonged
time (Fig. 3) in all toxicity tests, and the strongest
effects of toxicity were observed in the second day
of incubation. The toxicity of soil solutions extracted
in 30th day of incubation from CO-treated soils
remained at similar level, between 10% to 20%.

FIGURE 3
The changes of toxicity of soil solutions during soil incubation in selected treatments. Treatments: 1-SS:
soil No. 1 treated with sewage wludge, 2-LG: soil No. 2 treated with lignite, 3-0: non-amended soil No. 3,
4-CO: soil No. 4 treated with compost, 5-SS: soil No. 5 treated with sewage sludge; Toxicity tests:
Microtox- V. fischeri luminescence inhibition; Sa-roots, Sa-shoots: inhibition of roots and shoots
elongation of Sinapis alba; Ss-roots, Ss-shoots: inhibition of roots and shoots elongation of Sorghum
saccharatum ± in Phytotoxkit test. Lines illustrate pH of soil solutions. Error bars stand for standard
deviation SD.
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The toxicity of soil solutions acquired form SStreated soils was much higher than that determined
in other treatments, at the level of 60-100% of
inhibition, depending on the assay applied. In the
case of less polluted soils, the toxicity tended to
decrease with prolonged incubation time. The test
with Sinapis alba indicated particularly high
sensitivity in SS-treated soil, with 100% of initial
inhibition in all soils, that was reduced
inconsiderably at the end of incubation in the case of
less contaminated soils No. 4 and 5 (Fig. 3). The
seedlings of Sorghum saccharatum turned out to be
much more tolerant and the toxicity of soil solutions
measured in Phytotoxkit with this plant species
tended to apparently decrease during incubation
from 80% to 60% (on average) for shoots and from
100% to 80% for roots. In contrast, the toxicity of
soil solutions, as determined for SS-amended soils in
Microtox® test, showed much more complex
patterns of dynamics. The inhibition of
bioluminescence, particularly high in the firsts days
of incubation, tended initially to decrease with time,
and then increased again (up to 90%) between 14th
and 30th day of incubation (Fig. 3).
To sum up, it should be stated that the toxicity
of soil solutions acquired from non-amended soils
and from soils treated with LG and CO tended to
decrease over the course of incubation, which was
associated with decreasing total concentrations of
Cu and other metals in soil solutions. The toxicity of
solutions acquired form SS-treated soils behaved
differently, and did not show any steady tendencies
of changes, depending mainly on current pH values
and related speciation of metals, particularly Cu, in
soil solutions.

solid phase to the soil solution [23], what was clearly
confirmed by PCA analysis. In the sequence of soil
solutions extracted from non-amended soils No. 1-3,
in which pH decreased, total concentrations of
metals in solutions increased in spite of decreasing
total amounts in soils (Fig. 1). In this sequence of
soil solutions, the concentrations of both Cu and Zn
ionic forms and their species complexed with low
molecular weight organic compounds, related to as
fulvic acids (FA-Me), were increasing. The
inhibition of V. fischeri bioluminescence, known as
highly sensitive to ionic forms of metals in solutions
[5, 14], tended to increase accordingly. On the
contrary, the concentrations of metals in soil
solutions of non-amended soils No. 4-5 were very
low (< 0.6 mg L-1 for Cu and Zn, <0.02 mg L-1for
Pb), with non-detectable concentrations of ionic
forms at relatively high pH, and the inhibition of V.
fischeri bioluminescence in those solutions remained
as low as 15%. Unlike the Microtox® assay, the
Phytotoxkit test performed on soil solutions acquired
from non-amended soils did not indicate any adverse
effects on germination of Sinapis alba or Sorghum
saccharatum seeds (except for the solutions obtained
from soil No. 1 in the first days of incubation), which
confirms much lower sensitivity of this test at
relatively low concentrations of Cu, Zn and Pb in soil
solutions [24]. The PCA analysis that involved
chemical and ecotoxicological data of soil solutions
collected from non-amended soils (0) in the second
day of incubation (Fig. 4), confirmed that the results
of Microtox® assay were closely related to the
concentrations of free ions of metals (Cu2+, Zn2+,
Pb2+) in soil solutions and negatively correlated with
pH values. PCA analysis clearly showed further that
the toxicity of solutions in non-amended soils (0), as
measured in Phytotoxkit test with Sinapis alba, was
not related to particular species of metals in soil
solutions. In the case of Sorghum saccharatum, the
effects of toxicity (measured by inhibition of roots
and shoots elongation) was apparently associated
with total concentrations of Cu and Zn in soils.
Nevertheless, it should be generally stated that soil
solutions acquired form non-amended soils
contained low concentrations of heavy metals and
indicated low toxicity in all the tests. This refers also
to Microtox®, as according to the proposal of hazard
system for natural waters [25], the inhibition below
20% may be classified as slight toxicity.
Soil treatment with acidic lignite LG resulted in
amplification of the toxicity effects measured in
Microtox® test, due to radical increase of
contributions and concentrations of free ions Cu2+,

