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BLOOD LEVELS OF Cd, Pb, Cu, Zn, Fe,
Mg, Ca AND P IN TOBACCO WORKERS
Memduh Bulbul1, Perihan Unak2, Ali Riza Sisman1 and Canan Coker1
1

2

Department of Biochemistry, Medical School, Dokuz Eylül University, 35340 Inciraltı Izmir, Turkey
Department of Nuclear Applications, Institute of Nuclear Sciences, Ege University, 35100 Bornova Izmir, Turkey

SUMMARY
Blood levels of cadmium and lead as well as iron,
copper, zinc, magnesium, calcium, and phosphorus were
determined in 87 workers of the tobacco industry and
35 healthy and unexposed control persons.
The concentrations of cadmium and lead were measured by Graphite Furnace Atomic Absorption Spectrometry
(GFAAS), whereas copper, zinc and magnesium were analyzed by Flame Atomic Absorption Spectrometry (FAAS).
Iron, calcium and phosphorus were determined using colorimetric methods.
Blood cadmium levels were significantly higher in
workers than in controls, median concentrations being
1.10 µg/ L and 0.50 µg/L, respectively, (p= 0.011). When
the groups were further evaluated according to smoking
habits, a significant difference was observed between the
nonsmokers of the workers and the control group (p=
0.05). Blood lead levels showed no significant difference
between workers and controls. Serum calcium and zinc concentrations were significantly higher in the workers (p=
0.002 and p=0.015, respectively), while no significant differences were observed with respect to concentrations of
the other non-toxic elements.

KEYWORDS:
Trace elements, tobacco, smoking, lead, cadmium.

Tobacco also contains varying trace amounts of several
elements, depending on the type of plant, or on the water
and soil in which the plants are grown. Workers of the tobacco industry may be exposed to cadmium and lead by inhalation of dusts containing some of the compounds of these
elements. Cadmium and lead concentrations in smokers and
in tobacco have been investigated previously [11-14]. Correspondingly, there are some studies indicating Cd and Pb
concentrations in biological and environmental samples in
Turkey [15-22]. However, there are no reports on tobacco
workers. This study has been undertaken to determine the
degree of cadmium and lead contamination in tobacco workers in Izmir, in the Aegean region of Turkey, and its possible correlation to some essential elements, since interactions and deficiencies of essential elements may have a role
in mediating the toxic effect.
MATERIALS AND METHODS
Instruments

A Shimadzu AA-680 Atomic Absorption Spectrometer
equipped with a GFA-4B Shimadzu graphite furnace was
used for analysis of cadmium and lead (by GFAAS); copper, magnesium and zinc (by FAAS). Serum calcium, phosphorus, and iron were analyzed by means of a Hitachi 747200 spectrophotometer provided with a Boehringer Mannheim automatic analyzer.
Chemicals

INTRODUCTION
Cadmium and lead are two toxic elements known to be
the cause of serious illnesses [1-6]. Both metals have been
used extensively in industrial production [7-9]. In 1993,
IARC (The International Agency for Research on Cancer)
classified cadmium and cadmium compounds as known human carcinogens (i.e. category 1 compounds [10]. Pathways
of Cd to humans are from food, particularly leafy vegetables, grains and cereals. The tobacco leaf is, in this sense,
a leafy plant and contains substantial amounts of cadmium.

Nitric and sulfuric acids, and sodium chloride were purchased from Merck Co. Hydrochloric acid was obtained
from Carlo Erba Co. A standard cadmium solution was purchased from Wako Products. All other chemicals were
obtained from Sigma Co.
Samples

The blood samples were obtained from 87 workers of
a tobacco-processing factory located in Izmir, Turkey. 23
(27%) of the workers were men and 64 (73%) were women; 44 (51%) of them were non-smokers and 43 (49%) of
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them were smokers. Men were full-time and women were
seasonal workers, and none of the workers has been using
any protective device. As controls, we selected randomly a
group of 35 healthy individuals living in the same geographical area, who had no occupational Cd or Pb exposure. Of the controls, 21 (60%) were women and 14
(40%) were men; 22 (63%) were non-smokers, and 13
(37%) were smokers. There were no ex-smokers in the
study.
There were no statistically significant differences between the groups according to sex, age, or smoking habits
(sex p=0.108, age p=0.106, smoker to non-smoker ratio
p=0.214).
For the analysis of cadmium and lead, blood samples
were collected in heparinized tubes. For the other elements,
untreated glass tubes were used to obtain the blood samples. The samples were stored at –80 °C until analysis. Before use, all glassware were cleaned by immersion for several hours in nitric acid (1:10 v/v) solution, and then thoroughly rinsed with deionized-distilled water.
Analytical Procedures

Cadmium in blood (B-Cd) was analyzed by GFAAS
according to the method of D’Haese at 228.8 nm [23]. Matrix-matched calibration was performed using a serum pool
that has been obtained from healthy individuals with no
risk of Cd exposure. Then calibration plot has been obtained
by standard addition method. Samples have been analyzed
in triplicate. Intra-assay (n=10) CV was 8.6%, inter-assay
CV (n=7) was 14%. Recovery was 92% at 0.80 µg/L.
Lead level in blood (B-Pb) was measured by GFAAS
following the method of Bannon et al. at 217.0 nm [24].
Matrix-matched calibration was performed and each sample was analyzed in triplicate, repeating the determinations,
if a difference over 10% existed.

Serum copper, zinc and magnesium analyses were
performed by FAAS, following the procedures of Coker
et al. [25]. Serum calcium, phosphorus and iron were analyzed by colorimetric methods using a Hitachi 747-200
spectrometer provided with a Boehringer Mannheim automatic analyzer. Commercial kits of Roche Diagnostics were
used for the analysis of Ca (cat no. 1127551), P (cat no.
1127993) and Fe (cat no. 11970771).
The statistical analysis was made with the “SPSS 11.5
software for Microsoft Windows”. Mann-Whitney U has
been applied to compare blood Cd and Pb levels between
workers and controls, while independent t tests were applied for other elements, which showed normal distribution. Spearman correlation was used for evaluating the relationships of Cd and Pb to the other elements.

