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OPTIMIZATION OF CIBACRON TURQUOISE P-GR
DECOLOURIZATION BY Ganoderma lucidum IBL-05
Iram Hafiz, Muhammad Asgher* and Haq Nawaz Bhatti
Industrial Biotechnology Lab., Department of Chemistry and Biochemistry, University of Agriculture, 38040 Faisalabad, Pakistan

ABSTRACT

effective bio-based eco-friendly wastewater treatment
technologies [9].

A new white rot fungus Ganoderma lucidum IBL-05
was used to decolorize the reactive textile dye Cibacron
Turquoise P-GR in shake flask cultures. In an initial time
course study of 10 days the fungus showed maximum decolourization (58.5%) of the dye in 7 days. The decolorizing ability of the fungus could be substantially improved
by optimizing the operational conditions such as medium
composition, initial pH, incubation temperature, additional
carbon and nitrogen sources and, initial dyestuff concentration. Media composition and, type of carbon and nitrogen sources played a significant role. The results showed
that modified Kirk’s nutrient medium M-II was the best at
pH 4.5 and 30oC temperature for dye decolourization; 85 %
decolourization was observed after 3 days when the medium was supplemented with molasses (0.1%) as a carbon
source. The enzyme profile of G. lucidum IBL-05 was also
studied and manganese peroxidase was the dominant enzyme activity involved in biodegradation of Cibacron Turquoise P-GR by G. lucidum IBL-05 with minor activities
of lignin peroxidase and laccase.

KEYWORDS: Cibacron Turquoise P-GR, Decolourization, Optimization, Ligninases, shake flask cultures.

INTRODUCTION
Faisalabad is one of the major textile cities of Pakistan with hundreds of textile dying and processing industrial units inside and around its municipality area. The
treatment of waste water from textile and dyestuffs industries is one of the most challenging tasks for industrialists
and scientific community [1-3]. Due to the industrial process inefficiencies almost 10-15% of the dyestuffs are
being discharged in the effluents directly into receiving
water bodies which ultimately finds its way into the environment and the food chain [4-8]. Due to increasing stringent environmental legislations, the concern for the treatment of textile effluents is steadily mounting throughout
the world. The textile industry is seeking to develop

Reactive dyes are, commercially, a very important class
of textile dyes, whose losses through processing are particularly significant and these are also difficult to treat. In the
case of cellulose fibres dyed with reactive dyes, nearly 50%
may be lost to the effluent [10]. Both their low fixation
level and removal rate in treatment stations make these
dyes a unique and separate class that must be treated as
such. Conventional chemical and physical wastewater treatment technologies are not economical and efficient enough
to remove recalcitrant dyestuffs from the industrial effluents [11]. Biological processes provide an attractive alternative to the existing treatment technologies because these
are cost effective and environment friendly [12]. Different
biological processes using bacteria, fungi, mixed cultures
and sequential anaerobic/aerobic treatment, have been proposed as having potential in the treatment of textile
wastewaters. The effectiveness of microbial decolourization
processes depends on the adaptability and the activity of
the selected microbial culture [13].
The decolourization by bacteria mainly involves adsorption, rather than oxidation in aerobic system and the
effluent at the end of biotransformation of dyestuffs may
be toxic [14]. White rot fungi (WRF) that produce lignin
mineralizing enzymes (LMEs) have the ability to metabolize a diverse range of organic pollutants and various types
of synthetic dyes and are the most efficient microbes in
decolorizing industrial effluents [15]. The major extracellular enzymes that are involved in the xenobiotic degradation by WRF are lignin peroxidases (LiP), manganese peroxidase (MnP), versatile peroxidase (VP) and laccases.
Purified laccases, LiPs, and MnPs are also capable of decolorizing dyestuffs of different chemical nature [15]. The
extracellular and non-specific enzyme system enables
WRF to tolerate high concentrations of pollutants [16].
Cibacron Turquoise P-GR is being extensively used
in textile processing units of Pakistan but there is not even
a single report available on its bio-decolourization. The
main purpose of our study was to investigate the potential
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of a local white rot fungus Ganoderma lucidum IBL-05
for decolourization of this reactive textile dye.
MATERIALS AND METHODS
Dyestuff and Reagents

Cibacron Turquoise P-GR (C.I. Reactive Blue 72) a
phthalocyanin based reactive textile dye used in this study
was a gift by the regional sales office of Ciba, Narwala
Road, Faisalabad, Pakistan. The reagents and chemicals
were of analytical grade and purchased from Merck (Darmstad, Germany), Fluka (Germany) and Panareac (UK).
Fungal Culture

Ganoderma lucidum IBL-05 was isolated from decaying wood samples collected from Murree Hills and surrounding areas of Punjab, Pakistan. The fungal strain was
isolated and identified in collaboration Fungal Culture
Bank, Department of Mycology, University of the Punjab,
Lahore. The pure culture was incubated on potato dextrose agar (PDA) slants (Oxoid, Hampshire, England) for
6 days at 30°C and preserved at 4oC in refrigerator.
Inoculum preparation

Aqueous spore suspensions were obtained by adding
1% sterile glucose solution to fungal cultures grown on
PDA slants. The spore counting was performed by haemocytometer and adjusted to get 1x108 spores/ml [17]. Fresh
inoculum was prepared for each experiment.
Decolourization process and time course study

Decolourization flasks (250 ml) were prepared in triplicate and each contained 100 ml of 0.01% solution of Cibacron Turquoise P-GR dye prepared in basal nutrient
medium II. The pH of media was adjusted to 4.5 (except
the pH optimization experiment) and the flaks were sterilized (121oC) in autoclave (Sanyo, MLS-3020U, Japan) for
15 minutes. The contents were inoculated with 2 ml (2%
v/v) of spore suspension in laminar air flow and the flasks
were incubated at 30oC for 10 days at 120 rpm in shaking
incubator (Sanyo-Gallenkemp PLC, London, UK). Control flasks contained only the nutrients and inoculum. The
adsorption flasks contained only 0.01% dye solution in
distilled water and inoculum but received no nutrients for
fungal growth. Triplicate samples were removed after
every 24 hours and centrifuged at 48,000x g for 10 min. in
a high speed centrifuge (TGL-16, Changzhou, Guohua,
China). The supernatants were analyzed for residual dyestuff concentrations and ligninolytic enzymes.
Process Optimization
Selection of Basal nutrient medium

Four basal nutrient media [18] were used to select out
the one giving maximum decolourization efficiency by G.
lucidum IBL-6 and medium II was selected as the best
one on the basis of maximum percent decolourization.
Medium II (M-II) had the composition of Kirk’s basal
salts medium [19] excluding varatryl alcohol and tween-

80. It was composed of 0.22 g/l ammonium tartarate;
0.2 g/l KH2PO4; 0.01 g CaCl2; 1 mg/l thiamine; 0.05 g/l
MgSO4.7H2O; 10 ml/l trace elements solution was added.
Trace elements solution was composed of (g/l): CuSO4,
0.08; MnSO4.4H2O, 0.05; ZnSO4.7H2O, 0.07 and Fe2 (SO4)3,
0.043.
Effect of initial pH

For the optimization of pH, the basal nutrient M-II,
containing 0.01% Cibacron Turquoise P-GR, was adjusted
to varying pH values (pH 3, 3.5, 4, 4.5, 5, 5.5 & 6) before
inoculation.
Effect of incubation temperature

In order to determine the most suitable temperature for
dye decolourization, the media were adjusted at optimum
pH 4.5 and triplicate flasks were incubated at 25, 30, 35,
40, 45 and 50oC for 7 days.
Effect of carbon sources

Different carbon sources such as molasses, glucose,
maltose, sucrose, fructose and starch were used at 1.0%
level in order to achieve best decolourization efficiency.
After the selection of suitable carbon source (molasses) the
effect of varying concentrations (0.25, 0.5, 1.0, 1.25 and
1.5%) of molasses on dye decolourization was also investigated.
Effect of nitrogen sources

Different sources of nitrogen such as ammonium nitrate, ammonium sulphate, peptone, yeast extract and maize
seed meal were used to study the effect of additional nitrogen and to select the most suitable nitrogen source for
efficient decolourization of Cibacron Turquoise P-GR under
optimum conditions. In a subsequent trial the effect of varying concentrations (0.25, 0.5, 1.0, 1.25 and 1.5%) of the
best nitrogen source (maize seed meal) was also studied.
Effect of varying dyestuff concentrations

The experiment with different dyestuff concentrations
was performed to determine the maximum dyestuff concentration tolerated by the fungus. The decolourization
flasks (pH 4.5) containing varying dyestuff concentrations
(0.01-0.1%) in M-II including 1.0 % molasses were inoculated and incubated at 30 oC.
Enzyme Profile of G. lucidum IBL-05

To study the pattern of enzymatic activities involved
in biodegradation of different dyestuffs by G. lucidum,
the fermented samples were analyzed for lignin peroxidase (LiP), Mn-dependent oxidase (MnP) and laccase
activities. The samples were centrifuged at 48,000xg for
10 min and the supernatants were used to study the profile
of ligninolytic enzymes involved in the decolourization of
Cibacron Turquoise P-GR.
Analytical
Residual Dyestuff Analysis
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The culture supernatants recovered after centrifugation of the fermented samples were subjected to residual
dyestuff analysis. Absorbance measurements were done by
using a UV-Visible spectrophotometer (T-60, PG instruments, UK). Wavelength resulting in maximum absorbance (λmax 675nm) was used for absorbance measurements. The absorbance values for respective supernatants at
each time period were corrected by subtracting the values
for respective blanks (containing only the nutrient medium and fungus) and adsorption flasks (containing only dye
and fungus without any nutrients). The corrected absorbance values were used to calculate percentage decolourization.

GR by G. lucidum. The minimum biodegradation (40.65 +
4.40) was observed in medium M-III (Fig. 2) after 7 days.
70
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Decolorization (%)
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The lignin peroxidase (LiP) activity was determined
by the rate of oxidation of 4 mM varatryl alcohol to veratraldehyde in 100 mM sodium acetate buffer pH 3.0 at
310 nm in the presence of 0.2 mM of H2O2 [20]. Laccase
was assayed by following the oxidation of 2-2’-azinobis
(3-ethylbenzo-thiazoline)-6-sulfonate (ABTS) [21] in sodium acetate buffer (50mM) pH 4.0 at 420 nm. Manganese peroxidase (MnP) was determined by the oxidation
of 1 mM MnSO4 in 50 mM sodium malonate buffer (pH
4.5) in the presence of 0.1 mM H2O2 at 270 nm [22].

Fig. 2 FIGURE
Effect of media
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2 - Effect
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Results of the experiment carried out with varying pH
levels showed that maximum decolourization (63.91 +
2.70%) was observed at pH 4.5. With an initial increase in
pH the decolourization efficiency of the fungus gradually
increased up to pH 4.5 and a further increase in pH gave
lower dye decolourization (Fig.3).
70

RESULTS
The results of initial time course study of 10 days in
Kirk’s medium showed that maximum biodegradation
(58.54 ± 3.45) of Cibacron Turquoise P-GR was caused
by G. lucidum IBL-05 on the 7th day of incubation (Fig.1).
A slight decline in percent decolourization was noted on
8th-10th day.
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Four different media M-I, M-II, M-III and M-IV were
used of reactive dye Cibacron Turquoise P-GR by G. lucidum. The results showed that modified Kirk’s nutrient
medium M-II showing 62.82 + 2.46% dye removal was
the best for the decolourization of Cibacron Turquoise P-

The decolourization flasks adjusted at optimum pH 4.5
were inoculated and incubated at varying temperatures in
triplicate. The maximum degradation (67.72 + 3.82%) of
the dye occurred at 30°C. The decolourization efficiency of
the fungus gradually decreased with an increase or decrease
in temperature and minimum dye degradation (47.49 +
2.87%) was noted in culture flasks incubated at 500C
(Fig.4).
Among the different additional carbon sources, molasses showed a dramatic enhancing effect and maximum
dye degradation of 88.88+3.70% was noted in only 3 days
incubation in the medium receiving 1% molasses. Glucose
also improved dye degradation efficiency of the fungus
but only 65.65+4.86% decolourization could be achieved
in 3 days. The minimum dye degradation (39.32+2.56%)
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was noted with sucrose as the additional carbon source
(Fig. 5A). Ligninolytic enzymes profile was also consistent
with the decolourization pattern. MnP was the major
enzyme activity (817.53+9.84 U/ml), followed by LiP
(170.86+ 14.47%U/ml) and only minor activity of laccase
in the medium supplemented with 1% molasses. Likewise
the glucose containing medium showed lower activities of
MnP (734.84 + 27.19 U/ml). Minimum MnP (677.82±
11.96 U/ml) was recorded in the medium containing sucrose as carbon sources (Fig.5B). In a subsequent experiment run with varying levels of molasses (0.25-2 %), 1.0 %
was also found as its optimum concentration. Higher molasses concentrations had an inhibiting effect on dyestuff
removal rate (Fig.5C).
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Different nitrogen sources were used and addition of
maize seed meal resulted in maximum of 85.26 % dye
decolourization after 3 days of incubation as compared
88.88% colour loss observed in the medium receiving no
additional nitrogen (Fig.6A). All nitrogen sources repressed
the ligninolytic enzyme synthesis by the fungus and caused
a decrease in dye degradation by G. lucidum. MnP activity was also maximum (795 + 20.02U/ml) in the medium
receiving maize seed meal as nitrogen supplement, followed by yeast extract (762.09+56.22U/ml). The minimum
MnP activity (416.44±38.32 U/ml) was recorded in the
medium containing ammonium sulphate (Fig.6B).
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Four different nutrient media were used in triplicate
decolourization flaks. Nutrient medium M-II gave the best
decolourization results. M-II is the modified form of Kirk’s
medium. It is a simpler and economical medium as compared to the routinely used Kirk’s medium for WRF as it
does not require costly components like varatryl alcohol
and tween-80.
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Maximum dye decolourization by G. lucidum was
recorded in M-II adjusted at pH 4.5. White rot fungi mostly grow at slightly acidic pH values. Dye decolourization
by WRF has also previously been reported to increase
with initial increase in medium pH but it considerably
decreases at increasing higher pH values beyond pH 4-4.5
[18, 24]. The frequently reported pH for decolourization
of different dyes by different white-rot fungi is also around
4.5 [25, 18].
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The effect of different concentrations (0.01-0.1%) of
Cibacron Turquoise P-GR on the percentage dye removal
was also studied. Maximum decolourization (91.44%) and
MnP activity (857 U/ml) was noted with 0.01% dye in
3 days under optimum conditions. Decolourization with
up to 0.05% initial dye concentration was also appreciable
(76%) but with higher dye concentrations, the decolourization was found to be significantly decreased (Fig.7).
DISCUSSION
The initial time course study was carried out to evaluate the potential of G. lucidum IBL-05 for degradation of
the reactive textile dye Cibacron Turquoise P-GR. The dye
decolourization increased steadily with time and it took
7 days to peak. The growth rate of WRF is usually very
slow due to longer lag phase in the absence of any easily
metabolizable energy sources in the basal nutrient medium. The observed slight decrease in decolourization observed after 7 days may be due to the formation of any
coloured metabolites. Decolourization potential of G. lucidum IBL-05 favourably compares with previous reports
[23] showing that G. lucidum is the least versatile of all
the WRF cultures and it takes 9-15 days to achieve substantial dye decolourization.

Temperature variation also significantly affected dye
decolourization rate. It increased with increasing the incubation temperature from 25 0C to 300C that was the
temperature optimum for decolourization of Cibacron Turquoise P-GR by G. lucidum. At further higher temperatures, the decolourization rate showed a continuously declining trend. Temperature optima have been found to vary
between 25-37oC among various WRF isolates [26, 27].
The results of this investigation also confirm the previous
finding [11] where 300C has also been reported to be the
optimum temperature for decolourization of chemically
different dyes by G. lucidum.
Different carbon sources were used to enhance the
microbial growth for dye degradation. Addition of 1%
molasses and glucose showed a dramatic stimulatory effect
and reduced the time span to 3days as compared to 7 days
required for optimum dye degradation in the control flasks
receiving no additional carbon source. Higher molasses
concentrations in the medium had an inhibitory effect on
Cibacron Turquoise P-GR removal rate. Glucose also promoted decolourization efficiency but the enhancing effect
was significantly lower as compared to molasses. Khehra
et al. [28] used only glucose and reported its dramatic
stimulatory effect on dye decolourization. With 4.2 mM
glucose as carbon supplement, complete decolourization
was achieved in 24 h as compared to only 20% decolourization in cultures in receiving no glucose. However, increase in glucose concentration (7.0mM) had a negative
effect on the decolourization rate of AR-88. However, we
noted that molasses showed better results than glucose.
Ligninolytic profiles of the fungus with different carbon
sources were also consistent with the decolourization pattern suggesting enhanced enzyme formation by molasses
addition. MnP was found to be the major enzyme activity
involved in degradation of Cibacron Turquoise P-GR by
G. lucidum IBL-05 with minor activities of LiP and laccase. This observation also confirms the dye decolourization in M-II lacking varatryl alcohol that is the low molecular mass mediator of LiP and not MnP. White rot fungi
have variable enzyme profiles involved in the decolouriza-
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tion of chemically different dyes. MnP is directly involved
in the decolourization of phthalocyanin dyes reactive blue
38 and reactive blue 15 by B. adusta, P. chrysosporium
and T. versicolor [29, 30]. It has also been reported that
indigo, and azo dyes are good substrates of MnP and LiP
and, the reactions catalyzed by MnP are faster [31].

identification of the fungal culture is also highly acknowledged.

Different nitrogen sources were used to study their
stimulatory/inhibitory effects on the decolourization efficiency of G. lucidum IBL-05 under optimum conditions. All
nitrogen sources were found to be inhibitory to fungal
growth. Lower ligninolytic enzyme activities noted in media with additional nitrogen sources also suggested their
inhibitory effects on dye decolourization. Contrary to our
findings, higher growth of G. lucidum and higher ligninolytic activities have been reported in nitrogen enriched
media used for decolourization of different types of dyestuffs [28, 32, 33]. The highest dye removal efficiency by
Ganoderma australe has also been reported in N-rich
medium [34].
The effect of varying concentrations (0.01-0.1%) of
Cibacron Turquoise P-GR on the percentage dye removal
by G. lucidum was investigated under pre-optimized culture conditions. Maximum dye removal was noted with
0.01g/ 100ml dye within 3 days under optimum conditions. Higher dye concentrations were not well tolerated
by the fungus and a significant lower ligninolytic enzyme
formation and consequently decreased dye decolourization
was noted in the culture flasks receiving dye concentrations higher than 0.01g/100ml. Dye concentrations in industrial effluents vary within a range of 0.01–0.02 percent
[36]. Synthetic dyes are toxic chemical compounds and are
best tolerated and decolorized by the microbial systems at
lower concentrations [35].

REFERENCES
[1]

Couto, S.R., Rosales, E. and Sanroman, M.A. (2006) Decolorisation of synthetic dyes by Trametes hirsute in expendedbed reactors. Chemosphere 62, 1558-1563.

[2]

Moller, N.A., Mattiason, B., Rubindamayugi, M.S.T. and
Walender, U. (2006) Decolourization of synthetic and real
textile waste water by the use of white-rot fungi. Enzyme and
Microbial Technology 38, 94-100.

[3]

Gulnaz, U., Kaya, A. and Dincer, S. (2006) The reuse of dried
activated sludge for adsorption of reactive dye. Journal of
Hazardous MaterialB134, 190-196.

[4]

Souza, D.T.D., Tiwari, R., Sah, A.K., and hukumar, C.
(2006) Enhanced production of laccase by a marine fungus
during treatment of coloured effluents and synthetic dyes.
Enzyme and Microbial Technology 38, 504-511.

[5]

Zhao, x., Hardin, I.R., and Hwang, H.M.(2006) Biodegradation of a model azo-disperse dye by the white rot fungus
Pleurotus ostreatus. International Biodeterioration and Biodegradation 57,1-6.

[6]

Xhao, X. and Hardin, I.R.(2007) HPLC and spectrometric
analyses of biodegradation of azo dyes by Ploreutus ostreatus. Dyes and Pigments, 73, 322-325.

[7]

Yasiladali, S.K., Pekin,G., Bermek., H.A., Alaton, A.I.,
Orhan , D. and Tamerler, C. (2006) Bioremediation of textile
azo dyes by Trichophyton rubrum LSK-27. Word Journal of
Microbiology and Biotechnology, 22, 1027-1031.

[8]

Maas, R., and Chaudhari, S. (2005) Adsorption and biological decolourization of axo dye Reactive Red 2 in semicontinuous anaerobic reactors. Process Biochemistry, 40,
699-705.

[9]

Nigam, P., Armour, G. Banat, I.M. Singh, D. and Marchant,
R. (2000). Physical removal of textile dyes and solid state
fermentation of dye-adsorbed agricultural residues. Bioresource Technology, 72, 219-226.

CONCLUSIONS
The results of this study indicate that Ganoderma lucidum IBL-05 has the capability to decolorize reactive
textile dye Cibacron Turquoise P-GR. Its decolourization
capability can be improved by further careful process optimization. The results can be translated in terms of developing an indigenous bioprocess for remediation of textile
industry waste water containing such reactive textile dyes.

[10] Easton, J. R. (1995) The dye maker’s view. In “Colour in
Dyehouse Effluents”, Ed. P. Cooper. Society of Dyers and
Colourists. Bradford, pp.9-21.
[11] Shaul, G.M., Holdsworth, T.J. Dempsey, C.R. and Dostall,
K.A.(1991). Fate of water soluble azo dyes in the activated
sludge process. Chemosphere, 22, 107-119.

ACKNOWLEDGEMENTS
The study was a part of the project funded by Higher
Education Commission (HEC) of Pakistan. The financial
support by HEC is highly acknowledged. We are grateful
to the distribution office of Ciba Pakistan Ltd. at Faisalabad
for providing Cibacron Turquoise P-GR dye as a gift. The
technical help provided by Prof. Dr. Rukhsana Bajwa, and
Prof. Dr. Jaffar Hussain Mirza, Department of Mycology,
University of the Punjab, Lahore, Pakistan in isolation and

1993

[12] Azmi, W., Sani, R.K. and Banerjee, U.C.(1998) Biodegradation of biphenylmethane dyes. Enzyme and Microbial Technology, 22, 185-191.
[13] Chen, K., Jane-Yii, W. Dar-Jen,and L.Sz-Chwun, H. (2003).
Decolourization of the textile dyes by newly isolated bacterial strains. Journal of Biotechnology, 101, 57-68.

© by PSP Volume 17 – No 12a. 2008

Fresenius Environmental Bulletin

[14] Chung, K.T. and Stevens, S.Jr. (1993) Decolourization of azo
dyes by environmental microorganisms and helminthes. Environmental Toxicology and Chemistry, 12, 2121-2132.

[29] Khehra, M.S., Saini, H.S. Sharma, D.K. Chadha, B.S. and
Chimni, S.S. (2005) Decolourization of various azo dyes by
bacterial consortium. Dyes and Pigments, 67, 55-61.

[15] D'Souza, D.T., Tiwari, R., Sah, A.K. and Raghukumar, C.
(2006) Enhanced production of laccase by a marine fungus
during treatment of coloured effluents and synthetic dyes.
Enzyme and Microbial Technology, 38, 504-511.

[30] Heinfling, A., Martinez, M.J. Martinez, A.T. Bergabauer, M.
and Szewzyk, U. (1998). Transformation of industrial dyes
by manganese peroxidases from Bjerkandera adusta and
Pleurotus eryngii in a manganese-independent reaction. Applied and Environmental Microbiology, 64, 2788-2793.

[16] Knapp, J.S., Zhang, F. and Tapley, N.K.( 1997) Decolourization of orange II by a wood-rotting fungus. Journal of
Chemical Technology and Biotechnology, 69, 289-296.

[31] Podgornik, H. Bradesko, L. and Perdih, A. (1995) Transformation of different dyes by extracellular ligninases from Phanerochaete chrysosporium. Biotechnology Reviews, 33, 79-83

[17] Kay-Shoemake, J.L. and Watwood, M.E. (1996) Limitations
of the lignin peroxidases system of the white-rot fungus
Phanerochaete chrysosporium. Applied Microbiology and
Biotechnology, 46, 438-442.

[32] Swamy, J. and Ramsay, J.A. (1999). The evaluation of whiterot fungi in the decolourization of textile dyes. Enzyme and
Microbiology Technology, 24, 130-137.

[18] Asghar, M., Shah, S.A.H., Ali, M.and Legge, R.L. (2006)
Decolourization of some reactive textile dyes by white-rot
fungi isolated in Pakistan. World Journal of Microbiology
and Biotechnology, 22, 89-93.

[33] Kaal, E.E.J., Field, J.A. and Joyce, T.W. (1995) Increasing
ligninolytic activities in several white-rot basidomycetes by
nitrogen-sufficient media. Bioresource Technology, 53, 133139

[19] Tien, M., Kirk, T.K. (1988) Lignin peroxidase of Phanerochaete chrysosporium. Methods in Enzymology, 161, 238249.

[34] D’Souza, T.M. Merrit, C.S.and Reddy, C.A. (1999) Ligninmodifying enzymes of the white-rot basidomycete Ganoderma lucidum. Applied and Environmental Microbiology, 65,
5307-5313.

[20] Kirk, T.K. and Farell, R.L. (1990) Enzymaticcombustion: the
microbial degradation of lignin. Annual Reviews in Microbiology, 41, 465-505.
[21] Tien, M. and Kirk, T.K. (1983) Lignin degrading enzymes
from Phanerochaete chrysosporium: purification, characterization and catalytic properties of unique H2O2- requiring
oxygenase. Proceedings of National Academy Science, USA
81, 2280-2284.
[22] Wolfenden, B.S. and Wilson, R.S.(1982) Radical-cations as
reference chromogens in kinetic studies of one-electron transfer reactions. Journal of Chemistry Society, Perkin, 805-812 .
[23] Wariishi, H., Valli, K. and Gold, M.H.(1992). Manganese(II)
oxidation by manganese peroxidase from the basidiomycete
Phanerochaete chrysosporium. Journal of Biological
Chememistry, 267, 23688–23695.
[24] Fu, Y. and Viraraghavan, T. (2001) Fungal decolorisation of
dye waste waters: a review. Bioresource Technology, 79:
251-262.
[25] Nigam, P., Banat, I.M. Singh, D. Marchant, R. (1996). Microbial process for the decolourization of textile effluent containing azo, diazo and reactive dyes. Process Biochemistry,
31, 435–442.
[26] Kapdan, I.K., Kargi, F. McMullan, G. and Merchant, R.
(2000). Comparison of white-rot fungi cultures for decolourization of textile dyestuffs. Bioprocess Engineering, 22, 347351.
[27] Swamy, J. and Ramsay, J.A. (1999). The evaluation of whiterot fungi in the decolourization of textile dyes. Enzyme and
Microbiology Technology 24, 130-137
[28] Tekere, M., Mswaka, A.Y. Zvauya R. and Read, J.S. (2001)
Growth, dye degradation and ligninolytic activity studies on
Zimbabwean white rot fungi. Enzyme and Microbiology
Technology, 28, 420-426.

1994

[35] Rigas, V. and Dritsa, F. (2005) Decolourization of a polymeric dye by selected fungal strains in liquid cultures. Enzyme
and Microbial Technology, 39, 120-124.
[36] Chander, M. and Arora, D.S. (2007) Evaluation of some
white rot fungi for their potential to decolorize industrial
dyes. Dyes and Pigments, 72, 192-198.
[37] O’Neill, C., Hawkes, F.R., Hawkes, D.L., Lourenco, N.D.,
Pinheiro, H.M. and Delee, W. (1999) Colour in textile effluents: sources, measurement, discharge consents and simulation: a review. Journal of Chemical Technology and Biotechnology, 74, 1009-1018.

© by PSP Volume 17 – No 12a. 2008

Fresenius Environmental Bulletin

Department of Chemistry and Biochemistry
University of Agriculture
38040 Faisalabad
PAKISTAN

Received: May 22, 2007
Revised: September 19, 2007
Accepted: October 22, 2007

Phone: +92-41-9200161/3309
E-mail:mabajwapk@yahoo.com

CORRESPONDING AUTHOR

FEB/ Vol 17/ No 12a/ 2008 – pages 1987 – 1993

Muhammad Asgher
Industrial Biotechnology Laboratory

INHIBITION OF PLANT GROWTH REGULATORS ON
PARAOXONASE ACTIVITY
Serap Beyaztas1, Selma Sinan2* and Oktay Arslan1
1

Balikesir University, Faculty of Arts and Sciences, Department of Chemistry/Biochemistry, 10145 Balikesir, Turkey
2
Balikesir University, Faculty of Arts and Sciences, Department of Biology/Biochemistry 10145 Balikesir, Turkey

ABSTRACT
The purpose of this study was to investigate the in
vitro effects of four commonly used plant growth regulators (PGRs) (indole-3-acetic acid, indole-3-butyric acid,
gibberellic acid and kinetin) on human serum paraoxonase
(PON). Serum paraoxonase is an esterase that plays a key
role in organophosphate detoxification and in prevention of
atherosclerosis. Serum paraoxonase from humans was
purified using ammonium sulfate precipitation and Sepharose-4B-L-tyrosine-1-napthylamine hydrophobic gel.
IC50 values of the chemicals that cause inhibition were
determined by means of activity percentage diagrams. The
plant growth regulators used in this study affected the PON
activity from human serum to various degrees. The concentrations of in-dole-3-acetic acid, indole-3-butyric acid and
gibberellic acid that inhibited 50% of the enzymatic activity
were 63.86µM, 45.48µM and 14.4mM, respectively. Conversely, the enzyme activity was increased by kinetin.

KEYWORDS: Paraoxonase, indole-3-acetic acid, indole-3-butyric
acid, gibberellic acid, kinetin, purification, inhibition.

INTRODUCTION
Paraoxonase 1 (PON1 EC 3.1.8.1) is a member of a
family of enzymes (PON1, PON2 and PON3) that are
widely spread in mammals, such as rats, rabbits, and mice,

as well as humans, but are also found in many other species [1] The two PON1 isoenzymes Q and R are by far the
most investigated family members. They are calcium-dependent hydrolases that catalyze the hydrolysis of a broad
range of esters and lactones [2] PON1 is also catalyzes,
albeit at much lower rates, the hydrolysis and thereby inactivation of various organophosphates, including the nerve
agents sarin and soman [3] Initial interest in PONs was
therefore, toxicological. Two substrates, paraoxon and
phenyl acetate, have been used in the routine assay of
PON1 activity, because the same active site of PON1 is
responsible for the hydrolysis of both substrates [4]
In addition, PON1 is involved in drug metabolism and
is being used for drug inactivation [2, 5] In recent years, it
has become apparent that PONs play an important role in
the prevention of atherosclerosis. PON1 resides in the
cholesterol-carrying particles high-density lipoprotein (HDL,
‘‘good’’ cholesterol). The levels of PON1 in the blood and
its catalytic proficiency appear to have a major impact on
the individual’s susceptibility to pollutant and insecticide
poisoning and to atherosclerosis [6] Furthermore, mice
lacking the PON1 gene are highly susceptible to atherosclerosis and to OP poisoning [7] Given the physiological
importance of the paraoxonase, the metabolic impact of
chemicals used for crop production should receive greater
study. However, there is not much inhibition study available on paraoxonase activity.
Many chemicals are currently used in agriculture, and
PGRs are among those widely used. The amount and variety of PGRs which include indole-3-acetic acid, indole-3butyric acid, gibberellic acid, and kinetin have increased
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tremendously in recent years. Indole-3-acetic acid (IAA)
and indole-3-butyric acid (IBA) are naturally occurring plant
growth regulators extensively studied by phytochemists
(Fig 1a, b). IAA and IBA are major plant growth hormones
of the auxin class, affecting cell enlargement, division, and
differentiation [8] It is metabolized by two different pathways conjugation with a variety of amino acids, peptides,
and sugars forming non-reactive conjugates and oxidation
by peroxidases leading to production of a toxic series of
intermediates which could be used as the basis of a novel
cancer therapy [9-11] Gibberellic acid (GA3) (Fig 1c) plays
important roles in many cellular processes including promotion of stem elongation overcoming dormancy in seed
and buds involvement in parthenocarpic fruit development,
flowering, mobilization of food reserves in grass seed germination, juvenility, and sex expression [12] The amount
of these substances placed into the environment may soon
exceed those of insecticides [13] Kinetin (Kn) (Fig 1d)
was isolated 50 years ago for the first time as a plant hormone. So this hormone has been used for a long time [14]
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FIGURE 1 - Structure of (a) indole-3-acetic acid (IAA), (b) indole-3-butyric acid IBA, (c) gibberellic acid (GA3), and (d) kinetin (Kn)

In the literature, it is reported that IAA might induce
the neuronal apoptosis in the S phase and lead to microencephaly [15] Also, de Melo et al. [16] determined that
incubation for 24 h in the presence of IAA (1 mM) showed
increase in the activities of SOD, CAT, and glutathione
peroxidase. John et al. [17] observed that IAA possesses
teratogenic effects in mice and rats. In addition, it was found
that gibberellin A 3 induced liver neoplasm in Egyptian
toads, and they suggested that the tumors could be diagnosed as hepatocellular carcinomas [18] Ozmen et al. [19]
observed that abscisic acid and gibberellic acid affect on
sexual differentiation and some physiological parameters
of laboratory mice. The effects of IAA and Kn were also
investigated on human serum enzymes in vitro. IAA was
found to inhibit aspartate aminotransferase and activate
amylase, creatine phosphokinase and lactate dehydrogenase.
Kn inhibited muscle creatine kinase while it activated aspartate aminotransferase and alanine aminotransferase [20]
Also, it was found that while the levels of LDH and CPK
were increased significantly by IBA (indole butiric acid),
the levels of AST, LDH, and CPK were increased significantly by IAA. In addition, the levels of AST, LDH, and
CPK were increased significantly by kinetin [21] Hsiao’s
[22] results suggest that kinetin has effective free radicalscavenging activity in vitro and antithrombotic activity in
vivo. On the other hand, some PGRs have been shown to
affect the carbonic anhydrase isoenzymes of erythrocytes
in humans and bovines [23]

an organisms. Therefore, in this study in vitro inhibition
of some important PGRs (indole-3-acetic acid, indole-3butyric acid, gibberellic acid, kinetin) on serum PON1 was
evaluated in humans.

Although PGRs are used for pest control and increased
productivity on a wide variety of crops, little is known
about the biochemical or physiological effects in mammali-

Total Protein Determination

MATERIALS AND METHODS
Materials

Sepharose 4B, L-tyrosine, 1-napthylamine, protein assay reagents and chemicals for electrophoresis were obtained from Sigma Chem. Co. All other chemicals used
were of analytical grade and obtained from either Sigma
or Merck. Plant growth regulators were provided by the
local pharmacy.
Paraoxonase Enzyme Assay

Paraoxonase enzyme activity towards paraoxon was
quantified spectrophotometrically using the method described by Gan et al. [24] The reaction was monitored for
2 min at 37 °C by monitoring the appearance of the pnitrophenol line at 412 µm in a Biotek automated recording
spectrophotometer. The assay buffer contained 0.1 M Tris–
HCl (pH 8.5), 2 mM CaCl2, 50 µL purified enzyme and
paraoxon. The final substrate concentration during enzyme
assay was 2mM, and all rates were measured in two separate trials and corrected for the non-enzymatic hydrolysis.

Absorbance at 280 nm was used to monitor the protein in the column effluents and ammonium sulfate pre-
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cipitation. Quantitative protein determination was achieved
by absorbance measurements at 595 nm according to Bradford [25] with bovine serum albumin as a standard.
Purification of Paraoxonase from Human Serum
by Hydrophobic Interaction Chromatography

Human serum was isolated from 35 ml of fresh human blood and put into a dry tube. The blood samples
were centrifuged at 1500 rpm for 15 min and the serum
was removed. Then serum paraoxonase was isolated by
ammonium sulfate precipitation (60-80%). The precipitate
was collected by centrifugation at 15000 rpm for 20 min,
and redissolved in 100mM Tris–HCl buffer (pH 8.0). Next,
we synthesized the hydrophobic gel, including Sepharose
4B, L-tyrosine and 1-napthylamine, for the purification of
human serum paraoxonase [27] The column was equilibrated with 0.1 M of a Na2HPO4 buffer (pH 8.0) including
1 M ammonium sulfate and 3ml enzyme solution was
loaded. The paraoxonase was eluted with an ammonium
sulfate decrease gradient using 0.1 M Na2HPO4 buffer with
and without ammonium sulfate (pH 8.0). The purity of the
enzymes was confirmed with SDS gel electrophoresis
(Figure 2). The purified PON1 enzyme was stored in the
presence of 2mM calcium chloride in order to maintain
activity.

In Vitro Inhibition Kinetic Studies

For the inhibition studies of indole-3-acetic acid, indole-3-butyric acid, gibberellic acid and kinetin, different
concentrations of PGRs were added to the enzyme activity. Paraoxonase activity with PGRs was assayed by
following the hydration of paraoxon. Activity % values
of paraoxonase for five different concentrations of each
PGRs were determined by regression analysis using
Microsoft Excel. Paraoxonase activity without a PGRs
was accepted as 100% activity. For PGRs having an inhibition effect, the inhibitor concentration causing up to 50%
inhibition (IC50 values) was determined from the graphs.
RESULTS AND DISCUSSION
Inhibition graphs, using the PGRs with concentrations
as described in Section 2.5 are shown in Figure 3. Different
inhibition effects of the applied PGRs were obtained. IC50
values of the enzyme inhibited by indole-3-acetic acid, indole-3-butyric acid, and gibberellic acid were found to be
63.86µM, 45.48µM and 14.4mM, respectively. The auxin
hormone indole-3-acetic acid has been shown to be the
strongest inhibitor against the PON1 activity (Figure 3-a).
Conversely, kinetin considerably stimulated the enzyme
activity at the applied concentrations (Figure 3c).
The amount and variety of PGRs used has increased
tremendously in recent years. This increase has caused a
positive effect on crop production, however, certain regulators, their residues, metabolites and/or contaminants have
created many unforeseen adverse effects on the environment. Under some conditions, PGRs may be present in very
low concentrations which have no immediate detectable
effect. These small amounts of chemicals can cause sublethal damage to organisms and this is more insidious and
difficult to define than acute toxicity. Sublethal effects
may be further enhanced by persistent PGRs which are
accumulated in the organisms and magnified in the food
chain. In this study, IAA, IBA, GA3, and Kn were preferred
because there is no information about their side effects on
serum PON1. PGRs which were used in this study are found
in plants as endogen hormones and wide variety of biologically active compounds.

116.0
66.2
45.0
PON1
35.0

25.0
18.4
14.4
FIGURE 2 - SDS-PAGE of Saanen goat carbonic anhydrase. The
poled fractions from hydrophobic interaction chromatography
(Sepharose 4-B, L-tyrosine, 1-Napthylamine) was analyzed by SDSPAGE (%12 and %3) and revealed by Coomassie Blue staining.
Experimental conditions were as described in the methods section.
Lane 1 contained 5 µl of various molecular mass standards: βgalactosidase, (116.0), bovine serum albumin (66.2), ovalbumin (45.0),
lactate dehydrogenase, (35.0), Restriction endonuclease (25.0), βlactoglobulin (18.4), lysozyme (14.4).
SDS Polyacrylamide Gel Electrophoresis

SDS polyacrylamide gel electrophoresis was performed
in order to verify the purified enzyme. It was carried out in
12% and 3% acrylamide concentrations for running and
stacking gel respectively, containing 0.1% SDS according
to following Laemelli et al. [26]

We found that activity of human serum PON1 was inhibited by IAA, IBA, and GA3. Conversely, Kn was stimulated the activity of serum PON1. Many other reports support our study. For example, it is reported that a serum enzyme named aspartate aminotransferase, amilase, creatin
phosphakinase, and lactate dehydrogenase was inhibited by
IAA [20] Similar in vitro data found that glutathion peroxidase and catalase was strongly inhibited by IAA and
kinetin [28] In addition, in vivo reports showed that, IAA
has inhibition effects on glutathion reductase and glutathion
peroxidase [29] This enzyme has an important role in antioxidant defense system as PON1. The decreased activity of
PON1 may lead to decreased protection against lipid oxidation [30]. The increase of lipid oxidation directly effects on
to take a risk existence of atherosclerosis and organophos-
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FIGURE 3 - Activity (%) curves of PON1 for different concentrations of IAA,IBA, GA3, Kn.

phate sensitivity. IAA and IBA are major plant growth
hormones of the auxin class, affecting cell enlargement,
division, and differentiation. Although this regulator is
indispensable for plant growth, it showed inhibition effects on PON1 which has an important physiological role
of organism. Also GA3 does not inhibit PON1 activity as
much as other regulators. It is reported that GA3 significantly decreased serum aspartate aminotransferase, creatine
phosphokinase, and lactate dehydrogenase. Antioxidant enzyme activities such as superoxide dismutase significantly
decreased in the erythrocyte, liver and brain tissue of rats
with GA3 [31]
Kn is the first investigated and best known regulator.
We determined that human serum PON1 activity was stimulated by kinetin. Kn is an anti-oxidant both in vitro and in
vivo. It protects DNA against oxidative damage to 8-oxodG mediated by the Fenton reaction [32] Also Kn acts as

a strong inhibitor of oxidative and glycoxidative proteindamage generated in vitro [14] However, another study
showed that, exposure to Kn can result in toxicological
effects in vertebrates. It was found that glutathion-Stransferase and catalase were inhibited by Kn in vivo [28]
In another study showed that gltathion reductase, glutathion
peroxidase, and adenosine deaminase were significantly
reduced with Kn [29]
In conclusion, the aim of this study was to define the
effects of these plant hormones on human serum paraoxonase and thus evaluate the environmental and toxicological effects of these compounds in vitro. Although,
PGRs are a major component of the growing process in
plants and cause a positive effect on crop production, they
dramatically inhibit the human serum PON1. This finding
is important, because PON1 is one of the most important
enzymes which has antioxidant and antitoxicological ef-
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fects in organisms. Even though they are consumed in small
amounts, these three plant growth regulators can still affect
PON1. Also, because they are magnified in the food chain
the inappropriate use of PGRs presents a potential a risk to
human health.

This work was carried out in the Balıkesir University
Research Center of Applied Sciences (BURCAS).
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ABSTRACT
The gas-phase photocatalytic degradation of methyltert-butyl ether (MTBE) was investigated using a plug flow
reactor packed with TiO2 (anatase)-impregnated fiberglass
mesh. The oxidation kinetics of MTBE followed the Langmuir-Hinshelwood kinetic model. Water vapor strongly inhibited the conversion of MTBE. The adsorption constant
K and rate constant k were 1.05 m3/g and 6.17 g/m3min,
respectively, under a humidity of 13%; the corresponding
values were 1.43 m3/g and 12.34 g/m3min in dry air. The
half-life of MTBE at 3140 ppmv initial concentration was
1.05 min for 13% humidity, and 0.53 min for the dry air
condition. MTBE was found to undergo progressive oxidation to yield acetone and tert-butyl formate as the main
primary intermediates, and water and carbon dioxide as the
final products. Trace concentrations of gaseous formaldehyde and tert-butyl alcohol were also detected. Mass balance calculations have shown that MTBE can be virtually
completely mineralized after an extended reaction time.

Photocatalytic oxidation using TiO2 as a catalyst appears to be a promising technology for remediation of air
[1-4] and ground water [1,4-8] polluted by organic compounds. This technology is attractive, because TiO2 is relatively inexpensive and is able to efficiently destroy a broad
range of organic contaminants at ambient temperature and
pressure.
Studies on gas-phase photooxidation of volatile organic
compounds (VOCs) have shown that the reaction rates are
orders of magnitude higher than in aqueous solutions [9].
These high reaction rates have led to an interest in treating
VOCs in water and soil by first stripping or extracting the
contaminants, and then destroying the chemicals by gasphase photocatalysis. A major motivation for the study of
gas-phase heterogeneous photocatalysis has been its potential for use in air purification and/or for water and soil
decontamination after air stripping.
In this work, photocatalytic destruction of MTBE was
studied using a plug flow reactor packed with TiO2-impregnated fiberglass mesh. The kinetics of the photocatalytic process and some important parameters that affect the
process were investigated. The by-products of MTBE oxidation were determined by gas chromatography/mass spectrometry (GC/MS).

KEYWORDS:
Photocatalysis, MTBE, titanium dioxide, kinetics, byproducts.

INTRODUCTION

MATERIALS AND METHODS

The addition of fuel oxygenates to gasoline to enhance
octane level, increase burning efficiency, and reduce the
emission of atmospheric pollutants has become increasingly
common over the past decade. The most frequently used
fuel oxygenate is methyl tert-butyl ether (MTBE). MTBE
was introduced in the 1970s as an octane replacement for
tetraethyl lead. Since that time, MTBE has been employed
as a fuel oxygenate to lower carbon monoxide emissions in
accordance with the Clean Air Act Amendments of 1990.
Because MTBE has high vapor pressure and high water
solubility, it is often found in the atmosphere and in ground
waters near gas stations, and pollution from these sources
has become a growing concern.

Materials and apparatus

TiO2 (anatase)-coated fiberglass mesh was purchased
from Matrix Photocatalytic Inc. (Ontario, Canada) and was
used without further treatment. MTBE, tert-butyl formate
(TBF), and tert-butyl alcohol (TBA) were reagent grade or
better from Aldrich (Milwaukee, WI). All solvents used
were nanograde. Ultra-zero air and ultra high purity nitrogen were from the BOP Group, Inc. (Murray Hill, NJ). High
purity water was prepared by a Milli-Q water purification
system (Millipore, Milford, MA).
A plug flow reactor was constructed using a quartz
tube measuring 83 cm long with 0.8 cm internal diameter
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(0.1-cm wall thickness) and a total volume of 27.5 mL. It
was loosely packed with the TiO2-impregnated fiberglass
mesh. Illumination was carried out with an in-house constructed solar box equipped with four UVA-340 light lamps
(Q-Lab Corporation, Cleveland, OH). The UVA-340 (11.5 sun) is the best available simulation of sunlight in the
critical, short-wavelength UV region between 365 nm and
the solar cut-off of 295 nm [10]. The distance between the
reactor and lamp tubes was about 15 cm. Light intensity was
measured with a radiometer (Model DIX-365; Spectronic
Corporation, Westbury, NY), and the measured radiometric irradiation at this position was 870 µW/cm2. The
temperature of the reactor was 40 ± 2°C.
The basic experimental setup used in this study is
shown in Fig. 1. A carrier gas contaminated with MTBE
was flowed into the reactor. The concentration of MTBE
in the contaminated atmosphere was obtained by vaporization of MTBE using predetermined values of flow rate controlled by mass flow controllers. Humidified air was prepared by flowing air through an impinger containing MilliQ water, which was then mixed with the stream containing
MTBE. The amount of humidity was controlled by varying
the air flow rate and the water vapor pressure. The mixture
was then flowed through a static mixer to the reactor, where
MTBE was destroyed. The gas flow rate of 107 ± 1 mL/
min was used. All of the tubing, connectors, and valves used
were Teflon materials, to reduce the adsorption of MTBE
and by-products on the wall/surface of the system. MTBE
was photodegraded at initial concentrations between 280
and 3150 ppmv. An activated carbon trap was connected
to the reactor outlet, to assure the maximum retention of
untreated MTBE and any possible by-products leaving the
reactor.

UV/TiO2 experiments

An air stream contaminated with MTBE was passed
through the reactor in the absence of UV illumination (the
UV lamps were turned on but were covered with aluminum foil) until the gas-solid adsorption equilibrium under
the flow was established. After the adsorption process
reached equilibrium (about 3 h), as indicated by identical
inlet/outlet MTBE concentrations, the UV illumination was
restored (i.e., the aluminum foil was removed). The irradiation was maintained for 1 h to allow the photo-steadystate to be established.
To test the effect of oxygen on the reaction, we used
nitrogen as carrier gas, under the same operation conditions as had been used for air. Also, to test the effect of
water vapor, we carried out the photocatalytic degradation
both in dry air conditions and in air with a relative humidity of 13%, for various inlet concentrations of gaseous
MTBE. For each kinetics experiment, 3-6 irradiations (1 h
each) were conducted. The continued illumination and flow
of pure air (with no water vapor) through the reactor for a
few hours or overnight was followed by one photodegradation experiment, to regenerate the catalyst activity, in case
photoactivity decay due to the strongly adsorbed, oxidizable intermediates had occurred.
Chemical analysis

Reactor influent and effluent samples were collected
using a 0.5-mL gas-tight syringe and were analyzed with an
HP 6890 gas chromatograph equipped with an HP 5972
mass spectrometer. A DB-XLB fused-silica column (60 m
× 0.25 mm, 0.25 µm film thickness; J & W Scientific, Folsom, CA) was employed, and the temperature was programmed at 40 °C for 10 min, then ramped up to 190 °C at
a rate of 5 °C/min for 4 min. Helium was used as carrier
gas. The injector temperature was 150 °C. Full-scan electron impact (EI; 70 eV) spectra were collected for mass
units from 25 to 150. Library searches were performed for
preliminary identification against the Wiley/NBS Mass
Spectral Library. Further identification of the products was
carried out by comparison with the authentic standards for
matching spectra and chromatographic retention time.
Quantitative analysis was performed by MS SIM with
characteristic ions selected from the mass spectrum for
each compound. The data analysis was performed with
Hewlett-Packard MSD Productivity ChemStation Software.
RESULTS AND DISCUSSION
Photocatalytic oxidation of MTBE

FIGURE 1 - Schematic diagram of the experimental setup. (A)
UVA-340 lamp, (B) carrier gas, (C) flow meter, (D) MTBE, (E)
humidifier, (F) gas mixer, (G) inlet sampling port, (H) reactor, (I)
outlet sampling port, and (J) activated carbon.

The dark equilibration process provides a qualitative indication of the adsorption affinity between the catalyst and
MTBE. It took about 3 h for the adsorption equilibrium to
be attained. Two control runs were conducted, one with
TiO2 but without light, and the second without TiO2 (reactor packed with TiO2-free fiberglass mesh) but with light,
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to determine the effects of adsorption and photolysis. The
second one without TiO2 in the presence of UV light,
showed a negligible conversion of MTBE (Fig. 2); similarly, with TiO2 but without light, there was no significant
loss of MTBE found during the experiment. Based on these
two control runs, we concluded that no significant loss of
MTBE occurs due to sorption or photolysis; we thus verified that the measured losses of MTBE during the subsequent experiments were the result of photocatalytic oxidation on TiO2.
The effect of oxygen on the photocatalysis is presented in Fig. 2. In the absence of oxygen, with N2 used as
carrier gas, the oxidation rate of MTBE was low. In the
presence of oxygen, however, the steady state was achieved
20 min after the light was turned on, and MTBE photodegradation reached 90% after 20 min of irradiation.
The destruction of MTBE is strongly dependent upon
oxygen, because oxygen is an important electron acceptor
in the TiO2 conduction band, and it is necessary as a reactant for total MTBE oxidation. The results indicated that
photodegradation of MTBE occurrs only in the presence
of the titanium catalyst, oxygen, and UV irradiation.

plays the role of electron acceptor: O2 + e-CB → O2-. In
aqueous solutions, hydroxyl groups or water molecules can
trap holes, forming a surface-adsorbed hydroxyl radical, but
this does not seem to be the main pathway if water vapor
is not fed into the reactor (although traces of water produced as final product do exist in the reactor system). In
dry air, the adsorbed MTBE may play the role of hole
traps. Stafford et al. [11] suggested that the course of
photocatalytic transformation of 4-chlorophenol does not
involve hydroxyl radical exclusively. Their experiments
have shown that the reactions can be mediated through
direct interaction between organic compounds and photogenerated holes. Recently, Araña et al. [12] have also
proposed two degradation pathways, one by hydroxyl
radical and the other by direct reaction of MTBE with
holes, involved in the photocatalytic degradation of MTBE
with TiO2 and Cu-TiO2. Although in the presence of water
vapor, OH groups are present on the TiO2 surface and their
contribution to photo-oxidation cannot be discounted, the
preliminary adsorption of organic compounds is a very
important prerequisite for highly efficient detoxification
[13]. Alberici and Jardim [2] measured the adsorption densities of 16 VOCs over the TiO2 catalyst in the dark; they
showed that the amounts of MTBE and acetone adsorbed
onto TiO2 were 10-fold the value obtained for isooctane, a
nonpolar compound, there-by indicating a strong affinity
between alcohols, ketones, and ethers, and the TiO2 surface.
•

Effect of MTBE concentration

FIGURE 2 - Time course of the gas-phase degradation of MTBE
(900 ppmv) under varying photocatalytic conditions. (•) light, TiO2,
dry air, () light, TiO2, 13% relative humility, (p) light, dry air (no
TiO2), and (q) light, TiO2, nitrogen gas.

The band gap of TiO2 is 3.2 eV; photons with wavelengths shorter than 385 nm are required to excite the catalyst. In such a case, photoexcited electron-hole pairs are
produced on the catalyst surface according to the reaction:
TiO2 + hν → e-CB + h+VB.
Recombination of the photogenerated electron and hole
is very fast, and photo-oxidation cannot take place unless
an electron donor or acceptor is present. Adsorbed oxygen

The effect of MTBE feed concentration on MTBE
conversion and on by-product formation was studied. As
is obvious from Table 1, increasing the MTBE feed concentration decreased the photodegradation of MTBE. In
dry air, MTBE degradation decreased from approximately
91 to 37% as MTBE concentration increased from 905 to
3149 ppmv, while in 13% humidity, MTBE degradation
decreased from 72 to 14%, as MTBE concentration increased from 282 to 3024 ppmv. Varying the MTBE concentration had a dramatic impact on by-product formation;
TBF became more abundant as the concentration of MTBE
increased. Acetone formation increased slightly, from 656
to 853 ppmv, in dry air, whereas it increased from 235 to
298 ppmv, and then decreased to 231 ppmv, in 13% humidity, when the MTBE concentration was increased from
282 to 3024 ppmv.
Effect of humidity

The presence of water vapor in the reaction gas has a
significant effect on the photooxidation of MTBE and on
by-product profiles. MTBE conversion was significantly
decreased in the presence of water vapor. This phenomenon is probably due to the inhibition of MTBE adsorption
to the TiO2 surface, by the presence of water vapor. As
shown in Table 1 and Fig. 2, at the initial concentration of
MTBE of 900 ppmv (0.04 mM/L), about 90% MTBE was
photocatalytically destroyed in dry air, while only about
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50% of MTBE was destroyed in 13% relative humidity.
The MTBE conversion in dry air was approximately 3 times
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TABLE 1 - Quantitative data for the photocatalytic degradation of MTBE in the gas phase.

Humidity (%)

MTBE

MTBE

CO2

CH2O

Acetone

TBA

TBF

Degradation

C balance

Cin (ppmv)

Cout (ppmv)

ppmv

ppmv

ppmv

ppmv

ppmv

MTBE (%)

(%)

0

905

83

324

85

656

4

16

91

62

0

1732

903

499

116

679

11

134

48

91

0

3149

1998

318

114

853

16

282

37

91

13

282

81

82

52

235

4

25

72

92

13

836

390

903

26

235

11

80

53

105

13

2256

1707

630

58

298

27

228

24

102

13

3024

2605

490

60

231

27

255

14

100

higher than that in 13% humidity, when the MTBE feed
was about 3000 ppmv (Table 1). The by-product conversion to CO2 was greatly increased with the increase of the
relative humidity, as shown in Table 1. The reduction in
relative concentration of acetone and formaldehyde in the
by-product distribution at 13% humidity indicates that adsorption of acetone or formaldehyde is less strongly affected
by the presence of water vapor. Thus, surface-generated
acetone or formaldehyde competes more effectively with
adsorbing MTBE for available surface oxidative species,
under 13% relative humidity. The water effect can be explained in terms of adsorption competition: MTBE appears
to be less strongly adsorbed to the TiO2 than is acetone or
formaldehyde; thus, water can displace surface-adsorbed
MTBE more readily than it does acetone or formaldehyde, and it thereby inhibits photocatalyzed oxidation of
MTBE more than the two compounds. Sahle-Demessie et
al. [4] suggested that high amounts of humidity can have
a “masking effect” on the TiO2 surface, inducing a limitation of the mass transfer of MTBE molecules to the immobilized titanium surface. The occupation by water of the
active sites on the surface of TiO2 would thus limit or inhibit photocatalysis of MTBE. The influences of water on
the photodegradation with anatase TiO2 have been reported
for various vapor-phase systems [1,3,9,14-18], it is evident
that for the polar compounds with high water solubility,
such as acetone, methanol and MTBE, the photocatalytic
destruction decreases with increasing water vapor. In contrast, the destruction for less polar compounds having low
water solubilities, such as toluene and m-xylene, is enhanced by the presence of water vapor.
Kinetics of the photocatalytic oxidation of MTBE

MTBE degradation with supported catalysts may not
be mass transfer-limited. Thus, the rate of the photocatalytic reaction is sufficiently slow, and the external mass
transfer process is sufficiently rapid, that an appreciable

concentration gradient is not established across the fluid
boundary layer at the catalyst. Since the activity of the illuminated catalyst was sufficient to provide appreciable conversion of MTBE, we consider a simple plug-flow integral
analysis of the data, in order to describe the change of
MTBE concentration through the illuminated outermost
TiO2 layer, where light absorption takes place. LangmuirHinshelwood (L-H) rate forms have been widely used in
liquid-phase photocatalysis and have also been found to
be useful in conceptualizing gas-phase photocatalysis [2].
The L-H kinetic model has been applied to most gas-phase
photocatalytic organic degradation systems, due to their
characteristic surface reaction. In this mode, the reaction
rate can be expressed as:
r = - (kKC)/(1+KC)

(1)

where k is the rate constant; K is the adsorption coefficient, reflecting the proportion of MTBE which adhere to
the catalyst surface; and C is the concentration of MTBE.
Eq. 2 is obtained by integrating the mass balance for a
plug flow reactor from inlet to outlet conditions, with the
assumption of constant gas phase density and flow rate,
and with the rate expression given in Eq.1, as:
(V/Q) (Cin - Cout) -1 = 1/k + 1/(kK) ln(Cin /Cout) (Cin - Cout) -1
(2)
where Q represents the flow rate through the reactor,
and V is the volume of the reactor. The V/Q ratio can be
considered as the contact time for the reaction, or the average time that a molecule takes to pass through the reactor.
The Cin and Cout are the respective concentrations of MTBE
in the inlet and outlet effluent of the reactor.
If the assumed L-H form is valid, then a plot of
ln(Cin/Cout) (Cin - Cout)-1 versus (V/Q) (Cin - Cout) -1 should
be linear. In the present study, we tested this by varying
the flow rate (analogous to varying the time in a static
system). Figure 3 shows a plot of Y against X, based on
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tion constant K and rate constant k were 1.05 m3/g (92.42
L/mmol) and 6.17 g/m3min (0.07 mmol/L min-1), respectively, under 13% humidity; the corresponding values for
K and k were 1.43 m3/g (125.84 L/mmol) and 12.34 g/m3min
(0.14 mmol/L min-1) in dry air. The apparent rate constant
kK for photocatalytic oxidation (PCO) of MTBE in dry air
is about 3 times higher than the values for 13% relative
humidity. The values of constants for MTBE obtained in
this study can be compared with values reported by others. Table 2 lists the reaction rate constants and Langmuir
adsorption coefficients, along with the corresponding experimental conditions, for PCO of MTBE on TiO2 from
three different studies [2,19,20]. It should be noted that in
addition to MTBE feed concentrations, light intensities, and
water vapor, the reactor configuration, the available TiO2
surface, and the contact time for MTBE could also contribute to the difference in results. The half-life values can
be obtained by integrating the Eq.1:
t = 1/(kK) ln (Cin/Cout) + 1/k (Cin – Cout)
when Cout / Cin = 0.5, t1/2 = 0.693/(kK) + 0.5Cin/k.
Based on this, the half life will decrease with increasing value of K or k. Increase of the inlet concentration will
increase the t1/2. In our experiments, at the initial concentration of 3140 ppmv (12.34 g/m3, 0.14 mmol/L), the halflives were 1.11 and 0.54 min, for 13% humidity and the
dry air condition, respectively.
MTBE photodegradation by-products

FIGURE 3 - Plot of (V/Q)(Cin –Cout)-1 vs. ln(Cin/Cout ) (Cin-Cout) –1
obtained in one MTBE (3150 ppmv) photodegradation experiment,
under the conditions of (a) 13% relative humidity and (b) dry air.

