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ADSORPTION OF FLUORIDE FROM AQUEOUS SOLUTION
BY ALUMINUM PILLARED RECTORITE
Dongyun Du1,2,3, Zhongshan Yu2, Jinzhao Liu2, and Xiaohua Lu1
1

Institute of Environmental Science, Huazhong University of Science and Technology, Wuhan 430074, P.R.China
2

3

College of Chemistry and Environmental Engineering, Hubei Normal University, HuangShi 435002, P.R.China

College of Chemistry and Material Science, South Central University for Nationalities, Wuhan 430074, P.R.China

SUMMARY
In this paper, aluminum-pillared rectorite as a new fluoride remover is examined. Its preparation method and adsorbability for fluorine are reported. This adsorbent has
advantageous characteristics, such as easy preparation,
strong adsorptive capacity, no disintegration in water,
and easy regeneration. When the concentration of fluorine
is 30 mg/ L, the adsorptive capacity for fluorine reaches
0.85 mg/g. Its adsorbability is stronger than that of the
commonly used active alumina under the same conditions.

KEY WORDS:
Fluorine, rectorite, adsorption.

INTRODUCTION
Fluorine is one of the essential minor elements for the
human body. The acceptable fluorine concentration for
drinking water is 0.5-1.0 mg/L. Dental caries occurs when
drinking water lacks fluorine; but when fluorine concentration is higher than 1 mg/L, long-term consumption of
such a water will cause dental and skeletal fluorosis [1-3].
In China, underground water containing fluoride is widely
distributed, especially in the northwest arid area, where about
70 million people drink water with excessive amounts of
fluorine, causing fluorosis in varying degrees. Large quantities of fluorine have been released from glass, chemicals,
metals, and high-tech industries [4, 5]. These wastewater
discharges pollute the environment and harm the normal
growth of crops and livestock. Therefore, there is substantial interest in developing effective defluoridation methods
to treat wastewater discharges.
A variety of methods have been applied to remove fluorine from water, including adsorption, precipitation, electrodialysis, ion exchange, and reverse osmosis [6, 7]. Lime
precipitation is often the method of choice due to its easy

operation and low costs [8]. But when this method is applied to treat wastewater generated in aluminum production,
the residual fluorine concentration can only be reduced to
15-25 mg/L, because of the limitation of reaction time and
pH value of the effluent. This does not meet the regulated
discharge standard. The Nalgonta technique can resolve this
problem, but at higher costs [9]. The operation expenditure
of fluorine removal is closely related with its concentration
in raw water. The larger the concentration of fluorine, the
higher the operational costs. In recent years, due to the high
costs of active carbon as a fluoride adsorbent, researchers
have shifted their attention to the study of other types of
low-cost materials. Among them are spent bleaching earth,
wollastonite and chine clay, bentonite, kaolinitic clay, agricultural by-products, fly ash, carbon slurry, biogas residual
slurry, zeolites, bone char and flax shive [2, 4]. Researchers
both at home and abroad indicated that laterite, active
carbon, fly ash, alumina, hydroxyl calcium phosphate, etc.
have a certain adsorptive capacity for fluorine; however,
these materials existing in the form of powders are difficult to separate and regenerate in engineering applications.
Rectorite with a 2:1 layer structure is a regularly
interstratified clay mineral of dioctahedral mica layer
and dioctahedral smectite layer in a 1:1 ratio. It consists
of alternate pairs of mica-like (unexpandable) and smectite-like layer (expandable) [9]. The cations Na+，K+, and
Ca2+ are incorporated in the interlayers of mica-like layers
and the interlayer region of smectite-like layers. These
interlayer regions have exchangeable cations. The mica-like
layer also increases the thermal stability of rectorite, and the
smectite-like layer determines its pillaring possibility [10].
In order to offset the deficiency of the lime method and
the powder adsorbents, this paper examines the fluorine
adsorption of natural and modified aluminum-pillared
rectorites. The results show that it has considerably strong
adsorbability to fluorine and is a promising alternative as
an adsorbent in disposing fluoride from wastewater.
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FIGURE 1
Effect of contact time on the adsorption of fluoride.

Effect of calcination temperature on
pillared rectorite’s adsorption effect

Microballoons of pillared rectorite were calcined for
3 h at different temperatures and 0.50 g aliquots of calcined
material were added to 100 mL wastewater with a fluorine
concentration of 30 mg/L. The rotation speed was set at
300 rpm. The defluorination effects and the dispersivity of
the pillared rectorite calcined at different temperatures were
then examined. The results are shown in Figure 2. The experiments indicated that the pillared rectorite microballoons
calcined at 500 °C for 3 h had the best defluorination effect,
and it would not disintegrate in water. Therefore, 500 °C
was chosen as the optimum calcination temperature.

A certain amount of powdered pillared rectorite was
weighed into a 250 mL beaker and fluoride wastewater with
definite concentration and volume was added. The mixture
was stirred at room temperature for a certain time and filtered. Finally, the residual concentration of fluorine in the
filtrate was determined.
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In the preparation of pillared rectorite, a certain amount
of sodium-based rectorite was added into deionized water
gradually, and allowed to be homodispersed. It was stirred
for 120 min into the pillared rectorite mud of a certain concentration. Al2(OH)5Cl•2.5H2O solution was added with a
concentration of 2.5 mol/L and stirring continued for another 30 min. After 7 min of microwave intensification and
48 h of maturing, deionized water was used to wash out
Cl- ions. The pillared rectorite was formed after filtration
and drying. Then it was pulverized into particles with an
average diameter of 0.7 mm, and put into the muffle furnace for calcination to the final product.
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Preparation of pillared rectorite
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A high-sensitivity monocrystalline fluorine electrodebased potentiometer was used to determine fluoride concentrations in water.

35
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Fluorine determination method

40

Adsorbed amount

Instruments used in lab tests include PHS-3c acidometer, multiple agitator, fluorine-selective electrode, magnetc agitator, calomel electrode, and a 722S spectrophotometer. Among the chemical reagents used, the pillaring
agent chlorhydrol aluminum, Al2(OH)5Cli 2.5H2O, was
manufactured by Reheis, USA. The starting material clay,
Na-rectorite, with a cation-exchange capacity (CEC) of
40 mmol/ 100 g and a basal spacing of 2.21 nm, was provided by Hubei Minliu Rectorite High-tech Company,
China. Sodium hydroxide, sulfuric acid, ammonia water,
hydrochloric acid, sodium fluoride, sodium chloride, white
alum, sodium acetate, sodium citrate, glacial acetic acid,
aluminium polychloride, cevitamic acid, and ammonium
molybdate were of analytical grade, purchased from local
chemical stores and used without further purification. The
simulated wastewater used in the experiments was formulated by using analytically pure sodium fluoride.
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Calcining temperature
FIGURE 2
Effect of calcining temperature on pillared rectorite’s adsorption.
Effect of calcination time on adsorption

RESULTS AND DISCUSSION
Effect of time on adsorption

In Figure 1, results with 1.00 g powdered pillared rectorite and 100 mL simulated wastewater with a fluorine
concentration of 27.97 mg/L are shown. After 60 min the
reaction time had little effects on the increase of the dislodging rate. Therefore, the reaction time in subsequent experiments was set at 60 min.

l.00 g pillared rectorite calcined at 500 °C was added
for different periods of time to 100 mL wastewater with a
fluorine concentration of 30 mg/L. Rotation speed was set
at 300 rpm. The defluorining effect and the dispersivity of
the calcined pillared rectorite were observed for different
periods of time (Figure 3). These pillared rectorite microballoons calcined at 500 °C for 3 h showed the best defluorination effect, and a low dispersivity. Therefore, 3 h were
chosen as the optimum calcination time.
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TABLE 1
Comparison between different adsorptive materials.
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FIGURE 3
Effect of calcination time on pillared rectorite’s adsorption.
Effect of solution pH on adsorbability

100 mL of 30 mg/mL fluoride wastewater were poured
into each of six 250 mL-beakers. Sulfuric acid and ammonia water were used to regulate the pH value of the solution
to the desired value, and 1 g clacined pillared rectorite was
then added into each of the beakers. After 1 h, the residual
fluorine concentration in the solution was determined. Figure 4 indicates that rectorite has the best defluorination
effect in the acid environment; but its adsorbability decreases with increasing solution pH, probably resulting
from the competitive adsorption between F- and OH- ions.

natural zeolite (16 mesh)
natural zeolite (65 mesh)
active alumina (Ø 0.7 mm)
pillared rectorite (Ø 0.7 mm)
pillared rectorite (65 mesh)

The selection of regenerator: 100 mL fluoride (30 mg/
mL) wastewater was poured into each of three 250 mLbeakers, and 1 g pillared rectorite was added to each beaker.
Fluoride wastewater was disposed when saturation was
reached. The three mixtures were then soaked for 24 h in
10% solutions of sodium chloride, white alum and sodium
hydroxide, respectively. Then, each of the mixtures was
stirred for 1 h at 30 rpm. The residual fluorine concentrations were determined and the adsorbed amount was calculated (Table 2). It was clearly shown that soaking in sodium
hydroxide solution had the best effect on fluoride adsorbability. Therefore, sodium hydroxide was chosen as the
regenerator in all subsequent rectorite regeneration experiments.
TABLE 2
Effect of different regenerators on rectorite regeneration.
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FIGURE 4
Effect of solution pH on adsorption.
Comparison between different adsorptive materials

Into each of five 250 mL-beakers with 100 mL of
30 mg/mL fluoride wastewater were separately added 1 g
active alumina (Ø 0.7 mm), natural zeolite (65 mesh), natural zeolite (16 mesh), pillared rectorite (65 mesh), and
pillared rectorite (Ø 0.7 mm). The mixture was stirred at
300 rpm for 1 h. The residual fluorine concentration in each
beaker was then determined and the results are shown in
Table 1. It is clear that the pillared rectorite microballoons
with a particle diameter of 0.7 mm have stronger adsorbability than common adsorbents, such as active alumina
and natural zeolites.

Adsorbed amount
(mg/g)
0.16
0.11
0.65
0.85
0.98

Regeneration of adsorbent

0.90

60

Weight
(g)
1.00
1.00
1.00
1.00
1.00

Weight (g)
1.00
1.00
1.00

Adsorbed amount (mg/g)
0.053
0.66
0.74

Effect of the concentration of the regenerator: Again,
100 mL of 30 mg/mL fluoride wastewater was added into
each of six beakers, then a 1 g-specimen regenerated 24 h
before was added. The regeneration was done by using
50 mL NaOH solution with different concentrations on the
pillared rectorite. After 1 h-stirring and reaction, the residual fluorine concentration was analyzed and the adsorbed
amount calculated. The results are shown in Table 3. As
NaOH concentration changed from 1.0% to 4.0%, the
adsorbed fluoride amount increased from 0.054 mg/g to
0.81 mg/g. But when NaOH concentration was changed
from 4.0-10.0 %, the adsorbed amount only increased from
0.81-0.99 mg/g. Considering both economy and adsorption
capacity, 4.0 % NaOH gave the greatest advantage and
was, therefore, chosen as the optimum concentration of
NaOH solution in subsequent experiments.
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TABLE 3
Effect of the concentration of regenerator.
NaOH (%)
1.0
2.0
4.0
6.0
8.0
10.0

Weight (g)
1.00
1.00
1.00
1.00
1.00
1.00

Adsorbed amount (mg/g)
0.054
0.25
0.81
0.94
1.05
0.99

© by PSP Volume 14 – No 11. 2005

Fresenius Environmental Bulletin

A
rectorite specimen regenerated 12 h earlier with 50 mL of
4.0% NaOH solution was added into 100 mL wastewater
with different fluoride concentrations. After stirring and
reacting for 1 h, the residual fluorine in the solution was
analyzed. The experiment showed that the more the rectorite is regenerated, the better the defluorination effect.
This can be attributed to the enlargement of the rectorite’s
specific surface area.
Rectorite’s defluorination effect after regeneration:

[3]

Wang Binbin, Zheng Baoshan, Zhai Cheng, Yu Guangqian,
and Liu Xiaojing (2004) Relationship between fluorine in
drinking water and dental health of residents in some cities in
China. Environment International. 30, 1067-1073

[4]

M. Mahramanlioglu, I. Kizilcikli, and O. Bicer. (2002) Adsorption of fluoride from aqueous solution by acid treated spent
bleaching earth. Journal of Fluorine Chemistry.115, 41-47.

[5]

M.A. DeLucia and H.E. Wolfe (2000) Refractories to contain
fluorinated waste streams. Waste Management, 20, 449-454.

[6]

M. Mahramanlioglu, I. Kizilcikli, and I.O. Bicer (2002) Adsorption of fluorine from aqueous solution by acid treated spent
bleaching earth. Journal of Fluorine Chemistry, 115, 41-47.

[7]

A. Zakia, B. Bernard, M. Nabil, T. Mohamed, N. Stephan,
and E. Azzedine (2001) Fluoride removal from brackish by
electrodialysis. Desalination, 133, 215-223.

[8]

J. Reardon (2000) Limestone reactor for fluorine from the
wastewater. Environment Science & Technology. 34, 32473253.

[9]

E. Dahi, F. Mtalo, B. Njau, and H. Bregnhj (1996) Defluoridation using the Nalgonda technique. 22nd WEDC Conference, New Delhi, India.
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FIGURE 5
Rectorite’s defluorination effect after regeneration.

CONCLUSIONS
To remedy for the deficiency of the lime method in
fluorine removal, this paper advances aluminum-pillared
rectorite as a new kind of adsorbent for fluorine, and reports
its preparation and defluorination characteristics. Laboratory tests showed that this adsorbent is better than traditional fluorine removers, such as active alumina and zeolites. For wastewaters with 30 mg/L fluorine, its adsorptive
fluorine capacity reaches 0.85 mg/g, which is higher than
that of the commonly used active alumina. Having the characteristics of easy preparation and regeneration, and high
adsorptive capacity, aluminum-pillared rectorite is promising for future use as adsorbent for treating fluoridecontaining wastewaters.
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THE REMOVAL OF PHENOL FROM AQUEOUS
SOLUTIONS BY DEHYDRATED BEET PULP CARBON
Handan Çiçek and Gülbeyi Dursun
Department of Chemical Engineering, Firat University, 23279 Elazig, Turkey

SUMMARY
The adsorption of phenol onto dehydrated beet pulp
(DBP) was investigated at different initial pHs (1-12),
temperatures (25-60 °C), and phenol concentrations (25500 mg L-1). The optimum adsorption conditions were found
to be 8.0 for initial pH, 100 mg L-1 for initial phenol concentration, 60 °C for temperature and 0.5 g L-1 for adsorbent dosage. Adsorption data were well-described by the
Freundlich model, although they could also be modelled
by Langmuir. The pseudo-first order and pseudo-second
order kinetic models were applied to test the experimental
data. It was concluded that the pseudo-second order kinetic
model provided better correlation of the experimental data
rather than the pseudo-first order model. The thermodynamic constants of the adsorption process were also evaluated by using the thermodynamic equilibrium coefficients
obtained at different temperatures.

KEYWORDS: Phenol, adsorption, dehydrated beet pulp (DBP),
equilibrium, kinetic, thermodynamic parameters.

regeneration system make it economically not viable as
an adsorbent. Taking these criteria into consideration, the
search for a low-cost and easily available adsorbent led to
the investigation of wastes of agricultural origin, along with
industrial by-products [10, 11].
Activated carbons have the advantage of exhibiting a
high adsorption capacity for organic pollutants, due to their
high surface area or porous structure. Besides these physical characteristics, the adsorption capacity of a given carbon produced from different sources is strongly influenced
by the chemical nature of the surface. Although the determination of the number and the nature of the activated carbon groups began earlier, the precise nature of the functional
groups is not entirely established. Due to these functional
groups, such as carboxyls, phenols, lactones, aldehydes,
quinones and anhydrides, the carbons have an acid-based
character. It is known that the acid or base character of
carbons depends on its preparation and oxidation conditions [11]. However, the nature of phenol adsorption is still
under discussion.
Equilibrium parameters of DBP

INTRODUCTION
Phenols are pollutants of great concern because they
are toxic, and cause unpleasant taste and/or odor of drinking water. Phenols are also known to be carcinogenic,
especially when present in water. The most important pollutant sources containing phenols are wastewaters from
paint, pesticide, coal conversion, petroleum and petrochemical industries [1, 2]. Introducing phenolic compounds into
the environment or their degradation means the appearance
of phenol and its derivatives in the environment.
There are several methods to remove phenols, such
as microbial degradation, adsorption, chemical oxidation,
solvent extraction and reverse osmosis. Activated carbons
are currently manufactured from a variety of starting materials, such as carbon [3,4], nutshells [5], plum kernels [6],
date pits [7], bentonite [8], and polymers [9]. Many researchers have shown that activated carbon is an effective
adsorbent for organic compounds, especially for phenolic
ones. However, its high initial costs and the need for a costly

Adsorption is a well-known equilibrium separation
process for wastewater treatment containing organics, such
as phenol. Equilibrium studies on adsorption have provided
information on the capacity of the adsorbent. Also, an adsorption isotherm is characterized by certain constant values, which express the surface properties and affinity of the
adsorbent, and can thus be used to compare the adsorptive
capacities of the adsorbent for different pollutants. At constant temperature, this kind of adsorption isotherm generally fits to the Langmuir or Freundlich models [12, 13]. The
Langmuir model is valid for monolayer adsorption onto a
surface with a finite number of identical sites, which are
homogeneously distributed over the surface. The wellknown expression of the Langmuir model is given as
follows:
qeq =

Q o KC eq
1 + KC eq

(1)

where qeq is the phenol loading at equilibrium, Ceq is
the equilibrium concentration in the liquid, Qo is the ad-

977

© by PSP Volume 14 – No 11. 2005

Fresenius Environmental Bulletin

sorption capacity, and K the adsorption equilibrium constant (L/mg). A plot of C eq/qeq versus C eq indicates a
straight line of slope 1/ Qo and an intercept of 1/ KQo. The
Freundlich model is, however, an empirical equation
based on adsorption on a heterogeneous surface suggesting that binding sites are not equivalent and/or independent. Freundlich equation is expressed as follows:
qeq = KF

1/ n
Ceq

(2)

where KF is an indicator of the adsorption capacity
and n is that of the adsorption intensity. KF and 1/n can be
determined from the linear plot of ln qeq versus ln Ceq.
Kinetic parameters of DBP

In order to investigate the mechanism of adsorption on
DBP, kinetics models have been used to identify its possible mechanisms. In this study, pseudo-first and pseudosecond order kinetic models have been proposed to elucidate the mechanism of adsorption depending on the characteristics of the adsorbent.

o
o
lnK = ΔS − ΔH
R
RT

ΔHo and ΔSo can be obtained from the slope and intercept of a van`t Hoff plot of ln K vs 1/T.
In the countries producing beet for sugar industry, the
beet pulp is one of the abundant wastes to produce carbon
for removing heavy metal wastes [17]. However, there are
not yet any reports of phenol adsorption by dehydrated beet
pulp carbon. The aim of this work was to produce beet pulp
carbon dehydrated with sulphuric acid, and investigate
phenol adsorption on it. The experiments were done in a
batch system to evaluate its adsorption capacity, and phenol adsorption was investigated with respect to the initial
values of phenol concentration, pH, adsorbent dosage and
temperature. The equilibrium of adsorption was modelled
by using the Langmuir and Freundlich isotherms, and then
the kinetic parameters for the phenol-DBP system were
determined.
MATERIALS AND METHODS

Lagergren Model

Lagergren [14] proposed a pseudo-first order kinetic
model as below. The integral form of the model is
log (qe- g) = log qe – k1 t
2.303

(3)

where q is the amount of phenol adsorbed at time t
(min), qe is the amount of phenol adsorbed at equilibrium
and k1 is the rate constant of pseudo-first order adsorption.
Pseudo-second order model

The adsorption kinetics can also be given by a pseudosecond order reaction [15]. The integrated linear form of
this model is
t
1
1
=
+ t
qt k 2 q e2 q e

(4)

where k2 is the pseudo-second order rate constant of
phenol adsorption.
Determination of thermodynamic parameters

The equilibrium constant can be expressed in terms of
parameters, such as enthalpy change (ΔHo), entropy change
(ΔSo), and free energy change (ΔGo), which can be estimated using the changing with temperature. The free energy change of the adsorption is given by the following
equation:
ΔGo = -RTlnK

(6)

(5)

The equilibrium constant can be expressed in terms of
enthalpy change of adsorption (ΔHo) and entropy change
of adsorption (ΔSo) as a function of temperature. The
relation between Ka and temperature is given by the van`t
Hoff equation [16]:

Preparation of beet pulp carbon

The beet pulp used is almost a waste material of the
sugar factory in Elazığ, Turkey. It was oven-dried at 105 °C
for one day, ground and sieved to 50 mesh size (0.34 mm)
to remove bigger sizes. Carbon was prepared by mixing
one part of beet pulp and two parts concentrated sulphuric
acid, and keeping it on a hot plate at 80 °C. The mixture
was continuously stirred for about 12 hours. At the end of
the dehydration, sufficient distilled water was added to the
mixture before filtering it using a water pump. This process
was repeated until the final pH of the filtrate was 4.0. The
dehydrated carbon was rinsed with distilled water and dried
for 24 h in an oven at 105 °C. Finally, dehydrated beet pulp
carbon was ground, screened through different mesh sizes
and stored in a closed bottle until use in adsorption studies.
Chemicals

Stock solution was prepared by dissolving 1.0 g of
phenol of analytical reagent grade (Merck) in 1 L of double-distilled water. The test solutions were prepared by
dilution to the desired concentrations, ranging from 25 –
500 mg L-1. The pH of each solution was adjusted to the
required value with 1N H2SO4 and NaOH solutions before
mixing with DBP. As insignificant changes in the final
equilibrium pHs were observed, the uptake pH was kept
constant during the experiments.
Adsorption studies

This method involved agitating (150 rpm) of 0.25 LErlenmeyer flasks containing 0.05 g DBP and 0.1 L of phenol solutions at the desired concentration, temperature and
pH. Samples (5 ml) were taken before mixing the carbon
and phenol solution and also during mixing at pre-determined time intervals to determine the residual phenol con-
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centrations in the medium. Before analysis, samples were
filtered and the supernatant was analyzed for remaining
phenol. The adsorption equilibrium was reached after
120 min. All the experiments were carried out in duplicate
and average values were used for further calculations.

35

qeq (mg g-1)

30

-1

The amount of adsorption at equilibrium, qeq (mg g ),
and the percent adsorption (%) was computed as follows:
qeq = (C0 − Ceq )
X

(7)

Percent adsorption (%) = C0 − C x100
C0

(8)

25
20
15
10
5
0

where C0 and Ceq are the initial and equilibrium concentrations, V is the volume of solution, X is the weight
of DBP in 1 L, and C is the solution concentration at the
end of adsorption.
Analysis

The concentration of residual phenol in the adsorption media was determined spectrophotometrically. The
absorbance of the coloured phenol/p-nitroaniline complex
was measured at 470 nm [18].
RESULTS AND DISCUSSION
Adsorption of phenol onto DBP was investigated as a
function of pH, temperature and initial phenol concentration. The results are given as the units of adsorbed phenol
quantity per g adsorbent at any time (q, mg g-1) and at equilibrium (qeq, mg g-1), respectively, and that of unadsorbed
phenol concentration in solution at any time (C, mg L-1)
and at equilibrium (Ceq, mg L-1), respectively, and adsorption yield is given as: Ads. % = 100 x (C0-Ceq)/Ceq.
Effect of initial pH of phenol adsorption

The initial pH of adsorption medium is one of the most
important parameters affecting adsorption process. Figure 1 shows the effect of solution pH on the adsorption of
phenol on the DBP at 25 °C, initial phenol concentration of
100 mg L-1 and 0.5 g adsorbent dosage. At both low and
high pH values, adsorption of phenol on DBP decreased
because of the surface charges between adsorbent and phenol. Adsorption increased with increasing pHs up to 8.0.
According to the earlier works stated by Couglin and Ezra
[19], the oxidized carbons were mainly carboxyl and hydroxyl ones, and a very small quantity of carbonyl groups.
Also pH effects based on phenol adsorption were interpreted by Snoeyink et al. [20], who found that the amount
adsorbed decreased at both high and low pHs. The adsorption is mostly anionic above pH 9.89, the pKa value for
phenol. Repulsion between the surface layer and the anionic
phenolate results in reduced adsorption, and the low pH
value was obtained by using an acidic solution, introducing
additional protons competing for the carbonyl sites, and,
therefore, the adsorption was reduced at low pH [20].

0

2

4

6

8

10

12

14

pH
FIGURE 1 - Effect of pH on the phenol adsorption (Co = 100 mg L-1,
T = 25 °C, X = 0.5 g L-1 , agitation rate = 150 rpm).

Effect of initial phenol concentration
on temperature-dependent adsorption

To determine the effect of initial phenol concentration on its equilibrium uptake, it was varied from 25 to
500 mg L-1 at 25, 40 and 60 °C. As it was presented in
Table 1, the equilibrium adsorption capacity of the DBP
increased with increasing initial phenol concentration up to
500 mg L-1 because initial phenol concentration provides
an important driving force to overcome all mass transfer
resistance. The increases of loading capacity of DBP with
increasing initial phenol concentration may also be due to
higher interaction between phenol and adsorbent. As DBP
offer a finite number of surface binding sites, phenol adsorption showed a saturation trend at higher initial phenol
concentration.
The maximum adsorption yields were determined to be
30.4%; 37.6% and 45.2%, at 25 mg L-1 initial phenol concentration for 25, 40 and 60 °C, respectively (Table 1). The
adsorption yield showed a decreasing trend as the initial
phenol concentration was increased. At lower concentrations, all phenol present in the adsorption medium could
interact with the binding sites, so higher adsorption yields
were obtained. At higher concentrations, lower adsorption
yields were observed because of the saturation of the adsorption sites.
The equilibrium uptake of phenol by DBP was also
affected by temperature. The effect of temperature on the
equilibrium adsorption capacities of DBP were also presented in Table 1. Phenol adsorption capacity increased
with increasing temperature from 25 °C to 60 °C. Similar
results were observed for phenol adsorption yields of DBP,
and the adsorption yields increased with increasing temperature. The increase of the adsorption yield and capacity at increased temperatures indicated that the sorption of
phenol onto DBP is endothermic in nature, and may involve not only physical but also chemical sorption. This
effect may be attributed to the enlargement of pore size, or
creation of some new active sites on the adsorbent surface
due to bond rupture [21, 22].
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TABLE 1 - The equilibrium uptake capacities and adsorption
yields obtained at different initial concentrations and temperatures.
25 °C
Co
(mg L-1)
25
50
75
100
250
500
Ads. = Adsorption

qeq
(mg g-1)
15.2
21.1
28.8
31.5
49.7
69.3

40 °C
qeq
(mg g-1)
18.8
24.9
33.6
36.1
53.7
72.7

Ads. %
30.4
21.1
19.2
15.8
9.9
6.9

Al-Asheh et al. [23] investigated the adsorption of
phenol onto activated bentonites, and they found equilibrium uptake of phenol between 9.9 and 8.2 mg g-1 for different types of activated bentonites [23]. Banat et al. [7]
investigated phenol adsorption to be 200 ppm, onto activated date pits. Batch adsorption of phenol on a polymeric
adsorbent was performed by Pan et al. [24], and equilibrium
adsorption capacity was determined to be 1.0 mmol g-1. In
the present work, the maximum phenol adsorption capacity of DBP was obtained as 77.0 mg g-1 for an initial phenol concentration of 500 mg L-1 at 60 °C.
Adsorption kinetics

Before the adsorption equilibrium studies of phenol
can commence, it is necessary to determine the equilibrium
contact time for phenol, that is the time required to reach
the equilibrium state after contact with the adsorbent. Results given in Figure 2 clearly show that initial adsorption
of phenol occurs very rapidly and reached equilibrium in
120 min for 100 mg L-1 initial phenol concentration at the
temperatures studied. The variation of the unabsorbed
phenol concentration in the solution was negligible after
120 min of contact time.

60 °C
qeq
(mg g-1)
22.6
29.7
39.2
41.0
59.6
77.0

Ads. %
37.6
24.9
22.4
18.1
10.8
7.3

Ads. %
45.2
29.7
26.2
20.5
11.9
7.7

Determination of equilibrium parameters

Equilibrium data, commonly known as adsorption
isotherms, are basic requirements for the design of adsorption systems. The most widely used isotherms` equations for modelling adsorption data are that of Langmuir
and Freundlich.
To determine the equilibrium isotherms for both
equations; initial phenol concentrations were varied from
25 mg L-1 to 500 mg L-1, while the adsorbent concentration
was kept constant (0.5 g L-1) at 25, 40 and 60 °C. The
linearized isotherms are presented in Figures 3 and 4, and
isotherm constants and correlation coefficients in Table 2.
As seen from Table 2, although the equilibrium data fitted
well to both of the adsorption models, the Freundlich model
exhibited a slightly better fit to the adsorption data than
the Langmuir one. The Freundlich equation is based on a
monolayer adsorption by the adsorbent with a heterogeneous energy distribution of active sites. The surface of
the biological materials was expected to have heterogeneous energies for adsorption, and so a good fit was obtained. The values of Freundlich constants increased with
increasing temperature, and showed easy uptake of phenol
by the adsorbent. The highest KF value was reported to be
8.95 at 60 °C. All n values were found to be high enough
for adsorption (>1.0).
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1/qeq
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0
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▲40 °C
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0.06

1/Ceq
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♦ 25 °C

FIGURE 2 - The adsorption curves of phenol (Co = 100 mg L-1,
pH = 1.0, X = 0.5 g L-1, agitation rate = 150 rpm and ■, ▲,
○ show the uptake values at 25, 40 and 60 °C, respectively).

■ 40 °C

o 60 °C

FIGURE 3 - The linearized Langmuir
adsorption isotherm of phenol.
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FIGURE 5 - Pseudo-first order adsorption
kinetics of phenol at different temperatures.

FIGURE 4 - The linearized Freundlich
adsorption isotherm of phenol.

Values of qmax and K at different temperatures are also
listed in Table 2. The maximum capacity, qmax, defined the
total capacity of DBP for phenol adsorption and increased
with increasing temperature, reaching its maximum to be
59.92 mg g-1 at 60 °C. When the adsorption is endothermic, an increase in T results in an increase in K. This indicated a shift of the adsorption equilibrium to the adsorption
direction.

Figure 6 shows the linearized form of the pseudosecond order model. The correlation coefficients were
very high, and theoretically calculated and experimental
qeq values were quite (see Table 3). In the view of these
results, it can be said that the pseudo-second order kinetic model, in contrast to the pseudo-first order model,
provided a good correlation for the adsorption of phenol
onto DBP.

TABLE 2 – Isotherms’ constants for phenol adsorbed on DBP.
Langmuir Model
qmax
K
r2
55.07
0.0204 0.969
56.24
0.0295 0.955
59.92
0.0405 0.947

T (°C)

t/q

25
40
60

Freundlich Model
KF
n
r2
4.02 2.15 0.998
6.16 2.49 0.997
8.95 2.81 0.998

Kinetic parameters of adsorption

A series of contact time experiments was carried out
with constant initial phenol concentration of 100 mg L-1 at
25, 40 and 60 °C. The linearized plots of the pseudo-first
order equation are shown in Figure 5. The values of k1, qeq,
and correlation coefficients are compared in Table 3. The
results showed that the correlation coefficient for the first
order kinetic model obtained at 25 °C was low, and increased with increasing temperature. The theoretical qeq
values found from this model did not give reasonable
values, so pseudo-first order model did not describe the
adsorption results of phenol onto DBP.

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0
0

20

40

60

80

t (min)

■ 25 °C

▲40 °C

○ 60 °C

FIGURE 6 - Pseudo-second order adsorption
kinetics of phenol at different temperatures.

TABLE 3 - Change of the pseudo-first and second
order reaction rate constants with temperature.

T (°C)
25
40
60

qeq,exp
(mg g-1)
31.35
36.10
41.00

First order kinetic model
k1
qeq,cal
(L-1 min-1)
(mg g-1)
0.0198
26.92
0.0257
35.46
0.0317
48.39

981

r

2

0.925
0.977
0.967

Second order kinetic model
k2
qeq,cal
r2
(g mg-1 min-1)
(mg g-1)
0.0011
33.38
0.968
0.0058
45.05
0.994
0.0043
53.76
0.993

100
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Determination of thermodynamic parameters

The equilibrium constants obtained from Langmuir
model at 25, 40 and 60 °C were used to determine the
Gibbs free energy changes for the adsorption process
(Table 4). The negative value of ΔGo indicates the spontaneous nature of phenol adsorption onto DBP. The standard enthalpy and the entropy changes at 60 °C were determined as 15.62 kJ mol-1 and 116.42 kJ kmol-1 K-1 from the
ln K versus 1/T plots in Figure 7, respectively. The positive
value of ΔHo suggests the endothermic nature of adsorption,
while the positive values of ΔSo show the increasing randomness at the DBP and adsorption medium interface
during the adsorption.

The thermodynamic constants of adsorption were also
evaluated. The negative value of ΔGo confirms the spontaneous nature of adsorption. The positive value of ΔSo
showed the increased randomness at the solids-solution
interface during adsorption, and the positive value of ΔHo
indicated that the adsorption process was endothermic.

ACKNOWLEDGEMENTS
The authors wish to thank FÜBAP (The research
Foundation of Firat University) for the financial support
of this study (Project no: FÜBAP 929).

TABLE 4 - ∆Go values for adsorption
of phenol at different temperatures.
K (L-1 mg-1)
0.0204
0.0295
0.0405

T (°C)
25
40
60

-∆Go (kJ mol-1)
18.74
20.64
21.85

NOMENCLATURE
C:
Ceq:

lnK

8.5

8.3

C 0:
Q:

8.0

qeq:

7.8

qmax:

7.5
0.0029

0.0031

0.0033

K:
K F:
n:
k 1:

0.0035

-1

1/T (K )

FIGURE 7 - Plot of ln K vs. 1/T.

CONCLUSIONS

k 2:

In this study, the ability of DBP to bind phenol was
investigated using equilibrium, kinetic and thermodynamic
aspects. The results indicated that adsorption capacity of
the adsorbent was considerably affected by pH, temperature and initial phenol concentration. The optimum pH
value was determined to be 8.0. It was also observed that
phenol adsorption increased with both temperature up to
60 °C and initial phenol concentration up to 500 g L-1.
The Langmuir and Freundlich adsorption models were
used to express the sorption phenomenon of phenol. The
equilibrium data were well-described by the Freundlich
model.
The kinetics of phenol adsorption onto DBP was studied using the pseudo-first and pseudo-second order kinetic
models. The results indicated that the pseudo-second order
equation provided the better correlation of the adsorption
data.

982

r 2:
T:
X:
ΔGo:
ΔHo:
ΔSo:

Unadsorbed phenol concentration in solution
at any time (mg L-1)
Unadsorbed phenol concentration in solution
at equilibrium (mg L-1)
Initial phenol concentration (mg L-1)
Adsorbed phenol quantity per gram of adsorbent at any time (mg g-1)
Adsorbed phenol quantity per gram of adsorbent at equilibrium (mg g-1)
Maximum amount of phenol per unit weight
of DBP to form a complete monolayer on the
surface (mg g-1)
Adsorption equilibrium constant (L mg-1)
Freundlich constant
Freundlich adsorption constant
Rate constant of pseudo-first order sorption
(min-1)
Rate constant of pseudo-second order sorption (g mg-1 min-1)
Regression correlation coefficient
Temperature (K, °C)
Adsorbent concentration (g L-1)
Gibbs free energy change
Enthalpy change of adsorption
Entropy change of adsorption
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SORPTION AND PRECONCENTRATION
OF CADMIUM, IRON AND ANTIMONY ON
BENTONITE MODIFIED WITH TRIOCTYLAMINE
Yıldız Kalebaşı Aktaş and Hilmi İbar
Trakya University, Department of Chemistry, 22030 Edirne, Turkey

SUMMARY

centrations in the solutions to be determined. Therefore,
different sepa-

Bentonite, loaded with trioctylamine (C24H51N, TOA),
was used as pre-concentration sorbent for cadmium, iron
and antimony prior to their determination by flame atomic
absorption spectrometry (FAAS). The analytes were quantitatively retained on the proposed adsorbent at pH 4, and
its adsorptive capacity was determined to be 13.23 mg/g,
3.33 mg/g and 10 mg/g for Cd, Fe and Sb, respectively.
The metal ions could then be quantitatively eluted with 1 M
nitric acid, and recoveries were 99.9±1 %, 97.0±2 % and
92.1±3 % for Cd, Fe and Sb (95% confidence level). The
relative standard deviations varied between 1.0 - 7.1%.
Detection limits (3σ) were 0.9 µg L-1 for Cd, 1.2 µg L-1 for
Fe and 1.4 µg L-1 for Sb. By applying this column procedure, the elements studied can be reliably determined in
the presence of Na+, K+ and Mg+. Finally, the method was
applied to wastewater analysis.

KEYWORDS: Trioctylamine (TOA), modified, cadmium, antimony,
iron, bentonite, flame atomic absorption spectrometry (FAAS).

ration and pre-concentration techniques have been
commonly used for FAAS and ICP-OES determinations of
trace elements in various wastewater samples.
Several papers have been published on this subject [29], for example the examination of adsorption behaviour of
cadmium and zinc on natural and activated bentonite [10],
the evaluation of cadmium and lead removal by zeolites
[11], and sorption/pre-concentration of copper and cadmium
on silica gel modified with 3-amino propyltriethoxysilane
[12]. The adsorption process was especially used in the
water treatment field, and the investigations have mainly
been focused on inexpensive and effective adsorbents. For
this purpose, bentonite (B) modified with trioctylamine
(TOA, C24H51N) was used as adsorbent (TOA-B) in the
present investigation. It is a clay mineral readily available in
Turkey. The preparation and characteristics of TOA-B and
its application to pre-concentrate and separate cadmium,
iron and antimony prior to FAAS analysis is described.
EXPERIMENTAL

INTRODUCTION
Instruments

The presence of metals in aquatic environments has
been known to cause several health problems to animals
and human beings. The separation and control of heavy
metals during the treatment of industrial wastewaters has
recently become an important issue, due to increased significance of related pollution aspects and to water scarcity,
and because heavy metals regulate indirectly the potential
reuse of treated liquid wastes. Thus, the elimination of
heavy metals from water and wastewater is important to
protect public health [1].

A Unicam model 929 atomic absorption spectrometer
with air/acetylene was used for flame measurements. The
hollow cathode lambs for cadmium, iron and antimony
were operated at 5 mA, 20 mA and 15 mA, wavelengths
for analysis set at 228.8 nm, 248.3 nm and 217.6nm, and
slits widths at 0.5 nm for Cd, 0.2 nm for Fe and 0.2 nm
for Sb. An Orion 720 A model pH-meter with combination glass electrode was used for pH measurements.

The direct determination of trace metals in
wastewaters is difficult, and in many cases it is necessary to
employ preconcentration procedures to enhance their con-

All reagents were of analytical grade (Merck and Alfa
Aesar), unless specified otherwise. Mixed standard solutions of the elements Cd, Fe and Sb were prepared by
dilution of their 1000 µg mL-1 stock AAS solutions. Ref-

Reagents
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erence solutions were prepared daily by further dilution with
distilled water.
Preparation of trioctylamine-modified bentonite (TOA-B)

Bentonite was pre-purified with hydrochloric acid to
remove contaminating metal ions. It was then washed with
distilled water, dried and heated at 150 oC for one day. The
sorbent was prepared by loading trioctylamine on bentonite. Around 4 ml trioctylamine was added to 2 g bentonite, and the mixture was stirred for 3 h, dried and heated
at 80-100 oC for 3 h.