RESULTS
The blood cadmium levels for the tobacco workers
and the controls are shown in Fig. 1 and Table 1. The results indicate that the blood cadmium levels are significantly higher in the workers than in the control group (p=
0.011). The odds ratio for B-Cd limit of 1 µg/L was 3.73
(95% confidence interval 1.45-9.22) among workers versus controls. When the odds ratio was adjusted for smoking, it was calculated to be 3.48 (95% confidence interval
1.32-9.2).
In worker and control groups, smokers had higher BCd levels than non-smokers (p=0.000, p=0.014, respectively) (Table 2). Both worker and control groups were
further separated into three subgroups as heavy smokers
(>10 cigarettes/day), smokers (<10 cigarettes/day) and nonsmokers. In workers, heavy smokers had significantly
higher B-Cd levels than smokers (p=0.000) and non- smok-
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FIGURE 1 - Comparing workers and controls with respect to B-Pb and B-Cd levels.
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TABLE 1 - B-Cd, B-Pb (µg/L); S-Ca, S-P, S-Mg (mg/dL); S-Cu, S-Zn, and S-Fe (µg/dL) levels in worker and control groups.

Test
B-Cd
B-Pb
S-Ca
S-P
S-Mg
S-Cu
S-Zn
S-Fe
* p=0.011
**p=0.002
¶ p=0.015

mean±SD
1.63±1.95*
19.79±11.22
9.68±0.35**
3.61±0.53
2.42±0.33
113.6±24.3
83.9±21.5 ¶
78.4±31.3

Worker
(n=87)
min.
0.00
2.01
8.70
2.00
1.80
75.0
48.0
20.0

max.
9.28
58.64
10.50
5.10
3.20
211
234.0
224

med.
1.10
19.70
9.70
3.60
2.40
109
81.0
76.0

Control
(n=35)
min.
0.00
4.93
7.40
2.50
1.80
72.0
45.0
39.0

mean±SD
0.91±1.15*
20.35±9.58
9.30±0.63**
3.59±0.55
2.43±0.36
114±25.8
74.4±9.4 ¶
84.1±25.0

max.
4.40
38.66
10.30
4.70
3.20
208.0
91.0
151.0

med.
0.50
20.16
9.30
3.50
2.40
110
74.0
80.5

TABLE 2 - B-Cd, B-Pb (µg/L); S-Ca (mg/dL ) concentrations with respect to smoking in worker and control groups (B = Blood, S = Serum).
Worker

Control

Test

Smoker
Non-smoker
(mean±SD)
(mean±SD)
(n=43)
(n=44)
B-Cd (µg/L)
2.49±2.44
0.78 ± 0.59
(2.04)*
(0.84)* ¶
B-Pb (µg/L)
19.35±10.02
20.21±12.36
S-Ca (mg/dL)
9.6±0.3
9.7±0.3
Values for B-Cd given in brackets represent median concentrations.
* p=0.000, ¶ p=0.05, † p=0.014, p=0.023, p=0.018
Φ

ψ

Φ

Non-smoker
(mean±SD)
(n=22)
0.49 ± 0.48
(0.32) ¶ †
20.01±8.64
9.4±0.4
ψ

ψ

ers (p=0.030), median values being 2.26 µg/L, 0.87 µg/L,
and 0.84 µg/L, respectively. Similarly in the control group,
B-Cd levels of heavy smokers were higher than those of the
other two groups, median values being 1.81 µg/L, 0.60 µg/
L, and 0.32 µg/L, respectively. However, in controls the
difference was significantly only between heavy smokers
and the non-smokers (p=0.000).
Comparing B-Cd levels of each subgroup of workers
with the corresponding subgroup of controls revealed that
nonsmoker workers had significantly higher values of bloodCd than nonsmoker controls (p=0.05). In the worker group,
the relationship between B-Cd levels and the number of
working years was not statistically significant for smokers, while being significant for non-smokers (r=0.312, p=
0.040).
In workers, men had significantly higher B-Cd levels
than women (p=0.004) (Fig. 2). In contrast, in control subjects, women had higher B-Cd levels, although being statistically insignificant.

ing to the smoking habits, neither in the workers nor in the
controls (Table 2).
As observed in Table 1, the serum calcium levels are
significantly different between workers and controls (p=
0.002). The serum phosphorus levels for workers and controls show no statistically significant difference (Table 1).
10

8

Blood Cadmium

Φ

Smoker
(mean±SD)
(n=13)
1.72 ±1.60
(0.90) †
19.39±11.12
9.01±0.8

There was no statistically significant relationship between age and B-Cd for neither the workers nor the controls.
We found no significant differences in B-Pb in the
workers compared to the controls (Table 1, Fig. 1). The
blood lead levels showed no significant difference accord-
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FIGURE 2 - B-Cd levels in worker
and control groups with respect to sex.
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The serum levels of iron, copper, zinc, and magnesium
in workers and controls are shown in Table 1 and Fig. 3.
Zinc levels were significantly higher in the worker group
compared to the controls (p=0.015). Iron, copper and magnesium did not show any significant difference between
the two groups.
300

250

µg/dL

200

150

100

Copper

50

Zinc
Iron

0
Worker

Control

FIGURE 3
Serum Cu, Zn, and Fe levels in worker and control groups.

Cd showed no significant correlation to Pb, Ca, P, Fe,
Cu, Zn and Mg, neither in the worker nor in the healthy
control group. Similarly, there was no correlation between
Pb and the non-toxic elements examined in this study.
In the worker group, when the Spearman correlation
test was performed for subjects with B-Cd levels >2 µg/L,
B-Pb was determined to be the only element which showed
a significant positive correlation to B-Cd (r = 0.534, p =
0.004).
DISCUSSION AND CONCLUSION
Cadmium in blood indicates recent exposure to Cd
in the working or general environment. If the exposure re-