Eq. 2. The plot is apparently linear, indicating that the
photocatalytic decomposition of MTBE over the thin film
of TiO2 obeys a Langmuir adsorption isotherm. From the
slope and intercept of the straight line fitted by a linear
least-squares regression, we then calculated the values of
k and K. From the results of our experiments, the adsorp-

Figure 4 shows the time profiles of products from the
photocatalytic oxidation of MTBE in our system at the
initial MTBE concentration of 3150 ppmv. Four intermediate by-products and CO2 were detected by GC/MS analysis and were identified based on their mass spectra and
GC retention times, as shown in Table 3. The major intermediate by-products were acetone and TBF. The formation of both acetone and TBF appeared rapidly, and
their concentrations reached a plateau after 30 min of
illumination. Over the next 3 h, the concentrations remained relatively steady. TBA and formaldehyde were
found as minor products. Reaction products such as formic acid that remained adsorbed on the TiO2 surface
instead of entering the gas stream may not have been
detected; the accumula- tion of these strongly adsorbed
intermediates may result in catalyst deactivation over time.
Other degradation products may have been present at
concentrations too low to be detected. In our experiment
the
residence
time
for
one

TABLE 2 - Langmuir-Hinshelwood parameters in the photocatalytic
degradation of gas MTBE: comparison of results from three different studies.

This study
This study
Alberici and Jardim [2]

Cin
(ppmv)
3140
3140
605

Humidity
(%)
0
13
23

T
(K)
313
313
323

UV intensity
(mW/cm2)
0.87
0.87
2.52

2007

k (g/m3min)
12.34
6.17
5.78

K
(m3/g)
1.43
1.05
0.33

kK
(min-1)
17.6
6.48
1.91

t1/2
(min)
0.54
1.11
0.57
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Preis et al. [19,20]
300
0
333
0.6
1.06
39.8
42.2
TABLE 3 - Characteristic fragments of MTBE and MTBE degradation products identified by GC-MS EI.
Compound
Molecular Ion (m/z)
Base Peak (m/z)
Ions for SIM
MTBE
88
73
57, 73
TBF
102
59
57, 59, 87
AC
58
58
43, 58
TBA
74
59
43, 59
CH2O
30
30
30
CO2
44
44
44
TBF: tert-butyl formate, AC: acetone, TBA: tert-butyl alcohol, CH2O: formaldehyde

0.57

Retention Time (min)
3.78
4.41
3.58
3.64
3.14
3.11

TiO2 resulted in total oxidation to CO2. Galanos et al. [18]
detected TBF and acetone as the only by-products in the
photocatalytic destruction of MTBE; they found that the
residence time dramatically affected the MTBE photooxidation as well as the existence and configuration of byproducts. Park et al. [22] detected acetone, methyl acetate,
TBF, and TBA as intermediate by-products, and CO2 as
the final product, in their photocatalytic degradation of
MTBE vapor. Taken together, these diverse results indicate that the by-product formation is a function of the experimental conditions, of the configuration of the reactor
used, and of the particular analytical methods used.
CONCLUSIONS

FIGURE 4 - Formation and degradation kinetics of the main intermediates, degradation of MTBE (3150 ppmv), and evolution of CO2
in the gas phase. (p) MTBE, () acetone, (Ã) tert-butyl formate,
(q) formaldehyde, (¿) tert-butyl alcohol, and (•) CO2. Experimental conditions: UV light and 13% relative humidity in air.

path was 0.4 min. Quantitative data for the formation of the
by-products from the photocatalytic oxidation of MTBE are
given in Table 1, for various initial MTBE concentrations
(282 to 3149 ppmv), and under dry air or 13% relative humidity. Mass balance calculations have shown that MTBE
was virtually completely mineralized to CO2 and H2O after
extended irradiation.
The intermediates detected in this study differ from
those found in other studies [2,18,21,22]. Alberici and
Jardim [2] did not detect any organic by-products from
vapor MTBE under their experimental conditions (flow
rate of 200 mL/min), probably due to the long residence
times (~ 2 min). However, with higher flow rates, such as
1 L/min, TBA was detected in the effluent of their reactor.
This may indicate that the conversion of MTBE alters with
the flow rate, that is, the contact time. Idriss et al. [21]
reported that the photocatalytic oxidation of MTBE on

Photocatalytic destruction of MTBE by UV/TiO2 was
conducted in the gas phase. Oxygen was shown to be necessary for the photodestruction of MTBE. Humidity inhibited the reaction rate. The process showed high efficiency,
reaching 91% degradation with dry air or 50% degradation
with 13% relative humidity at a MTBE concentration of
900 ppmv. The adsorption constant K and rate constant k
were determined to be 1.05 m3/g and 6.17 g/m3min, respectively, under 13% humidity; in contrast, the corresponding values under dry air condition were 1.43 m 3/g and
12.34 g/m3min in this reaction system. The main by-products
were acetone and TBF; other by-products identified were
formaldehyde and TBA. A good organic carbon balance
was obtained, indicating that most reaction intermediates
formed during the oxidation of MTBE could react well in
the UV/TiO2 system, and complete mineralization could be
achieved by the UV/TiO2 process, if desired.
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SOURCES AND DISTRIBUTION OF HEAVY METALS IN RIVER
SEDIMENTS FROM THE SOUTHERN DRAINAGE BASIN OF
THE SEA OF MARMARA, TURKEY
Erol Sarı*
Istanbul University, Institute of Marine Sciences and Management, Muskule sok., No:1, Vefa, 34116 Istanbul, Turkey

ABSTRACT
The Nilüfer Stream draining the industrial city of Bursa
is the most polluted with generally high enrichment factors (EF>7) for Cu, Pb, Zn, Ni and Cr close to Bursa. In
this stream these metals mainly occur in the non-residual
fractions indicating anthropogenic origin. The highest concentrations of these elements close to Bursa and their
gradual downstream dilution supports inputs from anthropogenic sources. The Simav stream draining the Balıkesir
and Susurluk areas is significantly locally enriched only in
Pb (EF>6). This metal occurs mainly in the residual and the
Fe-Mn oxyhdroxide phases. The site where the oxyhdroxide bound Pb is dominant is located close to Balıkesir City,
indicating anthropogenic inputs. The residual Pb phases in
these sediments are related to natural inputs, such as the
Pb-Zn mineralized zones. The Gönen and Biga streams
draining into the Erdek Bay are in general characterized by
high contents of Cr with EF values up to 76. The Gönen
stream is also relatively enriched in Pb. Cr in the sediments
occur mostly in the organic and Fe-Mn oxyhdroxide phases
indicating anthropogenic sources, whereas Pb occurs mainly
in the residual phase. Metals in the drainage sediments at
stations located close to the Sea of Marmara (SOM) are
enriched in Zn, Cr and Pb in the Kocasu River (comprising
the Nilüfer and Simav streams); Cr and Pb in the Gönen
stream and Cr in the Biga Stream. These results suggest
the main source of high Zn, Cr and Pb observed in the
southern SOM surface sediments are the riverine inputs.

leaching of bedrocks in drainage basins and runoff from
banks are the primary sources for the lithogenic contribution of heavy metals into the aquatic system. Anthropogenic activities have caused important transformations in
aquatic environments during the last century. Discharge of
urban and industrial waste water, mining and smelting operations, combustion of fossil fuels, processing and manufacturing industries, waste disposal including dumping,
etc., are primary anthropogenic sources of pollution [2-4].

KEYWORDS: Kocasu River, Gönen Stream, Biga Stream, heavy
metals; selective extraction and pollution

The main freshwater and sediment input into the SOM
is from the southern drainage basin by Kocasu Gönen and
Biga Rivers, which supply a total of 2.2x106 t/yr suspended
sediment and 5.8 km3/yr freshwater [28, 29]. These rivers
also carry significant pollution load from industrial towns
and agricultural areas as well as natural inputs from mineralized areas and high-background rocks [18, 20, 30-32].
To the best of author’s knowledge no systematic study has
been conducted on the sediments of these rivers. The main
aims of this study are to investigate the sources and distribution of heavy metals in the surface sediments of the

INTRODUCTION
Trace elements, especially the so called ‘heavy metals’, are among the most common environmental pollutants, their occurrence in waters and sediment indicate the
presence of natural or anthropogenic sources [1]. Chemical

Sediments have been widely used as environmental indicators and their ability to trace contamination sources is
well documented [5-13]. The determination of total sediment
concentrations of heavy metals in sediments has been extensively used for purposes of pollution monitoring [10,
12, 14-20]. They may reflect both the current and the past
discharges to the water system and can be used to detect
the presence of contamination. Trace heavy metals entering natural water systems from different sources become
part of the sediments in various chemical phases, such as
adsorptive or exchangeable, Fe-Mn oxide, carbonate, organic and residual phases [10, 21-24].
The southern catchments area of SOM is composed
of various magmatic and metamorphic rock formations [25,
26], including sedimentary mafic, ultramafic and ophiolitic
rocks that have a high background values of Ni, Cr and
Co (Figure 1). There are also some mineralized zones and
mines of Ag, Au, Cu, Cr, Hg, Fe, Mn, Sb, Pb-Zn, and W
[25, 27].
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FIGURE 1 - Location and simplified geological map (modified from [26], including mineralized zones from [25]).

FIGURE 2 - Map showing the location of surface sediment samples and industrial plants.
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Nilüfer, Simav, Gönen, and Biga streams. This study contributes to a better understanding of the sources of pollution in the Marmara Sea.
Study Area

Kocasu river is 321 km long in the Susurluk drainage
basin covering an area of 27 500 km2 in the southern Marmara region [33, 34]. It is the largest river in the Marmara
drainage basin supply 90 % of the total riverine suspended
sediment and 80% of the total riverine freshwater discharges. The most important tributaries are Nilüfer,
Kocaçay, Mustafa Kemal Paşa and Simav streams. Kocaçay and Mustafa Kemal Paşa streams provide nearly all
their sediment loading to the Manyas and Ulubat Lakes,
respectively [34, 35]. So the pollution impact of these
streams on the SOM is quite limited compared with the
Simav and Nilüfer streams. Whether Kocaçay and Mustafa Kemal Paşa streams has any pollution effect on the
Kocasu river is investigated sediment sampling at stations
9 and 12 (Figure 2). The study area in the Kocasu River
contains two river basins, The Nilüfer and Simav stream
basins.
The Nilüfer branch of the Kocasu River originates
from Uludağ (Bursa) mountain at an elevation of 850 m
above mean sea level. It has a drainage area of 1540 km2,
including the heavily industrialized provincial city of
Bursa. While the Nilüfer stream is used for drinking water
at its source, its water quality deteriorates and the water
even loses its irrigation water quality after passing through
the polluted urban sites [36]. More than 53.8% of the basin
is used for agricultural purposes, while 33.9% of area is
covered by forests, 5% by meadows and 6.4% by settlements [37]. The high industrial activities are basically concentrated in the upper part of the river basin in Bursa. The
Nilüfer stream runs through the rich industrial area of Bursa
and receives pollution load from domestic and industrial
wastewater (mainly textile, metal, automotive, chemical,
plastic, paper, food, glass manufacturing plants and cement factories). The total flow of untreated discharges coming from the Demirtaş Organized Industrial District is about
0.0146 km3/y [38]. The 1.5 million population and 723 industrial plants are located in the basin are considered as the
major sources of pollution for the Nilüfer stream [37, 39].
The Simav stream, the largest tributary of the Kocasu
originates from Şaphane Mountain. The average flow of
the stream for 37 years is 0.63 km3/y [28]. There are a few
settlements such as Balıkesir, Susurluk, Sındırgı, Kepsut,
Bigadiç and Simav around this stream. Their total population is 550.345 based on the 2007 census. Simav stream
has been threatened by increasing population, industrial
and agricultural activities. The major sources of pollutants
for this stream come from point sources and include mainly
untreated wastewater discharges from some industrial plants
(mainly paper, food, cement and manure) and mining (boron and lignite) and agricultural activities.

mean sea level. It drains an area of about 2174 km2 [33].
The catchments area is essentially rural, and industrial
activities are mainly concentrated in the town of Gönen
(36000 inhabitants) located in the middle part of stream.
These industrial activities are developed by small and medium-size companies (mainly food and tannery) related to
husbandry. Lithogenic units in the drainage basin of Gönen
stream are mainly Neogene volcanic rocks.
Biga stream is the smallest of all rivers in the southern Marmara catchments area, with a discharges rate of
0.015 – 0.05 km3/y [40]. The flow begins at the base of the
Mount Kazdağı (İda) and trends generally northeasterly to
SOM. It is located approximately 50 km to the east of the
Çanakkale Strait. This water resource is used as irrigation
water and drinking water for animals [41]. The water quality of the stream is affected by the discharge of municipal
and industrial waste waters (mainly tannery, thermal power,
ceramic fabric and stone quarry) from Çan and Biga towns.
Sampling and Analytical Methods

32 freshly deposited stream bed sediment samples were
collected from the Nilüfer, Simav, Gönen, Biga streams
and their tributaries using a van Veen - type grab sampler
during a 5-day period from 3-7 November 2006. The sampling locations were selected on the main streams as well
as their tributaries so that the sources of polluting metals
in the drainage area could be delineated (Figure 2). The
sediment samples were taken from the upper 2 cm of the
surface sediments at places, where flow rates were low and
sedimentation was assumed to occur, sieved using a nylon
mesh to extract the <63µm size fraction and placed in polyethylene bags. The samples were put in cooling boxes at
4ºC during the transportation to the laboratory and stored
in a deep freeze before the drying and grinding. The sieved
sediment samples were dried at 105 oC and ground in a
mortar.
Organic carbon (Corg) contents were measured by
means of the Walkey and Black method, which involves
the titration with ferrous aluminum sulfate of the dichromate left after a wet combustion of sample with potassium
dichromate [42, 43, 44].
Al, Cr, Cu, Fe, Mn, Ni, Pb and Zn contents were determined by atomic absorption spectrophotometer (AAS,
Shimadzu AA 6701F ) after a ‘total’ digestion; 1 g of sediment sample was preoxidized with 10 ml HNO3 in open
Teflon beaker and then heated with 5ml HCIO4 and 5 ml
HF in closed Teflon beakers for 30 min. After a formation
of dense white fumes, the cover was removed to allow the
HCIO4 to evaporate. To further digest the resistant particles, 5 ml of HF was added and the mixture allowed refluxing for a further 30 min. The remaining solutions were
evaporated on a hot plate at 180 0C to obtain dry residues,
which were redissolved with 10 ml of 1M HCI, and then
diluted to 50 ml with 1M HCI.

The 134 km long Gönen stream originates from the
Kazdağı (Ida) Mountain at an elevation of 850 m above
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The sequential selective extraction analyses were carried out using Tessier et al. method [45] which 1 M MgCl2
(pH=7) for dissolution of exchangeable fraction, 1 M Na-
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TABLE 1 - Precision of the analysis from five replicate samples certified and measured contents of reference material in this study.
Element

Mean ± St. Deviation

Precision (%)

Al (µg/g)
Cr (µg/g)
Cu (µg/g)
Fe (µg/g)
Mn (µg/g)
Ni (µg/g)
Pb (µg/g)
Zn (µg/g)
Corg (%)

68100 ± 700
72 ± 1.4
24 ± 0.6
18600 ± 744
687 ± 10
52 ± 1
42 ± 0.4
91 ± 1.82
3.1± 0.08

2
4
5
8
3
4
2
4
5

Reference concentration
of IAEA 405 ( µg/g)
72700-83100
80-88
46.5-48.9
36700-38100
484-506
31.1-33.9
72.6-77
272-286
-

Measure value
(This study) (µg/g)
82400
75
44
32970
486.5
29.3
69.3
252
-

acetate (pH=5 adjusted by acetic acid for dissolution of
carbonate phase, 0.04 M hydroxyl-amine hydrochloride
(HAHC) in 25% acetic acid for dissolving Fe-Mn oxyhyroxides, 0.02 M nitric acid + 30% hydrogen peroxide (pH =
2) for extracting organic matter, and HNO3 + HCIO4 +HF
acid mixture for the total extraction of the residual (lithogenous) fraction.

Total metal distribution

The analytical precision of the analysis for the metals,
organic carbon and was better than 10% at 95% significance level from five replicates (Table 1). The accuracy of
the heavy metal analyses was checked by analyzing International Atomic Energy Agency Reference Material IAEA
405. The difference between the measured and reference
concentrations are generally between 0 and 10% (Table 1).

The total Cr contents in the Nilüfer, Simav, Gönen and
Biga streams sediments range between 134 - 1099; 49 - 307;
41 - 6937; 184 – 1775 µg/g respectively (Tables 2 and 3).
Cr appears to be more abundant in the sediments of the
Nilüfer, Gönen (except station 28) and Biga Streams. The
highest Cr values (>1000 µg/g) are found in surface sediments of stations 4, 25, 26 and 31. Sampling sites are situated very close to Bursa (station 4), Gönen (station 25 and
26) and Biga (station 31). Cr values similar to the shale
average value of 100 µg/g are observed at stations 12, 13,
14, 16, 21, 22, 23 and 24 in Simav and station 28 in
Gönen Stream sediments.

The enrichment factors (EF) relative to ‘average shale’
were calculated using the expression:
EF = (M/Al)sample/(M/Al)shale
Where (M/Al) sample: ratio of metal to aluminum concentrations in sample and (M/Al)shale: ratio of metal to
aluminum concentrations in shale. Considering that shale
approximates the average crustal composition and Al is a
relatively stable major crustal element, EF facilitates the
identification and quantification of metal enrichments relative to the earth’s crust (Loring and Rantala). In this study,
the shale concentrations of heavy metals were taken from
[46].
RESULTS
Total organic carbon contents

Total organic carbon (TOC) contents of the sediment
samples the study area range from 0.8 to 6.4 dry wt. %
(Tables 2 and 3). TOC values in Nilüfer sediment samples
varies from 2 to 6.4 dry wt. %, averaging 4.7 dry wt. %.
The highest values (> 5 dry wt. %) are found in stations 2,
4, 5 and 6 where abundant plants leaves and wood fragments are present. TOC contents of the Simav, Gönen and
Biga samples vary between 0.8-5.5, 1.2-5.9 and 1.1-4.3
dry wt. % averaging 2.9, 3.4 and 2.5 dry wt. % respectively (Tables 2 and 3).

Total heavy metal concentrations of the surface sediments from the Nilüfer, Simav, Gönen and Biga streams
are shown in the Tables 2 and 3. Sediment of the Kocasu,
Gönen and Biga rivers are in general similar in their Al
and Fe concentrations to those of an average sedimentary
rock (Tables 2 and 3).

The total Cu concentrations in the surface sediments
from the Simav (except station 22), Gönen and Biga streams
are, in general, lower than the average Cu abundance in the
shale (<57 µg/g ). Cu content of the Nilüfer stream sediments are between 43 – 279 µg/g , which are very high
compared to those in the Biga, Gönen and Simav streams
(Tables 2 and 3).
Manganese values in streams sediments cover a wide
range of magnitude from 158 to 2210 µg/g High Mn
values (>850 µg/g) in the stream sediment occur in most
samples of Simav, Gönen and Biga. The highest Mn value
(2210µg/g) in stream sediment occurs at the station 22 in
Simav, which is very close to City of Balıkesir. The lowest Mn content is obtained in the sample from the station 5
in Nilüfer. The Manganese contents of the Nilüfer sediments are similar to the shale abundance (Table 2).
The Ni concentration of the Nilüfer, Simav, Gönen
and Biga streams sediments varies between 70-293; 41301; 23-59 and 63-147 µg/g, respectively. Enhanced Ni
contents (100 – 305 µg/g) are observed in the Nilüfer
(stations 2, 3, 4 and 6) and Simav (stations 7, 8, 9, 11, 15,
17, 18 and 19) sediments samples. On the other hand, low
or natural Ni values (<95 µg/g) are found in Gönen and
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TABLE 2 - Organic carbon, heavy metal concentration and mean in the <63 µm sediment
fraction samples of the Kocasu River, Nilüfer and Simav Streams as compared with shale average.
Samples
no

Corg
( %)

1
Nilüfer Stream
Stations 1-6

Kocasu- confluence of
Nilüfer and Simav

Simav Stream
Stations 7-24

Al
(%)

Cu
(µg/g)

6.56

43

2
3
4
5
6
Mean

2.0
5.6
2.6
5.9
5.8
6.4
4.7

7.32
5.94
3.39
3.32
5.88
5.4

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
Mean

5.5
2.8
1.8
1.9
1.9
1.5
2.3
3.1
4.6
5.2
2.6
3.0
3.8
0.8
2.8
3.9
2.7
2.5
2.9
-

Pb
(µg/g)

Zn
(µg/g )
54

Ni
(µg/g)
µg/g
85

Cr
(µg/g)

Mn
(µg/g)

Fe
(%)

134

545

2.90

90
65
279
89
112
113

16
20
20
20
91
22
29
33

249
528
4716
450
710
1117

152
127
293
70
152
146

214
293
1099
340
694
462

547
877
827
158
668
603

4.39
3.61
3.93
1.36
3.67
3.3

7.74
8.58
7.58
6.94
7.37
7.35
7.58
6.81
7.58
5.94
6.51
7.24
6.95
7.87
5.55
5.32
3.26
7.34
6.8

92
42
34
32
26
35
31
24
40
41
38
36
39
20
26
96
32
29
42

43
44
37
40
30
125
44
42
32
25
16
24
38
29
30
153
29
30
43

606
124
95
125
118
215
98
91
113
171
65
84
100
61
92
172
68
67
133

172
192
301
91
204
41
59
52
154
50
204
218
264
92
91
69
44
41
132

307
194
220
117
194
69
92
72
255
86
254
163
164
97
78
69
50
49
142

1246
1753
868
1185
924
1005
686
687
1445
1052
1075
1441
1335
625
963
2210
895
1000
1079

4.49
4.15
4.06
4.04
4.60
4.41
4.10
1.86
4.05
2.70
4.41
3.74
4.42
3.05
2.43
3.39
2.36
2.70
3.6

8.0

57

20

80

95

100

850

4.7

Shale (Krauskopf1985)

TABLE 3 - Organic carbon, heavy metal concentration and mean in the <63 µm
sediment fraction samples of Gönen and Biga Streams as compared with shale average.
Samples
Gönen Stream
Stations 25-28

Biga Stream
Stations 29-32

25
26
27
28
Mean
29
30
31
32
Mean

Corg
( %)
4.4
5.9
2.1
1.2
3.4
2.3
2.2
4.3
1.1
2.5

Al
(%)
7.68
7.25
9.39
8.74
8.3
8.30
7.90
8.12
6.81
7.8

Cu
(µg/g)
60
50
53
41
53
40
58
50
36
46

Pb
(µg/g)
66
92
62
63
66
29
32
49
23
33

Zn
(µg/g)
114
162
110
75
112
124
125
262
90
150

8.0

57

20

80

Ni
(µg/g )
34
39
59
23
40
73
147
63
85
92

Cr
(µg/g)
1050
6937
117
41
2036
474
670
1775
184
776

Mn
(µg/g)
465
979
1084
589
820
1246
1374
980
953
1138

Fe
(%)
4.33
4.11
4.12
4.21
4.2
4.47
5.34
4.07
4.41
4.6

100

850

4.7

Shale (Krauskopf1985)

Biga sediment samples, except at station 30 where a value
of 147 is µg/g found (Tables 2 and 3).
The Pb content of the Nilüfer, Simav, Gönen and Biga
stream sediments are between 16-91; 16-153; 62-92 and
23-49 µg/g, respectively. Lead concentrations of the Nilüfer
stream sediments increased from its confluence with the
Kocasu River towards the Bursa City. Maximum concentrations are measured at the station 4 (91 µg/g) near Bursa
City. The distribution of Pb in the Simav, Gönen and Biga
Streams sediments are presented in Tables 2 and 3. The

95

Pb contents in sediments collected from stations 7 to 32
(except station 17) are higher than the shale average value
of 20µg/g. The highest lead concentration (153µg/g) is
found in the sediment collected from station 22, located in
Simav Stream near Balıkesir City.
In the Nilüfer stream sediments, the Zn concentrations
(between 54 and 4716 µg/g) are generally much higher
than those observed in the other parts of the study area. At
the location of the station 4, an important drainage tributary of Nilüfer stream in the City of Bursa, have the high-
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est Zn concentration (4716 µg/g). The total Zn contents in
the Simav, Gönen and Biga streams sediments range between 61 - 606; 75 - 162; 90 - 262 µg/g respectively (Tables 2 and 3).
Inter – Element relations

Table 4 displays the correlation coefficient matrix of
heavy metals and Corg in Nilüfer, Simav, Gönen and Biga
stream sediments. Cu, Cr, Ni, Pb and Zn contents of the
Nilüfer stream sediments display a strong positive correlation (r>0.85) with each other (Table 4). A high positive
correlation is also obtained between Mn and Fe (r=0.77)
concentrations. Corg shows weak to moderately strong
correlation with Cr, Cu, Pb and Zn (Table 4).
The positive linear correlations at 90% significance
level are observed among Al, Cr, Cu, Fe, Mn, Ni, Pb, Zn
and Corg: Ni - Cr (r=0. 77), Cr - Fe (r=0. 65), Fe - Ni
(r=0.60), Cu - Corg (r=0.58), Fe - Al (r=0. 52) and Mn Pb (r=0.52) in the Simav stream sediment samples whereas
negative linear correlations are observed between the following pairs: Al - Cu, Pb - Corg, Cr - Pb , Corg - Fe,
Corg – Mn, Corg – Pb and Ni - Pb (Table 4).

0.90), Corg and Zn (r=0.90), Corg and Cr (r=0.87), Corg
and Pb (r=0.81), Mn and Ni (0.80) and Pb and Zn (0.77)
in the Gönen samples. In Biga sediments samples, excellent positive correlations are observed between Corg - Cr,
Pb - Zn, Cr - Cu, Cr - Zn; Pb - Zn; Fe - Ni and Fe - Mn
(Table 4).
Enrichment factors

In the present study enrichment factor is used to assess the level of the contamination and possible anthropogenic impact in streams sediment samples (Table 5, Figure 3). The results show that Zn, Cr, Cu, Pb and Ni are
significantly enriched (EF>2) in the surface sediment
samples of station 4 in the Nilüfer Stream (Figure 3 and
Table 5). The highest EF is observed for Zn with a value
of 139. Cr has the second highest EF with a value of 26
followed by Cu (11.6), Pb (10.7), Ni (7.3), Mn (2.3) and
Fe (1.97) in this stream. The Nilüfer sediment samples are
highly enriched in Zn and Cr except station 1 where EF
values lower than 2 are observed. The EFs in this stream
sediment samples varied in the range of 0.9 - 10.74 for
Pb, 0.8 - 139 for Zn, 1.6 - 26 for Cr, 1 - 7.3 for Ni, 0.9 11.6 for Cu, 0.4 – 2.3 for Mn and from 0.7 to 2 for Fe.

The correlation analysis further revealed close relationships between Cr and Pb (r = 0.90), Cr and Zn (r =

TABLE 4 – Correlation coefficients of analyzed parameters for stream sediments.

Al

Cr

Cu

Fe

Mn

Ni

Pb

Zn

Nilüfer
Simav
Gönen
Biga
Nilüfer
Simav
Gönen
Biga
Nilüfer
Simav
Gönen
Biga
Nilüfer
Simav
Gönen
Biga
Nilüfer
Simav
Gönen
Biga
Nilüfer
Simav
Gönen
Biga
Nilüfer
Simav
Gönen
Biga
Nilüfer
Simav
Gönen
Biga

Cr
-0.61
0.43
-0.79
0.53
1
1
1
1

Cu
-0.62
-0.07
-0.20
0.47
0.93
0.29
-0.12
0.50
1
1
1
1

Fe
0.53
0.52
-0.15
0.02
0.27
0.65
-0.50
-0.40
0.30
0.08
0.55
0.58
1
1
1
1

2017

Mn
0.22
0.05
0.28
0.51
0.42
0.16
0.23
-0.25
0.36
0.38
0.11
0.56
0.77
0.29
-0.60
0.84
1
1
1
1

Ni
-0.30
0.38
0.41
-0.08
0.87
0.77
-0.08
-0.32
0.93
0.05
0.49
0.65
0.63
0.60
-0.33
0.97
0.63
0.15
0.80
0.72
1
1
1
1

Pb
-0.61
-0.02
-0.64
0.57
0.91
-0.31
0.90
0.99
0.99
0.40
-0.34
0.53
0.29
0.14
-0.60
-0.37
.42
0.52
0.02
-0.19
0.92
-0.31
-0.19
-0.30
1
1
1
1

Zn
-0.62
0.19
-0.68
0.52
0.90
0.42
0.90
0.99
0.98
0.23
0.25
0.40
0.28
0.34
-0.42
-0.51
0.44
0.23
0.40
-0.32
0.92
0.04
0.28
-0.43
0.99
0.24
0.77
0.99
1
1
1
1

Corg
-0.40
-0.11
-0.87
0.69
0.59
0.34
0.87
0.97
0.55
0.58
0.23
0.48
0.06
-0.01
-0.18
-0.40
0.26
-0.24
-0.02
-0.13
0.42
0.09
-0.05
-0.35
0.42
-0.05
0.81
0.98
0.37
0.49
0.90
0.97
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TABLE 5 - Enrichment factors (EF) for Cu, Pb, Zn, Ni, Cr, Mn and Fe at stations.

Nilüfer Stream

Kocasu- confluence
of Nilüfer and Simav

Simav Stream

Gönen Stream

Biga Stream

Enrichment Factor (EF)
Zn
Ni
Cr
0.82
1.09
1.63
3.40
1.75
2.34
8.89
1.80
3.95
139.12
7.28
25.94
13.55
1.78
8.19
12.07
2.18
9.44

Station
1
2
3
4
5
6

Cu
0.92
1.73
1.54
11.55
3.76
2.67

Pb
0.98
1.09
1.35
10.74
2.65
1.97

7

1.67

2.22

7.83

1.87

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

0.69
0.63
0.65
0.50
0.67
0.57
0.49
0.74
0.97
0.82
0.70
0.79
0.36
0.66
2.53
1.38
0.55
1.10
0.97
0.79
0.66
0.68
1.03
0.86
0.74

2.05
1.95
2.31
1.63
6.80
2.32
2.47
1.69
1.68
0.98
1.33
2.19
1.47
2.16
11.50
3.56
1.63
3.44
5.08
2.64
2.88
1.40
1.62
2.41
1.35

1.45
1.25
1.80
1.60
2.93
1.29
1.34
1.49
2.88
1.00
1.16
1.44
0.78
1.66
3.23
2.09
0.91
1.48
2.23
1.17
0.86
1.49
1.58
3.23
1.32

1.88
3.34
1.10
2.33
0.47
0.66
0.64
1.71
0.71
2.64
2.54
3.20
0.98
1.38
1.09
1.14
0.47
0.37
0.45
0.53
0.22
0.74
1.57
0.65
1.05

2018

Mn
0.78
0.70
1.39
2.30
0.45
1.07

Fe
0.75
1.02
1.03
1.97
0.70
1.06

3.17

1.52

0.99

1.81
2.32
1.35
2.11
0.75
0.97
0.85
2.69
1.16
3.12
1.80
1.89
0.99
1.12
1.04
1.23
0.53
10.94
76.55
1.00
0.38
4.57
6.78
17.49
2.16

1.92
1.08
1.61
1.18
1.29
0.85
0.95
1.79
1.67
1.55
1.87
1.81
0.75
1.63
3.91
2.58
1.28
0.57
1.27
1.09
0.63
1.41
1.64
1.14
1.32

0.82
0.91
0.99
1.06
1.02
0.92
0.46
0.91
0.77
1.15
0.88
1.08
0.66
0.75
1.08
1.23
0.63
0.96
0.96
0.75
0.82
0.92
1.15
0.85
1.10
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FIGURE 3 - Enrichment factors of the metals in the surface sediments of Nilüfer, Simav Gönen and Biga Streams.

FIGURE 4 - Cr, Pb, Cu, Ni and Zn distribution in the different phases. The percentage
of metal removed in each step of the extraction procedure is represented as a bar chart.

The EF values for Fe, Cu, Mn, Ni, Cr and Zn are generally less than 2 for all the samples of Simav Stream, with
only some (for Mn, Ni, Cr and Zn) being greater than 2
(Figure 3 and Table 5). Samples 22 and 23 situated very
close to Balıkesir City, exhibit high EF (>2) values for Cu,
except at station 23 which exhibits an EF value of 1.4. High
Pb-EF values (>2) are observed at stations 7, 8, 10, 12,
13, 14, 19, 21, 22 and 23 in Simav Stream sediment samples (Table 5).
The EF for Ni, Cu, Mn, Fe and Zn are below 2 in all the
Gönen and Biga stream sediment samples, except at stations 26 and 31 where Zn is more enriched (EF >2, Table 5
and Figure 3). For Pb the EF value is above 2 in all samples of Gönen Stream with the highest value (5.1) at the
station 26. Cr shows enrichment at stations 25, 26, 29, 30,
31 and 32 with greatest EF value (76.6) observed at the
station 26.
Selective extraction analysis

The selective extraction analysis of the samples for
Cr, Cu, Pb, Ni, and Zn is determined in samples with EF
values greater than 2. The partitioning of heavy metals into
different phases in the stream sediments (< 63 mm) are
shown in Figure 4.
Cr is mainly transported in the organic and Fe-Mn
oxide fractions at stations 4 and 6 (in the Nilüfer stream),
7 (in the Kocasu River), 26 (in the Gönen Stream) and 29,
30 and 31 (in the Biga Stream). In areas located away from
population centers about 80 % of the total Cr in the stream
sediments is bound in the residual phases (e.g., stations 8,
9, 18 in the Simav Stream).
Most of the Cu is observed in the residual phase, but a
slight increase in the organic phase at stations 4 and 6 close
to the locations with industrial activities.
The high percentage of Pb in the Fe-Mn oxide phase
occur at the stations 4 and 6 in the Nilüfer Stream, 7 in the
Kocasu River and 22 in the Simav Stream sediments, which
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are located close to the settlements. At the remaining sites
in the study area, most of the Pb accumulates in the residual fraction which account for about 65 % of the total
(Figure 4).

studies (Figure 4) and the correlation coefficient matrix
(Table 4). The organic phase is important especially for Cr
and to a less extent for Cu and Ni in the Nilüfer, Biga and
Gönen streams (Figure 4).

The percentage of Ni in the exchangeable, carbonate,
Fe-Mn oxide, organic and residual fractions of the Nilüfer
Stream sediment samples average 1.17, 0.078, 34.06, 17.98
and 46.2 (%) of the total respectively (Figure 4). Ni in the
Simav, Gönen and Biga streams sediments is largely accumulated in the residual fraction, which accounts for about
78 % of the total.

Cr is found in the environment as a result of human activity and natural geochemical processes. The concentration
of chromium in the sediments at stations 4, 6, 7, 25, 26, 29,
30 and 31 is considerably higher (> 305 µg/g) than the
average abundance of this element in shale (100 µg/g).
This pollution is also supported by the EF data (Table 5).
In general, EF values ranging from 0.5 to -2 can be considered to be due natural variations without human influence [51, 52]. The relatively high Cr concentration is mainly
anthropogenic and land-based natural inputs. The major
uses of Cr are for Cr alloys, oxidizing agent, Cr-plating,
corrosion inhibitors, ceramic, glass, pigment manufacturing
in the textile and photographic industries which are mostly
concentrated in Bursa Metropolitan area [47]. Anthropogenic Cr is most probably released by industrial effluents,
especially from leather tanning companies (in Bursa, Gönen
and Biga) and electroplating operations in Bursa. The same
trend had earlier been reported for Cr in water samples
from Nilüfer [47] and Biga [41, 48]. Additional natural Cr
sources in the stream drainage basins are derived from
weathering products of mafic, ultramafic and ophiolitic
rocks exposed in the drainage area (station 5 and 15; Figures 1 and 2). The selective extraction analysis results
with high concentrations in the residual phase indicated
that the main source of Cr concentrations in the sediments
at stations 1, 2 and 5 (in the Nilüfer Stream) 8, 9, 11, 15,
17, 18 and 19 (in the Simav Stream) and 32 (in the Biga
Stream) is of lithogenic origin (Fig. 4). In the area where
tanneries and industrial activities are concentrated (stations 4 and 6 (Nilüfer Stream), 7 (in the Kocasu River), 25
and 26 (in the Gönen Stream), 29, 30 and 31 (in the Biga
Stream) residual Cr forms dropped to approximately 12 %
of the total and most of the metal is present in the organic
and Fe-Mn oxides phases (Figure 4). These data confirm
local input of industrial discharges into drainage system.

Zn in the Nilüfer and Simav stream sediments samples
is most abundant in the Fe-Mn oxide phase (13.2 – 75.5 %
of the total), followed by the residual (9.71 – 73.88 % of
the total), organic (3 - 52.6 % of the total), exchangeable
(<1 % of the total) and carbonates (<1 % of the total) phases
(Figure 4). In the Biga and Gönen samples, this element
occurs mainly in the residual fractions (> 75% of the total).
DISCUSSION
The abundance of the TOC concentrations in the stream
sediments of the southern Marmara streams is controlled
primarily by the detrital vegetation inputs. Other local
sources of organic matter in the southern Marmara catchment’s area are the industrial, domestic and agricultural
discharges [18, 31, 36, 37, 41, 47, 48]. This is supported by
the local occurrence of high Corg values (>4 wt%) at stations 2, 4, 5 and 6 in the Nilüfer Stream, stations 15 and
16 in the Simav Stream, stations 25 and 26 in the Gönen
Stream and station 31 in the Biga Stream, all close to population center of Bursa, Susurluk, Gönen and Biga. The
levels of TOC in the stream sediments of the study area are
much higher than those of the other rivers (Table 6) such as
Taehwa River [49], Pearl River [50], as well as the neighboring marine environments (Table 6) such as the Erdek Bay
[18], İstanbul Metropolitan offshore [16], Saros Bay [19]
and SOM [32]. This comparison strongly suggest that
stream sediments in the southern catchment’s area of the
SOM are show significant organic pollution. The organic
matter is also important in concentrating heavy metals as
can be seen from the results of the selective extraction

The Cu contents in the sediment of the study area are
commonly close to natural levels, except for stations 4, 5
and 6 on the Nilüfer stream and station 22 on the Simav
Stream where the EF values of Cu are greater than 2.

TABLE 6 - Range of total organic carbon and metal concentrations of
surface sediments from different part of Turkey and some other world rivers.

This study
Erdek Bay [18]
İstanbul metropolitan offshore
[16]
SOM [32]
Saros Bay [19]
Büyük Menderes [55]
Gediz River [55]
Asa River [54]
Gomti River [10]

TOC (%)
0.8-6.4
0.2-1.5
0.2-2.6
0.04-6.21
0.35-2.4
-

Al (%)
3.3-9.4
1.1-9.2
0.8-8
0.74-9.2
-

Cu (µg/g ) Cr (µg/g )
20-279
41-6937
3-52
11-238
5-80
11-509
6-161
6-44
130-150
108-152
1.9-13.3
3.7-35.7

25-880
170-220
160-195
3-11.3
6.1-20.6

2020

Fe (%)
1.4-5.3
0.84-4.6
2-4.1
0.5-5.6
0.25-4.6
2.1-2.55
2.6-2.85
1.99-4.4
0.5 -0.8

Mn (µg/g) Ni (µg/g )
158 -2210
23-301
168-746
8-149
100-540
5-41

Pb(µg/g )
16-153
19-61
12 - 58

Zn (µg/g )
54-4716
34-272
48 - 237

182-9210
114-1740
380-420
480-550
179.9-469
134.7-320

9-132
2-80
35-75
105-140
21.2-92.1

27-434
23-154
85-185
140-180
26.6-147.6
15.7-99.4

12-192
14-145
168-418
101-129
13.9-37.4
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Taehwa River[49]
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0.34-16.6
0.06-1.02
0.1-1.25

0.50-1
-

14-143
-

17-189
-

2021

1.1-3.4
-

27-754
-

18-47
-

15.8-389
-

43-1033
-
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These higher EF values are most probably the result
of agricultural, municipal and industrial (electroplating,
steel works and textile) wastewater discharges in Bursa and
Balıkesir cities (Figure 2). Cu shows a similar dispersion
pattern to those of Zn, Cr, Ni and Pb along the Nilüfer
Stream (Table 4). High values of these metals are especially observed at station 4 in the Nilüfer Stream near Bursa
reflecting the influence of anthropogenic discharges. Positive and significant correlations exist between Cu and Pb,
Ni, Zn and Cr, which would suggest common sources and
or similar enrichment processes for these metals. The main
natural source of Cu is the pyritic mineralized zones in
drainage area of the Nilüfer Stream (Figure 1). In addition,
Cu is supplied by erosion of the ophiolithic and mafic volcanic rocks in the drainage basin. Selective extraction
analyses of copper indicate that Cu is mainly found in the
residual silicate fraction (Figure 4). The results indicated
that the main source of high Cu concentration in the stream
sediment of the study area is the natural detrital origin.
The second main Cu - bearing phase is the organic matter
fraction, which is mainly of anthropogenic origin.
Manganese contents range between 158 and 2210 µg/g
in the stream sediments of the Southern SOM catchments
area. The Mn values of the Nilüfer stream sediment samples are similar to the shale average (850 µg/g) suggesting
normal crustal levels. High EF (>2) for Mn in the study
area are found at station 4 (in the Nilüfer Stream) and
stations 22 and 23 (in the Simav Stream). The source of
the high Mn concentration in these stations is the input of
the eroded and weathered material derived from the alkaline and calc-alkaline volcanic rocks and associated small
manganese deposits in the drainage basins of the Nilüfer
and Simav streams [25] (Figure 1). Additional natural Mn
sources are derived from the Mn mining activity in the
drainage area of the Simav Stream in Balıkesir ([27];
Figure 1). The levels of Mn in the stream sediments of the
study area are found to be polluted than those of the other
rivers and neighboring marine environments (Table 6), such
as Gomti River [10], Guadaira River [53], Asa River [54],
Büyük Menders River [55], Gediz River [55], Erdek Bay
[18], İstanbul Metropolitan offshore [16] and Saros Bay
[19].
Ni in the Biga and Gönen stream sediment samples
are in the natural variability range, with enrichment factor
lowers than 2. The higher EF-Ni (>2) value is observed at
stations 4 and 6 in the Nilüfer stream and stations 9, 11,
17, 18 and 19 in the Simav Stream. Anthropogenic sources
of nickel include fertilizers, steel works, metal plating and
coinage, fuel combustion and detergents [56]. Consequently,
High Ni concentrations in the study area may be caused
by the urban sewage and industrial waste water discharges
from the industrial city of Bursa. This conclusion is supported by the selective extraction studies which Ni indicates the transportation and deposition of Ni in the Fe-Mn
oxide fraction at stations 4 and 6 in the Nilüfer stream
(Figure 4). Ni also occurs in high concentration ferromagnesian minerals such as olivine, orthopyroxene and spinel.

It is, thus, strongly enriched in ultramafic, mafic and ophiolithic rocks of the studied drainage area [18]. An additional
natural source of Ni is therefore the weathering products
of mafic, ultramafic and ophiolithic rocks and associated Ni
deposits in the drainage basin of the Simav and Nilüfer
streams (e.g. stations 2, 3, 11 and 15) where such rocks
occur extensively ([25] and Figure 1). The occurrence of
Ni in the detrital silicate phase is indicated by the high
content of this element in the residual fraction of the stream
sediment at station 9, 15, 17 and 19 in the Simav Stream
(Figure 4).
The variation of Pb values point out that the three
streams are potentially Pb-enriched in the study area (Table 5 and Figure 3). High levels of Pb are found in the site
4 and 5 (in the Nilüfer Stream); 7 (in the Kocasu River);
8, 10, 12, 13, 14, 19, 22and 23 (in the Simav Stream); 25,
26, 27 and 28 (in the Gönen Stream) and 31 (in the Biga
Stream). Some of these sediments were collected in rural
areas (e.g., stations 7, 8, 10, 12, 13, 14, 19 and 23), isolated from the urban and industrial development, where no
human activity can justify the input of heavy metals.
These sites are located downstream from the outcrops of
the high background rocks. The Mineral Research and
Exploration Institute of Turkey [25] and Aykol et al. [35]
reported high concentrations of Pb and Zn for the volcanic rocks that occur in the catchments area of the Kocasu
River. There are also several Pb-Zn deposits and occurrences in the area [25] (Fig 1) in which the element exists
as galena, anglesite, cerussite. The selective extraction
analysis results indicate that the source of high Pb concentration in the Simav and Gönen area is mainly of natural origin (Figure 4). However, some Pb occurs in the
non-residual phases (at station 22), suggesting some anthropogenic inputs (at station 22) in addition to the predominantly natural inputs from rocks and mineralized
zones, which are especially common in the drainage basins
of Gönen and Biga streams [25] (Fig. 1). Domestic and
industrial effluents, Municipal runoffs and atmospheric
deposition may be the major anthropogenic sources of the
observed high level of Pb (at stations 4, 6, 7 and 22). Pb is
used in industry in plumbing (pipes), solder, gasoline (significantly curtailed), drying agent for oils, glass, plumber's
cement, covering of steel to prevent rust, batteries, as a
pigment in paint (significantly curtailed), hair dye, as a
pigment in plastics caulking and cable sheathing which
are mostly concentrated in Bursa and Balıkesir. The presence of Pb in the non-detrital phase (stations 4, 6, 7 near
Bursa City and 22 near Balikesir City) can be attributed
mainly to anthropogenic input with some possible additional natural inputs. Pb shows statistically significant correlation with Zn in the Nilüfer, Gönen and Biga stream sediments (Table 4). These two elements probably have the
same origin and are influenced by the same factors and
processes. Their strong enrichment in the organic phase
and correlation with the organic carbon (Gönen and Biga
sediments) supports their occurrence as organometallic
complexes.

2022

© by PSP Volume 17 – No 12a. 2008

Fresenius Environmental Bulletin

Zn concentrations at most sites are generally higher
than shale average values [46]. A significantly higher percentage, over 50% of Zn, is associated with non-residual
fractions at stations 2, 3, 4, 5 and 6 (in the Nilüfer Stream),
7 (in the Kocasu River) and stations 16 and 22 (in the
Simav Stream). Zn is mainly associated with Fe-Mn oxides. EF of Zn in the Nilüfer stream is very high, with maximum values of 139, indicating that the Nilüfer stream does
suffer heavy metal pollution from human activities. Selective extraction values are also support the effect of anthropogenic input from Bursa and Balıkesir Cities (Figures
2 and 4). Anthropogenic sources of Zn are significant,
arising mainly from industrial activities such as mining,
coal and waste combustion and steel processing. A major
use of Zn is as an anti-corrosion coating. It is also used as
a constituent of brass, as a white pigment in paint and rubber products, and in the manufacture of dry batteries such
activities are mostly concentrated in Bursa. Anthropogenic
sources of pollutants in the stream sediments of study area
are closely linked with the discharge of industrial activities namely steel, chemical, plastics and battery production (Figure 2). Another source for Pb and Zn are the PbZn mineralized zones in the drainage area of the Biga and
Gönen Streams (Figure 1). Most of the Zn present in the
detrital phase is likely to be related to products derived
from the Pb-Zn mineralized zones in the drainage area of
the Biga and Gönen Streams. Additional natural Zn sources
in the stream drainage basins include minerals such as
pyroxene, amphibole, mica, garnet and magnetite which
contain Zn as a trace element and occur in the southern
drainage basin of the SOM [57]. The average concentration of Zn obtained in the present study in Nilüfer stream
is much higher than the other rivers and neighboring marine environments (Table 6), such as Gomti River [10]
Guadaira River [53], Asa River [54], Büyük Menders River
[55], Gediz River [55], Erdek Bay [18], İstanbul Metropolitan offshore [16], Saros Bay [19] and SOM [32].

The main source of high Pb and Zn is the erosion
products of mineralized zones in the drainage basins of the
Biga and Gönen streams. The source of high Cr is anthropogenic discharges including industrial effluents, especially
from the leather tanning companies in Gönen and Biga.
Additional natural Cr sources in the stream drainage basins
are derived from the mafic and ultramafic rocks of ophiolitic and volcanic associations.
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CONCLUSION
The results of EF reveal that Sediments of the Nilüfer
stream are highly enriched in heavy metals compared to
their shale levels. The highest EF of Cr, Cu, Ni, Pb and
Zn values are observed near the industrial city of Bursa
(sampling site 4). These EF values indicate the anthropogenic influence caused by the input of untreated industrial
wastewater and domestic sewage (station 4). Al, Fe and
Mn contents in the Nilüfer sediments samples were comparable to the average shale levels as shown by enrichment of metals mainly in the residual phase. The distribution of total metal concentrations in the Simav stream sediments have low enrichment factors (<2) indicating mainly
land based natural inputs in some sampling stations. However, it was possible to observe some anthropogenic influence, as shown by relatively high Cu, Pb and Zn values
at station 22, near Balıkesir City probably due to the domestic sewage input.
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VARIATIONS IN CHEMICAL PROPERTIES
AND ENZYME ACTIVITIES OF SOIL IRRIGATED
WITH LOW QUALITY STREAM WATER
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Uludağ University, Faculty of Engineering and Architecture, Department of Environmental Engineering, Görükle, 16059, Bursa, Turkey

ABSTRACT
The present study was undertaken in an effort to
evaluate the effects of irrigation with low quality water
from the Nilüfer stream (Bursa, Turkey) on selected chemical and biochemical characteristics of soil. For this purpose, an incubation study was carried out for 12 months,
during which time low quality stream water was applied
to soil pots in order to keep the soil moisture at 70% of
the field capacity. The results of the study indicated that
EC25 C values of the stream water added soil were significantly higher than those of the control. The addition of
stream water also markedly increased the total nitrogen
and phosphorus content. On the other hand, the stream
water had an inhibitory effect on soil urease, dehydrogenase, alkaline phosphatase and β-glucosidase. The average
enzyme activity values calculated at the end of the oneyear incubation period showed that addition of Nilüfer
stream water to soil inhibited various enzyme activities
by 8 to 30%, with maximum inhibition (30%) being observed for dehydrogenase activity.
°

KEYWORDS: incubation study, irrigation water quality, polluted
surface waters, soil enzymes, soil quality.

INTRODUCTION
In developing countries, fast-growing urban populations and technological developments have made water
pollution a great problem and have led to a decreased
availability of water which is required for various purposes. The discharge of wastewater into rivers, lakes and
estuaries with no or insufficient treatment has generated
significant differences in the chemical, physical, bacteriological and ecological properties of water bodies [1].
Several studies have shown clear links between irrigation with wastewater or polluted water and significant

alterations in the physical, chemical and biological quality
of soil. Antil et al. [2] indicated that addition of
wastewater containing excessive concentration of toxic
metals may decrease soil microbial biomass. Another study
concluded that the use of both treated and untreated
wastewater for irrigation resulted in increased Cd, Pb and
Ni contamination in edible parts of vegetables [3]. A
study by Assadian et al. [4] indicated that salts, in particular Na, rather than metals, may be the most important
inorganic contaminant of soil irrigated with untreated
effluent in the upper Rio Grande River basin.
The Nilüfer stream is an important water source for
the industrial and metropolitan city of Bursa, Turkey. Due
to the lack of comprehensive wastewater management,
effluents from households and industry have significantly
polluted the stream [5]. As the adjacent arable fields have
been irrigated with this stream water for many years, the
surrounding soil is also at risk of being polluted. Soil
enzymes are considered as a possible integrative measure
of soil quality that reflect the biological status of soil [6].
Irrigation with low quality water from the Nilüfer stream
may affect enzyme activities in the surrounding soil. This
incubation study was undertaken in an effort to assess the
possible effects of irrigation from the Nilüfer stream on
various chemical parameters and enzyme activities of the
experimental soil. The results of the study will probably
contribute to soil remediation studies in regions affected by
the common problem of irrigation with low-quality water
sources.