The adsorption of cadmium, iron and antimony on
TOA-B depending on pH value is shown in Fig. 1. They
are quantitatively retained at pH 4.
Furthermore, a flow-rate of 2.5 ml/min at pH 4 (Fig. 2)
and an elution rate of 2.0 ml/min (Table 2) were found to
be optimal. The elution yields using 1 M HNO3 reached
100% for Cd and Fe.

100

Retention(%)

An activated bentonite from the western part of Turkey (from Enez) was used for preparation. Its characteristic properties are given in Table 1.
TABLE 1 - Chemical composition of Enez bentonite.
Metal oxides

80
60

Cd

40
20
0

Sb
1

Chemical composition (%)

Silica (SiO2)
Alumina (Al2O3)
Iron oxide (Fe2O3)
Magnesia (MgO)
Lime (CaO)
Sodium oxide (Na2O)
Potassium oxide (K2O)

Fe

2

3

4

5

6

7

8

9

pH

54.655
19.10
7.32
1.61
0.88
0.73
0.02

FIGURE 1 - The effect of pH on the retention of the analytes.

100
80

R etention(% )

Column procedure

A glass column (1.3 x 20 cm) was filled with 0.3 g of
dried TOA-B (bed height about 0.7 cm). A definite volume (10 ml) of solutions (standards of analytes in highpurity water, blanks or real samples) adjusted to pH 4 was
passed through the column at a flow rate of about 2.5 ml/
min, which was found to be optimal. Samples, blanks and
standards were treated identically, except the volumes of
real samples depending on their low metal concentration.
Cadmium, iron and antimony were eluted from the column
with 10 ml of 1 M nitric acid at an elution rate of 2.0 ml/
min. All FAAS analysis results given in this paper are the
averages of at least three repetitive determinations.
Solution pH and recovery rates

The effect of solution pH on metal ion sorption was
studied, buffering 10 ml of mixed aqueous standards of Cd,
Fe and Sb (5-40 µg mL-1, depending on sensitivity of
FAAS measurement for each element) to varying pH values from 2 to 8. After elution with 10 ml of 1 M nitric
acid, metal amounts were determined by FAAS, and the
percentage recoveries calculated against the theoretical
concentrations.
RESULTS AND DISCUSSION
The adsorptive capacity of TOA-B for cadmium, iron
and antimony were measured to be about 13.23 mg Cd/g,
3.33 mg Fe/g and 10 mg Sb/g TOA-B, and high enough to
collect them and other heavy metal ions from a large volume of wastewater.

60
Cd

40

Fe
Sb

20
0
1

2

3

4

5

6

7

Time(min)

FIGURE 2 - The effect of flow rate
on the retention of the analytes.

TABLE 2 - Effect of flow-rate on recovery
of metal ions (1 M HNO3 used for elution).
Flow-rate
Recovery (%)a
(ml min-1)
Cd
Fe
Sb
1
96.0± 4
100± 1
47.3± 7
2
98.3± 3
100± 2
64.2± 6
3
100± 2
100± 1
57.4± 7
4
100± 2
100± 2
62.1± 5
5
100± 1
100± 2
83.0± 5
6
100± 1
100± 1
81.0± 4
7
100± 1
100± 1
81.3 ± 5
a
Average of 3 determinations with relative standard deviations (%)

The detection limits (n=10) were found to be 0.9 µg L-1,
1.2 µg L-1 and 1.4 µg L-1 for Cd, Fe and Sb, respectively,
and the relative standard deviations were between 1.0 and
7.0% (Table 2).
Because of their low metal contents, wastewater volumes passed through the column were increased up to 1 L,
but no effect on quantitative adsorption of metals was
observed.
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Na+, K+ and Mg+ solutions (50 mg L-1, 50 mg L-1, 50 mg
L , 10 mL solution; pH 4) were also tested, but no adsorption of these main components in many water samples was
found on TOA-B.

[7]

Özcan M., Akman S., Erbil C. and Saraç S. (1996) Determination of Copper, Chromium, Manganese and Zinc by Graphite
Furnace Atomic Absorption Spectrometry after seperation with
Polyacrylamide modified with Nitrilo Triacetic Acid, Fresenius J.Anal Chem. 355, 665-666.

[8]

Aktaş, K.Y. and İbar, H. (2004) Preconcentration of some
trace elements on bentonite modified with trioctyl phosphine
oxide, Fresenius Environmental Bulletin, 13(2), 156-158.

[9]

Aktaş, K.Y. and İbar, H. (2005) Determination of Chromium,
Copper, Manganese, Nickel and Zinc by Flame Atomic Absorption Spectrometry After Separation on Bentonite Modified with Trioctylamine, J.Indian Chem. Soc, 82, 134-136.

-1

The correctness of the above-described procedure was
confirmed by the metal recoveries in 1 L spiked and filtrated wastewater samples (Table 3). The relative standard
deviations were found to be 1.0-7.1%.
TABLE 3 - Determination of Cd, Fe and Sb in wastewaters with/
without addition of 2 µg per ml sample volume (TOA-B 0.3 g; pH 4;
sample volume 1 L; eluent volume 10 mL; eluent 1 M HNO3).
Element
Cd
Fe
Sb
a

Wastewatera
(µg ml-1)
0.6 ± 0.2
1.3 ± 0.3
0.4 ± 0.1

Added
(µg ml-1)
2.00
2.00
2.00

Founda
(µg ml-1)
2.5 ± 0.4
3.1± 0.6
2.4± 0.3

[10] Pradas E.G., Sanches M.V., Cruz F.C., Viciana M.S. and
Peres M.F. (1994) Adsorption of cadmium and zinc from
aqueous solution on natural and activated bentonite, J. Chem.
Tech. Biotechnol. 59, 289-295.
[11] Ahmet S., Chungtar S. and Keane M.A. (1998) The evaluation of cadmium and lead removal by zeolites Sep. Purif. Tech.
13, 57-64.

Average of four determinations with 95% confidence level.

CONCLUSION
Trioctylamine can easily be supported on bentonite,
and this modified sorbent (TOA-B) showed sufficient adsorption capacity for cadmium, iron and antimony at pH 4.
TOA-B provides a high flow rate for the column process
to obtain quantitative retention, also in the presence of Na+,
K+ and Mg+. The TOA-B column can be easily regenerated
by washing it with a large volume of water after elution and
used repeatedly. Thus, TOA-B can be used as an effective
alternative sorbent for trace metal analysis in environmental
water samples.

[12] İnce H., Akman S. and Köklü Ü. (1992) Sorption and preconcentration of copper and cadmium on silica gel modified with
3-aminoprpyltriethoxysilane, Fresenius J. Anal Chem. 342
(1992) 560-562.
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SUMMARY
Adsorption studies for Pb(II) removal from aqueous
solution on soft shell of Antep pistachio (Pistacia vera L.)
were carried out in a batch system under varying experimental conditions of contact time, pH, temperature, initial
Pb(II) concentration and adsorbent dosage. It was found
that all equilibrium isotherms fitted the Freundlich isotherm
well in the concentration rage of 5-100 mg.l-1 Pb(II). The
adsorption of Pb(II) on the soft shell of Antep pistachio
obeys first order reversible kinetics. The adsorption efficiency remained constant across the pH range of 4 to 7 for a
Pb(II) solution with the concentration of 30 mg.l-1. This pH
range was also favorable for the adsorption of Pb(II) in
wastewater. It was determined that temperature of adsorption media does not play an important role on the adsorption efficiency.

The choice of system depends on economics and other factors. The cost of these processes are rather expensive, thus
attention were mainly focused on the use of low cost
sorbents as a replacement for costly methods of removing heavy metal from solutions. Any material can be expressed as low cost if it requires little processing or is
abundant in nature or is a by product or waste from industry.
Thus, many materials have been examined both in pure
or activated form. In recent years, a number of agricultural
materials such as almond husk [1], coir pith [2], banana
pith [3], coconut husk [4], rubber seed coat [5], rice husk
[6], almond husk [7], peanut [8], barley husk and corncob
[9] have been used for the removal of toxic metals from
aqueous solutions.
Antep Pistachio (Pistacia vera L.) is readily available
in great abundance in South East Anatolia Zone of Turkey.
Its shell is generally discarded as a waste. This paper reports
the effect of adsorption parameters such as pH, temperature, initial Pb(II) concentration and adsorbent dosage on
Pb(II) uptake by using soft shell of Antep Pistachio as adsorbent material.

KEYWORDS:
Adsorption, removal, heavy metal, Antep Pistachio shell, lead.

INTRODUCTION
High water consumption due to a rapid increase of
population, crooked urbanization, agricultural irrigation, and
water pollution climbs to frightening dimension. At present
several precautions have been taken to prevent water source
pollution. The role of heavy metals in environmental pollution due to industrial wastes is important.
Lead is among several toxic heavy metals that present
a tough environmental problem when found in soil or
water. Frequently toxic metals such as lead are found in
sewage or industrial effluents. Since these metals do not
degrade through natural processes and can accumulate in
the ecosystem over time, they need to be removed from
natural and industrial effluents. It is essential to remove
Pb(II) from industrial wastewater before being discharged.
For this reason, the advanced treatment processes such as
chemical reduction, ion exchange, reverse osmosis, electro
dialysis, and activated carbon adsorption are usually applied.

MATERIALS AND METHODS
A sufficient amount of Antep Pistachio shells was
washed in deionised water at 80 ◦C for 24 h in order to
remove its color. Then, it was dried at 80 ◦C in an oven
for 24 h and ground and sieved. A particle size between 12 mm was used in experimental studies.
A stock solution of Pb(II) having 1000 mg Pb(II).l-1
was prepared by dissolving lead nitrate [PbNO3·6H2O] in
distilled water.
Adsorption experiments were carried out by shaking
1 g adsorbent with 200 ml solution containing 30 mg.l-1
Pb(II) in 250 ml flasks. The samples were shaken at 250 rpm
for a predetermined contact time. The pH of the solutions
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was adjusted with NaOH and HCI solutions by using a pH
meter (WTW Multiline P4 model).
At predetermined time intervals samples were taken,
separated by centrifugation and analyzed by flame atomic
absorption spectrometer (Varian SpectrAA Atomic Absorption Spectrometer 220 Fast Sequential). Each experiment was duplicated under identical conditions. The percentage removal of Pb(II) was calculated from the differences between the concentrations of Pb(II) before and
after adsorption.
RESULTS AND DISCUSSION
Effect of initial pH

The most critical parameter in the treatment of Pb(II)
with a sorbent that affects the capacity is the pH of the
sorption medium. In order to find out the optimum pH for
maximum removal efficiency experiments were conducted
with 200 ml of 30 mg.l-1 Pb(II) solution. Figure 1 indi-

cates the changes of adsorption of Pb(II) with time on the
soft shell of Antep pistachio. As seen in this figure the
adsorption kinetics of Pb(II) on the soft shell of Antep pistachio is almost the same for all pH values. Also at higher
adsorption percentages, the adsorption equilibrium can be
achieved at shorter time with regard to lower adsorption
percentages. It is well known that adsorption is an equilibrium process, which is independent of time. The effect of
solution pH on the equilibrium of adsorption percentage
and adsorption efficiency of Pb(II) values by soft shell of
Antep pistachio is presented in Figure 2. As seen in this
figure, the amount of adsorption increases when the pH of
solution is increased. The adsorption capability reached
maximum at pH 4-7, but decreases when the pH is increased further. Similar results of pH effects were also
reported for the adsorption of Pb(II) on sunflower seed
peel [10], dyes on banana peel [11], Cr(IV) on hazelnut
shell [12] and biological waste slurry [13].
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FIGURE 1 - Effect of pH on Pb (II) removal. Conditions: m = 1 g adsorbent,
0.2 l solution, C0 = 30 mg Pb(II)/l, t = 120 min, T0 = 20◦C.
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FIGURE 2 - Removal percentage of Pb(II) at equilibrium in several pH values.
Conditions: m = 1 g adsorbent/0.2 l, C0 = 30 mg/l, t = 120 min, T0 = 20◦C.

It can be assumed that the specific adsorption on Antep
pistachio shell includes H+ ions in R-COOH and R-COH
active group in which H+ ions can be exchanged for cations
in solution. The same active groups are involved when
explaining the removal of Cd(II), Pb(II) and Cu(II), Zn(II)
from aqueous solution by adsorption onto sawdust [14] and
coal [15] respectively.
Solution pH would affect both aqueous chemistry and
surface binding-sites of the adsorbents. The effect of pH on
the adsorption may be explained by following equations.
R COO- + H3O+(Aq)

R- COOH
M

+

(aq)

+ R-COO

M+(aq) +n OHM(OH)n + 2OH-

-

R COOM
M(OH)n
[M(OH)4]2-

(1)
(2)
(3)
(4)

where R is the matrix of Antep pistachio shell and M
is the metal.
According to the equations 1-4, the efficiency of adsorption occurring at the surface of the adsorbent depends
on the competition effect between H3O+ and the metal ion.
At low pH values, the concentration of H3O+ ions occupies
the binding sites on the Antep pistachio shell, and the metal
ions free in solution (Reaction I). When the pH is increased, the concentration of H3O+ ions decreases and the
active function on the surface of Antep pistachio shifts to
a dissociation form given in Reaction (I). H3O+ ions can
be exchanged by metallic ions in solution as shown in Reaction (II). Reaction (III) indicates that the Pb(II) ions precipitated due to hydroxide anions form a lead hydroxide

precipitate. Treatment at pH 10.8 yields to the lowest supernatant lead level [16, 17]. The efficiency of hydroxide
precipitation decreases rapidly with the formation of tetrahydroxide plumbit (II) because of the amphoteric behavior
of Pb(OH)2 at pH values higher than 10.8. The formation
mechanism of plumbit (II) increasing dissolving of lead and
decreasing sorption rate is represented by Reaction IV.
Effect of temperature

The temperature between 20-60 oC did not influence
the adsorption rates.
Effect of initial Pb(II) concentration

Results of adsorption efficiency (mg.l-1) values versus
time for 5, 30, 50, 100 mg/l Pb(II) initial concentration
are presented in Figure 3. As seen in Fig. 3, the adsorption
efficiency values increase with increasing initial Pb(II)
concentrations in aqueous solution. For 5, 30, 50 and
100 mg/g Pb(II) initial concentration, the adsorption equilibrium was obtained after 20-60 min intervals.
When the initial Pb(II) concentration was increased
from 5 mg.l-1 to 100 mg.l-1, the loading capacity increased
from 1 mg/g to 19 mg/g of the dried adsorbent mass. The
same figure shows that for 5 and 100 mg/g Pb(II) initial
concentration, the adsorption percentages reached 80% and
92%, respectively. The increase of loading capacities of the
sorbent with increasing initial Pb(II) concentrations may
also be due to a higher interaction between substituted Pb(II)
and sorbent. With respect to this result, it can be concluded
concluded that the soft shell of Antep pistachio can be used
to purify both diluted and concentrated Pb(II) solution.
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FIGURE 3 -Effect of initial Pb (II) concentration on adsorption efficieny.
Conditions: m = 1 g adsorbent/0.2 l, T0 = 20◦C, t = 120 min, pH = 7.0.
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FIGURE 4 - Removal percentage of Pb(II) at equilibrium at several adsorbent dosages.
Conditions: C0 =30 mg/l,T0 = 20◦C, t = 120 min, pH = 7.0

Effect of adsorbent dosage

Adsorption dosage was varied from 0.5 to 4 g. There
was a remarkable difference between the removal of Pb(II)
at different dosages within the first 5 min.
The maximum adsorption capacity was observed for
0.5 g adsorbent with a 11 mg/g adsorption efficiency.
Figure 4 shows the variation of equilibrium values of adsorption efficiency and adsorption percentage as a function
of adsorption dosage. It is evident that for the removal of
30 mg.l-1 of Pb(II) in 200 ml, a minimum adsorbent dosage
of 0.5 g is required for 91% removal of Pb(II). Whereas
the maximum adsorption removal (96%) is realized with 4 g

adsorbent. As seen in Fig. 4, the adsorption efficiency
decreases with increasing adsorbent dosage, however the
adsorption percentage increases.
Adsorption isotherms

The distribution of metal ions between the liquid phase
and the solid phase can be described by several mathematical models. In this study, two isothermal equations are
tested. One is the Langmuir equation which has been successfully applied to many adsorption processes [18, 19].
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The Langmuir model assumes that the uptake of
metal ions occur on a homogenous surface by monolayer
adsorption without any interaction between adsorbed ions.

simple kinetic analysis of adsorption is the Lagergren equation, a pseudo-first order equation [21, 22]:
dq t
= k (q e − q t )
dt

When the Langmiur isotherm was applied, the adsorption of Pb(II) on soft shell of Antep Pistachio did not
fit Langmiur isotherm.

where qt is the amount of Pb(II) adsorbent (mg/g) at
any time t and k is the rate constant of pseudo first-order
adsorption. After integration and applying the initial condition t= 0; qt=0, Eq. (2) become to,

The Freundlich model is often used for heterogeneous
surface energy systems [20] and is described by the following equation:
y= k.C1/n

(2)

ln(qe-qt) = ln(qe)-k.t

(1)

(3)

The parameters effecting the reaction rate order are
the initial pH values of solution and the initial Pb(II)
concentration. The straight line plot of ln(qe-qt) versus t
indicates that such a first rate expression is valid to represent the present system (Figure 6). The slope of straight
lines were used to calculate rate constant, k. Variation of
rate constant with initial Pb(II) concentration and solution
pH are given in Table 1. As seen in this table, with increasing adsorption efficiency, the values of reaction rate constant, k increases since reaction step may have an important role in the controlling mechanism of adsorption. As
seen in the same table, the R2 values is not good as expected since external and internal mass transfer effect the
adsorption kinetics.

where y is the amount adsorbed per specified amount
of adsorbent (mg/g), C is the equilibrium concentration
(g/l), k and n are Freundlich constants.
A plot of ln(y) vs ln(C) would give n and k from
slope and intercept. The data obtained in this study fit the
Freundlich adsorption isotherm as shown in Figure 5. The
fit of the data to the Freundlich equation may indicate the
heterogeneity of the adsorbent surface.
Adsorption kinetics

One of the important characteristic in defining the efficiency of adsorption is the adsorption kinetics. Hence, in
this study, the kinetics of Pb(II) removal has been carried
out to understand the behavior of selected adsorbents. A
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FIGURE 5 - The Freundlich plot for Pb(II) adsorption. Conditions:
m = 1 g adsorbent/, 0.2 l, T0 = 20◦C, t = 120 min, pH = 7.0.
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FIGURE 6 - Pseudo first-order equation for Pb(II) adsorption on the Antep pistachio shell.

TABLE 1 - Reaction and itraparticle diffusion rate constants for the removal of Pb(II) by Antep pistachio shell.
pH value
2.0
3.5
7.0
9.5
11.0
7.0
7.0
7.0
7.0

k (min-1)
0.0169
0.0478
0.0884
0.0348
0.0344
0.0703
0.0884
0.0948
0.1023

Initial concentration (mg/l)
30
30
30
30
30
5
30
50
100

R2
0.9855
0.9702
0.9971
0.9876
0.9782
0.9899
0.9971
0.9911
0.9850

kp
0.1783
0.4028
0.6917
0.2812
0.3486
0.0902
0.4053
0.4365
0.5143
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FIGURE 7 - Test of intraparticles diffusion model for
adsorption of Pb(II) on the Antep pistachio surface.
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It is well known that adsorption kinetics are mainly
controlled by the following steps; (I) solute molecules transfer from the solution to the boundary film, (II) solute molecules transfer from the film to the surface of the sorbent
(external diffusion), (III) diffusion from the surface to intraparticular sites and (IV) interaction of solute molecules with
the available sites on the internal surface.
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In order to test the role of diffusion on adsorption of
Pb(II) onto Antep pistachio shell, the data of solid-phase
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have also been reported in literature for the adsorption of
Cd+2 on waste Fe(III)/Cr(III) hydroxide [24] and the adsorption of various dyes on cellulose-based wastes [25]. As
seen in Figure 7, at a certain time interval, the curves are
linear. This is characteristic when the adsorption process is
effected by intraparticle diffusion (Figure 7). The values of
the intraparticle diffusion rate constant, kp obtained from
the slope of the straight lines are listed in Table 1. kp values
show that the adsorption of Pb(II) onto Antep pistachio
shell is controlled by both reaction and intraparticle diffusion but it is mainly controlled by the reaction step.
CONCLUSION
Equilibrium and kinetic studies were determined for the
adsorption of Pb(II) onto Antep pistachio shell in the concentration range of 5 to 100 mg/l and the initial pH range of
2-11 at 20 oC. The adsorption process obeys Freundlich
isotherm but not the Langmuir isotherm. The kinetics of
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removal of Pb(II).
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FLAME ATOMIC ABSORPTION DETERMINATION OF SOME
METAL IONS IN WATER SAMPLES AFTER PRECONCENTRATION ON MONTMORILLONITE MODIFIED WITH TRIOCTYLAMINE
Yıldız Kalebaşı Aktaş
Trakya University, Department of Chemistry, 22030 Edirne, Turkey

SUMMARY
A column method using montmorrilonate with added
trioctylamine as adsorbent was developed for the preconcentration and F-AAS determination of Fe, Cd, Zn, Ni,
Mn, Cr and Cu ions in wastewater, tap water and river water
samples. The influence of aqueous solution pH, amount of
montmorillonite, flow rate of elution, different types and
least amounts of elutes, and the effects of matrix ions on
pre-concentration were investigated. The recoveries were
>95%, and preconcentration factor was 250. The detection
limits for Fe, Cd, Zn, Ni, Mn, Cr and Cu were found to be
0.09, 0.19, 0.08, 0.13, 0.21, 0.16 and 0.13 µg/l, respectively. The relative standard deviation of the determination was <7%. The adsorption capacities for Fe, Cd, Zn,
Ni, Mn, Cr and Cu were calculated to be 12, 11.2, 14.5,
10, 9.7, 13.7 and 14 mg/g, respectively.

KEYWORDS: Preconcentration, montmorillonite, water samples,
flame atomic absorption spectrometry (F-AAS).

INTRODUCTION
The concentration and the mobility of heavy metals in
soils and sediments have been widely studied in the last
decades [1, 2]. Although many of them are necessary in
small amounts for the development of the biological cycles,
most of them become toxic at high concentrations. Heavy
metals are introduced into the environment through natural
phenomena and human activities, such as agricultural practices, transport, industrial activities and waste disposal [3].
Clay linings have been used as barriers in landfills to prevent
contamination of ground-water and sub-soils by leachates
containing metals. Generally, these linings are constituted
of bentonite and, in particular, montmorillonite. These clays
are chosen to avoid pollutants` release into the environment
because of their high specific surface areas, low costs and
ubiquitous presence in most soils [4].

Montmorillonite can adsorb heavy metals via two different mechanisms: (1) cation exchange in the interlayers
resulting from the interactions between ions and negative
permanent charge, and (2) formation of inner sphere complexes through Si-O- and Al-O- groups at the clay particle
edges [5-7]. Both mechanisms are pH-dependent because in
acid conditions (pH<4) most silanol and aluminol groups are
protonated. Therefore, in particular for the latter, an acidification can lead to an increase in mobility of metals bound
to soil. For this reason, it is necessary to improve the
knowledge of the effect of pH on the sorption capacity of
montmorillonite in soil-solution systems.
The use of an enrichment and separation technique has
become an essential part of spectrometric analysis, if the
concentrations of analytes are too low to be determined and/
or matrix interferences cannot be controlled. In order to
solve this problem, a lot of enrichment and separation techniques including liquid-liquid extraction [8-12], ion exchange [13], sorption [14, 15] and solid-phase extraction
[16-20] have been used.
The column method, instead of a conventional batch
technique, was used to understand the effect of pH on the
sorption capacity of montmorillonite. Batch technique, in
fact, is very useful to study the reaction mechanisms happening at the soil/water interface, but has the following
limitations: solubilisation of soil components due to soil
sample agitation and soil/solution ratios very different from
those existing in natural systems [21]. The used technique,
not having these disadvantages, better simulates the real
natural conditions.
In this study, montmorillonite modified with
trioctylamine (TO-M) was used for the preconcentration and separation of iron, cadmium, zinc, nickel,
manganese, chromium and copper from different matrices,
prior to their determination by F-AAS. The optimal analytical parameters for the quantitative recoveries of the ions,
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such as pH, sample volume, amount of montmorillonite,
matrix effects etc. were investigated. The presented procedure was then applied to different water samples
(wastewater, river water).
EXPERIMENTAL
Instruments

A Unicam model 929A flame atomic absorption spectrometer with deuterium background corrector and airacetylene burner was used for the determination of the metals. The instrumental parameters were set as recommended
by the manufacturer.
The hallow cathode lamps for iron, cadmium, zinc,
nickel, manganese, chromium and copper were operated at
10 mA, 10 mA, 10 mA, 20 mA, 12 mA,12 mA and 5 mA,
respectively, and the wavelengths were set at 248.3 nm,
228.8 nm, 213.9 nm, 232.0 nm, 279.5 nm, 357.9 nm and
324.8 nm, respectively, and, finally, the slit widths at 0.2 nm
for iron, 0.5 nm for cadmium, 0.5 nm for zinc, 0.2 nm for
nickel, 0.2 nm for manganese, 0.5 nm for chromium and
0.5 nm for copper.

this paper are the averages of at least three repetitive determinations.
Procedure for preconcentration

The proposed method was tested with model solutions
before its application to wastewaters. Ten ml of buffer
solution to adjust pHs between 1 and 8 were added to 50 ml
of a solution containing 10 µg each of iron, cadmium, zinc,
nickel, manganese, chromium and copper. The sample solution was permitted to flow through the column under gravity at a flow rate of 10.0 ml/min. After solution has passed,
the column was washed with a blank solution. The retained
ions were eluted from the TO-M column by 10 ml of 2 M
nitric acid at a flow rate of 10.0 ml/min. The eluent was
analyzed for the metal concentrations by F-AAS.
Analysis of the water samples

The water samples were filtered with a Whatman Nr.1
filter paper. The pHs of the filtrated waste samples were
adjusted to pH 7 and passed through the column. The metal
ions adsorbed were eluted with 2M HNO3. The levels of the
ions in the waste sample were also analyzed by F-AAS
according to their concentration levels.

An Orion 720 A Model pH-meter with a combined
glass electrode was used for pH determinations.
Reagents

All chemicals used were of analytical grade. Stock
standard solutions of 1000 mg L-1 for iron, cadmium and
zinc were purchased from A. Johnson Matthey Company
(Alfa Aesar), and montmorillonite was purchased from
Aldrich. The reference solutions were prepared daily by
further dilution with distilled water. The pH adjustments
were made by adding 0.1 M hydrochloric acid or sodium
hydroxide.

RESULTS AND DISCUSSION
In order to obtain quantitative recovery rates of the metal
ions on the TO-M column, the pre-concentration procedure
was optimized for various analytical parameters, such as pH,
sample volume, amount of montmorillonite, matrix effects
etc. The optimum conditions are given in Table 1. The percentage of metals adsorbed on the column was calculated
from the amounts of metals in the starting sample and those
eluted from the column.
TABLE 1 - The effect of some parameters on
the recovery of trace elements with TO-M.

Preparation of trioctylamine-modified montmorillonite (TO-M)

Montmorillonite was first washed with distilled water
many times to remove water-soluble impurities. The sample was then dried in an electric oven at 100-150 ºC for
several hours before using it for adsorption. The metal
sorbent was prepared by loading triocytlamine onto
montmorillonite. Therefore, 2 ml trioctylamine was added
to 2 g montmorillonite, and the mixture obtained was
stirred for 1 min, and, finally, dried and heated at 80100ºC for 1 h.
Column Preparation

The column (20 cm length, diameter 1.3 cm) was filled
with a 0.3 g TO-M bed (height approx. 1.5 cm) to assess the
retention and recovery of the trace metals. It was washed
successively with water and 4 M HCl, and before use, the
column was preconditioned with 5-10 ml of blank solution.
After each experiment, the column was washed with large
volumes of water, and the TO-M bed regenerated with 4 M
hydrochloric acid and distilled water. All the results given in

Parameters
pH of sample solution
Amount of montmorillonite
Types of eluents
Volume of eluent
Volume of sample
Flow rate of eluent
Flow rate of Sample

Investigated Range
1-8
0.1-1.0 g
1 M HCl, 2 M HCl,4 M HCl
1 M HNO3, 2 M HNO3
5-15 ml
25-750 ml
1-10 ml/min
1-10 ml/min

Best values
7
0.3 g
2M HNO3
10 ml
500 ml
10 ml/min
10 ml/min

Effect of pH on recovery rate

The pH dependence of the ion adsorption on TO-M
was investigated in the range 1-8. The pH adjustments were
done by using relevant solutions as given in the Experimental section (Reagents). The results are summarized in
Fig. 1. The recoveries increased with increasing pH, and
reached quantitative values at 6-8 for all ions analysed.
Therefore, for the further experiments, the pH of aqueous
solutions was adjusted to 7.
Flow rates of sample and eluent solutions
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The flow rates of sample and eluent solutions were investigated in the range of 1-10 ml/min, and 2M HNO3 was
used as eluent. Quantitative retention of the analytes was
obtained at nearly all flow rates used, and 10 ml/min was
selected as flow rate for experiments.

procedure (see Experimental section (Procedure for preconcentration)) applied to the model solutions, was used with
different volumes, and trace metal ions could be quantitatively eluted using 5 to 15 ml.
Effect of sample volume on recovery rates

Type and volume of the eluent

The effects of different acids at different concentrations
on desorption of the analytes are shown in Table 2. As can
be seen, the ions retained by TO-M could be quantitatively
desorbed with 2M HNO3. The other acids used could not
provide a satisfactory quantitative elution. To investigate the
effect of eluent volume (2M HNO3), the pre-concentration

The influence of sample volume on retention of metal
ions on TO-M was examined using 25-750 ml. The results
are shown in Fig. 2. The recovery rates were nearly quantitative (higher than 95%) for all analytes with sample volumes ranging between 25-500 ml, whereas at higher volumes sample solution may already behave as eluent.
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FIGURE 1 - The influences of pH on
the recoveries of trace metal ions (N=5).
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Cr
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FIGURE 2 - Effects of sample volume on the recoveries
(pH=7, eluent: 4M HNO3, amount of TO-M: 0.3g, N=4).

TABLE 2 - The effect of various eluents on the recovery rates of the analytes from TO-M (N=4).
Eluent
Fe
20 ± 1
48 ± 2
53 ± 2
95 ±1
100 ±3

1M HCl
2M HCl
4M HCl
1M HNO3
2M HNO3

Cd
19 ± 2
24 ± 4
36 ± 2
78 ± 3
97 ± 1

110

Recovery, %
Ni
10 ± 2
18 ± 2
35 ± 1
79 ± 3
96 ± 3

Mn
12 ± 1
20 ± 1
28 ± 1
83 ± 2
97 ± 2

Cr
11 ± 2
13 ± 2
18 ± 3
84 ± 2
95 ± 3

Cu
30 ± 3
42 ± 2
55± 4
90 ± 3
99 ± 2

FIGURE 3 - Recovery values for the analytes as a function of
montmorillonite amounts (eluent: 2M HNO3, N=4).
Effect of amounts of montmorillonite
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  %
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The effects of montmorillonite amount on adsorption of
Fe, Cd, Zn, Ni, Mn, Cr and Cu were investigated at 10 ml/
min flow rates of sample and elution solutions. The results
are depicted in Fig. 3. The recoveries were found to be quantitative with 0.2-0.4 g of montmorillonite. In all further studies, the glass column was filled with 0.3 g trioctylaminemodified montmorillonite. When TO-M amounts exceed
0.4 g, the retained ions cannot be eluted completely with
10 ml of 2M HNO3.

Ni

Effect of matrix elements
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The effects of matrix ions in water samples on the recovery of Fe, Cd, Zn, Ni, Mn, Cr and Cu were also investigated (Table 3). There are no interferences in the
presences of large amounts of alkaline, alkaline earth
metals and other main anions in the water samples. Therefore, this new modified TO-M adsorbent is useful for the
pre-concentration of trace elements in many water samples.
Preconcentration factor

The elution volume strongly affects the pre-concentration factor, defined as the ratio of sample volume to elution
volume. In the present study, 500 ml of sample solution was
used for ions` pre-concentration from wastewater samples.
The preconcentration factor of 250 could easily be reached,

when sample and final volume were 500 and 2 ml, respectively.
Analytical performance

In order to guess the accuracy of the procedure,
wastewaters were spiked with different amounts of the
metal ions to be determined, and results are given in Table
4. Quantitative recovery rates of the different amounts
were obtained (96-104%), underlining the applicability of
the presented method.
The detection limits of the ions, based on three-times
standard deviations of the blank (k=3, N=20) in a sample
volume of 500 ml were Fe: 0.09 µg/l, Cd: 0.19 µg/l, Zn:
0.08 µg/l, Ni: 0.13 µg/l, Mn: 0.21 µg/l, Cr: 0.16 µg/l, and
Cu: 0.13 µg/l.

TABLE 3 - Effect of matrix ions on the recovery of metal ions (100 ml volume, N=3).
Ion

Added as

Na+

NaCl

K+

KCl

Ca2+
Mg
Cl

2+

-

(SO4)2-

CaCl2
MgCl2
NH4Cl
(NH4)2SO4

Concentration
(mgl-1)
500
1000
500
1000
500
1000
500
1000
500
1000
500
1000

Fe
99
97
99
98
97
98
99
97
96
97
99
96

Cd
97
95
97
96
98
95
101
97
98
95
98
96

Zn
100
99
99
98
98
97
99
96
98
95
99
97

Recovery, %
Ni
97
96
98
95
97
95
102
99
98
95
101
98

Mn
98
96
97
95
99
98
102
98
99
96
98
96

Cr
98
95
98
96
99
95
98
96
98
97
97
97

Cu
99
96
98
95
98
96
97
95
98
97
99
96

TABLE 4 - Analysis of two waters spiked with analyte ions (sample volume 250 ml, N=4).
Element

Added (µg)

Fe

0
5
10
0
5
10
0
5
10
0
5
10
0
5
10
0
5
10
0
5
10

Cd
Zn
Ni
Mn
Cr
Cu
a

Wastewater
Found (µg) ± x SDa
Recovery, %
N.D.
5.1 ± 0.1
102 ± 1
9.8 ± 0.3
98 ± 2
N.D.
4.9 ± 0.1
98 ± 3
10.1 ± 0,4
101± 2
N.D.
4.9 ± 0.3
98 ± 2
9.9 ± 0.3
99 ±1
N.D.
5.2 ± 0.4
104 ± 2
10.0 ± 0.1
100 ±1
N.D.
4.8 ± 0.3
96 ± 3
9.9 ± 0.2
99 ± 2
N.D.
4.8 ± 0.3
96 ± 2
10.1 ± 0.2
101 ± 1
N.D.
5.1 ± 0.4
102 ± 2
9.8 ± 0.2
98 ± 1

S.D.: Standard Deviation; N.D.: not detected

999

River water
Found (µg) ± x SDa
N.D.
5.2 ± 0.2
10.1 ± 0.1
N.D.
4.8 ± 0.2
9.8 ± 0.3
N.D.
5.2 ± 0.1
10.1 ± 0.2
N.D.
5.1 ± 0.1
9.8 ± 0.3
N.D.
4.9 ± 0.3
9.9 ± 0.1
N.D.
5.0 ± 0.2
10.1 ± 0.3
N.D.
4.9 ± 0.1
9.9 ± 0.3

Recovery, %
104 ± 3
101 ± 1
96 ± 2
98 ± 2
104 ± 1
101 ± 3
102 ± 1
98 ± 2
98 ± 3
99 ± 2
100 ± 1
101 ± 2
98 ± 1
99 ± 1
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In order to study the adsorptive capacity of TO-M,
the column method described in the experimental section
was used. The results are given in Table 5.

TABLE 5 - The adsorptive capacity of
TO-M towards Fe, Cd, Zn, Ni, Mn, Cr and Cu.
Element
mg/g

Fe
12

Cd
11.2

Zn
14.5

Ni
10

Mn
9.7

Cr
13.7

Cu
14

TABLE 6 - Concentration (µg/l) of analytes in water samples
(N=4, sample volume: 500 ml, final volume: 2 ml).
Element
Fe
Cd
Zn
Ni
Mn
Cr
Cu

Waste water
387
2.0
BDL
133
39.0
BDL
BDL

Tap water
2.5
1.36
4.89
1.08
1.35
0.13
3.89

River water
3.56
0.91
3.29
1.93
1.28
0.89
1.21

Means expressed as 95% tolerance limit; BDL = below the detection limit

TABLE 7 - Comparative data from recent papers on column methods for the enrichment of trace metals.
Analytes

Adsorbent

Eluent

Cr, Zn, Cu

Bentonite modified with
trioctyl phosphine oxide
Bentonite modified with
trioctyl amine
Dowex HCR resin
Dimetylglyoxime on silica gel

1 M HNO3

Preconcentration
factor
100

1 M HNO3

10

1.7 - 2.8

0.1 - 1.9

15

2.5 M HCl
1M HCl in
acetone
Acetone

5
75

10 – 14
1.2

2–3
1.7

22
23

50

0.009-0.22

1-9

18

Ethanol
2M HNO3

10
250

0.02
0.08-0.21

3
<7

24
Present work

Cr, Cu, Mn,
Ni, Zn
Pb, Cd
Pd
Cu, Fe, Ni, Co,
Pb
Au
Fe, Cd, Zn, Ni,
Mn, Cr, Cu

Chromosorb -102
Modified silica gel
Montmorillonite modified
with trioctyl amine

Detection
limit(µg/l)
1.3 - 2.1

Relative stand.
Deviation (%)
1.0 - 5.0

References
14

CONCLUSION

Applications

The proposed method was applied to the analysis of
different water samples including a river water from Meriç,
a tap water from Istanbul, and a fabric wastewater from
Edirne, Turkey. The F-AAS results are given in Table 6.
The concentrations of Zn, Cr and Cu were not determined
due to their very low values in wastewater.
Comparison with other column methods

Comparative data from some recent papers on the preconcentration and separation of trace metal ions on various
adsorbents are also presented in Table 6. The presented
method is promising for ion enrichment with its pre-concentration factor of 250, and superior to those reported in
the literature [14, 15, 18, 22-24] and given in Table 7. The
working pHs (6-8) for all the metal ions are nearly neutral
and, therefore, there their hydrolysis occurs. The matrix
effects of the method were reasonably tolerable. The elution was easily performed with 2M HNO3. The good features of the proposed method showed that it is a convenient and low-cost one. Also, the method is relatively rapid
when compared with previously reported procedures for
the enrichment of trace metal ions.

The advantages of the proposed method can be summarized as follows: (1) montmorillonite is very cheap, (2) the
TO-M column can be used repeatedly (at least 150 times),
(3) a good pre-concentration factor (250) can be achieved,
and (4) the preparation of the TO-M column system is fast
and simple. The analytical performance of the presented
method is comparable with other pre-concentration methods. The accuracy (relative standard deviations lower than
7%) is underlined by analysis of spiked water samples.
Thus, montmorillonite modified with trioctyl amine (TO-M)
could be used effectively for separation and pre-concentration of iron, cadmium, zinc, nickel, manganese, chromium
and copper from real water samples prior to their F-AAS
analysis.
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SUMMARY

INTRODUCTION

The reproductive cycle of two natural populations of
the carpet-shell clam Ruditapes decussatus, in Araxos lagoon and in Evinos estuary, were determined by monthly
examination of gonads from November 2000 to October
2001. The histological examination showed that in Araxos
lagoon individuals were in the inactive stage from November to January, when gonadal development first took
place. Ripe individuals appeared in April and the spawning
activity begun in June and continued increasingly until
October. The redevelopmental stage lasted from July to
September and the duration of the completely spawned
stage was from June to October. In Evinos estuary, the
inactive stage took place from November to June. In some
individuals gonadal development began in January and
ripe individuals appeared in May. The spawning stage
lasted from July to October, the redevelopmental stage
appeared only in August and the completely spawned
stage took place from August to September. The clams
did not show any sign of hermaphroditism. The percentage of females was 57.5% in Araxos lagoon and 60% in
Evinos estuary. The clams in Araxos lagoon had a more
intense spawning activity, while clams in Evinos estuary
stayed significantly longer in the inactive stage. The condition index presented a higher mean value and lower variability in Araxos lagoon than in Evinos estuary.