mains stable for longer periods (months), and the exposure
is not too high, B-Cd also reflects the body burden. In this
study, the workers in the tobacco industry are observed to
be moderately exposed to cadmium, when considering the
slight but significant increase in B-Cd levels compared to
occupationally unexposed control group. It is observed that
in the worker group men showed significantly increased
levels of Cd compared to women. This differ-ence may be
due to the fact that most of the women are seasonal workers and the men had been working for a longer time in that
factory. In the control group, women show higher Cd levels, a finding parallel to other authors [11]. It is claimed
that gastrointestinal absorption of Cd is higher in females
than in males, due to differences in iron stores [14].
Herber et al. [14] have made a critical evaluation and
review of B-Cd concentrations and constructed tentative
reference intervals for nonsmokers among white collar
workers to be 0.30-2.97 µg/L, and among blue collar workers to be 0.53-2.22 µg/L. It is stated that small exposure in
blue collar workers may have an occupational or lifestyle
origin [14]. It is well-known that tobacco smoking, especially of self-rolled cigarettes, is the most important lifestyle factor regarding Cd intake. In this study, smoking
has been shown to increase blood Cd levels both in controls and in workers significantly. In Table 3, we present
results from different countries regarding blood Cd levels
in occupationally unexposed populations according to
smoking habits. White and Sabbioni [11] analyzed blood
and urinary cadmium in a British population and they reported a mean value of 0.44 µg/L for blood cadmium. The
B-Cd level in subjects who smoked ≤ 5 cigarettes/day was
0.4 µg/L, while the corresponding value for those who
smoked >20 cigarettes/day was 1.0 µg/L. Menditto et al.
[12] analyzed the blood cadmium levels in an Italian population, reporting a mean value of 0.61 µg/L for blood cadmium. The mean cadmium values reported by White et al.
and Menditto et al. [11, 12] compare well with those in our
non-smokers.
Shaham et al. [4] reported that blood cadmium is
higher in active and passive smokers than in non-smoking controls in Israeli population. It can be observed that
the B-Cd concentration in the non-smokers in Shaham’s
study is higher than in our non-smokers, but the values for

TABLE 3 - Blood Cd levels reported in some studies from other countries.
(Cd values are expressed as means, except for Qu et al. who expressed them as geometric means).
Shaham et al.
(1996, [4])
(µg/L)

Qu et al .
(1993 [27])
(µg/L)

Active smokers
Passive smokers
Earlier active smokers
Earlier passive smokers

0.97
0.89
1.05
0.93

2.61

Non-smokers

0.83

0.83

El-Agha and
Gokmen (2002,
[17])
(µg/L)
2.62

This study
(µg/L)

1480

White and Sabbioni
(1998, [11])
(µg/L)

0.61
range: (0.1-3.4)

0.44
range:
(0.16-3.2)

1.71

0.94
0.67

Menditto et al.
(1998, [12])
(µg/L)

0.49
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active smokers are higher in our control group. This may
be due to differences between smoking habits in two populations and/or the Cd content of tobacco. El-Agha and
Gokmen [17] reported even higher B-Cd concentrations
(2.62 µg/L) in Turkish smokers. It is noteworthy that the
values reported by El-Agha and Gokmen [17] are higher
than the values we obtained both for smokers and nonsmokers.
The Cd content of tobacco leaf grown in the Aegean
region in Turkey was estimated to be 0.800 ± 0.125 µg/g
[26]. Heavy metal concentrations in 9 different popular
brands of cigarettes were reported by Barlas et al. [16].
The report indicated Cd concentrations as 0.49-1.70 µg/g.
There is not any data about daily Cd and Pb intake from
inhaled tobacco dust.
The significant difference between the B-Cd levels of
the nonsmokers in the worker and control groups, and the
significant correlation between the number of working years
and B-Cd concentrations in nonsmoker workers are two
findings that point out the presence of occupational exposure in the workers of tobacco industry.
In this study, there is no direct evidence of lead exposure due to working in the tobacco industry and/or smoking. This finding is not in accordance with some authors
who reported that smokers show higher lead levels than
non-smokers [13, 27, 28]. The general population is exposed to lead by inhalation, or ingestion of contaminated
food or water. Gasoline combustion still represents the
major emission source of lead in the urban environment
of Mediterranean region, although its contribution to the
regional atmospheric budget is following a downward
trend. Leaded gasoline is still used in Turkey like in some
other Mediterranean countries, so the general population
in this country is still at risk of exposure. In this study, BPb levels in controls as well as in workers are comparable
to those values obtained in other countries for nonexposed populations [11]. Measurable effects occur with
blood lead concentration in the 100-150 µg/L range [29].
The metal pollution caused by traffic in urban areas of
Izmir City has been investigated, and Pb concentration in
air has been reported to be 2.6-24.8 µg/m3 [21]. According
to our results, it may be stated that there is no significant
Pb exposure in the urban environment of this region of
Turkey, in Izmir. Yet, it is noteworthy that there is a positive correlation between B-Cd and B-Pb for those workers
with B-Cd >2 µg/L. This finding may be a clue that tobacco is possibly a common source of exposure in these
workers. This needs to be confirmed by further studies.
Cadmium has been shown to mediate perturbations in
calcium metabolism. The exact in vivo mechanisms responsible for the possible effects of Cd on Ca metabolism are
not elucidated yet. It has been postulated that chronic lowlevel exposure to Cd may promote calcium loss via urinary excretion. A negative association between cadmium
dose and bone mass has recently been detected in both
occupationally and environmentally exposed people at

relatively low cadmium exposure [30]. Cd might reduce
the generation of active vitamin D in renal tubular cells or
interact directly with bone cells. Cadmium deposited in
osteoid tissue may interfere with calcification, decalcification and bone remodeling. There are reports that show
phosphorus is lost through urine in chronic cadmium toxicity, and in osteoporosis [2-3]. Although calcium metabolism
is regulated by many different factors, including the dietary Ca content, the significantly increased S-Ca levels in
the worker group may be related to Cd exposure. However,
neither S-Ca nor S-P showed any significant correlation to
B-Cd. Thus, it seems that the significant increase of Ca in
the worker group is not related to the moderate Cd exposure in this group.
Since cadmium is a known antagonist of iron, copper
and zinc [6, 31, 32], we expected an inverse relationship
between cadmium and these essential elements. We found
no such correlation between cadmium and zinc or copper.
Several authors have stated that exposure to Cd contributes to a decrease of serum zinc [33, 34]. Our results are not
in accordance with these findings, since zinc levels are determined to be significantly increased in the worker group
which has moderately increased levels of blood cadmium.
However, when interpreting the changes in the serum levels
of these trace elements, it should be noted that Cd is located
in erythrocytes and no direct relationship may exist between
whole blood Cd and serum Zn. Cadmium and zinc metabolism are related to metallothioneins, a group of low-molecular weight proteins that bind zinc and copper, and play
an important role in the transport and storage of these essential elements. Cadmium may induce metallothionein and
share binding sites on the protein with zinc [29]. Some
studies indicate that accumulation of Cd in metallothionein
is accomplished by an increase of zinc in the related tissues [35].
As for iron, a statistical difference could not be established between controls and the workers, although iron
levels were decreased in the worker group. High intakes of
cadmium, as well as of zinc and copper interfere with iron
absorption, possibly through competition for protein binding sites in the intestinal mucosa. Specific cellular importers for Cd as well as Pb are unlikely, as these metals are
nonessential and toxic. Recent mechanistic studies found
that the intestinal transporter for nonheme iron, divalent
metal transporter 1 (DMT1), mediates the transport of Pb
and Cd [36]. Thus, exposure to Cd may interfere with iron
absorption, and, inversely, an iron deficient diet may be a
risk factor for Cd and Pb poisoning. Cadmium interference
with the release of iron by transferrin has also been suggested as a possible mechanism.
CONCLUSION
1) Workers of the tobacco industry have significantly
higher B-Cd concentrations than controls, which are further increased by smoking.
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2) B-Pb levels show no difference due to working in
the tobacco industry and/or smoking.
3) The significant increase in serum Zn in the worker
groups needs to be further investigated, regarding the
metabolisms of Cd and Zn.
4) There are no significant differences in serum phosphorus, magnesium, copper and iron levels between controls and workers.
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OXIDATION PROCESSES APPLIED TO THE
ELIMINATION OF CHLORPYRIFOS AND
ACETOCHLOR IN AQUEOUS SOLUTIONS
F. Javier Benítez, Francisco J. Real, Manuel González, and Manuel Pineda
Departamento de Ingeniería Química y Energética. Universidad de Extremadura. 06071 Badajoz. Spain