MATERIALS AND METHODS
Sample Collection

A composite surface soil sample (0-20 cm) taken from
an alluvial field located in the Nilüfer-Bursa region was
air dried, ground prior to passage through a 4 mm sieve
and then stored for the incubation study. Irrigation water
samples were collected from the Nilüfer stream and kept
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in cold storage during the investigation. The general characteristics of the soil and irrigation water samples are presented in Table 1.
TABLE 1 - General characteristics of
Nilüfer stream water and soil samples.
Parameters

Stream water*

bated aerobically under a non-leaching regime for 360 days.
Sub samples were removed at time intervals of 15, 30, 60,
90, 120, 150, 180, 240, 300 and 360 days to determine
variations in chemical properties and enzyme activities.
Laboratory Analyses

Soil**

pH
7.59
7.90 (1:2.5)
EC, µScm-1
4180
614 (1:2.5)
Texture
Clay
Sand, %
28
Silt, %
29
Clay, %
43
Lime content, %
4.22
CEC, meq100g-1
29.5
Ca+2
180
102
Mg+2
72
53
Na+
523
78
K+
57
100
CO3-2
0
0
HCO3563
485
SO4-2
150
246
Cl1021
88
NH4-N
16.9
8.50
NO3-N
1.94
5.70
Total P
13.8
912
Total N
239
2088
Ortho PO4-P
8.59
39.3
Organic C, %
2.00
C/N
10.0
22.1
Urease, µg NH4+-N h-1g-1 dry soil
Dehydrogenase,
3.30
µg TPF h-1g-1 dry soil
40.5
β-Glucosidase,
µg PNP h-1g-1 dry soil
Alkaline Phosphatase,
98.8
µg PNP h-1g-1 dry soil
Total Suspended Solids
251
Chemical Oxygen Demand, COD
258
Biochemical Oxygen Demand, 134
BOD
Oil and grease
53.9
* mgl-1, unless otherwise indicated, ** mgkg-1, unless otherwise indicated.
Incubation Study

A completely randomised design was employed, with
irrigation practice as the main treatment factor and time as
the repeated variable. Soil samples were placed in 1000 ml
clean plastic pots and treatment was applied to 6 randomly
selected pots, comprising two treatments with three replicates for each treatment. The experimental irrigation water
was applied every other day during the overall incubation
period in amounts sufficient to keep the soil moisture at
70% of the field capacity. The accumulated rate of simulated irrigation was approximately 7 lkg-1 soil. Distilled
water was applied to soil in control pots at the same rate.
Treated and control pots were placed in a temperaturecontrolled dark chamber at 28oC. The samples were incu-

The electrical conductivity (EC25oC) and pH of the soil
samples were measured in sample extracts obtained by
shaking the material with distilled water at 1:2.5 (w/v)
soil:water ratio [7, 8]. Soluble ions (Ca++, Mg++, Na+, K+,
CO3=, HCO3- , SO4= and Cl-) in soil extract (1:2.5 (w/v)
soil:water ratio) and stream water were determined according to Standard Methods [9]. The soil particle size distributions were determined by the hydrometer method [10].
Lime content of soil was determined by Scheibler calsimeter [11]. Cation exchange capacity (CEC) of soil was determined by ammonium acetate procedure [12].
Mineral nitrogen (NO3--N and NH+4-N) concentrations of water samples and those of soil extracts of 2 M
KCl were analysed by steam distillation with MgO and
Devarda alloy [13]. Kjeldahl N content of samples was
measured by regular digestion with H2SO4 (without thiosulfate reduction) to convert organic N to NH4+-N followed by Kjeldahl distillation. The nitrate-N values were
added to regular Kjeldahl values in order to determine
actual total nitrogen content [14].
A 0.5 M NaHCO3 solution was used to extract available phosphorus [15]. Nitric acid-sulphuric acid digestion
was used to determine total phosphorus. Phosphate-P in
extracts was measured using the phosphomolybdate ascorbic acid method [9]. Total organic carbon in soil sample
was determined by potassium dichromate oxidation followed by spectrophotometric measurement at 590 nm [16].
Total suspended solids, chemical oxygen demand, biochemical oxygen demand and oil-grease concentrations in
stream water were determined according to Standard Methods [9].
Enzymatic activities were determined according to
the methods described by Tabatabai [17]. Solutions of
0.02 M urea, 3% triphenyl tetrazolium chloride, 0.025 M
p-nitrophenyl phosphate and 0.025M buffered p-nitrophenyl-β-D-glucoside were used in determining the activities of urease, dehydrogenase, alkaline phosphatase and βGlucosidase, respectively.
Statistical Analyses

To determine whether the irrigation practices resulted
changes in soil properties over time, values pertaining to
pH, EC, total N, inorganic N, total P, available P, and
urease, dehydrogenase, β-glucosidase and alkaline phosphatase activities were subjected to repeated-measures
analysis of variance (ANOVA). Time was designated as
the repeated factor (within subject) and irrigation practices
were random factors (between subject). Prior to the ANOVA
test, the main assumption of sphericity was tested using
Mauchly’s test. In case of significant deviations from

2027

© by PSP Volume 17 – No 12a. 2008

Fresenius Environmental Bulletin

sphericity, the analysis was based on the p values adjusted
by the Huynh–Feldt method. When significant effects were
indicated by ANOVA, post hoc analysis was performed
using the Tukey’s HSD multiple comparison test.

bation period, whereas significantly higher values (620 to
5060 µS) were measured for samples treated with stream
water. The extent of soil salt increase in pots treated with
stream water may be attributed to the soluble ion content
of stream water. At the end of the incubation period, the
resulting EC25 C value of soil treated with stream water
exceeded the limit of the EC25 C value for agricultural soil,
being 4000 mmhos.cm-1 [19]. The increased EC value in
soils may result in the elevation of SAR (sodium absorption ratio) and ESP (exchangeable sodium percentage)
values which causes a reduction in soil fertility and the
formation of saline-alkaline soils [20].
°

RESULTS AND DISCUSSION

°
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pH

The results of the water analysis indicated that the
median EC25oC value of Nilüfer stream water was 4180 µS
(Table 1). According to Turkish Water Pollution Control
Regulation (TWPCF)-Irrigation Water Criteria, stream
water can be classified as Class 5 with respect to electrical
conductivity. BOD and COD values of stream water (134
and 258 mgl-1, respectively) suggest that the organic matter content was rather high. The stream water can be classified as Class 4 with respect to the BOD parameter. The
total nitrogen content (239 mgl-1) was also considerably
higher than that of uncontaminated surface water [18]. With
respect to the total suspended solids content of 251 mgl-1,
the stream water can be classified as Class 5, where use
for irrigation purposes is not recommended by the TWPCF.
The stream water also contained oil and grease (53.9 mgl-1),
both of which are not usually found in natural surface
water. Consequently, the observed parameters shown in
Table 1 indicated that the use of Nilüfer stream water as
an irrigation water source may have significant degrading
effects on soil quality.
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Figure 1 shows the variation in pH and EC25 C of control and treated soil samples throughout the incubation
period. The effect of irrigation with water from the
Nilüfer stream on soil pH was insignificant, although the
pH values of both soil types decreased slightly over time
(p<0.05) (Table 2). Low molecular weight organic and
inorganic acids derived from mineralisation and humidification processes of soil organic matter may result in increased active acidity and decreased soil pH.
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On the other hand, the observed EC25 C values for the
soil treated with stream water were markedly higher than
those of the control soil (p<0.05). EC25 C values ranged
from 620 to 1628 µS in control pots throughout the incu-

control

°

FIGURE 1 - Variation in pH and EC25 C
of control and stream water-treated soil.
°

°

TABLE 2 - Effects of irrigation practice, incubation time and influence on soil properties determined over a
360 day incubation period by repeated measures analysis (between subject: irrigation practice, within subject: time).
Soil properties
pH
EC
Total N
Inorganic N
Total P
Available P
Urease
Dehydrogenase
β-Glucosidase
Alkaline Phosphatase
*not significant

Irrigation Practice
F value
p value
0.05
0.838*
31623
<0.05
1973
<0.05
143
<0.05
94.0
<0.05
0.0006
0.981*
13.3
<0.05
947
<0.05
10.9
<0.05
75.4
<0.05

Time
F value
3.26
10651
52.7
440
20.3
11,3
5.38
1065
69.9
186

2028

p value
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

Irrigation Practice X Time
F value
p value
0.330
0.969*
4046
<0.05
52.6
<0.05
29.9
<0.05
17.4
<0.05
0.582
<0.05
14.32
<0.05
363
<0.05
5.99
<0.05
48.3
<0.05
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However, under natural circumstances, percolation of
rain water may wash out some of the excess salinity.
Ramirez-Fuentes et al. [21] indicated that the electrical
conductivity of soil irrigated with wastewater (7502300µS) for more than 5 years was 1400 µS, whereas it
was 600µS in non-irrigated soil from the same region.

a significant difference between control and stream watertreated soil (p<0.05).
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The results also revealed an apparent trend involving
an increase in EC25 C values (p<0.05) of control and stream
water-treated soil. This may be accounted for by the presence of free ions derived from the mineralisation of soil
organic matter and dissolution of inorganic structures. The
increase in EC25 C values did not result in increased pH
values since the EC25 C increment may be derived from the
dissolution of salts of strong acids and bases. This was
also supported by the distribution of free anions and cations
in Nilüfer stream water as shown in Table 1.
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As shown in Figure 2, the inorganic nitrogen content
of both control and stream water-treated soil increased
with increasing incubation time. The data indicated no difference between control and stream water-treated soil during the first half of the incubation period. Thereafter, lower
concentrations of inorganic nitrogen were observed in
stream water-treated soil, probably due to poor mineralisation of organic nitrogen. Similarly, Ramirez-Fuentes et
al. [21] concluded that although irrigation with
wastewater over many years has increased soil organic
matter, N mineralisation was too low to provide sufficient
inorganic nitrogen to maintain crop production. The possible accumulation of salts, heavy metals or toxic organic
compounds in soil may inhibit nitrogen mineralisation
and/or nitrification [23, 24]. On the other hand, there was
no significant effect of stream water treatment on the available phosphorus content of soil (p<0.05). A similar increase was observed in control and stream water-treated
soil with respect to the available phosphorus.
Figure 3 shows the effects of stream water treatment
on various soil enzyme activities throughout the incubation period. The urease activity data showed that there was
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Figure 2 shows the variation in total nitrogen, inorganic nitrogen (ammonium+nitrate), total phosphorus and
available phosphorus of control and stream water-treated
soil. The effects of stream water on soil total nitrogen and
phosphorus values were found to be significant (p<0.05).
The concentrations of total nitrogen and phosphorus in
control soil did not change significantly over time, while a
general increase was observed in stream water-treated soil
(p<0.05). The total nitrogen and phosphorus concentrations
in stream water-treated soil reached 3100 and 1040 mgkg-1,
respectively, at the end of the incubation period. In this
incubation experiment, approximately 1000 mgkg-1 nitrogen was added to the soil nitrogen pool as a result of stream
water treatment. Several studies have emphasised that
irrigation with wastewater or wastewater containing surface water resulted in increased soil nitrogen and phosphorus content, thereby reducing soil requirements for
mineral fertiliser [22].
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FIGURE 2
Variation in total nitrogen, inorganic nitrogen, total phosphorus
and available phosphorus of control and stream water-treated soil.
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the incubation period, indicating an initial stimulatory
effect resulting from treatment with stream water. The
high organic matter content and high level of substrates in
stream water are thought to contribute towards the increases in observed enzyme activity. Other researchers
also observed important increases in enzyme activities in
soil treated with organic materials [25]. However, the activity values in stream water-treated soil decreased thereafter.
This decline may be accounted for by an accumulation of
toxic metabolites originating from the Nilüfer stream
water.
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The results showed that the effect of stream water
treatment on soil dehydrogenase activity was significant
(p<0.05). Generally, lower activity values were recorded
for treated soil, showing an inhibitory effect of stream water
on dehydrogenases. Since dehydrogenase activity reflects
oxidation–reduction processes occurring in soil and exhibits a high correlation with respiration, it is commonly
used to evaluate the overall microbial activity in wastetreated soil [26]. The observed β-glucosidase activities in
treated soil were also lower than those of the control (p<
0.05). The high salinity and trace element content of the
Nilüfer stream [27] may result in stress-induced changes
in biochemical processes, and hence intracellular enzyme
activities that occur in soil. Eizavi and Tabatabai [28] suggested that heavy metals might inhibit enzyme reactions
by complexing substrate, binding to enzyme active sites, or
by reacting with the enzyme-substrate complex. The increase in soil salinity may also have reduced the activity of
soil enzymes. Okur et al. [29] stated that reduction in soil
respiration, phosphatase and β-glucosidase activities were
70, 61.5 and 61%, respectively, when the salinity of the
irrigation water increased from 0.65 to 6.5 dS m-1.
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The results of the present study indicated that addition of stream water resulted in an initial increase in soil
alkaline phosphatase activity. After the first month of incubation, no significant difference was observed between
control and stream water-treated soil with respect to alkaline phosphatase activity.

120 150 180 240 300 360

Incuba tion	
  tim e	
  (da ys )
s trea m 	
  w a ter

Alka line	
  p hos pha ta s e	
  a ctivity
µg 	
  P N P 	
  h r.-‐1	
  g -‐1	
  d ry	
  s oil

200

control

160
120

The overall results of the incubation study indicated
that the addition of Nilüfer stream water inhibited soil
enzyme activities to some extent. The yearly average values showed that the addition of stream water contaminated
with wastewater discharges resulted in 8 to 30% inhibition of soil enzyme activities (Figure 4).
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FIGURE 3 - Variation in soil enzyme
activities of control and stream water-treated soil.

The urease activity values of treated soil were higher
than those of control soil during the first two months of

A higher level of inhibition (30%) was observed for
dehydrogenase activity. Although, lower inhibition is expected under natural circumstances the current study clearly
showed that the accumulation of stream water contaminants
on the surface layer of soil will probably lead to decreased
soil quality in the long term. Rainfall events and soil structure will certainly affect the extent and duration of the
pollution process.
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FIGURE 4 - Inhibition of enzyme activities in stream water-treated soil.

CONCLUSION
As competition for fresh water increases, low quality
water, such as that comprising saline or polluted water, is
often used for irrigation. Irrigation with polluted water or
wastewater is a widespread reality, especially in underdeveloped countries where it is being commonly used for
vegetable cultivation. The present study showed that
irrigation with low quality water from the Nilüfer stream
can result in increased nitrogen and phosphorus content of
the soil. On the other hand, enzyme activities of stream
water-treated soil were lower compared with the control,
indicating the inhibitory effects of stream water. It was
also shown that the inhibitory effect was more pronounced in relation to dehydrogenase activity. The results
suggest that irrigation with water derived from the Nilüfer
stream may negatively affect the biological activity of the
soil in the long term, and may lead to irreversible changes
in the capacity of the soil to sustain biological activity.
Thus, in order to achieve long-term sustainability of agricultural soil, policymakers must be made aware of the
significant potential negative impact of current practices
and facilitate the implementation of appropriate management strategies.
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INVESTIGATION OF SEASONAL PHYSICAL AND CHEMICAL
FLUCTUATIONS OF THE BOUYER AHMAD SPRINGS
Hajir Karimi and Mehrorang Ghaedi*
Chemical Engineering and Chemistry Department of Yasouj University, Yasouj, 75914-353 Iran

ABSTRACT
Water quality information is presented for six springs
of the Bouyer Ahmad region in Kohgyloyeh Boyerahmad,
Iran, to provide a) an overview of the hydrochemical functioning of a major impurity and b) to investigate their suitability as drinking water. The data was collected from spring
2003 to spring 2004 on four weekly spot samplings to determine major, minor and trace elements, pH, alkalinity,
hardness and electrical conductivity. Calcium and bicarbonate provide, respectively, the dominant cation and anion
in solution and their compositions remained relatively constant through time, irrespective of flow levels. In contrast,
many determinants showed seasonally related fluctuations.
Concentrations of most of the major anions, sodium, potassium and several soluble trace elements, such as mercury
and silver, decreased as flow increased.

KEYWORDS: Heavy metal, hardness, electrical conductivity,
atomic absorption spectrometry, alkalinity, Bouyer Ahmad spring
water, essential element.

INTRODUCTION
Water, as pointed out by Versari et al. [1], is an essential component for life on earth. It contains minerals which
are extremely important in human nutrition. Natural contaminations of water resources mainly result from normal
geological phenomena such as ore formation [2-4]. These
surface waters, which contain many unknown compounds,
are used as a source of drinking water, as well as for agricultural, recreational and religious activities around the
world. Consequently, water pollution can be a serious public health and ecosystem problem [5-7]. It is observed that
human activities are a major factor determining the quality of the surface and ground water through atmospheric
pollution, effluent discharge, use of agricultural chemicals
and eroded solid and land use [8]. Almost spring water is
located in the south west of Iran, as a wet climate province brings about large springs. Spring water shows some
interesting properties as it is rich in minerals. It contains
some salts and oligo-elements including calcium, magne-

sium and potassium. Because of these characteristics, this
water could be used to make therapeutic dental products.
The abundance of toxic chemicals, sulfate and nitrates in
water may cause adverse effects on human health. It may
cause cancer, other human body malfunctions and chronic
illnesses [9]. Therefore, it is essential to constantly monitor water quality used for drinking purposes [10].
Heavy metals tend to concentrate in all aquatic environmental matrices, suspended matter, sediments and biota,
thus resulting in the aquatic food chain, which is dangerous
for humans consuming marine products. The total trace
element levels have become of prime importance to aid both
the clinical diagnosis and treatment of a wide variety of
diseases and the life science researcher in the investigation of the role of trace elements in health and disease.
Important positive and negative roles of trace heavy metal
ions in human health are well-known [11-13]. Some of them
are essential to life, while others are toxic, even at very low
concentrations. At the present time, the most common
methods for mineral analyses are atomic absorption spectroscopy (AAS), spectrophotometry, or inductively coupled
plasma mass spectroscopy (ICP-MS). The AAS technique,
which offers a fast multi-elemental analysis, suffers from
a poor sensitivity in the determination of heavy metals in
environmental samples, such as natural water and other
real samples. This drawback can be overcome by a combination of a suitable preconcentration technique including
solid phase extraction (SPE) with subsequent AAS determination.
All pollutant concentrations determined in the spring’s
samples were directly compared to the EPA national recommended water quality criteria. These criteria have been
developed for surface and groundwater and are ‘‘based
solely on scientific judgments on the relationship between
pollutant concentrations and environmental and human
health effects’’.
Therefore in the present work the authors decided to
investigate some physical and chemical properties of six
springs in the Bouyer Ahamad region to assess their utility for several consumptions including soft drinking water,
industrial, agriculture and others.
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MATERIALS AND METHODS
Acids, bases and surfactants including sodium dodecyl sulfate (SDS), Triton X-100, cetyltrimethylammonium bromide (CTAB); n-dodecytrimethylammonium
bromide (DTAB) with the purity of analytical grade (from
E. Merck, Darmstadt, Germany) were used as received.
Doubly distilled deionized water was used throughout this
study. Nitrate salts of lead, cadmium, mercury, cobalt,
nickel, copper, zinc, magnesium, calcium, strontium,
barium, silver, sodium and potassium (E. Merck, Darmstadt, Germany) were of analytical grade and were used
without any further purification. The pH adjustment was
carried out by addition of dilute nitric acid or sodium
hydroxide to preparing the desired pH solution.
The measurements of metal ions were performed with a
Shimadzu 680 AA atomic absorption spectrometer equipped
with a hollow cathode lamp and a deuterium background
corrector at respective wavelengths (resonance line) using
an air-acetylene flame. The instrumental parameters were
those recommended by the manufacturer. A Metrohm 691
pH/Ion meter with a combined glass–calomel electrode was
used for adjustment of test solution pH.
Acids, bases, γ-Al2O3 (mesh size 10-50), and nitrates
of lead, cadmium, mercury, cobalt, nickel, copper, zinc,
magnesium, calcium, sodium and potassium (Merck) were
of the highest purity available and, thus, were used without further purification. Double distilled water and spring
water was used throughout the experiments. Buffer solutions (0.05 mol l-1, pH 6.0) were prepared by adding an
appropriate amount of diluted nitric acid or sodium hydroxide to phosphate solutions. The material associated to classical determination of anions.
Metal contents were determined by means of a Perkins–Elmer 603 atomic absorption spectrometer, equipped
with a hallow cathode lamp and a deuterium background
corrector, using an air-acetylene flame at respective wavelengths (resonance line). A Metrohm 691 pH/ion-meter with
a combined glass-calomel electrode was used for adjustment of test solution pHs. A HACH sensing for measurement of dissolved oxygen has been used. A LF320 conductometer of WTW Company has been used for conductivity measurement. Hg was analyzed by cold vapor generation AAS.
Determination of metal ions in water samples

According to our previous publications [14-19], a volume of 10 ml SDS-ligands solution was added to 40 ml
water containing 0.4 g alumina particles. While shaking
the suspension with a stirrer, the pH was adjusted to 2 by
addition of 2 mol l-1 hydrochloric acid to form ligand impregnated ad-micelles on alumina particles. After mixing
for 15 min, the supernatant was discarded and the remaining material was packed into a column. The column was
purified with 10 ml of 10 M HNO3, then neutralized with
0.01 mol l-1 aqueous ammonia, and kept in a refrigerator to
become stable for at least one week.

Spring water samples were collected in polyethylene
bottles (washed with detergent, then with deionized water,
2 M nitric acid (Merck), with deionized water again, and
finally with surface water). Water samples were collected
from six spring waters from different regions of Bouyer
Ahmad, Kohgyloyeh Bouyer Ahmad, Iran. Before analysis, the samples were filtered through a cellulose membrane
filter (Millipore; pore size 0.45 mm). The dissolved oxygen
(DO), temperature, flow rate (m3 s-1), hardness and alkalinity have been evaluated. The samples were paper-filtered,
acidified to 1% with conc. nitric acid, and stored in polyethylene bottles. For preconcentration, 5000 mL-water samples were heated until 100 mL to determine anions, based
on conventional methods [20].Total dissolved solids were
determined gravimetrically using a standard method [21].
For cation evaluation, the pH was adjusted to 6, and
the sample passed through the prepared column (flow rate
of 4 ml min-1). The metal chelates retained on SDS-coated
alumina were eluted with 5 mL of 6 M HNO3. Finally, the
effluents were analyzed by FAAS or flame photometer.
Determination of pH, electrical conductivity (EC), and
temperature and dissolved oxygen was performed in situ
in the sampling areas, and other variables have been evaluated in laboratory according to standard analytical methods. The parameters analyzed have also changed over time.
The most consistent variables are temperature, electric conductivity, pH, alkalinity, hardness, dissolved oxygen and
chemical impurity including Ca2+, Mg2+, Na+, K+, Cl-,
SO42-, CN- and heavy metals including Hg, Ag, Ni, Mn,
Cd, Cu, Fe, Pb and Zn.
RESULTS AND DISCUSSION
Approximately 4 mg/L or four parts of dissolved oxygen per million parts of water (4 ppm) is the minimum
required for life processes in water. In all of the period
during of study of quality of the springs, the dissolved
oxygen was in the range of 9-12 µg mL-1 which is suitable
for drinking water. To sustain life, water must remain
fairly close to neutral in character. Salinity is measured
as total dissolved solids (TDS) or total soluble salts (TSS).
It may also be measured by electrical conductivity (EC)
and is then expressed as reciprocal micro ohms per centimeter (µmhos/ cm). Animals can consume water of high salinity (TDS) for a few days, without harm, if they are then
given water of low salinity (TDS). With this view and
considering the result of Tables 1-8, it can be seen that all
of the springs are suitable for living things especially human without the pretreatment. Among the above-mentioned
springs, the Mishi spring is superior to others in terms of
lower chemical impurity and suitable physical characteristics as mineral soft water.
Water “hardness” is not necessarily correlated with
salinity. In all springs, the calcium and magnesium contents are usually less than 1500 µg mL-1 in water. The softening of the water through exchange of calcium and mag-
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TABLE 1 - Chemical parameters of Bouyer Ahmad Spring water in spring (2004).
Cl-

SO42- Ca
Mg
Springs
Concentration (µg mL-1 )
Abshar
17.9 33.0
42.0
1.6
Abnaher
11.9 19.4
51.7
2.2
Shahghasem 16.0 70.0
62.4
2.6
Ganjeh
17.4 15.0
61.8
2.3
Mishi
13.5 12.2
53.2
2.3
Mahmodabad 13.9 13.7
81.4
2.5

Na
1.6
0.9
2.3
1.5
1.4
2.3

CNMn
Ag
Hg
Concentration (µg L-1)
2.1
4.9
3.2
5.5
2.4
4.9
4.7
5.5
3.3
5.2
4.7
7.6
2.3
3.8
5.0
6.2
2.7
3.8
4.9
7.5
4.3
3.3
4.0
6.4

Fe

Ba

K

Pb

Cd

Zn

Cu

Ni

27.4
39.5
23.1
47.6
31.2
64.0

5.2
8.8
7.4
3.6
4.0
4.8

35.8
55.9
28.0
38.5
27.2
24.3

14.7
12.5
11.2
16.6
13.7
12.1

7.1
7.6
5.7
11.3
9.7
9.6

9.6
6.4
7.0
8.6
9.1
9.4

9.4
6.3
8.7
17.1
11.1
9.2

9.0
18.4
7.0
7.1
7.5
6.4

TABLE 2 - Chemical parameters of Bouyer Ahmad Spring water in summer (2004).
Cl

-

2-

SO4
Ca
Mg
Concentration (µg mL-1 )
17.1 35.2
41.0
1.6
13.0 15.6
46.1
2.5
16.7 63.3
58.8
2.7
17.7 10.4
58.8
2.5
13.6 4.4
53.0
2.5
13.9 10.6
81.2
4.5

Springs
Abshar
Abnaher
Shahghasem
Ganjeh
Mishi
Mahmodabad

Na
2.0
1.3
2.1
1.5
0.6
1.4

CNMn
Ag
Concentration (µg L-1)
2.7
4.6
4.4
5.2
3.6
4.2
1.9
4.2
3.7
2.8
4.6
3.9
2.7
4.3
3.0
3.1
4.2
3.2

Hg

Fe

Ba

K

Pb

Cd

Zn

Cu

Ni

5.5
5.4
9.1
6.8
3.4
5.6

39.8
18.5
13.3
59.2
66.1
64.6

5.6
11.5
12.8
6.2
8.5
8.0

37.1
60.2
66.3
237.8
27.4
22.8

14.3
7.6
9.0
12.3
14.2
15.3

10.3
10.3
5.9
11.2
9.0
8.3

8.8
3.7
5.9
8.0
7.3
7.0

10.0
5.5
7.8
14.7
9.6
22.4

9.9
20.7
5.9
6.5
6.1
4.7

TABLE 3 - Chemical parameters of Bouyer Ahmad Spring water in autumn (2004).
Cl
Springs
Abshar
Abnaher
Shahghasem
Ganjeh
Mishi
Mahmodabad

-

2-

SO4
Ca
Mg
Concentration (µg mL-1 )
14.6 33.2
50.2
1.9
14.6 15.0
55.4
3.5
15.1 68.5
65.1
3.1
15.6 4.7
56.7
2.1
13.9 0.9
56.9
2.6
14.1 11.5
53.9
3.8

Na
1.9
1.3
1.2
1.2
0.9
2.3

CNMn
Ag
Concentration ( µg L-1)
2.3
7.1
6.7
3.3
5.0
5.2
1.4
4.6
5.2
0.0
3.8
4.5
0.0
0.0
1.2
2.9
2.8
3.7

Hg

Fe

Ba

K

Pb

Cd

Zn

Cu

Ni

3.8
6.1
7.4
5.9
1.9
3.9

20.7
24.8
18.1
19.0
14.0
12.2

4.8
14.5
18.6
11.1
12.5
7.6

33.7
54.7
22.0
38.4
24.0
18.7

7.3
15.5
14.5
5.0
3.5
4.6

6.8
13.9
8.9
4.9
5.1
5.1

11.1
12.9
8.8
7.0
2.7
6.6

8.0
13.0
13.5
8.9
4.5
3.3

8.9
14.8
7.8
9.4
3.9
9.7

TABLE 4 - Chemical parameters of Bouyer Ahmad Spring water in winter (2004).
Cl
Springs
Abshar
Abnaher
Shahghasem
Ganjeh
Mishi
Mahmodabad

-

2-

SO4
Ca
Mg
Concentration (µg mL-1 )
13.3 35.3
50.3
1.6
14.6 16.6
56.2
4.2
14.8 38.1
68.7
3.5
13.4 28.5
54.7
2.0
13.8 6.3
58.7
3.3
16.5 7.9
44.0
4.5

Na
1.9
1.4
1.7
2.1
2.4
2.6

CNMn
Ag
Concentration ( µg L-1)
3.4
6.4
9.1
4.0
5.2
8.1
2.3
4.3
7.2
5.4
4.3
3.9
4.3
6.3
5.0
4.2
4.7
6.3

Hg

Fe

Ba

K

Pb

Cd

Zn

Cu

Ni

3.4
4.8
5.9
5.2
4.4
5.5

16.1
10.9
11.1
12.2
11.7
14.0

5.2
12.6
13.8
9.0
12.1
9.2

32.7
41.7
21.4
29.2
26.1
17.6

7.7
12.6
12.3
8.0
5.9
8.5

12.2
14.5
8.0
6.0
6.9
8.6

8.6
10.3
10.4
6.4
4.2
7.9

14.0
14.7
14.2
11.7
7.5
12.3

8.6
9.3
7.4
7.6
6.4
9.8

TABLE 5 - Physical properties of some of Bouyer Ahmad Springs water in spring (2004).
Parameters
Springs

pH

EC

Abshar
Abnaher
Shahghasem
Ganjeh
Mishi
Mahmmodabad

7.2
7.3
6.9
7.1
7.4
6.7

26.7
38.2
57.1
43.0
26.0
37.2

TDS* × 10
17.1
42.2
40.6
44.4
17.5
26.5

−1

Total Alkalinity*

Hardness*

165.0
156.0
284.0
311.6
104.6
212.0

111.6
150.0
179.0
178.0
66.0
114.6

Ec: Electrical Conductivity mS m-1
*: values are in µg mL-1

TABLE 6 - Physical properties of some of Bouyer Ahmad Springs water in summer (2004).
Parameters
Springs

pH

EC

Abshar
Abnaher
Shahghasem
Ganjeh
Mishi
Mahmmodabad

8.0
7.8
7.3
7.5
7.5
7.5

28.0
34.7
41.3
45.8
23.0
35.4

TDS × 10
23.0
29.2
50.5
41.9
29.3
29.6

Ec: Electrical Conductivity mS m-1
*: values are in µg mL-1
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−1

Total Alkalinity
113.9
118.5
159.9
211.0
137.9
109.9

Hardness
119.3
139.3
208.3
215.3
116.3
133.7
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TABLE 7 - Physical properties of some of Bouyer Ahmad Springs water in autumn (2004).
Parameters
Springs

pH

EC

Abshar
Abnaher
Shahghasem
Ganjeh
Mishi
Mahmmodabad

7.8
7.7
7.0
7.3
7.6
6.7

26.2
37.5
57.0
43.0
26.3
35.3

TDS × 10
16.5
33.6
31.6
39.1
16.4
22.4

−1

Hardness

Total Alkalinity
158.7
152.3
274.7
293.7
94.7
196.7

99.7
139.3
165.3
168.3
61.7
121.0

Ec: Electrical Conductivity mS m-1
*: values are in µg mL-1

TABLE 8 - Physical properties of some of Bouyer Ahmad Springs water in winter (2004).
Parameters
Springs

pH

EC

Abshar
Abnaher
Shahghasem
Ganjeh
Mishi
Mahmmodabad

7.7
7.5
7.0
7.3
7.3
7.1

24.7
36.1
54.9
42.8
25.4
34.8

TDS × 10
18.4
34.0
34.4
31.3
17.4
26.7

−1

Total Alkalinity
156.3
148.3
274.7
299.3
100.3
179.3

Hardness
99.3
136.3
169.3
161.3
57.7
111.7

Ec: Electrical Conductivity mS m-1
*: values are in µg mL-1

nesium with sodium will be occurred. According to the
first dissociation constant of carbonic acid and pH of
natural spring water (pH 6.7-8.0), it could be concluded
that most of hardness value will be attributed to temporary hardness which emerged from bicarbonate of calcium and could be eliminated by boiling. Most natural
water sources are therefore slightly acidic. To sustain life,
water must remain fairly close to neutral in character.
As it can be seen from the results of Tables 4-8, pH
of all the springs during the different seasons of the year
ranged from 6.7 to 8.0 which are suitable for dairy animals
and other livestock. Highly alkaline waters may cause digestive upsets, diarrhea, and poor feed conversion and
reduced water/feed intake. In addition, an increase of pH
is generally accompanied by a decrease in the solubility
of many toxic heavy metals; thus, total concentrations of
most metals decrease in the water body because a semimetal process takes place and the less soluble forms are
accumulated in the suspended or sediment phase. Concentrations of heavy metals distributed in potable water samples varied from as low as 0.1 µg l-1 for Mn to a high value
of 0.066 mg l-1 for Fe at measured pH. As pointed out by
Santos et al. [22] the level of heavy metals in spring waters has significant relation between pH while the low level
of heavy metals (Zn, Cd, Pb, Cu, Ni, Fe, Mn and As) lead
to in the lower pH of water in environments. The pH values
(Table 4-8) remained constant around 6.7-8.0 for most of
the seasons.
The EC is in the range of 23.0-57 mS m-1, which was
lower than the guidelines (Tables 9). The differences in
EC may be attributed to the high salinity and high mineral
content in spring. The higher EC of the water samples corresponds to the highest concentrations of dominant ions [23].

Magnesium and calcium in particular present additional
problems because they combine with the anionic component of soaps and detergents to form insoluble precipitates
- the familiar scum in the sink or washing machine. The
levels of Ca, Mg, and Na found in the range of (41.0 81.4 mg l-1), (1.6 - 4.5 mg l-1) and (0.6 and 2.6 mg l-1)
respectively are lower than EPA guidelines value. It is
obvious that these values and the mean EC value fall into
the range suggested by the WHO standards especially K
values (low value, 0.017 and high value of 0.066 mg l-1).
The maximum value of Na, Ca and Mg concentration lead
to high value of EC. The increased Na, K, Ca and Mg concentrations may be due to the specificity of spring’s sitemineral water springs, which are coming from deep thermal groundwater wells and therefore contain elevated concentrations of salts and macro-elements. This is in accordance to the findings of Wang and Shpeyzer [24], where
they discussed differences in hydrochemistry and hydrogeology of thermal groundwater and surface waters in
China.
Although chloride does not tend to be toxic for aquatic
organisms [25], nominal levels of chloride and have physiological importance. The high consumption of salts, NaCl in
particular, may be crucial for the development of essential
hypertension, may increase the risk of stroke, left ventricular hypertrophy, osteoporosis, renal stones and asthma. The
hydrochloric acid in our stomachs must be synthesized by
the body and the chloride has to come from somewhere.
Chloride concentrations ranged from 11. mg l-1 to 17.9 mg l-1
(Table 1-4), which all spring chloride contents are lower
than the drinking water quality standards (Table 9). According to Versari et al. [1], chloride concentrations higher
than 200 mg l-1 are considered to be at risk for human
health and may cause unpleasant taste of water.
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lution of Cu into the water source. The highest Cu concentration (0.022 mg l-1) was obtained from a sample with low
salinity (Tables 1-4). This is in agreement with the findings
of Wang and Liu [29], where they showed Cu relations to
salinities, i.e., Cu concentrations tend to increase at low
salinities and then decrease at middle to high salinities.
However, spring had the lowest salinity but the amount of
Cu in those samples was similar to the others.

TABLE 9 - WHO Guidelines for drinking-water quality.
Parameter
pH
Electrical Conductivity
Sulfate and Chloride
Calcium
Magnesium
Sodium
Potassium
Iron
Manganese
Copper
Zinc
Cadmium
Lead
Chromium
Nickel
Cobalt
Mercury

-1

EPA Values ( µg mL )
6.5-8.5
400
250
100
50
200
12
0.3
0.1
2.0
5.0
0.003
0.01
0.05
0.02
1.0*
0.002

The EC is in units mS m-1 and the rest are in unit of
mg l-1, for livestock (EPA 2004). Sulfate imparts a bitter
taste to the water, but animals can acclimate to it. Consider diluting high sulfate water for weanling pigs and for
animals who are not accustomed to it. Sulfate levels up to
1500 µg mL-1 produce slight effects on livestock and levels
of 1500 to 2500 produce temporary diarrhea. When the
sulfate level reaches 3500 µg mL-1, it is unfit for sows. In
this view and considering the results of Table 1-4, it is obvious that the spring's water has suitable condition for living
things consumption. If high concentrations of sulfate are
ingested, the main detrimental effects are catharsis, dehydration and gastrointestinal irritation [25]. Sulfate concentrations in water samples ranged from 0.9 mg l-1 to 70.0
mg l-1 (Tables 1-4). According to the WHO guidelines,
sulfate concentration in drinking water may not exceed
250 mg l-1 (Table 9).
Adverse health effects of Pb include various cancers,
adverse reproductive outcomes, cardiovascular and neurological diseases .Both the lowest Pb concentrations were
0.0035 mg l-1 and the highest concentration of Pb (0.0166
mg l-1) was detected in the spring sample (Tables 1-4), still
being below the WHO drinking water standards (Table 9).
Elevated concentrations of Cd can cause nausea, vomiting, salivation and renal failure as well as kidney, liver and
blood damages [9, 26]. Saleh et al. suggested that high concentrations of Cd may even cause mutations. Cd concentration in all water samples was < 0.012 mg l-1, which
corresponds to the values of unpolluted waters [27].
Despite Cu being an essential element for human
health, elevated concentrations may result in serious liver
and/or kidney damage, gastrointestinal distress and, in a
lesser scale, vomiting 6 and nausea [28]. None of the
analyzed samples exceeded the levels of Cu set by the
water quality standards. According to Saleh et al. [26], the
amount of Cu found in potable water depends on the
hardness of water, i.e., Ca and Mg concentrations, pH,
anion concentrations, temperature and oxygen concentration in water. Therefore, certain geomorphology characteristics of the sampling site may have influenced the disso-

The elevated amounts of Mn may cause apathy, irritability, headache, insomnia as well as gastrointestinal irritation and respiratory disease [30]. However, the major adverse effects of elevated concentrations of Fe and Mn are
associated with aesthetic nuisances such as staining of
laundry, unpleasant odor and taste or may also limit the use
of the water for practical purposes [31]. The changes in
Fe and Mn forms in water are mainly controlled by oxidation –reduction conditions and acid–alkali balance. Anaerobic bacteria oxidize Fe and Mn ions present in the
groundwater. pH of the water decreases and, therefore, the
concentrations of dissolved metals in water increase[32].
This is in accordance to the findings of the present study,
where the highest Fe (0.066 mg l-1) and Mn (0.007 mg l-1)
concentrations were found in the mineral groundwater
with the lowest pH. Apparently, pH is not the only factor
controlling distribution of Fe and Mn in the groundwater,
as extremely high concentration of Fe was found in the
spring for which pH was slightly alkaline rather than acidic.
Both values are lower than the WHO drinking water standards (0.1 mg l-1) [33]. However, Fe exhibits lower correlation with electric conductivity and sulfates than Mn due to
the different hydro-chemical behavior [33]. Despite the
highest concentration of Fe (0.066 mg l-1) being found at
high electric conductivity, the distribution of Fe in the rest
of the samples did not follow any well-defined pattern.
Nickel is a moderately toxic element as compared with
other transition metals. However, it is known that inhalation of nickel and its compound can lead to serious problems, including respiratory cancer. Moreover, nickel can
cause a skin disorder known as nickel-eczema [34]. In all
the spring, Ni was found at very low concentrations (<
0.027 mg l-1) and met the requirements set by the WHO
drinking water standards (Table 9). The concentration of
Ni increases at low salinities then decreases at middle to
high salinities [29]. Conversely, the current study presents
different results. Therefore, high concentration of Ni may
be attributed to the specificity of the spring, i.e., the hydrochemistry of the thermal groundwater mineral springs
where the salinity may not be the major Ni distributioncontrolling factor.
Zinc compounds have biocidal activity because they
precipitate and denature the bacterial proteins. For this
reason, it has been used in dermatology as an antiseptic and
disinfectant agent, in ophthalmic solutions, mouthwashes
and mineral-vitamin preparations. The high value of Zn
concentration (0.013 mg l-1) was in accordance with the
proposed water quality standards (Table 9). The differences
in Zn concentrations may be due to the specific hydroge-
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ology and hydrochemistry of the sampling points. Low Zn
concentration (from < 0.003 to 0.013 mg l-1) was found in
the spring waters with low salinity. Similar results in
agreement with the findings of Wang and Liu [29] have
been reported. They report that dissolved Zn concentration significantly reduced regions with low-salinity.
CONCLUSION
Several spring water samples had values of EC, alkalinity, hardness, TDS, essential and trace elements lower
than the WHO drinking water standards, which are suitable for human consumption. The medicinal spring water
exhibited extremely high concentrations of Fe and Ni as
well as electric conductivity, which would have adverse
effects on human health if this water is consumed on a
daily basis. However, if mineral water is used for a short
period of time, this may in fact be beneficial to health.
The significant correlation P-0.05 between iron, copper
and zinc in the surface water, and between copper, zinc
and lead in the sediment, indicate a natural origin and/or a
shared contamination source for these metals, which is in
agreement to the fact that heavy metals are produced from
a variety of natural and anthropogenic sources [35] Coal
combustion is one of the most important anthropogenic
emission sources of trace elements and an important source
of a number of metals [36]
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ABSTRACT

ABBREVIATIONS

Iron is an essential trace element for biological requirements of phytoplankton. Effects of iron on physiological and biochemical characteristics of Microcystis wesenbergii were conducted in this study. Results showed that
0.01 µM [Fe3+] seriously inhibited growth and chlorophyll
synthesis of M. wesenbergii, and induced temporary increase of ATPase activities, however, NR, ACP and ALP
activities were restrained by iron limitation. Interestingly,
iron addition on day 8 resulted in the gradual restoration
of structures and functions of above enzymes and resisted
a variety of stresses from iron limitation. M. wesenbergii
in 10 µM [Fe3+] treatment group grew normally, enzymes
maintained normal levels, and residual phosphate contents
in cultures first sharply decreased, then smoothly as M.
wesenbergii has a characteristic of luxury consumption of
phosphorus. Above parameters in 100 µM [Fe3+] treatment
group were almost same with those in 10 µM [Fe3+] treatment group except for NR, ACP and ALP activities. In
100 µM [Fe3+] treatment group, activities of ACP and ALP
had temporary increase because phosphate and ferric iron
could form insoluble compound - ferric phosphate (Fe3PO4)
through adsorption effect, resulting in lack of bioavailable
phosphate in culture media. The experiment suggested that
too low or too high iron can affect obviously physiological and biochemical characteristics of M. wesenbergii.

KEYWORDS: iron, Microcystis wesenbergii, chlorophyll a, adenosine triphosphatase, nitrate reductase, acid phosphatase, alkaline phosphatase.
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Nitrite reductase
Acid phosphatase
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p-Nitrophenylphosphate

INTRODUCTION
Iron is an essential trace element for biological requirements of phytoplankton. Since Martin and Fitzwater
[1] presented their findings of the “iron hypothesis” in the
subarctic North Pacific Ocean, more and more studies have
been done on relationships between iron and phytoplankton. Shipboard studies in HNLC (high nutrient low chlorophyll) regions, including the southern ocean, the subarctic and equatorial Pacific Ocean, show that low Fe availability limits phytoplankton growth and primary production
[1-13]. Culture studies suggest physicochemical speciation
and concentration of iron influence physiological and biochemical characteristics of phytoplankton [4, 14]. For
example, many investigations in the laboratory on freshwater and oceanic phytoplankton demonstrated that iron
limitation inhibited chlorophyll and phycobilin pigment
biosynthesis, decreased photosynthetic efficiency and electron transport rate, and also restrained nitrate assimilation
[5, 15-20]. However, experiments done on iron enhancement in freshwater were very rare because fresh waters were
not iron-limited generally [21-24, 36].
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Microcystis aeruginosa, Microcystis wesenbergii and
Aphanizomenon flos-aquae are dominant species in Lake
Dianchi. And M. wesenbergii is the second dominant specie among Microcystis, which can form serious water
blooms in surface waters accompanied with M. aeruginosa
in summer and autumn. In order to control these serious
water blooms, we must gain insights into the physiological
and biochemical characteristics of these bloom-forming
cyanobacteria. Investigations on M. aeruginosa and A. flosaquae in Lake Dianchi are numerous [19, 23, 25, 26], referring to physiology, biochemistry, cytology, genetics and
toxicology, however, studies on M. wesenbergii are very
scarce, especially effects concerning iron on physiological and biochemical characteristics of M. wesenbergii in
Lake Dianchi, China.
MATERIALS AND METHODS
Culture and treatment

M. wesenbergii was obtained from the Freshwater
Algae Culture Collection of Institute of Hydrobiology
(FACHB), the Chinese Academy of Sciences. The strain
was isolated from shallow, eutrophic Lake Dianchi, located
in subtropical Yungui plateau, southwestern China, and
often dominates the phytoplankton forming yearly blooms
in summer and autumn. Table 1 shows the physical and
chemical factors and species in Lake Dianchi [23].
M. wesenbergii was cultured in BG11 medium, from
which ferric ammonium citrate was omitted [19]. All macronutrient stocks were treated with Chelex-100 (Bio-Rad,
Cat#142-2832) to remove trace metal contaminants. Iron
was added separately to cultures in a solution of FeCl3.
Fe3+ concentrations in cultures were 0.01, 10, 100 µM at
the beginning of this study, separately. On day 8, Fe3+ was
added to 0.01 µM treatment group and final concentration
reached 1 µM Fe3+ in cultures. The FeCl3 solution was
filter sterilized (0.22 µm).

Iron starvation was induced by transferring cells into
medium that lacked iron. M. wesenbergii was inoculated
into media loaded by triplicate acid-washed bottles when
biomass was enough. All cultures were maintained at 25 oC
and were provided illumination at a photon flux density of
30 µmol quanta·m-2·s-1 under 24 h light.
Determination of growth

Growth of M. wesenbergii was determined by optical
density at 665 nm (OD665) using spectrophotometer (Ultrospec 3000, England).
Determination of chlorophyll a content

The procedure was carried out in darkness at 4 oC.
Whole cell spectra were taken using 1 cm quartz cuvettes
in Ultrospec 3000 spectrophotometer (Pharmacia Biotech.,
England). Five mL cell suspension was centrifuged at
8000×g (Jouan BR 4i, France) for 10 min. The supernatant
was decanted and the pellet was resuspended in 95% ethanol. Then resuspended cells were taken into mortar and
grounded, and extracted overnight in the dark at 4 oC.
Afterwards the sample was centrifuged for 10 min at
8000×g. The supernatant was collected and read at 665
and 649 nm. The content of chlorophyll a (Chl. a) was
calculated using the following equation [27]:
Chl. a= 13.95*A665-6.88A649
Adenosine triphosphatase (ATPase) activity assay

ATPase activity assay was determined by the methods described by LeBel et al. [28], Zhang et al. [29] and
Li [30] with a few modifications. The detailed experimental protocol appears below:
1. Thylakoid preparation of M. wesenbergii: Five mL
cell suspension was centrifuged at 3500×g (Jouan BR 4i,
France) for 10 min. The supernatant was decanted and the
pellet was resuspended in 1.5 mL precooled STN buffer
solution. Then resuspended cells were taken into a mortar

TABLE 1 - Means and ranges for the physical and chemical factors and species in Lake Dianchi.
Physical and chemical variables
Total Fe (mg/L)
Nitrate-N (mg/L)
Nitrite-N (mg/L)
Nitrate+Nitrite-N (mg/L)
Ammonia-N (mg/L)
Total N (mg/L)
Total P (mg/L)
CODMn (mg/L)
Dissolved Oxygen (mg/L)
pH
Secchi depth (cm)
Water Temperature ( )
Chlorophyll a (mg/L)
Species variables (105 cells/L)
Microcystis aeruginosa
Anabaena flos-aquae
Aphanizomenon flos-aquae

Valid N

Mean

Min.

Max.

Std. Dev.

119
100
100
100
120
120
120
120
120
120
120
120
120

1.519
0.165
0.037
0.202
0.466
4.807
0.266
19.572
9.092
8.691
26.270
17.535
0.156

0.415
0.005
0.000
0.005
0.030
0.294
0.040
2.430
5.550
8.230
8.000
10.800
0.025

2.980
1.450
0.210
1.590
1.640
17.050
0.710
53.400
13.500
9.250
60.000
22.700
0.650

0.548
0.323
0.045
0.348
0.270
2.952
0.126
9.124
1.389
0.235
11.281
4.107
0.102

109
109
109

3417.542
120.110
181.057

39.500
0.000
0.000

32362.500
1980.000
11327.000

4852.414
236.366
1249.057
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TABLE 2 - Compositions of activation solution and reaction solution of Mg2+-ATPase.
Reagent
0.25 mol/L
0.5 mol/L
0.05 mol/L
50 mmol/L
0.5 mmol/L
a

Tris-HCl pH 8.0
NaCl
MgCl2
DTTa
PMSb

Activation
solution/mL
0.2
0.2
0.2
0.2
0.2
1.0

Reagent
0.5 mol/L
0.05 mol/L
50 mmol/L

Tris-HCl pH 8.0
MgCl2
ATP
H2 O

Reaction
solution/mL
0.1
0.1
0.1
0.2
0.5

DTT: DL-Dithiothreitol b PMS: Phenazine Methosulfate

TABLE 3 - Compositions of activation solution and reaction solution of Ca2+-ATPase.
Reagent
0.25 mol/L
20 mol/L
10 mol/L
2 mg/mL

Tris-HCl pH 8.0
EDTANa2
ATP
Trypsin
H2 O

Activation
solution/mL
0.2
0.2
0.2
0.2
0.2
1.0

Reagent
0.5 mol/L
0.05 mol/L
50 mmol/L

and ground in ice bath, and extracts were centrifuged at
3000×g for 1 min at a temperature of 0~2 oC. The supernatant was collected and centrifuged at 30000×g for 5~7
min and the thylakoid was collected from the precipitation.
2+

2. ATPase activation: (1). Mg -ATPase (EC 3.6.3.1)
activation: 0.5 mL suspension of thylakoid was reacted
with 0.5 mL activation solution (see Table 2) at 1000
µmol quanta·m-2·s-1 incandescent light for 6 min at room
temperature. (2). Ca2+-ATPase (EC 3.6.1.38) activation: 0.5
mL suspension of thylakoid was reacted with 0.5 mL
activation solution (see Table 3) in 20 oC water bath for
10 min. Then 0.05 mL Bovine Serum Albumin (BSA) (10
mg.mL-1) was added to stop the activating reaction.
3. ATPase reaction: (1). Mg 2+ -ATPase reaction:
0.25 mL of the above activated suspension of thylakoid
was reacted with 0.25 mL reaction solution (see Table 2)
in 37 oC water bath for 10 min. Then 0.05 mL TCA (Trichloroacetic acid, 20%) was added to stop the reaction. (2).
Ca2+-ATPase reaction: The process of reaction was similar with Mg2+-ATPase reaction, only the reaction solution
was different (see Table 3).
4. Determination of inorganic phosphate: Inorganic
phosphate (Pi) released from ATP hydrolysis was determined by the method as follows: reacted liquids were centrifuged at 3500×g for 10 min; 0.5 mL supernatant was
added into 1 mL distilled water, shook well, and 1 mL ferrous sulfate-ammonium molybdate was added; absorbance
was determined at 660 nm at room temperature after 1 min.
ATPase activity was expressed as µmol Pi per g protein
and min.
Nitrate reductase activity assay

Nitrate reductase (NR; EC 1.6.6.1-3) activity was determined according to the method of Chapman & Harrison [31]. The activity was represented by the production

Tris-HCl pH 8.0
CaCl2
ATP
H2 O

Reaction
solution/mL
0.1
0.1
0.1
0.2
0.5

of nitrite (µg) that released by nitrate per mg protein per
hour (µg mg-1protein·h-1).
Acid phosphatase and Alkaline phosphatase activities assay

Acid phosphatase (ACP; EC 3.1.3.2) and Alkaline phosphatase (ALP; EC 3.1.3.1) activities were determined using
p-nitrophenylphosphate (p-NPP) as substrate [32]. The activity was represented by the production of p-NP (g) released
by p-NPP per g protein per hour (g g-1protein·h-1).
Determination of phosphate concentration in culture media

Cell suspensions were centrifuged and the supernatant
was used to determine phosphate concentration [33].
Determination of protein content

The protein content was measured by the method of
Bradford [34], using BSA as standard.
Statistical analysis

All data shown in the study were the mean ± SD of
three independent experiments (three replicates for each
experiment) and were evaluated by using one-way analysis of variance (ANOVA) followed by least significant difference test, P < 0.05 (Statistica 6.0, Statsoft, USA).

RESULTS AND DISCUSSION
Growth characteristics

Iron is a necessary micronutrient for algal growth and
its concentration can easily affect algal growth characteristics, which has been documented in many researches [113, 19, 20, 35]. Our results were partially in agreement with
these reports, the only difference was that the phytoplankton growth was limited by 0.01 µM [Fe3+] in this study
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(Fig. 1). Our previous studies indicate that average concentration of bioavailable iron was much more than 10 µM in
Lake Dianchi [23, 24, 36]. Long-term living in high iron
concentration environment leads to much iron requirement
for growth of M. wesenbergii. As a consequence, 0.01 µM
[Fe3+] was too low to satisfy the growth need of M.
wesenbergii in the study. Furthermore, the similar result
was obtained in our previous studies [19].

OD665

1.6
0.01µm
10µM
100µM

1.2
0.8
0.4
0.0
0

2

4

6
8
Time (d)

10

12

14

Changes in ATPase activity

FIGURE 1 - Growth curves of M. wesenbergii under different
iron concentrations. Arrow shows the time of iron addition.

Iron addition on day 8 removed M. wesenbergii cells
in 0.01 µM [Fe3+] treatment group from iron limitation,
but the increased growth was very small. The reason was
that the OD665 value was just the external phenomenon of
regrowth, depending on complete restoration of internal
physiological metabolism, which could use a term “hysteresis”. On the contrary, Hardie et al. [37] reported that
once iron was restored to the culture medium, growth
resumed rapidly. This may be related to species, that is,
different species to different iron concentrations had different responses.

-1

Chlorophyll a (mg•L )

5
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Time (d)
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contain iron, there are both direct and indirect requirements for iron by enzymes involved in the Chl. a biosynthetic pathway [38]. Figure 2 shows that Chl. a synthesis
of 0.01 µM [Fe3+] treatment group was hampered by iron
limitation. Unsimilar with OD665, Chl. a content did not
have an obvious increase after iron addition because certain
enzymes and coenzymes as well as other apparatus severely
damaged during the pigment synthesis. Many researches
indicated that under iron-limitation condition a large decrease in the amount of Chl. a is accompanied by structural alterations of the thylakoid membranes, and the number
of iron-containing proteins within the photosynthetic
apparatus is reduced [16]. However, 10 and 100 µM [Fe3+]
treatment groups both had high Chl. a content, moreover,
100 µM [Fe3+] treatment group had highest Chl. a content, reached 4.8 mg/L, but too high iron concentration
(1000 µM [Fe3+]) could lead to death of M. wesenbergii
within 1 h, which have already been done in previous
study [19].

14

FIGURE 2 - Changes in Chl. a content of M. wesenbergii under different iron concentrations. Arrow shows the time of iron addition.
Changes in chlorophyll a

Chl. a content was determined from OD665 and OD649
values, which was influenced obviously by low or high concentration of iron [19,37]. Although Chl. a itself does not

There are many membrane proteins on cytoplasm, mitochondrion and thylakoid, such as Na+-K+-ATPase, Ca2+ATPase, Mg2+-ATPase, H+-ATPase, H+-PPase, which play
important biological roles in building electrochemical
potential and ensuring transport across membranes [39].
All these ATPases can catalyzes the hydrolysis of ATP to
ADP and Pi, and the reaction release a large amount of
energy necessary for life process reactions. Mg2+-ATPase
mainly modulates ion current across membranes and maintains homeostasis of Mg2+ content at which functional proteins on the membranes can normally perform physiological functions, and maintains membrane integrality by stabilizing ribosomal structure and activating acetic thiokinase
to attend protein and lipoid synthesizes [40]. Ca2+-ATPase
actively transports Ca2+ that makes lower intracellular
Ca2+ content. If its activity decreased, Ca2+ superloading inside membrane will occur [41].
Results from Figure 3a suggest that M. wesenbergii
was stressed by iron limitation after 2 days of treatment,
which led to variation of intracellular oxygen-reduction
potential. Therefore, permeability of membrane and Mg2+
content inside membrane changed subsequently that induced a certain degree damages of membrane structure and
functions. Many researches suggested that metals may influence ATPase activities by modulation of membranes
lipids and an increase of lipid peroxidation caused by the
generation of free radicals and reactive oxygen species [4244]. Results from Figure 3b suggest that change of membrane permeability resulted in large amount of Ca2+ accumulation in cells to superloading. Consequently, Mg2+ and
Ca2+-ATPases on thylakoid membrane were activated and
their activities increased, but the increase was inhibited by
iron limitation and decreased gradually. According to Devi
and Prasad [42], the degree of metal-induced changes in
membrane lipids depends on the plant species and/or tissues. Effect of metals and heavy metals on the lipid pe-
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FIGURE 4 - Changes in NR activities of M. wesenbergii under different iron concentrations. Arrow shows the time of iron addition.
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roxidation appears to depend on metal concentration, time
of exposure and plant sensitivity [44]. So there must be
some differences between cyanobacteria and plants responding to metals. After iron addition on day 8, Mg2+ and
Ca2+-ATPases activities both increased rapidly. The reasons are as follows: a) iron addition satisfied the requirements of iron for cell growth, b) M. wesenbergii possessed
a characteristic of luxury consumption of iron after period
of prolonged iron limitation.

(µgmg protein .h )

© by PSP Volume 17 – No 12a. 2008

FIGURE 3 - Changes in ATPase activities of M. wesenbergii under
different iron concentrations. Arrow shows the time of iron addition.

Figure 3 shows that Mg2+ and Ca2+-ATPase activities
in 100 µM [Fe3+] treatment groups in early stage had a
slight increase, but in late stage these ATPase activities in
each group decreased to minimal values, even under original value. This could be explained as that they were stressed
long time by high iron concentration and eventually resulted in the change of ATPase structure and functions [29,
44,45]. High concentrations of metals or heavy metals are
known to severely affect the plant ATP content and
ATPase activity [46].
Changes in NR activity

NR is the first and rate-limited enzyme in the process
of nitrate assimilation, playing important roles in modulating nitrate reduction and maintaining homeostasis of
some physiological metabolisms [31]. In addition, NR activity is regarded as a biochemical parameter which is used
to assess growth rate of organisms. NR activity, not only
indicates nitrate uptake and accumulations, but also reflects
nitrogen utilization by organisms, is a research emphasis in
nitrogen metabolism [47]. Iron acts as a significant factor in
nitrate assimilation, clearly, iron limitation and enhancement can easily influence structure and functions of NR,
consequentially, affect nitrate uptake and utilization [47].

NR activity of M. wesenbergii in 0.01 µM [Fe3+] treatment group was inhibited by iron limitation before iron
addition. Only a few reports on the effect of Fe on NR
showed a 15%-50% lower activity in Fe-depleted cultures
for Emiliania huxleyi, isochrysis galbana and Tetraselmis
sp. in the laboratory [48, 49]. The decrease curve was not
sharp but smooth. The reason was that M. wesenbergii storaged a large amount of nitrate before inoculation which
could release out to supply requirement of cells when outside environment lacked nitrate. Subsequently, iron addition on day 8 restored normal structure and functions of
NR. Moreover, NR is an induced enzyme. Therefore, high
nitrate content in BG11 culture with normal structure and
function of NR inevitably induced the rapid increase of NR
activity. In addition, depletion of the ATP pool and carbon
assimilation are essential for nitrogen metabolism [50], so
changes in NR activity were consistent with the changes
in ATPase activities. NR activity of M. wesenbergii in
10 µM [Fe3+] treatment group increased gradually as that
was normal physiological metabolisms, that is, 10 µM [Fe3+]
was fully suitable for growth of M. wesenbergii. Furthermore, NR and nitrite reductase (NiR; EC 1.7.7.1) required
－
－
much Fe in the reduction process of NO3 -NO2 -NH4+ [51],
so we inferred that the two enzymes activities always keep
active state and cause high NH4+ concentration in cells in
10 µM [Fe3+] treatment groups. The inference completely
supported our results. Moreover, the result finds support
from Shulka and Rai [52], who opined that conditions
favoring high NH4+ uptake lead to increased NR activity in
Microcystis.
Changes in ACP and ALP activities
and phosphate content in cultures

ACP and ALP are kinds of metal hydrolysis enzymes
which can catalyze hydrolysis of sulphosuccinic acid esters
or anhydrides to Pi [53] under certain environments. Furthermore, ALP has already been widely applied in water
environment, regarded as physiological parameter, reflecting phosphate deficiency [54, 55].
Figure 5 shows that ACP and ALP activities of M.
wesenbergii in 100 µM [Fe3+] treatment group were higher
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than those in other two treatment groups on day 4 and
day 2, respectively. As is well known, phosphate (PO43－)
and Fe(III) form insoluble compound-ferric phosphate
(Fe 3 PO 4 ) through adsorption effect [56], resulting in lack
of bioavailable phosphate in culture media. Subsequently,
ACP and ALP were activated, resulting in enough inorganic phosphorus for requirement of M. wesenbergii. Our
results were consistent with findings of Jansson et al. [57]
and Lefebvre et al. [58] who thought that activities of
ACP and ALP typically increase when phosphorus (Pi)
becomes deficient.

-1

In conclusion, although iron is an essential trace element for algal growth, its limitation and enhancement were
both disadvantageous for physiological and biochemical
characteristics of M. wesenbergii. Although this study is a
primary research and further studies are necessary, we still
hope new methods in the control of cyanobacterial blooms
are proposed on the basis of these results.
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ABSTRACT
The aquifer of Sipadan Island, off the eastern coast of
Borneo, Malaysia, had been found to be affected by seawater intrusion associated with excessive groundwater
exploitation, based on hydrochemical analytical work of
1993-2004. This research was attempted to understand the
hydrochemical changes of the groundwater attributed to
the salinization processes based on major ions composition (Ca2+, Mg2+, Na+, K+, HCO 3− , SO 2−
, Cl-). The initial
4
assessments were done in the year 1993 – 1994, and then
followed by subsequent assessments in 2004. Methods of
analyses were adopted from the recommended methods of
the APHA. The hydrogeochemical saturation indexes (SI)
were computed using PHREEQC program in order to
assess the state of equilibrium between groundwater and
the minerals present. The results of the analyses indicated
that the groundwater had been highly enriched with ions
of Na+, SO 2−
and Cl-, reflecting an encroachment of ma4
rine water into the aquifer. The groundwater facies in the
disturbed aquifer is classified as sodium chloride (Na-Cl)
water type. Comparison between two locations showed that
higher salinity of groundwater was not the direct factor that
contributed to the reduction of SI for carbonate minerals
such as calcite, aragonite and dolomite in the study area.
This information was later conveyed to the relevant authorities of the island and has been utilized by them in
coming out with urgent management actions in protecting
and remediating the disturbed aquifer situation.

KEYWORDS: Major ions, groundwater, seawater intrusion, hydrochemistry, oceanic island, Malaysia.

ing groundwater lens as a basic source of fresh water to the
living organisms and the ecosystems as a whole remain
vital. However it should be noted that the function of the
groundwater in sustaining life and ecology could be disturbed under certain circumstances due to its water quality
deterioration contributed by hydrological imbalance or water
pollution. Thus, addressing the environmental issues pertaining to the groundwater is an important research area, in
particular where the storage is critically limited, such as in
small islands. Some of the recent related studies pertaining to groundwater in small islands have been reported in
the literatures by Xie et al. [1] and Cruz and Amaral [2].
A study by Abdullah et al. [3] revealed that the groundwater quality of an oceanic island fluctuated with tidal
change.
In the case of seawater intrusion into the aquifer as a
result of overpumping activities, this may alter the chemical composition of the groundwater. Some of the studies
on aquifer salinization processes of volcanic islands that
were aquifer associated with intense groundwater exploitation were discussed by Cruz and Amaral [2], Cruz and
Silva [4] and Kim et al. [5]. There is still a limited number
of research studies that have been conducted to investigate the change of the groundwater chemistry in the aquifer of small tropical islands of coral-carbonate formation.
By understanding the hydrochemistry of aquifers in such
kind of conditions, the potential environmental threat and
problems could be foreseen and avoided at an earlier stage
should they arise. Thus, as a case study pertaining to that
issue, an attempt was done to investigate such hydrochemical changes in the small oceanic island of Sipadan, which
experienced at least ten years of anthropogenic groundwater extraction.