Ruditapes decussatus is an indigenous endobenthic
bivalve, which is abundant in many Greek habitats (e.g.
Araxos and Mesolongi lagoons, Evinos Estuary, Gialova
lagoon) [1]. Studies on the gametogenic cycles of a number of bivalves have shown geographic variations [2-15],
since they are influenced both by internal and external
factors, such as temperature, salinity, availability of food,
parasitic infestations and light. The annual differences of
the external factors lead to variations in the gametogenic
cycle timing [14]. Temperature, which is the most important external factor, is closely associated to geographic
location [12]. Ruditapes decussatus is mainly gonochoric,
but temporary stages of hermaphroditism may be present
in juvenile clams [7, 16].
Because of its considerable economic importance the
carpet-shell clam is heavily fished in Araxos lagoon. Studies on the reproductive cycle of Ruditapes decussatus in
Greek waters have not been carried out, so it is possible
that it is in a way different from those in other areas. The
main objective of this study was to compare the gametogenic cycles of Ruditapes decussatus in two populations in
western Greece, the one in Araxos lagoon and the other in
Evinos estuary and correlate them to the environmental
conditions in Greek waters. Knowledge of the species’
gametogenic cycle is fundamental for research on its controlled reproduction and culture, which may contribute in
the development of an aquaculture industry in Greece.

KEY WORDS: Ruditapes decussatus, reproductive cycle, gametogenesis, bivalves, histology.

MATERIALS AND METHODS
Sampling sites

(A) Araxos lagoon: This lagoon is situated in NW
Peloponnisos in western Greece (latitude: 38° 11 56, longitude: 21° 23 43) about 40 km west of Patras (Figure 1). It
has three permanently open inlets, which communicate
with Patraikos gulf. Its total area is 4500 km2. The aver-
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age depth is 1.2 m and the maximum is 3.5 m. It has a
diurnal tidal cycle, with little contribution to the renewal
of waters. Natural freshwater springs occur at its western
side. Its southern side terminates in a marshland.
Sampling site is situated beside the second open inlet
on the eastern site of the lagoon. It has an area of about
500 m2 and is always covered with water. Its depth, depending on the tide, varies between 25 to 50 cm. Bottom
sediments consist of sandy mud and are full of shell smithereens. Cymodocea nodosa, Ulva rigida, Cladophora sp.,
Gracilaria verrucosa and Haetomorpha sp. are some of
the common algae in this particular area.
(B) Evinos Estuary: The estuary of Evinos river is situated in South Aitoloakarnania (latitude: 38° 20 21, longitude: 21° 17 15) at the east side of Mesolongi plain in
western Greece (Figure 1). It communicates with Patraikos
Gulf in its south part.
The sampling site is situated on the western side of the
estuary, at Evinos cape. It has an area of about 500 m2, and
communicates with Patraikos Gulf with a small canal. It is

characterized by a high-tidal phenomenon during which
sediment is exposed to the air for prolonged periods. Its
maximum depth is 25 cm. This particular area is influenced both by Evinos river (on its eastern side) and Cleisova lagoon (on its western side). Its bottom sediments
consist of mud. There is a well-established population of
the crustaceans Aestuarius and Ubogebia. Ulva rigida,
Haetomorpha sp. and Cladophora sp. are the only
macroalgae growing in this area.
Field methods

From November 2000 to October 2001 water temperature and salinity were monitored every two weeks. Individuals were randomly collected during the same period by
handpicking. Their shell length (the anterioposterior axis)
ranged from 10 to 55 mm. Fifty clams were collected from
Araxos lagoon every two weeks and from Evinos estuary at
monthly intervals, in order to estimate their condition index. Ten clams were collected from Araxos lagoon and ten
from Evinos estuary at monthly intervals in order to make
histological sections and determine their reproductive
status.

FIGURE 1 - A: Map of Greece, B: Map of Evinos estuary, C: Map of Araxos lagoon (•: Sampling sites).
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Tissue and shell weight measurements

After collection individuals were transported to the
laboratory. The soft tissues of each clam were separated
from the shell and each one of them was dried at 60 °C
for 24 hours. The condition index was calculated as CI:
dry flesh mass (in g) / dry shell mass (in g). Low values
of this index indicate that the clams expend major biological effort, in order either to maintain energy under unfavorable environmental conditions or to produce and release gametes [11, 17-18].

Mean salinity was 37.7 psu. In summer months, mean salinity was 41.7 psu, and in winter 33.2 psu. The highest value
(44 psu) was recorded in October and the lowest (26.7 psu)
in February.
A
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Examination of gonadal development
and determination of sex

The gonad of Ruditapes decussatus is a diffuse tissue,
so each specimen’s visceral mass was cut off and fixed in
Buin’s solution. The portion near the upper part of the foot
was dehydrated in ethyl alcohol and embedded in paraffin
wax, according to standard techniques of dehydration and
wax embedding. Six cross-sections of 7 µm were made in
the middle region of each portion. The sections were
stained in haematoxylin, and eosin, and examined under a
light microscope.

N D J F M A M J
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B

Individuals were grouped into one of seven gonadal
development stages according to the type of the germinal
cells (oogonia, young oocytes, immature oocytes and mature oocytes) observed in their gonadal tissue: a) inactive
stage, b) early development stage, c) late development
stage, d) ripe stage, e) spawning stage, f) redevelopmental
stage, g) completely spawned stage.
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The sex of the clams cannot be determined macroscopically, so it was verified after the examination of the
histological sections. The clams being in the inactive
stage were excluded, because in this case sex is unable to
determinate.
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Month

Statistical analysis

The differences between the gonadal development
stages, the type of the germinal cells, the values of the environmental parameters and the values of the CI between the
two sampling sites were compared using the paired-samples
T-test (p < 0.05). The F-test (p < 0.05) was used to compare the variability of the environmental parameters and the
values of the CI between the two sampling sites. The differentiation of the sex ratio from the 1:1 ratio was tested
using the chi-square test (p < 0.05).
RESULTS
Environmental parameters

The monthly variations in water temperature and salinity in Araxos lagoon and Evinos estuary are presented
in Figure 2. In Araxos lagoon, the mean water temperature
was 20.7 °C. Values fluctuated from 14.2 °C in winter to
27.9 °C in summer. Maximum temperature was 32 °C in
June and the minimum (12 °C) was recorded in January.

FIGURE 2 - Seasonal variations in water temperature and
salinity in Araxos lagoon (A) and in Evinos estuary (B).

In Evinos estuary, temperature varied between 13.4°C
in winter and 30.7 °C in summer. The mean value was
22.1 °C, and extreme values of 35 °C and 11 °C were
recorded in June and February. Mean salinity was 39.5 psu
and fluctuated from 36.2 psu in winter to 46 psu in summer. Salinity never exceeded 51.9 psu (June) or fell below
32 psu (April). Evinos estuary was characterized by significantly greater temperature values and variability in salinity
compared to Araxos lagoon. This can be attributed to the
high-tidal phenomenon that takes place in the first ecosystem.
Gametogenic cycle:

The percentage distribution of the different gonadal
stages in Araxos lagoon is illustrated in Figure 3. The
inactive stage begun in November and ended in January.
Individuals were observed in the early development stage
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from January until March. The late development stage
started in February and seems to be completed in April,
when the first ripe clams were seen. The spawning activity
began in June and continued increasingly until October.
Emission and redevelopment of gametes occurred simultaneously in the population from July to September, since
some individuals were found in the redevelopmental stage.
Although some individuals were observed in the completely spawned stage from June, the majority of the clams
completed their spawning activity from August onwards.

entered the inactive stage in November. This stage lasted
until June, but the first individuals in the early development stage were observed in January. Clams in the late
development stage were seen for the first time in March,
and for the last time in June. The ripe stage begun in May
and finished in July, and individuals were observed in the
spawning stage from July until October. Gonadal redevelopment took place only in August in some clams of the
population. During the same month, the individuals entered the completely spawned stage, which was completed
in October.

The percentage distribution of the different gametogenic phases in Evinos estuary is shown in Figure 4. Clams
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FIGURE 3 - Percentage distribution of the different gonadal stages in Araxos lagoon (C.S.S.: Completely spawned stage, Rd.S.: Redevelopmental stage, S.S.: Spawning stage, R.S.: Ripe stage, L.D.S.: Late
development stage, E.D.S.: Early development stage, I.S.: Inactive stage) (N= 120).
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FIGURE 4 - Percentage distribution of the different gonadal stages in Evinos estuary (C.S.S.:
Completely spawned stage, Rd.S.: Redevelopmental stage, S.S.: Spawning stage, R.S.: Ripe stage,
L.D.S.: Late development stage, E.D.S.: Early development stage, I.S.: Inactive stage) (N = 120).
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FIGURE 5 - Seasonal changes in the Condition Index (dry flesh mass (g)/
dry shell mass (g)) in Araxos lagoon (N= 1200), and in Evinos estuary (N= 600).

The clams in Araxos lagoon produced significantly
more germinal cells and had a more intense spawning activity, while individuals in Evinos estuary stayed significantly longer in the inactive stage. The spawning period
started in Araxos lagoon in June, when the mean temperature for the first time reached the threshold of 25 °C. In
Evinos estuary spawning started in July (mean temperature
29 °C).
No signs of hermaphroditism occurred in the clams of
this study. The percentage of females was 57.5% and 60%
for the clams in Araxos lagoon and in Evinos estuary,
respectively. In both populations there was a significant
difference in the sex ratio from that of 1:1.
Condition Index

Seasonal changes in the CI in Araxos lagoon and
Evinos estuary are presented in Figure 5. The mean value
of the CI in Araxos lagoon was 0.098. The minimum
values of the CI were observed during the inactive stage,
and they never fell below 0.071. An increase was recorded from February onwards, when values varied between 0.124 and 0.130, despite the unfavorable environmental conditions. This can be attributed to the development of the gonad tissue and the presence of the first
clams in the ripe stage. The decrease of the CI that took
place in June (0.085) indicated the beginning of the spawning period, which lasted until October. The high value
recorded in August (0.107) was probably due to the redevelopment of the gonads.
The mean value of CI in Evinos estuary was 0.044.
The minimum values were recorded in November and
December (0.034 and 0.036, respectively) due to the unfavorable environmental conditions and the fact that the
clams were in the inactive stage. From January onwards,

the CI increased slowly as the clams became sexually
mature. A decrease, indicating the start of the spawning
stage, was recorded from July (0.041) until October. The
maximum value of the CI (0.056) was recorded in August
corresponding to the redevelopment of the gonads.
The mean monthly values of CI were significantly
lower in Evinos estuary and indicated greater variability,
compared to the ones in Araxos lagoon. This finding can
be attributed to the unfavorable environmental conditions
observed in Evinos estuary.
DISCUSSION AND CONCLUSION
Data obtained in the present work show that the two
ecosystems, despite of their close latitudinal proximity,
are characterized by significant differences in their environmental parameters. Evinos estuary evidenced significantly higher temperature and variability in salinity than
Araxos lagoon due to the high-tidal phenomenon that
takes place in this particular environment, during which
the clams remain exposed to air for prolonged periods.
These facts led to differentiations in the gametogenic cycles and the values of the CI of the two populations.
The clams in Araxos lagoon demonstrated a more intense spawning activity than those in Evinos estuary. The
reported lower temperature limit for spawning is 20 °C
according to some authors [19], or 25 °C according to
others [5]. This was the case in Araxos lagoon where the
spawning events started in June, when the mean temperature for the first time was 25 °C. Evinos estuary clams
displayed a lengthy inactive stage, and spawning period
started in July (mean temperature 29 °C), although mean
temperature was already 25 °C from May. The high-tidal
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phenomenon, which affects food and oxygen availability,
could be the cause of this delay, because it influences
their spawning activity, as reported in several species of
bivalves [20-24].
Comparing the reproductive characteristics of the population in Araxos lagoon with others [3-5, 7-15], it is obvious that it resembles with the southern ones (Spain, Turkey,
Morocco). The most basic environmental factor explaining
this similarity is the temperature, since it has a positive
effect on both the extent of the breeding period and the
number of spawnings [11, 12]. The ripe and spawning
periods in Evinos estuary resemble mostly with the ones
recorded in the northern populations. The temperature
alone could not explain this event, and, therefore, possibly
the high-tidal phenomenon, which limits air exposure and
influences the gametogenic cycle, contributes [20 - 24].
The reported lower temperature limit for gonadal activation is 10 °C [5]. In both environments, the mean monthly
temperature was above 10 °C during the whole study period. This led to the early appearance of the gonadal development stage, which in both populations started in January. This early gonadal development was only observed in
two populations, one in northern Spain [14], and another
in Morocco [7]. In all other studied populations, development stage started in March or April, due to their lower
thermal regime [3-5, 8-13, 15].
Studies on the gametogenic cycle of Ruditapes decussatus in different populations have shown the occurrence
of a single gamete release period during the summer
months [4, 5, 10, 12], with the only exceptions being the
studies in France [8, 11] and Morocco [7] that have mentioned two main periods of gamete release. Taking into
account the number of clams in the spawning and the
completely spawned stage, our findings show that a partial emission of gametes took place at first, followed by a
greater one. Specifically in Araxos lagoon partial emission
took place from June to July and a greater one from August
to October, while in Evinos estuary partial emission took
place from July to August and a greater one from September to October. The fact that individuals in the completely
spawned stage were collected in Araxos lagoon from June
and in Evinos estuary from August shows that each clam
possibly spawns once every spawning season and after that
enters the completely spawned stage.

spring could be explained by the occurrence of the spawning activity and the negative effect of elevated temperature [20]. These findings are in agreement to the ones
obtained from other populations of Ruditapes decussatus
[11, 17].
The best salinity values for the increment of the species are from 26 psu 35 to psu [25], and the most excellent temperature values are from 12°C to 20°C [26]. Evinos estuary is characterized by a temperature higher than
the optimum, and a high-tidal phenomenon that causes
great variability in salinity. This decreases energy income, since it reduces food and oxygen availability. The
poor feeding conditions and air exposure are negative
growth factors in bivalves and may restrict growth in filter
feeders, as described in several species of bivalves [20,
22, 27, 28]. This could explain the lower and more variable mean monthly values of the CI in Evinos estuary
compared to those of Araxos lagoon. The same phenomenon could explain that the mean monthly values of the CI
in Araxos lagoon and other studied European ecosystems
showed similarity, but this was not the case for the mean
values of the CI in Evinos estuary, since they were lower
[11, 17].
The results of this study indicate that there is a difference between the reproductive pattern and the CI amongst
the two populations. The one in Evinos estuary is characterized by an extended inactive period, a delay in the
spawning activity, and a reduced capability to build soft
tissues, due to a high-tidal phenomenon. On the other
hand, the population in Araxos lagoon offers the necessary characteristics that will give the opportunity to new
investors to establish an aquaculture industry in Greece.
In order to achieve this, it is necessary to acquire
knowledge on the growth of this particular population.
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No hermaphrodites were observed during this study.
The percentage of females was 57.5% and 60% for the
clams in Araxos lagoon and in Evinos estuary, respectively, and in both populations the sex ratio was significantly
different from a 1:1 ratio.
Minimum values of CI were recorded in both populations when the clams were in the inactive stage. Maximum values were achieved in spring and reduced over
summer, with the only exception being the maximum
value in Evinos estuary, which was recorded in August,
due to the gonadal redevelopment. The drop in the CI after
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AGE AND GROWTH OF THE CARPET
SHELL CLAM Ruditapes decussatus (LINNAEUS 1758)
IN ARAXOS LAGOON (NW PELOPONNISOS, GREECE)
Vassiliki Chryssanthakopoulou and Panayiotis Kaspiris
Section of Zoology, Department of Biology, University of Patras, 26500 Patras, Greece

SUMMARY
Growth rates of a population of carpet shell clam
Ruditapes decussatus in Araxos lagoon (NW Peloponnisos, Greece) were studied from October 1999 to September 2002. The annual formation of the growth rings on
the shell was used for the estimation of individual age and
the establishment of the growth curve. The parameters of
the von Bertalanffy growth equation were: H = 69 mm
(asymptotic length), K = 0.211 y-1, t0 = -1.173 y. Clams in
the 5th age class were rare, whereas no clams were observed in the 6th age class. The equation relating the dry
soft tissues mass (Mdst, g) to shell length (L, mm) was:
Mdst = 1.5⋅10-6 L 3,5178 and the one relating the shell length
(L, mm) to shell height (H, mm) was: H = 0.7142 +
0.7066 L. The most probable causes for the variations in
the dry soft tissues mass from October 2000 to September 2002 were the environmental conditions and the gonadal maturation status of the clams. Growth performance
of the particular population shows that it possesses all the
necessary characteristics for potential cultivation and sustainable exploitation.

Studies on several bivalves have shown that environmental conditions cause geographic variations and seasonal
changes in growth [2-5]. Among them, food availability
and temperature are considered to be the major ones [6].
Discontinuous deposition of structures on the shell of a
number of bivalves leads to the formation of growth
rings. This deposition is controlled by internal factors, as
well as fluctuations in environmental factors, such as
temperature, salinity and food availability [7]. The construction of the growth rings has an annual periodicity due
to the seasonal variation of the environmental factors, and,
therefore, they are used for age determination.
Although there are numerous studies on the growth of
Ruditapes decussatus in many European ecosystems [815], there is no information regarding Greek populations.
The main aim of this study was to gain knowledge on age
and growth of this species in Araxos lagoon, correlate them
with the environmental conditions and compare them with
the ones recorded in other European populations. This
knowledge is fundamental for the successful management
of Araxos lagoon and may contribute to the development
of an aquaculture industry in Greece.

KEYWORDS:
carpet shell clam, growth, age, Ruditapes decussatus, Greece.

MATERIALS AND METHODS
Sampling site

INTRODUCTION
The carpet shell clam Ruditapes decussatus (L.) is an
infaunal bivalve that inhabits many European ecosystems.
This indigenous clam is abundant in many Greek habitats
(Araxos lagoon, Mesolongi lagoon, Evinos Estuary, Gialova lagoon etc.) [1]. Because of its economic importance it is fished in Araxos lagoon, with catches of
about 8500 kg per year. In this particular ecosystem,
Ruditapes decussatus plays a major role in nutrient cycling and energy flow. All the collected clams are exported and not consumed in Greece.

Araxos lagoon is located in NW Peloponnisos in
western Greece, 40 km west of Patras (latitude: 38° 11 56,
longitude: 21° 23 43) (Figure 1). “Black Mountains” is the
physical border between the western side of the lagoon and
the Ionian Sea. On its eastern side, it communicates with
Patraikos gulf via three permanently open inlets. It has an
area of 4500 km 2 and a diurnal tidal cycle, with little
contribution to the recycling of the waters. The average
depth is 1.2 m and the maximum (depending on the tide) is
3.5 m. Natural freshwater springs occur at its western side.
At its southern side it terminates in a marshland. The sampling site is located on the eastern site of the lagoon beside
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FIGURE 1
A: Map of Greece, B: Map of Araxos Lagoon (•: Sampling site).

the second open inlet. This area is about 500 m2, and its
depth, depending on the tide, varies between 25 and 50 cm.
Ruditapes decussatus is not fished in this particular location. Bottom sediments consist of sandy mud and are full
of shell smithereens. This particular side of the lagoon is a
habitat of a number of macroalgae like Cymodocea nodosa,
Ulva rigida, Cladophora sp., and Gracilaria verrucosa.
Field methods

A sample of fifty individuals was randomly collected
by handpicking from October 1999 to September 2002,
every two weeks. Water temperature and salinity were
recorded during the same period.
Age and growth

Individual age was inferred by counting the surface
growth rings. The length of each growth ring (Lr, the
segment that connects its two most distant points) was
determined by Vernier calipers to the nearest 0.01 mm.
The von Bertalanffy [16] growth function was obtained:
Lt = L∞ {1 – e K (t – t0)}, where Lt is the shell length at a
given age (t, years), L∞ is the asymptotic shell length, e is
the base of natural logarithms, K is the growth constant and
t0 is the age when theoretical shell length equals zero. The
growth equation was fitted to the shell length-at-age data
and obtained by means of a Ford–Walford plot [17].
Shell length (L, anterior-posterior axis), shell width
(W), and shell height (H, from the umbo to the ventral
edge) of the clams were estimated by using Vernier calipers to the nearest 0.01 mm. Length is the parameter used
commercially to determine the price category. Total wet
mass (Mt) and dry soft tissues mass (Mdst) of the clams
were calculated by an electronic balance with detection
limit 0.01 g. Total wet mass is a significant parameter

because the clams are sold by mass. The aforementioned
dry mass was measured after wet soft tissues were dried at
60 °C for 24 hours [18, 19]. The determined values were
used for the estimation of: a) the relationship between
shell length and shell height, b) the relationship between
shell length and dry soft tissues mass, c) shell width, shell
height and total wet mass for the different age groups, and
d) the seasonal variations of the dry soft tissues mass
from October 2000 to September 2002.
RESULTS
Environmental parameters

Mean monthly values of water temperature and salinity in Araxos lagoon are presented in Figure 2. During
the whole study period, mean water temperature was 20.6
°C. Maximum temperature (32 °C) was recorded in June
2001 and the minimum one (10.2 °C) in January 2000.
Salinity values ranged from 44 psu to 26.6 psu. The highest was recorded in October 2001 and the lowest in January 2002. Mean salinity was 36.4 psu.
Age and growth

Growth rings were clearly visible in shells collected
in February, although the initiation of their development
at the shell margin took place in January. There were not
any growth rings in shells collected in December. Mean,
maximum and minimum values of each growth ring’s
length (Lr, mm) are presented in Table 1. Age frequency
distribution showed that during this study the oldest individual found had 5 growth rings, thus belonging in the 5th
age class, but maximum age is expected to be higher.
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FIGURE 2 - Seasonal variation in water temperature (°C) and salinity (psu) in Araxos lagoon.

TABLE 1 - Mean, maximum and minimum length (Lr, mm) values of the growth rings recorded during this study.
1st
18.33
23.76
14.08
2075

Growth ring
Mean Lr
Maximum Lr
Minimum Lr
N

2nd
27.96
33.04
22.32
1906

3rd
35.93
42.95
30.60
826

4th
43.01
47.56
38.12
192

5th
48.89
50.99
46.89
10

70

Length (mm)

60
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FIGURE 3 - Growth curve of the shell of Ruditapes decussatus, according to
the von Bertalanffy growth equation: L = 69 {1 – e – 0.211 (t + 1.173)} (N = 3600).

TABLE 2 - Theoretical shell length values as determined by the von
Bertalanffy equation: Lt = 69 {1 – e – 0.211 (t + 1.173)} and the ones observed during this study.
Age class (years)
0+
1st
2nd
3rd
4th
5th

Theoretical values (mm)
15.13
25.37
33.67
40.39
45.83
50.24

The 3600 length-at-age data were fitted in the following von Bertalanffy growth function: Lt = 69 {1 – e – 0.211 (t +
1.173)
} (1), which is illustrated in Figure 3. According to
this equation, the maximum asymptotic length of the
individuals in Araxos lagoon is 69 mm. Shell length val-

Observed mean values (mm)
14.80
25.36
33.50
40.09
44.91
50.20

ues determined by equation (1) and those recorded during
this study are presented in Table 2. Size frequency distribution showed that the length of the oldest individual was
52.28 mm, and that clams over 50 mm were very rare in
the population.

1013

© by PSP Volume 14 – No 11. 2005

Fresenius Environmental Bulletin

The estimated mean, maximum and minimum shell
height (H, mm), shell width (W, mm) and total wet mass
(Mt, g) of the different age groups are presented in Table 3.
Monthly changes in dry soft tissues mass from October 2000 to September 2002 in Araxos lagoon are illustrated in Figure 4. Values presented a clear seasonal trend
during the whole period. Dry soft tissues mass was low
from October to January during the first year, and from
September to December during the second year. After
that, a rapid increase was recorded. The marked decrease
in the values that occurred during the first year in June
and during the second year in May, was followed by an
increase during the remaining summer months.

Morphometrics

The equation relating dry soft tissues mass (Mdst, g) to
shell length (L, mm) was: Mdst = 1.5⋅10-6 L 3.5178 (R2 =
0.877, N = 3600) (2) (Figure 5), and that describing the
relationship between shell length (L, mm) and shell height
(H, mm) was the following: H = 0.7142 + 0.7066 L (R2 =
0.979, N = 3600) (3). The theoretically expected values of
dry soft tissues mass (Mdst) and shell height can be estimated for different age classes by substituting the theoretical shell length values estimated from the von Bertalanffy equation (1) in equations (2) and (3), respectively.

TABLE 3 – Mean, maximum and minimum shell height (H, mm), shell width (W, mm) and
total wet mass (Mt, g) of the clams in the different age groups in Araxos lagoon (N= 3600).
Age class (years)
0+
1st
2nd
3rd
4th

W (mm)
6.45
7.92
4.61
11.70
13.99
9.07
15.74
19.28
12.27
18.99
22.66
15.01
21.28
23.92
19.00
24.35
25.97
22.34

Mt (g)
1.792
2.082
1.442
4.012
5.602
2.602
7.672
12.432
4.332
12.672
19.792
7.722
17.552
23.412
12.812
28.122
30.222
26.822

Mean
Maximum
Minimum
Mean
Maximum
Minimum
Mean
Maximum
Minimum
Mean
Maximum
Minimum
Mean
Maximum
Minimum
Mean
Maximum
Minimum

0.900
0.800
0.700
0.600
0.500
0.400
0.300
0.200
0.100
0.000
O
CT
NO 20
V 00
DE 20
C 00
2
JA 00
N 0
F E 2 00
B 1
M 20
AR 0
1
AP 2 00
R 1
M 20
AY 0
1
JU 20
N 01
2
JU 00
L 1
AU 20
G 01
SE 200
P 1
O 20
CT 01
NO 20
V 01
DE 20
C 01
2
JA 00
N 1
F E 2 00
B 2
M 20
AR 0
2
AP 2 00
R 2
M 20
AY 02
JU 20
N 02
2
JU 00
L 2
AU 20
G 02
SE 200
P 2
20
02

Dry soft tissues mass (g)

5th

H (mm)
11.05
13.28
8.11
18.72
21.91
15.07
24.49
28.98
20.09
29.04
33.13
24.12
32.48
35.99
29.16
35.62
37.09
34.54

Month
FIGURE 4 - Variation in dry soft tissues mass of Ruditapes decussatus from October 2000 to September 2002 (N = 2400).
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FIGURE 5 – Length – dry soft tissues mass relationship in Ruditapes
decussatus, using the function: Wi = 1.5⋅10-6 L 3.5178 (R2 = 0.877, N = 3600).

DISCUSSION AND CONCLUSION
In this particular study, growth rings formed on the external surface of the shell of Ruditapes decussatus were
used for the determination of individual age. The formation
of annual growth rings has been recorded for several species of bivalves [7, 20-22]. Their construction on carpet
shell clam took place in winter months, due to the adverse
environmental conditions, that have a negative effect on the
deposition of shell structures. The initiation of the formation took place in January, and the growth rings were
clearly visible by February. The construction of the rings
during winter months is common in bivalves [19, 23, 24].
The von Bertalanffy growth curve obtained from the
3600 length-at-age data was: Lt = 69 {1 – e – 0.211 (t + 1.173)}.
This function denotes that carpet shell clam grows rapidly
up to the age of 19 years, when length is 68.02 mm. During the remaining years, length growth was more or less
insignificant. In this study, we did not find any individual
older than 5 years. The length of the oldest clam collected
was 52.28 mm, but clams over 50 mm were very rare.
Data obtained in the present study show that shell
growth in Araxos lagoon is the highest among those recorded in European ecosystems, since the predicted asymptotic length estimated by the von Bertalanffy growth function was greater than the ones in Britain [25], Spain [9,
26] and France [13]. According to several studies, temperature and food availability are the major determinants
of growth rate in bivalves. Salinity is an important factor,
although it contributes to bivalve growth to a lesser extent
[2-6, 12, 26-30]. In our population temperature is likely to
play the major role. The finest temperature values of
increment regarding this species range from 12 to 20 °C
[30] and the optimal salinity values range from 26 psu to 35
psu [31]. Araxos lagoon presented the aforementioned
values during most of the study period, with the only
exception being summer and early autumn.

The function relating shell length (L, mm) and shell
height (H, mm) was: H = 0.7142 + 0.7066 L. The one describing the relation between dry soft tissues mass (Mdst, g)
to shell length (L, mm) was: Mdst = 1.5⋅10-6 L 3.5178. The
last equation differs from the one presented in a high-tidal
population in the Mundaka Estuary (Basque Country,
North Spain). Clams living in the aforementioned ecosystem present lower dry soft tissues masses compared to
those in Araxos lagoon, because the high-tidal phenomenon reduces food and oxygen availability, thus resulting
to growth restriction [26].
Variations in dry soft tissues mass presented seasonal
trends. This behavior was possibly determined by two
factors, temperature and gonadal maturation status of the
clams. This was the case in other studied populations of
carpet shell clam, in Britain [18, 25], Italy [14], Spain [9,
26], Morocco [28], and Turkey [15]. Our findings showed
that there were two periods of tissue mass loss. One of
them was observed during autumn and early winter. The
probable cause initially was the emission of gametes, while,
finally, values were negatively affected by the unfavorable
environmental conditions and the fact that clams entered
the phase of reproductive rest, thus gonadal tissue contributed slightly to the total tissue mass. The second marked
decrease occurred in late spring and early summer, probably due to the beginning of the spawning period. There were
two annual peaks observed, one in late summer, probably
due to gonadal redevelopment, which takes place in this
particular population and the second from late winter to
early spring, probably due to the maturation of the gonads.
Tissues mass increment in late winter was not observed in
any other studied population of Ruditapes decussatus [9,
14, 15, 18, 25, 26]. The only exception was a population in
Morocco [28]. The probable cause of this phenomenon is
the high thermal regime in Araxos lagoon, which induces
gonadal ripening [32].
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Araxos lagoon is an ecosystem that exhibits optimal
environmental conditions for the satisfactory growth of
Ruditapes decussatus. This offers the opportunity to commercial exploitation and development of an aquaculture
industry. Further studies are necessary in order to acquire
fundamental knowledge on the sustainable management
of the population.

The authors are grateful to Dr K. Koutsikopoulos,
Mr. Vassilis Kantzaris, Mr. S. Vouyiouklakis and Mrs. A.
Rapti for their help, as well as the Institution of State
Scholarships (I.K.Y) for the financial support.
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SUMMARY

INTRODUCTION

About 35,000 tons/year of marble waste is discarded
into the Fetrek River bed, which stretches from north to
south over an alluvial aquifer and feeds the groundwater.
The marble waste mixes with the natural flow of the river
and is carried away to the alluvial plain that provides drinking water for the residential areas downstream. Based on
the analysis in this study, the electrical conductivity values are measured to be between 810-2040 µS/ cm in the
Fetrek River, and 619-1230 µS/cm in the ground water.
Similarly, the pH values range from 7.20 to 8.78 both in
surface and ground water. According to the Piper diagram,
both the surface and the groundwater belong to Ca-SO4 and
Ca-HCO3 groups. The analysis further revealed the presence of a number of trace metals, such as Fe, Al, As and
Pb, which violate the currently effective Drinking Water
Quality Standards in Turkey. The computed saturation
indices demonstrate oversaturation levels with respect to
calcite and dolomite minerals in Fetrek River and groundwater within the immediate vicinity of the marble waste
disposal site. According to the irrigation water quality criteria, the Fetrek River and regional groundwater belong to
Class III type irrigation water. From a similar perspective,
the calcium contents of Fetrek River sediments are also
remarkably high around the marble waste site and decreases
gradually as a function of distance. Finally, the pollution
index parameter is used to specify the level of pollution in
the soil. Some samples collected from the vicinity of the
waste disposal site had a pollution index value greater than
1, which represents high levels of contamination.

KEYWORDS: Marble waste, water quality, saturation indices,
water turbidity, river sediments, pollution index.

Turkey has become a major marble producer in the
world in the last 30 years. Although there are many marble
quarries throughout the country, the main marble centers
are located in Afyon, Izmir, Denizli, Mugla, Bilecik, and
Diyarbakir provinces. The largest marble production facilities near Izmir are located in and around the district of Torbali. The marble production plants in Torbali region rank
first in Izmir area with regard to both number and capacity. These facilities are situated on the banks of the Fetrek
River that runs along the Torbali alluvial plain. Previous
research has shown that the Fetrek River provides significant amounts of recharge water and feeds the alluvial aquifer [1]. The groundwater resources of the region are primarily used for human consumption as well as irrigation
and industrial water supply around Torbali and neighboring residential areas, such as Ayrancilar, Caybasi, Subasi
and Selcuk.
In marble industry, water is mainly used as a cooling
medium for cutters and the consumed water contains high
levels of marble dust from the cutting processes. The marble dust is generally removed from water via sedimentation.
Only a small portion of the settled marble waste (dust) is
reused as a filling material in marble industry. The majority
of the waste is either illegally dumped into river beds or
transferred to solid waste disposal facilities. Although the
effect of marble and limestone quarries on water quality is
well-known and studied extensively [2], there are no studies found in the literature on the environmental effects of
marble waste. Based on this idea, this study focuses on the
water and sediment quality of Fetrek River as a result of the
uncontrolled disposal of marble waste from the production
facilities around Torbali. In this context, more than 10 water samples are collected from Fetrek River and the surfacial alluvial aquifer, and analyzed for chemical properties. In
addition, 10 sediment samples are also collected from a point
downstream the marble production sites, where the marble
waste is first disposed of into the river. The environmental
impact of the marble waste is then analyzed and discussed,
based on the findings from Fetrek River experience.
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respectively. The yearly average temperature in the region
is measured to be 17 °C.

METHODS
Site Description

The district of Torbali is located about 50 km south of
the city of Izmir in Western Turkey (Fig. 1). The Torbali
basin covers an area of approximately 250 km 2 and is
drained by Fetrek River that spans through the suburbs of
Torbali residential area. Torbali and its vicinity are in the
Mediterranean climate zone. According to the 20 years of
meteorological data, the region receives a total precipitation
of 718 mm/year, most of which occurs during the months of
December, January, February, March and April [3]. The
highest and lowest values of precipitation occur in December
and July, with monthly totals of about 150 mm and 1.5 mm,

As the main drainage unit of the Torbali basin, Fetrek
River has a highly variable flow pattern with extremely
high flows during rainy seasons and almost no flow during summer. The average Fetrek River discharge is measured to be 35.5 x 106 m3/year during 1960-1998 [4]. Furthermore, about 90% of this flow is observed during the
rainy season. The Torbali plain consists of an unconfined
alluvial aquifer with extremely permeable gravel and sand
texture that is formed as a result of the long-term deposits
of Fetrek River and its tributaries. Due to its high water
supply capacity, several water wells are developed in this
aquifer to supply the urban, agricultural and industrial water

FIGURE 1 - Location and geology maps of the study area.
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demands of the region. In the 1980s, the State Hydraulic
Works (DSI) has constructed a series of infiltration ponds
on Fetrek River to increase the amount of water seepage to
the alluvial aquifer. According to the previous research [1],
the total infiltration from the river and its tributaries to the
aquifer is estimated to be 28.5 x 106 m3 per year.
Geological and Hydrogeological Setting

The Torbali Plain, which forms the northern portion of
Kucuk Menderes River Basin, is located in a wide alluvial
zone (Fig. 1). The Mesozoic-aged Menderes metamorphic
rocks form the basement of the Torbali plain and are observed in the eastern and western parts of the plain. The
Menderes metamorphic rocks contain mica and chlorite
schists in lower levels and continue with dolomitic limestone in the upper sections [5]. The schists are nearly impermeable and, therefore, do not supply significant amounts
of groundwater. The marble that appropriately follows the
schists represents the important characteristic of a karstic
aquifer. Wells drilled around and to the west of the Arapkahve Creek are capable of producing a flow-rate of about
10-25 L/s. The Neocene-aged (Miocene-Pliocene) Visneli
Formation, which is formed of limestone and claystone,
overlies the Menderes Massive [5]. The claystone, which is
located under the alluvium, has characteristics of an impermeable rock, and forms the lower boundary for the alluvial
aquifer (Fig. 2). Wells drilled in limestone, which overlie
claystone, are capable of producing a flow-rate of 15-30 L/s.
The thickness of the alluvial aquifer, formed from sandy
gravel, reaches 80 m in the central and northern portions of
the plain. The hydraulic conductivity of the aquifer is measured to have a general magnitude of 10-4 m/s in the central
portion, and 10-3 m/s along the Fetrek River bed [1]. Wells
drilled in the alluvium produce an average flow rate that
varies between 3-5 L/s. Based on a 50 m thickness in the
alluvium, the average transmissibility value has been calculated to be 0.15 m2/s [1].
Groundwater levels beneath the Torbali River Basin
are 25-40 m above mean sea level, and have a mean hydraulic gradient of 0.003 m/m. The general groundwater
flow direction follows that of surface water drainage
pattern and is towards south-southwest. Rapid industrialization and population growth over the last 20 years has led to
in-creased groundwater demands, which resulted in an
excessive overdraft from the aquifer. Previous research [1]
has demonstrated that there has been a 25-30 m drop in
groundwater levels of the basin since 1980s.

and, (iii) hydrocyclones. Two of the 13 plants with higher
production capacities use tower-type purification, and the
remaining 11 plants sedimentation pools. The recovered
CaCO3 from the tower-type purification system is totally
reused in the two ceramic factories located nearby. On the
other hand, the CaCO3 recovered from the sedimentation
pools suffers hardening and storage problems, and hence,
only a small amount of this material is reused in other
industries. Most of the CaCO3 recovered from the 11 sedimentation pool plants is illegally dumped into Fetrek River
bed. Initial estimates of CaCO3 waste dumped into the river
bed are calculated to be over 35,000 tons/year [6]. The field
observations revealed that the majority of this waste has
accumulated, and created a ‘waste zone’ along the immediate vicinity of the river bed. While this so-called wastezone imposes no problems in low-flow periods of the river,
an increase in the discharge during rainy seasons creates
elevated water levels and inundates the waste zone which, in
turn, accelerates the dissolution of dumped waste material.
This condition results in extra waste load to the river in highflow periods.
Experimental Sampling
Water sampling: A total of 12 water samples are taken
from Fetrek River and the groundwater aquifer that is hydraulically connected to the river bed. All samples are collected from a 15-km river segment containing all 13 plants
and their discharge points (Fig. 2). Of the 12 samples, 5
are taken from the river water and 7 from the groundwater.
One of these 5 river samples is taken from an upstream point
to represent the ambient conditions (Fig. 2). All groundwater samples are collected from wells near Fetrek River,
which ranges in depth from 50-80 m, and are drilled within
the alluvial aquifer.

Two sets of samples are taken from each sample point;
a 1000 ml sample for anions, a 50 ml sample for cations.
The water samples are then stored in polyethylene bottles.
The pH (WWT-pH330) and electrical conductivity (EC)
(WWT-EC330) values are measured on the field. Nitric
acid is then added to the samples for cation analysis to
obtain a pH value below 2. Cations are analyzed by Inductively Coupled Plasma Emission Spectrometry (ICP-ES)
in Canadian ACME laboratories, whereas Cl and HCO3
anions are analyzed with volumetric methods, and SO4 with
gravimetric ones in Dokuz Eylul University laboratories.
The turbidity measurements are made by nephelometry.
Saturation indices are then computed using the Aquachem
3.70 computer program.