DISCUSSION
The analysis of results shows that the toxicity
of soil solutions depended both on total
concentrations of metals in soils, and on the
properties of soil solutions, i.e. their pH values and
concentrations of different metal species,
particularly their ionic forms and the species
complexed with DOC and NH3. Soil amendment
with various kinds of organic matter modified the
concentrations and speciation of metals in soil
solution and changed the relationships between pH
values and DOC concentrations in solutions [18].
Toxicity of soil solutions obtained from nonamended soils was apparently depended on soil pH
values that modified heavy metals release from the
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Zn2+ and Pb2+. This effect was most evident in the
case of soil solutions obtained from LG-amended
soil No. 2, where the inhibition of bioluminescence
was close to 100% (Fig. 1). The PCA analysis
performed for solutions of LG-treated soils (second
day of incubation) confirmed this dependence, and
related PCA graph (Fig. 4) illustrates well a very
close association between the results of Microtox®
and the concentrations of metal ionic forms. This
association is here (LG) much closer than in the case
of non-amended soils (0).
The toxicity of soil solutions, obtained from
soils amended with compost (CO), should also be
discussed in relation to increased concentrations of
Cu, Zn and Pb in solutions, released from soil solid
phase mainly via complexing with organic

compounds. The increase of soil solution toxicity
after soil amendment with CO, compared to nonamended soils, was less expressed in Microtox®
assay and clearly seen in the effects of Phytotoxkit
test. Compared toxicity of solutions acquired from
LG- and CO-amended soils indicates that
Microtox® assay was particularly sensitive to free
metal ions in LG-treated soils while the Phytotoxkit
test indicated relatively high sensitivity to copper
complexed with low molecular weight organic
matter (FA-Cu). This statement was confirmed by
PCA analysis for solutions of CO-treated soils (Fig.
4). Much higher sensitivity of Sorghum saccharatum
compared to Sinapis alba and other plants indicated
in this study was already reported by several other
authors [22, 26, 27, 28].