INTRODUCTION

MATERIALS AND METHODS

In general, coral islands are susceptible to subsurface
marine water intrusion due to their highly permeable aquifers. Although the carbonate formation aquifer is considered fragile, nevertheless its longstanding role in maintain-

Site Description

Sipadan is the tip of a precipitous seamountain, an isolated column of rock rising defiantly from the sea floor
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about six to seven hundred metres below sea level [6].
Overlain, the island consists of solid coral deposits and
unconsolidated sandy-shelly deposits of Quaternary bioherm facies on the surface. The island’s aquifer has a
porosity of up to 28%, and a permeability of more than
250 mD [3]. It is a shallow unconfined aquifer that provides
a source of groundwater. Dug wells were built on the island
for obtaining fresh water through pumping for daily domestic water supply.

followed by three more companies. Chalets were built on
the island to cater the increasing number of visitors staying overnight and their daily water supply was extracted
from the island’s groundwater. However, on 31 December
2004 all these chalets ceased operation on the island in
accordance to the directive issued by the government as a
measure to preserve and protect the island from further
environmental destruction.
Sampling and Analysis

The designated bird sanctuary island has low relief,
with an elevation of between 5-10 m above mean sea level
(a.m.s.l). It is covered by sea-shore vegetation, secondary
forest vegetation and primary forest vegetation. Physically,
this ellipsoidal-shaped island is surrounded by shallow reef
flats and its marine life obviously is the main attraction to
visitors. It has a good population of reef fishes and nesting sites for hawksbill and green turtles.
The island has an area of 123,000 m2 and is located
between 4o 06’ N and 4o 08’ N and 118o 73’ E and 118o
38’ E (Fig. 1) off the east coast of Sabah, Malaysia, in the
north-eastern part of Borneo island.

well PS2

well PS1

A total number of 120 samples were collected during
the study period, where most of them were obtained during intensive sampling in 1993 – 1994 (number of samples, n = 114), forming the earlier set of data for the
groundwater. A follow-up investigation was done in July
2004 (n = 6), while chalets and extraction of groundwater
were still in operation. The groundwater samples were obtained from two locations, namely PS1 (a well located at
the center of the island) and PS2 (a well located nearer to
the coast) as shown in Fig. 1. The following parameters
were measured or analyzed in the field: temperature, pH,
electrical conductivity (EC), total dissolved solids (TDS),
bicarbonate (HCO 3− ), sulphate (SO 2−
4 ) and chloride (Cl ).
Samples were collected in polyethylene bottles, capped
tight, and kept in ice-filled cooler box prior to analysis.
Since HCO 3− is an unstable species, its analyses based on
titration method (HCl 0.1 N) were performed immediately
after each sampling. SO 2−
4 and Cl were determined using
the HACH (DR/2040) spectrophotometer and argentometric titration method, respectively. For cations (Ca2+, Mg2+,
Na+ and K +) analysis, the water samples were filtered
through 0.45 µm membranes filter paper (Millipore®) and
acidified with concentrated nitric (HNO3) acid to a pH of
<2. In the laboratory, Ca2+, Mg2+, Na+ and K+ were measured using flame atomic absorption spectrometry (AAS).
Overall, the sampling, preservation and analytical procedures were based on APHA [7]. The numerical model
PHREEQC was used to calculate the hydrogeochemical
components of the groundwater, in particular the saturation index (SI) for carbonate minerals (calcite, aragonite
and dolomite).
RESULTS AND DISCUSSION
Groundwater Quality and Comparative Analysis

FIGURE 1 - Location of Sipadan island and sampling sites.

As a tropical island that serves tourism all year round,
Sipadan is an important asset in Malaysia’s tourism industry and plays an important role in contributing to the
economy of the country. It has attracted tourism activities
since 1990 as one of the world class underwater diving
spots, due to its beautiful coral reefs and pristine marine
environment. The late Jacque Causteau termed Sipadan
waters as “a treasured rare jewel”. Tourism started with one
tourist company operating on the island, and this way later

The overall chemical data are shown in Table 1, indicating the composition of the groundwater of Sipadan island. Results of analyses indeed revealed interesting findings on two in situ parameters (pH and temperature) that
have important influence on the hydrochemistry of the
groundwater. The groundwater was recorded as neutral to
alkaline, with pH from 7.3 – 8.4 in 1993 – 1994. However, it was noted that the pH value at station PS2 had a
mean value of 7.0 in July 2004, which is significantly
lower than the previous data ever recorded. This reduction
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of groundwater pH values might be due to the natural
processes of biological nitrification that produced organic
acids from decaying organic matters. This may explain the
contributing factor to such a condition and could be associated with possible leakage from several septic tanks in the
area as indicated by the presence of faecal coliforms reported by Annammala [8] and Abdullah [9]. The permeable and porous nature of the soils and shallow water table
make the aquifer relatively more susceptible to flows of
materials, including contaminants.

ture from the sea into the aquifer or could be an indication
of larger ground exposure to direct sunlight as a result of
lesser vegetation on the island. Abdullah et al. [3] has recorded a higher temperature of seawater compared to the
groundwater of the island, with a difference of between 0 –
6.0 oC. On the other hand, a study done by Lestari UKM
[10] indicated that the vegetation cover on the island has
decreased significantly since the increasing number of resorts being built in the late 1990s by three different tourist
companies.

Another water quality parameter that experienced
changes was temperature. It was found that the recent
groundwater temperatures of the island were significantly
higher (p<0.05) than the previous data. Both sampling
stations (PS1 and PS2) recorded a difference of between
3.3 – 4.8 oC when comparing 1993 – 1994 data and July
2004 data. Similar higher temperatures (27.1 – 29.2 oC)
were also recorded in the months of June and December
2005 at both stations as reported by Lestari UKM [10].
Such a temperature rise reflected the impact of environmental disturbances on the groundwater system of the small
island. The rise of the groundwater temperature could be
attributed to the intrusion of seawater of higher tempera-

Overall, the groundwater has been mineralized as indicated by its salinity based on electrical conductivity (EC)
readings and major ions concentration. The EC of both
sampling stations ranged from 4.3 – 5.6 mS/cm in 1993 –
1994 and from 5.4 – 12.9 mS/cm recorded in July 2004.
Thus, these results showed that contents of dissolved salts
had increased in the groundwater at both pumping locations. At station PS1, the significant increase (p < 0.05) of
the groundwater salinity was obviously supported by the
high content of Na+, Ca2+ and Cl-; in fact these were the
highest readings ever recorded since 1993. It was found that
for the ten year period of 1994 – 2004 there was about 408%
and 104% increase of Na+ content in the groundwater at

TABLE 1 - Groundwater chemical data of the wells on Sipadan island: 1993 and 2004.
Years
July 1993 – November 1994
July 2004
Parameters
PS1
PS2
PS1
PS2
pH
Av.
7.5
8.1
7.4
7.0
SD
0.2
0.3
0.05
0.05
Range
(7.3 – 7.7)
(7.8 – 8.4)
(7.4 – 7.5)
(7.0 – 7.1)
Temp. ( oC )
Av.
24.3
24.2
27.6
29.0
SD
0.55
0.45
0.05
0.05
Range
(23.7 – 24.8)
(23.8 – 24.7)
(27.5 – 27.6)
(28.9 – 29.0)
EC (mS/cm )
Av.
5.6
4.3
12.9
5.4
SD
6.35
3.2
0.75
0.05
Range
(1.1 – 13.8)
(2.1 – 8.5)
(12.4 – 13.9)
(5.3 – 5.4)
Na+ (mgl-1)
Av.
880
731
3893
1486
SD
798
976
272
29.5
Range
(363 – 1959)
(398 – 2350)
(3667 – 4211)
(1453 – 1512)
2+
-1
Mg (mgl )
Av.
110
96
340
145
SD
172
103
13.5
35.5
Range
(42 – 387)
(34 – 240)
(323 – 350)
(121 – 192)
Ca2+ (mgl-1)
Av.
132
125
278
271
SD
66.5
58.5
40
19.5
Range
(65 – 198)
(83 – 200)
(238 – 318)
(259 – 298)
K+ (mgl-1)
Av.
36
29
95
66
SD
61
23.5
7.5
28
Range
(2 – 124)
(15 – 62)
(91 – 106)
(47 – 103)
-1
Cl (mgl )
Av.
1605
1250
4965
1746
SD
2190
1046
37.5
30.5
Range
(155 – 4535)
(521 – 2613)
(4923 – 4998)
(1709 – 1770)
-1
HCO3 (mgl )
Av.
295
374
277
391
SD
66
99
6
81.5
Range
(204 – 336)
(290 – 488)
(273 – 285)
(283 – 446)
SO42- (mgl-1)
Av.
257
191
766
283
SD
353
25
40
5
Range
(56 – 763)
(167 – 217)
(740 – 820)
(280 – 290)
-1
TDS (mgl )
Av.
3154
2457
12913
4940
SD
2131
812
75
260
Range
(565 – 7508)
(1148 – 4766)
(12870 – 13000)
(4680 – 5200)
NB: The bold values indicated that statistically there was a significant difference between previous (1993 – 1994) data and later
data (2004); Av. = average; SD = standard deviation.
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TABLE 2 - Correlations matrix for the studied parameters (n = 120).
EC
EC
ClCa2+
SO42HCO3K+
Mg2+
Na2+

1.000
0.976
0.700
0.926
-0.105
0.726
0.871
0.837

Cl

−

1.000
0.737
0.956
-0.128
0.710
0.905
0.892

Ca

2+

1.000
0.697
0.130
0.783
0.762
0.811

2−

(b + a )
(a )

+

HCO 3

K

1.000
-0.159
0.707
0.815
0.867

1.000
0.123
-0.103
-0.169

1.000
0.634
0.640

PS1 and PS2, respectively. The percentage of increase is
calculated using the following equation:
Percentage, % of increase =

−

SO 4

Mg

2+

Na

1.000
0.884

2+

1.000

based on the presence of Cl- and the strong correlations
between those parameters.
6000

× 100 (1)

5000
4000

Similarly to station PS1, station PS2 also showed an
increase of groundwater salinity. Eventhough well PS2 is
located nearer to the coast compared to well PS1 (located
at the centre of the island), yet the salinity values obtained
at PS2 were comparatively lower than the records obtained
at well PS1. Such a situation showed that overpumping of
groundwater had occurred at the centre of the island, which
consequently led to the upconing of saline water into the
fresh water lens.
Obviously, it was found that the concentration of HCO 3−
did not show any significant difference (p > 0.05) between
sampling stations or over the study period. Eventhough
pumping activities might have led to HCO 3− enrichment in
groundwater through the reaction of carbonic species (CO2)
in atmosphere with the groundwater, the records of analysis indicated that such input were not significantly noticeable. The relationship between concentrations of carbonic
species and saline intrusion was weak and will be discussed
later.
Regression Analysis

The results of analysis showed that there were positive correlations (moderate to strong; r = 0.634 to r = 0.976)
between the studied parameters, except for HCO3-. Apparently, strong correlations (r > 0.7) existed between the
major ions (Ca2+, Na+, Mg2+, K+, Cl- and SO4-) and the
salinity (EC), as shown in Table 2. Such relationships indicated the main elements that contributed to the groundwater salinity. Cl- has a major influence on the salinity of the
groundwater based on the strong positive correlation (r =
0.976) that existed between Cl- and EC (Fig. 2). Undoubtedly, this supported the fact that the salinization of the
groundwater in the island was due to seawater intrusion

Cl- (mg l-1)

where a = past value of parameter, and b = present
value of parameter. Mg2+, K+ and SO42- also showed their
presence in the groundwater in relatively higher concentration at both stations in 2004 as compared to 1993-1994.

3000
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15

EC (mS sm-1)
1993-1994
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FIGURE 2 - Relationship between EC
and Cl- in the groundwater (r = 0.976).

The weak and inconsistent correlation between HCO3and the cations and anions suggested that the saltwater or
dissolved salts have an insignificant impact on the chemistry of HCO3- in the groundwater. Based on the Cl- : HCO3ratio [11] for evaluating saline intrusion, it was found that
the sampling stations PS1 and PS2 have values of 17.91
and 4.68, respectively. In a freshly recharged groundwater, HCO3 is typically the dominant chemical constituent.
On the other hand, high chloride content is associated with
more matured groundwater or groundwater that has mixed
with saltwater. Therefore, a high ratio of Cl-:HCO3- represents a greater contribution of saline water to the groundwater relative to the amount of Cl- that might be present.
The relationship between the Cl- : HCO3- ratio and Cl-, a
bivariate diagram of Cl-: HCO3- vs. Cl- is presented in order
to separate the mixing mechanisms of fresh water and saline
water from chemical reactions (Fig. 3). Based on the diagram, the relationship between Cl-:HCO3- and Cl- shows
that there was mixing of fresh groundwater and seawater
in the aquifer. This can be shown with the strong correlation (r = 0.957) that existed between Cl- and Cl:HCO3-.
From the calculated ratios and the bivariate diagram, it can
be said that the sampling sites had a ratio that exceeded
1.00, with the highest value being obtained at PS1. According to Kim et al. [4], the samples with higher ratios
are characterized as saline water.
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Likewise, the high concentration of SO 2−
4 in seawater
is a good indicator of seawater presence in an island aquifer. In this study, the relationship between Cl- and SO 2−
4
showed that the majority of the samples were plotted near
the seawater/mixing line, suggesting a marine contribution
to the groudwater composition in the island (Fig. 5). Cruz
and Amaral [2] and Gimenez and Morell [12] used such
plots to identify possible source of ions in the groundwater.

20
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4
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FIGURE 3 - Relationship between
Cl:HCO3- and Cl- in the groundwater (r = 0.957).

Cl- and Na+ account for 22% to 82% and 59% to 80%
of the relative anionic and cationic content of the groundwater (in mgl-1), respectively. These major ionic species in
solution were positively correlated (r = 0.892) as shown in
Fig. 4. The strong positive correlation between these major
ionic species indicates the influence of seawater intrusion
into the aquifer, affecting the natural conditions and natural
concentrations of major ionic species in the groundwater.
6000

The groundwater type of the study area was distinguished based on chemical composition and grouped
according to the position on a Piper diagram [13].
Eventhough the ranges of concentrations for the studied
parameters were large, the overall values obtained fell
within the compositional field of groundwater dominated
by Na+ and Cl- species. Due to limited amount of fresh
groundwater available as a lens floating on saline water in
the island, overextraction of fresh water led to the incoming of brackish water and seawater into the island’s aquifer within a relatively short period of time. As a result,
Na-Cl water type eventually became dominant and prevalent as indicated by the trend of movement depicted in
Fig. 6. Such a trend corresponds to the increase of salinity
and major ions (Ca2+, Na+, Mg2+, K+, Cl- and SO4-) as
shown in Table 1.
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According to the above plot, chloride is found to be
the dominant anion in the groundwater, which also apparently indicated that there is a major influence of seawater
on the chemistry of the island’s groundwater. The increase of such anion and TDS content reflects the presence of seawater in the island’s aquifer. In a natural condition, the groundwaters in sedimentary aquifers are commonly characterized as Ca-HCO3. The dissolution of its
carbonate minerals is generally considered to be a primary
source of Ca2+, HCO 3 and possibly Mg2+ in groundwater
[14]. However, in the case of Sipadan, the cations in the
groundwater were dominated by Na+ (Table 1), thus substantiating the fact that ion exchange and salinization
processes have taken place in the aquifer eventually resulting in the Na-Cl water type.
−

2004

FIGURE 4 - Relationship between
Cl- and Na+ in the groundwater (r = 0.892).
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FIGURE 5 - Relationship between Cl2−

and SO 4

in the groundwater (r = 0.956).

6000

Adams et al. [15] indicated that the presence of suitable exchange media in the aquifer, such as through saltwater encroachment, would increase the amount of Na+
significantly by cation exchange. Basically, the degree to
which the exchange of Ca2+ with Na+ occurs in this study
is dependent on the pH, temperature, surface area available for exchange, the cation exchange capacity (CEC) of
the exchange media, residence time and the concentration
of the solutions involved [16]. The increase in pH, large
surface area and long residence time may favour the cation exchange process. Fig. 6 illustrates a distinctive trend
of Na-Cl domination in the groundwater and eventually
more enriched Na+ + K+ composition.
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FIGURE 6 - Piper plot of contents of major ions in the groundwater of Sipadan island.
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TABLE 3 - Comparison of average concentration values for Na+, Ca2+, HCO 3 , pH and CMR of the groundwater in Sipadan island.
Sampling location

Average concentration in mg/l, except pH and CMR
Na

(1993 – 1994)
PS1
PS2
(2004)
PS1
PS2

+

Ca2+

∑ [Ca

2+

CMR

132
125

295
373

7.5
8.1

4.6
2.3

3893
1486

278
271

277
391

7.4
7.0

8.1
5.2

∑ [Na + K ]
+

pH

880
731

The additional input of Na+ into the aquifer’s system
was also indicated by the cation molar ratio (CMR) obtained in this study (Table 3), where the values recorded for
the island were in the range of between 3 to 20. Based on
Allen and Suchy [17], these indicated that there was full
cation exchange and additional sources of Na+. CMR is
calculated using the following equation (2):

CMR =

HCO 3−

+

+ Mg 2+ ]

(2)

where brackets indicate molar concentrations.

Na+ [18; 19]. However, for Sipadan the ratios obtained were
0.78 and 0.85 for PS1 and PS2, respectively. According to
Mandel and Shiftan [18], the water related to the normal
hydrologic cycle would have the ratio characterizing seawater, 0.776 ± 10%. Ratios below the seawater range indicate mixing with brines from which Na+ has been precipitated or exchange of Na + from water with Ca 2+ in the
aquifer [20]. Based on this statement, PS1 and PS2 had
Na:Cl ratios below the seawater range, thus substantiating
the fact that there were natural exchange processes of Na+
with Ca2+, and this occurred in the aquifer.
Saturation Index

The enrichment of Na+ in the aquifer was due to the
ion exchange reactions of Na+ and Ca2+ that occurred when
seawater intrudes into fresh groundwater [4]. The Na:Cl
ratio that exceeds 2.00 could be attributed to the negative
ion exchange in which Ca2+ and Mg2+ were replaced by

Seawater intrusion may cause ions exchange between
the brackish water and the aquifer’s matrix. This situation
happens due to the presence of suitable exchange media
in the subsurface which later could attribute to the significant increase in the amount of Na+ present, due to cation
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exchange [15]. Presuming that Ca2+ is the dominant ion
for the matrix of the studied aquifer, the following equation can describe the above-mentioned process [21]:
Na+ + 1 Ca – X
2

→

Na – X + 1 Ca2+
2

(3)

When Ca2+ is exchanged with Na+, the water becomes
saturated with calcite and precipitation results [22]. At high
pH, Ca2+ and Mg2+ are usually transferred to a solid phase,
therefore, their concentrations are controlled by mineral
precipitation [23]. With regards to the above condition in
this study, the hydrochemical modeling of the water samples was performed using the aqueous speciation program
PHREEQC [24]. The results of the calculation for the degree of saturation index (SI) of the groundwater with respect to selected specified minerals are shown in Fig. 7 and
Fig. 8.
Even though the high increase of Ca2+ , Mg2+ , K+ and
Na concentration in the groundwater can be explained
mostly by the seawater intrusion, calculation on the SI
+

(a)

reveals that there is a tendency of mineral dissolution to
occur at PS2 (a site located within the developed area
where septic tanks are found, and nearer to the coast) after
10 years of the presence of development on the island.
Referring to Table 1, it is noted that the groundwater
temperature and pH at this site has increased and dropped,
respectively, from the previous condition. This could be
related to the explanation of pH and temperature changes
as discussed in the quality and comparative analysis section. There were strong correlations (r = 0.808 – 0.833;
Fig. 7) between pH and SI values of aragonite, calcite and
dolomite, suggesting that the dissolution of those major
minerals species was due to the increasing acidity (decreasing pH) of groundwater. Even though comparatively
the increase of Cl- concentration was not as high as at
PS1, yet there was a significant drop of SI for aragonite,
calcite and dolomite minerals at PS2 in 2004 (Fig. 8).
Hence, this may indicate that seawater intrusion itself was
not the direct factor that contributes to the dissolution of
minerals, but might be possibly contributed by the increasing acidity of the groundwater.
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FIGURE 7 - Plot of SI for selected mineral species [(a) aragonite,
(b) calcite and (c) dolomite] versus pH of the groundwater of Sipadan island.
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FIGURE 8 - Plot of SI for selected mineral species [(a) aragonite, (b) calcite
and (c) dolomite] versus total dissolved solids in the groundwater of Sipadan island.

CONCLUSIONS
Overall, there was a significant difference in pH,
temperature, and other parameters between 1993-1994
and 2004 records. The hydrochemical data have clearly
shown that there was intrusion of seawater into the island’s aquifer over the years. There were positive correlations (moderate to strong), except for HCO3-, between the
studied parameters. The insignificant correlations of HCO3with the cations and anions related to dissolved salts suggested that saltwater intrusion has an insignificant impact
on the chemistry of HCO3- in the groundwater. Strong
correlations (r > 0.70) existed among the major elements

(Na+, Mg2+, K+, Cl- and SO4-) and salinity (EC). These
relationships clearly identified the main elements that contributed to the groundwater salinity and their tendency to
exhibit a similar trend of salinization pattern. Chloride has
a major influence on the salinity of the groundwater based
on the positive and strong correlation that existed between
Cl- and EC (r = 0.976). The salinization of the groundwater occurred as a result of increasing ionic concentrations
attributed to seawater intrusion into the aquifer system. The
increase in concentrations of major elements in groundwater with salinity (Cl-) leads to cation exchange processes.
The minerals in the aquifer experienced an undersaturated
state at the end of the study period, indicating a trend
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towards possible dissolution of minerals into the groundwater.
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ABSTRACT
The present study was conducted to evaluate the antimutagenic activity of methanol extracts of Astragalus
aduncus, A. argyroides, A. atrocorpus, A. bicolor, A. erinaceus, A. galegiformis, A. lagurus, A. macrocephalus, A.
microcephalus, A. ponticus, A. pinetorum, A. psoraloides
and A. trichostigma plants.
The possible antimutagenic potential of different species was examined against direct acting mutagens sodium
azide (NaN3), 9-aminoacridine (9AC) and 4-nitro-1-quinoline oxide (4NQO) in Salmonella typhimurium strains
TA1535-TA1537-TA1538 microsomal fraction by using
standard plate incorporation assay to assess the antimutagenic effects of Astragalus species. In the assay,
methanol extracts of plants were done at the doses of 5,
0.5 and 0.05 µg/plate.
The tested Astragalus species have a different inhibition rate on mutagenicity at concentrations between 0.055 µg/plate doses. The best activity was obtained from A.
macrocephalus (root) extract at 5µg/plate dose (85% inhibition).

KEYWORDS: Astragalus, methanol extract, antimutagenicity,
AMES, Salmonella/microsome test system.

INTRODUCTION
Many studies have been done on the medical plants
and their secondary metabolites aiming to know the medical treatment potential of them. Regarding the advantages
of using medical plants in treatments, medical drugs obtained from medical plants have fewer side effects than
the synthetic components, and they have more than one

effect although the synthetic components have generally
one sided effect. At the same time, the developing countries which do not have a developed chemical industry want
to obtain easy and cheap treatment methods by using medical plants [1, 2].
In vivo and in vitro studies showed that some natural
compounds which are obtained from the fruit, leaf, and
roots of plants have regulator roles on coenobitic effects [3].
Determining, identifying, and characterizing the antimutagenic and anticarcinogenic effects of these compounds has
become an important strategy in the treatment of cancer
and many other human associated diseases. Still, some bioactive compounds and their derivatives are observed that
they inhibit the carcinogenesis in experimental systems
which include beginning, development, and/or spreading
phases. Therefore, there has been a considerable interest in
the antimutagenicity of several secondary plant metabolites [4-8].
Determining the antimutagenic activities of plant metabolites with in vivo studies by using experiment animals
is not preferred as beginning test systems because of high
cost and long time requirement [9]. Thus, many scientists
searched alternative bioassay methods to reduce time requirement and cost for anticarcinogenity studies [10].
AMES-Salmonelle/microsome test system is one of the important in vitro tests which are commonly used for determining antimutagen/anticarcinogens or on the contrary
mutagen/carcinogens [11] extracted from plant species.
Astragalus L. is the largest genus of flowering plants
containing up to 3000 species [12]. This genus is a member of the legume family (Fabaceae) and traditionally classified in the tribe Galageae. Astragalus is also the largest
genus in Turkey where it is represented by 400 species in
62 sections [13]. Astragalus species have been commonly
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used in the Traditional Chinese Medicine for thousands of
years. It contains antioxidants which protect cells against
damage of free radicals [14-18]. Astragalus has antiviral
properties and stimulates the immune system; it is preventing colds and upper respiratory infections as well as lower
blood pressure and treat diabetes. Furthermore, Astragalus has antibacterial, anti-inflammatory, and diuretic activities. In the previous studies, saponin, formononetin,
calycosin, astragoloside, and calycosin-7-O-β-D-glucoside
isolated from the Astragalus species were reported as antioxidant agent against superoxide anion and hydroxyl radical
[14-18]. Additionally, isoflavans, 1-[(3R)-7,8-dimethoxybenzopyranyl]-4-hydroxybenzoquinone (astragaluquinone),
(3S)-7,1'-dihydroxy-8,3'-dimethoxyisoflavan (8-methoxyvestitol), and 7-hydroxy-2',3',4'-trimethoxyisoflavan molecules isolated from Astragallus species were known to have
antimicrobial activities [19, 20].
However, to the best of our knowledge, there has not
been any attempt to evaluate the antimutagenic activities
of Astragalus species until now. Therefore, the aim of this
study was to investigate the antimutagenic activity of
Astragalus species.
MATERIALS AND METHODS
Plant material

Plant samples of thirteen Astragalus species were collected at flowering stage from different locations in the
vicinity of Erzurum, located in the eastern Anatolia, Turkey (Table 1). The taxonomic identification of plant materials was confirmed by a senior plant taxonomist, Dr. Meryem Sengul, Department of Biology, Atatürk University,
Erzurum, Turkey. The collected plant materials were dried
in the shade, then, the leaves of plant were separated from
the stem and ground in a grinder with a 2 mm in diameter mesh.
Test chemicals

Mutagens, direct acting mutagens sodium azide (NaN3),
4-nitroquinoline-1-oxide (4NQO), 9-aminoacridine (9AC),
were obtained from Sigma–Aldrich Co (St. Louis, MO,
USA).

Preparation of the methanol extract

The dried and powdered root (100 g) and aerial parts
(100 g) of plants were extracted with 1 L of methanol using
a Soxhlet extractor (ISOPAD, Heidelberg, Germany) for
72 h at a temperature not exceeding the boiling point of
the solvent [21]. The extract was filtered using Whatman
filter paper (no. 1), and then concentrated in vacuo at 40°C
using a rotary evaporator (Buchi Labortechnic AG, Flawil,
Switzerland). Plant extracts were then lyophilized and kept
in the dark at + 4°C until being tested.
Bacterial strains

Salmonella typhimurium strains TA1535 (ATCC®
Number: 29629), TA1537 (ATCC® Number: 29630), and
TA1538 (ATCC® Number: 29631) were provided by The
American Type Culture Collection-Georgetown University, Bacteria Department, Washington, U.S.A. For all assays,
fresh cultures were prepared from frozen permanent cultures, and incubated and shaken overnight at 37oC to a
concentration of approximately 1-2×109 bacteria/ml.
Antimutagenicity assay

Antimutagenicity assay was performed according to
Mortelmans and Zeiger [10] following the procedure reported by Maron and Ames [22] with modifications. Suitable concentrations of known mutagens for S. typhimurium
strains were chosen from the linear part of a concentrationresponse curve: 4-nitroquinoline-1-oksit (4NQO in DMSO
0.2µg/plate) for TA1538, sodium azide (NaN 3 in distile
water 1 µg/plate) for TA 1535, 9-aminoacridine (9AC in
methanol 10 µg/plate) for TA1537. 100µl of the overnight
bacterial culture, 50 µl mutagens, 50 µl test compounds at
different concentrations (0.05, 0.5, 5 µg/plate in 10%
DMSO), and 500 µl phosphate buffer were added to 2 ml
of the top agar containing 0.5 mM histidine/biotin. The
mixture was poured onto minimal glucose plates. Histidine
independent revertant colonies and viable cells were scored
on plates after incubation at 37ºC for 48 or 72 h. The experiments were repeated at least twice and each concentration
determined in triplicate. 4NQO for TA1538, NaN3 for
TA1535, and 9AC for TA1537 were used as positive reference. The solvent control 10% DMSO was used as negative
control. After incubation, revertant colonies were counted

TABLE 1 - Astragalus species tested in this study.
Plants
A. aduncus Willd.
A. argyroides Becker ex Stapf
A. atrocarpus Champ. & Matthews
A. bicolor Lam.
A. erinaceus Fisch. &Mey. Ex Fischer
A. galegiformis L.
A. lagurus Willd.
A. macrocephalus Willd.
A. microcephalus Willd.
A. ponticus Pall.
A. pinetorum Boiss.
A. psoraloides Lam.
A. trichostigma Bunge

Herbarium number
of the vouchers
9785
9830
9786
9555
9781
9784
9548
9822
9783
9788
9524
9829
9783
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Locality

Status

Altitude (m)

Oltu, Erzurum
Oltu, Erzurum
Aşkale, Erzurum
Palandöken, Erzurum
Oltu, Erzurum
Tortum, Erzurum
Palandöken, Erzurum
Ilıca, Erzurum
Pasinler, Erzurum
Palandöken, Erzurum
Horasan, Erzurum
Narman, Erzurum
Aşkale, Erzurum

Ir-Tur
Ir-Tur
End
End
Ir-Tur
Eur-Sib
Ir-Tur
Ir-Tur
Ir-Tur
End
End
End

1650
1650
1900
2100
1850
1550
2200
1780
1650
2200
1650
1750
1950
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TABLE 2
Antimutagenicity of the extracts obtained from Astragalus species against Salmonella typhimurium TA1535, TA1537 and TA1538.
Test items

Negative control
DMSO
Positive control
4NQO
NaN3
9AC
Astragalus
aduncus
(aerial part)
Astragalus
atrocorpus
(aerial part)
Astragalus
bicolor
(aerial part)
Astragalus
bicolor
(root)
Astragalus
erinoceus
(aerial part)
Astragalus
erinoceus
(root)
Astragalus
galegiformis (aerial
part)
Astragalus lagurus
(aerial part)
Astragalus
microcephalus
(aerial part)
Astragalus
microcephalus
(root)
Astragalus
macrocephalus
(aerial part)
Astragalus
macrocephalus
(root)
Astragalus
argyroides (aerial
part)
Astragalus
argyroides (root)
Astragalus ponticus
(aerial part)
Astragalus ponticus
(root)
Astragalus
psoraloides
(root)
Astragalus
pinetorum
(aerial part)
Astragalus
trichostigma
(aerial part)

Concentration
(µg\ plate)

0.2
1
10
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05
5
0.5
0.05

Salmonella typhimurium
TA1535
Inhibition (%)
Mean±S.error
18.66 ± 1.76

8.66 ± 2.51

Salmonella typhimurium
TA1537
Inhibition (%)
Mean±S.error
16.33 ± 2.60

491.33 ±48.33

483.33 ± 0.64
438.66±20.21
450.66 ± 2.84
339.66 ± 3.52
584.00±13.07
620.66 ± 5.20
598.00 ± 8.71
349.33±71.92
295.66±25.86
396.66 ± 7.68
477.33±36.40
635.33±97.40
495.33 ± 9.24
360.33 ± 8.96
488.00±14.43
505.33±14.09
380.33±11.56
463.33 ± 6.48
654.33±14.52
341.66±15.76
555.66±11.85
514.00±10.69
403.66±11.55
443.00 ± 5.77
500.33 ± 9.33
523.66±27.28
543.66 ± 8.81
616.00 ± 2.08
648.33 ± 9.40
492.33 ± 7.42
652.00±18.02
437.66±40.55
434.33 ± 8.81
503.00 ± 7.57
414.66 ± 7.31
596.00±40.92
712.33±10.41
333.66±37.56
358.33±10.41
461.66±27.69
462.33±26.74
477.00±48.33
619.33±16.41
541.33±19.36
446.33±27.69
744.66±19.67
474.00 ± 7.57
584.00±53.81
398.00±13.13
536.33 ± 9.73
612.66±19.05
603.00 ± 7.37
581.66±14.24
527.33±32.66
522.00 ± 6.42
531.66 ± 9.40
445.66 ± 6.35
438.33 ± 9.29

Revertant colonies number
Salmonella typhimurium
TA1538
Inhibition (%)
Mean±S.error

30
27
38
25
21
29
31
26
-

133.33 ±23.10
353.66 ±10.47
548.66 ±19.59
151.33 ±10.71
749.66 ±10.08
722.66 ±23.53
838.33± 16.82
798.66± 17.32
490.33± 86.67
111.66±45.85
271.00±19.69
681.00 ±51.97
599.00±19.69
576.33± 11.46
611.66 ± 4.37
126.00± 11.13
193.66± 27.47
407.33 ± 8.96
363.00± 31.77
519.66± 38.68
269.00± 21.93
232.33± 31.01
526.33± 32.04
640.33± 23.38
143.66± 13.64
198.66 ± 8.51
482.66± 57.00
149.33 ± 8.74
584.00± 10.39
678.66± 60.60
500.66± 22.51
522.00± 19.69
543.33± 16.50
72.33 ± 16.57
518.66± 33.94
600.66 ± 6.35
383.33± 34.80
161.00 ± 9.07
361.66± 14.09
175.33 ± 5.23
373.66± 29.32
733.33± 35.27
401.33± 31.68
168.33 ± 8.74
557.33± 71.51
102.00± 53.92
503.66± 31.52
605.66± 56.94
797.66± 99.52
293.66± 45.64
661.00± 41.48
560.00± 11.54
584.66 ± 7.42
610.66± 17.90
510.33 ± 8.66
280.33± 32.74
541.33± 48.07

73
28
69
77
44
74
61
26
53
71
60
70
85
21
68
26
64
24
65
79
40
43
-

347.66 ±37.03
115.33 ±13.38
68.33 ± 11.05
110.66 ±41.07
448.00 ±13.31
622.00 ±28.93
311.33 ±16.22
90.66 ± 29.96
57.66 ± 53.11
327.33 ± 7.68
361.33± 19.64
440.00 ± 6.92
365.33 ±39.07
158.33± 11.66
239.33± 38.60
203.33± 10.71
52.00 ± 10.26
129.00 ± 4.50
256.66± 11.62
873.33± 41.05
689.33± 33.49
710.66 ± 6.35
160.33± 23.09
93.33 ± 4.80
54.00 ± 28.35
141.33 ± 5.92
183.33± 46.30
378.66± 12.71
407.33± 29.78
377.00± 18.44
598.66± 10.47
399.33± 57.73
331.66± 40.03
397.33 ± 9.33
310.33± 41.63
214.00 ± 8.71
511.33 ± 6.96
416.66± 37.56
382.66± 24.52
452.66 ± 8.19
190.66 ± 5.81
300.66± 11.56
353.33± 52.38
389.33 ± 4.4
456.66± 28.19
451.66± 31.70
372.33 ± 4.09
462.00 ± 8.32
488.00 ± 6.11
456.00± 32.14
466.33 ± 8.95
719.33± 38.44
556.00 ± 7.02
394.66± 20.95
537.33± 18.52
350.33± 42.03
396.66± 21.36
475.33± 18.41

67
80
68
73
83
54
31
41
85
63
26
54
73
84
59
47
38
45
-

Points represent the mean number of revertant colonies ± standard error.
DMSO (dimethylsulfoxide) was used as negative control.
4NQO (4-nitroquinoline-1-oxide), 9AC (9-aminoacridine) and NaN3 (sodium azide) were used as positive control for S. typhimurium TA1538,
TA1537 and TA1535, respectively.
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and the percentage inhibition assay was calculated: [1-T/M]
x 100, where T is the revertants per plate in the presence of
mutagen and plant extract, and M is the revertants per plate
in the control (10% DMSO, no plant extract). A
nonantimutagenic effect was considered to give a value
smaller than 25%, a moderate effect a value between 2540%, and a strong antimutagenicity a value greater than
40% [7].

used as negative control; NaN3, sodium azide, was used as positive
control.

Statistical analysis

The results are presented as the average and standard
error of three experiments with triplicate plates/dose experiment. The data were further analyzed for statistical
significance using analysis of variance (ANOVA), and the
difference among means was compared by high-range
statistical domain using Tukey’s test. A level of probability <0.05 was taken as indicating statistical significance.
RESULTS

FIGURE 2 - Number of revertant colonies of S. typhimurium TA1537
applied to 1. A. aduncus (aerial part), 2. A. atrocorpus (aerial part),
3. A. bicolor (aerial part), 4. A. bicolor (root), 5. A. erinoceus (aerial
part), 6. A. erinoceus (root). Points represent the mean number of
revertant colonies ± standard error. DMSO, dimethylsulfoxide, was
used as negative control; 9AC, 9-aminoacridine, was used as positive
control.

The possible antimutagenic potential of different
Astragalus species was examined against 4NQO, NaN3
and 9AC in S. typhimurium strains TA1535, TA1537
and TA1538 by using standard plate incorporation assay.
The results were summarized in Table 2 and Figures 1-9
showing antimutagenic activities of methanol extracts of
Astragalus species tested at three different doses including
5, 0.5 and 0.05 µg/plate.
Ames test on S. typhimurium TA1535 strain showed
that none of the Astragalus species, except Astragalus aduncus, possesses antimutagenic activity with 0.05 µg/plate
doses. Astragalus aduncus did not show antimutagenic activity at increased doses, 0.5-5 µg/plate. On the other hand, A.
bicolor (aerial part) and A. arygroides (aerial part) showed
antimutagenic activity at the concentration of 0.5 and 5 µg/
plate doses.

FIGURE 1 - Number of revertant colonies of S. typhimurium TA1535
applied to 1. A. aduncus (aerial part), 2. A. atrocorpus (aerial part),
3. A. bicolor (aerial part), 4. A. bicolor (root), 5. A. erinoceus (aerial
part), 6. A. erinoceus (root). Points represent the mean number of
revertant colonies ± standard error. DMSO, dimethylsulfoxide, was

	
 
FIGURE 3 - Number of revertant colonies of S. typhimurium TA1538
applied to 1. A. aduncus (aerial part), 2. A. atrocorpus (aerial part),
3. A. bicolor (aerial part), 4. A. bicolor (root), 5. A. erinoceus (aerial
part), 6. A. erinoceus (root). Points represent the mean number of
revertant colonies ± standard error. DMSO, dimethylsulfoxide, was
used as negative control; 4NQO, 4-nitroquinoline-1-oxide, was used
as positive control.

FIGURE 4 - Number of revertant colonies of S. typhimurium TA1535
applied to 1. A. galegiformis (aerial part), 2. A. lagurus (aerial part),
3. A. microcephalus (aerial part), 4. A. microcephalus (root), 5. A.
macrocephalus (aerial part), 6. A. macrocephalus (root). Points
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represent the mean number of revertant colonies ± standard error.
DMSO, dimethylsulfoxide, was used as negative control; NaN3, sodium
azide, was used as positive control.

A. pinetorum (root) 7. A. trichostigma (root). Points represent the mean
number of revertant colonies ± standard error. DMSO, dimethylsulfoxide, was used as negative control; NaN3, sodium aside, was used
as positive control.

	
 
FIGURE 5 - Number of revertant colonies of S. typhimurium TA1537
applied to 1. A. galegiformis (aerial part), 2. A. lagurus (aerial part), 3.
A. microcephalus (aerial part), 4. A. microcephalus (root), 5. A. macrocephalus (aerial part), 6. A. macrocephalus (root). Points represent the
mean number of revertant colonies ± standard error. DMSO, dimethylsulfoxide, was used as negative control; 9AC, 9-aminoacridine,
was used as positive control.

FIGURE 8 - Number of revertant colonies of S. typhimurium TA1537
applied to 1. A. argyroides (aerial part), 2. A.	
  argyroides (root), 3. A.
ponticus (aerial part), 4. A. ponticus (root), 5. A. psoraloides (root), 6.
A. pinetorum (root) 7. A. trichostigma (root). Points represent the
mean number of revertant colonies ± standard error. DMSO, dimethylsulfoxide, was used as negative control; 9AC, 9-aminoacridine,
was used as positive control.

	
 
FIGURE 6 - Number of revertant colonies of S. typhimurium TA1538
applied to 1. A. galegiformis (aerial part), 2. A. lagurus (aerial part), 3.
A. microcephalus (aerial part), 4. A. microcephalus (root), 5. A. macrocephalus (aerial part), 6. A. macrocephalus (root). Points represent the
mean number of revertant colonies ± standard error. DMSO, dimethylsulfoxide, was used as negative control; 4NQO, 4- nitroquinoline1-oxide, was used as positive control.

FIGURE 9 - Number of revertant colonies of S. typhimurium TA1538
applied to 1. A.	
  argyroides (aerial part), 2. A.	
  argyroides (root), 3. A.
ponticus (aerial part), 4. A. ponticus (root), 5. A. psoraloides (root), 6.
A. pinetorum (root) 7. A. trichostigma (root). Points represent the
mean number of revertant colonies ± standard error. DMSO, dimethylsulfoxide, was used as negative control; 4NQO, 4-nitroquinoline1-oxide, was used as positive control.

The percentage of inhibition in mutagenesis was determined as 31% for A. arygroides (aerial part) at 5 µg/ plate
dose, followed by 27, 25, 21, 29% for A. bicolor (aerial
part), A. erinaceus (aerial part), A. erinaceus (root), and
A. galegiformis (aerial part), respectively.

	
 
FIGURE 7 - Number of revertant colonies of S. typhimurium TA1535
applied to 1. A. argyroides (aerial part), 2. A. argyroides (root), 3. A.
ponticus (aerial part), 4. A. ponticus (root), 5. A. psoraloides (root), 6.

By evaluating the antimutagenic effects on TA1538
strain, the aerial extracts of A. bicolor, A. erinaceus, A.
microcephalus, and A. ponticus did not show antimutagenic
activity at any concentration tested in the present study. All
the other tested species have antimutagenic activities confirmed with 21-85% inhibition at the concentration between 0.5 to 5 µg/plate doses. The best activity was obtained from A. macrocephalus (root) extract at 5µg/plate
doses (85% inhibition). None of the Astragalus species
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has antimu-tagenic activity at the concentration of 0.05
µg/plate dose, except A. arygroides (aerial part).
The data on TA1537 strain showed that 11 of 19
Astragalus extracts obtained from A. ponticus, A. pinetorum, A. atrocorpus, A. macrocephalus (aerial part), A.
galegiformis, A. trichostigma, A. bicolor (root), and A. psoraloides have not antimutagenic activity at any concentration tested. The remaining extracts belong to A. microcephalus (aerial part), A. aduncus (aerial part), A. erinaceus (aerial part, root), A. lagurus (aerial part), A. macrocephalus (root), A. bicolor (root), and A. argyroides (root)
have different inhibition rates (26-83%) on mutagenicity at
the concentration between 0.5-5 µg/plate doses.

180 and rat ascites hepatoma AH-13 by oral use. Jpn. J. Cancer Res. (Gann), 65, 557–558.
[4]

Kusamran, W.R., Tepsuwan, A., Kupradinun, P. (1998) Antimutagenic and anticarcinogenic potentials of some Thai
vegetables. Mutat. Res., 402, 247-258.

[5]

Ferrer, M., Sanchez-Lamar, A., Fuentes, J.L., Barbe, J.,
Llagostera, M. (2001) Studies on the antimutagenesis of
Phyllanthus orbicularis: mechanisms involved against aromatic amines. Mutat. Res., 498, 99-105.

[6]

Horn, R.C., Vargas, V.M.F. (2003) Antimutagenic activity of
extracts of natural substances in the Salmonella/microsome
assay. Mutagenesis, 18, 113-118.

[7]

Negi, P.S., Jayaprakasha G.K. and Jena, B.S. (2003) Antioxidant and antimutagenic activities of pomegranate peel extracts. Food Chem., 80, 393-397.

[8]

Verschaeve, L., Kestens, V., Taylor, J.L.S., Elgorashi, E.E.,
Maes, A., Van Puyvelde, L., De Kimpe, N., Van Staden, J.
(2004) Investigation of the antimutagenic effects of selected
South African medicinal plant extracts. Toxicol. in Vitro, 18,
29-35.

[9]

Ipek, E. (2003) Searching carvacrol’s mutagenic and antimutagenic activity with AMES and SCE, Anadolu University,
Institute of Natural and Applied Science, Eskişehir , Turkey.

DISCUSSION
In the present study, Salmonella/microsome assay was
used to evaluate antimutagenic activities of methanol
extracts of Astragalus species. The data indicated that
Astragalus species have antimutagenic properties which
significantly increase the inhibition percentage of mutagenicity effect on three different Salmonella mutant strains
depending on doses (Table 2, Figures 1-9). This is the
first study demonstrated the existence of the antimutagenic
activity of Astragalus species. However, the chemical component of the extracts obtained from Astragalus species
with antimutagenic potential has not been studied, yet.
The mechanism of this antimutagenic activity of
Astragalus species was not well known, but it may be
explained by its antioxidant ingredients [23-26] which
are capable of counterbalancing free radicals causing cell
injuries [26-28]. Therefore, further studies are in progress
to identify the active compounds and their mode of action in the anti-mutagenic activity of Astragalus species.

[11] Abdulaev, F.I., Riveron-Negrete, L., Caballero-Orgeta, H.,
Hernandez, J.M., Perez-Lopez, I., Pereda-Miranda, R., Espinosa-Aguirre, J.J. (2003) Use of in vitro assay to assess the
potential antigenotoxic and cytotoxic effects of saffron (Crocus sativus L.). Toxicol. in Vitro, 17, 731-736.
[12] Lock, J.M., Simpson, K. (1991) Legumes of West Asia: A
Cheek List Kew. Royal Botanic Gardens, 263 pp.
[13] Chamberlain, D.F. and Matthews, V.A. (1970) Astragalus L.
–In: Davis, PH., (Ed.) Flora of Turkey and the East Agean Islands. Volume 3, Edinburg Univ. Press, Edinburg, 49-254.
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PREPARATION AND PHOTOCATALYSIS PROPERTIES
OF VISIBLE LIGHT RESPONSE PHOTOCATALYST
tri-CoSPc/TiO2/Na2Ti3O7
Hang Gao1,2, Chundu Wu2*, Songtian Li 1,2*, Yongsheng Yan 2 and Pengwei Huo 2
1

School of Chemistry and Chemical Engineering, Pingdingshan University, 467000 Pingdingshan, P.R. China
2
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ABSTRACT
The supported photocatalyst TiO2/Na2Ti3O7 was prepared by a sol-gel method. Trinuclear cobalt phthalocyanine ammonium sulfonate (tri-CoSPc) was modified to the
surface of TiO2/Na2Ti3O7 by dipping. Multivariate composite photocatalyst tri-CoSPc/TiO2/Na2Ti3O7 was prepared.
X-ray analysis showed that TiO2 in the sample still maintained an anatase crystal form. UV-vis diffuse reflection
spectra showed that the absorption spectrum of tri-CoSPc/
TiO2/Na2Ti3O7 caused a red-shift. The photoresponse range
extended to the visible region of over 400 nm, there was
an especially intensive absorption between 600 nm and
700 nm. Photodegradation of dye pollutants experiment was
conducted using malachite green as the substrate and triCoSPc/TiO2/Na2Ti3O7 as the catalyst. Malachite green decoloration rate is 42.9% in one hour and 90.3% in 6 hours.

KEYWORDS: visible light response, photocatalyst, photocatalysis, malachite green, tri-CoSPc/TiO2/Na2Ti3O7

INTRODUCTION
Photocatalysis oxidation is a rising senior oxidization
technique, which has high catalysis rate and wide applications. The catalysis system of TiO2 was the familiar photocatalyst. TiO2 photocatalysis can decompose many organic
pollutants [1-4], but the activity of TiO2 is limited by its
wide energy gap. Therefore, study of the new type photocatalyst, which had responded well to the visible light has
been a major focus in the research field of photocatalysis.
Phthalocyanine, which has a large ring structure, is
stable in its performance. It possesses a strong absorption
ability and mainly has two absorption bands--B and Q,
whose absorption comes from the π-π* electronic transi-

tion. The existence of these two absorption bands, provides
internal factors for the photosensitivity of phthalocyanine,
and especially the lope of electronic from Q band, which
located in phthalocyanine ring, is more sensitive to the molecular environmental changes of and is particularly suitable for photosensitive materials. In the research of seeking
visible light response photocatalyst [5-8], derivatives of
phthalocyanine have been a research focus in environmental science [9-12].
Compared with mononuclear derivatives of phthalocyanine, trinuclear cobalt phthalocyanine ammonium
sulphonate (tri-CoSPc) had more chemical stability. Therefore, its optical absorption ability is stronger. It does not
decompose in acid and alkaline medium and its thermal
stability and water solubility were good. It is also non-toxic
and its oxygen-carrying ability and catalysis is strong. Regarding its visible light response characteristics, tri-CoSPc,
which was modified to the surface of titanium dioxide,
can improve light response ability and enlarge the range
of light response.
The crystal of alkali metals titanium acid salt A2TinO2n+1
(n=3 or 6, A=Na, K, Li) which belongs to monocline
crystal. Ti3O72- was composed by the ions of alkali metals
(Na+, K+) which belongs to samdwich in the titanium acid
salt of n equal to 3 or 4 that made it have strong ions
change and adsorbing capability. Na2Ti3O7 whisker has high
mechanical strength, stability and good absorbing capability, so it can be used as inducer for TiO2.
In this work, Na2Ti3O7 whisker was used as a base,
which was covered with TiO2 by a sol-gel method, then it
was modified by tri-CoSPc, and finally visible a light response photocatalyst was prepared. The absorption property was inspected by using the diffraction from an x-ray to
investigate the crystal form of the sample, and UV-vis
diffuse reflectance spectrum. The research about photocatalysis property of tri-CoSPc/TiO2/Na2Ti3O7 was done
with malachite green as the substrate under visible light
irradiation.
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MATERIALS AND METHODS

RESULTS AND DISCUSSION

Materials

Results of Characterization

Trinuclear cobalt phthalocyanine ammonium sulfonate
(obtained from Northeast Normal University); malachite
green, tetrabutyl titanate, anhydrous ethanol and hydrochloric acid were analysis pure (Nation Medicine Circle Chemistry Reagent Company, China)

XRD spectra: Fig. 1 shows the XRD of tri-CoSPc/
TiO2/Na2Ti3O7. As is shown in Fig. 1, the sample exhibited diffraction peaks of anatase phase of TiO2, which indicated that the Na2Ti3O7 was covered well. The phase of
TiO2 had not been changed by modification of tri-CoSPc.

The Preparation of Photocatalyst
Preparation of TiO2/Na2Ti3O7: 1.0 g Na2Ti3O7 whisker
was added to the mix solution of 10 mL tetrabutyl titanate
and 40 mL absolute alcohol, which was stirred for evenly
dispersion. After 15 to 20 minutes, the mix solution of
0.2 mL dense hydrochloric acid, 3 mL distilled water and
40 mL absolute alcohol was dropped slowly, and then
strongly stirred until a gel formed. The gel was dried for
12 hours at 333 K in an oven and the covered materials
were obtained. Finally, the materials were baked for 5 hours
at 733 K and the photocatalyst of TiO2/Na2Ti3O7 was obtained.

An appropriate
amount of tri-CoSPc was weighed and dissolved ration
distilled water, then ration TiO2/Na2Ti3O7 was added to the
solution and stirred for 36 hours, then it was laid up for
2 hours and centrifugally separated. The sediment was dried
in an oven, and then baked for several hours in a muffle.
Finally the complex photocatalyst was obtained and modified by tri-CoSPc.

FIGURE 1 - XRD spectra of sample.

Preparation of tri-CoSPc/TiO2/Na2Ti3O7:

The complex photocatalyst was analyzed by XRD
(D/MAX-PC 2500 Electronic Company, Japan). The spectra of UV-vis RDS was determined by UV-vis spectrophotometer (UV2450 Shimadzu, Japan) and its light respond
range was investigated.
Photocatalytic Experiments

The photocatalytic activity of complex photocatalyst
was evaluated using the decomposition of malachite green.
The experiment was carried out in a photoreactor irradiated by a tungsten lamp (300 W). A 100 mL solution of
malachite green was put into a reactor and photocatalyst
was added into the solution, then the magnetic force stirrer
was unfolded and air was passed through the solution by an
aeration instrument. The time was recorded and intervals
of 10~30 minutes samples absorbency were tested. The
decolorizing rate (D) was calculated by the formula: D=
[(Ao-Ai)/Ao]×100%. Ao is the primary absorbability of
malachite green before adding tri-CoSPc/TiO2/Na2Ti3O7.
Ai is the absorbability of reaction solution. By this method,
the effect of pH on the decolorizing rate, the temperature,
the quantum of aeration, and the dosage of catalyst were
evaluated.

1.6
1.4
1.2
1.0
A

Characterization

UV-vis spectra: Fig. 2 shows the UV-vis diffuse reflection spectra of the TiO2/Na2Ti3O7 and tri-CoSPc/TiO2/
Na2Ti3O 7 (423 K, 473 K, 573 K). It indicates that
TiO 2/Na2Ti3O7 only had adsorption in the ultraviolet region and no adsorption in the visible region. TriCoSPc/TiO 2 /Na2Ti3O 7, which was incandesced at 473 K
and 423 K, had more adsorption in the visible region,
especially at 423 K from 600 nm to 700 nm. Compared
with mononuclear derivatives of phthalocyanine, photocatalyst modified by tri-CoSPc had a larger range of visible optical adsorption and higher absorbance. The sample
incandesced at 573 K had a lower absorbance in the visible
region. This was because tri-CoSPc was decomposed at
this temperature, the ring of phthalocyanine in molecular
structure was ruined, the Q band disappeared and it lost
the absorption characteristics in the visible region.
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FIGURE 2 - UV-Vis spectra of samples.
1-TiO2/Na2Ti3O7 (423K) 2-tri-CoSPc/TiO2/Na2Ti3O7 (573K)
3-tri-CoSPc/TiO2/Na2Ti3O7 (473K) 4-tri-CoSPc/TiO2/Na2Ti3O7 (423K).
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Photocatalytic Experiment

10 mL
malachite green (250 mg/L) was put into a 100 mL capacity flask, and diluted with distilled water to make 100 mL
of solution. At this moment, the concentration of substrate
was 25 mg/L. It was then transferred into a reactor. 0.1 g of
tri-CoSPc/TiO2/Na2Ti3O7 was added into the reactor. By
adjusting the other parameter, the sample was taken every
10 minutes, and centrifuged. The absorbance of the top clear
liquid was measured. This experiment continued for
60 minutes. The result of photocatalytic by tri-CoSPc/TiO2/
Na2Ti3O7 at different pH value (6, 7, 8) is displayed in
Table 1.
The influence of pH value on the decolorizing rate:

under three aeration volume quantum (0.5, 1.0 and 2.0
L·min-1). The result is displayed in Fig. 4. The larger the
aeration volume quantum is, the higher the decolorizing
rate of malachite green becomes. Thus, an aeration rate the
quantum of 2.0 L·min-1 was appropriate for the experiment.

TABLE 1
The decolorizing rate of malachite green at different pH (%).
10
30.8
30.2
29.6

6
7
8

20
34.4
33.9
33.3

50
42.5
41.7
41.1

60
43.3
42.9
42.2

10

0

10

20

30

40

50

60

FIGURE 4
The influence of aeration volume quantum on decolorizing
rate of malachite green. 1- 2.0 L·min-1 2- 1.0 L·min-1 3- 0.5 L·min-1
The influence of catalyst dosage: In order to investigate
the influence of catalyst dosage on the treatment efficiency,
different amount of tri-CoSPc/TiO 2/Na2Ti3O 7 catalyst
(0.5 g·L-1, 1.0 g·L-1, and 2.0 g·L-1) were added separately
into the reactor. The result is shown in Fig. 5.
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The influence of temperature: Following the above
method, the activity of tri-CoSPc/TiO2/Na2Ti3O7 catalyst
was measured at temperatures of 303 K, 313 K and 323 K
for a reaction time of 60 minutes. The result was plotted in
Fig. 3. From Fig. 3, it can be seen that the higher the temperature, the greater the decolorant rate. Considering the
other factors, for example, energy consumption, the experiment was performed at 313 K in the following.
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The results show that the pH value has a feeble effect
on the decolorizing rate. The decoloration rate of the substrate had no difference from pH 6 to pH 8. Therefore, the
pH 7 solution was chosen to run the experiment in the
following.
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FIGURE 5 -The influence of catalyst dosage on
decolorizing rate of malachite green. 1- 2g·L-1 2- 1g·L-1 3- 0.5g·L-1
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FIGURE 3 - The influence of temperature on
decolorizing rate of malachite green. 1- 323K 2- 313K 3- 303K
The influence of aeration rate quantum: Following the
above method, the experiment reaction was carried out

As shown in Fig. 5, the decolorizing rate increased
with the increasing of the tri-CoSPc/TiO2/Na2Ti3O7 catalyst dosage. The decoloration rate of substrate was low
when the dosage was 0.5 g·L-1 and were close for dosages
of 1.0 g·L-1 and 2.0 g·L-1, because too little amount of
catalyst made the energy of light not be fully absorbed.
Too much of the catalyst made the light scatter, and also
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reduced the transparency of the solution. For these reasons, the experiment was performed with a catalyst dosage of 1.0 g·L-1.
Contrast experiment: For comparison, the experiments
were carried out under the same condition with TiO 2/
Na2Ti3O7 and tri-CoSPc/TiO2/Na2Ti3O7, respectively. The
results are displayed in Fig. 6.

Decolorizing rate (%)

100
1

green was 25 mg/L, the decoloration rate of malachite
green was 42.9% in 1 hour and reached 90.3% in 6 hours.
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ABSTRACT
Cargo and passenger vessels are required to give their
waste to reception facilities when at port, and due to new
regulations Turkish ports need to establish or reconstruct
these facilities. It is thus very important for ports to be
able to predict the quantity of waste. In this study, the
authors use Artificial Neural Networks (ANNs) to model
four years of data on the reception of ship’s waste at the
Botas LNG Port in Marmara Ereglisi, Turkey. Satisfactory
results are obtained by the ANN outputs, and confirmed by
classical approaches. This ANN forecasting model can be
used by waste management companies to plan new ports.

KEYWORDS: Marine pollution, wavelets, neural networks, forecasting, garbage, waste.