Marble waste production and disposal

There are 13 production facilities in the Torbali region
that process an average of 80,000 tons/year of marble
blocks. During this process, water is mainly used as a cooling medium for marble cutters. The consumed water contains high levels of marble dust (CaCO3) originating from
the cutting processes. In general, three different purification
systems are used to treat the polluted waters of the marble
industry: (i) tower-type purifiers, (ii) sedimentation pools,

River sediment sampling: A total of 10 sediment samples (3 kg each) are taken from the 6-km segment of the
river bed (Fig. 2), 9 of them from the bottom sediments of
the river, and 1 from the suspended sediments of a waste
discharge channel. One of the 10 samples is collected at
an upstream point to represent the ambient conditions
(Fig. 2). All samples are taken from a depth of 30 cm using
an auger.
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FIGURE 2 - Location map of the sampling points.

The sediment samples are first passed through 2 mm
and 0.18 mm sieves [7]. Following granulometric analysis,
1 g of sample is dissolved in an acid solution that contains
6 ml HF (40%) and 3 ml HCl (37%)/HNO3 (67%), diluted
at a ratio of 1:3. The mixture is then held at 95 °C for 1 hour.
Later, the solution is filtered and pure water is added until
100 ml of solution is obtained [8]. The dissolved heavy
metal analysis of the river sediments is again performed at
the ACME (Canada) laboratories with the ICP-ES method.

RESULTS AND DISCUSSION
Analysis of Marble Waste

During marble production, waste particles that originate from the process are classified according to their sizes.
In this regard, particles larger than 1 mm are considered as
marble pieces and mostly reused in the construction industry. Particles smaller than 1 mm form the so-called marble
waste, the main focus of this study. These small-sized particles result from various stages of processing in the plant
and often being referred to as marble sludge, when mixed
with water. It is important to note that marble sludge also
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contains materials other than marble dust in the mixture,
such as metal shavings and hydrocarbons [6]. Marble wastewater originating in the plant is collected via canals and
transported to sedimentation pools, where it is dewatered
according to Stokes’ Law [9]. A general size and weight
distribution of the particles that reach these pools is shown
in Table 1. It is noticeable that the settled sludge is mainly
composed of calcium carbonate (calcite). Table 2 shows the
chemical analysis results of the samples taken from the
sedimentation pools of two marble and travertine processing plants, as well as from the discharge line of another marble processing plant, all of which discharge into
Fetrek River. In all three waste streams, calcium carbonate
is the dominant mineral.

After being discharged into the environment, the dissolution of calcium carbonate in water is primarily controlled by the concentration of dissolved CO2 and temperature. When the partial pressure of CO2 increases and
temperature decreases, the solubility of calcite increases.
On the other hand, the magnesium carbonate (dolomite)
dissolves more slowly than calcite due to the role of magnesium in modifying the surface reactions that are ratecontrolling near equilibrium [10]. The pH is also strongly
related to carbonate dissolution that dominates acid-base
balance in a carbonate system. It displays the opposite trend
to that of the partial pressure of CO2, and pH falls in water
with an atmosphere richer in CO2 [11, 12]. Another factor
that modifies the solubility of CaCO3 is the size of crystals
exposed to solution. Particularly, very tiny grains show a
greater solubility than do large crystals [13].

TABLE 1 - General distribution of particle size in marble waste [9].
Particle Size
(- µm)
118.4
54.9
33.7
23.7
17.7
13.6
10.5
8.2

Weight
%
100.0
97.2
89.6
79.0
68.6
59.8
50.1
40.7

Particle Size
(- µm)
6.4
5.0
3.9
3.0
2.4
1.9
1.5
1.2

Weight
(%)
32.4
24.3
17.3
12.2
8.0
5.4
4.1
3.2

TABLE 2 - Chemical analysis results of marble wastes.

Al (mg/kg)
Fe (mg/kg)
Mg (mg/kg)
Ca (mg/kg)
Na (mg/kg)
K (mg/kg)
Mn (mg/kg)

Marble Producing Plant
(from sedimentation pool)
37.1
70
4052
389286
18
75
30

Travertine Producing Plant
(from sedimentation pool)
12.4
137
6021
388922
26
79
46

Analysis of Water Quality

The physical and chemical properties of surface and
groundwater samples collected in this study are given in
Table 3. In the following sections, the results of the physicochemical analysis are first reviewed, and then compared
with the Turkish Drinking Water Quality Standard [14]
given in Table 3, and the Irrigation Water Quality Criteria
of Water Pollution Control Regulation [15] presented in
Table 4.
Physical Characteristics: As shown in Table 3, the pH
values are in the range 7.15-8.23 for surface water samples and 7.60-8.78 for groundwater samples. When compared to the currently effective legislation, the pH values
of most samples are within the limits specified in the Turk-

Marble Waste Stream
(from discharge channel)
16.5
188
3420
389224
59
87
54

ish Drinking Water Quality Standard [14]. Only the sampling point M-5, that had a pH value of 8.78, exceeds the
criteria. Similar comparison with the irrigation water quality
criteria [15] reveals that most samples are classified as
Class I waters, except for the M-5 sampling point, which
falls into Class IV waters. The regulation limits the irrigational use of Class IV waters, except in extreme cases
of need.
In terms of EC, all samples are within the range 5022030 µS/cm. The river water samples taken from points
downstream the marble waste area have higher conductivity values, whereas the background conductivity is measured to be 150 µS/cm at a point (SW-01) upstream of the
waste discharge. On the other hand, groundwater samples
have a narrower conductivity range of 619-1230 µS/cm.
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Except for SW-2 sampling point, all river water and groundwater samples are within the limits specified in the drinking water quality standard. For irrigation purposes, the EC
is the most important parameter characterizing the salt
content of the water. According to the values given in Table 3 and the irrigation water quality criteria presented in
Table 4, the waters of Fetrek River and regional ground-

water are grouped to be Class II and Class III waters that
are considered to be acceptable for irrigation purposes.
Similarly, boron concentrations are also considered to be
low enough, and both the surface and subsurface waters
belong to Class I type irrigation waters based on the boron
criteria given in Table 4.

TABLE 3 - Chemical analysis results of river water and groundwater samples taken from the sampling points shown in Fig. 2.
Sample
No

pH

EC
µs/cm

Na
mg/L

Ca
mg/L

Mg
mg/L

K
mg/L

Cl
mg/L

HCO 3
mg/L

CO 3
mg/L

SO 4
mg/L

CaCO 3
mg/L

TU

Al
mg/L

As
mg/L

B
mg/L

Pb
mg/L

Li
mg/L

Ni
mg/L

Fe
mg/L

Mn
mg/L

Si
mg/L

Cu
mg/L

Zn
mg/L

M–1

7.97

782

36.8

83.3

44.9

3.2

57.4

395

M–2

8.23

502

26

91.8

30.2

2.0

55.4

240

58

27.5

392.5

10

0.10

<0.03

0.044

<0.001

<0.005

<0.005

<0.01

0.01

11.63

0.09

0.11

57.6

352.9

15

0.53

<0.03

0.065

0.024

0.023

0.048

1.12

0.03

15.9

0.04

M–3

8.22

619

17.7

88.1

32.4

1.9

45.5

291

0.25

161

88

353.1

15

0.10

<0.03

0.049

<0.001

<0.005

<0.005

0.33

0.01

7.47

0.02

M–4

8.14

607

19

85.4

27.6

3.7

43.5

0.14

290

24

61

326.4

30

0.13

0.012

0.087

0.024

0.015

0.007

<0.01

0.02

8.5

0.04

M–5

8.78

979

127.5

79.5

32.2

2.0

1.30

164.3

345

67

57

330.8

25

0.01

<0.03

0.053

<0.001

<0.005

<0.005

0.11

0.01

7.52

0.02

M–6

7.60

650

14.2

86.7

26.7

0.25

1.0

90.7

292

54.3

326.1

20

0.01

<0.03

0.034

<0.001

<0.005

<0.005

0.13

0.01

7.56

0.08

M–7

7.92

1230

44.6

82.5

0.71

29.7

3.1

126

237

59.8

327.6

20

0.66

0.059

0.112

0.021

0.017

0.006

0.96

0.12

10.1

0.04

SW-1

7.73

1444

96.3

0.19

153.6

50

2.2

311

384

123.4

590.1

80

0.07

0.034

0.134

0.012

0.020

<0.002

<0.01

0.02

14.3

0.02

SW-2

8.23

2030

0.23

221.3

84.2

23.6

3.7

313

422

216

483.6

65

0.04

0.034

0.111

0.34

0.020

0.006

0.70

0.04

11.3

0.15

SW-3

7.15

0.38

810

55

88

30

5.0

30

430

42

343

40

0.04

0.031

0.109

<0.001

<0.005

<0.005

0.18

0.08

8.1

0.06

SW-4

0.24

7.20

1200

57

115

36

6.0

145

350

105

439.1

20

0.06

0.04

0.118

0.018

0.010

0.006

0.69

0.01

9.4

0.07

0.18

SW-01*

7.65

150

52

63

28

6.0

26

312

57

272.4

10

0.01

<0.03

0.04

<0.001

<0.005

<0.005

0.03

0.01

6.2

0.04

0.13

Min **

6.5

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Max **

8.5

2000

175

200

50

12

600

-

-

250

500

25

0.20

0.05

2.00

0.05

-

0.05

0.2

0.05

-

3.0

5.0

24

* Represents background conditions in the river at an upstream point from waste discharge
** Min and Max values of currently effective Turkish Drinking Water Quality Standards [14]

TABLE 4 - Quality classification of water for irrigation purposes [15].
Class I
(Excellent)
0-250

Class II
(Good)
250-750

Class III
(Permissible)
750-2000

Class IV
(Doubtful)
2000-3000

Cl- (mg/L)

0-142

142-249

249-426

426-710

>710

pH

6.5-8.5

6.5-8.5

6.5-8.5

6-9

<6, >9

Sensitive Crops

<0.33

0.33-0.67

0.67-1.00

1.00-1.25

>1.25

Semi-tolerant Crops

<0.67

0.67-1.33

1.33-2.00

2.00-2.50

>2.50

Tolerant Crops

<1.00

1.00-2.00

2.00-3.00

3.00-3.75

>3.75

Classification of Quality
EC x 106 at 25 oC (µS/cm)

B (mg/L)

The turbidity values measured in river and groundwater samples are given in Table 3, and the maximum level
allowed in drinking water is 25 turbidity units (TU) according to the Turkish Drinking Water Standard [15]. Based
on this value, the river water samples taken from SW-1,
SW-2 and SW-3 show high turbidity levels of 80, 65 and
40 TU, respectively. On the other hand, the TUs of groundwater samples are generally measured to be lower than the
drinking water standard, except for M-4 which had a value
of 30 TU. Since there exist no limitations for turbidity in
irrigation waters, all samples are eligible for use in irrigation. Within the scope of this study, additional turbidity
measurements are conducted in a marble waste stream, and
TUs of 2300-3250 are observed, which are at least two or-

Class V
(Unsuitable)
>3000

ders of magnitude higher than the currently effective
standards. It is important to note that, depending on the
relative flow ratio of the Fetrek River and the waste discharges, these high turbidity values are likely to create
significant environmental problems, particularly during
low-flow periods in Fetrek River. The most significant of
these problems would be seen on the aquatic life in the river
due to depleted dissolved oxygen levels, covered food supplies and blocked spawning beds of fish.
Chemical Characteristics: The chemical characteristics
of water samples are also given in Table 3. Based on these
results, a piper diagram analysis is made using the Na, Ca,
Mg, HCO3, SO4 and Cl ions as shown in Fig. 3. Accord-
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ingly, surface water samples taken from Fetrek River are
found to be in Ca-HCO3 and Ca-SO4 facies, and groundwater samples are determined to be in Ca-HCO3 facies. It
is important to note that the sources of Ca, HCO3 and SO4
ions, which form the dominant cations and anions in the
water, are the marble waste discharged to the river bed as
well as the various aragonite and halite compound rocks
found naturally in this area. All of the anions and cations
are found to be below or at the maximum limits specified in
the currently effective standard. Only Na and Mg concentrations for surface water samples reach up to 221.3 mg/L
in SW-2 for Na and 50 mg/L in SW-1 for Mg, both exceeding the drinking water quality standards [14]. In addi-

tion to marble waste, other possible sources for these high
concentrations might be the uncontrolled domestic
wastewater discharges made to the surface waters. But K
concentrations, on the other hand, are measured to be below
the drinking water standards for all samples [14]. The levels of SO4 varied between 42-216 mg/L in the surface waters and 27.5-88 mg/L in groundwater, all of which are also
below the drinking water standards. Similarly, the Cl concentration varied in the range 26-313 mg/L in all surface
and groundwater samples. The Cl concentrations in river
water are measured to be higher than that in groundwater,
due to the uncontrolled sewage discharges directly made to
Fetrek River.

FIGURE 3 - Determination of the general situation of water samples in piper diagram.

The total amount of CaCO3 in 1 L water, also known
as water hardness, is a key water quality parameter for this
study. It defines the suitability of water not only for drinking purposes, but also for various industrial uses including
textile manufacturing that is commonly observed within the
study area. The currently effective drinking water quality
regulation recommends an upper limit of 500 mg/L as
CaCO3 for waters to be used in direct human consumption
[14]. Furthermore, a general classification of waters with
respect to the amount of hardness that could be tolerated is
given in Table 5 [16]. Both the Fetrek River waters and the
regional groundwater are considered to be very hard with
CaCO3 values varying between 326.1 mg/L and 590.1 mg/L
(Table 3). The highest hardness is obtained from SW-1,

situated next to the marble waste area. The water hardness
in samples taken from SW-2 and SW-3 are slightly lower
than SW-1, due to the dilution effect of the increased flow
in the river. Compared to the background level of 274 mg/L
at SW-01, it is clearly seen that the high levels of CaCO3 are
attributable to the discharges from the marble waste site.
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TABLE 5 - Water hardness classification [16].
Water Class
Soft
Moderately Hard
Hard
Very Hard

CaCO3 (mg/L)
0-60
61-120
121-180
>180
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On the other hand, when the hardness levels of groundwater samples are analyzed, one can see that highest hardness is observed at M-1 with a value of 392.5 mg/L. The
fact that the groundwater levels at M-1 and M-2 are only
9 m below the surface demonstrates that these wells are
heavily affected by the river water’s hardness, due to recharge to the wells from the river. According to these values and the water hardness classification given in Table 5,
the regional groundwater can be classified as very hard. It
can be concluded that the CaCO3 in the river water affects
groundwater concentration. Studies on drinking water quality have shown that hard water causes more coronary problems than soft water does [17], and, therefore, hardness
levels must be under strict control for drinking waters.
In terms of metal ions, Fetrek River and groundwater
samples exceed the limits of the drinking water quality
standards for Al, As and Fe [14]. All other metal ions are
considered to be below the standard values as shown in
Table 3. The Al concentrations are measured to be higher
in wells M-2 and M-7, whereas the As level is above the
standard in M-7. On the other hand, Fe concentrations exceed the standards in M-2, M-3, M-7, SW-2 and SW-4.
These high values may be attributed to the cutting, polishing and chamfering stages of marble operation.
Correlation matrix: In addition to the standard chemical
analysis presented above, the correlation matrix of the
primary ions in the water is calculated by the Aquachem
3.70 computer program and presented in Table 6. There is
a negative correlation (r =-0.07) between CaCO3 and pH,
such that as pH increases, the solubility of CaCO3 decreases. In this regard, having higher pH values in river
and groundwater samples plays a crucial role in the disso-

lution of CaCO3 in the waste stream. Relatively strong correlations are observed between the EC and various ions in
the water. As an example, the linear correlation coefficient
between EC-CaCO3 and EC-Cl are observed to be 0.77 and
0.82, respectively. Although previous research [18] has
demonstrated strong correlation of Ca and HCO3 ions with
Cl, the results in Table 6 reveal a strong relation only between Ca and Cl ions. In addition, the highly positive correlations between Mg, Ca, Cl, SO4, and EC demonstrate that
marble waste is a significant factor in declining quality of
river and groundwater in the vicinity of waste discharges.
Saturation indices (SI): Within the scope of this study,
saturation indices (SI) are used to define the equilibrium
of mineral solubility in water using Aquachem 3.70 computer program. When SI is calculated to be zero (SI=0),
water is assumed to be in saturation with the corresponding dissolving mineral. Positive values of SI indicate
over-saturation, and negative ones indicate undersaturation [10]. The calculated SI indices (calcite, dolomite,
gypsum and anhydrite) for river and groundwater samples
are presented in Table 7. As can be seen, the river water
samples (SW-1, SW-2, SW-3 and SW-4) collected downstream the marble waste site are oversaturated with regard
to calcite and dolomite, but undersaturated with respect
to gypsum and anhydrite. Of all the surface water samples from Fetrek River, only SW-3 is close to saturation
with respect to anhydrite. The groundwater is also observed
to be oversaturated with respect to calcite and dolomite, and
undersaturated with respect to gypsum and anhydrite. It is
important to note that SW-01 taken from an upstream- point
of the waste site is naturally undersaturated concerning the
above-mentioned minerals (Table 7). When compared with

TABLE 6 - Correlations of major ions in water.
pH
pH
EC
Ca
Mg
K
Na
Cl
HCO3
SO4
CaCO3

1.0

EC
(µS/cm)
-0.07
1.0

Ca
(mg/L)
-0.14
0.77
1.0

Mg
(mg/L)
-0.02
0.58
0.75
1.0

K
(mg/L)
-0.52
0.11
-0.11
-0.09
1.0

Na
(mg/L)
0.32
0.80
0.53
0.42
-0.02
1.0

Cl
(mg/L)
0.18
0.90
0.85
0.68
-0.17
0.82
1.0

SO4
(mg/L)
0.11
0.80
0.74
0.42
-0.03
0.79
0.82
1.0

HCO3
(mg/L)
-0.26
0.48
0.44
0.59
0.22
0.56
0.42
0.37
1.0

CaCO3
(mg/L)
-0.07
0.77
0.97
0.86
-0.17
0.51
0.82
0.65
0.51
1.0

TABLE 7 - Saturation indices of the groundwater and river water samples.

Calcite
Dolomite
Gypsum
Anhydrite

M-1
0.95
1.98
-2.19
-2.41

M-3
1.03
2.07
-1.64
-1.86

M-3
1.08
2.07
-1.64
-1.86

M-4
1.00
1.86
-1.79
-2.01

M-5
1.56
3.01
-1.93
-2.15

M-6
0.49
0.82
-1.84
-2.06
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M-7
0.68
1.27
-1.83
-2.05

SW1
0.89
1.64
-1.40
-1.62

SW2
1.13
2.16
-1.40
-1.62

SW3
0.21
0.29
-1.96
0.006

SW4
0.25
0.34
-1.51
-1.73

SW01
-0.15
-0.85
-0.96
-1.21
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the background conditions at this point, all samples collected
down-stream the marble waste site demonstrate oversaturation for calcite and dolomite minerals. High solubility of
these minerals in water is attributed to the dissolution of the
marble wastes, which are dominantly composed of carbonated minerals. Similarly, oversaturation of calcite and
dolomite in groundwater samples points out the existence of
a strong interaction between the river system and the aquifer.
Analysis of Sediment Quality

The physical and chemical properties of Fetrek River
sediments are also analyzed and presented in Table 8. This
analysis comprises a texture assessment study and a chemical composition determination. Finally, a pollution index
analysis is performed to determine the pollution potential
of river sediments.
Sediment texture: The sediment analysis in Fetrek River showed that river sediments are mainly composed of
very fine-grained material. The fine-grained material comprises gray, moderate to well-graded silty and pebbly
sands. The fine-grained lithologies containing 10-37%
clay and silt exceed 10-35 cm in thickness. In addition,
coarse-grained pebbly sands are observed at the upper
zone of the marble waste site. The permeability experiments carried out in the laboratory gave permeability coefficients from 10-2 m/s to 10-5 m/s. It was also observed that
the marble waste and other suspended sediments form
an impermeable layer along the river bottom, and significantly reduce sediment permeability. Therefore, it is
believed that this phenomenon has an impact on the reduced vertical movement of water, as well as reduced
sediment aeration.
Sediment composition: The chemical composition of
Fetrek River sediments is presented in Table 8. Within the
scope of this analysis, 9 settled and 1 suspended (MW-1)
sample are collected and analyzed for 11 heavy metals.
The metal levels in the samples are plotted with respect to
the spatial position of the sampling point along the river
flow direction (shown in Fig. 4). The metal levels upstream
the marble waste site (RW-1) are significantly lower than
those down-streams from the waste site (Table 8). The
chemical composition of RW-1 is also closely related to its
size fractionation and mineralogical composition [19]. It is
clearly seen from Fig. 4 that heavy metal levels in the

vicinity of the marble waste site are extremely high. Particularly, the Ca levels are measured to be several orders of
magnitude higher than the others. The Ca levels in suspended sediments reach 280000 mg/kg, and roughly represent a calcite suspension at the marble waste site. This
value is very close to the Ca levels obtained from the marble waste sedimentation pools (see Table 2). On the other
hand, Ca levels in the settled sediment samples range between 34286-67143 mg/kg, with a background level of
2070 mg/kg upstream the marble waste site. These levels
undoubtedly depict the impact of marble waste disposal
into Fetrek River.
With respect to other elements, the levels in settled
sediments show variations in the range of 660-5867 mg/kg
for Na, 1080-4676 mg/kg for Mg and 1411-3070 for K. The
levels in the suspended sample are measured to be 73 mg/
kg, 2164 mg/kg and 498 mg/kg for Na, Mg and K, respectively (Table 8). On the other hand, the levels of these elements in the marble waste stream are analyzed to be 59 mg/
kg for Na, 3420 mg/kg for Mg and 87 mg/kg for K (Table 2). These values point out that the high Na and K levels
in the settled sediments have sources other than the marble waste stream, such as the claystone in the region and
other rocks carried with the river flow from higher elevations of the watershed. On the other hand, the high Mg and
Ca values are attributed to marble waste discharge as both
are found there in very high concentrations in marble waste
stream (Table 2). Particularly, Mg levels are measured to be
comparably high due to dolomitic marble processed in the
plants and the dolomitic limestone naturally found in the
surrounding area.
The CaCO3 in the lower portions of the marble waste
site originates from the waste area and is carried downstream by the natural flow of Fetrek River. During field
surveys, the authors observed discontinuous layers of
CaCO3 sludge that vary in thickness from 0.3 to 12 cm
along the river bed. This thin layer of CaCO3 significantly
altered the river sediment composition in the neighbourhood
of the marble waste site. In addition, it also modified the
solubility characteristics of CaCO3 due to the small-sized
crystals exposed to the water column in this layer. Moreover, the layers of CaCO3 that form on the river bed are
quickly transported to the lower reaches of the river during
high-flow period.

TABLE 8 - Chemical properties (mg/kg) of the river sediment samples taken from the sampling points given in Fig. 2.
RW-1
RW-2
RW-3
RW-4
RW-5
RW-6
RW-7
RW-8

Ca
2071
67143
52857
40714
37143
45125
34286
42857

Mg
1080
1320
3900
3321
2941
4676
1860
1268

K
3070
1618
2116
2906
1411
3029
1950
1577

Na
4033
2567
917
4033
660
733
3337
2897

Fe
19.6
34.3
16.3
22.1
18.8
29.3
17.2
19.6

Al
7.8
10.1
17.1
7.86
2.61
11.6
12.9
4.54
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Cd
0.6
0.4
0.6
0.8
0.6
0.9
0.13
0.12

Cu
24
28
39
27
56
35
22
30

Mn
3.0
24
36
23
25
31
19
21

Pb
19
22
26
26
31
27
25
22

Zn
37
39
42
36
52
42
29
33

PI
0.78
1.27
0.70
0.89
0.81
1.14
0.67
0.75
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4020
2164

2697
498

80000

5867
73

19.9
0.12

9.70
0.21

0.11
0.16
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38
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FIGURE 4 - The variation of selected ions with respect to sampling points.

Pollution index: A multiple element pollution index
(PI) analysis [20-22] was performed for the sediment data
from Fetrek River to analyze the impacts of the marble
waste site on stream sediment quality. This analysis is
based on the principle of developing an index value, based
on the relationship given below:
PI =

1 ⎡ Fe Cd Cu
Mn
Pb Zn ⎤
+
+
+
+
+
6 ⎢⎣ 5
3 100 5000 100 300 ⎥⎦

(1)

where Fe, Cd, Cu, Mn, Pb and Zn are their levels in
the sediment sample. The relationship above is a screening
tool that is developed by considering the acceptable limits
of heavy metal values in soil for human and animal health.
When the computed PI value is higher than 1.0, it is concluded that there exists an anthropological heavy metal
contamination, and further research is necessary [22, 23].
Although purely empirical in nature, this relationship provides valuable information on the extent of heavy metal
pollution originating from various industrial processes. In
this particular case, pollution from the marble waste site is
assessed using the heavy metal data given in Table 8.
The computed PIs of sediment samples are presented
in Table 8. Accordingly, the PI values are evaluated to be
in the range 0.67-1.27 for settled and suspended sediment
samples. The samples collected from RW-2 and RW-6 are
above the critical value of 1.0, which indicates heavy metal
pollution. Interestingly, the highest PI is obtained at RW-2,
which is situated right downstream the marble waste site.
Therefore, this analysis also suggests that the main source of
contamination in river sediments is the marble waste site.

CONCLUSION
In this study, the effects of uncontrolled marble waste
disposal on water and sediment quality are analyzed for the
Fetrek River in the district of Torbali, Izmir, Turkey. Both
the surface and the subsurface water resources are heavily
influenced from this uncontrolled disposal, which is mainly
found in calcium carbonate form. The most noteworthy
consequence of this issue is the increased levels of various ions, found dissolved in water or solid in sediments.
Particularly, the high quantities of CaCO3 and turbidity in
water are a direct outcome of waste disposal to the river
bed. In addition, the surface and subsurface water resources
of the region also suffer from high concentrations of various
anions and cations. For some of these ions, the results point
out that these waters are in violation of the drinking water
standards, currently effective in Turkey. In terms of the
condition in river sediments, the analysis demonstrates very
high Ca and Mg levels, which are typically of marble waste.
It is important to note, however, that the elevated levels of
calcium in the sediment have altered its composition and
reduced its permeability. Finally, a PI analysis verified that
the marble waste site acts as an anthropogenic source of
toxic heavy metals.
It must be mentioned that the discharge made to the
river also influences the alluvial aquifer and the regional
groundwater as both resources are linked via a strong recharge potential. Being heavily dependent on underground
resources, the deteriorating groundwater quality significantly affects more than 200,000 inhabitants of the area
utilizing it for drinking and irrigational purposes. However, the environmental problems experienced in Tor-
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bali may be considered to be typical of many other marble
production sites in Turkey, where the main difficulty is
the uncontrolled disposal of marble waste into river beds.
Ideally, all production facilities should implement towertype purification systems and totally reuse the recovered
calcium carbonate in other industries as an additive and
filling material. For the entire unused portion, municipal
landfills must be the ultimate disposal point. In order to
achieve this objective, the authors believe that the available legislations must be strictly enforced, and the methods must be found to encourage the willingness of marble
producers to implement the ‘reduce-reuse-recycle’ principle.

The authors would like to thank Prof. Dr. Ayse Filibeli from the Department of Environmental Engineering,
Dokuz Eylul University, for her support throughout the
study. The authors also acknowledge the financial support
of The Turkish Academy of Sciences (TUBA).
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OCCURRENCE OF ORGANOCHLORINE PESTICIDES IN
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SUMMARY
Current data provide inconsistent evidence for linking
human exposure to organochlorine pesticides (OCPs) and
risk of breast cancer development. We previously demonstrated that the free radical-mediated oxidative stress is
partly associated with some of the OCP residues in human
breast tumors. In the current study, we further examined the
association between OCP levels in neoplastic and adjacent
normal human breast tissues (n=24) during menopausal
status of the patients, tumor grade and stage of the disease.
The overall mean (±SE) values of OCP residues in neoplastic and adjacent normal human breast tissues of patients have been found found to be α-HCH 1.20 ± 0.37;
0.27 ± 0.08 ppm (p<0.05), β-HCH 4.19 ± 1.07; 3.43 ±
0.63 ppm, γ-HCH 0.69 ± 0.20; 0.26±0.11 ppm (p<0.05),
HCB 0.23 ± 0.11; 0.18 ± 0.08 ppm, heptachlorepoxide (HE)
1.54 ± 0.47; 0.40 ±0.20 ppm (p<0.01), p.p’-DDE 5.18 ±
0.88; 5.37 ± 1.06 ppm, and p.p’DDT 2.02 ± 1.10; 1.89 ±
0.59 ppm, respectively. respectively. Certain OCP elevations in breast tumors, although their role for the menopausal status of the patients, and stage and grade of the disease
could not clearly evidenced, show that these OCPs, to a
certain extent, might play a role in breast cancer risk.

KEYWORDS: Breast cancer, OCPs, menopausal status, tumor
grade, stage of disease.

INTRODUCTION
In Turkey, breast cancer is the deadliest of all malignant
diseases for women. The incidence of breast cancer in 1999
is approximately 7 per 100.000 [1]. Environmental factors,
such as organochlorine compounds, have been implicated in
breast cancer etiology, due to the steady increase in incidence over the last decades [2].
Organochlorine pesticides (OCPs) are pervasive environmental contaminants as a result of their extensive use
in pest control, and sequestered in lipid-rich tissues where
their long half-life results in accumulation with age and

allows them to persist for the lifetime of an individual. Although usage of OCPs has been severely restricted since
1983 in Turkey, measurable levels of OCPs are still found
in human adipose tissue and milk samples [3-6] as well as
in environmental samples [7, 8]. There have been growing
concerns environmental exposure to OCPs may increase
the risk of breast cancer [9], arising from the observations
that they are proven animal carcinogens and suspected to
be human ones [10]. Moreover, these pollutants have estrogenic and antiestrogenic characteristics in vivo and in vitro
[11], but also immunosuppressive [12] and tumor-promoting properties [13]. Lately they have been shown to be
involved in the enhancement of oxidative stress [14, 15].
Current data provide inconsistent evidence for linking
human exposure to OCPs and risk of breast cancer development [16]. In most studies, OCPs were measured in serum, whereas a handful of studies have used breast adipose
tissue to quantify these chemicals. Organochlorines measured in breast adipose tissue provide a good measure of
cumulative internal exposure at the target site for breast
cancer, taking into account for all routes and sources of
exposure [17].
In a previous study, we demonstrated that the free
radical-mediated oxidative stress is partly associated with
some OCP residues in human breast tumors [14]. In the
current study, we examined the association between OCP
(α-hexachlorocyclohexane - α-HCH, β-hexachlorocyclohexane - β-HCH, γ-hexachlorocyclohexane - γ-HCH, hexachlorobenzene - HCB, heptachlorepoxide - HE, p.p’-DDE,
and p.p’DDT) levels in neoplastic and adjacent normal
human breast tissues and menopausal status of the patients,
tumor grade and stage of the disease.
MATERIALS AND METHODS
Subjects

All of the breast cancer patients were presented in our
previous study [14]. Breast tumor and adjacent normal
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breast tissues (taken as control; up to 3 cm from the tumor)
were obtained from 24 female breast cancer patients with
infiltrating ductal carcinoma who have undergone mastectomy in Oncology Hospital, Ankara, Turkey. The patients
ranged in age from 28-72 years (47 ± 12, mean ± SD). A
tissue sample was fixed in 10% formalin for histological
examinations, and the small portions of remaining samples used for the OCP determinations were immediately
transferred into liquid nitrogen (-179 °C) for storage until
use. Histopathological examinations were used to differentiate normal and malignant tissues. Stage groupings of patients were recorded [18]. Tumors were graded according
to the Nottingham modification of the Bloom and Richardson method [19]. One of the patients was an ex-smoker
and one a smoker (10 cigarettes/day). None of the patients
drank alcohol. One of the patients received 2 cycles of
adjuvant standard combination chemotherapy (cyclophosphamide, methotrexate, 5-fluorouracil, classical CMF) before mastectomy. Only five of the women had parity and
duration of breast-feeding data. Of the 24 women studied,
11 were with postmenopausal breast cancer and 13 with
premenopausal breast cancer. Further data concerning
weight, height, diet, use of oral contraceptives, family history of breast cancer, and estrogen receptor (ER) status were
not available.
Tissue Analysis

100 mg tissue samples (breast tumors and adjacent
normal breast tissues) were ground with anhydrous sodium
sulfate by using a tissue grinder. Aldrin was used as internal standard and added to the tissue samples before extraction with 4 x 2 x 2 ml of n-hexane. The combined n-hexane
extracts were evaporated to dryness to determine extractable fat content using 8 ml n-hexane as solvent, and the samples were cleaned up with 1-2 ml of conc. sulphuric acid
[20]. Gas chromatographic analyses were carried out on a
Hewlett-Packard Model 5890 GC equipped with a 63Ni
electron capture detector, a HP 3396 integrator, and an
Ultra-2 (crosslinked, 5% phenylmethylsilicone) capillary
column (25m x 0.20mm x 0.33µm film thickness). The
operating conditions were as follows: injector (splitless)
temperature 260 °C; detector 320 °C; column 80 °C initial,
1.2 min held isothermally, then ramped at 10 °C/min to
280 °C, finally held for 3 min. The mobile phase was helium, and peak areas were used for quantification with a
spiked quality control sample. Residue levels are expressed
as mg/kg extracted fat (ppm). Recoveries ranged between
81-94 %, including the internal standard, and results were
not corrected for the percentage recovery. Detection limits
for α-HCH, β-HCH, γ-HCH, HCB, heptachlorepoxide,
p.p’.DDE, and p.p’.DDT were 1, 1, 1, 1, 1, 2, and 3 ppb,
respectively.
Statistical analysis

The different sets of data were examined for statistical differences by the Wilcoxon rank-sum test, and correlations were evaluated using Spearman rank correlation.

RESULTS AND DISCUSSION
OCP residues in both neoplastic and adjacent normal
breast tissues are shown in Table 1. Residues of α-HCH,
β-HCH, γ-HCH, HE, and p.p’-DDE were found to be
major contaminants in neoplastic breast tissues, whereas
HCB and p.p’DDT were detectable in 42% and 50 % of
the tumors, respectively. Regarding the adjacent normal
breast tissues, α-HCH, β-HCH, HCB, HE, p.p’-DDE, and
p.p’DDT were detected in the range between 67%-100%
of the samples, whereas γ-HCH was detectable in only
46% of the normal tissue samples (Table 1).
TABLE 1 - Concentrations of OCPs in neoplastic and
adjacent normal breast tissue samples (mg/kg fat basis).
OCPs

Neoplastic
breast tissue

Adjacent
breast tissue

α-HCHa
1.20 (0.37)
0.27 (0.08)
Mean (SE)
ND -5.61
ND - 1.72
Range
92
92
Frequency of residue (%)
β-HCH
4.19 (1.07)
3.43 (0.63)
Mean (SE)
ND - 25.77
ND - 14.43
Range
92
96
Frequency of residue (%)
γ-HCHb
0.69 (0.20)
0.26 (0.11)
Mean (SE)
ND - 3.53
ND - 2.00
Range
83
46
Frequency of residue (%)
HCB
Mean (SE)
0.23 (0.11)
0.18 (0.08)
Range
ND -2.43
ND - 2.03
Frequency of residue (%)
42
67
HEc
Mean (SE)
1.54 (0.47)
0.40 (0.20)
Range
ND - 7.34
ND - 4.34
Frequency of residue (%)
96
71
p.p’-DDE
Mean (SE)
5.18 (0.88)
5.37 (1.06)
Range
ND - 15.83
0.11 - 22.73
Frequency of residue (%)
92
100
p.p’-DDT
Mean(SE)
2.02 (1.10)
1.89 (0.59)
Range
ND - 24.31
ND - 13.74
Frequency of residue (%)
50
79
a
p = 0.02; b p = 0.01; c p = 0.000 (when compared with their corresponding controls)
ND = under the limit of detection; SE = standard error.

Although all mean levels of OCPs in breast tissues
tended to be higher than in controls, only α-HCH, γ-HCH,
and HE were significantly higher than those of normal
breast tissues (p<0.05, p<0.05, p<0.01; Table 1).
Neoplastic breast tissues of premenopausal women
have generally lower pesticide levels, when compared with
those of postmenopausal ones (Table 2). However, β-HCH
levels in tumors of premenopausal women were significantly lower than those of postmenopausal women (p<0.05;
Table 2), whereas HE levels were significantly higher than
those of postmenopausal women (p<0.05; Table 2). In the
premenopausal group, α-HCH, γ-HCH, and HE contents
of neoplastic breast tissues were statistically higher than
those of the corresponding controls (p<0.05; Table 2). In

1031

© by PSP Volume 14 – No 11. 2005

Fresenius Environmental Bulletin

postmenopausal group, only HE level of tumor was significantly higher than that of control (p<0.01; Table 2).
Breast cancer patients with tumor grade 2 had lower
tumor concentrations of α-HCH, γ-HCH, HCB, p.p’-DDE
and p.p’DDT with regard to those of tumor grade 1 (Table 3), but α-HCH, γ-HCH, and HE levels in tumors with
grade 2 were significantly higher than those of the corresponding controls (p<0.01; p<0.05; p<0.01, respectively,
Table 3). Although HCB, HE and p.p’-DDE concentrations with grade 3 were higher than those with grade 2,
possibly due to its very small sample number, grade 3 significancy could not be reached.

The mean tumor and adjacent breast tissue levels of
OCPs by different stage groupings are shown in Table 4.
OCP levels, excluding HE and p.p’-DDE, in stage 2-tumors
were non-significantly higher when compared to those of
stage 3 (Table 4), but α-HCH, γ-HCH, and HE levels of
stage 2-tumor tissue were significantly higher when compared with the corresponding controls (p<0.05; Table 4). A
significant negative correlation between HE level and age
in neoplastic breast tissue could be observed (r= - 0.424;
p<0.05).

TABLE 2 - Mean (± SE) levels of OCPs in neoplastic and adjacent
normal breast tissue samples, menopausal status (mg/kg fat basis).
OCPs

n

Menopausal Status

α-HCH

11
13
11
13
11
13
11
13
11
13
11
13
11
13

Postmenopause
Premenopause
Postmenopause
Premenopause
Postmenopause
Premenopause
Postmenopause
Premenopause
Postmenopause
Premenopause
Postmenopause
Premenopause
Postmenopause
Premenopause

β-HCH
γ-HCH
HCB
HE
p.p’-DDE
p.p’-DDT

Neoplastic breast tissue

Adjacent breast tissue

1.51± 0.74
0.94 ± 0.28a
6.11±2.06b
2.57 ±0.80
0.56±0.33
0.79 ±0.25 c
0.33±0.22
0.14 ±0.09
1.43±0.82d,e
1.64 ±0.56f
5.24±1.44
5.13 ±1.13
2.89±2.16
1.28 ±0.82

0.31±0.14
0.24± 0.08
3.12±1.88
3.70± 1.13
0.30±0.18
0.24± 0.14
0.14±0.05
0.22± 0.15
0.06±0.03
0.70± 0.35
4.16±0.904
6.39± 1.79
1.30±0.27
2.38± 1.07

a,c,f
d

p<0.05;compared with corresponding control, bp<0.05; compared with premenopause group;
p<0.01; compared with corresponding control, ep<0.05; compared with premenopause group.