SUMMARY

used in direct soil applications for the control of mosquitoes, flies,

The chemical oxidation of aqueous solutions of two
pesticides, the insecticide chlorpyrifos and the herbicide
acetochlor, which are environmental priority pollutants, was
studied by means of single oxidants (UV radiation, ozone,
and Fenton’s reagent), and by the Advanced Oxidation
Processes constituted by combinations of these oxidants
(UV/H2O2, O3/H2O2 and O3/UV). In the single photochemical process, the influence of pH, temperature, and use of
monochromatic or polychromatic radiation was investigated, and the degradation rates were evaluated by determining their first-order rate constants and the half-lives. The
effect of the additional presence of hydrogen peroxide was
established in the combined UV/H2O2 process, and the specific contribution of the radical pathway to the overall photodegradation was determined. In the oxidation processes
by ozone and Fenton’s reagent, the removals obtained and
the first-order rate constants were also evaluated. The improvement in the decomposition levels reached by the
combined processes in relation to the single oxidants was
clearly demonstrated, due to the generation of the very reactive hydroxyl radicals.

KEYWORDS: Chlorpyrifos, acetochlor, single oxidants, advanced
oxidation processes, hydroxyl radicals.

INTRODUCTION
Indiscriminate usage of synthetic agrochemicals is considered to be detrimental to sustainable development, due
to their persistance and toxic nature. An example is
chlorpyrifos
[o,o-diethyl-o-(3,5,6-trichloro-2-pyridynil)
phospho-rothioate-C9H11Cl3NO3PS], a broad spectrum
organophosphorus insecticide, which is characterized by a
low water solubility, and a high soil sorption. It is widely

various crop pests in soils, and household pests. Although
restrictions had to be placed on its use in public places by
the end of 2001 [1], agriculture was almost not included,
and the use of chlorpyrifos is expected to remain at 50006000 t/year in the foreseeable future.
Similarly, herbicides are amongst the pesticides found
in a great extent in water supplies near agricultural areas.
Examples are triazines, phenoxyalkyl acid derivatives, and
nitrogenous herbicides, mainly those included in the acetamide group. Specifically acetochlor [2-chloro-N-(ethoxymethyl)-N-(2-ethyl-6-methylphenyl)acetamide], together with
atrazine, cyanazine, and simazine, have been reported as
being amongst the mostly used herbicides in farming today
[2]. It is used as a broad-spectrum pre-emergent and early
post-emergent herbicide in maize for the control of grasses
and selected broadleaf weeds, and is commercialized in
several world areas under different brand names and in different formulation types.
The chemical oxidation of toxic and hazardous organic
pollutants such as those mentioned above, is often carried
out by using single oxidants such as chlorine, ozone, UV
radiation, hydrogen peroxide, etc. However, sometimes this
decomposition may be difficult if these pollutants are present at high concentrations, or if they are especially refractory to the oxidants.
For these situations, necessarily more effective processes have to be developed, such as systems based on the
generation of very reactive and oxidizing free radicals, especially hydroxyl radicals, which have been the object of
increasing interest due to their high oxidant power. These
systems are commonly named “Advanced Oxidation Processes” (AOPs), and the production of those radicals is
main-ly achieved by the combinations of ozone, hydrogen
peroxide, and UV radiation [3-5], but also with the combination of hydrogen peroxide and ferrous ions in the socalled Fenton’s reagent [6].
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In view of these considerations, a research program
was designed focused on the oxidation of two selected pesticides: chlorpyrifos (CF) and acetochlor (AC) by single
oxidants and by different AOPs. The objectives were to provide data on the removal obtained, and to determine values of the rate constants for the various processes tested.
Also, the enhancements reached in the degradation levels
by the presence of the free hydroxyl radicals in these combined oxidations compared to the single oxidation processes were determined, and the partial contributions of
the OH· radical pathway to the global oxidation process
calculated for some of the AOPs studied.
MATERIALS AND METHODS
The radiation source for most of the UV radiation experiments was a low pressure mercury vapour lamp
(Heraeus TNN 15/32, nominal electrical power 15 W),
which emitted monochromatic radiation at 254 nm, and was
placed axially within the reactor. A quartz sleeve housed
the lamp. A few UV radiation experiments were also performed with a polychromatic radiation source: this was a
high-pressure mercury vapour lamp (Heraeus TQ150,
nominal electrical power 50 W), which emitted polychromatic radiation in the range 185-436 nm. In the ozonation
experiments, ozone was produced from an oxygen stream
in an ozone generator (Yemar, mod. HPA).
The reactor used in all the experiments consisted of a
500-mL cylindrical glass vessel provided with the necessary elements for the development of the different processes: photochemical decomposition, ozonation, Fenton’s reagent oxidation, and the different combinations of
the oxidants. It was also provided with inlets for temperature measurement and outlets for withdrawal of reaction
samples and exit of effluent gas in the experiments, where
ozone was present. An external jacket surrounded the
reactor, through which a water stream was pumped from a
thermostatic bath in order to maintain the temperature at
the design value within ±0.5 ºC.
For every experiment, the reactor was filled with
350 mL of an aqueous solution of the selected pesticide
(CF or AC), and the designated pH was obtained by add-