INTRODUCTION
The pollution released by ships is a major factor in the
degradation of marine environments. The International Convention for the Prevention of Pollution from Ships (MARPOL 73/78) adopted by International Maritime Organization (IMO) established regulations and responsibilities concerning the illegal discharge of oil, chemicals, sewage, and
garbage into the sea during normal operations. Governments, for example, are given the responsibility of providing adequate reception facilities for oil and chemical residues, garbage, sewage, ozone-depleting substances, and
exhaust cleaning system residues. The provision of adequate reception facilities is an essential requirement for
reducing and eventually eliminating pollution from ships.
Neural networks are often used for forecasting [1-3]. Especially wavelet transform is used as inputs of neural networks [4, 5].
MATLAB, is a high-performance language for technical computing. MATLAB typical uses include; Math and
computation, algorithm development, data acquisition, mod-

eling, simulation and prototyping, data analysis, exploration and visualization, scientific and engineering graphics,
application development including graphical user interface
building. One of the toolbox of the MATLAB is Neural Network Toolbox. Artificial Neural Network (ANN) is an information processing paradigm that is inspired by the way
biological nervous systems, such as the brain, process information. The key element of this model is the novel structure of the information processing system. It is composed
of a large number of highly interconnected processing elements (neurons) working in unison to solve specific problems. An ANN is configured for a specific application,
such as pattern recognition or data classification, through
a learning process. Learning in biological systems involves
adjustments to the synaptic connections that exist between
the neurons.
Given this description of neural networks and how
they work, what real world applications are they suited
for? Neural networks have broad applicability to real
world business problems. In fact, they have already been
successfully applied in many industries. Since neural
networks are best at identifying patterns or trends in data,
they are well suited for prediction or forecasting needs
including:
•

sales forecasting

•

industrial process control

•

customer research

•

data validation

•

risk management.

The organization of this paper is as follows. In section 1, authors introduce oil pollution from ship and waste
generated from ship. In section 2, authors gave basic information artificial neural networks and wavelet transform. In section 3 quantity information from Botaş Marmara Ereglisi LNG Port, which is the biggest LNG port in
Turkey, is given. Authors discussed the results of waste
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W f (a, b) =< f ,ψ a ,b ( x) >

forecasting using ANN in section 4. Some conclusions are
given in section 5.

(1)

∞

=

∫ f ( x)ψ

*

a ,b

( x)dx

−∞

1 OIL POLLUTION AND WASTES FROM SHIPS
The danger of oil pollution from ships is commonly
known, as there have been several oil tanker accidents. But
oil is not the only source of pollution; ships create many
other noxious and harmful liquid substances in bulk, as
well as sewage and garbage [6].

*

where denotes the complex conjugate of a function.
The basis function ψ (x) is called the mother wavelet [9,

TABLE 1 - Marine pollution from ships [7].

Tanker operations
Tanker accidents
Bilge discharges
Dry-docking
Marine Tanker
terminal
Non-tanker accidents
Scrapping of ships
TOTAL

1989
(millions of tons)
0.159
0.114
0.253
0.004
0.030

2000
(millions of tons)
0.163
0.162
0.524
0.009
0.002

0.007
0.003
0.57

0.02
3.750
4.630

are generated from the

mother wavelet by a translation b and dilation a as follows:

Every vessel makes several different waste products
during normal operations, and must give these wastes to
reception facilities on docking. The wastes from ships may
be divided into four groups, which are described below.
First, there are the oily wastes: used lubrication oil,
fuel residues, sludge, oily bilge water, dirty ballast water,
and oily waste water from tank washing. The second group
includes chemical waste products from tankers, which carry
noxious liquid substances in bulk. These wastes are generally classified into one of four categories. The third group
comprises the sewage produced by ships, and the fourth
group comprises solid wastes and other garbage [8].

ψ a ,b ( x )

10]. Individual wavelets

ψ a ,b ( x ) =

1
a

⎛ x − b ⎞
⎟
⎝ a ⎠

ψ ⎜

(2)

In addition, ψ (x) satisfies the wave condition
∞

(3)

∫ψ ( x)dx = 0

−∞

A continuous wavelet transform is highly redundant,
which makes the problem is highly redundant. This makes
the approach very flexible, but continuous wavelet transforms are difficult to solve numerically [9].Instead, wavelet transforms are typically computed by sampling a discrete series of translation and dilation parameters. The parameters can be conveniently chosen in terms of m, n ∈ Z
as a = a0m , b = nb0 a0m . This gives the following series
of wavelets:
−

m

ψ m,n ( x) = a0 2ψ (a0−m x − nb0 )
2

Any function f ∈ L
perposition wavelets

f ( x) =

∑ < f ,ψ

m,n

(4)

( R) can be expressed as the su-

> ψ m , n ( x) .

(5)

m , n∈Z

Neural Networks

2 WAVELETS AND NEURAL NETWORKS
Wavelet Transform

The Fourier transform is a tool widely used for many
scientific purposes, but it is well suited only to the study
of stationary signals where all frequencies have an infinite
coherence time. The Fourier analysis brings only global
information which is not sufficient to detect compact patterns. Gabor introduced a local Fourier analysis, taking into
account a sliding window, leading to a time frequencyanalysis. This method is only applicable to situations where
the coherence time is independent of the frequency. This
is the case for instance for singing signals which have their
coherence time determined by the geometry of the oral
cavity. Morlet introduced the Wavelet Transform in order
to have a coherence time proportional to the period [14].
The continuous wavelet transform of a square integrable function

f ∈ L2 ( R) is defined as

Artificial neural networks (ANN) are algorithms that
transform multiple input signals via a layered network into
(usually) a single output signal, in a manner similar to the
way that multiple biological neurons can contribute to the
activation of another neuron. ANNs have many useful properties: massive parallelism, distributed representation and
computation, learning ability, generalization ability, adaptability, inherently contextual information processing, fault
tolerance, and low energy consumption [11]. Neural networks can be used for pattern classification (character
recognition, speech recognition, EEG waveform classification, blood cell classification), data clustering/ categorization
(data mining, data compression, and exploratory data
analysis), function approximation, prediction/forecasting
(stock market prediction, weather forecasting), optimization (traveling salesman problem, NP-complete problems), and system control [12].
Each “neuron” in an ANN computes the weighted sum
of n input signals x and generates an output signal y:
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⎛ n
⎞
(6)
y = f ⎜⎜ ∑ w j x j − u ⎟⎟ ,
⎝ j =1
⎠
where f (.) is called the activation function. The element w j is the weight associated with element j of the
input vector. This basic model of a neuron is shown in
Figure 1.
The standard sigmoid function which is used often as
an activation function is defined by f ( x) = 1 , where
1 + e − βx

x

1

w

β is a slope parameter. Based on the pattern of connections (architecture) of the network, feed-forward networks
which have no loops are often used [12]. A general feedforward network is shown in Figure 2.
ANNs learn a specific task by updating their weights
when presented with training data. The back-propagation
training algorithm improves the performance of an ANN
by calculating small changes to the weights based on the
difference between the actual network output and the
desired output.

w

1

n

2

f (∑ wi xi )

o

i =1

x

n

w

n

FIGURE 1 - A perceptron with n inputs x and weights w, an activation function f, and a single output O.
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FIGURE 2 - A feed-forward multilayer perceptron with 3 hidden layers and one output layer.

3 THE BOTAS LNG PORT
IN MARMARA EREGLI
The Liquefied Natural Gas (LNG) Terminal in Marmara Ereglisi was built in order to augment and diversify
Turkey’s natural gas supply, increasing its security and
elasticity. It also serves as a base loading plant and a means
of peak shaving when required. Under the 20-year contract signed by Botas and Sonatrach on April 14, 1988,

Turkey was to purchase an amount of LNG equivalent
to 2 Bcma (billion cubic meters annually) of natural gas.
An amendment to the contract was signed on October 24,
1995, increasing the import volume to 4 Bcma. Studies have
been completed to increase the terminal’s permanent sendout capacity to 685.000 cubic meters/hour.
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TABLE 2 - Monthly average of received garbage at the BOTAS LNG Terminal in 1998.
Months
January
February
March
April
May
June
July
August
September
October
November
December

Waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste

Average quantity of waste (kg)
78.8
75.2
76.5
83.5
77.3
73
70.5
82
77
76.6
82
75.2

TABLE 3 - Monthly average of received garbage at the BOTAS LNG Terminal in 2000.
Months
January
February
March
April
May
June
July
August
September
October
November
December

Waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste

Average quantity of waste (kg)
81.3
78.2
77
81
80.3
78.3
79.3
79.5
82.2
76
79.9
80

TABLE 4 - Monthly average of received garbage at the BOTAS LNG Terminal in 2003.
Months
January
February
March
April
May

Waste
Solid waste
Solid waste
Solid waste
Solid waste
Solid waste

The main functions of the terminal are 1) LNG ship
unloading and storage, and 2) LNG vaporization and natural gas send-out. The terminal is designed for an average
send-out rate of 6 billion Nm3/yr. The terminal exported
4.5 billion Nm3 in 2001 [13].
The authors collected all available data on the garbage
received at the Botas LNG terminal between 1998 and
2002. Tables 2, 3 and 4 show the monthly average during
this period.
4 RESULTS AND DISCUSSIONS
The authors used 27 different methods to model these
garbage reception data. Three different feed-forward neural
networks were used: one with one hidden layer, one with
two hidden layers, and one with three hidden layer. Different neuron numbers were used in hidden layer. In the
one hidden layer neural network structure: first layer 10,4
and 2 neurons were used. In the two hidden layers neural

Average quantity of waste (kg)
78.8
74
77.8
80.4
75

network structure (12,8), (9,6) and (8,6) neurons were used
first and second hidden layers. In the three hidden layers
neural network structure (15,8,4), (10,5,2) and (8,4,3) neurons were used first, second and third hidden layers. In
addition, we applied three different input vectors to these
neural networks. The first was composed of the raw garbage masses, the second was composed of Haar wavelet
coefficients, and the third was composed of Daubechies
wavelet coefficients. The normalized Haar wavelet coefficients are [0.7071 0.7071] for approximation analysis and
[-0.7071 0.7071] for detail analysis. 4-tab normalized
Daubechies wavelet coefficients are [-0.1294 0.2241 0.8365
0.4830] for approximation analysis and [-0.4830 0.8365 0.2241 -0.1294] for detail analysis [9]. All 27 neural networks were trained using the back-propagation algorithm.
Each prediction is based on the four previous values
recorded for that same month. That is, the prediction of
May 2003 makes use of the previous four May values in
1999, 2000, 2001, and 2002. We used the averaged garbage values as inputs of neural networks.
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70

65
Jan 1998

April 2003

FIGURE 3 - Monthly average of the received garbage between Jan 1998 and April 2003.

TABLE 5 - Mean of squared error (MSE) of 27 methods.
Method
number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Neural network structure
1 hidden layer with 10 neurons
2 hidden layers, first hidden layer with 12 neuron, second hidden layer with 8 neurons
3 hidden layers, first hidden layer with 15 neuron, second hidden layer with 8 neurons,
third hidden layer with 4 neurons
1 hidden layer with 10 neurons
2 hidden layers, first hidden layer with 12 neuron, second hidden layer with 8 neurons
3 hidden layers, first hidden layer with 15 neuron, second hidden layer with 8 neurons,
third hidden layer with 4 neurons
1 hidden layer with 10 neurons
2 hidden layers, first hidden layer with 12 neuron, second hidden layer with 8 neurons
3 hidden layers, first hidden layer with 15 neuron, second hidden layer with 8 neurons,
third hidden layer with 4 neurons
1 hidden layer with 4 neurons
2 hidden layers, first hidden layer with 9 neuron, second hidden layer with 6 neurons
3 hidden layers, first hidden layer with 10 neuron, second hidden layer with 5 neurons,
third hidden layer with 2 neurons
1 hidden layer with 4 neurons
2 hidden layers, first hidden layer with 9 neuron, second hidden layer with 6 neurons
3 hidden layers, first hidden layer with 10 neuron, second hidden layer with 5 neurons,
third hidden layer with 2 neurons
1 hidden layer with 4 neurons
2 hidden layers, first hidden layer with 9 neuron, second hidden layer with 6 neurons
3 hidden layers, first hidden layer with 10 neuron, second hidden layer with 5 neurons,
third hidden layer with 2 neurons
1 hidden layer with 2 neurons
2 hidden layers, first hidden layer with 8 neuron, second hidden layer with 6 neurons

Coefficients

MSE

Spatial domain
Spatial domain

0.1866
0.6421

Spatial domain

0.4196

Haar
Haar

0.9019
0.2530

Haar

0.3137

4 Daubechies wavelets
4 Daubechies wavelets

0.4056
0.2517

4 Daubechies wavelets

0.5449

Spatial domain
Spatial domain

0.1809
0.3447

Spatial domain

0.5687

Haar
Haar

0.2445
0.3952

Haar

0.3018

4 Daubechies wavelets
4 Daubechies wavelets

0.5027
0.4144

4 Daubechies wavelets

0.2159

Spatial domain
Spatial domain

0.1362
0.5024

Spatial domain

0.3953

Haar
Haar

0.1855
0.4242

Haar

0.5152

4 Daubechies wavelets
4 Daubechies wavelets

0.4770
0.4991

4 Daubechies wavelets

0.5282

TABLE 5 - Mean of squared error (MSE) of 27 methods (cont.).
21
22
23
24
25
26
27

3 hidden layers, first hidden layer with 8 neuron, second hidden layer with 4 neurons,
third hidden layer with 3 neurons
1 hidden layer with 2 neurons
2 hidden layers, first hidden layer with 8 neuron, second hidden layer with 6 neurons
3 hidden layers, first hidden layer with 8 neuron, second hidden layer with 4 neurons,
third hidden layer with 3 neurons
1 hidden layer with 2 neurons
2 hidden layers, first hidden layer with 8 neuron, second hidden layer with 6 neurons
3 hidden layers, first hidden layer with 8 neuron, second hidden layer with 4 neurons,
third hidden layer with 3 neurons

In Table 5, we calculate the errors between the network output y and the desired value d using the following
formulas:
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N is number of data points available.

We used for prediction best 4 methods that have least
MSE. These are method 1,10,19 and method 22. We
computed average of these four methods prediction values.

The predictions from May 2003 to April 2004 are
very similar to the data collected between 1998 and 2003.
If the quantity of incoming ships does not change at the
Botas LNG port over the next five to ten years, these predicted quantities of received garbage should remain fairly
accurate.

TABLE 6 - Estimated monthly averages from May 2003 to April 2004.
Method number
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

May
2003
77.9
80.1
78.5
81.3
78.5
76.1
77.6
77.8
79.2
76.5
79.1
79.5
78.4
78.1
78.4
78.2
79.1
76.0
75.8
78.7
77.9
76.7
77.5
78.0
78.4
78.4
79.1

June
2003
78.3
80.1
76.0
81.3
75.7
77.1
77.6
74.3
78.5
74.1
79.1
79.5
77.8
78.1
78.6
78.1
76.7
76.2
75.3
78.7
77.7
78.6
77.5
78.0
78.9
78.4
79.1

July
2003
78.5
80.1
78.3
81.2
77.9
76.8
77.6
78.8
79.1
78.0
79.1
79.5
79.0
78.5
78.9
78.2
79.9
78.1
78.2
78.7
77.8
78.1
78.7
78.0
78.3
78.4
79.1

Aug
2003
79.9
80.1
76.3
81.1
78.2
78.8
77.6
78.2
79.1
78.6
79.0
79.5
77.2
79.4
79.0
78.2
75.9
79.1
78.4
78.7
79.3
78.5
76.7
78.0
78.3
78.4
79.1

Sept
2003
75.7
80.1
77.7
81.2
74.3
75.5
77.6
77.1
79.1
75.1
79.0
79.5
75.3
78.4
74.6
78.2
75.2
74.6
75.4
78.7
77.7
75.2
76.7
78.0
78.3
78.4
79.1

Oct
2003
78.7
80.1
77.1
81.5
78.1
80.6
77.6
76.5
78.8
77.0
78.8
79.5
78.0
78.2
79.0
78.2
77.5
79.3
77.1
78.7
78.7
78.1
76.7
78.0
78.3
78.4
79.1

Nov
2003
78.2
80.1
77.9
81.1
77.7
76.7
77.6
78.3
79.1
78.5
79.1
79.5
78.4
79.0
79.8
78.2
76.6
78.1
78.6
78.7
77.9
77.7
76.9
78.0
78.3
78.4
79.1

Dec
2003
76.3
80.1
76.3
81.3
76.6
77.1
77.6
76.9
79.1
75.6
78.8
79.5
76.4
78.4
78.6
78.2
75.6
76.6
75.9
78.7
77.7
75.3
76.7
78.0
78.3
78.4
79.1

Jan
2004
81.5
80.1
80.5
81.2
80.7
79.5
80.5
78.7
79.0
82.1
78.9
79.4
81.9
82.6
78.7
78.2
78.5
79.7
82.2
78.7
79.4
79.9
78.3
78.0
78.3
78.4
79.1

Feb
2004
77.5
80.1
77.5
81.2
77.0
76.9
77.6
78.1
79.2
76.3
79.0
79.5
77.0
78.8
79.0
78.2
76.9
77.0
76.9
78.7
78.2
76.0
76.7
78.0
78.3
78.4
79.1

March
2004
76.5
80.1
75.3
81.5
77.2
79.3
77.6
75.6
78.8
74.5
78.3
79.5
76.9
78.1
78.4
78.2
75.5
75.4
75.6
78.7
77.7
78.0
76.7
78.0
78.4
78.4
79.1

85

80

75

70

May 2003

Oct 2003

Apr 2004

FIGURE 4 - Average of 4 best predicted values.

5 CONCLUSIONS
Artificial neural networks are used for the first time
in the context of maritime port operations. Neural networks have a remarkable ability to derive meaning from

complicated or imprecise data, and can be used to extract
patterns and trends that are too complex to be noticed by
humans or other computer techniques. A trained neural
network can be thought of as an "expert" in the category
of information it has been trained on.
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April
2004
81.5
80.1
79.4
81.2
80.0
79.1
80.5
77.8
78.8
82.1
78.9
79.5
81.9
82.6
78.8
78.2
78.2
79.7
82.0
78.7
79.4
79.9
78.4
78.0
78.3
78.4
79.1
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The International Maritime Organization (IMO), US
Coast Guard (USCG), and European Union (EU) have
accepted new regulations concerning marine pollution.
These changes increase the penalty for violating marine
pollution agreements, and require the replacement of old
tankers and reception facilities. Turkey has been a member
of the International Maritime Organization since 1953, and
accepted MARPOL 73/78. According to this agreement,
Turkey must now establish new waste reception facilities
or improve existing facilities at all its ports. The existing
reception facilities do not have enough capacity for all incoming ships, so sometimes ships (especially foreign ships)
are forced to discharge their waste at sea near the Turkish
coast. The model presented in this paper provides a novel
approach to forecasting the received garbage at port reception facilities, and can help ports make optimal use of
their capacity.

[4]

Yu, I.K., Kim, C.I., and Song, Y.H. (2000) Industrial load
forecasting using the Kohonen neural network and the wavelet transform. Proceedings of the Universities Power Engineering Conference, p.107.

[5]

Zhang, B.L, Coggins, R., Jabri, M.A., Dersch, D. and Flower,
B. (2001) Multiresolution forecasting for futures trading using wavelet decompositions IEEE-NN, Vol. 12, pp. 765-775.

[6]

Clark, R.B. (2001) Marine Pollution, Oxford University
Press, New York, pp. 64-98.

[7]

GESAMP (1993). Impact of oil and related chemicals on the
marine environment, International Maritime Organization,
London.

[8]

Satir, T. and Alkan, G. B. (2004) Analyzing and Evaluation
Turkish Port and Terminal’s Reception Facilities under the
Marpol 73/78, Earth2004, Istanbul.

Future ship wastes are estimated using neural networks. We have estimated only one year of data using the
ANNs trained in this study, but the next five or ten years
can be estimated using the same method if port traffic
does not change much during that time frame. Such longterm data are needed when establishing new facilities, so
that construction companies can plan for the proper capacity. To summarize the main points:

[9]

Daubechies (1992) Ten Lectures on Wavelets, Vol.61 of
Proc. CBMS-NSF Regional Conference Series in Applied
Mathematics. Philadelphia, PA.

(1) Artificial neural networks can be used to predict
next year’s waste reception at terminal and ports,
(2) The next five to ten years of data can also be estimated using this method,
(3) The method is also useful for oily waste, chemical
waste and sewage,
(4) Companies can use these forecasts to plan new reception facilities.

[10] Mallat, S. (1989) A theory for multiresolutional signal decomposition: The Wavelet Representation, IEEE Trans. Pattern Anal. Mach. Intell. Vol. 11, pp. 674-693.
[11] Haykin, S. (1994) Neural Networks: A Comprehensive
Foundation, MacMillan College Publishing Co., New York.
[12] Jain, A. K., Mao, J. and Mohiuddin, K. (1996) Artificial Neural Networks:Tutorial, IEEE Computer Special Issues on
Neural Computing, Vol.29, No.3, pp.56-63.
[13] Cerrahogullari Shipping (2004) Botas Terminal-Marmara
Ereglisi, http://www.cerrahogullari.com.tr/ports.htm, (accessed:
20.12.2006)
[14] Naas, P. (1999) The Wavelet Transform, http://www.eso.org/
sci/dataprocessing/software/esomidas//doc/user/98NOV/volb
/node308.html, (accessed: 14.02.2007)
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ASSESSMENT OF THE GENOTOXıC POTENTıAL
OF SURFACE WATERS USıNG UMU-ASSAY
Gül Özhan*, Betul Catalgol and Buket Alpertunga
Department of Pharmaceutical Toxicology, Faculty of Pharmacy, Istanbul University, 34116, Istanbul, Turkey

ABSTRACT
The Tuzla region of Istanbul, Turkey, where surface
water is one of the important sources for drinking and irrigating water, is heavily polluted by industrial and agricultural wastes. The cytotoxic and genotoxic potentials of water
samples collected from Tuzla were investigated by the umuassay, using the Salmonella typhimurium TA1535/pSK1002
as tester strain in the presence and ab-sence of metabolic
activation. Different techniques were tried to extract and
concentrate genotoxins from water samples. Water samples
spiked at four concentrations of two positive controls, 4NQO and 2-AA, were used to evaluate the efficacy of four
concentration techniques, amberlite XAD-2 resin, Oasis®
HLB, octadecyl silica (C18) and styrene divinylbenzene
(SDB) columns. Genotoxicity of both the untreated and the
2000-fold concentrated water samples were determined. We
conclude that for the determination of genotoxic potential
in water samples, XAD-2 resin is the most sensitive and
convenient of the four methods examined. The obtained
results suggest that four samples collected from two parts of
Tuzla region present genotoxic risk in the absence and presence of metabolic activation. Additional studies are required
in the analytical field in order to identify and quantify the
compounds responsible for the genotoxicity in these areas.

KEYWORDS:
umu-assay, genotoxic activities, surface waters.

INTRODUCTION
Increased population growth, industrialization and the
development of new chemical substances have caused increase in environmental pollution, including mutagenic and
carcinogenic effects [1-2]. Early warning systems of environmental hazards have become increasingly desirable in
recent years because genotoxic chemicals can damage the
genetic material of both humans and other organisms living
in polluted environments [3-4].
In areas where surface water is one of the main sources
of irrigating and drinking water, appropriate test systems are

required for the monitoring of water quality for possible
genotoxic contamination. Target compound analysis with
modern analytical techniques such as gas and liquid chromatography combined with different types of detection is
often performed in order to detect and quantify known pollutants in both surface water and different types of waste
water. For known pollutants, substance-specific risk assessment (with respect to toxicity or genotoxicity) can be
achieved, based on the properties of the individual compounds [5-10]. However, in addition to known pollutants,
unknown contaminants may be present in water, thus leading to discrepancies between the results of the monitoring
programs and the actual surface water quality. Identification of all compounds present in water is an impossible task,
especially since water often contains natural compounds,
which have little or no consequences for drinking water
potability. Chemical analysis does not evaluate the cytoor genotoxic effects of chemicals nor their possible additive, synergistic or antagonistic interactions in a complex
environmental sample. Indeed the mixture’s genotoxicity
could be different from the sum of the effects of the components. In most cases where genotoxic potential has been
found, no correlation between observed genotoxicity and
chemical analysis was seen [11-14]. Water genotoxicity
studies are of interest because epidemiological investigations
have shown a link between genotoxic drinking water intake
and a rise in cancer cases. The umu-assay system using
Salmonella typhimurium TA1535/pSK1002 strain [15],
short-term bacterial assay, has been extensively used for
the evaluation of genotoxicity in numerous types of waters,
e.g. tap water, sewage treatment plant effluent, urban or
hospital waste water, surface water, groundwater or river
water [15-17].
Concentration of mutagenic compounds by efficient extraction from water samples is required for the umu-assay.
Different strategies and concentration factors can be used
to extract genotoxins from water samples. Reiferscheid et
al. [18] concentrated water samples by a factor of 10,000,
whereas Helma et al. [19] concentrated aquatic samples by
between 10 and 10,000-fold. Concentration of waste water
effluents is not allowed in the German standard for the
umu-assay [16]. Adsorption on Amberlite XAD resins,
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polystyrene–divinylbenzene copolymer, is the most commonly applied method for concentrating substances from
different kinds of surface waters.
The purpose of this study was to evaluate four simple,
effective extraction methods by various solid phase extraction materials to determine the genotoxic activities of
pollutants in natural waters. Water samples were collected
from points in Tuzla-Istanbul selected on the basis of monitoring zones exposed to high agricultural and industrial
activities. The genotoxic potential of the water samples
concentrated with XAD-2 resin with a concentration factor
of 2000 and the untreated water extracts obtained after filtering through 0.45µm pore-size cellulosic membrane were
determined using umu-assay with and without metabolic
activation (S9).
MATERIALS AND METHODS
Chemicals

The chemicals used were obtained from the following
sources; o-nitrophenyl-β-D-galactopyranoside (ONPG), 4nitroquinoline-N-oxide (4-NQO), 2-aminoanthracene (2AA), β-nicotinamide adenine dinucleotide phosphate
(NADP), glucose-6-phosphate (G-6-P) from Sigma (USA);
bactotryptone and yeast extract from Difco (USA); Amberlite XAD-2 resin from Supelco (USA); 60mg/3ml Oasis®
HLB SPE column from Waters (USA); 250mg/3ml octadecylsilica (C 18) SPE column from Alltech (Germany);
500mg/3ml stryene divinylbenzene (SDB) Bond Elut Env
column from Varian (USA); acetone, acetonitrile, diethyl
ether, hexane and methanol from Riedel de-Häen (Germany); dimethylsulphoxide (DMSO) from Merck (USA).
All the other chemicals were of the highest quality commercially available. Distille water is obtained from a Milli-Q
system (Millipore, USA).
Umu-assay prenciple

The cytotoxic and genotoxic effects of water samples
on Salmonella thyphimurium TA1535/pSK1002 were tested
with the umu-assay [15-17]. The genetically engineered
bacterium S. thyphimurium TA1535 carries the plasmid
pSK1002 with the umuC'-'lacZ fusion gene. The umuC
operon is induced in response to genotoxic lesions in the
bacterial DNA. Since the umuC operon is fused with the
lacZ gene for β-galactosidase, the induction of the umuC
operon can be easily assessed by the determination of βgalactosidase activity related to bacterial density. The comparison of the induction ratio of the umuC gene on exposure to water samples to its spontaneous activation gives a
measure of genotoxicity. The inhibition of bacterial growth
was additionally used as a parameter to measure cytotoxic
potential of water samples. Growth ratios less than 0.80
which represents a 20% inhibition of biomass were considered to be indicative of cytotoxicity of water samples [20].
Umu-assay is also frequently conducted with the addition
of metabolic activation (S9) the supernatant resulting from

livers of male rats pretreated with phenobarbital to simulate eukaryotic activation of compounds.
Bacterial strains

The strain used in the experiment was Salmonella
typhimurium TA1535/pSK1002 with fused gene (umu
Cʹ′-ʹ′lacZ), kindly provided by Dr. Yoshimitsu Oda (Osaka Prefectural Institute of Public Health, Osaka, Japan).
Media, buffer and solution for the umu-assay

Luria broth (LB) medium consisted of bactotryptone
10g, yeast extract 5g and NaCl 5g per 1L of distilled water.
Just before use, LB medium was supplemented with 20µg/
ml ampicillin. TGA medium consisted of bactotryptone 10g,
NaCl 5g and glucose 2g per 1L of distilled water. Z Buffer:
NaH2PO4.2H2O 6.2g, Na2HPO4.7H2O 16.1g, KCl 0.75g,
MgSO4.7H2O 0.25g, sodium dodecyl sulfate (SDS) 1g, βmercaptoethanol 2.7ml per 1L of distilled water and adjusted to pH 7. ONPG solution: 40mg ONPG per 10ml of
phosphate buffer pH 7.
Metabolic activation system

The S9 microsomal fraction was prepared from livers
of male Sprague Dawley rats pretreated with phenobarbital
as described by Maron and Ames [21]. The activation mixture was prepared according to Ames [22]. The S9 mix contained per 10ml: 3ml of S9 fraction, 1ml of 0.04M NADP,
0.25ml of 0.2M G6P, 0.32ml of 0.25M MgCl 2 .6H 2 O,
0.33ml of 1M KCl, 5ml of 0.2M NaHPO4, 0.1ml of distilled water.
Overnight culture growth

The bacteria were grown in LB medium supplemented
with 20µg/ml ampicillin. The overnight culture of the tester
bacterial strain was diluted 20-fold with TGA medium supplemented with 20mg/L ampicillin. The mixture was incubated at 370C until the bacterial density reached an absorbance of 0.25-0.30 at 600nm.
Umu-assay procedure

The umu-assay was performed according to the methods of Oda et al. [15]. The bacterial culture was subdivided
into 0.75ml portions in tubes and 0.05ml of DMSO extracts was added to each tube. Then, either 0.2ml of 0.1M
phosphate buffer pH 7.4 or S9 mix was added. After 2h of
incubation at 370C, both the bacterial density at 600nm
(OD600) and β-galactosidase activity according to the Miller
method [23] were measured by Shimadzu Model 1201
Spectrophotometer.
Enzyme assay

Fractions (0.1ml) of the culture were diluted with 0.9ml
of Z buffer and mixing vigorously. The enzyme reaction
was initiated by the addition of 0.1ml ONPG solution at
370C. After 15min, the reaction was stopped by adding
0.5ml 1M Na2CO3 and the absorbance of the mixture was
measured at 420nm (OD420). In addition, each sample was
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measured at 550nm (OD550) in order to correct for light
scattering due to cell fragments. The β-galactosidase activity is calculated using the formula of Miller [23].

Extraction A; XAD-2 resin was washed with methanol, acetonitrile and diethylether, dried at 700C and stored
in Milli-Q water prior to use. 500ml of water sample was
passed through the Amberlite XAD-2 resin column. Prior
to elution the resin was dried by vacuum and then compounds from the test water bound on resin were eluted
with 10ml of diethyl ether.

β-Galactosidase activity(U)=1000(OD420-1.75OD550)/
t.v.OD600
t: time of the reaction in minutes
v: volume of culture in the assay, in ml

Extraction B; 500ml of water sample was concentrated with Oasis® HLB-SPE cartridge pre-conditioned with
dichlormethane, acetonitrile and water, sequentially. Columns were dried by vacuum and eluted with 3.5ml of
acetonitrile:dichlormethane (1:1) and 4.5ml of dichlormethane, sequentially.

In the umu-assay, more than 2-fold increase in β-galactosidase activity above the background level (DMSO)
is regarded as positive response. The umu-assay procedure
was applied to two positive controls, directly acting mutagen
(NQO) and promutagen (2-AA). DMSO was used as negative control. Three incubation solutions were used to control the performance in every assay; (I) medium with only
bacteria (blank); (II) medium, DMSO and bacteria (negative control); (III) medium, 4-NQO with concentration ranging from 0.1-1µg/ml in the absence of S9 mix or medium,
2-AA with concentration ranging from 0.25-1µg/ml in the
presence of S9 mix and bacteria (positive control).

Extraction C; 500ml of water sample was concentrated
with C18-SPE cartridge pre-conditioned with acetone and
water, sequentially. Columns were dried by vacuum and
eluted with 3ml of acetone, 3ml of acetone:hexane (1:1)
and 3ml of hexane, sequentially.
Extraction D; 500ml of water sample was concentrated
with SDB-SPE cartridge pre-conditioned with methanol
and water, sequentially. Columns were dried by vacuum
and eluted with 8ml of dichlormethane:methanol (9:1).

Sample preparation

Water samples collected from Tuzla-Istanbul were
filtered through 0.45µm pore-size cellulosic membrane
filters (Sartorious, Germany) and stored at 4 0 C in the
dark. Genotoxicity tests were performed with the filtered
water extracts within 1 week. The pH of the water samples was adjusted to close to the natural pH of 4.0. Four
different extraction procedures by SPE on various materials, XAD-2, Oasis® HLB, C18, SDB [24-28] were compared
for the effective extraction method of genotoxic compounds
from the filtered, pH adjusted water samples (Scheme 1).

Elute was dried under a gentle stream of nitrogen at
room temperature. The resulting pellet was dissolved in
DMSO to a final volume of 250µl before being tested in
the umu-assay. The concentration factor for water extracts
was 500ml water sample → 0.25ml DMSO extract = factor
2000. The surface water samples were tested at three different doses ranging from 50 to 200ml equivalents of water
per tube. Also, the genotoxic potentials of nonconcentrated
water samples were investigated by umu-assay. The assays
were performed using duplicate tubes.

SCHEME 1 - Extraction procedures from water samples on various SPE materials.
Water samples
Filter with 0.45 µm filter

wash with
methanol,
acetonitrile,
diethyl ether

Amberlite XAD-2

elute with
methanol,
acetonitrile,
diethyl ether

Extraction A

condition with
dichlormethane,
acetonitrile,
water

Oasis HLB-SPE
cartridge

condition with
acetone,
water

C18 SPE cartridge

elute with
dichlormethane,
acetonitrile,
water

Extraction B

elute with
acetone,
water

Extraction C
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condition with
methanol,
water

SDB-SPE cartridge

elute with
methanol,
water

Extraction D
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RESULT AND DISCUSSION
Ten water samples were collected from the Tuzla network reported to be contaminated with many kinds of substances, especially heavy metals and residues of insecticides. This region is a major source for irrigation and drinking water for many millions of people in Istanbul. Tuzla
has been heavily industrialized in recent years. For this
reason, it was thought that determining the genotoxic potential effects of pollutants and maintenance of water quality of this area would be important. Results of some studies
must be interpreted with caution because the exposure to
genotoxic water was only estimated and not accurately
measured. However, these results emphasize the importance of the determination of water genotoxicity with an
aim to controlling exposure of the population [29-34]. Use
of the umu-assay, which can detect a wide range of chemical substances that may produce genetic damage, has permitted the quantification of mutagenic hazard without the
need for information about identity or physical-chemical
property.
Initially, the aim of the study was to determine an effective extraction method to estimate the genotoxic potential effects of pollutants in surface waters. Currently various materials are used to extract and concentrate pollutants from samples. The XAD-resins allow the recovery of
a wide range of chemicals including polycyclic aromatic
hydrocarbons, arylamines, nitro-compounds, quinolines,
an-thraquinones, etc. and are very efficient to extract all
the polar and the apolar chemicals potentially effective in
toxicity and genotoxicity assays. XAD-resins are useful
because of their good physical properties such as their
porosity, uniform pore size distribution, high surface
area and good adsorbent properties for a large range of
compounds. Using the XAD resin column method, many
positive results were observed when those extracts were
tested in the bacterial mutagenicity assays [35-37]. Filipic
and Toman [38] used XAD-2 resins to extract dissolved
mutagenic substances sequentially at neutral and acidic
pH from influents and effluents from a municipal sewage
plant processing both industrial and domestic wastes. Ono

et al. [7] used simple extractions of filtered samples with
C18 SPE to detect error-prone DNA repair induced by
chemicals in Japanese sewage and nightsoil. Takigami et
al. [39] also used XAD-2 resin under neutral pH at the
ratio of 18L to 50L sorbent and a miniaturized Bacillus
subtilis assay to examine genotoxicity in extracts of Japanese sewage, river water and tap waters. Different extraction methods, including Soxhlet extraction with solvents
of different polarity and a fluid/fluid extraction according
to pH, were used to determine the genotoxicity and cytotoxicity of toxicants in settling particulate matter by Holert et
al. [27].
In this study, 4-NQO and 2-AA were selected as the
test compounds in order to assess the performance of the
umu-assay and the extraction efficiencies of the proposed
methods. These compounds were diluted in four concentrations (10, 5, 2.5, 1.25µg/ml for 4-NQO and 20, 10, 5,
2.5µg/ml for 2-AA) for umu-assay with and without S9. The
performance of umu-assay resulted in a dose-effect correlation, which can be expressed as a calibration curve (Fig.1).
Preliminary tests were performed with 500ml of spiked
Milli-Q water for each extraction method, Extraction A-D
described in “Sample Preparation” section. The performance of the extraction methods was also tested with
surface waters. The recovery values in surface waters
were similar to those obtained with spiked Milli-Q water.
Recovery tests were based on the addition of known
amount of compounds to water sample (Fig. 2 and 3).
Positive controls corresponded to 0.50, 0.25, 0.13 and
0.07µg of 4-NQO and 1.00, 0.50, 0.25 and 0.13µg of 2-AA
per ml of incubation solutions. The solutions of positive
controls were mixed with the water samples for 10min by
shaking and then submitted to both extraction and umuassay as previously described. The recovery for each compound was measured in duplicate from two separate experiments. It can be seen in Table 1, Extraction A is the
most effective method among them for determining the
genotoxicity potential of pollutant in surface water samples. The pH of water samples was adjusted to 4.0, close
to natural pH in Tuzla. Jolley [40] and Carlyle [41] reported that one fac-
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FIGURE 1 - Dose-effect correlation using two positive control compounds, 4-NQO (without S9) and 2-AA (with S9).
On the x-axis the concentration of the compound in umu-assay is depicted, the y-axis represents the absorbance 420nm.
E xtrac tio n 	
   Meth o d s

β -‐g alac tis id as e	
   ac tivity	
   (U )

500,0

400,0

300,0

200,0

100,0

0,0
0,5

0,25

0,13

0,06

C o n c en tratio n 	
   ( µ g /ml)

4-‐NQO

Extrac tion	
  A

Extrac tion	
  B

Extrac tion	
  C

Extrac tion	
  D

FIGURE 2 - β-galactosidase activities of water samples spiked with 4-NQO at four different
concentration levels and concentrated by four extraction methods described in “Sample Preparation” section.
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FIGURE 3 - β-galactosidase activities of water samples spiked with 2-AA at four different
concentration levels and concentrated by four extraction methods described in “Sample Preparation” section.
TABLE 1 - Genotoxic responses obtained using umu-assay for spiked water with 4-NQO and 2-AA by various extraction methods a.

Extraction A
Extraction B
Extraction C
Extraction D
NQO
AA
a
b
c

Spiked level 1c
- S9
+ S9
384.8 (3.2) 281.2 (2.4)
352.1 (2.9) 259.4 (2.3)
317.2 (2.6) 248.5 (2.2)
273.0 (2.3) 212.9 (1.9)
460.5 (3.8)
326.8 (2.8)

U ( I )b
Spiked level 2c
Spiked level 3c
- S9
+ S9
- S9
+ S9
247.0 (2.1) 235.5 (2.0) 165.5 (1.4) 135.5 (1.2)
222.6 (1.9) 205.1 (1.8) 156.4 (1.3) 158.3 (1.4)
219.1 (1.8) 221.4 (1.9) 142.7 (1.2) 165.7 (1.4)
224.5 (1.9) 148.4 (1.3) 136.3 (1.1) 101.9 (0.9)
226.0 (1.9)
170.1 (1.4)
207.7 (1.8)
168.9 (1.5)

Each value is the mean of two replicates from two separate experiments. Concentration factor is 2000.
U:β-galactosidase activity; I:Induction ratio
1: 0.50 µg/ml NQO and 1.00 µg/ml AA
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Spiked level 4c
- S9
+ S9
116.7 (1.0) 105.6 (0.9)
61.4 (0.5)
111.4 (1.0)
99.3 (0.8)
136.3 (1.2)
88.6 (0.7)
110.2 (1.0)
100.9 (0.8)
123.4 (1.1)
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2: 0.25 µg/ml NQO and 0.50 µg/ml AA
3: 0.13 µg/ml NQO and 0.25 µg/ml AA
4: 0.07 µg/ml NQO and 0.13 µg/ml AA

TABLE 2 - Growth ratios and UmuC gene expression induced by concentrated water samples
from Tuzla region in the umu-assay with and without metabolic activation. Water samples were
extracted and concentrated on XAD-2 resin as Extraction A described in “Sample Preparation” section.

Water samplea

Sampling location

-S9
U (I)
276.8 (2.3)
111.1 (0.9)
317.7 (2.6)
126.8 (1.1)
181.5 (1.5)
205.2 (1.7)
198.2 (1.7)
207.5 (1.7)
206.3 (1.7)
134.7 (1.1)

A
Guzelyali stream
B
Guzelyali pond
C
Tuzla shipyard
D
Tuzla small mineral spring
E
Tuzla spring water
F
Karanfil stream
G
Biyikli stream
H
Degirmendere stream
I
Kurtkoy stream
J
Tuzla large mineral spring
a
200ml equivalent of water per tube

tor which can have a large effect on the recovery of compounds adsorbed onto XAD resins is the pH of the water.
Being non-ionic, these resins concentrate neutral compounds more efficiently than those which are ionized. Results showed that good performance was achieved with
Extraction A carried out using XAD-2 resin to extract and
concentrate genotoxic compounds from water samples.
Therefore, Extraction A, was used with surface water samples collected from Tuzla region (Table 2).
8 of 10 samples collected from Tuzla region resulted
in genotoxic responses less than 2-fold the response in the
control group whilst water samples did not effect growth
of bacteria. The addition of S9 enzyme fraction did not
influence genotoxic effects of these samples. In only two
samples, induction ratios were greater than 2-fold with and
without metabolic activation (Table 2). The results of this
study showed that the different surface waters tested presented a genotoxic risk. Additional studies should be undertaken in the analytical field in order to try to identify and
quantify the compounds responsible for the genotoxicity.
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AN ENCLOSURE EXPERIMENT TO TEST
THE EFFECTS OF COMMON CARP ON THE
WATER QUALITY IN A SHALLOW TURKISH SODA LAKE
Hanife Özbay*
Kafkas University, Faculty of Science and Letters, Department of Biology, Kars 36300, Turkey

ABSTRACT
In this study the effects of common carp (Cyprinus
carpio) on water transparency, chlorophyll a, macrophyte,
phytoplankton and zooplankton densities, and nutrients
were examined for a six-week period in a shallow Turkish
soda lake with the use of enclosures. Four fish-free and
four fish enclosures were constructed in the lake. Fish enclosures contained approximately 1000 kg/ha-1 of common
carp. Physico-chemical and biological variables of the lake
were measured at the beginning and the end of the experiment. Common carp caused significant increases in turbidity and chlorophyll a levels and decreases in macrophyte
density. Carp had no effect on total phosphorus, nitrate or
ammonium.

High abundance of common carp has a potentially important influence on the structure of freshwater systems.
Effects of common carp on water quality are well documented all over the world [3-7]. In all these studies, although common carp have in general reduced water transparency and decreased submersed vegetation, their effects
on nutrient dynamics and chlorophyll levels have been
found to vary. None of these studies, however, have examined the effects of the fish on the special conditions of
soda lake ecosystems. Thus a study was designed to investigate the effects of common carp in Lake Aktaş, a
shallow, turbid soda lake on the high plateau of the Turkish-Georgian border, in the eastern part of Anatolia (410
12’N 430 12’E).
MATERIAL AND METHODS

KEYWORDS: enclosure experiment, common carp, soda lake,
submersed macrophytes, turbidity, nutrients.

Study site

INTRODUCTION
The common carp (Cyprinus carpio Linnaeus (1758))
is one of the oldest domesticated species of edible fish. The
European race of carp originated from the wild carp of the
Danube; then its domesticated forms were introduced to
other continents. However, there is a small population of
wild carp in Turkey and Central Asian countries [1].
The common carp is very adaptable; it lives in rivers
and enclosed water with low to high oxygen concentration, in up to 5 ‰ salinity and between 6.5-9.0 pH range.
Carps can survive the cold winter season, but the best temperatures for carps are 23-30 0C [2].
As an omnivorous fish, common carp consumes various food, such as water insects, mollucs, zooplankton, stalks,
leaves and seeds of aquatic and terrestrial plants etc. Turbitidy of water increases due to the digging activities of
carp on sediment to search for food [2].

The altitude of the lake surface is 1798 m and the average depth is 1.5m (maximum depth is 3.5m). The main
water sources for the lake are rainfall and seasonal streams.
The outflow is to the River Kura via the seasonal stream
Ağagil in the north-west of the lake, and this flows only
when lake levels are high in the spring of certain years.
Only three villages are located near the lake and, as it is
situated in a military zone, access to the area is highly restricted. Human activities are therefore limited in and
around the lake. In 1995 it was established that Aktaş is
one of the three Turkish breeding-sites for the white pelican (Pelicanus onocratus) and one of the seven breedingsites for the Dalmatian pelican (Pelicanus crispus) [8].
The site’s conservation interest is further enhanced by large
numbers of velvet scoter (Melanitta fusca) and ruddy
shelduck (Tadorna ferruginia) [8]. A research group from
the Stanford University identified fifty bird species on the
lake in a total number of 2500 (Stanford University, California, unpublished data). According to records from the
State Hydraulic Work Department, no native fish species
are present, but Cyprinus carpio was recorded during a

2085

© by PSP Volume 17 – No 12a. 2008

Fresenius Environmental Bulletin

previous study of the lake [9]. This species may have
been introduced to the lake, but there is no documentary
evidence to support this idea.
Experimental design

The experiment was carried out over six weeks between
June 2005 and July 2005, in four widely-distributed fishfree and four fish enclosures (fish density was about 1000
kg/ha-1) in the lake. The enclosures were polyethylene
(0.25 mm wall thick, 2.5 x 2.5 m size) structures that were
supported at the bottom and the top by cylindrical plastic
tubes. Thus the top of each enclosure was open to the atmosphere and the bottom was buried in the sediment. The
enclosures were placed in 0.7 to 0.9 m depth of water.
Sampling

The first samples for physico-chemical analysis were
taken immediately after the enclosures were set and then
samples were taken at the end of the experiment. Phytoplankton, zooplankton, Secchi depth measurements, macrophyte density and chlorophyll a concentration were also
determined at the start and end of the experiment. At each
sampling station, temperature, dissolved oxygen, conductivity and pH were measured in situ with a WTW Oxi
197i oxygen meter, WTW cond 315i/set meter, WTW pH
meter and 315i/set meter respectively. Transparency was
measured with a Secchi disc. Composite water samples for
chemical and pigment analysis and plankton were collected
from 0-0.5m depth, by use of a hosepipe of 3 cm diameter, and stored in acid-washed 1-l Pyrex bottles.
Total phosphorus (TP) was determined according to the
method described by Mackereth et al. [10]. Ammoniumnitrogen and nitrate-nitrogen were determined according
to Chaney & Morbach’s method [11]. Chlorophyll a was
extracted in acetone and its concentration was calculated
from the absorbance reading at 663 nm [12]. All water
analysis was done within twenty-four hours of collection.
Phytoplankton samples were preserved with Lugol’s
solution immediately after sampling and subsamples were
examined and enumerated with an inverted microscope at a
magnification of X400 according to the method described
by Lund et al. [13]. Zooplankton was sampled with vertical hauls (55 µm mesh net) from approximately 0.5 m
depth to the surface. Samples were preserved in 4% buffered formaldehyde solution, and at least 100 of each of
the most common species were counted from subsample
[14] under the stereo microscope.
Submersed macrophyte density was determined as g
dry weight/ m-2 at the start and end of the experiment. The
plants were collected from randomly-selected areas, measuring 25 x 25 cm, sorted from the debris and dried to constant weight in an oven at about 70 oC. Their dry weight was
then measured and the mean m-2 value was extrapolated.
The effects of treatment on water chemistry, zooplankton, phytoplankton and macrophytes were assessed by a
two-sample t-test with repeated measures.

RESULTS AND DISCUSSION
Table 1 shows mean values (± SD) of physico-chemical
and biological variables at the start and end of the experiment. No significant differences were found between fishfree and fish enclosures for TP, NH4-N, NO3-N, dissolved
oxygen, pH and conductivity either at the start or at the
end of the experiment. On the other hand, Secchi depth,
chlorophyll a concentration and macrophyte density, which
had been similar at the start, were found to differ at the end
between fish and fish-free enclosures. Total zooplankton
and phytoplankton also differed, but not significantly at
the end.
As a soda lake, Lake Aktaş is highly alkaline, with a pH
value of 9.1-9.6. At the end of the experiment pH values did
not change significantly (p=0.19) for fish-free and fish enclosures (Table 1). This result indicated that common carp
had no effect on the pH. In alkaline environments large
amounts of carbonate minerals can generate pH values >
11.5 [15]. In Lake Aktaş abiotic factors such as carbonate
could therefore play a primary role in pH values rather
than biotic factors (e.g. fish). Similar results have also
been observed for conductivity, probably because of the
naturally-high ionic content of the water.
Common carp had no significant effect on dissolved
oxygen in the lake. Dissolved oxygen concentrations remained well saturated (>83%) throughout the experiment
in both fish and fish-free enclosures. This high dissolved
oxygen level could be attributed to permanent atmospheric
diffusion because of the lake’s large surface area and
shallow depth.
Total phosphorus (TP) tended to decrease in fish-free
enclosures and those that were not significantly (P=0.31)
affected by the presence of fish. This result is similar to the
findings of Wu et al. [6] but contrary to those of Chumcal
et al. [3]. It is known that the rate of phosphorus release
from lake sediments increases markedly if the sediments
are disturbed [16]. As benthic omnivores, common carp dig
the sediment in order to find food, which results in a release
of phosphate from the sediment. Many et al. [17] showed
that waterfowl add considerable amounts of phosphate to
lake water. The total number of waterfowl around Lake
Aktaş can sometimes exceed 1000. Birds could therefore
be the second main source of phosphate for the lake water. Owing to the morphological characteristics (shallow
depth and wind effect) of the lake, phosphate is rapidly
cycled in the lake, and the water already had a high phosphorus level when the experiment started. The six weeks
of the experiment could be too short a time to reduce the
phosphate levels in both fish and fish-free enclosures.
There is no difference for NO3-N in enclosures with
and without fish (p=0.99). NH4-N showed small decreases
in the fish-free enclosures, but this was also not significant (p=0.14). Wu et al. [6] found the same result for total
nitrogen with silver carp in China. Macrophytes prefer to
uptake NH 4-N as a nitrogen source because it needs no
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TABLE 1 - Effects of presence or absence of common carp on water chemistry, zooplankton, phytoplankton,
chlorophyll a and macrophyte densities in Lake Aktaş in summer 2005. Means are given with SD in parantheses.
Probabilities (p) by two way t-test: NS, not significant at p= 0.05; * P<0.05; ** P< 0.01; ***P< 0.001

TP (µgl-1)
NH4-N (µgl-1)
NO3-N(mgl-1)
Dissolved O2
(saturation%)
pH
(log. Units)
Conductivity (µSm-1)
Secchi depth (cm)
Total zooplankton (org/l-1)
Total phytoplankton
(org/ml-1)
Chlorophyll a (mg/l-1)
Macrophytes density
(gdrywt/m-2)

Enclosures + fish
start
end
63.28
61.38
(8.66)
(5.31)
64.35
48.58
(6.16)
(4.09)
0.191
0.440
(0.024)
(0.044)
78.25
93.5
(1.70)
(4.79)
9.14
9.66
(0.012)
(0.015)
867.5
931.5
(1.00)
(8.06)
18.75
20.5
(0.50)
(0.57)
153.53
95.20
(50.30)
(43.0)
6627
13679
(661)
(1119)
0.0549
0.0809
(0.028)
(0.021)
10.73
10.52
(1.57)
(0.75)

Enclosures - fish
start
end
61.85
56.87
(6.29)
(5.86)
62.23
52.88
(4.07)
(2.77)
0.202
0.440
(0.016)
(0.041)
78.25
90.25
(1.70)
(5.25)
9.14
9.69
(0.012)
(0.031)
867.5
933.5
(1.00)
(8.70)
18.5
23.5
(0.57)
(0.57)
143.68
137
(44.11)
(32.90)
6583
11056
(803)
(2693)
0.0520
0.0318
(0.014)
(0.019)
10.88
12.62
(2.54)
(0.98)

energy for subsequent reduction prior to its use in protein
synthesis [18]. In fish-free enclosures macrophyte densities were greater than in the fish enclosures and therefore
greater uptake of NH4-N would be expected there than in
the fish enclosures. Probably for this reason, NH4-N levels were a little lower in the fish-free enclosures.
At the end of the experiment macrophyte densities
were significantly (p< 0.05) higher in fish-free enclosures.
Common carp resemble aquatic pigs [19] because of their
habit of rooting around in the hydrosoil for benthic invertebrates, as well as their uprooting and direct consumption
of aquatic plants [20]. This feeding habit explains why the
macrophyte densities were smaller in the fish enclosures.
Almost all previous studies have found that macrophyte
densities are decreased by common carp [e.g. 3,21].
Effects of common carp on turbidity have been well
documented [3,4,21]. Since common carp are benthic feeders, they typically make the water turbid. That explains why
the Secchi depth measurements were significantly (p< 0.001)
higher in the fish-free enclosures at the end of the experiment. Macrophytes act to stabilise the sediments [22] and
as a sink for nutrients [23]. The low macrophyte density
in fish enclosures might therefore be another reason for
the lower Secchi depths there.
Differences between fish-free and fish enclosures for
total zooplankton density, mainly consisting of cyclopoid
copepods [9], did not develop significantly (p= 0.18). This
result is the same as previous observations that also found
no effect of carp on zooplankton [24, 25], but contrasts
with the finding of carp-associated reductions in zooplankton [21, 26]. On the other hand, the high density of macro-

t-test
start
p=0.80
NS
p=0.59
NS
p=0.47
NS
p=1.00
NS
p=1.00
NS
p=1.00
NS
p=0.54
NS
p=0.78 NS

end
p=0.31
NS
p=0.14
NS
p=0.99
NS
p=0.40
NS
p=0.19
NS
p=0.75
NS
p=0.0003***

p=0.87 NS

p= 0.18
NS
p= 0.15
NS
p= 0.019 *

p=0.92 NS

p= 0.019 *

p=0.93 NS

phytes in fish-free enclosures could provide more refuges
for zooplankton against invertebrate grazers. Hence total
zooplankton was slightly higher in fish-free enclosures.
A positive relationship between common carp and
phytoplankton has been observed previously [24, 26, 27],
resulting from either nutrient addition or the suppression
of grazing zooplankton. Similarly here, although differences
for total phytoplankton were not significant (p= 0.15) for
fish and fish-free enclosures, they were somewhat higher
in fish enclosures at the end of the experiment. Chlorophyll a values were also higher (p=0.019) in fish enclosures. Furthermore, because of the greater macrophyte
density found in fish-free enclosures, strong competition
must be taking place between macrophytes and phytoplankton for resources. This competition could be a reason
for a decrease in phytoplankton and chlorophyll a levels
in fish-free enclosures.
CONCLUSIONS
Soda lakes represent a rare example of a natural environment where two extreme factors are combined (high
salinity and high pH) owing to the presence of alkaline
salts at high concentrations, in particular sodium carbonates [28]. Soda lakes are therefore inhabited by specialised biota that can tolerate extreme conditions [29]. Surprisingly, such lakes may be very productive because of
the bloom of alkaliphilic nitrogen-fixing cyanobacteria
[30] that facilitate an active nitrogen cycle. Furthermore,
alkaline lakes are also prime habitats for larger numbers
of migratory water-birds [31]. All these phenomena occur
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in Lake Aktaş. It is, however, widely recognised that the
accidental or deliberate introduction of alien species may
destroy freshwater ecosystems [32].

[10] Mackereth, F. J. H., Heron, F. and Talling, J. F. (1978) Water
analysis: some methods for Limnologist. Freshwater Biological Association scientific Publication no. 36.

Some effects of common carp, as an alien species, were
obvious in the present study such as increase in turbidity
and chlorophyll a levels and a decrease in the density of
macrophytes, whereas other effects (e.g. nutrient levels,
phytoplankton and zooplankton densities) were not clear.
Since the lake is an important bird habitat, further detailed
and long-term studies should be carried out in order to recover carp effects and to preserve bird life on the lake.

[11] Chaney, A. L. and Morbach, E.P. (1962) Modified reagents
for the determination of urea and ammonia. Clinical Chemistry 8: 130-132.

[13] Lund, J.W.G., Kipling, C. and LeCren, D.E. (1958) The inverted microscope method of estimating algal numbers and
the statistical basis of estimations by counting. Hydrobiologia
49: 143-170.

ACKNOWLEDGEMENTS
I thank Dr. John Eaton, Liverpool University, and Mr.
Cevdet Ozbay for their help.

REFERENCES
[1]

Balon, E.K. (2006) The oldest domesticated fishes, and the
concequences of an epigenetic dichotomy in fish culture. J.
Ichthyol. Aquat. Biol. 11: 47-86.

[2]

Flasjhans, M. and Hulata, G. (2007) Genetic effects of domestication, culture and breeding of fish and shelfish, and
their impacts on wild population. Common carp, Cyprinus
carpio. P.32-39. In: Svasand, T., Crosetti, E., GarciaVazquez, E. and Verspoor, E. (eds.) Genetic impact of aquaculture activities an native population. Genimpact final scientific report. (EU contract in n. RICA-CT-2005-022802).
http://genimpact.imr.no/

[3]

Chumcal, M. M., Nowlin, W. H. and Drenner, R. W. (2005)
Biomass- dependent effects of common carp on water quality
in shallow ponds. Hydrobiologia 545: 271-277.

[4]

Parkos, J. J., Santucci, V. J. and Wahl, D. H. (2003) Effects
of addult common carp (Cyprinus carpio) on multiple trophic
levels in shallow mesocosms. Canadian J. of Fish. and Aqua.
Sci. 60: 182-192.

[5]

Matsuzaki, S. S., Nizikawa, U., Takamura, N. and Izumi, W.
(2007) Effects of common carp on nutrient dynamics and littoral community composition: roles of excretion and bioturbation. Fund. and Appl. Limno. 168: 27-38.

[6]

Wu, L., Xie, P., Dai, M. and Wang, J. (1997) Effects of silver carp density on zooplankton and water quality: Implication for Eutrophic Lakes in China. J. of Freshwater Eco.
12: 437-444.

[7]

[12] Talling, J. F. and Driver, D. (1961) Some problems in the estimation of chlorophyll a in a phytoplankton. Proceedings of
a conference on a primary productivity measurment in Marine and Freshwaters. MS. Doty. University of Hawaii, US
Atomic Energy Commission Publication TID 7633.

Kırkagac, M. U. and Demir, N. (2006) The effects of grass
carp (Ctenopharyngodon idella Val.1844) on water quality,
plankton, macrophytes and benthic macroinvertebrates in a
spring pond. Turkish J. of Fish. and Aqua. Sci. 6: 7-15.

[8]

Yarar, M. and Magnin, G. (1997) Important Birds Sites in
Turkey.DHKD, İstanbul.

[9]

Özbay, H. and Kılınç, S. (2008) Limnological studies on the
transboundary Turkish Soda Lake: Lake Aktaş. Fres. Env.
Bull. 17, 722-731.