TABLE 3 - The OCP levelsa in neoplastic and adjacent
normal breast tissue samples with respect to tumor grade.
OCPs
α-HCH
β-HCH
γ-HCH
HCB
HE
p.p’-DDE
p.p’-DDT
a
c

n
4
18
2
4
18
2
4
18
2
4
18
2
4
18
2
4
18
2
4
18
2

Tumor grade
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

Neoplastic breast tissue
1.44 ± 0.70
1.23 ± 0.47 b
0.52 ± 0.37
3.74 ± 0.39
4.38 ± 1.44
3.44 ± 0.34
1.21 ± 0.72
0.55 ± 0.21c
0.87 ± 0.84
0.44 ± 0.26
0.22 ± 0.11
1.89 ± 1.89
1.09 ± 0.73
1.60 ± 0.60d
1.96 ± 1.77
6.24 ± 1.28
4.49 ± 1.04
9.31 ± 3.83
3.28 ± 2.55
1.95 ± 1.33
0.14 ± 0.14

Adjacent breast tissue
0.22 ± 0.14
0.27 ± 0.10
0.39 ± 0.32
3.57 ± 1.21
3.54 ± 0.80
2.20 ± 0.58
0.50 ± 0.50
0.18 ± 0.10
0.56 ± 0.40
0.11 ± 0.07
0.21 ± 0.13
0.01 ± 0.01
0.71 ± 0.50
0.38 ± 0.24
0.05 ± 0.05
5.74 ± 1.92
5.36 ± 1.36
4.72 ± 2.46
2.07± 0.75
2.04 ± 0.77
0.13 ± 0.13

mg/kg fat basis, mean±SE ; b p = 0.009 (when compared with corresponding control);
p = 0.0166 (when compared with corresponding control); d p = 0.0019 (when compared with corresponding control).
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TABLE 4 - The mean (±SE) levels of OCPs in neoplastic and
adjacent normal breast tissue samples with regard to stage of disease.
OCPs

n

Stage Group

Neoplastic breast tissue

Adjacent breast tissue

1.28 ±0.45a
0.89±0.43
4.36 ±1.28
3.54±1.88
0.71 ±0.24b
0.60±0.30
0.26 ±0.14
0.11±0.07
1.26 ±0.48d
2.60±1.34
4.62 ±0.88
7.31±2.54
2.43 ±1.33
0.45±0.45

0.26±0.09
0.31 ±0.13
3.33± 0.71
3.84 ±1.50
0.08 ±0.03
0.98 ±0.40
0.20 ±0.11
0.11 ±0.06
0.45± 0.24
0.22 ±0.18
4.56 ±1.11
8.43 ±2.60
2.23 ±0.72
0.59 ±0.39

19
Stage II
α-HCH
5
Stage III
19
Stage II
β-HCH
5
Stage III
19
Stage II
γ-HCH
5
Stage III
19
Stage II
HCB
5
Stage III
19
Stage II
HE
5
Stage III
19
Stage II
p.p’.DDE
5
Stage III
19
Stage II
p.p’.DDT
5
Stage III
a,b,d
p<0.05; compared with corresponding control

Although the use of OCPs, except endosulfan, has
been banned in Turkey since 1985, measurable amounts
can still be found in human tissues, with decreasing trends
in the levels of p.p’.DDE, p.p’.DDT, total HCH, HCB and
HE [5]. In the current study, similar findings were noted.
In addition, the levels of OCPs detected in our samples
were higher than those of the western countries. This might
be due to distinct exposure periods of populations (OCPs
banned in 1985 in Turkey, but in 1970s in western countries) [21]. Nevertheless, the higher usage of these pesticides in Turkey possibly contributes to this difference. One
of the advantages of this study was that breast adipose tissue
was chosen over serum, in which OCPs were measured
[22]. The other advantage was the additional use of adjacent
normal breast tissue as a control group to minimize some
confounding factors.
We found significantly higher α-HCH, γ-HCH and HE
levels in breast tumor tissue when compared with those in
surrounding normal breast tissue. Cells from malignant
tumors differ in both growth patterns and in metabolism
from healthy tissue cells [23]. Guttes et al. [24] suggested
that malignant tumors usually grow rapidly and can cause
an increased decomposition of surrounding fat tissue, thus
leading to increased OCP concentrations within the tumor
tissue. Our findings seem to be consistent with these suggestions. Up to now, Wasserman et al. [25], Albert et al.
[26], and Guttes et al. [24] analyzed breast tumor tissue and
adjacent normal breast tissue separately for the presence of
OCPs. Wasserman et al. [25] and Albert et al. [26] found
significantly higher p.p’-DDT levels in tumor than in adjacent normal breast tissue. However, Guttes et al. [24] did
not find significant increases in p.p’-DDT in neoplastic
tumor tissue, which is parallel to our findings, but they
noted significant decrease in β-HCH level in tumors.
Wasserman et al. [25] and Albert et al. [26] found nonsignificant and significant increases in the level of γ-HCH,
which agreed with our results.

In our study, HE was one of the OCP residues in neoplastic breast tissue found in significant levels (about 4-folds
increase). Most of the research groups before 1993 [25-27]
and a few of the recent research [28] showed exposures to
HE different to that of HCH and DDT compounds. However, they did not find any significant HE level in cancer
cases. Presence of HE in breast tissue may indicate pastexposures to heptachlor and also chlordane [29], used as
pesticides in Turkey until 1985 and 1979, respectively. Our
previous studies might indicate that tissue levels of HE in
the human population have not decreased since the 1980s in
our country [5, 30]. Although heptachlor has limited estrogenic potential [31, 32], it has been shown to enhance oxidative stress in rodents [33]. Recently, free radical-mediated
oxidative stress has been noted to be, at least partly, associated with some of the OCPs, including HE residues in human breast tumors [14]. Thus, the higher levels of HE might
contribute to the etiology of breast tumors by the aforementioned means.
The findings of this study, when regarding the lack of
significant differences in β-HCH, HCB, p.p’-DDE, and
p.p’-DDT levels between tumor and normal breast tissues,
are quite similar to the results of most of the studies from
countries, where OCPs, especially DDT, has been used
more recently or is still in use [34-36], but are in contrast
to the results of Olaya-Contreras et al. [37] and Romieu
et al. [38].
The results of earlier human studies in USA, Canada
and Europe, where the usage of many OCPs have been
discontinued in the 1970s, generally supported a relationship between breast cancer and β-HCH, HCB, and p.p’DDE exposure [27, 39]. In contrast, recent studies involving larger sample sizes yielded negative results [22, 40],
which are consistent with the results of the current study.
However, Charlier et al. [41] have found significantly
higher blood levels of total DDT and HCB for breast cancer patients than for controls.
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Since there is some evidence that risk factors for breast
cancer differ by menopausal status [42], we examined the
asssociation between OCP levels and menopausal status of
the patients, of which 46 % were in postmenopausal status.
OCP levels in neoplastic breast tissues were generally higher
in postmenopausal women than in premenopausal women.
The mean level of β-HCH in tumors of postmenopausal
patients was significantly higher than that of premenopausal
patients. In the case of HE, the mean value in postmenopausal patients was significantly lower than that in
premenopausal patients. The mean ages (±SD) of postmenopausal and premenopausal women in our study were
58.1 (±8.2) years and 38.4 (±6.4) years, respectively (p <
0.001). Older postmenopausal women would be more likely
exposed chronically and to higher levels of exposure, as
also suggested by Moysich et al. [43]. However, this was
not demonstrated for adjacent breast tissue samples in our
study.
Most of the previous studies have focused solely on
the risk of developing a new breast cancer. However, hormonally active OCPs might also modulate cancer growth
[44]. In the present paper, we investigated the possible
relationship between exposure to OCPs and two parameters, tumor grade and stage of disease.

Hoyer et al. [46], and Woolcott et al. [47], but are consistent with the results of Charlier et al. [41]. Further
studies with larger sample sizes are needed to clarify this
issue.
In conclusion, the elevation of certain OCPs in breast
tumors and the established information of the association
between their elevation and oxidative stress parameters [14],
although the role of these chemicals for the menopausal
status, stage and grade of disease of the patients was not
clearly evidenced, they might play, to a certain extent, a
role in breast cancer risk in our cases. Nevertheless, exposure to other environmental contaminants (eg. dieldrin,
PCBs and/or its specific congeners, PAHs) may have additional impact on breast cancer development. Furthermore,
taking into consideration that there is limited information
on the effect of OCPs to metastatic potential, tumor size or
recurrence from breast cancer [49], we should also focus
our efforts to identify potential influences of OCPs on breast
cancer prognosis.

With regard to breast cancer aggressiveness, Hunter
et al. [45] stratified cases by axillary-lymph-node involvement at diagnosis and found similar p.p’-DDE levels in
each group. Demers et al. [44] suggested that exposure to
β-HCH, p.p’-DDE and p.p’-DDT was linked to an increased
risk of having a large tumor and axillary-lymph-node involvement among the cases. Acccording to the findings of
Hoyer et al. [46], it was shown that highest serum dieldrin
levels were associated with breast cancer cases characterized by high-grade tumors, metastatic and advanced disease. Woolcott et al. [47] have observed that the concentrations of DDE, DDT, HCB and β-HCH were higher among
grade 3-cases than those with grade 1 and 2, although the
ORs did not differ significantly by tumor grade.
In our study, 17 % were grade 1, 75% grade 2 and 8%
grade 3-cancers. HCB, HE and p.p’-DDE concentrations
were the highest in the neoplastic grade 3-breast tissue. As
for the stage of the disease, 79% and 21% of breast cancer
cases were in stage II and III, respectively. HE and p.p’DDE levels, although not significant, were higher in tumors
with stage III, whereas the rest of the OCPs in stage IItumors.
How OCPs affect tumor growth or aggressiveness is
not known in detail. However, they may interfere with the
functions of sex hormones [44]. In addition, several studies indicate that β-HCH and heptachlor enhance the proliferation of MCF7 and T47D breast cancer cell lines [32,
48]. Furthermore, some have oxidative stress enhancers [14,
15], immunosuppressive [12] and tumor-promoting properties [13]. Due to the small sample sizes, our data do not
support that higher levels of OCPs may increase the aggressiveness of the tumor as suggested by Demers et al. [43],
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SOME POLLUTION PARAMETERS IN WATER
SAMPLES FROM LAKE VAN, TURKEY
Erdal Öğün, Ekrem Atalan and Kerem Özdemir
Yüzüncü Yıl University, Faculty of Arts and Sciences, Department of Biology, Van, Turkey

SUMMARY
The east beach strip of Lake Van is heavily populated
and the place of wastewater discharges from a municipal
refinery plant. To assess both the pollution rate and heterotrophic bacterial population in the lake water, samples
were collected from 8 selected stations, 10 and 100 m far
from the coast between the towns of Edremit and Zeve
(approximately 20 km along the coast). Physico-chemical
features (pH, temperature, dissolved O2, biochemical O2
demand, suspended solid matter, total solid matter) of the
lake have also been measured. Water samples were inoculated on starch casein agar supplemented with cycloheximide (50 µg/ ml) and nystatine (50 µg/ml) to isolate
actinomycetes, whereas nutrient agar and plate count agar
technique were used to isolate the other microorganisms.
The physico-chemical character of different water samples
varied considerably. No actinomycetes were observed, but
the total number of microorganisms was recorded to be
105 CFU ml-1 in some water samples. The most diverse
and active bacterial populations were found in the samples collected from the outlet of a wastewater treatment
plant. Although a huge rate of organic matter flows into
the lake, the water samples are polluted to a lesser degree
owing to high soda content and high pH. Overall, the
prokaryotic communities in the highly alkaline Lake Van
represent an interesting new example of gram +/- bacteria,
well-adopted to a broad salinity range. But precaution
should be taken into consideration as soon as possible to
protect the east beach strip of Lake Van.

KEYWORDS:
Saline soda lake, bacteria, pollution.

INTRODUCTION
Human activity is one of the major causes of stress and
disturbance, presently affecting ecosystems. However, stress
and disturbance also help to maintain the health of some
ecosystems. In fact, species living in such an environment,
where these natural factors act cyclically, adapt well to its
conditions.

Saline soda lakes contain a high sodium carbonate
fraction, and are generally located in areas with semiarid
to arid climate, which leads to salt accumulations in depressions. The main mechanism is leaching of sodiumcontaining rocks with high CO2-containing ground waters,
and low Ca and Mg contents cause sodium carbonate accumulation. Depending on the local conditions, the total salt
content and sodium carbonate fraction in soda lakes vary to
a certain degree [1]. But shallow, highly alkaline "soda"
lakes with high salinities could be highly productive [2].
The hard climate conditions restrict soda lakes`biota mainly
to prokaryotes. In addition to the hypersalinity microbial
community, soda lakes contain haloalkaliphilic nitrogenfixing cyanobacteria [3, 4] and anoxygenic phototrophic
bacteria [5-7] as primary producers. They also harbour
pathogen microorganisms owing to wastewater discharges
of the settlements and towns around these lakes.
Water content of Lake Van is similar to that of wellknown hypersaline soda lakes, namely, Bogoria (Kenya
and Tanzania), Magadi (Nevada), and Natron (Egypt), the
world`s largest one (max. depth 445 m, area 3,522 km2,
volume 576 km3, salinity 21.7 g L-1, pH 9.7-9.8, alkalinity
152.5 meq L-1, chloronity 153.7 meq L-1). Sediment cores
up to 9 m in length have been recovered in Lake Van from
1974 to 1990 [11]. Extensive studies on Bogoria, Magadi
and Natron lakes by geologists and, recently, by microbiologists, revealed that microbial communities are active,
even in saturated alkaline brines [8-10]. Lake Van is of great
curative value, since up to 1 million m3 domestic
wastewater of the town, contaminated by human and animal
microflora, are discharged per year into the lake, causing
adverse changes in its chemical and bacteriological parameters. This problem is aggravated by the municipal
wastewater discharge of Erciş, Tatvan, Ahlat, Adilcevaz,
Gevaş and Edremit, and that Lake Van does not have
outlets.
Mostly vulnerable in aquatic ecosystems is the bacterioplankton. For this reason, an investigation may provide
data on the degree of pollution of impacted ecosystems
[12, 13], and the number of pathogenic microorganisms
may serve as one of their pollution parameters. Therefore,
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the main goal of this study was to investigate the microbial diversity in (east coast) city bay of the lake by comparing near and far water samples from 8 selected different
stations along this 20-km coast of Lake Van.
MATERIAL AND METHODS
The Van soda lake, located in the eastern part of Anatolia, Turkey at 38° 40´ N - 42° 55´ E, is of tectonic origin
and was formed during an eruption of the volcano
Nemrut. High mountains, including Mt. Suphan (4,058 m)
to the north, surround the lake and fed it by several
streams. The region is characterized by a semiarid, tem-

perate climate. Temperature ranges from -20 to +25 ºC,
and the annual precipitation is around 380-400 mm, with
more than 70% falling in the winter and spring periods
[14, 15]. The map of Van Lake basin and the wastewater
sasmpling stations are to be seen in Figure 1.
The lake water was sampled directly from the surface
at 16 locations (Table 1), using sterile 500 ml coloured
bottles, and transferred to the laboratory on the same day
for the isolation of bacteria. In June 2004, water samples
were collected in duplicate, at 10 m and 100 m distance
from the coast. Analysis of physico-chemical parameters
and total bacteria were carried out at the Biology Department of Yüzüncü Yıl University (Table 1).

FIGURE 1 - The map of Van Lake basin and collection stations of water samples.
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TABLE 1 - The number of heterotrophic bacteria in the water samples of Lake Van (east
coast) and measurement of some physico-chemical characteristic pollution indicators*.
Stations

Place

1A
1B
2A
2B
3A
3B
4A
4B
5A
5B
6A
6B
7A
7B
8A
8B

Edremit
Edremit
Havalanı
Havaalanı
Kale
Kale
İskele
İskele
Arıtma
Arıtma
Kampus
Kampus
Bardakcı
Bardakcı
Zeve
Zeve

Distance
to Coast
(m)
10
100
10
100
10
100
10
100
10
100
10
100
10
100
10
100

Temperature

Dissolved O2
(mg/L)

19.7
**
20.8
**
20.8
**
20.6
**
20.9
**
21.5
**
20.9
**
21.2
**

4.5
**
4.3
**
5.0
**
4.4
**
3.1
**
4.8
**
4.7
**
4.2
**

Bichemical
O2 Demand
(mg/L)
1.47
**
**
1.25
**
5.00
**
4.54
**
5.45
**
4.11
**
2.81
**

Suspended
Solid Matter
(mg/L)
1220
**
1230
**
1580
**
1370
**
1920
**
10001
**
4780
**
1251
**

Total Solid
Matter
(mg/L)
2980
**
2260
**
2180
**
2720
**
1910
**
3580
**
2990
**
2810
**

Total Bacterial
Count on NA
(x 105cfu ml-1)
2.76
2.05
1.94
1.76
2.54
*
3.99
3.4
4.60
3.80
2.30
1.26
2.01
1.90
2.70
4.60

Total Bacterial
Count on PCA
(x 105 cfu ml-1)
1.35
1.20
2.04
0.13
1.95
*
0.83
2.65
3.04
0.61
1.64
1.07
1.94
1.33
1.05
2.14

*, no isolation of actinomycetes on starch casein and raffinose-histidine agar;** , not determined; NA , nutrient agar; PCA, plate count agar.

To isolate actinomycetes, 0.1 ml of water samples
were plated on solid starch-casein (SC) and raffinosehistidine agar plates (RH), supplemented with actidione
(50 µg ml-1) and nyastatine (50 µg ml-1). The plates were
incubated for 7 days at 28 ºC. To isolate some heterotrophic bacteria, the water samples were inoculated on
nutrient agar (NA) and plate count agar plates (PCA), and
incubated at 37 ºC for 48 h The colonies growing on PCA
plates were also identified on the basis of their colony
morphology. To count total coliform bacteria, the water
samples were taken from 5 stations in monthly periods
between April and September in 2003, and coliforms were
determined according to Standard methods [16, 17].
RESULTS
No actinomycetes were observed on inoculated starchcasein and raffinose-histidine agar plates supplemented with
actidione and nyastatine, although Terkina et al. [18] isolated 107 actinomycete strains from sediments of Lake
Baikal. The high numbers of total microorganisms were
counted on NA and PCA plates. The highest bacterial count
(4.6 x 105 CFU ml-1) on NA plates was found in water
sampled 10 m to the 5th station, the place of wastewater
output of the Van municipal refinery plant. Living microorganisms in Lake Van are alkaliphilic and adapted to high
pHs and high salinity (21.7 g L-1) [19]. Total coliforms and
other heterotrophic microorganisms were observed at low
numbers. Nevertheless, soil structure around Lake Van is
available for erosion, so plentiful of soil could be carried
into the water by rain. Hacaene et al. [20] reported that
count of organisms and diversity of prokaryotes may be
reduced in parallel to the pH value of the water.
Coliform bacteria count was 1,100 CFU 100 ml-1 only
in the water samples of Yüzüncü Yil University Campus,
collected in September 2003, and numbers of coliforms

(240 CFU ml-1) lower than standard count [21] were detected in most of the water samples collected in different
months and at various stations. These findings show that
Lake Van still has less polluted water charges, though settlements around the lake discharge their wastewater into
the lake. The number of total coliform bacteria in the water
of the lake is under the pollution rate from IHA (Ihlas
News Agency, 11th May 2001) news of the Van Health
Department’s data, in which the number of coli bacteria
was high enough from health point of view to alert the
people not to swim in this part of the lake.
A negative correlation between water temperature and
the amount of dissolved oxygen (DO) was found. Sarıhan
[22] reported that DO should be between 0 and 15 mg L-1
water (in ice form). Uslu and Turkman [23] divided the
water samples into three groups according to the following dissolved oxygen rates: clean (8 mg L-1), less polluted
(6 mg L-1), and polluted (3 mg L-1). In this study, the highest and lowest DO amounts were measured in the water
samples of the 3rd (5.0 mg L-1) and 5th (3.1 mg L-1) station,
respectively. However, the rate of dissolved O2 at the 3rd
station was high compared to the temperature rate. The
temperature of the water samples varied between 19.5 and
21.2 ºC. Low DO amounts in different water samples show
that organic pollution is additionally important on DO with
temperature [24]. As it can be seen in Table 1, the water
samples are polluted or less polluted due to amounts lower
than 4.7 mg L-1. Taşdemir and Göksu [25] suggested that
the water of Asi river might be classified as clean or less
polluted. The reason of the low DO content in Lake Van
water are the domestic and municipal wastewater inflows.
Biological oxygen demand (BOD), required by the
aerobic organisms, is positively correlated with the amounts
of nutrition and unpolluted water samples with BODs of
5.0 mg L-1 or lower. In this study, most of the water samples
evidence low BODs, and the lowest and highest one was
measured at station 3 (Van Castle Coast, 1.25 mg L-1) and
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station 6 (Campus, 5.45 mg L-1). The BOD amounts at stations 4 and 5 were 5.0 and 4.54 mg L-1, respectively. The
water samples were assigned to the 1st quality water, according to the criteria of the Environment and Forest Ministry Water Pollution Instruction [21]. However, BOD values are low compared to those of suspended solids (lowest value at 1st station, 100 m far from the coast, 1220 mg
L-1; highest value at 6th station, 10 m far from the coast,
10001 mg L-1), respectively. These findings are exces-

sively high with regard to the water quality standards of
the U.S. Environment and Natural Source Secretary
(www.state.sd.us/denr). They divide water samples into the
categories A, B, C and D, depending on the amount of
dissolved solid matter that should not exceed 60 mg L-1.
These 20-160-fold values of the lake originate from Van
(300,000 population), Edremit and Gevaş discharging
most of their wastewater, either directly or only physically refined, into the lake.

TABLE 2 - Total coliform bacterial count in the water samples collected
from different stations at Lake Van (agreeable value 1000 CFU 100 ml-1).
Station
Police Camping
D.S.İ Camping
İskele
Campus
Molla Kasım

April
43
23
93
43
43

May
23
43
43
93
23

June
460
240
93
240
240

Normally high amounts of suspended solids in water
require BODs higher than in the lake, and recreation
standard pHs (6-9) lower than its water pH (9.6). Only
microorganisms adapted to high pHs can live in the
lake, and lake pH is the limiting factor for neutrophilic
and anaerobic microorganisms. This situation causes a
high rate of both suspended and total solid matter. Actually, our findings show that the amount of total solids
was as high as that of suspended solids, ranging between 1910 and 2990 mg L-1. Disci et al. [26] reported
that amounts of suspended and total solid matter have
adverse effects on turbidity and light penetration, particularly influencing fish and their organisms. Overall, high
rates of suspended and total solid matter indicate polluted
elements in the lake, generated either in the water itself or
swept in from outside the lake.

July
240
240
240
240
240

August
240
240
240
240
240

September
240
20
12
1100
75

to be grouped as polluted ones. Therefore, it may be suggested, contrary to the above-mentioned IHA news that no
precaution is necessary for people to swim in this lake.
Despite our results, the authorities should take water at
15 days-intervals to investigate the bacterial numbers, particularly those accepted as pollutant indicators.
The analyzed water samples from the beach at the
eastern coast of Lake Van may be grouped according to
Water Pollution and Control Standards [21] as follows: I
and II group for temperature; IV. class for pH (9.6); III.
class for DO and O2 saturation, I. class regarding BOD and
total coliform bacterial count, except the sample of the 5th
station (output of municipal refinery system), which was II.
class. Also the amounts of suspended and total solid matter
were high compared to the recreational standards, and the
lake`s water was unsuitable from the view-point of total
coliform bacterial count, particularly that at the 5th station.

DISCUSSION
The isolation of all microorganisms from their natural
habitats is complex and difficult due to some reasons, such
as different environmental factors, changes, and liable isolation procedures. Possibly present actinomycetes were not
found with the classical and conventional isolation procedure used, but may be isolated using differential and centrifugation methods of water samples collected 10 m away
from the coast. It is well-known that soil samples are transferred into the lake either by water waves or rain. Different
reports regarding the presence of actinomycetes in water,
their roles and growth are available in literature [27-29]. A
further study on isolation and characterization of actinomycetes, particularly streptomycetes, is needed to elucidate their
physiologic activities and antagonistic features.
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SUMMARY

INTRODUCTION

Hydrological changes are crucial factors for river channels, riparian and wetland habitats, aquatic communities,
as well as human establishments. In the past four decades,
wetlands have undergone devastating stresses as a result
of significant hydrological changes. The latter are primarily caused by the increase in water irrigation demands
and the climate change phenomenon. This study attempted to analyze the past climatic and water management
alterations in Trichonis Lake, located in W. Greece, to
quantify the exact impacts on the surrounding wetlands
that belong to the NATURA 2000 protection network.
Statistical elaboration of rainfall and water level time
series have been applied, including regression analysis
and cumulative sum method, to identify the relevant past
trends, while remote sensing and GIS techniques have
been used to map and illustrate the past and present morphological conditions of the riparian area. The temporal
changes in the regional water management scheme, such
as the alterations in irrigation demands during the last 40
years, have been also taken into consideration. Thus, a
comparative assessment occurred between the estimated
alterations in rainfall and anthropogenic water abstractions
to identify the contribution of each of these factors on the
measured water level fluctuations in the lake and the associated wetlands extent changes during the study period.
The results indicate that the observed decrease in the wetland area depends mainly on human activities and, therefore, there is an urgent need to develop and implement an
integrated environmental management plan in the area.

KEYWORDS: Wetlands, environmental management,
land use change, climate change.

Hydrologic impacts can affect many aspects of the environment including river channels, riparian and wetland
habitats, aquatic communities, ecological diversity, and
human health and welfare [1]. In particular, the seasonal
water level fluctuation in a freshwater body is a very important hydrologic feature that relates to specific environmental impacts and natural disasters, such as wetlands loss
and flooding events. In the past three decades, wetlands
have undergone significant stresses as a result of high-rate
water level transitions and land-use changes. The increasing water irrigation demands, in combination with unsustainable water management practices, raise the annual and
monthly water level fluctuations in riparian zones, while the
expansion of agricultural land towards the fertile and humid wetland areas degrade these important habitats that
host endangered and rare species. [2]. Furthermore, climate
change and the continuous expansion of hydraulic infrastructure aiming at regulating water inflows and outflows from
lakes and rivers contribute to the aforementioned disturbed
hydrologic regime.
Several studies have been conducted in the last two
decades targeting to estimate past water levels of freshwater bodies and to relate the recorded changes with specific
human interventions and climatic trends [3-6]. Most of these
studies used water balance models to link historic data series with water volume fluctuations in the examined freshwater body, and to transform them into respective changes
in water levels [7]. Additionally, describing the rainfall-water
level relationship can facilitate past water level estimations,
since rainfall is often the only parameter measured credibly
on a long-term basis [5].
Impacts on the natural environment from land-use alterations are commonly observed during the last 50 years,
and many studies have indicated that these disturbances
may reach severe intensity levels [8]. Particularly, large
proportion of natural landscapes has been converted to
agricultural, industrial and urban areas, leading to substantial impacts on the regional hydrological characteristics
and, therefore, on the wetlands [9, 10].
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In the particular study, the past and present water level
fluctuations in Trichonis lake have been investigated, and
the associated impacts on the environment have been identified and analytically quantified. The land cover changes
in the riparian zone during the last 40 years have been
mapped, using remote sensing and GIS techniques, and the
effects of all the aforementioned environmental alterations
on the regional wetlands have been illustrated.
Study area

Trichonis lake is located in Western Greece (Figure 1),
and is the largest freshwater body in the country regarding

its water volume (2.8 x 109 m3) presenting significant annual and monthly water level fluctuations (~1 m and 0.5 m,
respectively). Particularly, the lake’s water level falls during the dry period, as a result of the great water abstractions
for irrigation, but rises significantly above the annual average value in the winter period due to the high amount of
rainfall. The hydraulic infrastructure built after 1957 in the
study area and the lack of an Integrated Water Resources
Management plan enhance these intense water level fluctuations. Thus, serious environmental impacts have been
recently observed in the wetland areas surrounding the lake
and the flooding risk has been significantly increased.

FIGURE 1 - Trichonis lake catchment.

The lake catchment has an extent of 400 km2 and its relief can be characterized as semi-mountainous, since the
average elevation value is +340 m and the highest altitude
reaches 1890 m. The geology of the area comprises highly
tectonized calcareous rocks in the northeast part of the
catchment, impermeable flysch formations in the western
section of the study area, and quaternary sediments around
the lake. The surface water is discharged into the lake
through 30 seasonal streams, while the groundwater discharges have significant contribution to the lake’s water
balance through submerged springs, that supply water from
remote areas, outside the particular catchment.

METHODOLOGY
To identify the past fluctuations of rainfall and water
level elevation in Trichonis lake daily, respective measurements have been used for the period 1951-1997. At the
first stage of this study, descriptive statistic analysis has
occurred, the extreme events have been identified and crosscorrelation elaboration on the data series has been applied.
The Pearson correlation coefficient has been estimated for
the rainfall and water level data on both annual and seasonal basis, so as to quantify the degree of linearity existing between these parameters. The data used have been
acquired by the local authorities, that are responsible for the
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area’s water management, and the statistical elaborations
have been applied with the contribution of SPSS statistical
package.
The Cumulative Sum (CUSUM) technique has been
implemented in the second stage of the study to reveal the
fluctuation in the past trends regarding rainfall and water
level. This method [11] is widely used to present medium
and long-term alterations in the average value of a parameter. Particularly, the cumulative value of a parameter is
given by the following equation:
i

si = ∑ ( xi − x)
i =1

where xi is the single measurement of a parameter, x
is the average value of the parameter, and i is the number
of measurements.
After estimating the cumulative values (si) for the parameters under study, relevant diagrams along time have
been produced that illustrate segments with positive slope,
which represent measurements higher than the average
value, and segments with negative slope that correspond
to measurements lower than the average value [5]. Thus,
the long-term daily fluctuations for rainfall and water level
in Trichonis lake have been compared with the contribution of these diagrams, in order to identify qualitative interactions between these parameters.
The impacts from the past alterations in the water level
of Trichonis lake have been quantified by using the Digital
Bathymetric Model (DBM) of the lake, which has been
developed by elaborating the lake’s bathymetric values,
obtained by topographic maps (1:5.000, designed by the
Greek Military Geographical Service) with 3D Analyst
software (GIS component). This elaboration comprised the
digitization of the bathymetric data into the ArcView package, the extraction of the lake’s DBM by using the Triangulated Irregular Network (TIN) method and the calculation of area and volume statistics with the application of a
built-in algorithm that utilizes the DBM and water level
elevation measurements. TIN method partitions a surface
into a set of contiguous, non-overlapping triangles and
applies a specific bathymetric value in each of them producing, thus, the 3D model of the study area. This practice
led to the accurate estimation of the alterations in the lake’s
surface and water volume during the study period, as a
result of the measured water level changes. Additionally,
the map indicating the past and contemporary lake extent,
as well as the relevant alterations in a spatial basis, has
been produced with the contribution of ArcView software.
For the land cover change detection process, aerial
photos of the years 1937 and 1986 have been acquired from
the Hellenic Geographical Military Service (1:15,000) and
imported to Image Analysis software (ArcView component).
The images covered the coastal area in the southern part
of Trichonis lake catchment, where the ecologically important wetlands are located. A geo-reference correction

process followed with the use of relevant topographic maps
and reference points. A supervised classification algorithm
was applied in the images through Land Categorization
Utility of the Image Analysis package, and two land cover
maps of the sub-catchment area have been produced indicating the different land use regimes in the years 1937 and
1986. The land categories used for the development of the
map were: 1) wetlands, 2) agricultural fields 3) forests, 4)
urban areas, and 5) open water, while the extent of the reedy
area and the bogs in the coastal zone have been accurately
quantified by the Image Analysis software.
An integrated assessment of all the above elaborations
occurred at the final stage of the study, and the potential
impacts from climate change, human interventions on the
regional hydrology and land use alterations on the regional
environment have been depicted.
RESULTS
Analysis of the past rainfall and water level alterations
Rainfall: The climate of the study area can be classified as humid to semi-humid Mediterranean type with an
average annual rainfall value that reaches 810 mm and an
annual fluctuation of 183 mm. During the period OctoberApril, 82.5% of the annual rainfall is recorded, while during the summer period (May-September) only 142 mm of
rainfall are observed (17.5% of the annual value). The
maximum monthly rainfall is recorded in December (20%
of the annual value) and the lowest respective value occurs
in July (2% of the annual value).

The monthly rainfall records for the period 1951-2002
are presented in Figure 2, and a seasonality analysis of the
data indicates a long-term pattern of seasonality cycles that
last approximately 10 years each. The trend-line of this
diagram, obtained through the linear correlation of the
monthly rainfall values, indicates a decreasing trend in the
rainfall throughout the entire study period, which has been
further investigated by using the CUSUM approach.
The average rainfall value for each decade during the
period 1951-2001 (Table 1) accredits the aforementioned
decreasing trend of the rainfall. The total change rate
observed during 1951-2001 for the area of Trichonis lake
is -6.53%, and the greatest decrease occurred in the decade 1981-1991, when extensive dry conditions had caused
significant water shortage problems in the entire country.
During the last decade, rainfall trend presents the highest
increase, but the long-term trend for the whole study period (1951-2001) remains negative. Additionally, the average rainfall for each half of the recorded period (twentyfive years) has been calculated, which also indicates a
decreasing rainfall pattern, since the average rainfall for the
period 1951-1976 is 1018 mm and the respective value for
the remaining period (1976-2001) is 906 mm.
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FIGURE 2 - Monthly rainfall measurements for the period
1951-2002 and the associated trend for Trichonis lake catchment.

TABLE 1 - Average annual rainfall (mm) and change
rate (%) in Trichonis lake catchment during the last 5 decades.

Average annual rainfall (mm)
Change rate (%)

1951-1961

1961-1971

1971-1981

1981-1991

1991-2001

1170

907

974

737

979

Total
Change

-

-22.48

7.44

-24.35

32.86

-6.53

Water level fluctuations: The average water level elevation in Trichonis lake is +15.96 m for the period 19511997, while the minimum value recorded is +14.83 m (November 1991), and the maximum value is +17.84 m (April
1957). The most important extreme event regarding water
level fluctuation has been observed in February 1963 with
an increase of 1.77m during the period October 1962 –
February 1963, which has been caused mainly by an extreme rainfall event in November 1962 (495 mm of rain,
Table 2).
TABLE 2 - Extreme rainfall events and associated water level
fluctuation values in Trichonis lake for the period 1951-2002.
Extreme rainfall events
Date
November 1951
February 1956
January 1959
December 1960
November 1962
May 1981
November 1996
December 1996

Monthly
Rainfall
(mm)
626
521
360
403
495
373
451
363

Extreme water level
fluctuation values
Monthly water
Date
level fluctuations
(m)
February 1952
1.38
March 1956
1.36
February 1963
1.77
July 1981
1.03
January 1997
1.16

Figure 3, which illustrates the rainfall and water level
elevation data on an annual basis in Trichonis lake catchment, also indicates a 10 years-long seasonality cycle pattern, as stated earlier. The significant fall in the water level
measurements observed in 1957 is due to the construction
of the major water abstraction scheme in the area, which is
a controlled flow canal that discharges water from Trichonis
to Lysimachia lake, in order to cover irrigation needs in
remote regions and to avoid flooding during the winter period. This construction led to the immediate lowering of the
average water level elevation for more than 2 m, which had
impacts on the large wetland areas in the south and north
part of the catchment. These impacts are associated with the
drawback of the lakeshore and the drought of a significant
area around the lake, since at this particular part of the
catchment, coastal area has a very low gradient (less than
2%) and a 2 m-fall of the water level accounts for an average of approximately 100 m horizontal distance (drawback).
The minimum annual water level fluctuations in
Trichonis lake (Figure 3) are encountered in 1976 and 1992
(0.29 and 0.22 m increase, respectively), while the maximum values are recorded in the years 1963, 1966 and 1991
(1.78 m, 1.61 m and 1.57 m increase, respectively). The
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FIGURE 3 - Average annual water level elevation and fluctuation of Trichonis lake for the period 1951-2002
(The maximum water level measurements over +16.80 m have been observed prior to the construction of the
controlled flow canal connecting Trichonis and Lysimachia lakes, 1957).

relatively low annual water level fluctuations are directly
related to the respective low rainfall values, while the significant annual variations in the water level observed after
1962 are mainly caused by the great irrigation demands that
contribute in a decline of the lake’s water level of more than
60 cm within the period April-October every year. Additionally, during the last 3 years of the study period (19941997), a significant increase in the water level fluctuation
has been observed, since the annual values have been over
1 m, while the average annual water level elevation has
simultaneously been increased due to a related rise in the
rainfall.

operation of main canal discharging water from Trichonis
to Lysimachia lake) to 1967 the water level was relatively
stable. The next stage was observed from 1967 to 1979
with a significantly decreasing trend in the water level
elevation, caused mainly by the construction and operation
of the water abstraction scheme and the irrigation network,
that was completed then, in combination with the extension
of the agricultural land that further increased the demands
from the lake. The average annual water level elevation in
the years 1980 to 1987 were relatively stable, while in the
period from 1988 to 1996 the general trend was decreasing.

The correlation coefficient estimated for the daily
values of the parameters rainfall – water level elevation
for the period 1951-1997 is very low (0.25), which means
that the degree of linearity between these specific parameters is relatively low. This is expected, since many other
factors, apart from rainfall, affect water level fluctuations,
such as water abstractions from the lake, evaporation and
groundwater inflows and outflows. Additionally, the construction of the local water abstraction infrastructure during
the 50’s and 60’s has significantly altered the hydrologic
regime and, therefore, the statistical elaboration could not
interrelate the rainfall and water level data effectively for
the entire study period.

The changes in the water level trends follow both the
respective alterations in the rainfall (Figure 4) and the
changes in the anthropogenic water uses. This is in accordance with the CUSUM diagram of the rainfall (Figure
4), which also illustrates very similar patterns with the
water level elevation CUSUM diagram. Moreover, low
increase in the average rainfall trend is accompanied with
stabilization of the water level, while decreasing rainfall
trends cause significant lowering of the average water level
elevation (Figure 4). The temporal alterations in the tendency of the above parameters are not exactly the same at
each stage, which indicates the impact of supplementary
factors (human water abstraction, evaporation, groundwater recharge) in the observed patterns.

The CUSUM diagram of the annual water level elevations (Figure 4) indicates 5 different alteration stages in
the parameters’ trends for the period 1951-1997. Particularly, the first stage lasted from 1951 to 1957, when water
level elevation was increasing, while from 1957 (year of

Impacts from the water level alterations: The development of the lake’s Bathymetric Model in combination with
the specialized algorithm of the 3D Analyst and water level
measurements led to the creation of Figure 5, which illustrates the relationship between the lake’s surface extent,
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volume and water level elevation. This is a significant
output that can facilitate regional water management, since
it can contribute to the quantification of the potential impact on the lakeshore drawback by various water abstraction scenarios that affect directly the water level elevation.
The average annual water level elevation was approximately +18 m prior to the construction of the maincontrolled flow canal that connects Trichonis and Lysimachia lakes and outflows significant water volumes on an
annual basis (273 x 106 m3), in order to cover irrigation

needs of remote areas [12]. After the construction and
operation of this canal, the average annual water level
elevation fell more than 2 m in Trichonis lake, which had
significant impacts. Particularly, the surface area of the
lake decreased by 2.89 x 106 m2 (Table 3, 3% decrease in
relation to the total area of the lake), which means that the
riparian zone that hosts significant wetlands have been
drought up to an extent of approximately equal to the
above. Furthermore, the water storages in the lake have
also been decreased by 188 x 106 m3 (Table 3, 6.6% of the
total water volume), thus imposing constraints on the long-
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FIGURE 4 - Cumulative Sum (CUSUM) diagram of monthly rainfall
and annual water level elevation values for the period 1951-2002.
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term sustainable water management through potential destabilization for the local hydrologic regime. This problem
is enhanced by the fact that the particular area is still under
development, as far as agriculture and tourism sectors
are concerned, and, therefore, the future water demands
are expected to increase.
The wetlands around the lake are of great ecological
importance, since they belong to the European Protection
Network ‘NATURA’ and are protected by EU legislation.
A significant part of these wetlands have been drought up,
as a result of the aforementioned practice leading to direct
environmental loss and allowing non-environmental friendly
agricultural activities to be developed very close to the

lake. This has increased the agrochemical inflows to the
lake and has, therefore, caused deterioration of the water
quality, which imposes certain health impacts regarding
local biota and people who cover their water needs from
this freshwater body. The wetland zone that was dried up
in the period 1951-1997 is shown in Figure 6 as the dark
area in the perimeter of the lake and reaches an averaged
width of approximately 100 m in the northwest and south
part of the lakeshore. In the northeast and east sections of
the lakeshore, this zone has an average width of approximately 30 m due to the relatively high topographic slopes
that dominate in this part of the catchment and do not
allow the development of wetlands.