ing orthophosphoric acid and sodium hydroxide. Due to
the low solubility of CF, its initial concentration in the
solutions was always 2 ppm (equivalent to 5x10-6 M). The
initial concentration of AC was 20 ppm (equivalent to
7.5x10-5 M) in all cases. The required amounts of ferrous
sulphate and hydrogen peroxide were added to the reactor
in the Fenton’s reagent oxidation experiments, and only the
required amounts of hydrogen peroxide in the UV/H2O2
experiments. In the ozonation experiments and combined
UV/O3 experiment, the ozone-oxygen mixture was fed to
the reactor through a porous plate gas sparger located at
the bottom of the reactor. In every experiment with UV
radiation, either alone or combined, the radiation lamp was
connected at the beginning of the reaction.
The pesticide concentrations in the samples withdrawn
from the reactor at regular reaction times were analyzed by
HPLC using a Waters Chromatograph equipped with a 996
Photodiode Array Detector and a Nova-Pak C18 Column.
The detection for CF was made at 230 nm with a mobile
phase composed of a methanol-10-2 M phosphoric acid
aqueous solution (78/22 in volume) mixture. For AC, the
detection was carried out at 210 nm, and the mobile phase
was also a mixture of methanol-10-2 M phosphoric acid
aqueous solution (64/36 in volume). In addition, the ozone
concentration in the ozonation experiments was measured
in the gas stream iodometrically by bubbling the gas through
a potassium iodide solution.
RESULTS AND DISCUSSION
Oxidation processes based on the use of UV radiation

The photooxidation of chlorpyrifos (CF) and acetochlor (AC) was initially carried out at 20 ºC using monochromatic UV irradiation, with variation of pH (3 and 9).
A photodecomposition experiment on AC was also conducted at 40 ºC, and two additional experiments were performed at 20 ºC for the photodegradation of both compounds using polychromatic UV radiation. Table 1 summarizes the operating conditions for these experiments, as
well as the conversions, XB, obtained at a reaction time of

TABLE 1 - Results of the photodegradation experiments.
Experiment
UV-CF1
UV-CF2
UV-CF3*
UV-AC1
UV-AC2
UV-AC3
UV-AC4*
Experiment
UVH-CF1
UVH-CF2
UVH-AC1

T (ºC)
20
20
20
20
20
40
20
T (°)
20
20
20

pH
3
9
3
3
9
3
3
pH
3
3
3

XB (6 min)
57.5
49.9
86.3
39.2
49.5
61.4
92.0
[H2O2], M
1x10-3
2x10-3
1x10-3

XB (10 min)
70.6
65.2
100*
57.5
68.3
78.2
100*
XB (min)
78.6
88.8
86.9
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kP (min-1)
0.104
0.097
0.317
0.103
0.117
0.147
0.607
kUP (min-1)
0.355
0.515
0.374

t1/2 (min)
6.7
7.1
2.2
6.7
6.2
4.7
1.1
t1/2 (min)
1.95
1.35
1.85

φ (mol·E-1)
0.109
0.091
0.318
0.381
0.525
kR (min-1)
0.251
0.411
0.271
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3

2x10-3

96.1

0.614

1.13

0.511

Experiments performed with the polychromatic UV radiation source. Total conversions obtained prior to 10 min of reaction.
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10 min taken as reference in most cases, except in the experiments performed with the polychromatic radiation
source, where the conversions are referred to 6 min.
At first, the influence of the main operating conditions on photodegradation process was established. For the
pH, Fig. 1 shows the concentration curves with reaction
time for both pesticides in the experiments where this variable was varied: one observes that the pH had almost no
influence in the case of CF, with similar results for the
removal. However, the photodegradation of AC increased
slightly when pH was increased. This effect was confirmed
by the XB values at 10 min for CF and AC, which are given
in Table 1 (Experiments UV-CF1 and UV-CF2; UV-AC1
and UV-AC2).

[P], M

80
70

UV-CF1

60

UV-CF2

50

UV-AC1

40

UV-AC2

10
0
20

30

40

(1)

where Poxid symbolizes intermediates and final products, and kp is the first-order rate constant for this reaction.

20

10

Since reaction mechanisms are complex for the photodegradation of organic compounds, with numerous individual reactions taking place and many reaction intermediates which are formed and interfere in the process, a rigorous kinetics study is difficult to perform. However, the
shape of the lines in Fig. 1 suggests a first-order reaction,
with respect to the organic compound degradation. Therefore, an approach to this kinetics study is to assume that
the photochemical decomposition reaction follows first-order kinetics, and can be represented by the simple expression:
kP
P + hυ ⎯⎯→
Poxid

30

0

experiment performed under the same operating conditions,
and secondly, the positive influence of the H2O2 initial concentration on the process, with increasing disappearance
rate and conversions when this variable was increased.

50

t, m in
FIGURE 1 - Chlorpyrifos and acetochlor
oxidation curves by direct photolysis. Influence of pH.

On the other hand, the reaction temperature had a major effect on the degradation rate. Table 1 lists XB for the
experiments, when this variable was modified in the photodecomposition of AC (experiments UV-AC1 and UVAC3). One observes an increase in the removal when the
temperature was increased. Finally, the influence of the
radiation source was established by the photodecomposition experiments conducted with the monochromatic and
the polychromatic radiation sources described in the Experimental Section (Experiments UV-CF1 and UV-CF3
for CF; as well as UV-AC1 and UV-AC4 for AC). The XB
values obtained at 6 min of reaction revealed the major
increase in photodegradation efficiency with the polychromatic radiation, in comparison with those at 10 min obtained with the monochromatic source, as was to be expected.
In the following step, irradiation experiments were
conducted with the same monochromatic radiation at 20 ºC
and pH 3, and the additional presence of hydrogen peroxide (initial concentrations of 1x10-3 and 2x10-3 M). Table 1
also summarizes these combined system experiments, as
well as the conversion of XB obtained at the reaction time
of 6 min. From these XB values, two effects are clearly observed: firstly, the positive influence of the combination
UV+H2O2 in comparison with the single photodegradation