2088

[14] Bottrell, H. H., Duncan, A., Glwicz, Z. M., Grigiereg, E.,
Herzing, A., Hillbricth Ilkowska, A., Kurasawa, H. , Larrson,
P. and Weyleleuska T. (1976) A review of some problems in
zooplankton production studies. Nor. J. of Zoology 24: 419
456.
[15] Jones, B. E., Grant, W. D., Duckworth, A. W. and Owenson,
G. G. (1998) Microbial diversity of soda lakes. Extremophiles. 2: 191-200.
[16] Zicker, E. L., Berger, K. C. and Hasler, A. D. (1956) Phosphorus release from bog lake muds. Limnol. Oceanogr. 1:
296-303.
[17] Manny, B.A., Johnson, W.C and Wetzel, R.G. (1994) Nutrient additions by waterfowl to lakes and reservoirs: predicting
their effects on productivity and water quality. Hydrobiologia
279-280: 121-132.
[18] Melzer, A. and Steinberg, Ch. (1983) Nutrient cycling in
freshwater ecosystems. In: Lange, O.L., P.C. Nobel, C. B.
Osmond, and H. Zeigler. Encylopedia of plant physiology,
new series, Physiological Plant Ecology. Springer-Verlag,
Berlin. P.47-48.
[19] Murphy, K. J. (1995) Aquatic Weeds. In: Encylopedia of Environmental Biology. Academic Pres San Diego, USA. 1:7180.
[20] Sidorkewicj, N. S., Lopes, C.A. and Fernandez, O. A. (1996)
The interaction between Cyprinus carpio L. and Potomogeton pectinatus L. under aquarium conditions. Hydrobiologia 340: 272-275.
[21] Lougheed, V. L., Crosbie, B. and Chow-Fraser, P. (1998)
Prediction on the effects of common carp (Cyprinus carpio)
exclusion on water quality, zooplankton, and submersed macrophytes in a Graet Lakes wetland. Can. J. Fish. Aquat. Sci.
55: 1189-1197.
[22] Moss, B. (1990) Engineering and biological approaches to
the restoration from eutrophication of shallow lakes in which
aquatic plants are important components. Hydrobiologia 2002001/ Dev. Hydrobiol. 61: 367-378.
[23] Özimek, T., Gulati, R. D. and VanDonk, E. (1990) Can macrophytes be useful in biomanipulation of lakes? The lake
Zwemlust example. Hydrobiologia 2000-2001/ Dev. Hydrobiol. 61: 399-407.

© by PSP Volume 17 – No 12a. 2008

Fresenius Environmental Bulletin

[24] Qin, J. and Threlkeld, S. T. (1990) Experimental comparison
of the effects of benthivorous fish and planktivorous fish on
plankton community structure. Arch. Hydrobiol. 119: 121141.
[25] Cline, J. M., East, T. L. and Threlkeld, S. T (1994) Fish interactions with the sediment water interface. Hydrobiologia
275/276: 301-311.
[26] Richardson, W. B., Wickham, S. A. and Threlkeld, S. D.
(1990) Food-wed response to the experimental manipulation
of a benthivore (Cyprinus carpio), zooplanktivore (Mendia
beryllina) and benthic insects. Arch. Hydrobiol. 119: 143165.
[27] Meijer, M-L., de Haan, M. W., Breukelaar, A. W. and Buiteveld, H. (1990) Is reduction of the benthivorous fish an important cause of high transparency following biomanipulation
in shallow lakes? Hydrobiologia 200/2001: 303-315.
[28] Sorikin, D., Tourova, T., Schmid, M. C., Wagner, M., Koops,
H. P., Kuenen, J. G. and Jetten, M. (2001) Isolation and
properties of obligately chemolithoautotrophic and extremly
alkali-tolerant ammonia-oxidizing bacteria from Mongalian
soda lakes. Arch. Microbiol. 176: 170-177.
[29] Talling, J. F. (1992) Environmental regulation in African
shallow lakes and wetlands. Rev. Hydrobiol. Trop. 25: 87144.
[30] Cloern, J. E., Cole, B. E. and Oremland, L. S. (1983) Autotrophic process in meromictic Big Soda Lake, Nevada. Limnol. Oceanogr. 28: 1049-1061.
[31] Mahoney, S.A. and Jehl, J. R. (1985) Adaptation of migratory shorebirds to highly saline and alkaline lakes: Wilson’s
phalarope and American avocet. The Conder. 87: 520-527.
[32] Moss, B. (1998) Ecology of freshwaters. Man and medium,
past to future. Blackwell Science Company. Pp.557.

Received: March 19, 2008
Revised: March 20, 2008; June 10, 2008
Accepted: July 21, 2008

CORRESPONDING AUTHOR
Hanife Özbay
Kafkas University
Faculty of Science and Letters
Department of Biology
Kars, 36300
TURKEY
E-mail: ozbay_@ excite.com
hanifeozbay@gmail.com
FEB/ Vol 17/ No 12a/ 2008 – pages 2078 - 2082

2089

© by PSP Volume 17 – No 12a. 2008

Fresenius Environmental Bulletin
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ABSTRACT

INTRODUCTION

In this study, an analysis was performed on changes in
erodibility indices and some other properties of soils in
Erfelek Dam watershed constructed in Sinop-Turkey with
a view to generate drinking, domestic and irrigation water
according to land use regimes (open space, cultivated area
and forested area) and the parent material (limestone and
mudstone) from which soil develops. 53 sample plots were
selected from frontier lands with the same aspect (northern
aspect) in the same altitude zone and approximately in the
same slope class. Soil samples were gathered according to
depth levels (0-20 and 20-50 cm) from cross sections of
soils pertaining to selected lands. In soil samples, analyses
such as particle size distribution, soil organic matter (SOM),
dispersion ratio (DR), erosion ratio (ER), colloid-moisture
equivalent ratio (C-MER), structural stability index (SSI),
available water capacity (AWC), soil reaction (pH) and total
lime (CaCO3) were performed. A variance analysis was performed in order to test whether the obtained results vary
according to land use regime and parent material. The results show that average erodibility indices (ER and DR (p<
0.01); C-MER and SSI p<0.05) and soil properties such as
clay (p<0.01), SOM and CaCO3 (p<0.05), and pH (p<
0.001) vary according to land use regime. Besides average
erodibility indices (ER, DR and SSI (p<0.01), C-MER (p<
0.05)) and soil properties such as clay, AWC, pH and CaCO3
(p<0.05) vary according to parent material. Consequently,
it was concluded that, soils that were developed from different parent materials and are under three different land
use regimes were liable to erosion. However, soils that were
developed from mudstone parent material and are being
used as forested area were found to be more susceptible to
erosion. The study area of Erfelek Dam Creek Watershed
renders these results fairly significantly. The results suggest that considering these results in works related with
planning, management and improvement of the basin will
surely contribute to the economic life of the dam.
KEYWORDS:
Soil erosion, erodibility, land use regime, parent material.

The mean annual precipitation is 643 mm in Turkey,
which corresponds to 501 billion m3 annually. 274 billion m3
of this amount evaporates into the atmosphere from water
and soil surfaces, and via plants. 69 billion m 3 of water
nourishes groundwater and 158 billion m 3 of the total
amount flows into the seas and lakes in closed basins
through rivers of various sizes [1]. In recent years, a significant number of water storage facilities have been constructed on different rivers. These plants have been constructed for multi-purposes which can be listed as drinking and domestic water, irrigation, recreation, flood and
overflow control, electric generation and water supply for
insiltry needs. Therefore, in order to supply water for the
country, large dams and other plants to provide water have
been constructed and this process still continues.
However, planning errors, which may cause natural imbalances, made in the construction phase of these plants
shorten the economic lifetime of the plants. It is vital that
population growth necessitates increasing amount of water
production. However, while meeting the demand, the purity
factor should be given as much emphasis as the quantity of
water [2].
It is important to define changes appearing after the
completion of these plants and taking measures for sustainable natural resources as to planning and constructing
water storage plants in a comprehensive manner in accordance with the objectives and [3].
In order to have an adequate amount of water with
adequate quality in a dam, it is necessary to preserve present plants in a catchment basin and plan lands sticking to
principals of basin management and manage them very
well. Erosion occurs as a result of deforestation and natural destabilization in dam basins. Sediment accumulation
occurs in water storing parts of dams and economic lives
of the dams shorten accordingly [4].
Fulfillment of the expected functions of a Dam depends
on land use regimes in related basins. The most signifi-
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cant feature of a high quality dam is its capacity to store
as much water as possible. Constant preservation of a
dam’s capacity, in other words extending its economic
life is among the other expectations. In order to fulfill these
two interrelated expectations, soils extending on neighboring and far off lands should be protected, in other words
erosion should be avoided [5]. Along with the prevention
of erosion in dam basins, identification of erodibilities of
lands under different land use regimes will shape erosion
control works that should be carried out. Erodibility of
soils can be defined as their resistance to erosive forces or
susceptibility to erosion. Different from erosion, erodibility is an expression referring to erosion susceptibility or
potential [6].
Soil erodibility aggregate stability, and crust formation are influenced by the susceptibility of the clay
fraction dispersed in water [7]. Dispersion of clay in water is influenced by organic matter content and the presence of iron and aluminium oxides. Most of the soil properties that is related with aggregation of the soil stability are
those in-volved in clay dispersion [8]. Some workers also
reported the relationship between aggregation and soil
properties [9-11].

altitudes of 450-750m. Field works were carried out in
2005-2006 fall. In 2005, 48 soils samples were gathered
and the remaining samples were collected in 2006.
The region has Western Black Sea climate which is a
sub-climate of the Black Sea region climate. The mean
annual precipitation is about 1015 mm; 60% of which falls
in fall and winter. The mean annual temperature is 11.0°C
[12]. The study area is mostly dominated by Eastern Beech
(Fagus orientalis Lipsky). Together with beech, fir tree,
oak, hornbeam, scotch pine and black pine are present
within the region. In addition, plants that come in bush
forms such as Rhododendron spp. Salix spp., Crataegus
monigyna, Ilex aquifolium, Rosa canina, Prunus
lauroceracus, Vaccinium myrtillus, Rubus idaeus, Euonymus europaeus are present both in forested areas and
around open spaces.

This study was carried out in the creek watershed of
the Erfelek Dam (Sinop) constructed on Karasu River in
the Western Black Sea Region of Turkey. The objective
of the study is to show the physical properties of the soil
and the effects of land use regime and parent material on
erodibilities of soils in the basin. Erodibility indices and
data related with changes in some soil properties depending on the parent material and land use regime in effect
will contribute significantly to works related with soil protection, the prevention of flood and landslide, land classification and planning on functional forestry and rural development in the basin. Furthermore, this information will
serve as a basis for similar studies to be conducted in the
dam basin.
FIGURE 1 - Location of the study area.

MATERIAL AND METHODS

Soil sampling and analyses

Description of the study area

The study was carried out in the Ayancık district (Sinop) in the western Black Sea region of Turkey (41o 46' 41o 52' N, 34o 44' - 34o 49' E). The study covers an area of
315 hectares (155 hectares of forested area, 85 hectares of
cultivated area and 75 hectares of open space). The study
area extends in north-south direction. Soil samples analyzed in the study were from three land use regimes (forested area, cultivated area and open space) effective in the
study area as to represent the whole basin. At a total of 53
points (20 from forested areas, 18 from open space and 15
from cultivated area) soil profile was uncovered and a
total of 102 soil samples were gathered from upper depth
(0-20cm) and lower depth levels (20-50cm). Samples were
collected from lands with the same aspect (northerly), in
approximately 19%-33% slope zones and situated between

Soil samples were collected from open (18), cultivated
(15) and forested (20) areas. Half of the samples were selected from mudstone and the other half from limestone (7
soil samples were gathered from mudstone in cultivated
areas). Statistical analyses and assessments were performed
for surface soil (the depth level of 0-20 cm) and for the
profile mean’s (average of 0-20 cm and 20-50 cm)
The samples were taken from two soil depths, 0–20
and 20–50cm, at each site. Particle size distribution (passed
through a 2-mm sieve) and soil organic carbon (passed
through a 0.5-mm sieve) were determined using disturbed
soil samples using the Bouyoucos hydrometer method [13,
14] and the modified Walkley-Black wet oxidation procedure, respectively. Soil organic matter (SOM) was calculated by multiplying soil organic carbon by 1.72 [15, 16].
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Calcium carbonate content (CaCO3) and soil acidity (pH)
were measured using the procedures outlined by Arp [16]
and Page et al. [17]. Dispersion ratio (DR) was determined
according to the methods described by Middleton [18].
Total clay (TC) and total silt (TS) content were determined
from the particle size distribution using the hydrometer
method [19]. The clay and silt fractions obtained by chemical dispersion were taken as TC and TS, while waterdispersible clay and silt (WDCS) was obtained as above
except that no chemical dispersant was used. Colloidmoisture equivalent ratio (C-MER), erosion ratio (ER),
available water capacity (AWC) [20], and structural stability index (SSI) [21] were also determined.
Statistical analyses

Analysis of variance (ANOVA) was performed to determine the effects of land use regime and parent material
on the chemical and physical properties of the soil.
Arcsine transformation was performed on percentage data
and the means based on the original measurements are
presented in the tables. Between variables, significant
differences were determined by Duncan’s new multiple
range test. Statistical analyses were performed using
SPSS.
RESULTS AND DISCUSSION
Erodibility indices (DR, ER, C-MER, SSI) of soils, developed from two different parent materials (mudstone and
limestone) and evaluated under three different land use
regimes in Karasu Creek watershed, and changes (whether
vary or not) in some soil properties (sand, silt, clay,
AWC, SOM, pH and total CaCO3) were examined through
variance analysis.
The performed variance analysis put forth that land
use regime and parent material caused significant changes
in soil properties. Land use regime introduced significant
changes in soil properties such as total clay, AWC, DR,
ER, C-MER, SSI, SOM, pH, and total CaCO 3. On the
other hand, parent material had effects on soil properties
such as total clay, AWC, DR, ER, C-MER, SSI, pH, and
total CaCO3. Result of the variance analysis related to
erodibility indices and changes in some soil properties
according to land use regime and parent material are presented in Tables 1-3.
Erodibility values of a soil vary according to soil texture, aggregate stability, shearing resistance, infiltration
capacity and its organic and chemical properties [6]. Soil
texture plays a fairly significant role in a soil’s resistance
to erosion and it is the most effective determinant in both
water and wind erosion [22]. Different types of soil may
be formed from the same or different parent materials under similar or different conditions [23, 24]. After soil formation process, land use regime may have effects on the
physical properties of soil in its development stage.

In three land use regimes sampled in this study, the
mean sand amounts of soil of surface soil were found to
be the highest in forested areas and varied according to
land use regimes (39.2%, 34.7% and 44.2% for the open
space, cultivated and forested lands). The mean sand
amounts of soils were determined to be high in the surface soil (0-20cm) in forested areas [25-27]. High level
sand and silt fractions and low level clay fraction increase
soil’s susceptibility to erosion. There is a positive correlation between erodibility indices and coarse fraction in the
soil [2, 6]. In this study, erodibility, in other words susceptibility to erosion increases in surface soil depths (0-20
cm) of forested areas in which there are high amounts of
sand and silt and low amounts of clay (DR and ER are
high, SSI and C-MER are low) (Table 1). Big particles
(sand and silt) are resistant to displacement and small particles (clay) are resistant to decomposition. Therefore, there
is a need for more conveyor force for the displacement of
big particles. Small particles, on the other hand, constitute
stable aggregates owing to their high cohesions. Particles
which are the least resistant to water erosion are silt and
fine sand; in other words the higher the amount of sand in
soil, the higher the susceptibility to water erosion [23,
28]. Clay content is also used in soil fractions and the
highest sensitivity to erosion was detected in clay content
of 9-30% [29]. As clay content bears significance for its
aggregate stability and formation, it is regarded as a more
appropriate criterion [6].
The amount of clay in soils varies according to land
use regime. Clay reaches its highest level in cultivated
areas (47.5%) and open space and forested areas follow it
with percentages of 43.7 and 35.5 respectively. In terms of
clay amount, cultivated and open space areas are similar
(Table 1). The amount of clay is higher in cultivated areas
compared to other land use regimes [27, 30]. Land use regimes have considerably significant effects on the change
in clay amount [31]. High amount of clay in the surface soil
(0-20 cm) of cultivated areas detected in this study can be
attributed to the high level of physical and chemical decomposition occurred because of cultivation practices on
these lands. Land use regime and slope have fairly important effects on the amount of clay in the soil. In addition, the slope of cultivated and open space areas which
have very similar amounts of clay is lower than that of
forested areas. This situation slows down displacement of
clash being washed out. In areas with high slope, clay
slides are washed out more than other soil fractions [32].
On the other hand, it is indicated that clay is washed away
more difficultly from the soil in cultivated areas where
animal manure is used as fertilizer [24]. Water held on
dead surface layer in forested areas enters the soil progressively in a long time period. In this way, surface soil
(0-20 cm) of forested areas, in which much more water
reaches compared to open space and cultivated areas, is
leached and clay is displaced. That is why the amount of
clay is measured low and that of sand is high in the upper
soil layer where clay is removed. As a result of removal
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activities in forested land soils, the amount clay in deep
soil layer rises. As a matter of fact, while the mean
amount of clay in surface soil layer (0-20 cm) in forested
areas was measured to be 35.5%, the profile mean’s reaching 40.6% (average of 0-20 cm and 20-50 cm) supported
this idea (Table 1 and Table 2).

there is no difference between cultivated and open space
areas (Table 1). ER is calculated by using C-MER part of
the dispersion rate [6, 33]. While the erosion ratios were
concluded to be higher in grassland soils in some studies,
these ratios were higher in soils of forested area, in some
other studies [30, 35].

In this study, susceptibility to erosion was detected to
be high in the upper soil layer of forested areas where the
amount of clay was low (DR and ER are high; C-MER and
SSI are low) (Table 1). In addition, in comparison made
based on the mean values of the soil profile (average of 020 cm and 20-50 cm), the highest DR and ER values and
the lowest SSI values were measured in the soils of forested areas. Cultivated areas’ lower susceptibility to erosion, compared to the other two land use regimes, can be
explained via higher amount of clay contained and increase
in soil organic matter as a result of manure used.

The mean C-MER values were measured to be 1.14,
1.19 and 0.99 in the soils of the open space, cultivated and
forested areas respectively. According to the results of the
variance analysis, soils of forested areas have the lowest
value and significantly different from those of open space
and cultivated areas. C-MER is calculated by dividing the
clay amount determined in mechanical analysis of the
same soil by its moisture equivalence [6, 33]. As the soils
of the cultivated areas within the study region have higher
values of clay, C-MER values in these soils were calculated to be higher than the soils of the forested and open
space areas. According to these C-MER values, soils treated
under all three land use regimes are susceptible to erosion.
However, the one with the highest erodibility is soils of
forested area (Table 1).

Dispersion ratio (DR), one of erodibility indices, is
higher than 15, the limit value, in soils treated under all
three land use regimes. The highest DR was measured
35.6% in upper soil layer (0-20 cm) of forested areas. The
mean DR values in upper soils layers of open space and
cultivated areas were 25.0% and 22.2% respectively. These
lands are susceptible to erosion as well. However soils are
more susceptible to erosion in forested area. For example,
though sample lands did have the same aspect and were
situated in the same altitude zone with approximately the
same slope class, it is interesting that forested areas were
more susceptible to erosion.
As known, dispersion ratios of soils get values according to dispersion of aggregated (clay and silt) amount
when shaken in pure water. The more stable the aggregated
(clay and silt) amount (in other words not dispersed easily
in pure water), the higher the resistance to erosion is [33].
The aggregated amount (clay+silt) in forested area soils is
lower than the other two land use regimes. Nevertheless, in
shaking with pure water, (clay+silt) the amounts of soils in
forested areas were measured to be higher. High-er amount
of non-dispersed clay and silt in soils of forested areas
without any dispersion applications and high value of DR
are thought to be resulted from the type of clay minerals
present in soils of forested areas. However, lower level of
CaCO3 in forested area soils increases the susceptibility to
erosion.
C-MER and ER values of upper soil layers of the
study area vary according to the land use regime (Table 1).
C-MER values of these soils are lower than 1.5, the limit
value, and they are susceptible to erosion. ER values of the
sampled soils are higher than 10, the limit value, and soils
treated under all three land use regimes are susceptible to
erosion. In terms of ER values, while the highest value is
recorded in forested area soils with a level of 36.3%, said
values in the soils of cultivated and open space areas vary
with levels of 22.6% and 21.0% respectively. In terms of
erodibility, soils of the forested areas are different from
those of cultivated and open space areas. On the other hand,

TABLE 1 - Effect of land-use regime on top soil properties.
Soil property

Sand (%)

Silt (%)

Clay (%)

DR (%)

ER (%)

C-MER (%)

SSI (%)

AWC (%)

SOM (%)

pH

Land use regime

N

Open space
Cultivated land
Forested land
Open space
Cultivated land

18
15
20
18
15

Mean**
Std. Dev.
39.2 ± 11.7 a*
34.7 ± 14.7 a
44.2 ± 7.0 a
17.1 ± 3.7 a
17.8 ± 4.8 a

Forested land

20

20.3 ± 5.3 a

Open space
Cultivated land

18
15

43.7 ± 11.0 a
47.5 ± 14.2 a

Forested land

20

35.5 ± 6.9 b

Open space
Cultivated land

18
15

22.2 ± 6.4 b
25.0 ± 8.3 b

Forested land

20

35.6 ± 19.1 a

Open space
Cultivated land

18
15

21.0 ± 9.2 b
22.6 ± 11.2 b

Forested land

20

36.3 ± 19.0 a

Open space
Cultivated land
Forested land
Open space
Cultivated land

18
15
20
18
15

1.14 ± 0.25 a
1.19 ± 0.26 a
0.99 ± 0.17 b
47.8 ± 12.0 a
49.8 ± 14.6 a

Forested land

20

36.0 ± 11.6 b

Open space
Cultivated land

18
15

13.6 ± 2.1 ab
13.0 ± 2.3 b

Forested land

20

15.4 ± 3.4 a

Open space
Cultivated land

18
15

2.58 ± 2.06 b
4.34 ± 2.79 ab

Forested land

20

5.67 ± 4.10 a

Open space
Cultivated land

18
15

6.59 ± 0.82 a
6.73 ± 1.00 a

Forested land

20

5.23 ± 0.75 b

F-Ratio

Sig.
Level

3.14

0.052

2.42

0.099

5.76

0.006

5.5 5

0.007

6.58

0.003

3.99

0.025

3.82

0.029

2.48

0.094

4.53

0.016

17.685

0.000

Open space
18
4.14 ± 9.07 b
4.08
0.023
Cultivated land
15
11.8 ± 13.7 a
CaCO3 (%)
Forested land
20
3.12 ± 4.96 b
DR: dispersion ratio, ER: erosion ratio, C-MER: colloid-moisture equivalent ratio,
SSI: structural stability index,
AWC: available water capacity, SOM: soil organic matter.
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*: Means in a row followed by the same letter are not significantly different at
p<0.05 and p<0.001
** Values are the averages obtained from upper soil 0–20 cm).

In order to determine structural stabilities of the soils,
structural stability index values are referred. Soils with SSI
values lower than 40% are classified as highly erodible and
those with higher values are classified as middle level erodible [21, 36]. In the scope of the study, SSI values were
calculated to be 36.0% in forested areas, 47.8% in open
space areas and 49.8% in cultivated areas. Having regard
to these results, it is concluded that upper soils of the
forested areas are highly erodible and those of cultivated
and open space areas are middle level erodible.
Organic matter amounts vary in statistical terms according to land use regimes. In the study area, upper soil
layers of the forested areas (5.67%) and the cultivated
areas (4.34%) have higher values in terms of organic matters than those of open space areas (2.58%). Soils of the
open space areas are different from those of the forested
and cultivated areas. It was expected to measure the highest organic matter amount in the upper soil layer of the
forested areas. In a great number of studies, amounts of
organic matters have been calculated to be higher in soils of
forested areas [37-39]. In this study, very similar amounts
of organic matters in the upper soil layers of both the cultivated and forested areas can be explained through two
reasons. First, adequate amount of light can not reach dead
surface layers in fairly closed forested areas and thus organic matter can not be decomposed adequately and minerals can not be dispersed in soil as a result. This may lower
the general mean. Second, animal manure mixed in clayey
cultivated soils enrich its organic matter content. In a
study conducted in beech forested areas, amounts of organic matter in uppers soil layer has been measured to be
higher (7.67%) [40].
Mean pH values of the upper soil layers in the study
area are 6.59, 6.73 and 5.23 for open space, cultivated and
forested areas respectively. While open space and cultivated areas are similar in terms of pH values, this value is
a little low in the soils of the forested areas. pH values of
the upper soil layers, covered in the study, vary significantly in statistical terms according to land use regimes
(Table 1). Soils of the forested areas are statistically different from those treated under two other land use regimes. Lower pH levels in forested area soils compared to
open space and cultivated area soils can be explained by
two reasons. First, organic acids coming out during transformation of dead surface layer into humus by decomposition slow down soil reaction. Second, upper soils become impoverished through leaching in terms of bivalent
basic cations [24]. On the other hand, higher pH levels in
open space and cultivated area soils CaCO3 within the soil
as a result of evaporation.
The mean CaCO3 amounts vary in soils according to
land use regimes. The highest CaCO3 amount is in cultivated area soils with 11.8% followed by open space and

forested area soils with levels of 4.14% and 3.12% respectively (Table 1).
In soils of the forested areas in which amounts of calcium carbonate are relatively low, SSI values are low and
DR and ER values are high. [6] This suggests that high
amounts of calcium carbonate in soils enhance aggregating and aggregate stability.
Soils developed from parent materials of limestone
and mudstones are dominant in the research basin. The
variance analysis showed that changes in erosion indices
and some soil properties according to parent materials were
different.
TABLE 2 - Effect of land-use regime on soil properties.
Mean*
F-Ratio
Sig. Level
Std. Dev.
Open space
33 40.8 ± 11.4 a*
Cultivated land
30 34.8 ± 13.8 b
2.37
0.099
Sand (%)
Forested land
39 39.5 ± 9.3 ab
Open space
33 17.4 ± 3.5 b
Cultivated land
30 17.4 ± 4.5 b
4.19
0.018
Silt (%)
Forested land
39 19.9 ± 4.7 a
Open space
33 41.8 ± 11.3 b
Cultivated land
30 47.8 ± 13.4 a
3.52
0.033
Clay (%)
Forested land
39 40.6 ± 10.6 b
Open space
33 22.8 ± 6.0 b
Cultivated land
30 22.8 ± 8.2 b
8.22
0.000
DR (%)
Forested land
39 32.8 ± 17.3 a
Open space
33 22.2 ± 9.54 b
Cultivated land
30 19.8 ± 9.61 b
5.87
0.004
ER (%)
Forested land
39 30.0 ± 17.18 a
Open space
33 1.12 ± 0.25 a
Cultivated land
30 1.22 ± 0.27 a
1.18
0.313
C-MER (%)
Forested land
39 1.15 ± 0.27 a
Open space
33 46.2 ± 11.6 ab
Cultivated land
30 50.9 ± 13.3 a
4.80
0.010
SSI (%)
Forested land
39 41.1 ± 13.9 b
Open space
33 13.7 ± 1.8 ab
Cultivated land
30 12.8 ± 2.8 b
3.60
0.031
AWC (%)
Forested land
39 14.5 ± 2.8 a
Open space
33 1.88 ± 1.83 b
Cultivated land
30 4.24 ± 2.61 a
7.28
0.001
SOM (%)
Forested land
39 4.03 ± 3.48 a
Open space
33 6.69 ± 0.78 a
Cultivated land
30 6.85 ± 0.96 a
27.87
0.000
pH
Forested land
39 5.49 ± 0.80 b
Open space
33 6.50 ± 11.2 ab
Cultivated land
30 10.8 ± 12.6 a
4.77
0.010
CaCO3
Forested land
39 3.26 ± 6.43 b
DR: dispersion ratio, ER: erosion ratio, C-MER: colloid-moisture equivalent ratio,
SSI: structural stability index,
AWC: available water capacity, SOM: soil organic matter.
*: Means in a row followed by the same letter are not significantly different at
p<0.05 and p<0.001
** Values are the averages obtained from two depths (0–20 and 20–50 cm).
Soil property Land use regime

N

When Table 3 is analyzed, it can be concluded that
soils developed from mudstone and limestone are prone to
erosion in terms of DR, ER and C-MER. While DR and
ER reach the highest levels (33.6 and 34.3) in mudstone
parent material, C-MER has its lowest levels (1.03) in the
same parent material. As can be concluded from these
results, soils developed from the parent material of mudstone are more susceptible to erosion.
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It is stated that there are significant relations between
erodibility indices and soil fractions [6]. Erodibility augments in soils with high sand and silt fractions and low
amount of clay. In the scope of this study, in soils developed from mudstone, amounts of sand (42.9%) and silt
(18.7%) are higher than those in soils developed from limestone (36.8% sand, 18.4% silt), however the amount of
clay is lower (38.4%). High erodibilities in soils developed
from mudstone with low amount of clay and high levels
of sand should be accepted as expected results. Results
gained in the researches carried out show that erosion susceptibility increases when sand and silt increase and clay
decreases [41-43].
Structural stability indices (SSI) of soils are among
significant criterion for susceptibility to erosion. High structural stability indices are indicators of increase in resistance to erosion [36, 44]. SSI values in upper soil
layers within the study area vary according to parents
materials. While SSI value in soils based on the parent
material of mudstone is 38.6%, that of soils developed
from limestone is 49.0%. Higher SSI values in soils will
enhance resistance to erosion [21]. In term of these indices, soils developed from mudstone can be defined as
highly erodible soils and soils grown out of limestone as
middle level erodible soils.
When Table 3 is analyzed, it can be seen that SOM,
pH and CaCO3 levels in mudstone based soils are 3.56%,
5.82 and 2.98% respectively and lower (4.90%, 6.40 and
8.83%) than those in soils developed from limestone.
Though amounts of some SOM do not differ in soils developed from parent materials, pH and CaCO3, amounts
are statistically different (Table 3). The amount of CaCO3
and abundance of organic matter in soils developed from
limestone are thought to be effective in presence of high
values of SSI in mentioned soils, in other words higher
resistance to erosion.
While pH was calculated to be equal to 6.40 in soils
of limestone, its value is equal to 5.82 in soils developed
from the parent material of mudstone. The higher the
amount of clay in soil, the higher the amount of changeable cations is. In this way, acidation is prevented [24]. High
levels of CaCO3 and thus calcium (Ca), in addition to high
amount of clay in soils developed from limestone caused
pH to get values close to neutral.
Soils having developed from parent materials of mudstone and limestone vary in terms of their AWC capacities (Table 3). While the mean AWC values of soils having developed from mudstone are 14.5%, those of soils
from limestone are 13.0%. Soils’ AWC values are touched
by the soil organic matter and soil type. Differences in
AWC values in soils that are not statistically different in
terms of organic matter amounts (Table 3) result from soil
textures. AWC is present less in heavy textured soils in
which clay amount is high compared to those with lower

amount of clay. It is reported that AWC levels will not go
up as the amount of clay increases [24]. In study area,
amounts of clay in soils having developed from both
parents material are high. However, higher amounts of clay
(44.8%) in limestone based soils than those (38.4%) of
mudstone based soils may have had negative effects on
AWC values.
TABLE 3 - Variation of top soil properties by parent material.
Mean*
F-Ratio Sig. Level**
Std. Dev.
Mudstone
26
42.9 ± 12.8
Sand (%)
3.85
0.055
Limestone
27
36.8 ± 9.7
Mudstone
26
18.7 ± 5.2
Silt (%)
0.05
0.816
Limestone
27
18.4 ± 4.4
Mudstone
26
38.4 ± 12.0
Clay (%)
4.21
0.045
Limestone
27
44.8 ± 10.8
Mudstone
26
33.6 ± 17.80
8.94
0.004
DR (%)
Limestone
27
22.7 ± 6.12
Mudstone
26
34.3 ± 18.83
12.7
ER (%)
0.001
Limestone
27
20.5 ± 7.09
Mudstone
26
1.03 ± 0.22
0.038
C-MER (%)
4.56
Limestone
27
1.16 ± 0.24
Mudstone
26
38.6 ± 15.9
SSI (%)
8.38
0.006
Limestone
27
49.0 ± 9.5
Mudstone
26
15.0 ± 3.0
AWC (%)
6.01
0.018
Limestone
27
13.2 ± 2.4
Mudstone
26
3.56 ± 2.48
SOM (%)
2.20
0.150
Limestone
27
4.90 ± 3.99
Mudstone
26
5.82 ± 0.94
pH
4.28
0.041
Limestone
27
6.40 ± 1.16
Mudstone
26
2.98 ± 4.17
CaCO3
4.85
0.032
Limestone
27
8.83 ± 12.9
DR: dispersion ratio, ER: erosion ratio, C-MER: colloid-moisture equivalent ratio,
SSI: structural stability index,
AWC: available water capacity, SOM: soil organic matter.
* :Values are the averages obtained from three depths (0–20 cm).
**: Significant level : p<0.05 and p<0.001
Soil property

Parent material

N

TABLE 4 - Variation of soil properties by parent material
Parent materiMean*
Sig.
N
F- Ratio
al
Std. Dev.
Level**
Mudstone
50 41.7 ± 12.6
8.23
Sand (%)
0.005
Limestone
52 35.4 ± 9.6
Mudstone
50 18.6 ± 4.5
0.23
Silt (%)
0.636
Limestone
52 18.2 ± 4.4
Mudstone
50 39.7 ± 12.0
8.74
Clay (%)
0.004
Limestone
52 46.4 ± 11.2
Mudstone
50 31.3 ± 15.5
14.43
0.000
DR (%)
Limestone
52 22.1 ± 7.6
Mudstone
50 30.1 ± 16.0
19.70
ER (%)
0.000
Limestone
52 19.1 ± 7.9
Mudstone
50 1.10 ± 0.25
6.39
C-MER (%)
0.013
Limestone
52 1.23 ± 0.26
Mudstone
50 40.5 ± 14.6
16.09
SSI (%)
0.000
Limestone
52 50.5 ± 10.2
Mudstone
50 14.5 ± 2.5
8.44
AWC (%)
0.005
Limestone
52 13.0 ± 2.4
Mudstone
50 2.71 ± 2.19
5.68
SOM (%)
0.019
Limestone
53 4.06 ± 3.42
Mudstone
50 5.99 ± 0.90
7.77
pH
0.006
Limestone
52 6.55 ± 1.11
Mudstone
50 4.02 ± 7.07
5.67
CaCO3
0.019
Limestone
52 8.85 ± 12.5
DR: dispersion ratio, ER: erosion ratio, C-MER: colloid-moisture equivalent ratio,
SSI: structural stability index,
AWC: available water capacity, SOM: soil organic matter.
*: Values are the averages obtained from two depths (0–20 and 20–50 cm).
** :Significant level : p<0.05 and p<0.001
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Variance analyses were done for mean of two depth
levels as well, to exhibit the changes in erosion erodibility
indices and some other properties of soils according to the
parent materials. In other words, average of two depth
levels was calculated in every soil profile for one soil property. According to the results of variance analyses, DR,
ER and SSI presented differences in p<0.001 significant
level, and C-MER showed differences in p<0.005 significant level according to the parent materials. Moreover,
AWC and pH values, and the amount of SOM and CACO3
were found to be different according to parent material
p<0.05 significant level (Table 4).
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CONCLUSIONS
DR and ER values, which are among erodibility indices, of soils in Erfelek dam Creek watershed constituted
on Karasu River (Sinop) are higher, and SSI and C-MER
are lower than respective limit values. Soils of the open
space, cultivated and forested areas in the basin are susceptible to erosion. In other words, their erosion erodibilities are high. The highest erodibility indices were measured in soils of forested area. As these areas are continuously covered with a protective flora, no active erosion is
observed. However, erodibility resulting from the structural properties of the soil is high. These areas should be
certainly covered with such protective forests. Erodibilities of soils treated under other two land use regimes (open
space, cultivated) are high. However, these areas are not
covered with constant and protective vegetations. Their
susceptibilities to erosion and lack of protective vegetations will cause them to be exposed to erosion more. Soils
removed by erosion will lessen the water storing capacity
of the dam and as thus the economic life of dam will
shorten. This situation will have negative impacts on water and energy (electricity) sectors of the country.
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ABSTRACT
Effects of NaOH treatment on the cobalt adsorption
to bone were studied. Compared with the untreated bone,
NaOH treatment increased cobalt sorption capacity of bone
from 20.1-25.1 mg g-1 to 58.75 mg g-1. The kinetic studies
demonstrated that the cobalt adsorption data for untreated
bone or NaOH treated bone agreed well with pseudo second-order equation. NaOH treatment resulted in an
increase in initial sorption rate by a factor about 2 and a
decrease in half-adsorption time (t1/2) by 40% at different
temperature. Intraparticle diffusion study showed that intraparticle diffusion was not the only rate-limiting step in
cobalt sorption to both untreated bone and NaOH treated
bone. Both the Langmuir and the Freundlich models described the sorption data well for untreated bone and NaOH
treated bone at different temperature. Thermodynamic studies showed that adsorption of cobalt to untreated or NaOH
treated was endothermic but not spontaneous. Higher temperature was favorable for the sorption process toward
spontaneous reaction and NaOH treatment also contributed to sorption process toward spontaneous reaction. The
activation energy of sorption, Ea, was 8.01 kJ mol-1 for untreated bone and 13.38kJ mol-1 for NaOH treated bone,
respectively, at an initial cobalt concentration of 200mg L-1
at 298K. FT-IR spectra analysis showed that ion-exchange
could be the most predominant mechanism involved in
cobalt sorption by bone.

KEYWORDS:
swine bone, adsorption, cobalt, chemical modification

INTRODUCTION
Contamination of the aquatic environment with heavy
metals is a worldwide environmental problem. A variety of

methods are used to remove these toxic substances from
effluents and industrial wastewater before they are discharged into a natural water body. The main treatment
technologies include precipitation and coagulation,
ion-ex-change, membrane processes and electrolytic technologies. However conventional treatment technologies
like pre-cipitation and coagulation become less effective
and more expensive when situations involving high volumes and low metal concentrations are encountered [1].
The application of membrane processes and activated
carbon are also restricted due to high costs. As a result,
an inexpensive yet efficient adsorbent of heavy metals is
desired in effluent cleanup. Recently, a few studies
have shown that the relatively inexpensive spent animal
bone is a potential ad-sorbent for heavy metals. Animal
bones are composed in 65-70% of inorganic substances,
mainly hydroxyapatite (Ca10(PO4)6(OH)2) and the remaining part of bones is com-posed of organic matter [2]. Ion
exchange with Ca2+ was postulated as the mechanism of
metal sorption to hydroxy-apatie [3]. So far, several researchers reported adsorption behavior of heavy metals to
animal bone including zinc [4, 5], lead [6], chromium [7],
copper and nickel [3, 8]. Some factors influencing adsorption behavior and kinetics were studied in these studies.
However, little information was available on how to enhance sorption capacity of heavy metals to bone by chemical pretreatment.
The aim of the present investigation was to examine
the effect of alkali modification on the ability of bone to
remove cobalt from solution by comparatively studying
kinetics and thermodynamics of cobalt adsorption to untreated bone and alkali treated bone. The possible mechanisms involved were also discussed on the basis of FT-IR
(Fourier Transform Infrared Spectroscopic) analyses. Cobalt was chosen because cobalt is widely present in various industrious wastewater including petrochemical wastewater and it has a variety of acute and chronic toxicologi-
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cal effects on human including neurotoxicological symptoms, gastrointestinal troubles and dilation of the heart [9].
MATERIALS AND METHODS

centration, i.e., Ce (mg L-1), and qt is equal to equilibrium
sorption capacity, qe (mg g-1).
RESULTS AND DISCUSSION

Preparation of adsorbent

Kinetics studies

After the spent swine bone had been boiled for 10
minutes and the meat attached on the bone was thoroughly
removed, the bone was dried in an oven for 24h at 80℃,
powdered and sieved through a 100 mesh sieve. Part of the
powdered biomass was subjected to NaOH treatment.

The pseudo-first order equation of Lagergren [10] is
generally expressed as follows:
dqt/dt = k1(q1-qt)

(2)

where q1 and qt are the amount of cobalt adsorbed per
unit weight of adsorbent at equilibrium

Treatment with NaOH

25 grams of the bone powder was mixed with 2500 ml
of 0.1M NaOH solution and agitated (120 rpm) for 24 h.
After treatment, the bone powder was filtered, washed
thoroughly with de-ionized water for several times and
dried in an oven at 80°C for 6 h.

Cobalt solution was made from Analar cobalt(II) chloride 6-hydrate(CoCl2.6H2O). Stock solution (4,000 mg L-1)
of cobalt ion was prepared using deionized water and subsequently diluted. The pH of the solutions was not adjusted.
For isotherm analysis, adsorption experiments were conducted by varying the initial cobalt(II) ion concentration
from 100mg L-1 to 600mg L-1. 0.5g of adsorbent were
added to flasks containing 50ml of cobalt-bearing solution.
Flasks were shaken at 150 rpm at 25℃. Aliquot amount
(2 ml) of solution was collected, periodically. The kinetic
adsorption experiment was carried out as follows: 1.5g of
adsorbent was added to flasks containing 150ml of cobaltbearing solution with cobalt ion concentration of 200mg L-1.
Flasks were shaken at 150 rpm at 25℃. Aliquot amount
(2 ml) of solution was collected, periodically. The samples
were filtered and cobalt concentrations in the filtrate were
determined by AAS (Varian 6). The adsorption tests were
made in triplicate and the standard error values ranged from
1% to 5%. The mean values were used.
Fourier transform infra red spectroscopy analysis

Certain amount of adsorbent treated with NaOH or untreated was dried at 40℃ and then ground and sieved
through a 200 mesh sieve for FTIR analysis (Nexus 470 FTIR ).
Calculation

The sorption tests were duplicated and the differences
were typically less than 5%. The mean values were used.
The amount of cobalt adsorbed at time t, qt was calculated
from the mass balance equation (1)
qt = (C0 -Ct)V /W

12
10

t/qt(min g/mg)

Adsorption experiment

8
6
4
2
0
0

20

40

60

80

100

120

t(min)

FIGURE 1 - Plot of t/qt versus t at different temperature

and at time t, respectively (mg g-1) and k1 the rate constant
of pseudo-first order sorption (min-1) given the boundary
conditions for t=0, qt=0, the equation (1) can be integrated
to give [11]
log(q1-qt) = logq1- (k1/2.303)t

(3)

If the sorption process can be described by pseudofirst order equation, there should be good linear relationship between log(q1-q) and t.
If the sorption follows the second order mechanism,
the pseudo-second order chemisorption kinetic rate equation is used [11]
dqt/dt = k2(q2-qt)2

(4)

Where q2 is the amount of cobalt adsorbed at equilibrium (mg g-1), k2 is pseudo-second order rate constant (g
mg-1 min-1), and qt is the amount of cobalt adsorbed per
unit weight of adsorbent at time t. After integrating and
applying boundary conditions for t=0, qt=0, equation (3)
becomes
t/qt =1/(k2q22) + t/q2

(1)

where C0 and Ct are the initial cobalt concentration
(mg L-1) and the bobalt concentration at time t(mg L-1),
respectively. V is the volume of the solution (ml), and W
is the weight of the adsorbent (g). When t is equal to the
equilibrium contact time, Ct is equal to equilibrium con-

Untreated, 288K
NaOH treated, 288K
Untreated, 298K
NaOH treated, 298K
Untreated, 308K
NaOH treated, 308K
Untreated, 318K
NaOH treated, 318K

14

(5)

The rate constant k2 can be obtained from the intercept of the linearized pseudo-second order rate equation.
If the pseudo-second order equation can fit the sorption
data, there should be good linearity between t/qt and t.
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when tà0, the initial sorption rate u can be defined as
u=k2q2

2

(6)

Half-adsorption time (t1/2) is the time required for the
adsorption to take up half as much cobalt as its equilibrium
value. This time is an indicator for the adsorption rate. It
was calculated from the following equation:
t1/2 = 1/k2q2

(7)

If there is a linear relationship between k2 and 1/T, the
activation energy of sorption, Ea (kJ mol-1) can be obtained
from the slope of the Arrhenis equation
lnk2=lnA-Ea/RT

(8)

where k2 is the pseudo-second order sorption rate constant (g mg-1 min-1), A is the temperature independent factor
(g mg-1 min-1), R the gas constant (8.314 J mol-1 K-1) and
T the solution temperature (K).
The relationship between log(q1-qt) versus time t in
this work was not linear over the entire time range (R2=

0.743~0.852 ) (Table 1), indicating that more than one

mechanism involved in adsorption. Furthermore, The q1
obtained from first-order equation was much different from
the experimental values (qexp) (Table1). However, Fig.1
showed that the pseudo-second order equation satisfactorily described all the sorption data (R2=0.997~1.0, p<
0.0001) and the values of q2 derived from pseudo secondorder equation were close to the experimental values,
which indicated several mechanisms involved in adsorption process. Table 1 listed the parameters of pseudo firstequation and pseudo second-order equation. It was found
that NaOH treated bone had better sorption capacity(q2)
than untreated bone. At an initial cobalt concentration of
200mg L-1, q2 at different temperature increased by about
3mg g-1 after the bone was treated with NaOH. As the
temperature increased from 288K to 318K, q2 increased
from 9.50mg g-1 to 12.03mg g-1 for untreated bone and
12.69mg g-1 to 15.24mg g-1 for NaOH treated bone, respectively.

TABLE 1 - Parameters of pseudo-first order equation and pseudo-second order equation.
Equation
T
(K)
288
298
308
318

Treatment
Control
NaOH
Control
NaOH
Control
NaOH
Control
NaOH

qe exp
(mg g-1)
8.69
11.51
9.43
12.59
10.68
13.94
11.48
14.81

k1
0.0199
0.0197
0.0165
0.0195
0.0193
0.0224
0.0180
0.0215

dq/dt = k1(q1-q)
q1
(mg g-1)
1.39
1.97
1.49
0.78
1.43
1.45
1.96
1.74

k2
×102(g mg-1 min-1)
1.09
1.21
1.18
1.47
1.36
1.75
1.48
2.06

R2
0.834
0.788
0.839
0.743
0.852
0.804
0.806
0.744

k2 obtained by linear regression of t/q against t also
showed that NaOH treated bone had a higher cobalt sorption rate than untreated bone. Both for untreated bone and
NaOH treated bone, k2 increased as temperature increased,
indicating that increase in temperature increased sorption
rate. The initial sorption rate u for NaOH treated bone
was higher than that for untreated bone by a factor about
2. u increased from 0.99 mg g-1 min-1 to 2.14 mg g-1 min-1
for untreated bone and from 1.95 mg g-1 min-1 to 4.78 mg
g-1 min-1 for NaOH treated bone, respectively, as temperature increased from 278K to 308K. Half-adsorption time
(t1/2) for NaOH treated bone was about 60% of that for
untreated bone. On increasing of temperature from 278K
to 308K, t1/2 decreased from 9.66 min to 5.67 min for untreated bone and from 6.52 min to 3.19 min, respectively.

t1/2
(min)
9.66
6.52
8.47
5.17
6.57
3.97
5.63
3.19

R2
0.999
0.997
1.0
0.999
0.999
1.0
1.0
1.0

where k2 is the pseudo-second order sorption rate
constant (g mg-1 min-1), A is the temperature independent
factor (g mg-1 min-1), R the gas constant (8.314 J mol-1 K-1)
and T the solution temperature (K).
Ea was 8.01 kJ mol-1 for untreated bone and 13.38kJ
mol for NaOH treated bone, respectively, at an initial
cobalt concentration of 200mg L-1.

A linear relationship (R2=0.987 for untreated bone
and R2=0.987 for NaOH treated bone, respectively) was
found between k2 and 1/T (fig.2). On the basis of this linear
relationship, the activation energy of sorption, Ea (kJ mol1
) can be obtained from the slope of the Arrhenis equation
lnk2=lnA-Ea/RT

dq/dt = k2(q2-q)2
q2
u
(mg g-1)
(g mg-1 min-1)
9.50
0.99
12.69
1.95
10.0
1.18
13.16
2.54
11.23
1.71
14.35
3.61
12.03
2.14
15.24
4.78

(9)
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untreated
NaoH treated

Untreated, 288K
NaOH treated, 288K
Untreated, 298K
NaOH treated, 298K
Untreated, 308K
NaOH treated, 308K
Untreated, 318K
NaOH treated, 318K

15

0.02

Y =1.17926-1.60965 X

10

2

lnk2

qt (mg/g)

R =0.998

5

Y =-1.18386-0.96324 X
2

R =0.987
0

3.10

3.15

3.20

3.25

3.30

3.35

3.40

3.45

0

3.50

5

10

t

1000/T (1/K)

Intraparticle diffusion will be a rate limiting step in
many cases and can be determined by using following
equation [12]:
(10)

where qt is the amount of metal adsorbed at time t,
(mg g-1), kp the intraparticle rate constant (mg g-1 min-1/2).

Theoretically, if the intraparticle diffusion was the
only rate determining step, the relationship between qt and
t 1/2 should be linear and the line should pass the origin
point [12]. The relationship between qt and t1/2 was not
linear over the whole time range (Fig. 3) and this indicated
that there were several processes affecting the adsorption.
The study of Al-Ashen et al. [3] showed good linearity between q and t1/2 over a time range of 96 h. However, they
further pointed out that the lines did not pass through
origin point, indicating intraparticle diffusion was not the
only rate-limiting step. The difference between this study
and the study of Al-Ashen et al. [3] could be attributed to
the different sizes of adsorbent. The size of adsorbent used
in this study was less than 0.15mm and the size of the adsorbent used by Al-Ashen et al. [3] was 0.71-2mm, which
meant a very slow sorption process. The rate constant of
intraparticle diffusion (kp) can be calculated from the slope
of the final linear portion. In the present study the sorption dada ranged from 20min to 120min was employed to
calculate kp because there was relative better linear relationship between qt and t1/2 over this time range. The kp
values at different temperature were 0.069 ~0.140 mg g-1
min-1/2 (R 2=0.84~0.99) for untreated bone and 0.050~
0.121 mg g-1 min-1/2 (R2=0.83~0.90) for NaOH treated bone,
respectively. In the present study, higher initial sorption
rate and lower diffusion rate indicated that cobalt sorption

TABLE 2 - Langmuir and Freundlich adsorption constants associated with
adsorption isotherms of cobalt(II) ions on spent swine bone treated with NaoH or untreated.
T
(K)
288
298
308
318

Isotherm Model
Treatment
Untreated
NaOH Treated
Untreated
NaOH Treated
Untreated
NaOH Treated
Untreated
NaOH Treated

qm(mg g-1)
37.50
57.60
44.74
64.35
54.46
74.91
61.31
86.43

15

1/2

(min )

FIGURE 3 - Plot of qt against t1/2

FIGURE 2 - Plot of lnk2 against 1/T.
Intraparticle Diffusion Studies

kp=qt/t1/2

1/2

Langmuir
b (L g-1)
3.15
3.05
2.74
3.20
2.50
3.42
2.65
3.41
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R2
0.984
0.998
0.986
0.999
0.998
0.995
0.999
0.987

kF
0.28
0.42
0.30
0.50
0.35
0.67
0.39
0.73

Freundlich
1/n
0.743
0.743
0.752
0.738
0.737
0.716
0.748
0.726

R2
0.993
0.991
0.993
0.991
0.993
0.979
0.992
0.976
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0.20

20.09

0.10

Untreated, 288K
NaOH treated, 288K
Untreated, 298K
NaOH treated, 298K
Untreated, 308K
NaOH treated, 308K
Untreated, 318K
NaOH treated, 318K

0.05

qe(mg/g)

1/qe (g/mg)

0.15

Untreated, 288K
NaOH treated, 288K
Untreated, 298K
NaOH treated, 298K
Untreated, 308K
NaOH treated, 308K
Untreated, 318K
NaOH treated, 318K

7.39

0.00
0.01

0.02

0.03

0.04

0.05
20.09

1/Ce (L/mg)

148.41

403.43

Ce (mg/l)

FIGURE 4 - Linearized Langmuir adsorption
isotherms of Co(II) sorption to bone powder.

to bone powder characterized with initial rapid adsorption
to bone particle followed by slow diffusion. It was reported
that three steps were involved in metal adsorption to hydroxyapatite including surface complexation of metal ions,
dissolution of hydroxyapatite followed by metal hydroxyapatite precipitation and slow metal diffusion/substitution
of Ca [13].
Isotherm sorption analysis

The Langmuir and the Freundlich adsorption isotherms
were used to evaluate the adsorption data of untreated and
NaOH treated adsorbent.
Langmuir Isotherm Model is a theoretical model for
monolayer adsorption:
qe =qmbCe/(1+bCe)
(11)
where qe is the amount of metal adsorbed, mg g-1(dry
mass); qm is the maximum metal sorption value corresponding to sites saturation, mg g-1 (dry mass); Ce is the
equilibrium metal concentration in solution, mg L-1; and b
is the ratio of adsorption/desorption rates.
Freundlich Isotherm Model is an experimental model
and it is usually expressed as follows:
qe=kFCe1/n

54.60

(12)

where qe is the amount of metal adsorbed in mg g-1,
kF and 1/n are the Freundlich constants
Fig. 4 and Table 2 showed that the adsorption data of
untreated biomass and the biomass treated with NaOH
agreed well with the Langmuir isotherm over the concentration range of 100-600 mg L-1. The values of qm showed
that modification with NaOH significantly enhanced the
cobalt uptake capacity.

FIGURE 5 - Linearized Freundlich adsorption
isotherms of Co(II) sorption to bone powder.

As illustrated in Fig. 5, the adsorption data for the
bone untreated and treated with NaOH could also be described by the Freundlich Isotherm over the concentration
range of 100–600 mg L-1. The parameters of the Langmuir isotherm model and the Freundlich isotherm model
were listed in Table 2.
The maximum sorption capacity (qmax) increased
from 37.5 mg g-1 to 61.3 mg g-1 for untreated bone and
from 57.6 mg g-1 to 86.43 mg/g for NaOH treated bone,
respectively, as the temperature increased from 288K to
318K, indicating that higher temperature favored cobalt
adsorption to bone. NaOH treatment enhanced the cobalt
sorption capacity by 20.1~25.1 mg g-1. The values of kF
both for untreated bone and NaOH treated bone also increased as the temperature increased, indicating that sorption intensity was enhanced as the temperature increased.
The exponent n were all in the range 1-10, indicating favorable adsorption at all temperatures tested [14].
Thermodynamic studies

Analysis of thermodynamics of equilibrium sorption
data can give more important information on sorption process. In the present study, thermodynamic parameters
were calculated by using the equation (13)
lnKd = △S0 /R-△H0/RT

(13)
-1

where Kd is the distribution coefficient (ml g ), which
was obtained from the q2 of the pseudo-second-order equation in Table 1.

△H0, △S0, and T are the enthalpy, entropy, and temperature in kelvin, respectively, and R is the gas constant.
△H0 and△S0 were obtained from the slope and intercept
of the plot of lnKd against 1/T (Fig.6). Gibbs free energy
△G was calculated using the equation (14)
△G= △H0-T△S0

(14)

The values of the thermodynamic parameters for the
sorption of cobalt to sorbents are given in Table 3. The
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positive value of △H0 showed that adsorption of cobalt to
bone was endothermic. The positive values of △G at various temperatures indicate the sorption process was not spontaneous. However, △G decreases with increased temperature indicated that higher temperature was favorable for
spontaneous reaction. The lower values of △G for NaOH
treated bone indicated that NaOH treatment contributed to
sorption process toward spontaneous reaction.
Untreated
NaOH treated

0.37

Y =4.96336-1948.57118 X
2

kd

R =0.965
0.14

TABLE 3 - Thermodynamic parameters of cobalt sorption to bone
Treatment
Untreated
NaOH treated

△ H0
△ S0
-1
(kJ mol ) (J mol-1) 288K
13.67
27.21
5.83
16.20
41.27
4.31

△G(kJ mol-1)
298K 308K
5.56
5.29
3.90
3.49

318K
5.02
3.08

FTIR analysis

The FTIR spectrum of the untreated bone powder (Fig.
7a) indicated broad absorption bands at 3750-3000 cm-1,
representing -OH groups. Absorption bands at 2920 cm-1
is indicating of -CH stretch. The intensive bands at 1030
cm-1 are indicating the presence of the PO43-. The bands
present at 1660 cm -1, 1558 cm -1 and 1460cm -1 could be
attributed to amide groups of protein. The moderately strong
bands at 564 cm-1 could be assigned to P-C stretching.

Y =3.27291-1644.5879 X
2

R =0.972

0.0031

0.0032

0.0033

0.0034

0.0035

1/T (1/K)

FIGURE 6 - Plot of lnk against 1/T

FIGURE 7 - FT-IR spectra of bone powder (a, untreated bone before cobalt sorption; b, untreated bone
after cobalt sorption; c, NaOH treated bone before cobalt sorption; d, NaOH treated bone after cobalt sorption).

The FTIR spectrum of the bone treated with NaOH
(Fig.7c) showed treatment of the bone with 0.1M NaOH
had significantly altered the chemical nature of bone. The
band at 1660 cm-1 almost disappeared and the bands at
1557 cm-1 and 564 cm-1 were appreciably intensified after
the bone had been treated with NaOH. The sorption studies showed that treatment with NaOH significantly enhanced the affinity for cobalt of bone and the maximum
cobalt sorption capacity was increased from 49.16 mg g-1
for untreated bone to 58.75mg g-1.