TABLE 3 - Changes in the surface area and in the lake’s water volume
as a result of the water level decline during the period 1951-1997.

Time period
Prior to 1957
1957-1997

Annual average
water level elevation (m)
18
15.8

Surface area of the lake
Actual
Change
(x 106 m2)
(x 106 m2)
95.514
92.626
2.887 (-3%)

Water volume in the Lake
Actual
Change
(x 109 m3)
(x 106 m3)
2.831
2.643
188 (-6.6%)

Area that has dried up

FIGURE 6 - Trichonis lake and the wetland area around
the lake that has drought up as a result of water level decline.
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Impacts from Land Use change

The alteration of the area’s land use regime during the
period 1937-1986 is significant, since the extent of coastal
area/wetlands has been decreased by 32% in the particular
part of the catchment, while after in situ surveys this percentage in 2002 has been raised up to 66% (Figure 7, Table 4). Additionally, the reedy area has expanded during
the period 1986 – 2002 by 50%, mainly as a result of the
increased nutrients` inflow to the lake by the intense agricultural activities observed around the lake. The bogs area,
where the ecologically significant wetlands exist, has de-

clined by 43% in the period 1937-1986, and by 83% from
1937 to 2002 (Table 4). The very important coastal forest
with Fraxinus angustifolia observed in the 1937 aerial photo
does not exist in 1986 (Figure 7), while all the aforementioned changes are results of two parameters: 1) the lake’s
water level decline during the study period (approx. 2 m),
and 2) the expansion of the agricultural land towards the
lake. This expansion of the cropland in the area is accredited by recent relevant studies [2] that indicate a 17% increase of the agricultural land in the particular catchment.

FIGURE 7 - Land use maps of 1937 and 1986 in Trichonis southern coastal zone.

TABLE 4 - Changes in Trichonis southern coastal zone between 1937 and 1986.
Coastal zone / Wetlands
Reedy area
Year

Bogs

Total

Change
(%)

Aver.
Width
(m)

Area (m2)

Change
(%)

Aver.
Aver.
Width Length (m2) Change
(m)
(%)

-

-

190

1.018.590

-

190

1.018.590

-

20

115.920

-

100

579.678

-43

120

695.598

-32

30

173.880

+50

30

173.880

-83

60

347.760

-66

Aver.
Length
(m)

Aver.
Width
(m)

Area (m2)

1937

5.361

-

1986

5.796

2002

5.796

Aver. = average
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DISCUSSION
The accurate quantification of the relationship between rainfall and water level elevation in a lake and the
relevant forecasting potential are difficult scientific tasks,
since these parameters illustrate low linearity, which increases uncertainty in the results. This is because there are
many parameters apart from rainfall that affect a lake’s
water level, such as water abstractions, evaporation and
groundwater recharge that has an important contribution to
the water level fluctuations, especially during the summer
period. The linearity of these parameters increase in winter
period, when the limiting factor for water level elevation is
rainfall and the short term forecasting potential becomes
relatively high.
In Trichonis lake catchment, the climate change during
the last 50 years, which is summarized by a decrease in the
average annual rainfall, had caused a respective decrease in
the average water level elevation. However, this decrease
in the water level has significantly been enhanced by human activities and mainly by the construction and operation
of the controlled flow canal that connects Trichonis and
Lysimachia lakes. The very high annual outflow from
Trichonis lake to cover irrigation needs of remote areas has
led to the substantial fall in the average annual water level
(approximately 2 m), which has drought up a large extent
of ecologically important riparian zone (3%), and has permanently decreased the water storages in the lake over 6.6%.
These alterations in the hydrologic regime have imposed
specific impacts and constraints on the area’s environment,
on the sustainable water management potential, and on the
future water quality status of the lake.

ous climate change and human activity scenarios. Their
results indicated that water level in the Dead Sea will continue to decline due to the combination of industrial activities and long-term alterations in the climatic conditions.
Recent studies have also indicated that even though
climate models can enhance hydrologic forecasting and
facilitate future management scenarios development, the
efficiency of this task depends upon the reliability and simplicity of the models used, while adaptive forecast schemes
can provide more accurate results than traditional deterministic approaches [15].
Furthermore, data limitations are a major problem for
quantifying past and present lake-climate relationships with
high precision [7]. However, simple water balance models
with adequate data and efficient conceptualization on a local
scale can provide useful and reliable information about
natural and human induced impacts on a lake’s morphological and environmental conditions [5].
ACKNOWLEDGMENTS
This study was conducted under the Life-Nature ’99
project entitled: ‘Actions for the preservation of calcareous fens in Trichonis lake’.

The observed land-use alterations in the period 19371986 indicated that the significant increase of cropland
eliminated the wetland areas in the southern part of
Trichonis lake and caused negative effects in the forested
areas. Furthermore, the expansion of the agricultural land
leads also to adverse hydrological conditions, since increased water losses through evapotranspiration lower the
amount of water stored in the soil, which is a very important hydrological aspect for wetlands [13, 2]. The
riparian zone has been strongly affected by the land-use
changes during the above period, since the water level
decline revealed new terrestrial areas around the lake,
which enhanced the agricultural intensification and the
wetlands` degradation.
The methodology used in this study comprised a combination of statistical elaborations and GIS techniques that
managed to quantify the effect of both climate change and
human activities on the lake’s water level in temporal and
spatial basis.
Asmar and Ergenzinger [14] have applied a similar
methodology by using a modified simulation model and
hypsographic data to derive the volume-area-level relationship in the Dead Sea and to assess the impacts from vari-
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AFLATOXIN M1 CONTAMINATION OF SOME COMMERCIAL
TURKISH CHEESES FROM MARKETS IN KARS, TURKEY
Ufuk Kamber
Kafkas University Veterinary Faculty Food Hygiene and Technology Department, 36100 Kars, Turkey.

SUMMARY

which is produced by all the aflatoxin-positive strains, is the
most potent of all.

This study was undertaken to determine the presence
and level of aflatoxin M1 (AFM1) and total mould counts in
the Cecil Cheese and Kars Kashar Cheese, sold on the markets of Kars province. For this purpose, a total of 60 cheese
samples were purchased randomly from different shops
in Kars, Eastern Turkey. Competitive ELISA was used to
determine the levels of AFM1 in Cecil and Kars Kashar
Cheese samples.
The concentration of AFM1 was found to range from
51-115 ng kg-1. The mean values of AFM1 were 82.5 ng kg-1
in Cecil Cheese samples and 62.4 ng kg-1 in Kars Kashar
Cheese samples. The total counts of mould and yeast were
7.76 log10 cfu/g and 7.71 log10 cfu/g in Cecil and Kars
Kashar Cheese samples, respectively. The levels of AFM1
in the cheese samples examined were within the safety
limits prescribed by the Turkish Food Codex, and the
FAO/WHO Codex Alimentarius. It was, therefore, concluded that the occurrence of AFM1 in cheese samples from
Kars province, although widespread, was not hazardous for
human health.

Several studies have examined the potential risk of
human exposure to aflatoxin M1 (AFM1) through milk and
milk products [4-9]. AFM1 is a hydroxylated product of
AFB1 and appears in milk, urine and feces as metabolic
products [10, 11], suggested that AFB1 and AFM1 are in
human carcinogen classes 1 and 2B. Lafont et al. [12] have
also reported the high genotoxic activity of AFM 1. The
presence of AFM1 in cheese is positively related to the
consumption of aflatoxin B1-contaminated feed by dairy
cows [13]. Due to the possible carcinogenicity of AFM 1,
some countries have imposed a limit for it: generally, 50500 ng kg-1 for milk and 200-250 ng kg-1 for cheese [4].
AFM1 is quite stable in raw and processed milk products,
such as cheese. Furthermore, processing methods have been
reported to have no effect on it [14 - 16]. There are sufficient data available on the occurrence of AFM 1 in some
Cheeses (White Cheese, Tulum Cheese) from different
regions of Turkey, but none in Kars province.
There is more than one method available to detect the
presence of AFM1, namely, high performance liquid chromatography (HPLC), thin layer chromatography (TLC) [17],
immunoaffinity [18, 19], and immunoassays [20]. Competitive ELISA is widely used within the immunoassays [20].

KEYWORDS:
Mycotoxin, aflatoxin, cheese, milk products, AFM1, Kars, Turkey.

INTRODUCTION
Agricultural products are often contaminated with fungi
that can produce toxic metabolites known as mycotoxins.
Among these, aflatoxins are particularly important for human and animal health due to their toxic and carcinogenic
effects [1].
The genus Aspergillus covers over 185 species. Around
20 species have so far been reported as causative agents
of opportunistic infections in man. Among these, Aspergillus fumigatus is the most commonly isolated species
[2]. Although aflatoxins have been found to be produced
primarily by both A. flavus and A. parasiticus, other
fungi also produce aflatoxins [3]. Aflatoxin B1 (AFB1),

Kashar Cheese is the 3rd or 4th most commonly consumed cheese in Turkey, particularly in Kars and Kars district. It is a semi-hard, round, aromatic cheese, consumed
after 4-5 months ripening at about 10 °C. Most of the cheese
produced in the region is marketed prominently in metropolitan cities and is in demand in the market -place [21].
Cecil Cheese is a semi-soft type of cheese, mostly consumed in Eastern Anatolia. Its manufacturing process includes heating the curd, followed by ripening for 3-4 months
within storage brine. Physically, it is a stringy type cheese
[20].
This investigation was initiated to determine: 1) the
presence and the levels of AFM1 in mature Kars Kashar and
Cecil Cheese; 2) the total mould counts and possible my-
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coflora of the cheeses; and 3) how safe the cheeses are for
public consumption.
MATERIALS AND METHODS
Cheese Samples

A total of 60 samples of two different traditional Turkish cheeses (mature Kars Kashar and Cecil) were collected
from local markets during the winter months of 2003 in
Kars district, Turkey.
Procedure for AFM1 analysis of the cheeses samples

The samples were triturated coarsely and thoroughly
mixed, without the addition of liquid. Dichloromethane
(40 ml) was added to the triturated cheese samples (2 g)
in a screw–top glass vial and shaken for 15 min. The suspension was filtered and 10 ml of the filtrate was dried at
60 °C under nitrogen. The oily residue was redissolved in
0.5 ml methanol, containing 0.5 ml PBS buffer and 1 ml
heptane, and then mixed thoroughly and centrifuged at
2,700 x g for 15 min. The upper heptane-layer was completely collected. The aliquot of the lower methanolicaqueous phase was poured off carefully using a Pasteur
pipette. A hundred µl volume of this aliquot was brought
up to a 10% methanol concentration by the addition of
400 µl of buffer 1, and 100 µl was used per well in the test.

The moulds in cheese samples were enumerated according to the classical bacteria count method using potato
dextrose agar (PDA) and Rose Bengal Chloramphenicol
agar base (RBCA) [23]. Chloramphenicol supplement
(Oxoid SR 78) was added to RBCA (Oxoid CM 549). Starting with the first suspension of 10 g sample in 90 ml PBS
diluents, 10-fold serial dilutions were made. Two x 0.05 ml
of each of the serially diluted samples were inoculated onto
PDA and RBCA bases and incubated at 25 °C for 2 days.
In order to identify the moulds, the color and morphology of
the colonies were examined macroscopically. The presence
of conidia and micro-conidia, chlamydospore formation, the
shape and formation of phialides and vesicles and branching
on conidiophores were examined microscopically.
RESULTS AND DISCUSSION
A total of 60 samples of both Turkish cheese types, mature Kars Kashar (30) and Cecil Cheese (30), were analyzed
for the presence of AFM1 contamination. Table 1 shows the
occurrence of AFM1 in the cheeses examined from the Kars
province of Turkey. AFM1 levels below 50 ng kg-1 were
considered to be negative. Six samples (20%) out of 30 Cecil
and 4 (13.3%) out of 30 mature Kars Kashar Cheeses were
found to be contaminated with AFM1.

ELISA test procedure

The samples were analysed for AFM1 using the competitive ELISA procedure as described by R-Biopharm
GmbH [22]. A sufficient number of microtiter wells were
inserted into the microwell holder for all standards and
samples. Hundred µl of standard solution and the prepared
samples were added to separate wells and incubated for
60 min at room temperature in the dark. The liquid was
poured off the wells, and the microwell holder was tapped
upside down vigorously (three times in a row) against absorbent paper to ensure complete removal of liquid from
the wells. All the wells were filled with 250 µl of distilled
water and emptied as described earlier. The washing
prodedure was repeated, and 100 µl of the enzyme conjugate was added and incubated for 60 min at room temperature in the dark. The washing sequence was repeated three
times. Fifty µl of substrate and 50 µl of chromogen were
added to each well, mixed thoroughly and incubated for
30 min at room temperature in the dark. A hundred µl aliquot of the stop reagent was added to each well, mixed and
measured at 450 nm (Spectra Max 384 Plus) against air.
Evaluation of samples

The samples were analyzed using the Ridascreen AFM1,
a competitive enzyme immunoassay commercial test kit (Art
No: R1101, R-Biopharm AG, Darmstadt, Germany) [20].
The RIDASOFT Win computer programme was used for
the evaluation of data.
Detection of moulds

TABLE 1
The occurrence of AFM1 in the cheeses.

Cheese type
Cecil Cheese
Kars Kashar
Cheese

Frequency distribution of samples
(ng kg-1).
1-50
5-120
24 (80.0 %)
6 (20.0 %)
26 (86.6 %)

4 (13.3 %)

Total number
analyzed
30
30

TABLE 2
The concentration of AFM1 in positive cheese samples (ng kg-1).
Cheese type

Cheese
(n)

Value of positive samples (ng kg-1).
Mean

Cecil Cheese
6
82.58
Kars Kashar
4
62.40
Cheese
Total
10
72.49
* Standard error of the mean
**Minimum-maximum

Average*

Range**

22.71

53.10 - 115.0

11.82

51.10 - 74.5

17.26

51.10 - 115.0

To our knowledge, there has been no study reported on
AFM1 levels in Cecil Cheese, but some reports have been
published on Kashar Cheese and White Cheese. The incidence of AFM1 in our cheese samples was low (20% in the
Cecil Cheese and 13.3% in the mature Kars Kashar Cheese,
with concentrations between 0 and 115 ng kg-1) (Table 2).
The mean values of AFM 1 for Kars Kashar and Cecil
cheeses were 62.4 ng kg-1 and 82.58 ng kg-1, respectively.
The Turkish Food Codex [24] and the FAO/WHO [25]
allow 50 ng kg-1 of AFM1 in milk. There is no limit set in
the Codex Alimentarius regarding AFM1 levels in cheese.
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However, AFM1 concentration can be generally 2.5-3.3 times
higher in soft cheeses and 3.9-5.8 times higher in hard
cheeses than in the milk, the cheeses are made from [26].
The Turkish Food Codex allows 250 ng kg-1 of AFM1 in
cheese. In our study, none of the AFM1 levels were above
the tolerance limit in the Turkish Food Codex and the Codex Alimentarius. However, Oruc and Sonal [27] examined
3 mature and 7 fresh Kashar Cheese samples. They found
that 2 samples out of 10 exceeded the AFM1 tolerance limit
in the Turkish Food Codex. They also found mean values of
96.66 ng kg-1 and 116.42 ng kg-1 of AFM1 for mature and
fresh Kashar Cheese, respectively.
These previous values are higher than our results (mean
value of 62.4 kg-1 of AFM1), but lower than the levels of
91.2 ng kg-1 and 184.4 ng kg-1, likewise reported for mature
and fresh Kashar Cheese, respectively, by Bakırcı [9], Gunsen and Buyukyoruk [28] observed an AFM1 concentration
of 110 ng kg-1 in Kashar Cheese.
Seyrek [29] examined 110 White Cheese samples and
6.0% of them were found to be contaminated with AFM1,
with regard to the Turkish Food Codex limit. In another
study, Dagoglu et al. [30] reported the presence of AFM1
in 48% of White Cheese samples, with a mean value of
273.0 ng kg-1. In the latest study of Aycicek et al. [31], AFM1
was found in 65% of White Cheese samples. Nineteen
percent of these samples contained more than 220 ng kg-1
AFM1, with a mean value of 330.1 ng kg-1. This is higher
than the AFM1 tolerance in the Turkish Food Codex.
When mature, Kars Kashar and Cecil cheeses develop
moulds. Cecil Cheese, in particular, is consumed after it
becomes mouldy. Therefore, the mould counts of this cheese
type were found to be quite high. Table 3 shows the total
mould counts of matured Kars Kashar and Cecil cheeses
analysed. During the assessment of the plates, morphologically different colonies of moulds were detected, and these
were identified as Penicillium spp. and Geotrichum spp.,
but we could not identify the isolates at the sub-species
level. Then Geotrichum spp. and Penicillium spp. were isolated from the cheese samples examined. While Penicillium
spp. was isolated from most of the both cheese samples,
Geotrichum spp. was isolated only from one Cecil Cheese.
Aspergillus species were not isolated from the cheese samples. Further study is needed to identify the whole mycoflora
of the cheeses and to determine the pathogenicity of the
moulds.

AFM1 levels in 24 Cecil and 26 Kars Kashar Cheese
samples were under the detectable level of 50 ng kg-1.
Six Cecil and 4 Kars Kashar Cheeses had a mean value of
72.4 kg-1 AFM1. Therefore, the levels of AFM1 in all cheese
samples were within the acceptable limit of the Turkish
Food Codex and the Codex Alimentarius. Various studies
have reported different AFM1 levels in different cheese
samples. The differences in AFM1 levels are likely to be due
to the different storage conditions of different cheeses, such
as in tin bin, or to the water content of cheese. Additionally,
excessive market demand causes the production of lowquality cheeses, particularly in metropolitan cities. Cecil and
Kashar Cheeses are hard or semi-hard type cheeses.
During ripening, the microflora (lactic acid bacteria) of
these cheeses develops and ripening conditions may affect
the development of AFM1.
In conclusion, the present study investigated the incidence and the concentrations of AFM1 in samples of Cecil
and Kars Kashar Cheeses consumed in Kars. The levels of
AFM1 in the cheese samples were within the safety limits
of Turkish Food Codex and Codex Alimentarius. Therefore, we concluded that the Cecil and Kars Kashar Cheeses
examined did not pose a significant risk for human health.
Nevertheless, due to the toxic and carcinogenic effects of
aflatoxins, wide and frequent monitoring programs should
be implemented, and this should be the primary strategy.
Moreover, governmental health agencies should be alert
and educate farmers and dairy product companies about the
importance of AFM1 for human health and its potentially
devastating consequences. Additionally, this study is also
confirming that ELISA is a rapid and sensitive method for
the detection of AFM1 in cheese.

REFERENCES
[1]

Enomoto, D. and Saito, N. (1972) Carcinogens produced by
fungi. Annual Review of Microbiology, 26, 279-312.

[2]

Jay, J. M. (1992) Modern Food Microbiology, 4th ed., New
York, Chapman & Hall.

[3]

Heatchote, J. G. and Hibbert, J. R. (1978) Aflatoxins: Chemical and Biological Aspects, New York, Elsevier.

[4]

Galvano, F., Galofaro, V. and Galvano, G. (1996) Occurrence
and stability of aflatoxin M1 in milk and milk products: A
worldwide review. Journal of Food Protection, 59, 1079-1090.

[5]

Galvano, F., Galofaro, V., De Angelis, A., Galvano, M., Bognanno, M. and Galvano, G. (1998) Survey of the occurrence
of aflatoxin M1 in dairy products markeketed in Italy. Journal
of Food Protection, 61, 738-741.

[6]

Galvano, F., Galofaro, V., Ritieni, A., Bognanno, M., De Angelis, A. and Galvano, G. (2001) Survey of the occurrence of
aflatoxin M1 in dairy products marketed in Italy: second year of
observation. Food Additives and Contaminants, 18, 644-646.

TABLE 3
Mould and yeast levels of cheese samples (mean and range).
Mould levels
log10 cfu/g
Mean

Range**

Cecil
7.39
4.0 - 7. 96
Cheese
Kars
Kashar
7.51
3.0 - 6. 85
Cheese
**Minimum-maximum

Yeast levels
log10 cfu/g

Total

Mean

Range**

Mean

8.14

6.81 - 8.89

7.76

7.91

4.50 - 8.81

7.71

1055

© by PSP Volume 14 – No 11. 2005

[7]

[8]

[9]

Fresenius Environmental Bulletin

Kim, E. K., Shon, D. H., Ryu, D., Park, J. W., Hwang, H. J.
and Kim, Y. B. (2000) Occurrence of aflatoksin M1 in Korean dairy products determined by ELISA and HPLC. Food
Additives and Contaminants, 17, 59-64.
Martins, M. L. and Martins, H. M. (2000) Aflatoxin M1 in
raw and ultra high temperature-treated milk commercialized
in Portugal. Food Additives and Contaminants, 17, 871-874.
Bakirci, I. (2001) A study on the occurrence of aflatoxin M1
in the milk and milk products produced in Van province of
Turkey. Food Control, 12, 47-51.

[10] De Iongh, H., Viles, R. O. and Van Pelt, J. G. (1964) Milk of
mammals fed an aflatoxin containing diet. Nature, 202, 466467.
[11] Rothshield, L. J. (1992) IARC classes AFB1 as class 1 human
carcinogen. Food Chemistry, 34, 62-66.
[12] Lafont, P., Siriwardana, M. and Lafont, J. (1989) Genotoxicity of hydroxy-aflatoxins M1 and M4. Microbiologie Aliments
Nutrition, 7, 1-8.
[13] Van Egmond, H. P. (1989) Mycotoxins in Dairy Products,
Elsevier Applied Science, London, pp:1-10.

[23] Oxoid (1990) The Oxoid Manuel of Culture Media, Sixth
Ed., Published by United Limited. England.
[24] Anon (1997) Turkish Food Codex Rules, Official Newspaper
of Turkish Government, Issue: 23172, Primer Ministry Press,
Ankara.
[25] FAO/WHO/ Codex Alimentarius (2001) Aflatoxin M1 in Milk
Maximum Level, Food Standard, Codex Standard Number:
232-2001.
[26] Yousef, A. E. and Marth, E. H. (1989) Stability and degradation of aflatoxin M1. In H. P. Van Egmond, Mycotoxins in
dairy products, Elsevier, London, pp: 127-161.
[27] Oruc, H. H. and Sonal, S. (2001) Determination of Aflatoxin
M1 Levels in Cheese and Milk Consumed in Bursa Turkey.
Veterinary Human Toxicology, 45, 292-293.
[28] Gunsen, U. and Buyukyoruk, I. (2002) Aflatoxin in retail Food
Products in Bursa Turkey. Veterinary Human Toxicology,
44, 289-290.
[29] Seyrek, K. (2001) Detection of AFM1 levels using ELISA
technique in while cheese samples consumed by the Turkish
Military Corp. Turk Veterinary Association Journal, 72, 5558.

[14] Kiermeier, F. and Mashaley, R. (1977) Einfluss der
molkereictechnischen behandlung der rohmich aus des aflatoxin-M1 gehalt der daraus hergestelten produkte. Zeitschrift
für Lebensmitteluntersuchung und Forschung, 164, 183-187.

[30] Dagoglu, G., Keles, O. and Yildirim, M. (1995) Determination of aflatoxin levels by ELISA. Ankara University Journal
of Veterinary Faculty, 21, 313-317.

[15] Blanco, J. L., Dominques, I., Gomez-lucia, E., Garayzabal, J.
F., Garcia, J. A. and Suarez, G. (1988) Presence of aflatoxin
M1 in commercial ultra-high temperature treated milk. Applied and Environmental Microbiology, 54, 1622-1623.

[31] Aycicek, H., Yarsan, E., Sarimehmetoglu, B. and Çakmak, O.
(2002) Aflatoxin M1 in white cheese and butter consumed in
Istanbul Turkey. Veterinary Human Toxicology, 44, 295296.

[16] Barbieri, G., Bergamini, C., Ori, E. and Reska, P. (1994) Aflatoxin M1 in Parmesan Cheese: HPLC determination. Journal
Food Science, 59, 1313-1331.
[17] Bijl, J. P., Van Peteghem, C. H. and Dekeyser, D. A. (1987)
Fluorimetric determination of aflatoxin M1 in cheese. Journal
Associational Official Analytic Chemistry, 70, 472-475.
[18] Farjam, A., Van de Merbel, N. C., Nieman, A. A., Lingeman,
H. and Brinkman, H. (1992) Determination of Aflatoxin M1 using a dialysis-based immunoaffinity sample pretreatment system coupled on-line liquid chromatography, Reusable immunoaffinity columns. Journal of Chromatography, 589, 141-149.
[19] Dragacci, S., Gleizes, E., Fremy, J. M. and Candlish, A. A.
(1995) Use of immunoaffinity chromatography as purification step: the determination of aflatoxin M1 in cheeses. Food
Additives and Contaminants, 12, 59-65.
[20] Martibauer, E. and Terplan, G. (1985) A highly sensitive heterologous ELISA for aflatoxin M1 in milk and milk powder.
Archiv für Lebensmittelhygiene, 36, 53-55.
[21] Kamber, U. (2005) Traditional Anatolian Cheeses, Miki Matb.
Ankara, pp:32,88.
[22] Biopharm (1999) Enzyme immunoassay for the quantitative
analysis of aflatoxin M1. Art. No. R 1101. R-Biopharm GmbH,
Darmstat, Germany.

1056

Received: May 28, 2005
Accepted: June 23, 2005

CORRESPONDING AUTHOR
Ufuk Kamber
Kafkas University

© by PSP Volume 14 – No 11. 2005

Fresenius Environmental Bulletin

Veterinary Faculty
Food Hygiene and Technology Department
36100 Kars - TURKEY
e-mail: ufukkamber@hotmail.com
FEB/ Vol 14/ No 11/ 2005 – pages 1046 - 1049

1057

© by PSP Volume 14 – No 11. 2005

Fresenius Environmental Bulletin

EFFECTS OF MUNICIPAL RECLAIMED WASTEWATER ON THE
MACRO AND MICROELEMENT STATUS OF SOIL AND PLANTS
Ioannis K. Kalavrouziotis1, Panagiotis I. Kanatas1, Aristotelis H. Papadopoulos2,
Sofia Bladenopoulou2, Prodromos H. Koukoulakis3, Michael N. Leotsinides4
1. Department of Environmental and Natural Resources Management, University of Ioannina, G. Seferi 2, Agrinion, Greece
2. Assoc. Researcher, Soil Science Institute NAGREF, 570 01 Thessaloniki, Greece
3. Former Assoc. Researcher, Soil Science Institute, NAGREF, Altladidos 8, 544 54 Thessaloniki, Greece
4. University of Patras, Sch Med, Publ Hlth Lab, Patras 26500, Greece

SUMMARY

INTRODUCTION

The effects of repeated applications of Municipal Reclaimed Wastewater (MRWW), compared to that of normal
irrigation water, on the macro and microelement status of a
clay loam (CL) soil and the plants were studied in a randomized block design in a greenhouse of the Department
of Environmental and Natural Resources Management,
Ioannina University, Agrinion-Greece. The soil was cultivated with onion (Alium cepa) and lettuce (Lactuca sativa).
The planting of lettuce and sowing of onions was done
early in March 2004, and the growth period lasted till the
beginning of June (end of irrigation period). Soil and plant
samples were taken three weeks after planting and at the end
of the growth period. Normal irrigation water, MRWW,
soil, and plant samples were analyzed, and the data obtained
were accordingly studied. The following effects were found:
The macro and microelements accumulated in the soil
and plants to varying degree, depending on the kind of element and plant. Among macro-elements, the highest accumulation, mainly in the soil and less in the plants, was that
of P, while the accumulation of K was rather limited.
Among microelements, Mn accumulated mostly in the soil,
whereas Cu mainly in lettuce roots, and secondly in leaves
and seeds, but not in the onion plants. Also Zn accumulated mainly in lettuce seeds.
The content of macro and micronutrients of the studied
plants was mostly directly related to their respective accumulation in the soil. This relationship, however, was modified by: (a) the size of the element’s accumulation in the
soil, (b) the physical characteristics of the soil, (c) the interaction among the accumulated elements, (d) and the genotypical characteristics of the plants.

KEYWORDS: macro, microelements, accumulation,
reclaimed wastewater, reuse, irrigation, plant, soil.

Municipal wastewater from which reclaimed water is
produced, originates from a variety of sources including
households, schools, offices, hospitals, and commercial and
industrial facilities [1].
In many developing countries, the irrigation of field
crops and vegetables with untreated or poorly treated wastewater is a major source of enteric diseases [2]. However, the
situation differs substantially in the United States and other
industrialized countries, where reliable wastewater treatment and health-related water reclamation criteria dictate
the acceptability of water reuse [3].
There are indications, according to which, the
wastewater was applied as a water source for agricultural
irrigation, extending back to approximately 5000 years
[4].
Treated wastewater can be utilized in regions with limited natural water for agricultural purposes. Indeed, treated
wastewater has been utilized for irrigation of a variety of
field crops and orchards with serious efforts to expand the
crop pattern including processing fruits and vegetables [5].
The reuse of wastewater in the Mediterranean countries has been a useful practice, for the last years. Countries
of the Mediterranean basin, such as Cyprus, Israel, Italy,
Spain, France, Egypt, Tunisia, Morocco, and Greece, reuse
the wastewater in agriculture.
On the other hand, the wastewater has been studied in
most countries of the near East region [6].
In some countries, such as Tunisia, the irrigation with
reclaimed water is a well-established practice. Most of the
reclaimed wastewater is being used to irrigate citrus and
other kinds of fruit trees (grapes, olives, peaches), fodder crops (alfalfa, sorghum, berseem etc), industrial crops
(cotton, tobacco, sugar beet), cereals, and golf fields. About
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35 Mm3.yr-1 of reclaimed water are allocated for irrigation [7].
In Morocco, collected volumes of wastewater were
estimated to be 546 Mm3.yr1 in 1999, and it is expected to
reach 900 Mm3 in 2020. About 58% of the currently produced wastewater is discharged into the Mediterranean
via coastal outfalls, and the remaining 42% into the rivers
and flood paths [8].
In Greece, areas with high agricultural production like
Crete, Lakonia, Argolida and Thessalia, have already faced
serious problems related to the irrigation water management. The greenhouse crops of about 900 hectares in Ierapetra – Crete in 2000 had seriously been affected by storage of irrigation water as the level of the Bramiana dam had
reached a critical value due to the prevailing draught [9].
The ability of certain plant species to absorb heavy metals
contained in treated wastewater, has been studied in Greece.
Thus, plant species adapted to the Greek soil and climatic
conditions, specifically, Olea europaea, Nerium oleander,
Geranium spp., and Myoporum spp. have been investigated.
The results indicated an increased concentration of heavy
metals for Nerium oleander and Myoporum spp., and only
a moderate concentration of Olea europaea [10].
In plant varieties of Olea europaea, there has been an
antagonistic interaction after irrigation with biologically
treated wastewater effluents [11].

MATERIALS AND METHODS
The onion (Alium cepa) and lettuce (Lactuca sativa)
plants were selected for cultivation under protected conditions, i.e. in the greenhouse of the University School of
Environmental Management of Agrinio.
A randomized block design was used in four replications, each one including six plots with a total of 24 plots
of 4.0 x 1.5 m. Two treatments were applied, namely, (a)
normal irrigation water or control, and (b) municipal reclaimed wastewater (MRWW) produced in the
Wastewater Biological Treatment Plant of Agrinion, located about 7 kms away from the experimental site.
The sowing of onion and planting of lettuce was carried out at the beginning of March 2004, the planting distances being for onions 0.3 x 0.1 m and lettuce 0.3 x 0.3 m,
respectively. MRWW was transferred from the site of its
production to the experimental location and deposited in a
large tank, from which it was transfused into smaller containers for hand application, directly to the root system
irrigation.
Each experimental plot was irrigated with 10 L of either MRWW or normal irrigation water at each irrigation,
and the total amount (volume) of water per experimental
plot used was 290 L (29 irrigations x 10 L). The mineral
composition of the normal irrigation water and that of the
MRWW are given in Table 1.

In Greece, the effects of increasing doses of
wastewater and sewage sludge application on vegetable
leaves (lettuce, endive, spinach) and roots (radish, carrots,
beets) have been studied, and it was found that increased
micronutrients concentration in soil-sewage sludge mixtures did not cause toxicity symptoms. Soils treated with
sewage sludge were enriched in available Cu and Zn, accompanied with plant tissues enrichment for those micronutrients [12].

The first soil and plant sampling was conducted three
weeks after planting, i.e. at the end of March, and the second one at the beginning of June, i.e. at irrigation completion. Plants were grown for a period of about three months,
namely, from early March till the beginning of June 2004.

In Agrinion area the possibility of the systematic reuse
of the wastewater effluents from the Biological Treatment
Plant of Agrinio, Greece, and their effect on soils and crops,
has also been studied. It was concluded that the total water requirements of crops for 1999 period, cultivated on an
irrigated area of 18,893.3 acres in the valley of Agrinion
was 43,832,258 m3, with a mean of 2,319.2 m3/acre [13].

Plant samples were stored under refrigeration for a period not longer than 24 hrs. They were thoroughly washed
with a solution of a detergent, prepared by mixing 1 spoonful/ 5 L of water and, in turn, they were immersed in successive series of basins containing distilled water, rinsed and
allowed to drain dry on special absorptive paper for a period
of 1–2 hrs. The samples were then transferred into a special
dryer to dry at 65 oC under ventilation, and, subsequently,
ground for 10 min in a hammer mill made of stainless steel
ball bearings. The ground samples were placed into airtight
glass desiccators for chemical analysis [14]. One g of the
ground sample was placed in a porcelain crucible and burned
at 550 oC in an oven for 4 hrs. The ash was allowed to cool,
and diluted with a 9:1 water/HCl solution, filtered into a
glass flask, which was then filled with distilled water up to
the 100 ml-mark. Then the filtrates were subjected to three
successive atomic absorption analyses at the appropriate
wave-lengths, for the determination of Mn, Zn, Fe, Cu , and
B, respectively, using a Variant Spectra AA-IO type instrument [15].

The purpose of the present paper was to study the effects of the municipal reclaimed wastewater (MRWW)
reuse on macro and microelement accumulation in soil and
onion (Alium cepa) and lettuce (Lactuca sativa) plants in
comparison with the commonly used irrigation water, and
the ultimate aim being the possibility of systematic use of
MRWW in the context of agricultural production and environmental protection.

The chemical analysis of plant material and soils was
carried out as follows:
Plant analysis
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and microelements in a medium-texture clay loam soil,
cultivated with onion (Alium cepa) and lettuce (Lactuca
sativa), as well as in the plants themselves, was studied. The
results obtained are discussed below.

Soil analysis

The Mn, Zn, Fe, and Cu levels were determined by extracting 20 g of the soil with 50 ml DTPA solution. The
mixture was shaken for 30 min, and then left to stand for
24 hrs. The supernatant liquid was filtered and subjected
to AAS analysis [16]. Available P was determined by the
method of Olsen et al. [17], and B using the boiling water
extraction [17].

Effects of MRWW on nutrient accumulation in the soil
Macroelements: The analytical data of the soil and
plant samples, taken (a) three weeks after planting, and (b)
at the end of the growth period, are shown in Tables 2, 3, 4
and 5. It can be readily seen that the macro-element accumulation under the effects of the “control water” and the
MRWW in the “onion” and “lettuce” soil follows, in general, the same pattern, with only some minor discrepancies
(Figs. 1 and 2). Thus, in the “onion soil”, the accumulation of P, K and Ca is positive and that of Mg negative,
under both irrigation treatments (Table 2, Fig. 1).

Mineral Composition of normal irrigation water and MRWW

Both the normal irrigation water and the MRWW, were
analyzed before their application, and the relevant analytical
data are given in Table 1.
RESULTS AND DISCUSSION
The comparative effects of the municipal reclaimed
wastewater reuse (MRWW) on the accumulation of macro

TABLE 1 - Chemical characteristics and mineral composition
of the control and municipal reclaimed wastewater (MRWW).
Treatment (water type)

Chemical Properties
and Elements

Control (n=29)
mean
324.50
8.06
0.34
46.39
11.73
10.38
4.29
2.90
73.00
1.05
0.18
40.00
0.02

0

Conductivity µS/cm (25 C)
pH
SAR
Ca (mg/l)
Mg (mg/l)
Na (mg/l)
Mn (µg/l)
Cu (µg/l)
Zn (µg/l)
Cr (µg/l)
B (mg/l)
Fe (µg/l)
As (µg/l)

MRWW (n=29)
s.d.
19.02
0.02
0.03
2.64
1.73
0.92
2.83
1.04
35.00
0.92
0.23
3.00
0.02

mean
516.75
7.89
1.72
57.45
13.00
55.25
4.15
4.60
25.00
0.00
0.36
35.00
0.01

P
s.d.
93.70
1.01
0.55
11.32
5.54
17.18
1.81
1.86
11.00
0.00
0.19
4.00
0.02

<0.05
0.65
<0.05
<0.05
0.58
<0.05
0.89
0.09
<0.05
<0.05
0.17
<0.05
0.28

s.d. = standard deviation
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FIGURE 1 - Comparative effects of MRWW and control on the macro
and microelement accumulation in soil cultivated with onion (Alium cepa).
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FIGURE 2 - Comparative effects of MRWW and control on the macro and
microelement accumulation in soil cultivated with lettuce (Lactuca sativa).
TABLE 2 - Comparative effect of MRWW*, in relation to control, on macro
and microelement accumulation in soil cultivated with onion (Alium cepa).

Macro and
Microelements
P, ppm
K, ppm
Ca, meq/100g
Mg,meq/100g
Mn, ppm
Zn, ppm
Fe, ppm
Cu, ppm
B, ppm

rd

3 week
from planting
14.26
112.50
1.22
0.55
15.50
2.47
13.91
1.51
0.44

Control
End of
irrigation
24.54
135.00
1.46
0.12
21.15
3.13
11.57
0.78
0.19

Accumulation of elements in the soil
MRWW*
3rd week
End of
Percent change
from planting
irrigation
+72.1
14.56
33.69
+20.0
112.50
137.50
+19.0
1.36
1.58
-78.0
0.38
0.19
+36.5
14.86
22.75
+26.7
2.56
3.30
-16.8
13.62
12.50
-48.3
1.54
0.90
-56.8
0.46
0.21

Percent change
+131.4
+22.2
+16.2
-100.0
+53.1
+28.9
-8.2
-41.5
-54.4

Net effect
(%)
+59.3
+2.2
-2.8
-22.0
+16.6
+2.2
-8.0
-6.5
-2.4

* Municipal reclaimed wastewater

TABLE 3 - Comparative effect of MRWW*, in relation to control, on the macro
and microelements accumulation in soil cultivated with lettuce (Lactuca sativa).