FIGURE 4
PCA analysis of the variables illustrating speciation of Cu, Zn and Pb as related to toxicity of soil
solutions in all treatments (after 2nd day of incubation). Treatments: non-amended soils (0), soils treated
with lignite (LG), compost (CO) and sewage sludge (SS).
Explanation of symbols and abbreviations:
Ɠ Total Cu, Total Zn, Corg, etc. ± UHIHUWRVRLOVV\PEROVSUHFHGHGE\³ ´ HJ &X S+ '2& 
refer to soil solutions;
Ɠ The concentrations of Cu, Zn, and Pb species in soil solution: *FA-Cu: Cu complexed with DOC,
*Cu2+: ionic forms, *NH4-Me: ammine complexes, NH3(aq) dissolved gaseous ammonia.
Ɠ Toxicity tests: Microtox- V. fischeri luminescence inhibition; Sa-roots, Sa-shoots: inhibition of roots
and shoots elongation of Sinapis alba; Ss-roots, Ss-shoots: inhibition of roots and shoots elongation of
Sorghum saccharatum ± in Phytotoxkit tests.
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Particularly high toxicity of soil solutions
acquired form SS-treated soils was associated partly
with high pH values, but primarily with the
formation of specific, highly mobile forms of
complexed copper:
tetraamminecopper ions
[Cu(NH3)4]2+ which were reported as toxic for
grasses [29]. These forms of complexed copper are
formed in specific conditions, that involve alkaline
pH and the presence of ammonia [18]. Very high
concentrations of Cu in soil solutions acquired from
SS-treated soils caused drastic reduction of Sinapis
alba and Sorghum saccharatum seeds germination.
Closer analysis of the results obtained from
Microtox® assay showed that the toxicity of soil
solutions to bacteria in SS treatment depended first
of all on pH and additionally on the concentrations
of ammine-Cu complexes (Fig. 4). The comparison
of soil solution toxicity, measured in Microtox®
bioassay for SS-treated soils No. 3, 4 and 5 indicated
that it was pH rather than Cu in solution that caused
adverse effects to V. fischeri. Detrimental impact of
high pH values on basic metabolic processes of V.
fischeri has already been reported in the literature
[30]. PCA analysis performed for soil solutions
obtained in the second day of incubation from SStreated soils revealed an additional factor that
determined the toxicity of soil solutions, namely
high concentrations of gaseous ammonia dissolved
in water (NH3(aq)), released from NH4+ cations at
high pH [31]. Quite likely, ammonia was an
important factor that contributed to highly reduced
germination of Sinapis alba and Sorghum
saccharatum seeds, as described by several authors
[32, 33].
The tendency of decreasing toxicity of soil
solutions obtained from non-amended soils and soils
amended with LG and CO, observed during
incubation, should probably be explained by
decreasing concentrations of heavy metals in soil
solutions due to stabilization processes, the first
stage of ³aging´ of contaminants in soils caused by
their binding by stable, well humified organic
matter. Such an effect was widely reported in the
literature [34, 35, 36]. An opposite effect, i.e.
increasing toxicity to V. fischeri, observed after the
14th day of incubation in soil solutions obtained from
all SS- treated soils (Fig. 3) may probably be
explained by a considerable decrease in pH, which
in turn resulted in formation of complexes
FAZn+(aq) and, what is particularly important, the
release of free ions Zn2+ [37], absent in solutions in
the first days of incubation.

The principal component analysis PCA, that
involved chemical and ecotoxicological parameters
of soil solutions obtained in the second day of
incubation let us identify the crucial components
associated with toxicological effects observed in the
experiment. In the case of soil solutions acquired
from non-amended soils and soils treated with LG,
the main component that determined their toxicity
should be interpreted as pH (responsible for 52.4%
of variance for non-amended soils and 55.1% for
LG-treated soils). At low pH, ionic forms of metals
Cu2+, Zn2+, Pb2+, highly toxic, were released to soil
solution. The secondary component, of lower rank,
was that associated with total concentrations of
heavy metals in soils. In the case of CO-treated soils,
pH turned out as well to be the main component that
determined the toxicity effects (36.9%), while the
second component was that associated with DOC
concentrations in soil solutions. This component
should be defined as the capacity of solutions to form
organic complexes with heavy metals [18]. Soil
amendment with SS drastically changed the
structure of the main components associated with
soil solution toxicity. In that case, there was no
single principal factor that determined the toxicity of
soil solutions, and two factors turned out to be of
comparable significance. The component 1 should
be interpreted as the set of parameters associated
with alkaline reaction of soil solutions and high
ammonia concentrations, responsible for the
formation of toxic amminecopper species. The
second component was, similarly to the case of COtreated soils, a potential for formation of metal
complexes with low molecular weight organic
matter [18], determined by DOC. The contribution
of other components in determining soil solutions
toxicity remained below 8%.