In order to evaluate these rate constants, the terms ln
[P]o/[P] are plotted versus reaction time, and after linear
regression analysis with correlation coefficients in the range
0.97-0.99, the first-order rate constants kP were deduced as
listed in Table 1 for all the experiments. The values confirm the trends noted above for the photodecomposition
rates. Since the pH does not affect these first-order rate
constants for CF, the average value of 0.101 min-1 can be
proposed, as deduced from experiments UV-CF1 and UVCF2. Table 1 also summarizes another interesting kinetic
parameter, the half-life t1/2, or time necessary to reduce the
initial concentration of the pesticides in solution by a factor
of two. As can be observed, the t1/2 values also confirm the
sequence obtained for the decomposition rates.
The main kinetic parameter in a photooxidation reaction of a photolyzable organic compound is the quantum
yield (φ). As known, the quantum yield is defined as the
number of molecules reacted (or decomposed) per photon
absorbed [7]. The evaluation of the quantum yields φ for
the photodegradation of these compounds was carried out
by using the results reported by other authors, who had conducted similar studies on the photooxidation of organic substances [8, 9]. Thus, under conditions where an organic
compound is the principal absorber, the model proposed
by those authors led to the following general equation for
the disappearance rate of each pesticide studied as a function of the absorbed radiation flux Wabs:
−

d[ P] φ
=
Wabs
dt
V

(2)

Integration of Eq. (2) with the initial conditions gives
the final kinetic expression:
[ P] = [ P] 0 −

φ
Wabs dt
V∫

(3)

The radiation flow rate absorbed at any reaction time,
Wabs, is evaluated by the procedure described previously
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in detail [10]. Basically, it consists of the use of a radiation source model which describes the distribution of radiant energy within the reactor. In this case, the Line Source
Spherical Emission Model as proposed by Alfano et al. [11]
was used, which required the prior knowledge of the molar
extinction coefficients ε at 254 nm. These coefficients were
determined for both compounds in this study by measuring spectrophotometrically the absorbances of known concentration solutions.
Once Wabs had been determined for any reaction time,
the term ∫Wabs·dt was calculated numerically by fitting the
experimental data (Wabs, t) to a polynomial expression by
least squares regression, and then integrating this function.
According to Eq. (3), a plot of the pollutant concentration
[P] vs the corresponding term ∫Wabs·dt led to a straight line
of intercept [P]0 and negative slope φ/V. As the reactor
volume is known (350 cm3), the overall quantum yield φ of
the photoreaction is determined from this slope.
As an example, Fig. 2 shows this plot for some AC
photodegradation experiments carried out with the monochromatic irradiation source. A regression analysis for all
the experiments provided the overall quantum yields φ (see
Table 1). It must be noted that this model and the subsequent evaluation of φ is only applicable to monochromatic
radiation. Therefore, no values are provided in Table 1 for
experiments UV-CF3 and UV-AC4 (conducted with polychromatic radiation), which required the application of a
different model. It can be seen that the trends previously
observed for the rate constants kP are also reproduced for
the quantum yields φ.
90
80

UV-AC1

[AC],

M

70
60

UV-AC2

constants kUP for this combined process were deduced,
and are also given in Table 1. As was to be expected, the
values are higher than in the single photodecomposition
process at the same temperature and pH.
The higher rate constants obtained in the UV/H2O2
combined process and the improvement in the oxidation
rates of the organic compounds demonstrate the additional
contribution to the single photoreaction of the hydroxyl
radicals generated by the presence of hydrogen peroxide.
This supplementary contribution can be evaluated by considering the mechanism of this combined process. Thus,
in addition to the direct photoreaction (Eq. 1), the following reactions must be taken into account:
- Direct photolysis of hydrogen peroxide with the formation of hydroxyl radicals:

H 2 O2 + hν → 2 OH·

(4)

- Radical reaction between the organic compound and
the hydroxyl radicals generated in reaction (4), given by
the following reaction:
(5)

P + OH· → Poxid

According to this mechanism, the reaction rate for the
global photodecomposition rT can be proposed to be the
sum of the direct rP (reaction 1) and radical rR (reaction 6)
reaction rates in the form:
− rT = −

[dP] = − (r
dt

P

+ rR ) = (k P + k R )[P] = k UP [P]

(6)

According to Eq. (6), the rate constants for the radical
reaction kR are easily deduced by subtracting the previously determined kP from kUP. Table 1 also lists the resulting kR values. Comparison of these values with those of kP
in Table 1 shows that the radical reaction provides a contribution to the total reaction greater than that of the direct
photolysis.

50

Oxidation processes based on the use of ozone

40

The degradation of the selected pesticides by ozone
was studied in experiments carried out at 20 ºC and by
varying the pH, with an ozone partial pressure in the ozoneoxygen mixture fed to the reactor of 0.11 kPa, maintained
constant in all these experiments (Table 2 shows the experimental conditions applied and the conversions obtained).
One observes different behaviour of the ozonation process
between the two pesticides. In the case of CF, there was a
great reactivity towards ozone, and removals of around 90%
were reached after only 90 s of reaction. Additionally, no
effect of pH was again observed for this compound (see
experiments O-CF1 and O-CF2 in Table 2).

30
20
10
0
0

2

4

6

8

10

∫ Wabs·dt x 105, E
FIGURE 2 - Determination of quantum
yields in the photodegradation of acetochlor.

In the combined UV/H2O2 system, and due to a more
complex reaction mechanism in which several different
reactions take place, it is not possible to perform a rigorous kinetics study for the evaluation of φ. However, it is
possible to perform the aforementioned kinetics study by
again considering a first-order kinetics. Similar plots for
CF and AC were obtained, and the pseudo-first order rate

On the contrary, the ozonation rates for AC were
lower (see expts. O-AC1 to O-AC4 in Table 2), especially
at lower pHs. Moreover, there was a clear effect of pH in
ozonation of AC. This result can be explained by assuming that the ozone decomposition into hydroxyl radicals is
negligible at lower pHs, and only direct ozone attack on the
organic compound takes place [12]. However, when the pH
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TABLE 2 - Results of the ozonation experiments.
Experiment
O-CF1
O-CF2

T (ºC)
20
20

pH
3
9

[H2O2], M
-

XB (1.5 min)
89.1
87.9

kO3 (min-1)
1.46
1.44

t1/2 (min)
0.48
0.48

Experiment

T (ºC)

pH

[H2O2], M

XB (10 min)

kO3 (min-1)

t1/2 (min)