Macro and
Microelements
P, ppm
K, ppm
Ca,meq/100g
Mg,meq/100g
Mn, ppm
Zn, ppm
Fe, ppm
Cu, ppm
B, ppm

3rd week from
planting
16.38
97.50
1.05
0.27
14.84
2.65
13.09
1.54
0.30

Control
End of
irrigation
28.26
147.50
0.93
0.19
24.94
2.70
15.30
1.45
0.45

Accumulation of elements in the soil
MRWW*
Percent
3rd week from
End of
change
planting
irrigation
+72.5
17.30
34.21
+51.3
97.50
157.50
-11.4
1.44
1.12
-29.6
0.36
0.51
+68.3
15.29
26.06
+1.9
3.13
3.47
+13.1
13.95
15.61
-5.8
1.56
1.53
+50.0
0.41
0.46

Similarly, in the “lettuce soil”, the accumulation of P
and K is positive, but, with regard to the “onion soil”, Ca
accumulation is negative under both irrigation treatments,
respectively, while that of Mg is positive with MRWW
and negative with the control water (Fig. 2, Table 3).
When comparing macro-element accumulations with
control experiments, it was generally found that P was the
highest accumulated, being +131% and +97% for “onion”
and “lettuce” soil, respectively, under the effect of MRWW.
The net accumulation rates, i.e. the percent difference from
the control, were determined to be +59.3% and +25.1% for
the above soils, respectively (Tables 2 and 3).
These high P levels in MRWW constituted a problem,
when being associated with the degree of wastewater
treatment [18]. Therefore, P removal is a necessary practice

Percent
change
+97.7
+61.5
-22.2
+41.7
+70.4
+10.9
+11.9
-1.9
+12.2

Percent net
effect
+25.4
+10.2
-10.8
+12.1
+2.1
+9.0
-1.2
-3.9
-37.8

applied in many treatment plants [19]. Though P is an
essential element for plant growth, the repeated use of
MRWW may lead to high P accumulation in the soil,
with undesirable effects on plant growth, such as antagonisms between elements or eutrophication in surface waters, due to run-off, leaching and erosion [20].
Microelements (Mn, Zn, Fe, Cu, B): The accumulation of
microelements varied according to the kind of the element.
Mn showed the highest accumulation rates, both in the “onion” (+53.1% and +36.5%, Table 2) and “lettuce” (70.4%
and +68.3%, Table 3) soils, under each of the applied irrigation treatments (MRWW and control).

This high Mn accumulation occurred in spite of its low
content in both the control and the MRWW (Table 1), possibly by interaction between soil acidity and aeration. Mn is
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generally more available under conditions with relatively
restricted drainage [20-22].

eventually decreases Zn level in the leaf and the aboveground parts of the plant.

Application of “control” and “MRWW” by hand
may have created water-logging anaerobic conditions in
the root zone soil, which may have cause low redox potential and an increase of Mn availability, finally resulting in
local CO2 accumulation in the root zone and other microsites [21].

As shown in Table 5, the change in plant Zn under
the effect of “control” and “MRWW” irrigation on lettuce
leaves is negative, i.e. –14,7% and –6,7%, respectively. On
the other hand, in spite of the negative Cu accumulation in
the “lettuce soil” (Fig. 4), considerable quantities were
accumulated, in the leaves (+10.0%, Table 5), and still larger ones in the roots of lettuce (+26.7%, Table 4), most probably due to genotypical characteristics of the plant [27].

Fe, Cu and B accumulations are quite similar under both
the effect of “control” and MRWW reuse (Figs. 1 and 2).
Macro and microelements in the plants

The elemental content of the plants studied, i.e. onion and lettuce, is generally directly related to the levels of
the corresponding nutrient accumulation in the soil (Figs. 3
and 4, Tables 4 and 5). However, some microelements, such
as Mn, in spite of their relatively high accumulation in the
soil of onion, show strongly negative percent changes in the
dry matter of the plants (Fig. 3), suggesting that some other
factors make Mn less available to the plant. A possible
causative agent may be the high level of available P in soil,
which renders the Mn unavailable to the plant. On the other
hand, the Mn level in lettuce plant is in accordance with
that in the soil (Fig. 4).
Similarly, in spite of the positive increase of available
Zn in the soil, its change in lettuce leaves is negative (Fig. 4).
This antithesis may be explained on the basis of the antagonistic effects of P on Zn [23-25].
In addition, the low accumulation of Zn in the lettuce
leaves may also be accounted for by the relatively large Zn
amount accumulated in the seed (Fig. 5, Table 4), which
100

The present results show that macro and microelements
added to soil by repeated MRWW applications accumulate
in the plant tissues to an extent which is governed by:
a. The level of the accumulation and the particular soil
physical and chemical characteristics;
b. The kind of nutrients and their interactions;
c. The uptake and distribution of the nutrient in the plant
itself is determined by the genotypic differences.
For example, Cu accumulation suggests that lettuce
is effective in its acquisition by the roots or its utilization from soil, or both. As the mineral uptake by
the plants is under genetic control, the differences in
uptake and accumulation of nutrients are due to
genotypical variations. For example, wheat and oat
are generally sensitive to low Cu supply, while rye
grass is relatively insensitive [27]. Such genotypical
differences among plants may be very useful in maintaining the environment at an optimum level. For example, nutrient-accumulating plants may be used in
balancing the soil nutrient level [10].
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FIGURE 3 - Net effect of MRWW, in relation to control, on macro and
microelement accumulation in soil and in onion plants (Alium cepa).
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FIGURE 4 - Net effect of MRWW, in relation to control, on macro and
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FIGURE 5 - Comparative effects of MRWW, in relation to control, on the macro and
microelement accumulation in the roots and in the seeds of lettuce plants (Lactuca sativa).
TABLE 4 - Comparative effects of MRWW, in relation to control, on
the dry matter of lettuce roots and seed macro and micronutrient content.
Macro and
micro-elements
P, ppm
K, ppm
Ca, meq/100g
Mg, meq/100g
Mn, ppm
Zn, ppm
Fe, ppm
Cu, ppm
B, ppm

Control
0.09
1.30
0.67
0.43
90.50
21.12
390.90
12.17
13.12

Dry matter root content
MRWW
Percent change
0.10
+11.10
1.30
0.00
0.67
0.00
0.44
+2.30
60.15
-33.50
21.55
+2.00
351.70
-10.00
15.42
+26.70
11.72
-11.40

Control
0.34
2.14
1.30
0.75
78.12
71.47
81.35
13.10
16.75

Dry matter seed content
MRWW
Percent change
0.38
+11.8
2.27
+6.1
1.08
-16.9
0.71
-5.3
72.90
-7.7
86.40
+20.9
92.65
+13.9
17.42
+33.0
15.65
-6.6

TABLE 5 - Comparative effects of MRWW in relation to control,
on dry matter of lettuce and onion macro and micronutrient content.
Macro and
micro-elements
P, ppm
K, ppm
Ca, meq/100g
Mg, meq/100g
Mn, ppm
Zn, ppm
Fe, ppm
Cu, ppm
B, ppm

Onion dry matter content
Control
MRWW
Percent change
End of irrigation
0.29
0.37
+27.6
1.15
1.04
-9.6
0.66
0.59
-10.6
0.16
0.17
+6.3
20.90
17.50
-16.3
35.40
30.20
-14.7
46.40
38.60
-16.8
10.25
6.87
-30.2
11.21
9.22
-17.80

Environmental Implications of MRWW reuse

The present study showed that the reuse of MRWW
from the wastewater Biological Treatment Plant of Agrinion may be possible for the irrigation of crops with least
environmental hazards. The accumulation of most of the
macro and microelements in soil is relatively low, as expected, due to their corresponding low concentrations in
the MRWW. However, care must be taken with respect to
P, which may accumulate in the soil at high levels after
repeated MRWW applications, with all the consequences on
plant growth and the environment due to the hazards involved. Health considerations must obviously be taken into
account according to the guidelines of the responsible government agencies, International Organizations and the EU
directives.

Lettuce dry matter content
Control
MRWW
Percent change
End of irrigation
0.14
0.14
0.0
5.75
4.87
-15.3
2.64
2.62
-0.8
0.84
0.92
+9.5
245.90
177.05
-28.0
76.85
70.77
-6.7
177.75
165.60
-6.8
13.90
15.30
+10.0
28.59
25.75
-9.90

With regard to the soil nutrient status, attention should
be paid towards preventing increased accumulation of nutrients by rational use of MRWW inputs. Also appropriate soil
management coupled with a rational advisory crop fertilization programme, accompanied by systematic soil and
MRWW testing, may greatly help in achieving the mostly
safe reuse of MRWW.
Then, economic use of irrigation water may be possible,
solving the problem of water shortage in many regions of
Greece, which suffer from limited rainfall and high summer temperatures.
CONCLUSIONS
The following are concluded with regard to MRWW
reuse for crop irrigation:

The need for more research data with respect to the systematic reuse of MRWW in Greek agriculture is also obvious, in order to fully establish the basic knowledge, adopted
to plant and soil properties and climatic conditions [13].
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a. Considerable amounts of available P accumulate in the
soil as a result of MRWW reuse, the net effect varying from 46.6 to 82.0 kg P2O5/ha.
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b. Both the “control” and “MRWW”, in spite of their low
Mn content, contribute similarly to the high Mn level
in the soil (40.9 - 43.3 kg Mn/ha), most probably due
to the poor aeration in the root zone, thus increasing
Mn availability.
c. Macro and microelement uptake and their respective
plant dry matter content could be directly related to
their corresponding accumulation in the soil. This relation, however, is being modified by the extent of accumulation of nutrients in the soil, the genotypical
plant characteristics, the soil physical and chemical
properties, and antagonistic interactions between the
elements.
d. The MRWW of the Agrinio Biological Treatment Plant
may possibly be used extensively for crop irrigation,
when the following aspects are taken into consideration:
- Continuous control of the accumulating elements, especially P, Mn and Zn, using (a) Regular MRWW
analysis, (b) application of a rational advisory crop
fertilization programme that will include systematic
soil and plant testing, and (c) application of the basic
health considerations, as they are dictated by the respective official guidelines, set forth by the Government.
-

Existence of a comprehensive plan to control the plant,
soil and climatic conditions, as well as the infrastructure of the area.

-

Control of soil physical and chemical conditions
(drainage, aeration, pH, liming, organic matter) by
applying a rational management programme of crops
and soils.
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SUMMARY
Aerosol smog chamber studies are performed in the
dark, so to elucidate the chemical and physical processes
that can occur in forester’s atmosphere that forms fine particles of matter. Estimation, through an atmospheric simulation chamber, of the role that ozone plays on air masses
containing chlorinated compounds above forests is necessary. In this sense, we are interested in the disappearance
of α- and ß-pinene, the decomposition of ozone, and the
formation of aerosols and carbonyl compounds during the
experiments. They have demonstrated that the presence of
CH2Cl2 and CHCl=CCl2 does not significantly influence
the rate of degradation of α-pinene which, in turn, is governed by the reactivity of ozone. In addition, an increase
of the number of aerosols has been registered, however,
only when they are in presence of chlorinated compounds
under not humidified atmosphere. On the other side, the
β-pinene decay is strongly affected by CHCl=CCl2 and
moisture. As one conclusion of the above-described experiments, we found that CHCl=CCl2 and moisture are two
factors promoting the production of carbonyl volatile organic compounds.

KEYWORDS: aerosols, α- and β-pinene, ozone,
methylene chloride, trichloroethylene, humidity.

INTRODUCTION
Biogenic volatile organic compounds (BVOCs) have
for many years received attention for their involvement in
the production of ozone and the formation of aerosols in
urban and rural areas [1]. The emission of BVOCs is estimated to be two-thirds of global VOC emissions [2]. While
some researchers dealt with the identification of terpenes
and their quantification in the atmosphere [3-5], others stud-

ied their involvement in the environment, especially their
impact on ozone and organic aerosol global budget [6, 7].
One of the consequences of interactions between VOCs
produced by anthropogenic activities and BVOCs is, particularly, the oxidation of terpenes to low-volatility compounds, which condense into aerosol particles [8, 9]. The
reaction mechanisms and products depend on the chemical
environment, in which the oxidation reactions occur. In the
presence of elevated levels of NOx, ozone is formed, which
reacts with terpenes very rapidly to form products of low
volatility and high aerosol yield [10-12]. At low NOx levels, on the other hand, ozone production is low and terpenes are oxidized predominantly via attack by OH radicals, with lower aerosol yield. Recent estimates suggest
that over 1000 Tg C are emitted annually in the form of
BVOCs, of which about 30% are potential aerosol precursors [13]. Kanakidou [14] has estimated that as much as
80% of the global organic aerosol production may be the
indirect result of human impacts on atmospheric chemistry. In addition to direct chemical interactions, aerosol particles can also influence atmospheric chemistry by modifying the UV radiation field. Sub-micron particles disperse
UV radiation very efficiently, and the aerosol loadings present in polluted environments can easily triple or even quadruple the turbidity of the atmosphere at UV wavelengths.
This increases the effective path length of the photons in a
smoggy environment, and can thereby enhance the rates of
photochemical reactions, including ozone formation [14].
VOC emissions from industrial activities account for
many of the atmospheric environmental issues of contemporary fear. This statement has focused our attention to
understand the interactions that probably occur between
biogenic (α- and β-pinene) and anthropogenic (methylene
chloride and trichloro-ethylene) compounds. The biogenic
compounds have been recognized, for a long time, as potential precursors of secondary aerosols in the atmosphere
that promote ozone formation in city environments. On the
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other hand, anthropogenic chlorinated compounds emitted
in urban concentration are able to reach countryside areas,
and interact with biogenic hydrocarbons. In this paper,
however, an experimental study is presented to analyze the
reactions between ozone and biogenic alkenes, α- and βpinene, in the dark. One reaction will be carried out in the
absence of halo-alkane CH2Cl2 and halo-alkene CHCl=CCl2,
and the other in presence of the mentioned elements.
In this paper, we report about the influence of anthropogenic compounds on the oxidation rate of BVOCs emitted by the plant foliage in presence of ozone (as oxidant)
under dark conditions in an atmospheric simulation chamber (ASC). The effect of humidity is discussed and the simultaneously produced VOC is monitored during experiments.

MATERIAL AND METHODS
For each experiment, the 1,500 L-capacity ASC (made
out of 0.02 mm thick FEP-Teflon®, with a surface to volume ratio of ∼ 0.05 cm-1) was filled with purified (zero) air
using an AADCO 737 clean air generator at 25 L/min. After
30 min of filling, the compounds were introduced by a Hamilton µ-syringe, then the ASC was continued to be packed
with purified air in order to homogenize the distribution of
all spiked compounds. One hundred liters of ozone were
introduced to the chamber to complete its 1,500 L-capacity
by means of an ozone generator. The monitoring procedure
of all components was carried out at room temperature, 20±
5 °C (Fig. 1).

Sampling by DNPH-coated cartridges followed by
HPLC/UV measurements of the hydrazones formed

Carbonyl
compounds

BIOVOC

Sampling by Carboxen cartridges followed by
GC/FID measurements

VOC
High volatility

Sampling in small Teflon bags followed by GC/FID
measurements

ASC
Number of particles
(Part/cm3)
Ozone concentration
(ppb V)

V = 1500 l
Material Teflon
A/D
conversion

Ozone

Temperature & Humidity

Particles

FIGURE 1 - Schematic block diagramm showing the atmospheric simulation chamber equipped
with the sampling system and the analytical instruments for the monitoring of target parameters.

Analysis procedure and apparatus

Ozone was measured with ultraviolet photometry
(253.7 nm) using a calibrated Dasibi 1008 AH continuous
analyzer, and it was produced by the instrument’s built-in
ozone generator. A condensation nuclei counter (TSI, model
3010) carried out particle measurement.
Produced VOCs were collected in Teflon bags. One to
two L of air samples are required for the analysis of compounds at ppb V level. A little volume was analyzed by a
thermal desorption-cryogenic pre-concentration method,
using a high-resolution gas chromatograph (GC) equipped
with a flame ionization detector (FID, Carlo Erba Mega5210) and glass capillary column (SE 54, 0.35 ID, 30 m).
The system works as follows: A known volume of the mixture to be analyzed is isolated. The content of the loop (10200 ml) is then trapped onto a filled Tenax GR capillary

tube under cooling conditions using liquid nitrogen. Thermal flash at 250 °C is applied on the Tenax GR capillary
tube to desorb the organic molecules, and then to allow a
specific injection into the analytical column.
BVOC samples were collected directly from the ASC
onto Carboxen cartridges (5-30 min at 1 L/min) [15]. The
cartridges were eluted with 2 ml of hexane, and then aliquots of the hexane extracts analyzed by a Hewlett-Packard
5840A GC equipped with FID and a glass capillary column
(0.2 mm ID x 25 m; coated with methyl silicone). The carrier gas was N2, and the oven temperature was programmed
from 60 to 250 °C at a rate of 4 °C min-1.
The recollections of the carbonyl samples were optimized by using C18-tubes (SEP-PAK®, Waters) coated with
2,4-dinitro-phenylhydrazine (1 h at 1 L/min). The aldehydes
and ketones present in the air of the ASC were then con-
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verted to the corresponding hydrazones, which are UVanalyzed by reverse phase HPLC (Kontron-Model 420) at
360 nm. Then, 20 µl, taken from the extracted volume
(HPLC-grade acetonitrile, v = 2 ml) are injected via a C18
non-polar column (Supelco, 250 x 4.6 mm, particle ID =
5 µm). The mobile phase was a mixture of acetonitrile /
water (v/v) and programmed in gradient mode as follows:
50/50 (v/v) composition ran during 9 min, 70/30 during
3 min, 80/20 for 7 min, and, finally, 90/10 until elution of
the last compound.
Chemicals

All the chemicals were of analytical-reagent grade and
used without further purification. The terpenes, α- and βpinene, were purchased from Aldrich Chemical Co. The
hydrazones of 8 carbonyl compounds were obtained from
Prolabo, France (5-hydroxy 2-pentanone, formaldehyde,
acetaldehyde, acetone, propanal, n-butanal, n-pentanal,
methylvinylketone, and n-hexanal), and also synthesized in
the laboratory. CH2Cl2 and CHCl=CCl2 were also acquired
from Prolabo.
RESULTS AND DISCUSSION
Before the experiments were conducted, we verified the
stability of ozone by introducing it in the already zero airfilled AS chamber under dark conditions. Results have
shown that after 6-hours introduction of O3 into the chamber, with ppb V concentration levels ranging from 30 to
140, no significant variation was recorded. To study the
interactions between all organic compounds, we have established an experimental protocol that ensures the monitoring
of all compounds, which aims at the understanding of their
behavior in the mixture (ozone/ terpenes/ haloalkane or
haloalkene).
Ozone, CH2Cl2, CHCl=CCl2 and α-pinene system
O3 / CH2Cl2: While conducting the experiments in the
dark, we noted that the O3 concentration remains nearly
constant with a variation of less than 2.4 % (really not considerable), after the injection of 147±3 ppb V of CH2Cl2 and
300±6 ppb V of ozone. It was possible to notice the formation of some particles at low concentrations (3800±80
parts/ cm3 after 1h of reaction), especially taken into account the reactivity of the α-pinene, which, under the
similar conditions, leads to the formation of 215±4.103
particles/cm3.
O3 / CHCl=CCl2: As a second step, and after evacuating
the ASC from the previous experience, we introduced 99 ±
2 ppb V of CHCl=CCl2, 262±5 ppb V of ozone and 20±1 ml
of water. The experiment was performed in two instances,
from 0-90 min in the dark recording an O3 decrease from
262±5 to 255±5 ppb V, and under solar irradiation conditions (ASC outside for the duration of 90 min), where the
O3 concentration declined from 255±5 to 242±5 ppb V.

This last value is still not quite significant, but it may be
perceived as a first step of reaction between ozone and
CHCl=CCl2. Our results matched those obtained by Atkinson et al. [16], who have found a very weak kinetic constant
for the studied reaction: kO3298K < 5 x 10-20 cm3.molecule-1.s-1.
Moreover, the amount of carbonyl VOC remains not very
significant (ppb V level for the majority), confirming a very
low reactivity in the darkness, as well as under solar irradiation (see Table 1).
TABLE 1 - Concentration of carbonyl compounds obtained under
dark and solar irradiation during reaction between ozone and
trichloroethene (a all values are in ppb V. b total organic carbonyls).
Compounds

Darknessa

Solar irradiationa

Formaldehyde
Acetaldehyde
Acetone
Propanal
Butanal
Pentanal
Hexanal
TOCb

7.0±0.2
1.5±0.1
3.2±0.1
1.7±0.1
15.6±0.3
2.9±0.1
0.8±0.1
37.3±0.7

6.6±0.2
3.1±0.1
5.8±0.2
4.4±0.1
18.9±0.4
2.1±0.1
0.7±0.1
44.7±0.9

O3 / α-pinene: Experiments were carried out in absence of chlorinated organics to verify the behavior of
ozone (C0 = 289 ± 6 ppb V) in presence of α-pinene (C0 =
109 ± 2 ppb V). Results have shown a decline in O3 concentration of about 30.8 % after 3 hours of reaction, whereas a disappearance of about 94.5 % has been noticed for αpinene after one hour of reaction (Fig. 2), although the kinetic of this reaction is not very high: kO3298K = 85.10-18
cm3.molecule-1.s-1. On the other hand, particles have
reached a maximum concentration of 215±4.103 part/cm3
after 13 min of reaction. Then they decreased to levels of
79±2.103 parts/cm3 at the end of the experiment.

At the end of this stage, the experiments were carried
out in presence of CH2Cl2 and CHCl=CCl2 using two AS
chambers. One of the chambers was set under dry atmosphere, and the other under humid atmosphere in order to
study, particularly, the role of relative humidity on the formation of aerosols.
α-pinene, ozone, CH2Cl2: Results have shown that after
1 hour of reaction in presence of 140 ±3 ppb V of CH2Cl2,
87 % of α-pinene (C0 = 113 ± 3 ppb V), previously injected
into the ASC, have been degraded. However, 33 % of the
initial O3 concentration (C0 = 280 ± 6 ppb V) has disappeared (Fig. 2), and the number of particles reached a maximum level of 238 ± 5.103 parts/cm3 in only 8 min of reaction, then decreasing to 62 ± 1.103 parts/cm3 at the end of
the experiment.
α-pinene, ozone, CHCl=CCl2: In these experiments, we
have studied the role of humidity when combined with
CHCl=CCl2. Table 2a summarizes the chemicals concentrations in the two studied cases. Results concerning the
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evolution of chemical concentrations during experiments
a)

are presented in Table 2b.

% of disappearance

RH = 0 %

RH = 58 %

100
80
60
40
20
0
alpha-pinene + O3

Alpha-pinene + CH2Cl2 + O3

b)

% of disappearance

RH = 0 %

Alpha-pinene + CHCl=CCl2 + O3

RH = 58 %

40
35
30
25
20
15
10
5
0
Alpha-pinene + O3

Alpha-pinene + CH2Cl2 + O3

Alpha-pinene + CHCl=CCl2 + O3

FIGURE 2 - a) Decrease of α-pinene after one hour of reaction.
b) Degradation of ozone at three hours of reaction (RH: Relative Humidity)
Experimental conditionsa:
ozone
α-pinene
110 ± 2
289 ± 6
a
all values are in ppb V.

CH2Cl2
140 ± 3

TABLE 2 - Concentration of chemicals in the ASC
under low (0-5 %) and high (58 ± 5 %) relative
humidity (a Organic concentrations are in ppb V).
a) At the beginning of experiment (t = 0 h)
Organic

RH = 0-5 %

α-pinene
CHCl=CCl2

104 ± 2
99 ± 2

RH = 58 ± 5%
113 ± 2
99 ± 2

ozone

291 ± 6

267 ± 5

b) At the end of experiment (t = 3 h)
Organic

RH = 0-5 %

α-pinene
ozone

0.32 ± 0.1
211 ± 4

RH = 58 ± 5%
0.26 ± 0.1
185 ± 4

Particles (part/cm3)

80 ± 2.103

61 ± 1.103

We will continue this analysis with the discussion of
the above-described findings in order to understand the interactions of the studied chemicals between each other. First

CHCl=CCl2
99 ± 2

we will present the α-pinene degradation, then the aerosols particles, and, finally, the carbonyl compounds.
α-pinene and ozone degradation: As we can see, after
one hour of reaction, most of the α-pinene was degraded
(around 90 %). One can, however, notice that in presence of
CH2Cl2 and CHCl=CCl2, the quantity of α-pinene, seems
invariable (Fig. 2). The variation remains not very significant to get some conclusion from it. In addition, the moisture (in the presence of CHCl=CCl2) does not influence
the percentage of α-pinene decomposition (variation of
1.1 %). But we notice that, when CH2Cl2 and CHCl=CCl2
are in presence of ozone, the latter is practically not degraded. On the other hand, in the presence of α-pinene, the
degradation of O3 attains 30 %. In addition, CH2Cl2 and
CHCl=CCl2 seem not to modify the percentage of ozone
degradation, which, in fact, is primarily governed by αpinene. However, in the reaction of α-pinene/ CHCl=CCl2
with moisture presence, the percentage of degraded ozone
seems to be slightly more significant (31 %) with regard
to that (27.5 %) at a relative humidity of 0-5 %.
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Experiments
have shown (Fig. 3) that when chlorinated VOCs react only
with ozone, particles were not formed (less than 100±2 parts/
cm3). However, in presence of α-pinene and ozone, the
maximum particle formation seems higher than that obtained for the reaction regarding α-pinene and O3 (+ 10.7 %
in the presence of CH2Cl2 and +16.3 % in the presence of
CHCl=CCl2), whereas the number of particles obtained at
the end of the experiment was 80±2.103 part/cm3. In addition, for a significant relative humidity (RH = 58 ± 5 %),
the quantities of formed particles are much lower (-39 %)
than for dry atmosphere (RH = 0-5 %), as confirmed by the
formed particle numbers of α-pinene + CHCl=CCl2 + O3
reaction. This phenomenon can be explained by an agglomeration of particles around water molecules present in the
ASC and, consequently, their concentration decreases in the
chamber.
Aerosol particles and carbonyl compounds:

Unfortunately, for the undertaken experiments, we are
not always able to determine the amounts of carbonyl compounds produced, and the little data we have (Fig. 4) do not
allow us to formulate conclusions. One can, however, no-

tice that the recorded concentrations remain relatively weak
(only the values of the TOCs for the CHCl=CCl2/O3 system at RH = 58±5 % are higher than 30 ppb V). For the
reactions concerning α-pinene, formaldehyde constitutes
the main carbonyl breakdown product followed by acetone [17, 18] (prevalence of the light carbonyl VOC). For
the CHCl=CCl2/O3 system at RH = 58 ± 5 %, the recorded
concentrations highlight the existence of a certain reactivity that the weak variations in the concentration of ozone
did not show. It is noticed that the main compounds present
are TOCs and butanal (predominance of heavier carbonyl
VOCs).
For the studied systems (dark conditions), it appears
that the presence of a chlorinated VOC (CHCl=CCl2 or
CH2Cl2) does not significantly influence the percentage of
α-pinene decomposition. The percentage of degraded ozone
at the end of the experiment is primarily governed by αpinene. Significant relative moisture seems to increase the
decomposition of ozone. The formation of aerosols seems
to be facilitated by the presence of chlorinated compounds.
Moreover, high relative moisture decreases the number of
produced aerosols.

Maxim um

End of experience

Alpha-pinene + CHCl=CCl2 + O3 (RH=58%)

Alpha-pinene + CH2Cl2 + O3

CHCl=CCl2 + O3 (solar irradiation)

CH2Cl2 + O3

0

50

100

150
3

10 part/cm

200

250

3

FIGURE 3 - Graph showing the formation of aerosols during all experiences.
Particles were monitored from the beginning to the end of reactions.

ppb V

CHCl=CCl2 + Ozone (RH=58%)

Alpha-pinene + CH2Cl2 + Ozone (RH=0%)

Alpha-pinene + CHCl=CCl2 + Ozone (HR=58%)

40
35
30
25
20
15
10
5
0
Formaldehyde

Acetone

Butanal
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FIGURE 4 - Graph showing the concentration of carbonyl compounds appearing during the different experiences.

During the following experiments, we were interested
in the influence of the relative humidity on the studied reactions. Therefore, experiences were carried out at room temperature (T = 24±0.5 °C) in two separate ASCs, the first one
under dry conditions and the second one under a relative
humidity of about 60±5 %. The monitoring of β-pinene, O3,
aerosols and carbonyl compounds was studied.
β-pinene and ozone degradation: Experiments have
shown (Table 3) that for a strong relative humidity, βpinene disappears faster (31.4%) than under dry conditions
(11.7%) at the end of the first half an hour. At the end of
the experiments, the rates of disappearance are somewhat
similar (around 85 %). Fig. 5 shows that after 30 min of
reaction, β-pinene is much more degraded in the presence
of moisture, and the obtained results with or without
CHCl=CCl2 differ only little (rate of degradation around
31 %). On the other hand, for a low RH (0 – 5 %), the rate
of disappearance of β-pinene is enhanced by factor 2 in the
presence of CHCl=CCl2 after 30 min of reaction. Consequently, the study of the system O3/CHCl=CCl2/β-pinene
in the darkness seems to emphasize an increase in the rate
of terpene degradation.
TABLE 3 - Evolution of the concentration of β-pinene during reaction (O3 / β-pinene system) under low and high relative humidity.
Time (h)
0
0.5
1.5
RH = 0-5% and O3 = 273 ± 5 ppb V
ppb V
69.5±1.4 61.4±1.2 36.7±0.7
Degradation
0
11.7
47.2
(%)
RH = 60±5% and O3 = 321 ± 6 ppb V
ppb V
85.1±1.7 58.4±1.2 37.6±0.8
Degradation
0
31.4
55.8
(%)

3

4

21.2±0.4

11.7±0.2

69.5

83.2

20.6±0.4

11.0±0.2

75.8

87.1

O3 = 273 ± 5 ppb V O3 = 321 ± 6 ppb V

RH = 0 %

RH = 60%

35

% of degradation

30
25
20
15
10
5
0
Beta-pinene + O3

Beta-pinene + CHCl=CCl2 + O3

FIGURE 5 - Degradation of β-pinene in dry and humidified
atmosphere after 30 min of reaction (RH = Relative Humidity).

As we have already noted (see 3.1.2), ozone is practically not degraded in the presence of CHCl=CCl2 alone
(less than 5 %). The disappearance of ozone is mainly governed by β-pinene (Fig. 6). On the other hand, the rate of
degradation of O3 seems to be strongly influenced by a
high RH. Indeed, independently of the presence or the absence of CHCl=CCl2, approximately 45 % of ozone was
degraded at the end of the experiment when the relative
humidity is high (60±5 %) with regard to ~ 35% when it is
weak (RH = 0-5 %).
O3 = 273 ± 5 ppb V O3 = 321 ± 6 ppb V

RH = 0 %
% of degradation

Ozone, VOC and β-pinene system

RH = 60 %

50
40
30
20
10
0
CH2Cl2 + O3

CHCl=CCl2 + O3

Beta-pinene + O3

Beta-pinene +
CHCl=CCl2 + O3

FIGURE 6 - Degradation of ozone in dry and humidified atmosphere after 4 hours of reaction (RH = Relative Humidity).
Aerosols and carbonyl compounds formation: As we have
previously observed, the reaction between CHCl=CCl2 and
ozone generates very few aerosols (less than 100±2 parts/
cm3). In presence of β-pinene, their maximum reachable
is much higher than that of β-pinene/ O3 reaction (about
2 times and more than 4 times for RH = 0-5 % and 60±5 %,
respectively), and, similarly, but in a less spectacular way at
the end of the experiment (about 1.2 and 2.3 times for the
weak and high humidities, respectively). In addition, the
reaction between β-pinene and ozone leads to the formation of more aerosols when the relative humidity is
low. In fact, particles increase by about 1.5 times at the
beginning and 1.6 times at the end of experiment. This
phenomenon was also observed for α-pinene. Nevertheless,
in presence of β-pinene, results show an increase of aerosols by about 1.7 times at RH = 60±5 % against that of 1.2
at RH = 0-5 % (Fig. 7).

For carbonyl compounds, formaldehyde constitutes the
major resulting product after one hour of reaction. Moreover, its concentration increases in a significant way (almost
by factor 2) between t = 1 h and t = 3 h, whereas the other
carbonyl compounds show a modest variation, except for
TOCs. Indeed, for a RH of 60±5 %, TOCs show a strong
reduction. However, at low RH (0-5 %), two phenomena
were observed, a subsequent increase in the presence of
CHCl=CCl2, and then again no change in its absence. If
one analyzes the total quantities of produced VOCs, we
observe that after one hour of reaction at RH 0-5 %, the
amounts are similar with or without CHCl=CCl2 (around
77±2 ppb V). However, for RH 60±5 %, they are more sig-
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nificant than with low moisture. Moreover, they are higher
in presence of CHCl=CCl2 (101±2 ppb V against 90±2 ppb

V). After 3 hours of reaction, carbonyl compound concentrations increased, but in a different way, which means only

Maxim um

End of experim ent

Beta-pinene + CHCl=CCl2 + O3 (RH = 60 %)
Beta-pinene + CHCl=CCl2 + O3 (RH = 0 %)
Beta-pinene + O3 (RH =60 %)
Beta-pinene + O3 (RH = 0 %)
CHCl=CCl2 + O3

0

20

40

60

80

100

120

140

160

180

200

103 part/cm 3
FIGURE 7 - Graph showing the formation of aerosol particles during all experiments.
Particles were monitored from the beginning to the end of reactions.

a little bit when the relative humidity is high (+ 8.9 % and
+ 19.6 % for the reactions with and without CHCl=CCl2,
respectively), and in a spectacular way in the presence of
CHCl=CCl2 at RH 0-5 (+56.3 % against +30.3 % for the
system O3/β-pinene).

tion at low RH, the percentage of degradation is increased
by 2 times) in the same order as the quantity of aerosols
(the maximums have increased by 2 and 4 times for RHs of
0 and 60%. Moreover, the concentration of carbonyls increased by about 56 % for dry samples (RH = 0 %).

The studied system (O3/β-pinene) seems to be disturbed
by the presence of CHCl=CCl2 or moisture. Indeed, in both
cases, the rate of disappearance of the terpene is strongly
increased. In addition, the rate of ozone degradation is primarily governed by the terpene. It is, however, vigorously
influenced by moisture (increase with RH). At the same
time, the presence of CHCl=CCl2 significantly increases the
maximum of aerosols, in contrast to the phenomenon observed for all the other systems (reduction of aerosols when
RH increases). Moisture and CHCl=CCl2 are two factors
which overall support the production of carbonyl VOCs
for the various studied systems.

After studying the systems that involve ozone as oxidant, we will present in a future work results concerning
the effect that undergo terpene compounds in the presence
of chlorinated VOCs in a system implying hydroxyl radicals under solar irradiation.
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CONCLUSION
During this work, we have tried to understand if some
tropospheric change can occur when chlorinated compounds
are in contact with ozone and biogenic alkenes (α- and βpinene) under dark conditions. Thus, the studies carried
out in the ASC, emphasized some behaviors concerning
the reactivity of α-pinene in the presence of CH2Cl2 and
CHCl=CCl2. Results have shown that no influence is revealed on the decomposition of terpene, however, the quantity of aerosols increased (maximums 11 % and 16 % higher
than those observed without CH2Cl2 and CHCl=CCl2, respectively). Concerning the reactivity of β-pinene in the
presence of CHCl=CCl2, we have observed that the rate of
terpene decomposition has increased (after 30 min of reac-
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SUMMARY

Still, the data on its population structure and biodiversity
patterns in hard substratum are scarce and thus the response

The spatial dispersion of hard substratum polychaete
populations was studied in two sub-areas of the North Aegean: Thermaikos Gulf, which is under the influence of
organic pollution and Chalkidiki. The evaluation of the
proposed methods to assess disturbance, originally developed on soft substratum communities, reveals that multivariate analyses based on relative abundance are better
applicable in hard substratum, compared to univariate ones
and to those based on size changes of the fauna.

of their populations to pollution remains unclear [13]. In
this study an evaluation of the applicability of the analyses
of ecological monitoring in hard bottom polychaete communities is undertaken. Thus, the population structure of
polychaetes from an organically polluted algal-dominated
community and from a clear one was analyzed with the
aforementioned techniques, and these results were further
compared inter-se.

KEYWORDS: biodiversity, hard substratum, sublittoral, organic
pollution, Aegean Sea.

MATERIALS AND METHODS
Study area

INTRODUCTION
The eutrophication of coastal marine habitats is a current issue in the Mediterranean, due to its negative effect
on biodiversity [1]. The biomonitoring of these ecosystems is a subject of priority for the members of the European Union, in order to assess their ecological quality, as
forced by many international directives and conventions
(e.g. Rio 1992, Water Framework Directive 2000/60/EC).
Approaches to this subject have been manifold and several
analyses have been proposed, which can be briefly summarized in three categories: (1) univariate techniques, including diversity and biotic indices, (2) multivariate techniques
and (3) graphical/ distributional representations. These
analyses, originally developed from soft substratum studies, have been applied to other marine habitats, with varying degrees of success [2-6]. Still, they are usually based on
an extensive list of species of the investigated area [6] and
thus on species richness that is the important indicator of
diversity across spatial scales and habitats [7, 8].
Polychaetes have been widely used as a key taxon in
biomonitoring studies, since they constitute a species-rich
group with a perceptible response to disturbance [3, 9-12].

The study area includes two hydrological different subareas of the North Aegean Sea: (1) Thermaikos Gulf and
(2) Chalkidiki peninsula (Fig. 1). Thermaikos Gulf is a
shallow-water embayment in the NW Aegean, which receives discharges from large river systems (Axios, Loudias,
Aliakmonas) and also sewage and industrial effluents from
the city of Thessaloniki [14, 15]. It is considered to suffer
from eutrophication, especially on its northern part, where
conditions of severe organic pollution have been commonly
reported [16]. In contrast, both Toroneos and Sigitikos gulfs
are exposed, deep-water oligotrophic areas, receiving insignificant discharges from inland waters, whereas Strymonikos
Gulf receives the inputs from Strymonas River [17]. The
basic physical and chemical parameters of the water column show increased variability in Thermaikos, whereas on
the other three gulfs they are rather stable, showing a seasonal pattern characteristic for such temperate regions [13].
Twelve coastal stations were sampled, six located at the NE
side of Thermaikos, three at the southern part of Toroneos,
two at the inner Sigitikos and one at Strymonikos (Fig. 1).
Sampling

Sampling was carried out in summer at a depth ranging
from 3 to 15 m, depending on the bathymetric expansion of
the rocks (July & August of 1997-1998 for Chalkidiki and
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August 2001-2003 for Thermaikos). Macrofaunal samples
were collected with SCUBA diving, using a quadrate

sampler covering a surface of 400 cm2, by totally scraping
off the rocks in order to collect both the motile and sessile

FIGURE 1
Map of the study area indicating sampling stations.

fauna [18-20]. Three to five replicates were collected at
each station, thus a total of 90 samples were available (60
from Thermaikos Gulf and 30 from Chalkidiki peninsula).
All samples were sieved (0.5 mm mesh size) and preserved
in a 10% formalin solution. After sorting, all polychaetes
were counted, identified down to species level and the dry
weight of the specimens was measured. The feeding guilds
for each polychaete species were classified according to
Fauchald & Jumars (1979) and summarized in four categories (1) D = deposit feeders, (2) S = suspension feeders, (3)
C = carnivores and H = herbivores.
Data analysis

The data matrix was first analyzed by standard biocoenotic methods (population density, mean dominance, frequency) [18, 20]. The first category of analyses, e.g. univariate techniques, included the calculation of (1) diversity
indices (Margalef’s richness d; Shannon-Wiener H; and
Pielou’s evenness J), (2) a functional/trophic relation based
on the equation TR = D+S / C+H, which describes the proportion of the species utilizing the amount of suspended/
deposited organic particles demanded for nutrition to the
predatory or grazing species (TR is expected to increase
proportionally to the organic matter), and (3) the biotic
index of Borja, with the use of AZTI software [21, 22].
One-way ANOVA was used to assess the significance of

the univariate results (Ho = no significant differences
between the stations of the two sub-areas) [24].
The second category of analyses e.g. multivariate techniques, included the hierarchical cluster analysis and the
multidimensional scaling ordination, both performed on log
transformed numerical abundances data and the BrayCurtis semimetric index, using PRIMER package [11]. The
significance of the multivariate results was assessed with
ANOSIM test (divergence of samples according to the
geographical location of stations). SIMPER analysis was
applied to identify the contribution of each species to the
overall similarity within a group of samples and the dissimilarity among groups [11].
Finally, the third category of analyses, e.g. graphical/
distributional representations, included the abundancebiomass comparison, ABC method [23]. For each station
dominance curves for abundance and biomass were obtained as species were ranked in terms of importance on
x-axis and in terms of percentage dominance of abundance or biomass on y-axis [11].
RESULTS
Univariate analyses
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A total of 5,855 individuals were counted, belonging
to 110 species of polychaeta. 25 species were dominant

according to frequency and population density values
(Table 1).