CONCLUSIONS
Modification of soil pH, caused by soil
amendment with either acidic or alkaline organic
waste materials, should be considered as important
factor that determines the toxicity of soil solutions in
soils contaminated with heavy metals. Low pH
favours the release of ionic forms of metals, strongly
toxic particularly to microorganisms, that were
represented in our research by V. fischeri. Alkaline
conditions and the presence of ammonia may induce
formation of amminecopper complexes, that show
high toxicity both to bacteria and to higher plants:
Sinapis alba and Sorghum saccharatum.
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Organic matter rich in low molecular weight
organic compounds (CO, SS), when applied to soils
contaminated with heavy metals, may cause
increasing solubility of metals via their complexing
and formation of the forms that are toxic, especially
to plants. Therefore, the use of organic waste
materials in soil remediation should be preceded by
a risk analysis involving both chemical and
ecotoxicological examination of soil solutions, with
considering the organisms indicative for different
trophic levels.
The strongest effects of ecotoxicity, caused in
contaminated soils by application of exogenous
organic matter and associated increase in the
solubility of heavy metals, occur within the first days
after the treatment. Then, the concentrations of
contaminants in soil solutions start to decrease, and
the toxicity of soil solutions usually decreases
significantly.
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Escherichia coli and enterococci [5, 6].
The first line of host defence against
environmental agents is the variety of proteins in the
circulation and mucous membranes, which defend
organisms via pathogenic processes associated with
infections or chemical trauma. The acute phase of the
inflammatory response refers to the wide range of
changes that begin immediately after infections [7].
The CRPs are classic acute phase proteins and
members of a conserved, phylogenetically ancient
pentraxins [8]. The concentrations of several serum
proteins increase rapidly as a part of acute phase
response to inflammation, stress or tissue necrosis
[9]. The CRPs in the acute phase response imply that
they might play an important role in the overall
response to infection or toxic exposure. Thus, they
function appropriately with the immune and
chemical detoxifying systems [10].
The ADM is a regulatory peptide generated
from larger than 185-amino acid preprohormone
through consecutive enzymatic cleavage and
amidation, the process culminating with the
liberation of the 52-amino acid bioactive peptide [11,
12, 13].
The ADM properties include a reduction in
endothelial permeability [14] bactericidal effects and
down-regulation of pro-inflammatory cytokines
[15]. The peptide circulates in blood and its plasma
levels have been reported to incerease in several
diseases [16]. The physical factors such as volume
overload, hypoxia, shear and oxidative stress and
different biochemical mediators can activate ADM
gene transcription; however, the best-characterized
activators being cytokines and inflammation-related
factors stimulate ADM gene transcription [17, 18].
The recent evidence indicates that ADM is a major
regulator of the immune response. Besides its
presence in the central nervous and cardiovascular
system [19], ADM and its receptors are expressed by
macrophages, monocytes, T cells and dendritic cells
(DCs), as a response to inflammatory and immune
stimulation [20]. Moreover, ADM shows potent antiinflammatory activity by down regulating the
production of awide panel of inflammatory

ABSTRACT
The present study focused on changes in the Creactive protein (CRP) and adrenomedullin (ADM)
levels in the liver and gill tissues of Capoeta umbla
as biomarkers of environmental pollution and
ecosystem health in inland waters of Tunceli
(Turkey). The CRP levels in liver and gills were not
significantly changed in March and September at
every site (p>0.05) except for site 3 in gill tissues
(p<0.05). The results of statistical analysis indicate
that significant differences in CRP levels were found
in liver and gills among sites (p<0.05), but no
changes in the gills at March (p>0.05). In March,
ADM levels in gills and liver were statistically
changed among sites (p<0.05), while no statistical
changes were determined in September (p>0.05).
The results of this study indicated that CRP levels in
the tissues of the C. umbla could be utilized as a
significant bioindicator for disease pathogenesis in
fish infections.

KEYWORDS:
Adrenomedullin,
Capoeta umbla.