O-AC1
O-AC2
O-AC3
O-AC4

20
20
20
20

3
5
7
9

-

10.2
20.8
30.3
97.2

0.0115
0.0136
0.0356
0.159

60.3
51.0
19.5
4.4

Experiment
OH-AC5
OH-AC6
OUV-AC7

T, ºC
20
20
20

pH
9
9
9

[H2O2], M
1x10-3
5x10-3
-

XB (6 min)
82.5
95.6
78.9

kUP (min-1)
0.263
0.393
0.243

t1/2 (min)
2.64
1.76
2.85

increases, ozone decomposes faster and produces amounts
of OH, which are more effective oxidants than ozone itself [12]. Thus, there is a significant contribution of the
radical pathway, in addition to the direct attack, resulting
in higher overall oxidation rates.
The overall oxidation of these organic compounds by
ozone can be represented by the following simple reaction:

P + O 3 ⎯
⎯→ Poxid

(7)

Once again, first-order kinetics seems to be a good
model for the kinetics study. Thus, a plot of ln [P]0/[P] vs
reaction time led to a straight line for each experiment,
whose slope must in this case be the rate constant k O3,
which corresponds to the reaction between ozone and the
pesticides studied. Following this procedure, a regression
analysis gave the values listed in Table 2 for the rate constants kO3, with correlation coefficients greater than 0.99.
Table 2 also gives the values obtained for t1/2. Both parameters confirm the above-discussed trends on the reactivity of the two pesticides towards ozone, and the different effect of pH on each of them.
The oxidation of AC was also studied under experimental conditions, in which the hydroxyl radicals were
also present together with molecular ozone. These conditions were obtained by using the combination of ozone plus
hydrogen peroxide at pH 9. Under these conditions, the
ozone half-life was very short, and reactions with OH radicals by far predominated in the oxidation kinetics over the
direct ozone attack reactions.
Table 2 also lists the operating conditions of these
experiments: The initial partial pressure of ozone in the
mixture ozone-oxygen was again 0.11 kPa, the temperature 20 ºC, the pH 9, and the initial concentrations of hydrogen peroxide 1x10-3 M and 5x10-3 M (expts. OH-AC5
and OH-AC6, respectively). One observes an increase in the
removal of AC, in comparison with the O-AC4-experiment
under similar operating conditions when only ozone was
used. Thus, while in the single ozonation process a removal

of 97.2 % was obtained after 10 min of reaction, removals
of 82.5% and 95.6% were reached in the combined O3/
H2O2 process, but after only 6 min of reaction. This improvement was also observed in the corresponding halflifes t1/2, whose values were 2.64 and 1.76 min. These are
shorter than the 4.4 min obtained for the single ozonation
experiment at 20 ºC and pH 9.
Additionally, an AC degradation experiment by the
combined process UV/O3 was also conducted at 20 ºC and
pH 9. The conversions obtained at 6 min of reaction, the
overall first-order rate constants kO3 and the half-life t1/2
are also given in Table 2. Comparison of these results with
those of the single photodecomposition (expt. UV-AC2,
Table 1) or ozonation processes (expt. O-AC4, Table 2)
shows that this combination accelerates the decomposition rate, as was to be expected.
Oxidation process based on the use of the Fenton’s reagent

The AC oxidation by hydroxyl radicals was also investigated, in a final step with these radicals being generated by Fenton’s reagent. As was noted in the Introduction, this is a very frequently used system for the generation of OH· by the reaction (8):

H 2 O 2 + Fe 2+ → Fe 3+ + OH − + OH·

(8)

The hydroxyl radicals formed attack any organic
compound P, and, thus, cause its chemical decomposition
by the following reaction (5).
In these experiments, the initial concentrations of Fe2+
and H2O2 were varied according to the values given in
Table 3. This table also lists the experiments performed,
and the AC removals obtained after 20 min of reaction. At
first, a direct effect of the initial hydrogen peroxide concentration can be observed (expts. F-AC2, F-AC3, and FAC4, Table 3). In particular, there was an increase in the
removal of the organic pollutant when this operating variable was increased. Thus, removals of 55.8 %, 59.6% and
70.6% were reached when [H2O2]0 was varied from 5x10-4
M to 20x10-4 M. A similar effect was observed for the increase in the initial ferrous ion concentration (expts. F-AC1
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and F-AC2, or expts. F-AC5 and F-AC3), where an increase in the removal was also obtained at the selected time
of reaction, when the ferrous ion concentration was increased.
TABLE 3 - Results of the Fenton’s reagent process experiments.
[H2O2]0
M x104
5
5
10
20
10

Experiment
F-AC1
F-AC2
F-AC3
F-AC4
F-AC5

[Fe2+]0
M x105
2.5
5
5
5
2.5

kF, (min-1)

XB (20 min)
30.5
55.8
59.6
70.6
42.4

0.484
0.785
1.334
1.537
0.629

Figure 3 shows the curves of AC decay with reaction
times in these experiments: It is clearly seen that a more
significant decrease in the concentration of AC occurred in
the first reaction minutes, with a lower rate of decrease in
the following ones. This concentration evolution can be explained by taking into account the entire reaction mechanism for the Fenton’s system.

ic compound decomposition rate at advanced reaction
times.
The shape of the curves in Fig. 3 during the first
minutes of reaction again suggests that first-order kinetics
is a good match to the kinetics of this Fenton’s reagent
oxidation process. The plot of ln [P]o/[P] against reaction
time during this first period of reaction (around 2 min),
thus gave straight lines, from which regression analysis
provided the results for kF listed in Table 3. These values
for the pseudo-first-order rate constants confirm the
trends discussed above for the influence of the initial
concentrations of Fe2+ and H2O2.
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REMOVAL OF LEAD IONS FROM DILUTE AQUEOUS SOLUTION IN PACKED COLUMNS BY USING NATURAL FRUIT
SHELLS THROUGH ADSORPTION
Ayşe Selek Murathan and Meriç Bütün
Gazi University, Department of Chemical Engineering, Maltepe, 06570 Ankara, Turkey

SUMMARY
In this study, removal of lead ions using packed adsorption columns was investigated. The effect of initial
concentration, temperature and type of sorbent (natural and
regenerated horse chestnut) on lead removal was studied.
In the sorption process, the outer layer of horse chestnut was
more effective than the inner layer, and the calculation value
of lead adsorption on the outer layer of horse chestnut was
109.60 mg per kg sorbent.
The equilibrium sorption isotherms have been analyzed by Langmuir and Freundlich models. The Langmuir
isotherms have the highest correlation coefficients. Sorption process was an endothermic process, as a result of
thermodynamic parameter calculations. The kinetic data
of the sorption showed that the second-order equation was
more appropriate, indicating that the intraparticle diffusion is the rate-limiting factor.