Analysis of FTIR spectra (Fig.7a,b,c,d) showed that
there was little difference between the untreated bone powder before and after cobalt sorption and this was the same
case for NaOH treated bone powder, indicating that ionexchange absolutely dominated cobalt sorption by bones.
Al-Ashen et al. [3] also reported that ion-exchange could
be the most predominant mechanism for the binding of
metals by bones. Increase in cobalt sorption by NaOH
treatment might be explained that NaOH treatment al-
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tered the chemical nature of bone and more cations could
be exchanged out by cobalt.
CONCLUSIONS
This study showed that NaOH treatment enhanced
cobalt uptake capacity of bone. The kinetics studies
demonstrated that the cobalt sorption data for both untreated bone and alkali treated bone agreed well with pseudo second-order equation. The initial sorption rate for
NaOH treated bone was higher than that of untreated
bone by a factor about 2. The half-adsorption time (t1/2)
for NaOH treated bone was about 60% of that for untreated bone. Intraparticle diffusion study showed that intraparticle diffusion was not the only rate-limiting step in
cobalt sorption to both untreated bone and NaOH treated
bone. Both Langmuir and Freundlich models described the
sorption data well of untreated bone and NaOH treated
bone at different temperature. Thermodynamic study
showed that adsorption of cobalt to untreated or NaOH
treated bone was endothermic but not spontaneous. Higher
temperature was favorable for the sorption process toward
spontaneous reaction and NaOH treatment contributed to
sorption process toward spontaneous reaction. FT-IR spectra analysis showed that ion-exchange could be the most
predominant mechanism involved in cobalt sorption by
bone.
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EXPERIMENTAL IN SITU FEEDING OF THE SEA URCHIN Paracentrotus lividus WITH INVASIVE ALGAE Caulerpa racemosa
var. cylindracea AND Caulerpa taxifolia IN THE ADRIATIC SEA
Ante Žuljević, Vedran Nikolić*, Marija Despalatović and Boris Antolić
Institute of Oceanography and Fisheries, Laboratory for Benthos, Šet. I. Meštrovića 63, P.O. Box 500, 21000 Split, Croatia

ABSTRACT
An in situ experiment was conducted to determine
whether one of the main herbivore species in the Adriatic
Sea, the sea urchin Paracentrotus lividus, could feed exclusively on invasive green algae Caulerpa racemosa var.
cylindracea or Caulerpa taxifolia. The food and the sea
urchins were placed in experiment cages on the sea bottom, alongside with the controls for the duration of eight
days. Sea urchins were offered C. racemosa var.
cylindracea, C. taxifolia or seagrass Posidonia oceanica
(common food) as the only available food in experiment
cages. A difference between wet mass of offered food at
the end and the beginning of the experiment was calculated. The results showed that P. lividus could feed on C.
racemosa var. cylindracea in the summer period, even in
greater quantities than with seagrass P. oceanica. Also,
sea urchin “barrens” were observed inside dense C. racemosa var. cylindracea colonies. Paracentrotus lividus
consumed minimal quantity of C. taxifolia during this short
term feeding experiment.

against herbivore organisms by producing a number of
toxic secondary metabolites [3]. The most abundant secondary metabolite in C. taxifolia is caulerpenyne. This
molecule can reach 0.2% of the wet mass in the algal fronds
during the spring and even up to 13% during the summer
[4, 5]. In fronds of C. racemosa, the concentration of
caulerpenyne is 35 to 80 times lower than in C. taxifolia,
depending on the season [6].

KEYWORDS: Caulerpa racemosa var. cylindracea; Caulerpa
taxifolia; feeding experiment; Paracentrotus lividus; Adriatic Sea.

Ruitton et al. [10] carried out field observations and
analysed gut contents of C. racemosa grazers, fishes
Boops boops (Linnaeus, 1758) and Sarpa salpa (Linnaeus, 1758) and sea urchins Sphaerechinus granularis (de
Lamarck, 1816) and P. lividus. They have determined that
the grazing began at the end of summer and increased in
autumn when the extent of C. racemosa meadows was at
maximum. However, they suggested that only experimental survey involving exclosures could allow quantitative assessment of fish and sea urchin grazing of C.
racemosa.

INTRODUCTION
Two invasive algae of the genus Caulerpa, Caulerpa
taxifolia (Vahl) C. Agardh and Caulerpa racemosa var.
cylindracea (Sonder) Verlaque, Huisman et Boudouresque
(C. racemosa from here after) are spreading throughout
the Mediterranean Sea and drastically changing the biodiversity and ecodiversity of the infralittoral bottom [1, 2].
One of the main reasons of their success and invasive
capability in the Mediterranean Sea is the absence of herbivore organism, which could control its spread. Species of
the genus Caulerpa have developed an efficient strategy

It was found that these metabolites in the alga C. taxifolia in the Mediterranean Sea act as a repellent on one of
the main herbivore species, the sea urchin Paracentrotus
lividus (de Lamarck, 1816). In in vitro experimental conditions, during summer and autumn when the concentration of algal metabolites is the highest, sea urchins almost
completely avoid feeding on algae and some die of starvation [7]. During winter and spring, concentration of the
algal metabolites decreases. In that period, sea urchins
consume algae moderately, but it is hardly or not at all
absorbed [8, 9]. Whatever the period of the year, urchins
showed marked loss of spines, long righting times and
small gonosomatic ratios compared with the controls [7].

Here we present an in situ experiment which showed
that P. lividus can consume C. racemosa in significantly
higher quantity compared to the leaves of P. oceanica or
thalli of C. taxifolia. Additionally, this is the first feeding
experiment in natural environment concerning P. lividus
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impact on invasive Caulerpa species in the Mediterranean
Sea.
MATERIALS AND METHODS
Location of the in situ experiments

The location for the experiment was chosen in such a
way as to prevent accidental introduction of invasive species to new areas. The experiment with Caulerpa racemosa
was performed at an invaded site in Zavala cove (Hvar
Island, 43°10’50”, 16°34’44”) within the C. racemosa colony, while the experiment with Caulerpa taxifolia was performed at an invaded site in the Stari Grad Bay (Hvar
Island, 43°07’20”, 16°41’48”) within the C. taxifolia colony, in the eastern part of the Adriatic Sea (Fig. 1). The
experiment sites were similar regarding substrate composition, depth, temperature and sunlight exposure.

Seagrass Posidonia oceanica, sea urchins common
food, was used in the experiments to be compared with
the weights of consumed invasive Caulerpa species. Ten
healthy fragments of P. oceanica leaves were placed in
each of the other ten experiment cages. Fragments were
made out of adult and intermediate leaves, which were cut
to the length of 20 cm from the basal part and at the time
of the experiment with minimum epiphytes. Total wet mass
of ten fragments ranged from 2.62 to 4.39 g per cage.
Optimal quantity of P. oceanica and Caulerpa spp. to
be offered in the experiment cages was estimated during
preliminary research, not presented here.
One specimen of the sea urchin Paracentrotus lividus
was placed in each experiment cage. Sea urchins were
collected directly before the feeding experiment inside or
near the area invaded by C. racemosa. Specimens of test
diameter of about 4 cm were used to allow them free movement inside experiment cages. Additionally, test diameter
was measured after the duration of the experiment to
avoid imposing stress to the sea urchins. Cages were fixed
to the sea bottom on the depth of 10 m inside the sparse
meadow of P. oceanica.
At the same time and site, control cages were deployed,
containing only C. racemosa thalli (14.53 – 18.79 g) in ten
experiment cages and only P. oceanica leaves (2.63 –
3.25 g) in ten experiment cages. The controls were supposed to show the autogenic, non-feeding related, changes
in C. racemosa and P. oceanica weight. The feeding experiment lasted from 11th until 19th of September 2007. Seawater temperature varied between 23 and 24 °C.
Immediately after the end of feeding experiment, the
remaining wet mass of the offered food and controls was
weighed. T-test was used for statistical analysis of the
obtained data.

FIGURE 1 - Map of the experimental sites. Experiment with
Caulerpa taxifolia was conducted inside its colony in Stari Grad Bay
while experiment with Caulerpa racemosa was conducted inside its
colony in Zavala cove.
Feeding of Paracentrotus lividus with Caulerpa racemosa

Ten perforated transparent plastic bottles (V=1.5 dm3)
were used as experiment cages. Thalli of C. racemosa were
collected one day prior to the feeding experiment. Three
to five thalli were used in each experiment cage. The stolons
were 10 to 15 cm long with three to five fully grown
fronds, from 3 to 8 cm long.
Directly before the feeding experiment, the wet mass of
C. racemosa was weighed and placed in each experiment
cage. Wet mass ranged from 14.96 to 18.95 g per cage.

Field observations were made inside colonies of C.
racemosa to see whether sea urchins are forming barrens
or "clean areas", result of overgrazing of sea urchins on
algae within very localized area as described by Verlaque
and Nédelec [11].
Feeding of Paracentrotus lividus with Caulerpa taxifolia

The experimental procedure and time of realization
was the same as in feeding experiment with C. racemosa.
Differences were only in quantity of C. taxifolia thalli used
in the experiment. Stolons were cut to the 15 cm long
pieces with three to four well developed intact fronds from
5 to 15 cm long. All the rhizoids were cut off and thalli
left in seawater for one day to heal over. Wet mass ranged
from 8.57 to 12.84 g per cage. The wet mass of the offered P. oceanica ranged from 2.75 to 3.55 g. In the control cages, the wet mass of C. taxifolia ranged from 7.08
to 15.32 g, while the wet mass of P. oceanica ranged from
2.81 to 3.25 g.
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Field observations were made inside colonies of C.
taxifolia to see whether sea urchins are forming barrens or
“clean areas”.
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FIGURE 2 - Average change (mean) of wet mass (wet mass at the end minus wet mass at the beginning of the
experiment) of Caulerpa racemosa, Caulerpa taxifolia and seagrass Posidonia oceanica during eight days in situ
experiment. P – cages with Paracentrotus lividus, C – control cages without P. lividus, error bars – standard deviation.

RESULTS
After the eight days in situ feeding experiment with
Caulerpa racemosa the remains of the algae were found in
five experiment cages, while in the others algae was completely consumed. Average change of the algal wet mass
(wet mass at the end minus wet mass at the beginning of
the experiment) was –13.30 ± 4.16 g per cage (average
mass change ± SD) (Fig. 2). T-test shows a significant difference between wet mass of C. racemosa at the beginning
and the end of the experiment for the cages with sea urchins (P<0.001).
In the experiment with Posidonia oceanica in the same
area average wet mass change was lower than that of C.
racemosa. Average change of wet mass was –2.50 ± 0.84 g
per cage (average mass change ± SD) (Fig. 2). Bite marks
were common (Fig. 3). There was a significant difference
between average changes of wet masses of C. racemosa
and P. oceanica in the same area (P<0.001).

FIGURE 3
Remains of Posidonia oceanica leaves in an experimental cage
after feeding experiment with the sea urchin Paracentrotus lividus.
Bite marks are clearly visible. Arrows – unconsumed fragments.

In the control experiments, average change of P. oceanica wet mass was –0.47 ± 0.94 g per cage (average mass
change ± SD). Average change of C. racemosa wet mass
was 2.38 ± 0.94 g per cage (average mass change ± SD)
(Fig. 2).
In the experiment with Caulerpa taxifolia, sea urchins
consumed minimal quantity of algae. Bite marks on the
fronds were exceptionally rare (Fig. 4). Average change
of the algal wet mass was –2.15 ± 1.40 g per cage (average mass change ± SD) (Fig. 2). T-test showed a statistically significant difference between average wet mass of
C. taxifolia at the beginning and the end of the experiment
(P<0.05).
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FIGURE 4 - Infrequent bite marks (arrows)
on the fronds of Caulerpa taxifolia made by the sea
urchin Paracentrotus lividus during the feeding experiment.
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Average change of P. oceanica wet mass was –2.85 ±
0.33 g per cage (average mass change ± SD) (Fig. 2). Bite
marks were common (Fig. 3). There was no significant
difference between C. taxifolia and P. oceanica average wet
mass change in the same area (P>0.1).
In the control experiments, average change of P. oceanica wet mass was –0.05 ± 0.14 g per cage (average mass
change ± SD). Average change of C. taxifolia wet mass
was 0.36 ± 0.37 g per cage (average mass change ± SD)
(Fig. 2).
Result of the t-test showed that average wet mass
changes of C. racemosa and C. taxifolia are significantly
different (P<0.001). There was no statistically significant
difference between wet mass change of P. oceanica leaves
from the two sites (P>0.1).
Test diameters of the sea urchins Paracentrotus lividus
used in the experiment ranged from 35 to 53 mm, with the
average of 41.73 ± 3.86 mm (average diameter ± SD).
There was no statistically significant difference in average
test diameters of sea urchins between any sets of cages
used in the experiments (P>0.1).
Inside C. racemosa colonies, barrens on the rocky bottom with sea urchin P. lividus were common (Fig. 5), while
no barrens were found inside C. taxifolia colonies.

completely avoid feeding on Caulerpa taxifolia. The reason
for such a difference is most probably in concentration of
metabolite caulerpenyne in C. racemosa, which is 35 to
80 times lower than in C. taxifolia [6]. On the other side,
in the winter-spring period, when concentration of metabolites in C. taxifolia is the lowest, sea urchins moderately
consume the algae in the long-term aquarium experiment,
but with lethal or sublethal consequences [7]. It would be
worthwhile to explore whether feeding of sea urchins on
C. racemosa during the summer (which we noted in the
field) would lead to similar lethal or sublethal consequences within the long term period.
In the feeding experiment presented here, we showed
that P. lividus consumes C. racemosa in greater quantity
than leaves of Posidonia oceanica (Fig. 2). The quantity of
consumed C. racemosa was limited by offered mass of the
algae in some of the experiment cages. It indicates that sea
urchins may have been able to consume additional algal
mass if it were available during the experiment.
Caulerpa taxifolia thalli exhibited rare bite marks after they were exposed to the sea urchins during eight days.
On the other side, bite marks were common on the leaves
of P. oceanica. However, decrease of C. taxifolia algal mass
was recorded in the same quantity as decrease of P. oceanica wet mass. The similar mass change might be explained by physical damage of C. taxifolia thalli resulting
from sea urchin’s movement in the cage. Small number of
bite marks also suggests that sea urchins are able to determine if the food is edible without consuming it.
Sea urchins have a significant impact on distribution
and cover of native algae in the Mediterranean Sea [12]. It
is known that they can overgraze natural algal communities reducing them to the bare rock substrate. Assuming
that feeding on C. racemosa does not influence the health
of sea urchins, can they nevertheless control the spreading
of the algae? In the Adriatic Sea, probably not. Although
large areas affected by the algae were surveyed, we did
not observe that sea urchins overgrazed its colonies. Inside C. racemosa colonies, on 41 locations throughout the
central and southern Croatian coast of the Adriatic Sea,
we regularly observed barrens of around half meter in diameter. Pieces of C. racemosa thalli were commonly found
inside guts of P. lividus collected from such barrens (personal observation). Most populations of sea urchin P.
lividus in the Adriatic Sea inhabit depths of up to six meters
[13] with the greatest recorded depth of 46 m [14].
Caulerpa racemosa is found from the surface to the depth
of 50 m with the densest colonies observed between two
and 30 m deep [15]. Anyway, this relation will be worthwhile to explore.

FIGURE 5 - Feeding area or “barren” made by the
sea urchin Paracentrotus lividus (arrow) in the Caulerpa
racemosa colony. Zavala cove, 10 m deep, September 2007.

DISCUSSION
This feeding experiment has showed that sea urchins
Paracentrotus lividus can feed on Caulerpa racemosa
during the summer period when concentrations of the algal
metabolites are the highest [6]. On the other side, as previously shown by Boudouresque et al. [7] and confirmed
in our experiment, during the summer sea urchins almost

Development of barrens has not been recorded inside
the C. taxifolia colonies during our research because sea
urchins generally avoid consuming it in the summer period as shown by Lemée et al. [8] and confirmed with our
experiment.
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DETERMINATION OF DERMAL BYSTANDER EXPOSURE OF
MALATHION FOR DIFFERENT APPLICATION TECHNIQUES
Ali Musa Bozdogan* and Nigar Yarpuz-Bozdogan
Department of Agricultural Machinery, Faculty of Agriculture, University of Cukurova, 01330 Adana, Turkey

ABSTRACT
In pesticide applications, pesticide deposition on environment, human and other organisms, can be reduced by
using appropriate pesticides through the application of appropriate application technique. Hollow cone nozzles (HC),
air-assisted spinning cage nozzles (ASC), and flat fan nozzles (F) were used in the trials. Malathion was applied as
0.760 kg a.i. per ha in the trials. The dermal bystander exposure was measured using the whole body dosimetry technique. In the trials, the total body area of the bystander overall was approximately 2 m2. All chromatographic analysis
was performed on a Gas Chromatography-Nitrogen
Phosphorus Detector (GC-NPD). Totally, the highest
dermal deposition was obtained as 12.850 µg kg-1 in flat fan
nozzles (F), and was found to be 2.09 – 3.22 folds higher
than in hollow cone (HC) and air-assisted spinning cage
(ASC) nozzles. Apart from lower left leg (LLL), pesticide
deposition found in each one of the body parts in F nozzles
was higher than ASC and HC-nozzles. The lowest bystander ex-posure during malathion application was measured in
ASC nozzles 3.995 µg kg-1. It was shown that, in this
study, the total bystander exposure during malathion
application in bed-grown crops such as strawberries can
be reduced by 1.5-3.2 orders of magnitude using ASC
nozzles with air-assistance.
KEYWORDS: Application technique, bystander, whole body dosimetry, drift, gas chromatography (GC-NPD)

INTRODUCTION
Production and consumption of berries in Turkey is
on the increase. Strawberries, contributing to this increase,
are produced 15 080,50 kg ha-1 [1]. They are produced
and marketed all year round. When chemicals are sprayed
against pests, the emerging pesticide drift is the most significant factor concerning environmental pollution. Drift
is a serious problem which can never be totally eliminated
in pesticide applications. Drifted pesticide droplets, harmful for the environment, negatively affect the health of
those living near or walking by the field being sprayed.
Farmers apply pesticides using different application tech-

niques and types of nozzles. Different hydraulic nozzles
such as hollow cone (HC) and flat fan (F), and spinning
disc/cage (with/without air-assistance) such as Turbofan
sprayheads (TFS) are some of the main types used by farmers in different countries. Hydraulic nozzles produce a wide
spectrum of droplets resulting in a non-uniform application on plant surfaces with the smallest droplets prone to
drift. Spinning disc/cage nozzles can produce more uniformly sized droplets compared to hydraulic nozzles. Spinning disc/cage nozzles are recommended for both insect
and weed control in integrated pest management systems
in Turkey [2]. In pesticide applications, small droplets
< 100 µm tend to drift since they fall slowly, and can evaporate and drift more readily, even in light winds [3]. Spray
drift can be reduced by air-assisted technology. Air assisted
spraying improves leaf coverage; provides better coverage
to the underside of leaves; covers more area per load, and
reduces drift [4-8]. Pesticide application has potential damage on the environment. According to the Council Directive 91/414/EC, human pesticide exposure is divided
into three categories: the operator, the worker, and the
bystander. Much research was conducted related to pesticide side effects on other organisms [9-16]. So far, no
research was conducted concerning bystander exposure to
pesticides in Turkey. Operator and worker are defined as
any people who are primarily involved in pesticide application, and bystander, any person who is present in (or
near) the area where the pesticide is being applied, and
who is not directly involved in using the pesticide [17].
Moreover, while the operator and worker may be wearing
or using personal protection equipment such as gloves,
face shield and long trousers, the bystander, on the other
hand, has no special protection against the pesticide being
applied. Therefore, the bystander is directly exposed to the
chemical. The objective of this research was to determine
of dermal bystander exposure of malathion sprayed with
different application techniques in strawberry production.

MATERIAL AND METHODS
Field Trials

The trials were carried out in a strawberry field belonging to Yaltir Co. in the Adana province of the Medi-
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Nozzles

terranean Region of Turkey. The trials were done on
May 19, 2007. Strawberries were planted in 2 rows per
bed and the inter row distance was 1.2 m. The height of
the crops was approximately 45 cm.

Two different types of nozzles were used in this research: (1) hydraulic nozzles (HC, F), and (2) air-assisted
spinning cage nozzles (ASC). Operating conditions of
nozzles during pesticide applications are shown in Table 1.

Pesticide

Application Techniques

The active ingredient of the pesticide used in this research was malathion. This chemical is relatively safer compared to other organophosphate insecticides, and is used
as insecticide and acaricide to control Coleoptera, Diptera,
Hemiptera, Hymenoptera and Lepidoptera in a wide range
of agricultural crops, including cotton, pome, soft and stone
fruit, potatoes, rice and vegetables. Typical application rates
for agricultural crops are 0.50-1.25 kg ha-1 [18]. In this study,
0.760 kg a.i. ha-1 malathion was used as insecticide in strawberries. Through the inhibition of the enzyme cholinesterase,
malathion works by disrupting the nervous system via contact and/or ingestion, and subsequent to exposure, it is metabolically converted to malaoxon [19, 20].

Only one field sprayer was used. The following application techniques were applied onto the field sprayer:
(1) Field sprayer with hollow cone nozzles (HC) (Taral™,
D4-45)
(2) Field sprayer with air-assisted spinning cage nozzles
(ASC) (Micron™, fan/atomizer speed 4000 rpm) and,
(3) Row application kit with flat fan nozzle (F) (Hardi™,
LD 11003, 1 directed towards the centre and 2 towards the sides of the crop).
The forward speed of the tractor was 6.5 km h-1 and
the power-take-off (PTO) rotational speed was 540 rpm.
Pesticide was sprayed 50 cm above the crops in all trials.

TABLE 1 - Operating conditions of nozzles used in the trials.
Nozzles

Pressure
(bar)

Flow rate
(l min-1)

Application
rate
(l ha-1)
200
20

The spray boom of the field sprayer (hollow cone nozzles) covered 4 beds of the strawberry plantation in one
swath. On the other hand, the spray boom (single sided) of
the field sprayer with flat fan nozzles and air-assisted spinning cage nozzles covered 2 beds of the strawberry plantation in one swath. Spray boom position with each nozzle
with respect to strawberry, sprayer travel direction and
mannequin position are presented in Figure 1.

VMD#
(µm)

Hollow cone (HC)
9.50
1.07
250
Air-assisted spinning
1.20
0.13
100-120
cage* (ASC)
Flat fan (F)
1.20
0.22
200
200
* This nozzle has 25 m s-1 air velocity and was downward-directed 45o to
crop in this trial.
# Catalogue values of nozzles

N
Strawberry bed

Sprayer
Boom

120 cm

30 cm

Wind direction

Mannequin

Air-assisted spinning cage nozzles and flat fan nozzles
Hollow cone nozzle
Fan

Hollow cone nozzle
Application technique (1)

Spinning cage nozzle
Application technique (2)

Flat fan nozzle
Application technique (3)

FIGURE 1 - Schematic view of trials.
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TABLE 2 - Details of meteorological conditions during trials
Application
Technique
1
2
3

Temperature (Co)

Relative humidity (%)

Wind speed (m/s)

25.1 – 26.0
28.3 – 29.2
29.8 - 31.2

50.4 - 53.2
43.1 - 46.6
41.2 - 42.8

1.8 – 2.7
0.3 – 1.2
0.9 – 1.6

These application techniques were used by Vandermersch et al. and Debear et al. [21, 22]
Meteorological Conditions

During the trials, the temperature, the relative humidity and the wind velocity were recorded. They were
measured by digital Hotwire Anemometer CE (Lutron™
AM-4204 HA) and digital Humidity/type k Thermometer
CE (Lutron™ HT-3006 HA). Details of meteorological
conditions during trials are illustrated in Table 2.
Sampling Method and Analysis

The dermal exposure on bystander was measured using the whole body dosimetry technique [23-26]. According to OECD (1997), this technique is believed to give a
more accurate estimate of potential dermal exposure compared to the patch method [27]. Cotton fabric was used for
bystander overalls. Mannequin was used as bystander and
was dressed with cotton overalls. In the trials, the total
body area of bystander overalls was approximately 2 m2,
which is in line with OECD (1997) recommendations [27].
The mannequin was placed 3.0 meters downwind from the
last nozzle of the sprayer and spraying was started. Following spraying, the overalls were cut into nine pieces as
shown in Figure 2.

Pieces were placed in glass containers (1000 ml) and
brought from field to laboratory. In laboratory, they were
extracted using 200 ml volumes of methanol. The containers were shaken for 1 hour in a water bath with a shaker at
room temperature. A 2 ml fraction of each extract was
sealed in a GC vial and analyzed.
Estimation of dermal deposition

Dermal deposition of bystander was measured by the
use of overalls. In this study, the total bystander exposure
due to dermal deposition for a bystander weighing is assumed as 60 kg. The value was obtained using Eq 1 [28]:
⎡ Measured µg / cm 2 × Exposed area (cm 2 ) ⎤
Dermal Deposition ( µg / kg ) = ⎢
⎥
60 kg of body weight Eq 1. ⎦
⎣

Where, measured µg cm-2 is the total value given for
deposition and exposed area is surface area of mannequin
overall.
Instrumentation

All chromatographic analysis was performed on an
Agilent Company™ (6890 N) gas chromatograph with an
Autosampler automatic injector, equipped with NPD, and
a fused silica capillary column (Agilent 19091J-413, HP-5
5% Phenyl Methyl Siloxane (30 m X 0.32 mm X 0.25 µm)).

1 (H)
2 (LA)
3 (RA)
4 (C)
5 (B)

: Head
: Left Arm
: Right Arm
: Chest
: Back

6 (FT) : Front thighs
7 (BT) : Back thighs
8 (LLL) : Lower left leg
9 (LRL) : Lower right leg
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FIGURE 2 - Overalls sectioning for the whole body analysis [23, 24].
TABLE 3 - Malathion deposition (ng cm-2) found in each one of the body part.
Body Parts
H (1)
LA (2)
RA (3)
C (4)
B (5)
FT (6)
BT (7)
LLL (8)
LRL (9)
Total

Application Technique
2
nd*
nd
1.618
1.582
1.852
1.186
1.080
1.871
2.109
11.298

1
2.621
1.777
1.997
2.277
1.981
1.468
1.203
2.381
2.664
18.369

3
3.557
2.384
2.576
4.051
5.627
2.630
6.417
2.124
8.151
37.517

*: not detected

Chromatographic Conditions

The GC-NPD operating conditions were as follows.
Oven initial temperature 70 oC, initial time 2.00 min,
maximum temperature 325 oC, and equilibration time
1.00 min. Back inlet information: mode pulsed splitless,
initial temperature 220 oC, pressure 8.17 psi, pulse pressure 30.0 psi, pulse time 1.60 min, purge flow 50.0 ml min-1,
purge time 1.50 min, total flow 54.2 ml min-1, gas saver
on, saver flow 20.0 ml min-1, saver time 2.00 min, gas type
helium. Column 1 information: max temperature 325 oC,
nominal length 30.0 m, nominal diameter 320.00 µm, nominal film thickness 0.25 µm, mode constant flow, initial flow
1.5 ml min-1, nominal initial pressure 8.17 psi, average
velocity 28 cm s-1, front inlet, outlet front detector, outlet
pressure ambient. Front detector information (NPD): temperature 320 oC (on), hydrogen flow 3.0 ml min-1 (on), air
flow 60.0 ml min-1 (on), mode constant makeup flow,
makeup flow 5.0 ml min-1 (on), makeup gas type nitrogen,
adjust offset 30.00, electrometer on, bead on, equilibration time 5.00.
The analytical procedure was applied according to GC
methods [29].

higher than it was in techniques (1) and (2). As seen from
Table 3, in all trials, the highest deposition was found in
LRL body part since the sprayer moved on the right side
of the mannequin. These results were similar to those of
Hughes et al. (2006) [26]. No pesticide deposition was
detected on head (H) and left arm (LA) in technique (2) due
to their air-assistance property. In air-assisted nozzles such
as ASC, air-assistance helps the droplets to be directed
straight to the target. Some researchers found that spray
drift decreased in pesticide applications when air-assisted
nozzles were used [30-32]. In this study, similar results
were also observed in that the lowest total dermal deposition (11.298 ng cm-2) was obtained in technique (2). In a
study conducted by Edwards et al. (2007), the researchers
obtained that malathion deposited on the worker’s shoulder, forearm, sock, glove, hat and overalls ranged from
non-detectable (50% of samples) to 315 ng cm-2 [33]. The
highest wind velocity was observed in technique (1).
Therefore, droplets were transported by wind and generally
deposited on head, chest, and lower body of bystander.
Pesticide deposition measured on bystander according
to upper (1-5) and lower (6-9) body part is presented in
Table 4.
TABLE 4 - Pesticide deposition measured on
bystander according to upper and lower body.

RESULTS AND DISCUSSION
The malathion deposition results are presented in
Table 3.
Totally, the highest pesticide deposition (37.517 ng
cm-2) was obtained in technique (3). This value was 2.04
and 3.32 folds higher than the values obtained with technique (1) and (2), respectively (Table 3). These numbers
indicate that pesticide deposition on bystander is low in
technique (2) and (1), since the former directed droplets to
crop via air assistance, and the latter were placed perpendicular to crops. However, technique (3) was arranged as 1
directed towards the centre and 2 towards the sides of the
crop. In this configuration, we could observe that some
droplets had potential drift, and were easily transported to
outside of the target by wind. Apart from LLL, pesticide
deposition in each of the body parts in technique (3) was

Application technique
1
2
3

Deposition (ng cm-2)
Upper
Lower
10.653
7.716
5.052
6.246
18.195
19.322

As seen from Table 4, deposition found on the upper
body was higher than the deposition found on lower body
in technique (1). Machera et al. (2003) found that the amount
of spray solution reaching the upper part of body was higher
than the amount reaching the lower part of mannequin
[25]. In this study, pesticide deposition on the upper
body was about 58% of the total deposition in technique (1). The highest wind velocity measured in technique (1) during the trials was 2.7 m s-1. Therefore, droplets
were easily transported by effect of air stream, leading to
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the highest deposition on upper body in technique (1). In
high wind velocity, coarse droplets may act like small
droplets. In technique (2), air-assistance helps the droplets
to penetrate crops easily [21]. Spray quality in F nozzles
was similar to that in HC nozzles. However, because of
lower wind velocity, the droplets in ASC and F nozzles
fell on the crops in a shorter time and distance due to the
configuration of such nozzles, which probably led to lower
body deposition to be higher than upper body deposition.
These results are in line with those of Hughes et al. (2006)
[26]. Of the total, deposition on lower body was about
55% in technique (2) and 52% in technique (3). As can be
seen from Table 4, the lowest pesticide deposition on
upper (5.052 ng cm-2) and lower (6.246 ng cm-2) body
was obtained in technique (2), which use air assistance to
reduce drift [4, 5, 6, 34].
Table 5 was obtained by using Eq. 1. This table shows
the total exposure (µg kg-1) for bystander in pesticide application techniques. Measured ng cm-2 are the values given
for total deposition on bystander overalls (average of the
values for the each one of the body part) as was mentioned in
Table 3. These deposition values were converted to µg cm-2.

drift. Yet, disadvantage of ASC nozzles are expensive and
extra cost for configuration on spray boom.
The most important conclusion which can be derived
from this study is that the total bystander exposure to
malathion during insecticide applications in bed-grown
crops such as strawberries can be reduced by 1.5-3.2 orders
of magnitude using ASC nozzles with air-assistance properties.
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ABSTRACT

INTRODUCTION

Significantly high adsorption capacity (154 mg/g in
120 min) of a new adsorbent (silver fir sawdust; Abies
pindrow) to remove methylene blue from aqueous medium
is reported. Onset of dye adsorption was fast with 85%
removal within 10 min. Adsorption kinetics was well described by pseudo-second-order equation, whereas fit to
pseudo-first-order Lagergren equation was limited to preequilibrium rapid adsorption phase. Adsorption isotherms
followed both Langmuir and Freundlich models. FTIR
spectrophotometry showed major peaks of adsorption at
3400, 2900 and 1153/1058 cm-1 (-OH of phenols, C-H of
methyl and methylene, and C-O present in lignin), 1423 cm-1
(aromatic rings of lignin and cellulose), and 1263 cm-1
(cellulose bending modes), which relate well with 69.4%
fibre (42.1% cellulose+hemicellulose; 27.3% lignin) present in the sawdust. Correspondence of active sites in the
raw adsorbent with sorption of the dye on these sites using
FTIR spectra is reported for the first time. Also reported for
the first time, as evidence of dye adsorption, is the detection
of S and N atoms in the dye-loaded sawdust, and no detection of these in raw sawdust using SEM-EDX analysis.

KEYWORDS:
methylene blue, dye-adsorption, silver fir sawdust, SEM-EDX
analysis, FTIR spectrophotometry, dye-adsorption kinetics.

Synthetic dyes are used extensively, particularly in
the textile, leather, plastics, paper, and printing industries.
Annual worldwide production of more than 105 types of
commercially available dyestuffs is reported to be 7x105
tons [1], 10-15% of which are estimated to be discharged
as effluents by textile industry [2]. That is a huge throwup of undesirable waste into the nature. These effluents
are highly coloured, have high chemical and biochemical
oxygen demands, and interfere with gas solubility in water
bodies [3]. Discharge of such coloured effluents, besides
affecting the aesthetic qualities, interfere with the penetration of sunlight into water, reducing both the photosynthetic activity and dissolved oxygen concentration, creating anaerobic conditions thereby killing aerobic organisms and adversely affecting the aquatic ecosystem [4, 5].
Since some of these dyes are toxic, carcinogenic and
mutagenic [6], and many are harmful to human beings and
microorganisms, their removal from wastewaters has received considerable attention over the past decade [7].
Government legislations on the discharge of textile dyes in
effluents, in the European Community, are becoming increasingly stringent [8], while environment policy in the
UK since 1997 states that zero synthetic chemicals should
be released into the marine environment [9]. Yet, realization of the desired objective at the scales of industrial operations is neither technologically simple nor economically
feasible with most of the available technologies.
Textile dyes are designed to be resistant to fading on
exposure to chemicals, water, light and high temperature,
and enzyme degradation during detergent washing [10].
Dyes are, therefore, relatively recalcitrant to biological and
chemical breakdown due to their complex structure and
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synthetic origin [9]. The processes based on aerobicanaerobic treatment are relatively ineffective, as the higher
molecular weight dyes are not easily degraded by bacteria
[11]. The activated sludge systems have been found to be
ineffective too [5]. It is known, nevertheless, that though
anaerobic bacteria are able to degrade some dyes, aromatic
amines are produced by reductive fission of the azo bond,
which may be toxic and carcinogenic [12], and may pose
a more serious biotoxic threat than the original azo dye
[13]. A wide variety of physical and chemical procedures
used for the remediation of dye-containing effluents, in
combination or singly, include physicochemical flocculation combined with flotation, electroflotation, flocculation
with Fe(II)/Ca(OH)2, membrane filtration, electrokinetic
coagulation, electrochemical destruction, ion-exchange,
precipitation, ozonation, chemical oxidation with H2O2 and
NaOCl, photochemical oxidation, cucurbituril host-guest
complex, concentration, and incineration [9, 14, 15]. While
reviewing these methods, Robinson et al. [9] concluded
that though the dyes are removed, accumulation of concentrated sludge creates a problem of disposal, these methods
are often very costly, and effective only if the effluent volume is small. Nevertheless, the liquid-phase volume for
dyeing is huge, requiring 103 L water for 103 kg cloth processed [16].
Adsorption has been projected to be more versatile
and efficient as compared to conventional methods of dye
removal [17]. It is also noted to be superior in terms of
cost, simplicity of design, ease of operation, and insensitivity to toxic substances [3]. The variety of adsorbents
studied for the treatment of dye-wastewaters include microorganisms [14], plant residues [18, 19], activated carbon
[20], materials of mineral origin such as clays, fly ash,
Fuller’s earth, kaolinite, cement kiln dust and bituminous
coal [1, 7, 16], and some minor sources such as chitosan

[21], diatomaceous earth [22] and hair [23]. Though activated carbon has high adsorption capacity, its use is limited due to high cost. Production of microbial biomass is,
likewise, expensive and time-constrained. Most other materials are either available in limited quantity or need pretreatment. It is thus desirable that adsorbent materials are
available in abundance locally, preferably as waste type,
easy to obtain, as cheap as possible, readily utilizable requiring neither preprocessing nor regeneration, and obtainable at little if any operational costs related with procurement, production and maintenance [7, 24]. Plant residues, abundantly available as wastes, meet these criteria
better than the other adsorbents. Since it is not possible to
predict the dye sorption capacity of a particular material,
the search for more efficient biosorbents of plant origin is
continuing through experimental exploration. The present
study, accordingly, reports the ability of a new adsorbent
(sawdust of silver fir; Abies pindrow) to biosorb methylene
blue. The study further attempts to describe the mechanism
involved on the basis of Fourier transform infrared (FTIR)
spectrophotometry, kinetics and adsorption isotherms modelling, and scanning electron microscopy (SEM) coupled
with electron dispersive x-ray (EDX) analysis.
Methylene blue is extensively used in the printing and
dyeing industries and though not strongly hazardous, on
extreme exposure may cause increased heart rate, vomiting,
shock, Heinz body formation, cyanosis, jaundice, quadriplegia, and tissue necrosis in humans [25]. The dye was
selected for studies as it has been regarded as a model substance for investigations related to dye resistance to removal and biodegradation [26]. The choice of methylene
blue will additionally facilitate comparison of its sorption
by several plant residue adsorbents reported in literature
(Table 1).

TABLE 1- A comparative assessment of conditions of adsorption of methylene blue
and the ability of different plant residue adsorbents as reported in literature and the present study.
Sorbent

contact time

Ci
sorbent mass
(mg/L)
(g/L)
Pomelo peel (Citrus grandis)[32]
5.15 h
50-500
1.0
Yellow passion fruit waste[19]
56 h
5-600
10
Indian rosewood sawdust[16]
3h
50-250
4
Salt-treated beech sawdust[51]
7 days
1.4-14
1
Posidonia oceanica fibres[2]
3h
10-50
10
Cedar wood sawdust[3]
5h
40
0.5
[23]
Teak wood bark
6h
10-1000
Cotton waste[23]
6h
10-1000
Mango seed kernel[25]
48 h
20-100
0.01-0.06
[39]
Rice husk
48 h
10-125
1.2
Raw date pits[40]
24 h
20-400
5
Giant duckweed[38]
24 h
300-500
0.1-1.0
[52]
Banana peel
24 h
10-120
1
Orange peel[52]
24 h
10-120
1
Water-hyacinth roots[18, 53]
2h
10.500
2
Azadirachta indica leaf[37]
5h
50
2
L
Present study: sawdust of silver fir 2 h
100-1000
2.5
(Abies pindrow)
100-400F
Ci
initial concentration; qmaxmaximum adsorption capacity at equilibrium; r2regression coefficient;
L and F
concentration range, respectively, for Langmuir isotherm model and Freundlich isotherm model
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qmax
(mg/g)
344.83
44.7
51.4
13.6
5.56
142.36
312.26
277.77
142.86
40.58
80.29
144.93
20.8
18.6
128.9
8.76
153.68

Langmuir
r2
0.99
0.9952
0.9769
0.99
0.995
0.99
0.99
0.999
0.98
0.974
0.91
0.9524
0.9659
0.99
0.96
0.998L

Freundlich
r2
0.93
0.9812
0.9231
0.98
0.990
0.916
0.97
0.9851
0.9519
0.99
0.995F
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MATERIALS AND METHODS
Biosorbent material

Biosorbent used in the present studies was the sawdust of Abies pindrow (syn. Pinus pindrow, Abies webbiana var. pindrow; English: silver fir; vern. Urdu-Pushto:
partal, palundar), common and gregarious in the Himalayas upto 3100 m, usually (3048-3658 m), extending from
Eastern Afghanistan to Western Nepal [27]. Silver fir is a
useful timber, finding extensive application as a building
material and for making match-sticks and paper pulp. As
such, sawmills generate heap quantities of the sawdust,
which is usually burnt as cooking fuel, readily available in
abundance in urban cities of Pakistan @ ≈ US $ 30-50 per
metric ton.
Sawdust of silver fir (SSF) was collected from a local
commercial sawmill in Lahore, Pakistan. The collected
SSF was extensively washed in running tap water for 2-3 h
to remove dirt and other particulate matter, followed by
washing and boiling in double-distilled water, changed
repeatedly till clear of any colouration, oven-dried at 80 oC
for 24 h, stored in desiccator, and used for dye biosorption
in the original particle size range of 5 fractions between
>2.06 and <0.85 mm (Table 2), comprising 52.54% of fraction <0.85 mm. The specific surface area of SSF was determined as 1.44 m2/g using Brunauer-Emmett-Teller
method [28], by adsorption of nitrogen gas using Autosorb 1 (Quantachrome UK Ltd., Hook, UK). The pore volume was determined as 8x10-4 cm3/g, classified as mesoporous. Mesoporous materials have pores in the range of 20500 Ǻ in dia, having huge surface areas, providing a vast
number of sites where sorption processes can occur. Proximate analysis of SSF was done for protein, fat, ash [29],
and fibre, lignin and cellulose [30]. The sawdust had high
fibrous (69.4%: comprising 27.3% lignin, 42.1% cellulose+
hemicellulose) and fat (3.9%), and low protein (0.89%) and
ash (0.57%) contents (Table 2).
TABLE 2 - Physical and chemical characteristics
of wood sawdust of silver fir (Abies pindrow).
BET specific surface area (m2/g)
Total pore volume (cm3/g)
Particle size:
>2.06 mm (%)
1.40 mm (%)
1.00 mm (%)
0.85 mm (%)
<0.85 mm (%)
Moisture (%)
Ash (%)
Protein (%)
Fat (%)
Fibre (%)
Cellulose + hemicellulose (%)
Lignin (%)
pH (10% mass)

1.44
8x10-4

many). The dye is marketed under dozens of brand names,
some of which are: basic blue 9, calcozine blue FZ, external blue 1, solvent blue 8, Swiss blue, Schultz #1038 (chemical
nomenclature:
3,7-bis(dimethylamino)-phenazathionium chloride; tetramethylthionine chloride). MB is a
water-soluble cationic dye, usually categorized as basic dye.
The cationic character of the MB molecule (Figure 1) originates from the positive charge of N or S atoms, which is
generally delocalized throughout the chromophoric system,
although it is probably more localized on the N atoms [1],
or on S atoms as shown by McKay et al. [23]. It is relevant to note that though MB is cationic in nature, reference to it as a basic dye in fact relates to its use for dyeing
basic textile materials having net negative charge [31].
The chemical formula of MB is C16H18N3SCl.3H2O, with
the aromatic moiety planar having the dimethyl amino
groups attached to the aromatic unit [7]. MB has the molecular weight of 373.91, which corresponds to trihydrate
MB [32]. Spectrum wavelength scanning was done at slow
speed (sampling pitch: 190 nm/min) to determine λmax of
MB spectrophotometrically (Shimadzu spectrophotometer
UV-1700, Shimadzu Corporation, Kyoto, Japan). The λmax
peak was obtained at 664.4 nm. All spectrophotometric
measurements were done at this wavelength. Dilutions were
made when absorbance exceeded 1.5. Fresh dye solutions
of the desired dye concentrations were made in doubledistilled water at the start of each experiment.

Cl

N
HC3

N
CH3

S

N

+

CH3

CH3

FIGURE 1 - Structure of methylene blue [3,7-bis(dimethylamino)phenazathionium chloride; tetramethylthionine chloride] with positive
charge on S or N atoms, but probably more localized on N atom [1,
32].
Biosorption procedure

0.37
12.89
16.98
17.22
52.54
15.17
0.57
0.89
3.93
69.42
42.14
27.28
5.45

Sorbate dye

The sorbate dye used in the present studies was methylene blue (MB), C.I. #52015 (E. Merck, Darmstadt, Ger-

Capacity of SSF to biosorb MB, at different parameters
of study, was determined in batch experiments at 30 oC.
For determining the effect of time on biosorption, the
sorbent (2.5 g SSF/L dye solution)-sorbate (100 ml of 115 mg/L MB solution) system in 250-ml Erlenmeyer
flasks was subjected to 150 rpm orbital shaking (I3000/I-4000 Irmeco shaking incubator, Germany) at a
range of contact periods of 5-180 min. At the termination
of each contact period, the liquid phase was immediately
separated from the solid phase by decantation. The dye
remaining in solution was determined, spectrophotometrically at the wavelength corresponding to the λmax peak at
664.4 nm, by collating absorbance with the linear standard
curve of MB, from which was calculated the quantity of
dye biosorbed (as %, or mg dye/g SSF). The data so ob-
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tained were used for determining the efficiency and rate of
dye removal, the optimum equilibrium time, and the biosorption as described by pseudo-first-order and pseudosecond-order kinetic equations. For determining maximum
sorption capacity (qmax) of SSF and finding fit of the
biosorption process on Freundlich and Langmuir adsorption isotherms models, the SSF sorbent (2.5 g/L dye solution) was contacted with a range of dye concentrations of
10-1000 mg/L MB solution, under similar conditions as
used for determining the effect of time on biosorption.
The SSF biomass used for biosorption studies was 2.5 g/L
dye solution. However, for determining the effect of biosorbent mass, the quantity of SSF was varied from 0.254.0 g/L dye solution, all other procedural conditions of
biosorption remaining the same as above. All experiments were performed in triplicate. Statistical analysis
of the data was done according to the Duncan’s new multiple range test [33].
Dye pH adjustment

For determining the effect of pH on biosorption, initial pH of the dye solution was varied between 2 and 11,
respectively, with 1 N HCl or 1 N NaOH. Changes in pH,
on the termination of biosorption procedure, were also recorded. All other parameters (orbital shaking at 150 rpm,
15 mg/L MB solution, 2.5 g SSF/L dye solution, 30 oC
temperature, and 120 min sorbent-sorbate contact time)
were the same as described for biosorption procedure above.
For all other studies, however, no adjustment of the native
pH of MB solution was done. It was observed that pH of
the supernatant of suspension of SSF at time zero in distilled water was 5.45, of SSF in methylene blue solution
was 5.64, and of native methylene blue solution was 5.52.
These values indicate no significant differences in the pH
values at the start of the biosorption experiments, between
the SSF extract supernatant, the sorbate-sorbent biosorption system, and the native dye solution.
FTIR-DRIFT spectrophotometry

For preliminary qualitative analysis of the main functional groups that might be involved in the biosorption of
MB by SSF, Fourier transform infrared (FTIR) spectrophotometric analysis was done with diffused reflectance
infrared Fourier transform (DRIFT) in solid phase in the
range of 600-4000 cm-1 using mercury-cadmium-telluride
(MCT) detector in transmittance mode (Brucker IFS66
FTIR spectrophotometer, Germany). Diffused reflectance
sampling cell (Spectratec, USA) was used to determine the
spectra of native and MB-loaded SSF (before and after the
MB-adsorption procedure). For this purpose, ball-milled
samples of SSF were mixed with potassium bromide (ratio
1:50) and kept under dry air overnight prior to running
FTIR-DRIFT spectrophotometry. The data obtained from
FTIR-DRIFT spectra were evaluated by Kubelka-Munk
transformation with OPUS 5.5 software, using the following expression:

(1 − R∞) 2 K
F ( R∞) =
=
2 R∞
S

(1)

where R is reflectance, F(R) is Kubelka-Munk function for R, K is absorption co-efficient, S is scattering coefficient, and ∞ is thickness of the indefinite layer.
RESULTS AND DISCUSSION
FTIR spectrophotometry

The pattern of adsorption onto plant materials is attributable to the active groups and bonds present on them
[34]. For the elucidation of these active sites, FTIR spectrophotometry of raw sawdust of silver fir (SSF) wood was
performed (Figure 2). FTIR spectrum of the dye-adsorbed
SSF was also obtained to determine correspondence of dye
biosorption at the stretching of active groups present on
SSF. Peaks appearing in the FTIR spectrum were assigned
to various groups and bonds in accordance with their respective wavenumbers cm-1 reported in literature [19, 34,
35]. Most prominent stretching were observed in the region of 3400 and 2900 cm-1, respectively, corresponding
to -OH group of macromolecular association, and C-H bond
of methyl and methylene groups, both of which are abundantly present in lignin structure. The next most significant stretching appeared at 1058 and 1153 cm-1, corresponding to the stretching of C-O of lignin. The band at
1724 cm-1 was due to the carbonyl bond (C=O) of unionized carboxylate stretching of carboxylic acid. The peak at
1600 cm-1 was also due to C=O stretching of carboxylic
acid, but in conjunction with NH 2 group. The peak at
1510 cm-1 corresponds to the bending of N-H bond. The
peak at 1423 cm-1 shows the presence of aromatic ring structures present in lignin. The vibration at 1263 cm-1 represents the cellulose bending modes of O-C-H, C-C-H and
C-O-H. The FTIR spectrum, therefore, broadly indicates
that the major functional groups and bonds in SSF were
phenol-hydroxyl, C-H bond, carbonyl, carboxyl, and amino.
Dips in the Kubelka-Munk arbitrary unit values in the
FTIR spectrum of MB-adsorbed SSF were observed to
correspond with active groups appearing in the FTIR spectrum of raw SSF (Figure 2). These dips are attributable to
the drag exerted by the molecular weight of MB on account of adsorption on the respective active groups on SSF.
A comparison of the FTIR spectra of raw and dye-adsorbed
SSF biosorbent indicates that major sites of MB adsorption were at 3400 cm-1 (-OH of phenols present in lignin),
2900 cm-1 (C-H of methyl and methylene groups present
in lignin), 1600 cm-1 (C=O stretching of carbonyl of carboxylic acid in conjunction with amide group), 1423 cm-1
(aromatic ring structures present in lignin and cellulose),
1263 cm-1 (cellulose bending modes of O-C-H, C-C-H
and C-O-H), and 1153 cm-1 and 1058 cm-1 (C-O of lignin).
These observations correspond well with the chemical nature of the SSF biosorbent, comprising principally of lignin
and cellulose (see Table 2).
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FTIR spectrophotometry has been reported in two recent studies on the biosorption of MB by plant residues
for identifying active groups in yellow passion fruit waste
[19] and Citrus grandis peel [32]. These studies, however,
do not report any direct correlation between the active
groups present on the sorbent materials before and after
biosorption of MB, on the basis of FTIR spectra of the raw
and the respective MB-adsorbed sorbents. It is significant
to note that an attempt in the present study has been made
for the first time to directly correspond the presence of active sites in the raw adsorbents with the sorption of MB
on these sites using FTIR spectra of SSF, before and after
biosorption of the dye. This has the potential of becoming
a useful approach for predicting adsorption capacity of bio-

sorbents on the basis of their chemical composition and the
FTIR spectra of active groups present on them. Such an
approach may be useful to reduce random hit-trial selection of biosorbents in favour of targeted selection of biosorbents having appropriate chemical constituents and
active groups, thus avoiding wasteful efforts. It may also be
noted that the FTIR spectrum has been presented as
Kubelka-Munk spectrum (Figure 2). The Y-axis in this
spectrum plots Kubelka-Munk arbitrary units, instead of
the usually reported FTIR spectra as % transmittance or
absorbance. Since Kubelka-Munk arbitrary units are linear
to concentration and applied in diffuse reflectance spectrophotometry, the spectrum can be used to quantify the
stretching at a specific wavenumber.
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FIGURE 2 - Fourier transform infrared (FTIR) spectra of raw sawdust of silver fir (SSF) and methylene blue-adsorbed SSF.
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SEM-EDX analysis

Scanning electron microscopy (SEM) has been suggested as a useful tool for characterizing the surface morphology and fundamental physical properties of adsorbents [35], whereas energy dispersive x-ray (EDX) analysis has been used for identifying elemental composition of
materials. For studying these features, SSF was coated with
carbon prior to scanning electron microscopy (SEM LEO
DSM-982 Gemini, Cambridge, UK) and for electron dispersive x-ray analysis (EDX-System, INCA-Oxford, High
Wycombe, UK). The EDX-system was coupled with SEM
using mixed BSE (back scatter electron) + LSE (lateral
secondary electron) signal detectors. SEM of the raw SSF
surface morphology clearly depicts irregularly shaped fibrous bundles with clefts and furrows, having stretches of
amorphous embedding matrix (Figure 3).There is a good
possibility for dyes to be trapped and adsorbed in these
areas. A support to this possibility was provided by MESEDX analysis, which showed the presence of N and S atoms
in the MB-loaded SSF, but not in the raw SSF (Figure 4).
Both N and S are the positively charged atoms in the MB
molecule and are responsible for its cationic character. The

mass percentage of S atoms in the MB-loaded SSF was
calculated to be 0.3%. This is the first report confirming
the adsorption of MB molecules on a plant residue based
on the evidence from MES-EDX analysis.

FIGURE 3
Scanning electron microscopic image of raw sawdust of silver fir.

(a)

(b)

FIGURE 4 - Energy dispersive x-ray (EDX) spectra of (a) raw sawdust of silver fir (SSF), and
(b) methylene blue (MB)-adsorbed SSF showing the presence of N and S atoms, which were not present in the raw SSF.
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Effect of pH on biosorption

Solution pH has been reported to influence the sorptive uptake of dyes, presumably due to its impact on both
the surface binding-sites of the biosorbent and the ionization process of the dye molecule [2]. The impact of pH on
the MB-SSF biosorption system was studied for the range
between 2 and 11 (Figure 5). It was noted that biosorption
of MB was low (48%) at the highly acidic pH 2, which
showed abrupt and significant increase to 93% and 93.7%,
respectively, as the pH was raised to the slightly acidic pH
5 and 6. At low pH, the availability of negatively charged
adsorbent sites is expected to be low due to the presence
of excess H+ ions competing with dye cations for adsorption [32]. Also, at lower pH, the number of negatively
charged sites is low, which is not favourable for the adsorption of positively charged dye cations due to electrostatic repulsion [36]. It has been suggested that as the surface charge density decreases with an increase in the solution pH, the electrostatic repulsion between the positively
charged dye and the surface of adsorbent is lowered, thus
resulting in an increase in the rate of adsorption [32]. Further increase from neutral pH 7 to highly alkaline pH 11
showed unchanged MB adsorption plateau at 94.3%. Similar observations on the effect of pH on adsorption of MB
by Posidonia oceanica fibres [2], Citrus grandis peel [32],
activated clay [7], mango seed kernel [25], Azadirachta
indica leaf powder [37], and giant duckweed [38] have
been reported. It may be concluded that pH 5-11 is optimum for the removal of MB by SSF, indicating low acidity and alkalinity in the system to be better suited for its
adsorption, which further correlates with its use for dyeing basic textile materials having net negative charge and
its classification as a basic dye [31]. At higher pH, the
fibres, mainly lignin and cellulose biopolymers, have been
suggested to get negatively charged thus enhancing biosorption of the positively charged dye cations through
electrostatic forces of attraction [2]. This is likely to be the
case in present studies, as SSF was noted to be rich in these
biopolymers (Table 2). The lignin-cellulose polymers contain a number of phenolic -OH and methyl -CH3 groups,
and such bonding as -O-C-H, -C-C-H and -C-O-H, all of
which on losing H+ will assume negative charge and thus
become available as adsorption sites for the cationic MB.
Another significant observation was that the trend of
increase in adsorption with the increase of initial pH was
also accompanied by a slight increase in the final pH (as
compared with the initial pH) at equilibrium after 120 min
(Figure 5), indicating a net H+ ion reduction in the system
during the biosorption process. However, as the adsorption achieved plateau at pH 7-11, the final pH values
showed slight decline in the final pH of the system. These
observations may be explained on the basis of increase of
pH of SSF supernatant (control) from 5.45 to 6.6 during the
same period (120 min), probably due to slow ion-exchange
in the system facilitated by agitation at 150 rpm, thus acting
as a contributor to reduced net H+ ion concentration. These
observations indicate that in addition to the active adsorp-

tion process, slow ion-exchange also contributed to the
removal of MB.
All subsequent studies were conducted at the native
pH of MB, determined as 5.52, as the value was within
the optimum pH range of its adsorption by SSF.

FIGURE 5- Effect of initial pH on the biosorption of 15 mg/L methylene blue by 2.5 g/L wood sawdust of silver fir (Abies pindrow) from
100 ml dye solution in 250-ml Erlenmeyer flasks during sorbatesorbent contact time of 120 min, orbital shaking at 150 rpm at 30
o
C; final pH after 120 min of sorbate-sorbent contact corresponding
to the initial pH is also given in the box.
Effect of biosorbent mass

The relationship of quantity of biosorbent on the removal of MB at a fixed concentration was investigated by
varying the mass of SSF over a range between 0.25 and
4 g/L. It was observed that as the biosorbent quantity increased, the percentage dye removal increased, first significantly from 45.6% to 92.8% at SSF mass between
0.25 and 2.0 g/L, and then at small increments to 96.6%
upto 4.0 g/L (Figure 6). As expected, however, the ratio of
dye sorbed to biomass in quantitative values (mg/g) decreased with increase in the biosorbent mass (Figure 6).
These observations are similar to the report that the amount
of MB adsorbed decreased from 427.5 to 221.75 mg/g for
an increase in rice husk mass from 0.02 to 0.12 g, whereas
percentage colour removal increased from 28.5 to 88.7%
for the same amount of increase of rice husk, with qmax of
40.58 mg/g at the sorbent mass of 1.2 g/L [39]. The
amount of biosorbent mass is thus critical for determining
the mg/g dye sorption capacity (also for qmax) of an adsorbent. An explanation given to this is that at higher adsorbent (rice husk) to solute (MB) concentration ratios,
there is a very fast sorption onto the adsorbent surface that
produces a lower solute concentration in the solution than
when the biomass to solute concentration ratio is lower
[39]. This is because a fixed mass of adsorbent can only
adsorb a certain amount of dye. The decrease in the amount
of dye adsorbed (mg/g) with increasing adsorbent mass is
due to the split in the flux or the concentration gradient
between solute concentration in the solution and the solute
concentration on the surface of the adsorbent. Thus with
increasing adsorbent mass, the amount of dye adsorbed
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onto unit weight of adsorbent gets reduced, thus resulting
in a mg/g decrease with increasing adsorbent mass concentration. It may be concluded from these observations that
at lower SSF mass, the MB molecules were competing for
sorption at limited sorption sites. As the quantity of biomass was increased, the availability of sorption sites eased
for the same amount of dye resulting in greater percentage
of MB removal, as also concluded earlier for biosorption
of MB by date pits [40]. The ratios of MB biosorbed to
the quantity of biomass (Table 3) further indicate that sorption sites were limiting between 0.5 and 3.0 g SSF/L (the
ratios being greater than one), but not limiting at 4.0 g
SSF/L (the ratio being less than one). Increase of biomass
concentration was found to be efficient up to the value of
4.0 g SSF/L. The biomass concentration above this value,
though still having positive biosorption capacity, was considered as inefficient use of the biomass at a low sorptionto-sorbent ratio (0.9).

FIGURE 6 - Effect of different quantities/L of wood sawdust of silver
fir (Abies pindrow) on the biosorption of 15 mg/L methylene blue from
100 ml dye solution in 250-ml Erlenmeyer flasks during sorbatesorbent contact time of 120 min, orbital shaking at 150 rpm at 30 oC.