C-reactive

protein,

Biomonitoring,

INTRODUCTION
The water is susceptible to various toxicants,
pathogens and chemicals. Hence, it is of extreme
importance that the quality of water is tested through
frequent monitoring. The fecal organisms have been
regarded as popular organisms to monitor water
quality due to its ability of being in high numbers in
the feces of humans and animals and of its easy
detection [1, 2]. The wastewater discharging into
fresh waters and costal seawaters is the major source
of fecal microorganisms including the pathogens [3].
It is believed that many of diseases associated with
the contaminated water are caused by the pathogens
[1, 4]. The several fecal indicator bacteria found in
water environment are current use such as
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were measured at each sampling site during each
fish-sampling season. The pH, temperature and
dissolved oxygen (DO) contents were detected by
handheld multiparameter (YSI Professional Plus).
Water samples (100 mL) were collected at five
various sites and sterile screw-capped glass bottles
stored at 4 °C until analysis in the laboratory within
2 h and analyzed within one day. The number of total
and fecal coliforms was performed by the most
probable number (MPN) method. Statistical tables
were used to interpret the results to give the MPN of
the bacteria. The MPN of coliforms was determined
using three replicate tubes containing lactose broth
medium, double and single strengths were used for
10, 1 and 0.1 mL, respectively. The tubes were then
incubated at 37 °C for total coliforms and at 44 °C
for fecal coliforms during 48 h. The positive tubes
were streaked on the Eosin Methylene Blue (EMB)
agar plates using sterile loop and incubated at 37 °C
for 24 h. The formation of green colonies metallic
showed the presence of E. coli.
In totally, 200 male fish were captured. At first,
fish were anaesthetized to deep sedation with 0.7 g
L-1 benzocaine dissolved in ethyl alcohol [22, 23]
and then were placed in freezer plastic bags and
transported to laboratory with ice. In lab, liver and
gill tissues of fish were dissected. The tissues were
rinsed with 0.9 % NaCl and were homogenised in
PBS buffer (pH 7.4). The homogenated samples
were centrifuged (15.000 g, 10 min, 4 °C), and
supernatants, if not used immediately, were kept in
the deep freeze at ±70 °C [24]. Adrenomedullin
levels were assayed by an enzyme-linked immune
sorbent assay (ELISA) kit [CUSABIO BIOTECH
CO., LTD. ADM Fish Assay Kit], Catalog No:CSBEL001370FI. C-reactive protein levels were assayed
by an enzyme-linked immune sorbent assay (ELISA)
kit [CUSABIO BIOTECH CO., LTD. Fish High
Sensivity C-reactive protein (hs-CRP) ELISA kit],
Catalog No: CSB-EL06854f.
One-way ANOVA and Duncan multiply range
test were used to determine the significance of
differences in CRP and ADM levels among sites.
Independent-samples T test was used for the
evaluation of biochemical indicators between
seasons in the same sites.

mediators through activated macrophages, microglia
and DCs [21].
The objectives of our study are to investigate
microbial water quality and monitor the microbial
water pollution in inland waters of Tunceli (Turkey)
by using the changes of the CRP and ADM levels in
liver and gill tissues of C. umbla.

MATERIALS AND METHODS
Five sampling sites were determined taking into
account the Munzur and Pulumur Streams and predam points of Uzuncayir Dam Lake (Figure 1). Fish
samples were collected from sampling sites by
fishing nets during March and September in 2014.

FIGURE 1
Map of sampling sites

RESULTS

General properties of sites: Site 1 - Presettlement area at Munzur Stream; Site 2 - The point
just before Munzur Stream flows into Dam Lake;
Site 3 - The point just before the discharge point of
seepage water into Pulumur Stream; Site 4 - The
point just before Pulumur Stream flows into dam
lake; Site 5 - Just after Pulumur Stream converges
with Munzur Stream in the dam area.
The physico-chemical parameters of water