TABLE 1
Taxonomic list of the recorded species.
Polychaeta species
Abarenicola claparedei (Levinsen, 1883)

Nereiphylla pusilla (Claparede, 1870)

* ●Amphiglena mediterranea (Leydig, 1851)
Amphitrite variabilis (Risso, 1826)
Amphitrite sp.
Ancistrosyllis cingulata (Korschelt, 1893)
Aonides oxycephala (Sars, 1862)
Aphelochaeta marioni (de Saint Joseph, 1894)
Aponuphis bilineata (Baird, 1870)
Aricidea fragilis Webster, 1879
Branchiomma bombyx (Dalyell, 1853)
* ●Capitella capitata (Fabricius, 1780)
* ●Ceratonereis costae (Grube, 1840)
Chaetozone setosa Malmgren, 1867
Chone filicaudata Southern, 1914
Chrysopetalum debile (Grube, 1855)
Cirriformia tentaculata (Montagu, 1808)
Dodecaceria concharum Oersted, 1843
Dorvillea rubrovittata (Grube, 1855)
Eteone picta Quatrefages, 1865
Euclymene oerstedii (Claparede, 1863)
Eulalia viridis (Linnaeus, 1767)
Eunice oerstedii Stimpson, 1853
Eunice torquata Quatrefages, 1865
*Eunice vittata (Delle Chiaje, 1829)
Euphrosine foliosa Audouin & Milne Edwards, 1833
Eusyllis blomstrandi Malmgren, 1867
*Exogone naidina Oersted, 1845
Ficopomatus enigmaticus (Fauvel, 1923)
* ●Glycera tesselata Grube, 1863
Glycinde nordmanni (Malmgren, 1865)
Goniada maculata Oersted, 1843
Grubeosyllis limbata (Claparede, 1863)
*Haplosyllis spongicola (Grube, 1855)
* ●Harmothoe areolata (Grube, 1860)
Harmothoe spinifera (Ehlers, 1864)
Heteromastus filiformis (Claparede, 1864)
* ●Hydroides elegans (Haswell, 1883)
* ●Hydroides pseudouncinata Zibrowius, 1968
Janita fimbriata (Delle Chiaje, 1822)
Jasmineira candela (Grube, 1863)
●Kefersteinia cirrata (Keferstein, 1862)
Laetmonice hystrix (Savignyi, 1820)
●Lanice conchilega (Pallas, 1766)
Laonice cirrata (M. Sars, 1851)
Laonome salmacidis Claparede, 1870
Levinsenia gracilis (Tauber, 1879)
Lumbrineris latreilli Audouin & Milne Edwards, 1834
* ●Lysidice ninetta Audouin & Milne Edwards, 1833
Magelona sp.
Maldane glebifex Grube, 1860
Marphysa fallax Marion & Bobretzky, 1875
Melina palmata Grube, 1870
Naineris laevigata (Grube, 1855)
Neanthes caudata (Delle Chiaje, 1828)
Nematonereis unicornis (Grube, 1840)

* ●Nereis rava Ehlers, 1868
* ●Nereis zonata Malmgren, 1867
Nicolea venustula (Montagu, 1818)
Notophyllum foliosum (M. Sars, 1835)
Odontosyllis ctenostoma Claparede, 1868
Palola siciliensis (Grube, 1840)
Paralacydonia paradoxa (Fauvel, 1913)
●Perinereis cultrifera (Grube, 1840)
Phalacrophorus pictus Greeff, 1879
●Phyllodoce madeirensis Langerhans, 1880
Pionosyllis lamelligera de Saint Joseph, 1886
Pista cristata (O.F. Muller, 1776)
Placostegus crystallinus Zibrowius, 1968
* ●Platynereis dumerilii (Audouin & Milne Edwards, 1833)
Polycirrus aurantiacus Grube, 1860
Polydora caeca (Oersted, 1843)
Polygordiidae (archianelida)
*Polyopthalmus pictus (Dujardin, 1839)
Pomatoceros triqueter (Linnaeus, 1767)
Protodorvillea kefersteini (McIntosh, 1869)
Protula sp.
Pterocirrus macroceros (Grube, 1860)
Pterosyllis formosa
Sabella fabricii Fauvel, 1927
Sabella pavonina Savignyi, 1820
Sabella spallanzanii (Viviani, 1805)
Sabellaria spinulosa Leuckart, 1849
Schistomeringos rudolphi (Delle Chiaje, 1828)
Sclerocheilus minutus Grube, 1863
Scolelepis bonnieri (Mesnil, 1896)
* ●Scoletoma funchalensis (Kinberg, 1865)
* ●Serpula concharum Langerhans, 1880
* ●Serpula vermicularis Linnaeus, 1767
Spermosyllis torulosa Claparede, 1864
* ●Sphaerosyllis pirifera Claparede, 1868
Spirobranchus polytrema (Philippi, 1844)
*Spirorbis sp.
Syllidia armata Quatrefages, 1865
Syllis amica Quatrefages, 1865
●Syllis armillaris (O.F. Muller, 1776)
*Syllis cornuta Rathke, 1843
Syllis gracilis Grube, 1840
* ●Syllis hyalina Grube, 1863
Syllis krohnii Ehlers, 1864
* ●Syllis prolifera Krohn, 1852
Syllis vittata (Grube, 1840)
Terebella lapidaria Linnaeus, 1767
Terebellides stroemi M. Sars, 1835
Theostoma oerstedi (Claparede, 1864)
Trypanosyllis coeliaca Claparede, 1868
*Trypanosyllis zebra (Grube, 1840)
* ●Vermiliopsis infundibulum (Philippi, 1844)
Vermiliopsis limbata (G.O. Costa, 1861)
Vermiliopsis sp

* indicate dominant species, ● indicate species contributing on about 50% of the average in-group similarity or among groups dissimilarity resulted
from SIMPER analysis.

Richness values (d) ranged from 3.84 to 7.53, H values
from 1.44 to 4.56 and J values from 0.26 to 0.90, indicating the evenly dispersion of numerical abundance among
species in most sampling stations (Fig. 2).

One-way ANOVA showed that the values of H and J
indices were significantly different among Thermaikos
and Chalkidiki stations, only after the exclusion of spiror-
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bids (F=10.34; p<0.05; F= 21.64 p<0.05, respectively),
whereas d didn’t showed any significant variation (F=
0.09; p=0.76).
The functional/trophic ratio (TR) showed higher values
in Thermaikos stations (mean value 1.137±0.91), whereas
in the stations of Chalkidiki was around 0.18±0.06 (Fig. 3).
Still, these differences were not statistically confirmed
(F= 0.02 p=0.88), as the high value of TR in C2 amplifies
the variance in the group of Chalkidiki stations.
The increased value in C2 station is due to the massive
settlement of spirorbids, which are typical filter feeder
organisms, often classified in meiofauna [18]. The recalcu-

The biotic coefficient (BC) ranged from 1.38 to 2.9.
Thus, the biotic index of Borja (BI) had a value of 2 in all
cases and as a result all sampling stations were classified as
slightly polluted. However, the percentage contribution of
the five ecological categories of species showed a different
pattern among Thermaikos (dominance of group III) and
Chalkidiki (dominance of group II) stations (Fig. 4).
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lation of TR, after the exclusion of spirorbids reinstates its
values, which are now found significantly different among
Thermaikos and Chalkidiki stations (F=6.46, p<0.05).
Accordingly, the relative abundance of species utilizing
the organic particles was increased in Thermaikos.
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FIGURE 2
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FIGURE 3
Value of the trophic ratio (TR) per sampling station. The circle refers to the recalculated value after the exclusion of spirorbids.
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FIGURE 4
Biotic coefficient value (BC) and percentage of the ecological groups per sampling station.
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FIGURE 5
Non-metric multidimensional scaling, based on Bray-Curtis similarity index, calculated from root transformed numerical abundance data.

Multivariate analyses

Hierarchical cluster analysis and non-metric MDS
show the separation of the samples in two groups according
to the sampling site, e.g. Thermaikos or Chalkidiki (Fig. 5).
Within each group a second minor division is apparent,
according to the community type. In Thermaikos group the
facies of Mytilus galloprovincialis (T5, T6) is distinguished
from the photophilic algae community (T1, T2, T3, T4). In
Chalkidiki group the facies of the filamentous algae (C1,
C2, C3, C4) is distinguished from the facies of encrusting
algae. The discrimination of the samples from Thermaikos

and Chalkidiki stations is confirmed by one-way ANOSIM
(global R = 0.1; p < 0.1). The SIMPER analysis identified
15 species as most contributing to in-group similarity and
22 species to among-groups dissimilarity (Table 1).
Graphical/distributional representations

The ABC curves obtained for Thermaikos and
Chalkidiki stations are presented in Figure 6. In most
stations of Thermaikos, the two curves coincide or cross
each other, except of T4 and T5, in which the biomass
curve was above that of abundance. Regarding the sta-
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FIGURE 6
ABC curves for the stations of Thermaikos (T1-T6) and Chalkidiki (C1-C6).

DISCUSSION
Algal-dominated communities prevail the sublittoral
rocky bottoms throughout the Mediterranean [25]. These
communities are characterized by increased biodiversity
and complexity. They host a large number of zoobenthic
species with various ecological fit, among which polychaetes usually comprise over one third of both the species
richness and the numerical abundance [5, 13, 20, 26]. In
this study a total of 110 species of Polychaeta were recorded, all previously reported in the Aegean Sea [27, 28].
The univariate analyses showed the same overall trends.
Thus, the diversity indices had decreased values in Thermaikos, in contrast with the trophic ratio, which showed
increased values. These two methods confirmed the diversification of the stations from the two sub-areas of the North
Aegean. They also identified some pollution effects (in the
sense of the decreased biodiversity and the predominance of
suspensivores/ deposit feeders) to the set of Thermaikos

stations. However, the methods showed two severe disadvantages. The first one is related to the very strong influence
of the results to the relative proportion of some species.
This was obvious from the C2 results. This station was
characterized as polluted by the application of both trophic
ratio and diversity indices. However, this was due to the
increased abundance of spirorbids, which were attached to
the thalli of the brown alga Padina pavonica [13]. Spirorbids are typical opportunistic filter feeding organisms that
settle immediately after release from parental tubes [29].
Their presence to the assemblage should not be considered
as stable, as they probably perish when the thalli of Padina
pavonica decay after mid September [13]. Moreover, are
often classified to the meiofaunistic component of the
community, due to their very small size [18]. Thus, the
exclusion of such species is recommended to better describe the community patterns [13, 30]. The second disadvantage is the relativity of the numerical values of indices,
since the differences between Thermaikos and Chalkidiki
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stations were statistically confirmed only after the exclusion of spirorbids.

with respect to the prevalent facies, which indicates the
increased sensitivity of the methods applied.

The biotic index of Borja failed to distinct the various
stations, as all sites were classified as slightly polluted.
Thus, the BI values are obviously underestimated from
Thermaikos and overestimated for Chalkidiki stations. This
failure may have resulted for a number of reasons. First of
all, many polychaete species were not yet assigned to ecological groups, and thus excluded from the analysis [21,
22]. Secondly, none of the species favored by the increased
organic load showed a peak to their population density. The
only apparent difference among Thermaikos and Chalkidiki
stations refers to the relative proportion of two ecological
groups. Thus, species indifferent to enrichment (group II)
dominated Chalkidiki stations and species tolerant to increased organic load (group III) dominated Thermaikos.
The species pool differs among hard and soft substratum
communities, the later hosting exclusively species belonging to groups IV and V (e.g. certain cirratulids). Thus, a
different arrange of the fauna to ecological groups adapted
to rocky bottoms could improve the BI results allowing
the eduction of a solid conclusion.

Concluding, the effect of the organic pollution, well
documented in inner Thermaikos Gulf [3, 4, 5, 12, 16],
was detectable on the current biotic pattern. The results
support the usefulness of the multivariate techniques in
ecological monitoring in hard substratum, since they clearly
separated the unpolluted from the organically polluted sites.
The other analyses performed were found less effective,
mostly due to their dependence on the attributes of some
species (abundance, biomass, sensitivity or feeding guild).
Consequently, information on the biology of the species
pool and their biotic interaction is required for the interpretation of the results produced by such methods.

The abundance biomass comparison describes the
relative proportions of r- to k- strategies. The taxon of
Polychaeta is strongly recommended for this analysis, as
the distributions of abundance and biomass among species
is shifting with respect to organic pollution. The increment
of organic load will generate the substitution of large by
small sized species [23, 11]. However, this method has
been scarcely performed on rocky bottoms [6]. Our results
generally confirmed the predictions of the method. Still
some misjudgments came up. In most of the stations of
Chalkidiki large bodied polychaetes dominated, indicating
stable community trends. The extremely high number of
spirorbids, species indifferent to organic enrichment [21]
with very small body size and thus negligible biomass can
explain the exceptions of C2 and C4 results. Regarding
Thermaikos stations, four of them (T1, T2, T3, T6) are
classified as moderately perturbed, while T4 and T5 were
unperturbed. In T4 the species Eunice vittata, Lanice conchilega and Sabella spallanzanii contribute most to the
biomass, whereas Marphysa fallax and Ceratonereis costae
in T5. All these polychaetes are either sensitive or indifferent to organic pollution [21, 28]. Thus, the results of ABC
method in hard substratum communities should be viewed
with caution, by referring to the species responsible for the
configurations.
The last methodological approaches, e.g. the multivariate analyses produced the same overall patterns. According to these results, the polychaete populations are
differently structured according to the investigated subareas. The organically polluted algal-dominated communities were undoubtedly distinguished from the clear ones,
on the basis of the relative abundance of the species pool.
Moreover, the various stations sampled were separated
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ACID MINE DRAINAGE TRANSFORMATION
OF FLY ASH INTO ZEOLITIC CRYSTALLINE PHASES
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SUMMARY
The development of a system for the utilization of fly
ash produced at coal-fired power stations to treat acid mine
drainage (AMD) resulting from coal mining activities was
investigated. It involved a neutralization process, in which
the pH of the AMD solution was raised from 2–3 to neutral pH when reacted with an appropriate amount of fly
ash. The residual solids from the co-disposal reaction were
processed and fused with sodium hydroxide at 600 ºC to
produce zeolites including faujasite, which have useful applications as ion exchangers. Zeolites were characterized by
X-ray diffraction (XRD) spectrometry and scanning electron microscopy (SEM).

KEYWORDS: Fly ash, acid mine drainage, co-disposal reaction,
hydrothermal synthesis, zeolite, faujasite.

seams and, therefore, oxidized by contact with water and
oxygen. AMD is characterized by low pH values and high
concentrations of sulphate and heavy metals. It is essen-

tial to treat AMD before it is discharged, in order to limit its
negative impact on the receiving streams and aquifers. This
can be done by active or passive treatment systems [4, 5].
Despite the numerous environmental issues associated
with its combustion, coal will remain a major source of electrical power generation in South Africa for years to come.
It has, therefore, become necessary to look for methods to
obtain value-added products from fly ash, such as zeolites
[6–8]. In this article, attention is given to the possible use
of FA as a neutralizing agent in the treatment of AMD
and the synthesis of novel products (ion exchange adsorbents in the form of zeolites) from the solid residues
collected after the co-disposal reaction of FA and AMD.
MATERIALS AND METHODS

INTRODUCTION
The ever-increasing demand for electricity in modern
society has resulted in the burning of large quantities of
coal. Many of the coal-fired power stations in South Africa
operate on the pulverized fuel principle. Two ash fractions
are produced during combustion: bottom ash and fly ash
(FA). FA forms the fine portion of residues removed from
the flue gases. It ranges in size from 0.5 to 200 µm and is
composed primarily of Si, Al, Fe, Ca, plus unburned carbon
portions [1, 2]. Furthermore, FA can contain up to 50 trace
elements, a number of which are very toxic to the environment. Due to its high CaO content, the ash produced in South
Africa tends to be highly alkaline, and pH values reach 10
or more in the leachate [3].
The formation of acid mine drainage (AMD) is of great
environmental concern at coal mining sites. It occurs when
sulphide minerals (mainly pyrite) are associated with coal

Fly ash was collected from the Eskom power station of
Arnot (South Africa), while the acid mine drainage was
sampled from the Navigation plant at the Anglocoal colliery of Landau (South Africa). The solid residues used as
zeolite feedstock were prepared by reacting FA with AMD
in specific FA:AMD ratios (e.g. 1:3, 1:5). The pH and electrical conductivity of the reaction mixture were measured at
regular time intervals until a nearly neutral pH was obtained.
A Mettler Delta 350 pH-meter, with automatic temperature
correction at 25 ºC, was used for pH measurements. The EC
was measured using a Hanna Instruments HI 991301 portable pH/EC/TDS/temperature-meter.
When neutral pH was reached, solid and liquid phases
were separated by filtration. The co-disposal solid residues
were recovered, dried in an oven at 70 ºC, then milled and
ground with an agate mortar and pestle, until a powder of
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even particle size was obtained. Finally, the powder was
further crushed in a Zibb mill to approximately 5 µm grain
size.
Zeolites were synthesized according to a hydrothermal
process [8]. The dried co-disposal solid residues were mixed
with sodium hydroxide (NaOH) in a residue:NaOH ratio
of 1:1.2. The mixture was homogenized by grinding with
an agate mortar and pestle, and then fused at 600 ºC for
about 1-2 hours. The milled fused product was mixed thoroughly with distilled water, and the slurry was aged for
8 hours at room temperature. After ageing, the slurry was
hydrothermally treated at 100 ºC for 24 hours. The solid
product was filtered, washed with deionised water until
the leachate had a pH of 10, and dried at 70 ºC.
The mineral content and crystallinity of this product
were evaluated by XRD spectrometry, with a Philips analytical graphite mono-chromator. Cu-Kα radiation samples
were scanned for 2θ ranging from 7 to 70º. The X’Pert
Graphics & Identify data collection software was used to
identify the minerals present in the samples. SEM was used
to determine the size distribution and morphology of the
synthesized crystals. A Hitachi X-650 scanning electron
micro-analyzer was used to take micrographs of the samples, which were mounted on aluminium stubs using conductive glue, and then coated with a thin layer of carbon.

NaOH and Na2CO3. The neutralization potential of FA is
due to significant quantities of alkalinity in the form of CaO,
MgO, K 2O and Na2O. Furthermore, FA has a very high
surface area but small particle size, resulting in a relatively
high reactive surface area [2, 9-11]. FA may, therefore, be
a substitute for limestone or lime treatment in the neutralization of AMD.
The XRD analysis indicates that several crystalline
phases were present in the material obtained from the hydrothermal fusion of co-disposal solid residues. The phases
were identified to be faujasite, sodalite and zeolite A, when
accounting the zeolitic nature of the fused material. The
nature of the synthesized products varied, i.e. different
zeolitic phases were obtained, when different co-disposal
solids were used as feedstock material.
The photomicrographs show the transformation of FA
into a zeolite phase (faujasite), and the morphology of single
crystals looked well-defined (Figure 2). For the faujasite,
sodalite and zeolite A phases, the size of individual crystals
varied from 1 to 5 µm.

RESULTS AND DISCUSSION
The pH and conductivity measured during the AMD
neutralization experiment at an FA:AMD ratio of 1:2 are
shown in Figure 1. Within the first 30 min of the experiment, the pH of the reaction mixture increased from 2.8 to
6, and the conductivity decreased from 10.8 to 7.5 mS/cm.
This initial high reactivity was followed by a further decrease
of conductivity, reaching 4 mS/cm after 240 min, whereas
the pH remained constant. These results provide evidence
that FA is a rapid and efficient neutralizing agent of AMD.

FIGURE 1 - pH and conductivity measurements
during the co-disposal reaction of FA and AMD.

The neutralization of AMD is commonly achieved by
the addition of chemicals, such as CaO, Ca(OH)2, CaCO3,
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FIGURE 2 - Scanning electron photomicrograph of the FA (a)
and the faujasite synthesized from FA:AMD co-disposal solid (b).
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In the co-disposal process, pollution control of both
coal mining and coal powered utility waste streams is
shown to be possible through a reaction between two waste
products, namely AMD and FA. The neutralization of AMD
is achieved by reaction with FA. The results further indicate
that high capacity ion-exchange adsorbents, such as the
zeolites faujasite, sodalite and zeolite A, can be prepared
from the co-disposed solid residues. Previous studies [1113] have shown that zeolite can be obtained by hydrothermal treatment of FA. The co-disposal process utilizing
South African FA can be considered as a suitable method
to achieve low-cost treatment of coal mine-derived AMD,
the delivery of relatively cleaner process water at a circumneutral pH (suitable for further treatment), and production of zeolitic adsorbents by post-process synthesis from
co-disposal solid residues.
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The economic development and eco-environment of
Wuhan, the biggest city and an important industrial base
in central China, is discussed on the basis of the statistical
data from 1998-2002. The problems of the city coming to
a sustainable one have been recognized, and the approaches
to solve these problems proposed in this paper may be a
reference to other big industrial cities in developing countries.

towns, Hankou, Hanyang and Wuchang, divided by the
Yangtze river and Haishui river. Wuhan has an area of
8467 square km, and its regionalism includes nine urban
districts and two counties having a population of 7,230,000,
among which more than 4,000,000 are urban dwellers.
42.6% and 39.3% of the city’s area is ridge and plain,
respectively, 18.1% is low-mountain and hill region, and
34.5% of the city is covered with green land (ca. 8.24 m2
per capita).

Beijing

ECONOMIC DEVELOPMENT STATUS

Tianjin

Wuhan is characterized by its solid industrial foundation and strong comprehensive supporting system, and has
been an important national industrial base in China with
more than 30,000 industrial enterprises [2]. The automobile
industry, communication industry, petrol-chemical industry, and high and new tech-industry have gradually turned
into new pillar industries in Wuhan. From Fig. 2 we can see
that the economic development has been greatly improved
in the past years. The increasing rate of gross domestic
product (GDP) has been 12-13%, among which Primary
Industry represents 3-4%, Secondary Industry 12-13%, and
Third Industry 12-13%.

Xian
Wuhan
Shanghai
Fuzhou

Chongqing

Guangzhou

FIGURE 1 - Location of Wuhan in China.

ABOUT WUHAN CITY
Wuhan is the capital of Hubei Province and the largest
city in Central China, which has a history over 3500 years.
As shown in Fig. 1, Wuhan is about 1000 km away from
each of the four major cities in China. Therefore, it is regarded as the center of China's economic geography and
transportation [1]. The water surface area (12 rivers and
140 lakes) occupies 1/4 of that of the whole city. The
Yangtze River, the third largest river in the world, joins its
largest branch, the Haishui River, at the city proper. That is
why the city is also named the “River City”. There are three
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ECO-ENVIRONMENT STATUS
AND PROTECTION [4, 5]

1999
2000
2001
2002

1200

9

Production (10 Yuan)

1600

800
400
0

GDP

PI

SI

TI

FIGURE 2 - Wuhan’s GDP and its composition in primary, secondary and tertiary industries from 1999 to 2002 (PI: primary industry;
SI: secondary industry; TI: tertiary industry).

According to the Annual report on Wuhan’s economy
development in the year 2002 [3], the GDP of Wuhan was
valued to be 149.3 billion Chinese yuan (18.48 billion U.S.
dollars), 11.8% increase with regard to 2001, in which the
primary industry grew by 3.8%, the secondary industry by
12.2%, and the tertiary industry by 12.5%. In 2002, the
municipal total industrial production, total agricultural production, social fixed-assets investment, and the financial
revenue value were 53.4, 8.95, 57.04 and 19.6 billion yuan,
respectively, increased by 11.9%, 3.8%, 12.2% and 15.5%,
respectively, compared to 2001. As for the composition of
GDP in different sectors in 2002, the three major contributors, industry (manufacture and process), commerce and
catering, and construction industry represented 43.9%,
22.0%, and 10.0%. The other sectors were transportation,
post and communication (8.0%), agriculture (7.4%), banking and insurance (4.0%), and realty industry (3.8%).

2500

Rate of environmental investment

1.5

2000

6

10 yuan

2.0

1500
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1000
500

Investment amount

0.5

Water qualities of the main rivers in Wuhan City have
met the related standard requirements in China, regardless
of few small rivers exceeding those in nitrogen and phosphate indexes. Since a large amount of municipal sewage
is discharged without treatment, nearly all the lakes in the
city are in eutrophication status. However, the quality of
about 97.21% of source water for drinking reached the
national standards. In 2002, the total wastewater discharged
was up to 71.19 million tons, among which industrial
wastewater was 34.976 mill. (49.13%) and municipal one
36.214 mill. tons (50.87%). The main pollutants in industrial wastewaters are Chromium(VI) (3.01 tons), NH3-N
(1731.96 tons), and COD (55190.69 tons). About 92.01%
of industrial wastewater was treated to match the emission
standard, increasing by 1.82% in 2001. The rate of recycled water was up to 68.40%, and 284 sets of wastewater
treatment equipments or plants existed in the main heavypollution industries, which are all in good performance.
There are five auto-monitoring stations for air environmental control in Wuhan. From the data of these stations,
we can see that the concentrations of major air pollutants,
TSP or IP, SO2, NO2, and acid rain frequency have decreased
significantly from 1998-2002 (see Fig. 5). In 2002, the mean
values of TSP, SO2 and NO2 were 131 µg/ m3, 40 µg/m3 and
50 µg/m3, respectively. The mean pH value of rain was
5.20, with the lowest of 3.64. The rate of acid rain was
21.7%, and total waste air in the industrial sectors 223.50
billion m3, increasing by 28.478 billion m3 during 2001.
In 2002, about half of the pollutants were discharged from
fuel combustion (main pollutants SO2 = 124,000 tons and
dust = 60,400 tons). Wuhan had 965 waste air treatment
facilities, among which 15 sets had desulfurization rates of
more than 40% before 2003. In 2002, there have been
164,150 vehicles in the city, 81.59% of which reached the
tail gas emission standards. The automobiles in the city
persisted increasing sharply, while the rate of tail gas met
the requirement having been decreased a little, contradictory to low-quality oil and lack of high performance treatment equipment (see Fig. 6).

0
0.0
1995 1996 1997 1998 1999 2000
Year
FIGURE 3 - The investment amount and rate of
environmental investment in Wuhan from 1995 to 2000.

As shown in Fig. 3, the total investment amount in
Wuhan and that of environmental investment have been
increased since 1995. The investment for environmental
protection increased constantly up to 2% of total investment in 2000 and 2.5% yearly since 2001.
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tons, with a recycling rate of 92.37%. About 0.345 mill. tons
solid waste were disposed, and only 16,700 tons discharged.
The municipal solid waste produced was 1.727 mill. tons,
with 1.601 mill. tons disposed by environmental- sound
technologies, mainly as sanitary landfill.

Total wastewater
Industrial wastewater
Municipal wastewater

80000

4

10 tons

60000
40000

4

0

10 tons

20000
1998 1999 2000 2001 2002
Year

3

Mean concentration( µg/m )

FIGURE 4 - Wastewater produced in Wuhan including industrial
wastewater and municipal wastewater from 1998 to 2002.
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Additionally, noise in the city zone has not changed
so much, but traffic noise has slightly decreased. In 2002,
traffic noise and architectural construction noise are still
very serious problems in some local districts. The mean
noise of the main roads was up to 70.7 dB(A), increasing by
0.1 dB(A) with respect to 2001. Forest coverage and afforestation in the city and its build-up area have persistently
increased.

NO2
SO2
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FIGURE 7 - The industrial and municipal solid
waste produced in Wuhan from 1998 to 2002.

FIGURE 5 - The concentration of major atmospheric pollutants and
acid rain in Wuhan from 1998 to 2002 (TSP: total suspended particulate; IP: inhalable particulate).
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FIGURE 6 - The automobile amount and the rate of tail gas
meeting the discharge requirement in Wuhan (1998 to 2002).

Accompanying the economic development, the solid
waste produced by various industries in the city increased
about 15% from the year 1998 to 2002 (see Fig. 7), while the
municipal solid waste has nearly not changed in amount. The
total industrial solid waste produced in 2002 was 6.41 mill.

SUSTAINABLE DEVELOPMENT
PROGRAM OF WUHAN CITY [6]
In early 1997, Wuhan City was selected to carry out a
Sustainable Development in Wuhan Project (SWP) by the
United Nations Development Programme (UNDP). Worldwide only 15 cities at that time have been supported by
UNDP to build a model city in the frame of sustainable
development. The SWP has been supported by UNEP and
supervised by China International Center for Economic and
Technical Exchanges (CICETE). Wuhan Municipal Government executed the project with help from and cooperation with the United Nations Center for Human Settlements
(UNCHS) and UNEP. To promote the sustainable development of Wuhan City, the main activities of SWP include
welcome and emphasize the participation of stakeholders;
recompile the Environmental Profile of the city; screen and
implement the concrete demonstration projects according
to the approved strategies and its action plans; establish
environmental management information system as well as
geological information system (GIS); formulate strategies
and its action plans for the identified environmental priority
issues; formulate the environmental management strategies
based on Agenda 21; seek and utilize international funds
and technical aids; summarize experiences of project im-
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plementation and apply those experiences to replicate sustainable cities in Hubei province, China and worldwide.
The experts attending the consultation meeting for Sustainable Development in Wuhan Project have identified six
environmental priority issues in the way of Wuhan’s sustainable development. The six environmental priority issues
are surface water pollution, management on urban solid
waste, catering pollution, automobile exhaust gases pollution, urban ecological construction, adjustment on economic
development, and allocation of productive force.
PROBLEMS AND PROPOSALS
ON THE URBAN ECO-ENVIRONMENT
Population growth is too fast and population quality
has been low. City planning is short of long-term perspectives and integrity. The infrastructure facilities are still backward including water supply, gas supply, traffic and communication. The protection of the natural environment is
less effective. There still has been some serious environmental pollution from both industries and domestics.
In accordance with the eco-environmental problems
produced in the course of economy and society development, the following proposals are given:
Formulate new overall development planning for the
city. Control the populations against rapid increasing and
improve the qualities of townsfolk. Strengthen management and govern the city under the line of the laws. Integrate treatment of environmental pollutions and recycle of
the waste and push forward the idea of circular economy.
Develop ecological industrial parks under the guide of industrial ecology. Strengthen urban hygiene construction.
Build the city with hills, waters, gardens and forests. Stop
filling lakes to get lands, especially for housing. Improve
afforestation level and enhance cultural progress.
By the above means, Wuhan’s urban eco-environment
will be greatly improved in a sustainable way, and Wuhan
will become more and more beautiful with lines of green
corridors, many green large-area plazas, bright sky and
crystal clear water of lakes. It is completely possible to build
Wuhan to be a model city of environmental protection in
central China.
ACKNOWLEDGEMENTS
This work was supported by and orally presented at
ICCS International Symposium “The World and China at a
time of Drastic Changes – Towards the Construction of a
New and Modern Sinology”, Oct. 9-10, 2003, Aichi University, 21st Century COE Program, Aichi University, Japan.

1088

REFERENCES
[1]

Reina P. (2003) Provincial prospects. Water 21, Aug., 40-41.

[2]

Tremblay, JF. (2004) Central China gets in gear. Chemical
and Engineering News, 82(17): 14-16.

[3]

Wuhan Municipal Government (2002) Annual report on Wuhan’s economy development (Year 2002).
http://www.wh.gov.cn.

[4]

Wuhan Environmental Protection Bureau (2002) Annual report on Wuhan’s environment, http://www.whepb.gov.cn.

[5]

Yang, JW. Chen, L. Hao, XJ. et al. (2001) Technical report
on Wuhan’s environmental functional region standards. Wuhan Environmental Protection Bureau, Wuhan, 28-41

[6]

Wei, JB. (1998) Urban ecological construction in Wuhan
City. In The Leading Group Office for Implementing China’s
Agenda 21 in Wuhan (Ed), Propositions for sustainable development environmental issues consultation in Wuhan, Wuhan, P. R. CHINA, 28-30 April, 1998. 152-163.

Received: March 07, 2005
Revised: May 17, 2005
Accepted: May 24, 2005

CORRESPONDING AUTHOR
Feng Wu
School of Resources and Environmental Science
Wuhan University
Wuhan, 430072 - P.R. CHINA
Phone: +86-27-68778511
Fax: +86-27-68778893
e-mail: fengwu@whu.edu.cn
FEB/ Vol 14/ No 11/ 2005 – pages 1077 - 1080

© by PSP Volume 14 – No 11. 2005

Fresenius Environmental Bulletin

SUBJECT INDEX
A

I
accumulation
acid mine drainage
adsorption
adsorption
adsorption
Aegean Sea
aerosols
aflatoxin
AFM1
age
Antep Pistachio shell
antimony

1050
1074
972
976
986
1066
1058
1046
1046
1006
986
983

iron
irrigation

983
1050

Kars
kinetic

1046
976

land use change
lead

1036
986

macro
marble waste
menopausal status
methylene chloride
microelements
milk products
modified
montmorillonite
mycotoxin

1050
1013
1024
1058
1050
1046
983
993
1046

OCPs
organic pollution
ozone

1024
1066
1058

phenol
α- pinene
β-pinene
plant
pollution
pollution index
preconcentration

976
1058
1058
1050
1031
1013
993

reclaimed wastewater
rectorite
removal
reproductive cycle
reuse
river sediments
Ruditapes decussates
Ruditapes decussates

1050
972
986
999
1050
1013
999
1006

saline soda lake
saturation indices
soil
stage of disease
sublittoral

1031
1013
1050
1024
1066

K

L

M
B
bacteria
bentonite
biodiversity
bivalves
breast cancer

1031
983
1066
999
1024

cadmium
carpet shell clam
cheese
climate change
co-disposal reaction

983
1006
1046
1036
1074

C

D
dehydrated beet pulp (DBP)

976

environmental management
equilibrium

1036
976

O

P

E

F
faujasite
1074
flame atomic absorption spectrometry (FAAS) 983
flame atomic absorption spectrometry (F-AAS) 993
fluorine
972
fly ash
1074

R

G
gametogenesis
Greece
growth

999
1006
1006

H

S
hard substratum
heavy metal
histology
humidity
hydrothermal synthesis

1066
986
999
1058
1074

1089

© by PSP Volume 14 – No 11. 2005

Fresenius Environmental Bulletin

AUTHOR INDEX
A
T
thermodynamic parameters
trichloroethylene
trioctylamine (TOA)
tumor grade
Turkey

976
1058
983
1024
1046

B

water quality
water samples
water turbidity
wetlands

1013
993
1013
1036

C

zeolite

1074

W

Z

subject-index

Antoniadou, Chryssanthi
Atalan, Ekrem

1066
1031

Baussand, Patrick
Bladenopoulou, Sofia
Bülbül, Dilek
Burgaz, Sema

1058
1050
1024
1024

Chintiroglou, Chariton
Chryssanthakopoulou, Vassiliki
Chryssanthakopoulou, Vassiliki
Çiçek, Handan
Çoban, Tülay
Çok, İsmet

1066
999
1006
976
1024
1024

Demirel, Sevgi
Deng, Nansheng
Deveau, Pierre-Alexandre
Dilekoğlu, Mehmet Fatih
Dimitriou, Elias
Du, Dongyun
Dursun, Gülbeyi

986
1077
1058
986
1036
972
976

Etchebers, Olivier

1074

Gemici, Unsal
Ghauch, Antoine
Gunduz, Orhan

1013
1058
1013

İbar, Hilmi
İşcan, Mümtaz
Iwuoha, Emmanuel

983
1024
1074

Kalavrouziotis, Ioannis K.
Kalebaşı Aktaş, Yıldız
Kalebaşı Aktaş, Yıldız
Kaluzny, Pascal
Kamber, Ufuk
Kanatas, Panagiotis I.
Karaca, Zeki
Kaspiris, Panayiotis
Kaspiris, Panayiotis
Key, David
Klink, Michael
Koukoulakis, Prodromos H.

1050
983
993
1058
1046
1050
1013
999
1006
1074
1074
1050

D

E

G

I

K

1090

© by PSP Volume 14 – No 11. 2005

Fresenius Environmental Bulletin

L
Leotsinides, Michael N.
Li, Zhan
Liu, Jinzhao
Lu, Xiaohua

1050
1077
972
972

Öğün, Erdal
Özdemir, Kerem

1031
1031

Papadopoulos, Aristotelis H.
Petrik, Leslie

1050
1074

Şahin, Ömer
Simsek, Celalettin
Somerset, Vernon

986
1013
1074

Wei, Jinbao
White, Richard
Wu, Feng

1077
1074
1077

Yu, Zhongshan

972

O

P

S

W

Y

Z
Zacharias, Ierotheos

1036

author-index

1091

© by PSP Volume 14 – No 11. 2005

Fresenius Environmental Bulletin

FEB - ORDER FORM

e-mail: ...................................................................

Yes, I wish to order FEB starting with Volume 15/ 2006

o

o

Printed journal
300 EURO plus postage/ handling
(Germany 45 EURO/ Europe 75 EURO/
International 100 EURO)

Online journal
220 EURO

o

Printed + Online journal
450 EURO plus postage/ handling
(Germany 45 EURO/ Europe 75 EURO/
International 100 EURO)

Minimum subscription period: 1 year
Subscription is only possible per calendar year!
Cancellation must be generally effected
3 months before end of subscription period.
Otherwise it is prolonged for another year.
Personal subscribers can publish up to 2 papers free of
charge– for every further paper published during the subscription period (calendar year 2006) 25 compulsary reprints must be ordered.

Special-Offer to Subscribers- back issues at reduced rates!

Subscribers in 2006 are entitled to receive back issues
at reduced rates (while stocks last).
(6 double issues/ less 50%: Euro 125,00 + postage and handling).

To take advantage of this offer please tick the boxes
below when ordering a subscription to FEB for 2006.

o
o

1996
1999

o
o

1997

o

1998

2000

Invoice Address

Name:....................................................................
Position:....................................................................
Organisation:....................................................................
Address:....................................................................
....................................................................
....................................................................
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Delivery address (if different)

Name:....................................................................
Position:....................................................................
Organization:....................................................................
Address:....................................................................
....................................................................
....................................................................
e-mail:....................................................................

Methods of Payment

o

Please send me a pre-payment invoice

o

I enclose a cheque made payable to PSP

Value Added Tax

In certain circumstances we may be obliged to charge Value
Added Tax (VAT) on sales to other EU member countries.
To avoid this, it is therefore essential to provide us your
VAT number if you have one.
o I am not registered for VAT
o My VAT number is ..............................................

Signature: ....................................................................
Date:

..............................

Please complete this form and return to:

FEB – Fresenius Environmental Bulletin
c/o PSP – Parlar Scientific Publications
Angerstr. 12 - 85354 Freising – GERMANY
Phone: ++ 49 (0) 8161 48420
Fax: ++ 49 (0) 8161 484248
e-mail: info@psp-parlar.de
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