TABLE 3 - Methylene blue (MB) biosorption indicators as related to the quantity of sawdust of silver fir (SSF)
at the fixed dye concentration of 15 mg/L during sorbate-sorbent contact time of 120 min, orbital shaking at 150 rpm at 30 oC
Biosorbent
(g sawdust/L)

MB biosorption indicators
mg MB/g SSF
total removal
Ratioa
(qeq)
(%)
(mg MB sorbed/g ratio SSF quantity)
0.5
18.2
60.8
36.4
1.0
12.3
82.3
12.3
2.0
7.0
92.8
3.5
3.0
4.8
95.5
1.6
4.0
3.6
96.6
0.9
a
indicating MB removal per unit sawdust at the specific biosorbent concentration present in the sorbate-sorbent system

Time-course relationship with biosorption

The rate of biosorption was determined at different
initial MB concentrations ranging between 1-15 mg/L, at
periodic intervals upto 180 min. The most significant observation was that equilibrium was achieved within 60 min
at 1 mg/L MB concentration resulting in 100% dye removal. However, as the MB concentration was increased to
5, 12.5 and 15 mg/L, not only was more time required to
reach equilibrium, the total dye removal also decreased to
97%, 96% and 94% after sorbate-sorbent contact, respectively, of 90, 90 and 120 min (Figure 7).
The observation is in agreement with the report that an
increase in the initial MB concentration leads to a decrease
in the MB removal by HNO3-treated water-hyacinth [18].
This study reports that as the initial MB concentration was
increased from 97.2 to 1187.2 mg/L, the equilibrium
removal of MB decreased from 99 to 54%. The onset of
dye biosorption process by SSF was rapid, with 80-85%
dye removal occurring from different initial concentrations within the first 10 min. An explanation may be rendered on the basis of mass transfer process, which is generally defined as the accumulation of material at the interface between two phases [41]. The interface in the present case is between the solid phase of SSF and the liq-

FIGURE 7 - Biosorption of methylene blue as a function of time
from 100 ml of 1-15 mg/L solution by 2.5 g/L wood sawdust of silver
fir (Abies pindrow) in 250-ml Erlenmeyer flasks, orbital shaking at
150 rpm at 30 oC.

uid phase of MB. The driving force for mass transfer is
the difference in concentration. The random motion of molecules causes a net transfer of mass from an area of high
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concentration to an area of low concentration. As such,
the high concentration gradient in the beginning of adsorption process represents a high driving force for the transfer of MB from solution to the surface of SSF, and thus
faster removal of the dye from liquid phase. The adsorption process has been suggested to comprise three regimes
[40], namely, the fast regime during which rapid attachment of MB occurs on the surface of the adsorbent, the
slower regime involving adsorption in the pores (intraparticle diffusion), and the equilibrium regime described
by insignificantly slow rate of adsorption leading to equilibrium. Within the scope of this suggestion, removal of
MB at different concentrations used in the present studies
may be categorized as fast regime of 80-85% during first 10
min, slow regime of additional dye adsorption of about
10% during the next 35 min, and equilibrium regime of the
final dye removal of about 5% during the next 15-75 min
(Figure 7). These changes in MB removal from rapid to
progressively slower rates may be due to the fact that, initially, all sorption sites were vacant and the sorbate concentration gradient was high, followed by fewer active sites
available in the solid phase for the low dye concentration
gradient remaining in the liquid phase [32].
Kinetics of biosorption process

Adsorption is a mass transfer process [41]. In order to
examine the controlling mechanism of the adsorption process, such as mass transfer and chemical reaction as related to the time of contact of the two phases, pseudo-firstorder and pseudo-second-order kinetics models were
applied to test the experimental data.

varied in a narrow range from 94% (15 mg/L in 120 min) to
100% (1 mg/L in 60 min). It was noted that the plots were
linear (Figure 8) when plotted for only the pre-equilibrium
regime (as noted above for time-course relationship, respectively, at 45, 60, 60, 90 min for 1, 5, 12.5, 15 mg/L)
with good r2 values of 0.96-0.99, indicating the data fit
well to the Lagergren equation during the fast and slow
regimes of the dye biosorption process. However, the plot
was not linear, with poor r2 values, when the very slow
equilibrium regime data were also included. This is a significant observation on the mechanism of MB biosorption
by SSF, suggesting that conditions apply for a fit to the
Lagergren pseudo-first-order equation. The limit of application in the present case is the dye concentration remaining in liquid phase at time (t), such that as the dye concentration enters the equilibrium regime (very slow rate), the
applicability of Lagergren equation ceases. The observation is in agreement with the suggestion that in most cases
the first-order Lagergren equation does not fit well for the
whole range of contact time, and is generally applicable
over the initial stages of the sorption process [10]. A study
on the biosorption of MB by HNO3-treated water-hyacinth
similarly reported that for all initial MB concentrations, the
adsorption data were well represented by Lagergren equation only for the initial period (5-15 min), deviating thereafter from the theory [18].

The pseudo-first-order kinetics of adsorption by biological materials, as described by the Lagergren equation
[42], is based on the adsorption capacity of adsorbents,
generally expressed as follows:
dqt/dt = k1.ad (qe – qt)

(2)

where qt is mass of dye adsorbed (mg/g biosorbent) at
time t, qe is mass of dye adsorbed (mg/g biosorbent) at
equilibrium, and k1.ad is pseudo-first-order adsorption rate
equilibrium constant (min-1).
The Lagergren equation (2) on integration with the
boundary conditions, with qt = 0 at t = 0 to t = t may be
written as:
Ln(qe – qt) = Ln(qe) – k1.ad

(3)

From a linear plot of Ln(qe – qt) on the y-axis versus
time (t) on the x-axis may be calculated the rate constant
(k1.ad). A linear plot with good regression coefficient (r2)
indicates that the adsorption data fit the Lagergren equation. The pseudo-first-order kinetics for MB biosorption
on SSF was studied with respect to different initial dye
concentrations (1-15 mg/L) at the fixed biosorbent concentration (2.5 g/L). The extent of sorption at equilibrium

FIGURE 8 - Pseudo-first-order linearized plots for Ln(qe – qt) versus
time for the biosorption of methylene blue by sawdust of sliver fir
(Abies pindrow) of different dye concentrations for different time
periods (1, 5, 12.5, 15 mg dye/L, respectively, after 45, 60, 60, 90 min).

Further analysis of the data was done on pseudo-secondorder equation [43], which like the pseudo-first-order is
also based on the adsorption capacity of the solid phase
[10]. However, contrary to the latter model, the pseudosecond-order predicts the behaviour over the entire range
of adsorption time, inclusive of the sorption during the
equilibrium phase. The pseudo-second-order kinetics rate
equation is expressed as:
t/qt = 1/k2.adq2e + t/qe

(4)

where k2.ad is pseudo-second-order reaction rate equilibrium constant, which can be determined experimentally
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from the slope and intercept of plot of t/qt on the y-axis
versus time (t) on the x-axis. A linear plot with good correlation coefficient (r2) indicates that the adsorption data fit
the pseudo-second-order equation (4). The biosorption of
MB by SSF at all the concentrations studied fit well to the
pseudo-second-order equation, with r2 values of 0.92-0.94
(Figure 9). Since the pseudo-second-order equation was
applicable to biosorption data at equilibrium, no limitation
of dye concentration at equilibrium (Ceq) was applicable, as
was noted for finding a fit to the pseudo-first-order equation.

of MB, it is expected that agglomerates predominate, while
monomers remain virtually absent in the sorbate-sorbent
complex on the solid surface, thus affecting further adsorption resulting in equilibrium plateau.

FIGURE 10 - The effect different initial mg/L concentrations (Ci)
of methylene blue on the mg/g biosorption capacity (qeq) of sawdust of silver fir.

The Langmuir isotherm assumes monolayer adsorption
on to the surface with a finite number of identical sites
[46], and is expressed by the equation:
FIGURE 9 - Pseudo-second-order linearized plots for t/qt versus
time for the biosorption of methylene blue by sawdust of sliver fir
(Abies pindrow) of different dye concentrations at dye biosorption
equilibrium time (1, 5, 12.5, 15 mg dye/L, respectively, after 45, 90,
90, 120 min).
Effect of initial dye concentration and adsorption isotherms

Several isotherms equations have been used for the
analysis of biosorption equilibrium data. Out of these, Langmuir and Freundlich isotherms models were used for this
purpose in the present studies. For each isotherms modelling, the initial MB concentrations were varied between 10
and 1000 mg/L, while the weight of SSF biosorbent was
kept unchanged at 2.5 g/L. A plot of qeq against Ci shows
that adsorption of MB at lower Ci was low, increasing as
the Ci was increased, and then the slowly ascending plateau of qmax was achieved at the Ci of 600-900 mg/L (Figure 10). This indicates that the initial dye concentration
plays an important role in determining the adsorption
capacity of MB. This is in agreement with the report that
as the initial MB concentration was increased from 97 to
1187 mg/L, the adsorption capacity of nitric acid-treated
water-hyacinth increased from 48.2 to 333 mg/g [18],
which may be related to the solution state of MB at different concentrations. In the beginning of the adsorption
process, the MB is adsorbed on the external surface of the
sorbent, which increases the local concentration of MB on
the surface leading to the formation of MB aggregates
[44, 45]. MB aggregates then move, from the external surface to the internal pores, resulting in deaggregation and
reversion to MB monomers [18]. At higher loading rates

qe q =

q max bC eq
1 + bC eq

(5)

where qeq is equilibrium uptake capacity (mg MB adsorbed/g SSF), Ceq is equilibrium concentration (mg MB
remaining/L dye solution), b is equilibrium constant, and
qmax is the amount of MB per unit weight of biosorbent
(mg MB adsorbed/g SSF) to form monolayer MB adsorption on the adsorbent surface, which is determined by
plotting Ceq against Ceq/qeq.
A linearized plot of Ceq against Ceq/qeq indicates a fit
to the Langmuir adsorption isotherm equation. The data
of MB adsorption by SSF in the range of 10-1000 mg/L
yielded a straight line with correlation coefficient of 0.998
r2 (Figure 11), which indicates a good fit to the Langmuir
isotherm model. All studies on the biosorption of MB by
various plant residues have reported a good fit to the
Langmuir adsorption isotherm model (Table 1). The fit to
Langmuir equation shows that the biosorption process
was monolayer and had constant adsorption energy at
equilibrium [10]. The qmax for the adsorption of MB by
SSF was observed to be 153.68 mg/g, which is better than
most of the plant residue sorbents reported in literature
(Table 1). It may also be noted from Table 1 that the
sorbate-sorbent contact time of 120 min in the present
study was significantly less than used for all other studies.
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FIGURE 11 - Langmuir adsorption isotherm for the biosorption of
methylene blue (MB) by sawdust of silver fir (SSF) at the initial dye
concentration range of 10-1000 mg/L, where Ceq is the MB concentration at equilibrium and qeq is mg MB adsorbed/g SSF.

The Freundlich isotherm model is empirical in nature,
assuming neither homogeneous site energies nor limited
levels of sorption and a logarithmic decrease in the heat of
adsorption with the fraction of the surface covered by adsorbed solute [47]. The Freundlich equation is based on
sorption on a heterogeneous surface having the following
general form:

qeq = K F C 1 / n

(6)

where KF and n are Freundlich constants, indicating,
respectively, adsorption capacity and adsorption intensity
of the system.
A plot between Lnqeq against LnCeq is expected to be
linear if the adsorption follows Freundlich isotherm equation. The data obtained in the present study for the Ci range
10-1000 mg/L did not yield a linear plot, indicating the
adsorption of MB by SSF did not fit the Freundlich adsorption isotherm model. Several studies on MB biosorption by various plant residues either do not report any
analysis on Freundlich isotherm equation, or report better r2
values for Langmuir isotherm model than Freundlich isotherm model (Table 1). There have been reports of fit to
Langmuir isotherm equation as shown by linearized plots,
while Freundlich isotherm equation was not followed as
the data resulted in non-linear plots, such as the removal
of Basic Blue 41 by linseed cake [48], Remazol Red and
Remazol Golden Yellow by Chlorella vulgaris [10]. It is
relevant to note further that authors that have reported fit to
Freundlich isotherm model used low initial MB concentrations (Table 1). An attempt to find a fit for the present data
at Ci 10-400 on Freundlich model also yielded a linear plot
with the r2 value of 0.995 (Figure 12). The validity or partial validity of data on Freundlich model may be explained
on the basic assumptions of the adsorption isotherm to be
purely empirical, having no theoretical basis and while its
validity extends to nonuniformity of the adsorption surface, it is limited to low solute concentrations [49, 50].

FIGURE 12 - Freundlich adsorption isotherm for the biosorption of
methylene blue (MB) by sawdust of silver fir (SSF) at the initial dye
concentration range of 10-400 mg/L, where Ceq is the MB concentration at equilibrium and qeq is mg MB adsorbed/g SSF.

CONCLUSIONS
Adsorption capacity of 154 mg methylene blue/g silver fir sawdust was noted to be higher than most of the
plant residues reported in literature for the adsorption of
this dye. The achievement of adsorption equilibrium within
120 min was the fastest reported so far. These attributes
indicate a high potential of the sawdust for the removal of
dyes from aqueous medium.
The monolayer adsorption was well predicted by a
good fit to Langmuir adsorption isotherm model, while
the data followed pseudo-second-order kinetics equation.
The limited scope of application to Freundlich isotherm
model and pseudo-first-order kinetics equation can be explained on the basis of other similar reports in literature.
FTIR spectrophotometric analysis indicated that major groups and bonds (-OH of phenols, C-H of methyl and
methylene, C-O, C=O, O-C-H, C-C-H, C-O-H, aromatic
ring structures) involved in the sorption of the dye are
abundantly present in lignin and cellulose, which are the
main constituents of the sawdust, suggesting that plant
residues rich in these biopolymers have greater potential
for remediation of dye-containing wastewaters.
The detection of S and N atoms in the dye-adsorbed
sawdust and no detection in raw sawdust on SEM-EDX
analysis provided conclusive evidence of sorption of the
dye on the plant residue.
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ABSTRACT
The capacity of adsorption of arsenic on iron and aluminium-oxides-coated quartz sand has been studied. The
cover of quartz particles with iron and aluminium oxides
provides a high capacity adsorption and immobilization of
arsenic from natural and waste waters. The values obtained
for adsorption and desorption show that aluminium oxides
particles provide an excellent material for construction of
an arsenic removal system for waste waters. The characteristics of this material would allow the design of a complementary filtration system to reduce arsenic levels in the
effluent, reducing contamination risks of nearby watercourses.
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wastewater treatment, arsenic, aluminium and iron oxides, quartz.

INTRODUCTION
Arsenic is known as a toxic element to plants, animals
and human health. The concentration of As in fresh waters
varies from <0.05 to >5000 µg L-1 [1] depending on the
source of As, its mobility and the local geochemical environment. The As maximum contaminant level (MCL) in
drink waters is usually 50 µg L-1, but in USA the MCL was
lowered to 10 µg L-1 [2]. Satisfying these standards will be
difficult, given that, all around the world, a number of surface and ground waters are expected to exceed these levels.
In this sense, Bangladesh, India, and Nepal, but also of
Mexico, Argentina, Chile, Canada, Germany, Romania and
USA, the hazardous concentrations of As have appeared as
a result of the strong water–rock interactions and the physical and geochemical conditions for As mobilization in
aquifers [1, 3, 4]. High arsenic contents (up to 260 µg L-1)
were found in groundwater from central Spain which were
likely due to As anions displacement by bicarbonate ions in
mineral surfaces of aquifer sediments [5].
One of the most effective and commonly used methods
for water purification is adsorption of inorganic As

compounds from aqueous system using both natural and
synthetic sorbents. Of late, iron and aluminium oxides
based sorbents, salts and impregnated adsorbents were
found effective in removing arsenic from aqueous environment [6, 7]. A modification of the sorbent removal is
“adsorptive filtration”. This technique is based on the
coating of the filter medium with adsorbents, resulting in
modified media that can act simultaneously as a filter and
as an adsorbent. The most widely used filter medium in
adsorbing filtration technique is iron oxide or aluminium
oxide coated particles [8, 9]. In the present study, quartz
has been applied as a support matrix for the immobilization of oxides. Iron oxide or aluminium oxide coated particles show a high adsorption capacity due to their high specific surface area. In addition, their negative charge at
acid and neutral pH made them suitable for anions retention. Moreover, these materials have a very low-cost
and a high availability. The effect of Fe and Al oxides
precipitated in quartz particles, on arsenic adsorption and
desorption was investigated using batch experiments. A
filter system of this type can be used on wastewater
treatment plants.
MATERIALS AND METHODS
The Quartz-Oxides particles were obtained by precipitation on quartz natural particles (size fraction ≤100 µm) of
iron and aluminium oxides. The experimental procedure has
been described in a previous paper [9]. Aged and non-aged
aluminium or iron oxides coated quartz particles were
labelled as QAlc, QAla, QFec and QFea respectively (the
subscripts c and a are crystalline -aged and amorphous –non
aged, respectively). Characterization of samples are described previously [9].
Arsenic sorption was determined by using a batch technique (in triplicate). Samples (100 mg) were equilibrated
for 24 h at room temperature (20± 2ºC) with various solutions (20 mL) of NaH2AsO4 in the concentration range 5
to 100 mg L-1 with 0.02M NaNO3 as background electrolyte. Afterwards, samples were centrifuged at 4000 rpm
(15 min) and filtered through Whatman No. 40 paper. The
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supernatant was used to measure the pH and to determine
As by atomic absorption spectrometry (AAS) or inductively
coupled plasma mass spectrometry (ICP-MS) for low concentration samples.
The influence of pH on the adsorption was also determined. The pH of the samples was adjusted to between 2
and 12 by adding of 0.1 M HNO3 or NaOH, and the final
volume was brought to 20 mL with the supporting electrolyte. After shaken during 24 h, the samples were centrifuged and filtered. The equilibrium pH of the suspension
was determined with a pH glass electrode. The aluminium
and iron concentration in the supernatant phase was also
monitored by AAS determinations.
To study the desorption process, three adsorbed As concentrations were used (10, 40 and 100 mg L-1). At the end
of the adsorption period (24 h), the same volume of background solution (0.02 M NaNO3) replaced three quarters
of the supernatant of each sample. The samples were resuspended and treated as in the adsorption experiments
for five desorption steps.
RESULTS AND DISCUSSION
The adsorption of As on quartz particles (Q) was negligible. To improve an adsorptive filtration method we will
compare oxides-coated quartz particles, and, hence, adsorption of As on QFea, QFec, QAla and QAlc was carried out.
Both Langmuir’s Equation and Freundlich’s Equation were
fitted to experimental data. In all cases Langmuir equation

(r>0.94; P<0.01) yields better fits than Freundlich equation. Values of Langmuir’s parameters are shown in Table 1.
These quartz particles covered with Fe or Al oxides also
have been shown effective in the adsorption and inmobilization of P from natural and waste waters [9].
For iron oxide-coated quartz particles, the maximum
adsorption capacity decreases on increasing crystallinity
and thus Xm for QFea is 1.8 times higher than that for QFec.
However, the behaviour of the parameter in the cases of
aluminium oxide-coated quartz particles both values are
similarly for QAla and QAlc (7.9±0.2 and 8.9±0.5, respectively). Moreover the KL parameter, related to the energy
of sorption of the adsorbate on the solid surface, are two
orders of magnitude higher in non-crystalline samples than
in crystalline one.
This difference in the adsorption between the noncrystalline and the crystalline iron oxides coated particles
(QFe) may be explained in the bases of the specific surface
area value (SEGME). The ratio of SEGME values for crystalline and non-crystalline particles is 1.8 for QFe. The correction of maximum adsorption capacity, to obtain the amount
of As per square meter seems to justify the differences in
the specific surface area of both particles (amorphous and
crystalline). The value of the ratio Xm/SEGME for QFea and
QFec, are almost the same (0.098 and 0.100 mg m-2 respectively), whereas the ratio X m/ SEGME value for QAla and
QAlc were respectively 0.152 and 0.307 mg m-2. For QAl
particles, an increase of Xm/ SEGME was found if we compare non-crystalline and crystalline form. In this case we

TABLE 1 - Langmuir parameters for the adsorption of As on different quartz particles and quartz-oxide coated particles.
Langmuir equation: X

=

K L X mC
1+ K L C

X is the amount adsorbed per mass unit, KL is a constant related to the adsorption process, Xm the maximum adsorption capacity, and C the equilibrium concentration.
KL
Xm / mg g-1
r
Q
€
QFea
36±9
4.9±0.2
0.9487
QFec
0.20±0.04
2.8±0.1
0.9752
QAla
49±8
7.9±0.2
0.9864
QAlc
0.10±0.02
8.9±0.5
0.9854

TABLE 2 - Desorption steps (in percentage of adsorbed As) for
QFea, QFec, QAla and QAlc particles, at different initial concentrations of As ([As]i).
Sample
QAla

QAlc

QFea
QFec

[As]i / mg L-1
10
40
100
10
40
100
10
40
100
10
40

Step1
<0.2
1.9
1.1
<0.2
5.0
3.5
<0.2
9.2
3.0
<0.2
8.1

Step 2
<0.2
1.1
1.1
0.7
3.7
1.6
<0.2
1.6
1.4
3.8
1.3
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Step 3
<0.2
0.4
1.1
1.8
2.1
1.0
<0.2
0.7
0.6
2.1
1.4

Step 4
<0.2
0.7
0.5
1.6
1.2
1.1
<0.2
0.7
<0.2
1.8
0.3

Step5
<0.2
0.6
0.6
1.7
1.9
1.2
<0.2
0.6
<0.2
2.0
0.8
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FIGURE 1 - a) Influence of pH upon the As adsorption at (¡) QAla, () QAlc (∆) QFea and (∇) QFec particles.
Initial concentration of As equal to 10 mg L-1. b) Initial concentration of As equal to 100 mg L-1.

have more quantity of As per square meter in the case of
crystalline particles, but more efficient adsorption was
found for non-crystalline particles; in this case the behaviour must be explained taking into account changes in the
interaction between As and both surfaces, probably because
the formation of complex between the oxides surface and
the adsorbate.
In all cases (both crystalline and non-crystalline particles) the quantity of As adsorbed on the surface is significantly higher for QAl than for QFe. The value of Xm for
QAlc is 3.2 times higher than for QFec, and this ratio is 1.6
in the case of non-crystalline particles. The differences in
the chemisorption of As in terms of different geometry of
surface complexes would justify the different amount of As
adsorbed per surface unit [10].
Influence of adsorption experiments were also carried
out at different pH values and at concentration of As constant (10 and 100 mg L-1). The percentages of adsorption
are shown in Figure 1. In the case of iron oxide coated particles, the percentage of As adsorbed decreases on increasing pH value. Taking into account the ZPC values (8.0 for
QFec, QFea), the increase of pH value implies a decrease
in the development of positive charges in the particle sur-

face. Because the initial step of chemisorption mechanism
is the electrostatic approximation of As to the charged
surface, this decrease in the positive charge of the particles
surface means a lower electrostatic interaction between the
adsorbent and the adsorbate and hence, a decrease of percentage of adsorbed As for the QFe particles. Thus, the increase of pH means a decrease of ~70% in the percentage
of adsorbed As for QFea, and a decrease of ~20% for QFec
for initial concentration of As equal to 10 mg L-1 (Figure 1a). When the initial concentration of As was equal to
100 mg L-1, the increase of pH between 2.6 and 10.7 means
a decrease of ~75% in the percentage of adsorbed As for
QFea, and a decrease of ~50% for QFec (Figure 1b).
In the case of aluminium oxide-coated particles the
sorption capacity increases on increasing the pH at low
pH values (2-5) (Figure 1) and afterwards decreases on increasing the pH (as QFe particles). The variation of pH between 4.5 and 10.2 implies a decrease of ~60% for QAla
and the modification of pH between 5.2 and 7.1 corresponds with a decrease of ~75% for QAlc for As initial
equal to 100 mg L-1 (Figure 1b). The partial dissolution of
Al in the water phase for pH close to 2 implies the formation of complexes between Al+3 and As, resulting in
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an apparent decrease in adsorbed As. However, the quantity of Fe in the supernatant portion after each equilibrium
period and at all different pH values remains constant
and negligible.

[6]

Kundu, S. and Gupta, A.K. (2005) Analysis and modeling of
fixed bed column operations on As(V) removal by adsorption
onto iron oxide-coated cement (IOCC). J. Colloid. Interface.
Sci. 290, 52-60.

Desorption kinetics were carried out at initial As concentrations equal to 10, 40 and 100 mg L-1. Table 2 shows
the different desorption steps for each particle and each
initial concentration of As. Desorption percentages are, in
all cases, lower that 10% due to a strong hysteresys in the
adsorption/desorption process. In general, the percentage
decreases with the number of steps carried out. Desorption
is higher for the initial steps as compared with the values
found for 3-5 step. For aluminium oxide coated particles
are lower for As inputs of 10 mg L-1. This fact is related
with the interaction energy between adsorbent and adsorbate. At low As concentration, As binds to particles to
the high affinity positions. For higher As concentration (40
and 100 mg L-1) a percentage of As links to low affinity
positions. On the other hand the percentages of desorption
are lower for QAla than QAlc. Similar behaviour was found
for iron particles, but desorption percentages are higher that
aluminium particles. This low percentages of desorption
are related with the formation of inner- and outer-sphere
surface complexes.

[7]

Hlavay, J. and Polyak, K. (2005) Determination of surface
properties of iron hydroxide-coated alumina adsorbent prepared for removal of arsenic from drinking water. J. Colloid.
Interface. Sci. 284, 71-77.

[8]

Benjamin, M.M., Sletten, R.S., Bailey, R.P. and Bennett, T.
(1996) Sorption and filtration of metals using iron-oxidecoated sand. Water Res. 30, 2609-2620.

[9]

Arias, M., da Silva-Carballal, J., Garcia-Rio, L., Mejuto, J.C.
and Nunez, A. (2006) Retention of phosphorus by iron and
aluminum-oxides-coated quartz particles. J. Colloid. Interface. Sci. 295, 65-70.

[10] B.A. Manning, S.E. Fendorf, S. Goldberg, Surface Structures
and Stability of Arsenic(III) on Goethite: Spectroscopic Evidence for Inner-Sphere Complexes, Environ. Sci. Technol. 32
1998 2383-2388.
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ASSOCIATED WITH THE NEO-ARCHAEN TAUPONE
DOLOMITE GROUP, BOTSWANA
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Walter Sisulu University, Directorate of Research Development, PBag XI Mthatha, Eastern Cape 5117, South Africa

ABSTRACT
This work aimed at elucidating on the micromorphology and microchemistry of serpentine minerals occurring
in the Moshaneng Serpentinite associated with the NeoArchaen Taupone Dolomite Group, Botswana. Samples
obtained from Moshaneng Serpentinite abandoned mine
were analysed by environmental scanning electron microscopy (ESEM) and energy dispersive X-ray (EDX)
spectrometry in order to identify and characterise their
mineral constituents. The micromorphology of the samples depicted fine grained platy lizardite and tubular fibre
veins of chrysotile. Results of microchemical analyses
indicated that the samples consisted of MgO and SiO2 in
acceptable wt %ages for serpentine. Varied wt %ages of
Al2O3, Fe2O3, CaO, SO2, Cl2O, K2O, TiO2, and MnO in
the samples could be due to isomorphic substitution of Al
and Fe in the octahedral and tetrahedral sheets of serpentine. Mineralization in Moshaneng Serpentinite is considered to have been of two phases: the first being the formation of lizardite through isochemical serpentinization
of olivine; and the second being the mineralization of chrysotile by allochemical serpentization of lizardite. Because
chrysotile is the dominant asbestos mineral in the
Moshaneng Serpentinite, aspects of environmental and
human health as well as rehabilitation of the abandoned
mine should be addressed with exigency.

KEYWORDS: energy dispersive X-ray, chrysotile, lizardite, environmental scanning electron microscopy, serpentine

INTRODUCTION
Serpentinite consists of serpentine which is a metamorphic phyllosilicate that could be monoclinic, triclinic,

orthorhombic or hexagonal in structure depending on the
mineral type and genetic environment. The rock usually
contains one or more of the three Mg rich serpentines:
antigorite, chrysotile and lizardite, and has the chemical
formula of Mg3Si2O5(OH)4 [1]. Serpentine could be a form
of asbestos – a term applied collectively to a sub group of
minerals occurring naturally as fibre bundles with unusually very high tensile strength flexibility, and chemical
and physical durability. Serpentine is dominated by
chrysotile; a sheet silicate composed of tetrahedral silicaoctahedral brucite sheets slightly warped yielding to long
hollow tubes which form asbestos bundles. Amphibole
constitutes the second mineral subgroup of the asbestiform minerals and these are riebeckite (commonly
known as crocidolite), grunerite (commonly known as
amosite), anthophyllite, tremolite, Ca2Mg5Si8O22(OH)2;
and actinolite. These minerals are double chains of silica
tetrahedral which are cross linked with bridging cations
such as Mg2+, Ca2+, Fe3+, Fe2+ and Na+, and lacking hollow morphology as the case of chrysotile [2].
Asbestos is ubiquitous in the environment because of
its widely distributed natural occurrences and its several
commercial and industrial applications. Various forms of
asbestos occurrences and deposits are found in different
parts of the world including Southern Africa. Chrysotile,
the most abundant and economically important asbestiform,
occurs in many lithologic formations with most of the
world reserves in southern Africa (Botswana, Mozambique, South Africa, Swaziland and Zimbabwe). Asbestos
and particularly serpentine are geomarkers in understanding vein formation, rock deformation, mass transfer processes, and site mineral crystallisation [3]. It has in the
past gained very wide applications industrially and particularly in the construction industry. Due to health risks and
health hazards linked to the fibre minerals, its application
has been increasingly reducing in recent times.
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Small scale open-cast mining of asbestos at Moshaneng
started in 1950 and continued for 25 years intermittently
[4]. Due to limited high grade quality, high cost of mining,
and associated health hazards, the exploitation was suspended. The sites for the abandoned mine workings have
neither been decommissioned nor rehabilitated. Surfaces
of the non-rehabilitated mine workings became exposed to
the forces of weathering. During the mining of asbestos at
Moshaneng, several anthropogenic activities occurred and
still do take place. These activities have exposed the asbestos; strongly promoting aeolian, aquatic, and terrestrial
spreading of the mineral fibres to much wider areas than
the mining premises including surrounding habitable villages. Residents of the villages are thus susceptible to possible health hazards emanating from the inhalation of the
fibres.
The only documented previous study carried out on
asbestos occurrences at Moshaneng [4], focussed on applying X-ray powder diffratometry (XRPD) in identifying
the minerals present in the serpentinite ore. Unfortunately
this technique, though being a powerful tool for minerals
identification, is rather limited in its single application to
serpentine minerals. The main peaks for identifying the
minerals at 100 % relative intensity (RI), and 75 or 60 %
RI are similar, occurring within the range of 7.1 – 7.4 Å
and 3.4 – 3.6 Å with a Cu-Kα radiation; and very closely
related to the kaolin minerals which partly constitute the
kaolin-serpentine minerals group. The need to further mineralogically characterise the Moshaneng serpentine minerals is imperatively complementary to findings of previous study by Vink et al. [4]. Electron microscopy is a very
useful technique, which provides vital information on morphology and structure, and microchemical composition of
materials [5]. It could thus be used for the study of
Moshaneng Serpentinite. In this study, the ESEM on to
which was attached an energy dispersive x-ray spectrometer were used for both morphological and microchemical
characterisation of the Moshaneng serpentine minerals.
The results were contextually interpreted in elucidating on
the serpentine genesis and possible associated health hazards.
MATERIALS AND METHODS

of the area are of the Neo-Archaen to Paleo-Proterozoic
dominated by the Transvaal Supergroup, capped by the
younger Waterberg Group, and underlain by the older
Kanye Volcanic Formation (KVF) and the Gaborone Granite Complex (GGC) (Table 1). The Black Reef Quartzite
Formation (BRQF) consists mainly of conglomerates,
coarse to medium grained sandstone, arkoses, and interbedded siltstones and shales. The TDG constitutes the
lower part of the Transvaal Supergroup having an age of
2500-2000 Ma (where Ma = million year), and consists of
the Rammonedi dolomite and the Masoke chert. Granite
and syenite of the Moshaneng Complex constitute part of
the Waterberg Group at Moshaneng.
Samples collection

Three composite samples were obtained in a diameter
manner from end to end within the Moshaneng asbestos
deposit. The samples were labelled one, two and three with
sample two being from the centre of the deposit. Sample
one was obtained close to the fault zone between the Taupone dolomite of the Ramonnedi Formation and the doleritic
intrusions in Moshaneng (Figure 1). Sample one was translucent, light greenish yellow in colour, and had a waxy
lustre. Samples two and three were silky, fibrous-like and
greyish in colour. The collected samples were cleaned in
an ultrasonic bath before preparing them for the different
analyses.
Scanning electron microscopy

Scanning electron microscopy was performed with a
Philips XL 30 ESEM in order to determine the morphology of the fibre particles. Fibre samples for morphological
studies were mounted on 3 mm pin type stub with a carbon tab on. A thin coating of Au and Pd was applied to
the surface of the fragments. Samples were gold Au coated
in an SPI sputter coater and viewed in High Vacuum mode
(HVM). The results were also compared with the Low Vacuum mode (LVM) images to ensure that the shapes of the
plates were not deformed due to dehydration in the high
vacuum. Since there were no significant differences between the HVM and the LVM, the latter was used to analyze the samples. The different serpentine minerals were
identified based on fibre morphology, length and texture,
and photomicrographed.
Microchemical analysis

The Moshaneng serpentinite: its location and geology

Moshaneng Serpentinite occurrence is located between
latitudes 24o54’S and 24 o55’S; and longitudes 25 o14’E
and 25 o16’E (Figure 1). The asbestos occurs at the contact
between doleritic intrusions and the dolomite and chert of
the Ramonnedi Dolomite Formation (RDF) of the Taupone Dolomite Group (TDG). The rocks are associated with
a southwest plunging syncline resulting from post-Transvaal
folding and thrusting [4].
The geology of the Moshaneng area has been discussed in Aldiss et al. [6] and Carney et al. [7]. The rocks

Elemental microchemical compositions of fibres were
determined by means of energy dispersive X-ray analysis
(EDXA) using EDAX Phoenix Ultra Thin Window (UTW)
energy dispersive analysis (EDS) system. The stubs for EDS
were given a thin C-cat in a SPI carbon coater to improve
conductivity. The analysis was done on an EDAX system
equipped with a Super Ultra Thin Window (SUTW). The
EDS analysis was performed in a LVM taking into consideration challenges associated with beam scattering during the analysis. Artefacts related to the morphology in
samples were not evident in any of the two vacuum operational modes (HVM for Au coated samples and LVM for
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uncoated samples). The vacuum gaseous compensation
mode routine in the Phoenix software was engaged in the
EDS analytical process. Detection limit for fibres varied

depending on amount present in sample which was also a
reflection of abundances in the deposit.
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FIGURE 1 - Geology map of the Moshaneng area indicating asbestos occurrence (modified after Vink et al. [4])
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TABLE 1 - Lithostratigraphy of the Moshaneng area.
Lithology
Dolerite intrusion
Quartz, syenite, granite, diorite
Shale, siltstone, sandstone
Sandstone, conglomerate
Chert
Dolomite
Quartzite, conglomerate, arkose,
siltstone
Feldspathic rhyolites and granite

Formation

Group

Supergroup

Tletletsi Beds
Manyelanong
Masoke
Ramonnedi
Black Reef Quartzite

Waterberg

Kanye Volcanic and
Gaborone Granite

Lobatse Volcanic and Gaborone Granite Complex

Proterozoic

Taupone Dolomite

The EDX spectra of the different samples were obtained as well as their microchemical compositions of major elements present. Elemental wt %ages in fibres were
converted to wt % oxides. Microchemical characterisation
was accomplished by comparison of the relative amounts
of Mg, Si, Fe and Al present in the fibre samples.

Age
Archaen to Mesozoic

Transvaal

Neo-Archaen

Meso-Archaen

length from 1cm to 6 cm. The fibres in samples two and
three were curved. The fibrils were very thin and flexible
and the aspect ratio was >3; a classification used in identifying asbestos [8]. The tubular nature of chrysotile was
depicted by sample three (Figures 6 and 7). The tubes had
a mean diameter of 6 µm.
Microchemistry of Moshaneng serpentine

RESULTS
Morphology of Moshaneng serpentine

Sample one was constituted of two main morphological types of asbestos: one was dominated by small platelets and the other type of particles was fibres in bundles
(Figure 2). The platelets had the morphology typical of
lizardite with no distinct cleavage (Figure 3). The average
aspect ratio for lizardite platelets was 3:1.
Sample two consisted of fibrils which are of chrysotile type (Figures 4 and 5). The vein bundles of fibres
which were constituted of fibrils in the sample ranged in

The microchemical spectra for each of the samples
are given in Figures 8, 9 and 10, and the microchemical
compositions of the samples are reported in Table 2. Results of microchemical analyses indicated that the samples
consisted of MgO and SiO2 in acceptable wt %ages for
serpentine. The samples also contained varied wt ages of
Al2O3, Fe2O3, CaO, SO2, Cl2O, K2O, TiO2, and MnO.
Mean values are reported for each sample after three runs.
Sample one consisted mainly of Mg and Si in almost equal
proportion with slightly more Si reflected (Figure 8). Aluminium, Fe and Ca occur in minor quantities, and some
recognisable quantity of Mn was also present in the sample.

FIGURE 2 - Representative photomicrograph of
sample one depicting longitudinally positioned bundles
of chrysotile fibres interbedded with fine platy grained lizardite.

FIGURE 3 - Representative photomicrograph
of sample one showing platy flakes of lizardite.
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FIGURE 4 - Representative photomicrograph
of sample two showing thin fibrils of chrysotile

FIGURE 5 - Representative photomicrograph
of sample two showing wavy fibres of chrysotile

FIGURE 6 - Representative photomicrograph of
sample three showing cylindrical rolls of chrysotile

FIGURE 7 - Representative photomicrograph of sample three
showing bundles of chrysotile with a mean diameter of 6 µm.

FIGURE 8 - Energy dispersive x-ray spectrograph of sample one.

FIGURE 9 - Energy dispersive x-ray spectrograph of sample two.
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DISCUSSION AND CONCLUSION
Moshaneng serpentine morphology and microchemistry

Lizardite is monoclinic or hexagonal and manifests itself as magnesium silicate iron hydroxide, Mg3[(SiFe)2O5]
(OH)4; magnesium aluminium silicate hydroxide, (Mg,Al)3
(SiAl)2O5(OH)4; aluminium iron magnesium silicate, (Mg
Al)3[(SiFe)2O 5](OH)4. Chrysotile is magnesium silicate
hydroxide with the general chemical formula of Mg3Si2
O5(OH)4. Its pseudo-polymorphs include clinochrysotile
(monoclinic), orthochrysotile (orthorhombic), parachrysotile
and (orthorhombic). It has been demonstrated to form hydrothermally from amorphous silica and non crystalline
brucite (eqn 1) with pH and temperature governing the
reaction [10, 11].
FIGURE 10 - Energy dispersive x-ray spectrograph of sample three.

2SiO2 + Mg(OH)2 → Mg3[Si2O5](OH)4 + H2O

(eqn 1)

TABLE 2 - Mean microchemical composition of serpentine samples and theoretical chemical composition of chrysotile and lizardite.
Oxides
wt%
Na2O
MgO
Al2O3
SiO2
Fe2O3
CaO
SO2
Cl2O
K2 O
TiO2
MnO
Total

Sample one

Sample two

Sample three

0.57
32.65
6.77
49.20
2.81
2.98
2.30
0.35
0.78
0.34
1.19
99.95

0.87
37.99
2.93
50.28
2.09
1.77
2.08
0.92
1.02
99.95

0.36
33.57
5.39
53.58
3.04
1.91
1.11
0.39
0.60
99.94

The crystallographic and structural evidence of
chrysotile is revealed by its curved structures. Lizardite is
depicted as fine grained and platy. Chrysotile forms
wavy fibres with splayed ends on larger bundles. Fibre
lengths and size of chrysotile tubes are determined by
temperatures of formation and time. Larger tubes are
formed at higher temperatures reflected in the Mg-Si bilayers stacked together. With the experiment of Jancar
and Suvorov [11] layer tubes were obtained at 300 oC;
ideal temperature for low grade regional metamorphism.
Length of tubes increased with increase in time of reaction.
Long fibres of chrysotile present in Moshaneng serpentinite are indicative of longer periods in which serpentinization occurred.
Magnesium oxide and SiO2 are the main oxides present in ideal/theoretical lizardite and chrysotile. High MnO
and CaO in sample one is due to influence of dolomite.
Aluminium, K and Ti contained in the Moshaneng serpentine were elemental in puts from the surrounding granite
and syenite; and Fe, S and Cl were from the intruding
dolerite. Surface and structural impurities may be accountable for the results obtained by EDS not being exactly the

Chrysotile
[9]
(0-1)
38-42
(0-2)
38-42
(0-5)
(0-2)

Lizardite
[9]
(0-1)
38-42
(0-2)
38-42
(0-5)
(0-2)

same as values for chemical composition of ideal/ theoretical serpentine minerals. Structural samples differ from ideal/
theoretical serpentine. Some Mg is substituted by Al and
Fe in the octahedral sites; and this could be accountable for
the low Mg obtained for the Moshaneng samples. The other
oxides in the samples could be due to elemental and isomorphic substitutions are Al and Fe in the octahedral and
tetrahedral sheets of serpentine.
Elemental impurities present in serpentine influence
its structural order, and heterogeneity thereby affecting its
mineralization pattern, morphology, structure, shape, stiffness, strength, fracture, dissolution mechanisms, and biological-mineral system behaviour [10]. The occurrence of
Al2O3, Fe2O3, CaO, SO2, Cl2O, K2O, TiO2, and MnO in
chrysotile and lizardite of the Moshaneng serpentinite could
thus influence their micromorphological and microchemical properties.
Geoenvironmental considerations

Serpentinization within a given geologic terrain can
vary with the highest level of metamorphism which occur
within fault zones, fractures and cracks because fluid mi-
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gration is more enabled in such geologic features. At the
fault zone between the RDF of the TDG and the doleritic
intrusions in Moshaneng, lizardite dominates the mineralogy at the early serpentinization of the rock but gradually
gives way to chrysotile which is the main serpentine that
constitutes the Moshaneng serpentinite. Normand et al.
[12] and Votyakov et al. [13] equally reported lizardite as
an indicator for early serpentinization of ultramafic rocks.
Serpentinization at Moshaneng could have proceeded
in two phases. The first phase was the predominant mineralization of lizardite (around where sample one was obtained). It could have been as a result of isochemical serpentinization; being governed primarily by constant geochemical constituents whereby olivine reacted with silica
(equations 2 and 3).

a condition that could be applicable to the Moshaneng
chrysotile because of its relatively high Fe content.
Chrysotile and lizardite could be easily transported
because of the very fine platy and fibrous nature of their
particles. The different degrees of exposure and health hazards are governed by mineral type, fibre characteristics and
fibre dose [2]. Both the previous study by Vink et al. [4]
and this work revealed chrysotile to be more dominant than
lizardite in the Moshaneng Serpentinite. Occupational and
para-occupational individuals working with asbestos, and
residents living close to asbestos occurrences are exposed
to health hazards related to asbestos minerals. In this regard, human and environmental health hazards associated
with the abandoned and unrehabilitated Moshaneng asbestos mine should be given serious consideration and addressed appropriately.

3Mg2SiO4 (Olivine) + H4SiO4 (silicic acid) + 2H2O →
2Mg3Si2O5(OH)4 (lizardite)
(eqn 2)
5Mg2SiO4 (Olivine) + 10H2O → 2Mg3Si2O5(OH)4 lizardite + 4Mg2+ + 8(OH)- + H4SiO4
(eqn 3)
The second phase was characterised by allochemical
serpentinization of lizardite yielding chrysotile (reflected
in the area where sample two was collected) (equations 4
and 5). The serpentine was further reworked (portrayed in
the area where sample three was obtained), and yielded
chrysotile still but with different microchemical compositions, due to the release of Mg2+, Ca2+, Fe2+, Si4+ and other
ions in the serpentinizing fluid and their transportation
away from the geochemical environment of serpentinization. Both lizardite and chrysotile in Moshaneng Serpentinite were thus mineralised under very basic conditions
as could be reflected in the equations of reaction. Similar
basic environment of serpentinization have been used by
Jancar and Suvorov [10] to grow serpentine crystals in the
laboratory.
4Mg3Si2O5(OH)4 (lizardite) → 12Mg2+ + 4(OH)- +
H4SiO4 + 7SiO2 + O2
(eqn 4)
3Mg2+ + 4(OH)- + 2SiO2 + 0.5O2 →
Mg3Si2O5(OH)4 (chrysotile)

CONCLUSION
This study considered the micromorphology and microchemistry of serpentine minerals occurring in the
Moshaneng Serpentinite associated with the Neo-Archaen
TDG, Botswana. Serpentinite formation at Moshaneng was
triggered by the intrusion of dolomite of the RDF of the
TDG by the fine to medium grained porphyritic dolerite
responsible for the retrograde thermal metamorphism. Emplacement of serpentine minerals lizardite and chrysotile
in the Moshaneng Serpentinite was as a result of the isochemical serpentinization of olivine to lizardite first and
later allochemical serpentinization of lizardite to chrysotile.
Due to the dominance of chrysotile in Moshaneng Serpentinite, there is need for aspects relating to environmental
and human health as well as rehabilitation of the abandoned
mine to be given prioritised attention.
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(eqn 5)

Chrysotile is known to occur in association with tremolite, talc and vermiculite [14]. Chrysotile and to a certain
extent tremolite are asbestiform minerals with possible
enormous negative health implications and are important in
the genesis of mesothelioma [2, 14]. Sicknesses and diseases such as asbestosis, bronchial carcinoma, primary
malignant tumours and mesothelioma have been associated with asbestos and particularly chrysotile [14, 15].
Through inhalation, serpentine minerals could cause a
variety of respiratory diseases ranging from inflammation
and fibrosis to malignant forms of cancer [15]. Fe-rich
asbestos provokes reactive oxygen and reactive nitrogen
which enhance inflammatory cytotoxic effects in cell [16];
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HEAVY METALS REMOVAL FROM SURFACE WATER WITH
Moringa oleifera SEED EXTRACT AS FLOCCULANT AGENT
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ABSTRACT
Moringa oleifera seeds extract has been tested for heavy
metals removal from surface water. pH value has been revealed to be very significant as basic pH leads to hydroxide precipitation. Moringa oleifera capability for removing
Cu2+, Zn2+ and Ni2+ has been explored through two proceedings: Jar-test assays and a pilot plant composed by a
coagulation/flocculation tank, a sedimentator and a slow
sand filter. Effectiveness of coagulation/flocculation process for removing these metals is around 10% in batch
assays, and it is linked to turbidity removal. In order to
improve this process, pilot plant with a recycle and filtration was implemented, so effectiveness raised up to 20%.
Another property of Moringa oleifera can be considered in
order to characterize its potential use in water treatment.

KEYWORDS: Heavy metals, drinking water, metal removal, coagulation-flocculation, natural flocculation agents, Moringa oleifera.

INTRODUCTION
Removing heavy metals from surface water is an important task to work on. Metals, as Cu2+, Hg2+, Pb2+, Zn2+,
Ni2+, Cd2+, represent a harmful and noxious water contamination for human and animal consumption, mostly due to
their tendency to be accumulated in the food chain [1]. Its
removal has been a target of multiple researches; some of
them include chemical precipitation [2], coagulation and
flocculation [3], adsorption onto plant wastes [4] and special treatments, as nanofiltration [5] or reverse osmosis [6].
Traditionally, wastewaters from mines need to be
treated in order to being draft. In developing countries,
water controls in this kind of industry are rather deficient,
so metal ions use to get into drinking water flows, so the
health of the population is at risk. Agents that are able to
treat water in developing countries should be fully characterized and all their properties taken out, that is the main
reason why Moringa oleifera must be tested in order to
know its ability for removing metals.

Moringa oleifera is a tropical tree that comes from subHimalayan valleys. It is a multi-purpose tree. Its multiple
properties are known for a long time [7] and several authors have referred to the importance of Moringa oleifera
in human [8] and animal nutrition [9,10], pharmacology
[11,12], cosmetics [13]...
The utilization of Moringa oleifera as water treatment
agent perhaps is one of its most interesting usages. Although there are previous papers investigating its utilization as natural adsorbent for special pollutants removal
[14-16], the seeds of this tropical tree have a high amount
of proteins that work like cationic polyelectrolytes once
they are added to raw water [17,18]. Due to this fact,
characterizing the flocculant process in drinking water is a
very important task. The interest on Moringa oleifera in
this aspect has been pointed by institutions such as the
FAO (Food and Agriculture Organization). Its multiple use
has been recommended [19].
Investigations on natural agents that could treat heavy
metal contaminated water have been carried out by different researchers. Most of them use natural adsorptive materials like activated carbon [20] and this carbon was obtained by different physico-chemical procedures that have
a natural and available product in its origin. There are also
some interesting works on metal removal from water just
with bark [21] or with modified tannins [22,23].
No studies involving Moringa oleifera seed extract and
coagulation/flocculation process in order to remove metal
ions from water were found.
MATERIALS AND METHODS
Raw water characterization

Surface water was selected to work on. It was taken
from the Guadiana river, at Badajoz (Southwest of Spain)
and was enriched with different metal solutions. It is pretended with this decision to study the problem from a real
point of view. River water was treated the same day it was
collected. The characteristics of this water are shown in
Table 1.
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TABLE 1 - Raw water characterization data.
Parameter
Conductivity
Suspended Solids
Total Solids
Turbidity
Calcium
Hardness
Ammonium
Nitrate
Nitrite
Chloride
KMnO4 oxidability
Phosphate
Total phosphorus
Total coliforms
Fecal coliforms
Fecal streptococcus

Value
400
15
452
123
37.7
152
1.81
5.3
0.033
40.4
34.6
0.044
0.064
800
400
140

Units
µS/cm
ppm
ppm
NTU
Ca2+ ppm
CaCO3 ppm
N ppm
NO3- ppm
N ppm
Cl- ppm
O2 ppm
P ppm
P ppm
Colonies per 100 mL
Colonies per 100 mL
Colonies per 100 mL

Then, the extract was filtered twice: once through commercial filter paper on Büchner funnel and once again through
a fine filtering millipore system (0.45 µm glass fiber). The
result was a clear, milky-like liquid.
Jar-test procedure

Water treatment was carried out in the following way:
1 L of surface turbidity-known water was put into a beaker.
Around 10 ppm of metal was added, and pH of the experiment was fixed by using HCl and NaOH solutions. pH
value was fixed in order to avoid metal hydroxide precipitation. A certain dose of Moringa oleifera extract was added
to each beaker. Jar-test procedure was carried out (VELPScientifica JLT4 apparatus), 100 rpm for 2 minutes, and
30 rpm for 20 minutes. Metal-enriched water was kept
1 hour for settling and metal concentration was determined.

Metal analysis

Metal concentration analysis was carried out by a spectrophotometric method [24]. 1 mL of sample was put into
a 25-mL flask. 5 mL of borate buffer (sodium borate and
sodium carbonate in equal quantities, pH 10) and 2 mL of
4-(2-pyridyl-azo)-resorcinol (PAR) were added, and mixture was diluted to the mark with water. Then the solution
was mixed and measured after 20 min absorbance at 505 nm
in a 1-cm cell. Calibration was prepared with appropriate
standards.

Pilot plant installation

The installation has three sections: coagulation/ flocculation, sedimentation and filtration. Table 2 shows the designing parameters for these devices. Scheme is shown in
Figure 1. Incoming water flow was 80 mL·min-1. Referring to mixing time, a 2 minutes time was fixed then as
residence time for rapid mixer, and 20 minutes time for
slow mixer.
TABLE 2 - Designing pilot plant parameters.

Moringa oleifera seed extraction

Extraction was done as described in Okuda [25] and recently in Beltrán-Heredia and Sánchez-Martín [26]. Seeds
were obtained from SETROPA, Holland. The extraction
process was carried out in the following way: seeds were
ground to powder in a domestic mill. A 1M NaCl (PANREAC) solution was prepared and 5 g of Moringa oleifera
powder was put into 100 mL. The NaCl solution with powder was stirred for 30 minutes at pH 7 (room temperature).

Element
Rapid mixer
Slow mixer
Sedimentator
Sand Filter

FIGURE 1 - Pilot plant scheme.
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Parameter
Volume
Volume
Volume
Supernatant height
Sand bed height
Gravel bed height
Internal diameter
Sand diameter

Value
0.15 L
1.55 L
4.65 L
10 cm
49 cm
3 cm
5.2 cm
< 0.5 mm
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were carried out. Two parameters which are considered to
be important in metal removal were studied: extract dose
and raw water initial turbidity. Each metal ion was studied
at a selected pH value: Cu2+ at pH 5; Ni2+ and Zn2+ at pH 6.

TABLE 3 - Operation conditions in pilot plant assays.
Parameter
Moringa oleifera concentration in extract
NaCl concentration in extract
Extraction agitation time
Extraction agitation procedure
Extraction temperature
Extraction pH
Extract dose in surface water
Residence time in rapid mixer
Residence time in slow mixer
Residence time in sedimentator
Recirculation
Surface water flow
Moringa oleifera extract flow

Value
5%
1M
30 min
Magnetic
20 ºC
7
5 mL·L-1
2 min
20 min
60 min
15%
80 mL·min-1
0.39 mL·min-1

Three peristaltic pumps complete the installation. One
pump for surface water (DINKO-25-V, Dinter) and one for
Moringa seed extract (MASTERFLEX DV, ColeParmer).
Both of them have corresponding flow regulators. A third
peristaltic pump was used for recirculation (DINKO D-21F,
Dinter). Operation conditions are shown in Table 3. Turbidity was determined by a Hanna HI93703 turbidimeter.

As it can be seen in Figures 3, 4 and 5, metal removal
increased as Moringa oleifera seed extract did (from 1 to
4 mL·L-1) and as raw water initial turbidity increased
(from low levels to higher ones). However, metal removal
was rather small, in the best of these cases it arrived up to
15 (Zn2+ with 77 NTU). Batch assays that are not referred
to in this paper showed the need of turbidity to be present
in metal removal experiments; no turbidity implies no metal
removal. This fact and the increasing removal efficiency
with turbidity increasing suggest that the process of metal
removal depended on turbidity presence because metal
ions were adsorbed on suspended matter that afterwards
were removed by coagulation/flocculation process. The
anionic nature of this suspended matter [27] may involve
metal ion (cationic) association.

RESULTS AND DISCUSSION
pH influence

It is known that pH values affect in a very important
way the metal concentration in water. In the present investigation it is wanted to determine what quantity of metal is
removed just by the coagulation/flocculation process, so a
preliminary study on natural removal (that is, metal removal due to hydroxide precipitation) was done. Jar-test
procedure was done in the same way as described in the
section Jar-test procedure (see Materials and Methods)
and pH range in which hydroxide precipitation was small
enough was selected to work on. Figure 2 shows this natural removal of Cu2+, Zn2+ and Ni2+ as pH increases.
FIGURE 3 - Cu2+ removal in batch assay. pH 5.

FIGURE 2 - Natural metal removal caused by pH increasing.
Batch assays

Once the pH range was selected, different assays of
metal removal just with Moringa oleifera seed extract
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FIGURE 4 - Zn2+ removal in batch assay. pH 6.
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exit, and quite lower in this last case, it increases in secondary mixer with experiment time.

FIGURE 5 - Ni2+ removal in batch assay. pH 6.
FIGURE 6 - Cu2+ removal in pilot plant assay. pH 5.

Pilot plant assays

As it was suggested, turbidity had a relevant importance in metal removal. It is possible to improve this
process through two mechanisms: a) On one hand, increasing turbidity influence by installing a feed-back device
(recirculation) that would enhance metal ion and turbidity
contact; and b) on the other hand, removing suspended
matter, once metal ions had been adsorbed on it, by installing a slow sand filter. That is the reason why a pilot
plant is recommended to enhance metal removal process.
Filtration procedure reduces turbidity to 0.
Cu

2+

removal

Several assays were done with surface water that was
enriched with Cu2+ metal ions. Pilot plant experiments
took five hours approximately, and during that period a
quasi-stationary regime was achieved. No purge was done,
so a little loss of effectiveness due to sludge accumulation
in the sedimentator was found. Nevertheless, results are
shown in Figure 6. As it was expected, pilot plant treatment improved highly Jar-test results in metal removal.
Three kinds of metal removal are presented in Figure 6:
removal that is due to sedimentation process (calculated
by taking metal concentration data from sedimentator exit
and referring this removal to initial metal concentration),
due to filtration process (calculated by taking metal concentration at filter exit and referring this removal to concentration at sedimentator exit) and total removal (calculated by taking final metal concentration data and referring to initial one). It is clearly observed that either sedimentation or filtration procedure enhances Jar-test metal
removal.
Figure 7 shows how Cu2+ concentration changes along
the experimental period in three parts of the pilot plant installation. As it can be seen, metal accumulation takes place
in secondary mixer, with turbidity accumulation. This
data is quite interesting in order to confirm the hypothesis
of metal-adsorption on turbidity. While metal concentration keeps constant either at sedimentator exit or filter

FIGURE 7 - Cu2+ accumulation in three
different places of pilot plant installation.

As stationary regime is achieved rather soon, final
Cu2+ removal may be estimate in 20%. It is also observed
that metal removal due to sedimentation tends to be zero
at the end of the experiments. This is probably caused by
the fact that stationary regime is actually quasi-stationary,
and several difficulties for settling may arrive with sludge
accumulation.
Zn

2+

removal

In the case of Zn2+, analogous experiments were done.
It was observed that Zn2+ behaviour is quite similar to Cu2+.
Figure 8 shows Zn2+ removal due to the previously mentioned processes: filtration, sedimentation and total removal
is also referred. Zn2+ removal seems to be linked to turbidity adsorption, it can be intuited in Figure 9 where, like
Cu2+, Zn2+ concentration in the three parts of the pilot
plant installation tend to be constant at the sedimentator or
filtration exit and increased in the secondary mixer. The fact
that this last increase seems to be rather more pronounced
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in the case of Zn2+ than in the case of Cu2+ is quite interesting. However, both metals may be considered to be very
similar in their behaviour.

ered the fact that quasi-stationary regime affects the Ni2+
removal much more than Cu2+ or Zn2+ removal. On the
other hand, it is possible to assume that it is more difficult
to remove Ni2+ from surface water than other ion metals.
It was also observed in other researches [1,28] that, while
with Zn2+ and Cu2+ it is quite easy to achieve a metal removal of 90 and 99% (by modifying the pH value to a
basic one), with Ni2+ the removal percentage is just 70%.
Although the scope of the present investigation was not to
develop a proper process of metal removal, but to characterize Moringa oleifera metal removal capability in order
to complete its usage in surface water treatment, this data
may give an idea of the relative difficult to remove these
three metals.

FIGURE 8 - Zn2+ removal in pilot plant assay. pH 6.

FIGURE 10 - Ni2+ removal in pilot plant assay. pH 6.

FIGURE 9 - Zn2+ accumulation in three
different places of pilot plant installation.

Compared with Cu2+, Zn2+ presents a quite higher removal that almost reaches 25%. It is not observed a significative reduction in Zn2+ removal due to sedimentation
along the assay period. Stationary regime characteristics
do not influence in metal removal in this case.
Ni

2+

removal

Ni2+ behaviour is very different to that of the other
metal ions. Figure 10 shows the Ni2+ removal and, as it
can be seen, it is significantly lower than Cu2+ or Zn2+,
and it tends to reduce either due to filtration or sedimentation. In this case sedimentation removal is higher than filtration removal, and effectiveness of the process is not higher
than 10%. Ni2+ concentrations were almost constant and
equal at the three parts of the installation (Figure 11). Ni2+
removal was quite ineffective and there are several reasons
that can explain this fact. On one hand, it can be consid-

FIGURE 11 - Ni2+ accumulation in three
different places of pilot plant installation.
Metal-turbidity adsorption

The main hypothesis of this paper is that metal removal occurs through metal-turbidity adsorption and then,
by removing turbidity it is possible to remove a percentage of metal that is dissolved in surface water. In this sense,
turbidity accumulation in a secondary mixer would give
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an idea of metal adsorption and different metal behaviours
(as referred previously) may be reflected on turbidity accumulation. This hypothesis was confirmed by Figure 12,
in which it was observed that turbidity increased in a very
similar way in both cases (Cu2+ and Zn2+), while in the
case of Ni2+ it took longer to get higher. Nickel adsorption
has been referred previously [29].
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