Physico-chemical characteristics. The results
of physico-chemical parameters of water sampling
sites have been shown in Table 1. The lowest DO
level among sites was 8.66 mgL-1 in spring at site 3.
The pH values ranged from 7.6 to 8.53 throughout
the sites; the highest value was determined in spring
at site 4. The water tempature was higher in spring
than autumn (Table 1).
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TABLE 1
The physico-chemical parameters of water in the sampling sites.
Spring (March)
Site 1
Site 2
Site 3
Site 4
Tempature (°C)
12.8
13.1
13.1
13.4
pH
8.26
8.07
8.38
8.53
DO (mg L-1)
9.69
9.40
8.66
9.05
Autumn (September)
Site 1
Site 2
Site 3
Site 4
Tempature (°C)
6.8
7.05
6.6
6.2
pH
7.6
7.8
8.09
8.20
DO (mg L-1)
10.79
10.50
10.56
10.73

TABLE 2
The microbial water analysis results of water at sampling time in the sampling sites.
Spring (March)
Site 1
Site 2
Site 3
Site 4
Total Coliform (EMS/100 mL)
460
1100
93
75
Fecal Coliform (EMS/100 mL)
30
460
43
23
Autumn (September)
Site 1
Site 2
Site 3
Site 4
Total Coliform (EMS/100 mL)
460
240
93
150
Fecal Coliform (EMS/100 mL)
240
93
21
120

Site 5
20.4
8.49
10.15
Site 5
7.65
8.11
10.22

Site 5

460
Site 5



September (p>0.05) except for site 1 in March
(p<0.05). The results of statistical analysis represent
that any significant differences in ADM levels were
not found between the seasons for liver and gills
(p>0.05) (Table-3). In March, ADM levels in gills
were statistically changed among sites (p<0.05),
while any changes were not determined in
September (p>0.05) (Table 4). The CRP levels in
liver and gills were not changed significantly in
March and September at all sites (p>0.05) except for
site 3 in the gill tissues (p<0.05). The results of
statistical analysis represent that significant
differences in CRP levels were found in liver and
gills among sites (p<0.05), but there are not any
changes in gills in March (p>0.05) (Table 3 and 4).

Indicator microorganisms. The results of
microbial water quality analysis at each sampling
periods and sampling sites have been shown in Table
2. The fecal coliforms ranged between 21 EMS/100
mL and 2400 EMS/100 mL. The number
of total coliform ranged between 75 EMS/100 mL
and 2400 EMS/100 mL. The greatest number of total
and fecal coliforms was found in samples from the
site 5 (Table 2).
Biochemical indicators. Some biochemical
indicators (the CRP and ADM) determined in C.
umbla and collected from five sampling sites in
different seasons have been shown in Table 3 and 4.
The ADM levels in liver of fish were not changed
significantly among all sites in March and

TABLE 3
Adrenomedullin and C-reactive protein levels in liver of C. umbla caugth from inland waters of Tunceli.
Terms
Sites
Parameters
Spring (March)
Autumn (September)
ADM
CRP

1
ADM

2
3
4
5

CRP
ADM
CRP
ADM
CRP
ADM
CRP

17.08±1.46b
364.35±0.71a
19.44±0.00a
341.83±4.89c
19.51±0.03a
337.62±3.35c
19.36±0.11a
347.96±1.20bc
19.46±0.01a
357.91±5.18ab

19.46±0.00a
363.94±8.58a
19.29±0.10a
319.01±10.01b
19.29±0.09a
342.32±4.46a
19.31±0.19a
350.56±4.24a
19.57±0.08a
344.67±4.00a

* Shows statistical differences of two-tailed independent T-test between terms (March and September) in
same line; Different letters (a, b and c) show statistical differences of Duncan Multiply Range Test among
sites in same term and column for same parameter.
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TABLE 4
Adrenomedullin and C-reactive protein levels in gills of C. umbla caugth from inland waters of Tunceli.
Sites
1
2
3
4
5

Parameters
ADM
CRP
ADM
CRP
ADM
CRP
ADM
CRP
ADM
CRP

Terms
Spring (March)
16.86±0.98ab
356.44±11.56a
16.30±1.40ab
343.84±1.23a
17.06±1.09ab
342.40±2.85a
9.95±4.86a
360.17±8.76a
19.29±0.06b
346.87±10.28a

Autumn (September)
17.47±0.71a
338.91±5.81b
19.03±0.05a
350.10±9.68ab
17.08±1.12a
361.67±5.79*a
18.50±0.19a
338.17±0.48b
18.55±0.26a
333.24±2.58b

* Shows statistical differences of two-tailed independent T-test between terms (March and September) in same line; Different letters (a
and b) show statistical differences of Duncan Multiply Range Test among sites in same term and column for same parameter.

investigated the effect of environmental pollutants
on the CRP of a freshwater major carp Catla catla.
They found that exposure to the pollutants elevate
the levels of circulating CRPs to 2.8-3.5 times than
the normal values.
The contamination of water sources by toxic
compounds, metals, microbes and microbial
remnants greatly influences the quality of water [35].
The presence of bacteria, bacterial by-products and
fluids contaminated with microbial breakdown
products in water stimulates inflammatory response
in humans and animals [36]. In order to gain insight
about the health risks associated with pollution in
aquatic environments, a longer-term monitoring
experiment should be carried out on changes of CRP
levels in fish, since chronic exposure to such
stressors in the water ecosystem may modulate the
immune system of the fish [37]. In our opinion, the
CRP may be useful and reliable bioindicators in the
pathogenesis of the disease in fish infections at
aquatic ecosystems.
The previous studies have shown that
inflammation is a powerful inductive factor of ADM
production [38]. Yuksel et al. [39] investigated the
contribution of ADM to homeostatic response to
cold stress in rat model. Yildirim and Yurekli [24]
examined the effects of ADM administration on the
IL-6 levels in response to chronic cold exposure in
rats. The results of their experiment suggest that the
ADM may play an important role in the continuity of
homeostasis as antagonist substances. Elsasser et al.
[40] assessed the effects of stage of lactation and
experimental intramammary E. coli infection and
determined the ADM and ADM binding protein
(ADM-BP) in the bovine mammary gland and milk.
The ADM is stimulated by cytokines and bacterial
endotoxins [41]. In cultured cells and an animal
infection model, the increased ADM peptide and
gene expression were demonstrated when exposed to
E. coli or Mycobacterium paratuberculosis,
respectively and it is suggested that there is a strong
association
between
epithelial
infection,

DISCUSSION
In literature, there have been many studies
about the roles of the CRP and ADM in
inflammation disease in different organisms
although there are not any studies about the usage of
these parameters as bioindicators for biomonitoring
of microbial contamination in natural water
resources. Hence, some other parameters,
antioxidants [25], detoxification enzymes [26], some
biochemical
parameters
[27]
and
immunomodulators [28], etc. have been assessed as
bioindicators.
Some acute phase proteins (APPs) are
established diagnostic tools as early indicators of
inflammation and disease and many are known to
play beneficial roles in mediating the complex
inflammatory response and restoring homeostasis.
The C-reactive protein is one of the several proteins
often referred as acute phase reactants [29] and often
considered as a biomarker of infection [30] with the
serum CRP levels by increasing significantly
following tissue injury, trauma or infection. For
example, the serum CRP levels in common carpCyprinus carpio infected with Aeromonas
hydrophila increased up to 6 fold 40 h post-infection
[30], while the catfish (Ictalurus punctatus) in the
channel exposed to turpentine, a 18-fold increase in
the serum CRP occurred compared to the control
[31] and a 20-fold increase was noted in rainbow
trout (Oncorhynchus mykiss) exposed to 2,3,7,8Tetrachlorodibenzo-p-dioxin (TCDD) [32].
Previous studies have shown that the CRP
varies depending on the toxicants, infections, and the
degree of stressors. The tilapia (Oreochromis
niloticus Linnaeus, 1758) were infected with
Streptococcus iniae and the changes of plasma in the
APP members were examined at different time
periods and it was concluded that the changes in the
plasma levels of the APP members can be used as a
significant bioindicator in the pathogenesis of the
disease in fish infections [33]. Paul et al. [34]
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of drinking water improving approaches and
method; WHO & OECD, IWA Publishing:
London, UK, pp. 11-45.
[6] WHO (World Health Organization) (2008)
Guidelines
for
drinking-water
quality,
Incorporating 1st and 2nd Addenda, Volume 1,
Recommendations, 3rd ed.; WHO: Geneva,
Switzerland.
[7] Baltz M.L., De Beer F.C., Feinstein A., Munn
E.A., Milstein C.P., Fletcher T.C., March J.F.,
Taylor J., Bruton C., Clamp J.R., Davies A.J.
and Pepys M.B. (1982) Phylogenetic aspects of
c-reactive protein and related proteins. Annals
of the New York Academi Sciences, 389, 49-75.
[8] Shrive A.K., Cheetham G.M.T., Holden D.,
Myles D.A.A., Turnell W.G., Volanakis J.E.,
Pepys M.B., Bloomer A.C. and Greenhough T.J.
(1996) 3-Dimensional structure of human creactive protein. Nature Structural Biology, 3,
346±354.
[9] Kushner I. (1998) The acute phase response, an
overview. Methods in Enzymology, 163, 373383.
[10] Yiangou M., Ge X., Carter K.C. and
Papaconstantinou J. (1991) Induction of several
acute phase protein genes by heavy metals: A
new class of metal-responsive genes.
Biochemistry, 30, 3798-3806.
[11] Ishimitsu T., Kojima M., Kangawa K., Hino J.,
Matsuoka H., Kitamura K., Eto T. and Matsuo
H. (1994) Genomic structure of human
adrenomedullin gene. Biochemical Biophysical
Research Communications, 203, 631±639.
[12] Yildirim N.C., Yurekli M. (2010) Stressinduced changes in tyrosine hyroxylase enzyme
activity and adrenomedullin levels in rat
hypothalamus, adrenal medulla and heart
tissues. Asian Journal Animal and Veterinary
Advances, 5, 339-345.
[13] Ozdemir, I., Selamoglu Talas, Z., Gok, Y., Ates,
B. and Yilmaz, I., (2010) Changes in tyrosine
hydroxylase activity, adrenomedullin (ADM)
and total RNA levels by treatment of
RUJDQRVHOHQÕXP
FRPSRXQGV
LQ
UDW
hypothalamus
exposed
to
7,12GÕPHWK\OEHQ]DQWKUDFHQH '0%$  )UHVHQ.
Environ. Bull., 19 (4a), 667-672.
[14] Temmesfeld-Wollbruck B., Hocke A.C.,
Suttorp N. and Hippenstiel S. (2007)
Adrenomedullin and endothelial barrier
function. Thrombosis and Haemostasis, 98,
944±951.
[15] Allaker R.P. and Kapas S. (2003)
Adrenomedullin expression by gastric epithelial
cells in response to infection. Clinical and
Diagnostic Laboratory Immunology, 10, 54651.
[16] Ehlenz K., Koch B., Preuss P., Simon B., Koop
I. and Lang R.E. (1997) High levels of
circulating adrenomedullin in severe illness:

inflammation, and the ADM expression which may
have clinical relevance [15]. Similarly, results of the
present study (Table 2 and 4) have suggested that
increased microbial contamination levels in aquatic
ecosystem have been related to increasing the ADM
levels.
Any data have not been available so far related
to the relationship between microbial contaminations
and ADM and CRP levels in fish.
To our knowledge, this is the first report that
has been showed the ADM and CRP levels in C.
umbla, which could be used as bioindicators in fish
health and microbial water quality assessment. The
results of this research suggested that the
measurement of CRP is useful as a primary
bioindicator for evaluating the health status of fish
with a possible application so as to determine the
levels of microbial water contamination and time the
therapy for fish diseases. But, ADM in C. umbla may
not be useful and reliable bioindicator in the
pathogenesis of the disease in fish infections when
compared to the CRP. Further studies are needed to
understand the exact role of the ADM in response to
the infections. Biomonitoring of the water pollution
is a broad topic and our group intends to investigate
different biomarkers on the suggested fish model.
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