KEYWORDS: Adsorption, horse chestnut, lead ions, packed columns, equilibrium, kinetic.

INTRODUCTION
Precipitation and adsorption are two of the common
methods for the treatment of heavy metal-containing water.
Coagulation, ion exchange, and ion exchange combined
with precipitation are also widely used [1]. Contamination
of water by toxic heavy metals is a universal environmental
problem. Discharges containing lead, in particular, are
strictly controlled due to the highly toxic nature of this
element, and its tendency to accumulate in the tissues of
living organisms [2]. Cuculic and Branica [3] studied adsorption of lead from sea-water onto various solid surfaces. The use of sphagnum moss peat was studied in batch
experiments by Ho et al. [4]. Gupta et al. [5] converted
bagasse fly ash, a waste generated in sugar industry, into a
low-cost adsorbent for lead. Gharaibeh et al. [6] worked on

the potential use of processed solid residue of olive mill
products to treat drinking water containing lead in trace
amounts. In addition to these works, the adsorption of lead
in waters has been the subject of a number of investigations [7-11].
Several reports on heavy metal removal from aqueous
solutions by bio-sorption with microorganism-generated
biomass have been published [12-16]. Removal of heavy
metals from water onto various solid surfaces by adsorption has also been studied [17-19]. Murathan [20] examined
adsorbent production from horse chestnut and Valonia
oak to be used in wastewater treatment. He researched the
extraction of tannins from the different layers of Valonia
oak, and these extraction productions that tannins have high
adsorption capacity (54.25 mg Cu(II) ions per g of adsorbent). McKay and Porter [21] studied the sorption of three
divalent metal ions, namely, cadmium, copper and zinc,
onto peat, in single-component, binary and ternary systems.
Randal et al. [22] studied the removal of heavy metals using
tree barks, especially alder, as adsorbent. They suggest that
heavy metals are captured by bark substrates through the
exchange of H+ ions from phenolic groups of tannin-bearing compounds. Jain et al. [23] have tried to use Azolla
pinnata R. Br. and Lemna minor L. as adsorbents for the
removal of lead and zinc from wastewaters.
The results indicated that the surface charge of diatomite decreased, as the pH of the solution increased, with
the maximum methylene blue removal from aqueous solution occurring at alkaline pH [24].
The amount adsorbed of reactive blue 221 and acid
blue 62 on sepiolite increased with increasing ionic strength
and temperature, but decreasing pH [25]. The sepiolite sample calcinated at 200 °C had maximum adsorption capacity. However, calcination at higher temperature caused a
decrease in the amount of adsorbed dye [25].
In another study, eucalyptus bark was used in reactive
dyes` removal from wastewaters by adsorption [26].
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The feasibility of the removal of reactive dye from
wastewater using a novel adsorbent, ECH cross-linked
chitosan beads, as medium was also examined. The maximum monolayer adsorption capacity obtained from the
Langmuir model was extremely high, compared to the data
reported in literature; 2252 g/kg at 30 °C with a pH of 3.0
[27].

Regeneration of horse chestnut was carried out in a
glass beaker. For this purpose, 1000 ml of 0.1 N HCl solution at 293 K was added to the beaker. Then, it was left to
regenerate by mixing for 2 hours. After this period, horse
chestnut was filtered, washed with distilled water to remove all the hydrochloric acid, and dried at room temperature.

The adsorption of reactive dyes on sepiolite has been
investigated in a series of batch adsorption experiments.
The adsorption data were fitted to the Langmuir isotherm.
It is found that the modified sepiolite yields adsorption capacities (qe) of 169, 120, and 108 mg/g for Yellow, Black,
and Red, respectively [28].

Specific surface area and porosities of adsorbents were
determined according to Nova 2200e model BET analysis
equipment, and Quantachrome Autoscan 60 model Mercury Porosimeter.

Adsorption of Reactive Blue 114 (RB114), Reactive
Yellow 64 (RY64) and Reactive Red 124 (RR124) by calcined alunite was studied under varying parameters, such as
calcination temperature and time, particle size, pH, agitation time, and dye concentration. The adsorption capacities were found to be 170.7, 236 and 153 mg dye per g of
calcined alunite for RB114, RY64 and RR124, respectively [29].

In each case, the samples from the effluent were collected at short intervals and tested for Pb2+ using a Varian
300 flame atomic absorption spectrometer. Different layers
of horse chestnut were separately used as packing materials
under the same operating conditions. The apparatus used
in the experiments is schematically shown in Figure 1.

Three reactive dyes (Everzol Black, Everzol Red,
Everzol Yellow) were used in laboratory studies. Adsorption tests were carried out as a function of solids concentration, conditioning time and dye concentration. The degree of hydrophilicity was found to play an important role
in the uptake of reactive dyes. The adsorption results indicated that natural zeolite has a limited adsorption capacity
for reactive dyes, but can be distinctly improved by modifying their surfaces with quaternary amines [30].
FIGURE 1 - Scheme of the experimental setup.
1. Packed column, 2. liquid inlet, 3. liquid outlet, 4. liquid rotameter, 5. valve, 6. peristaltic pump, 7. liquid tank, 8. water
inlet, 9. water outlet

In this study, the removal of lead ions from artificial
wastewater is investigated. Horse chestnut particles are used
as adsorbents in packed columns. Effects of different layers
of adsorbent, regenerated adsorbent, temperature and initial
concentrations are studied, and also equilibrium and kinetic
analyses are carried out to understand the sorption process.
MATERIALS AND METHODS
Stock solutions of Pb2+ were prepared from lead nitrate salts in double-distilled water. All chemicals used were
of analytical reagent grade. A pyrex-glass column was used
as packed bed with spherical glass beads. Packing materials were placed in the middle of the bed. Distilled water was
passed through the bed before each trial. In all experiments,
liquid flow rate was kept constant and flow-rate was measured with a rotameter. Constant temperature was maintained
by circulating water from a thermostatically controlled water-bath through the jacket surrounding the column. Lead
solutions were fed to the top of the packed column with a
peristaltic pump. Samples were taken from the bottom of
the column and immediately analyzed. The amount of adsorbed lead was calculated from the observed difference
between the input and output solution concentrations.

RESULTS AND DISCUSSION
Lead adsorption on different layers of horse chestnut
was studied in adsorption experiments. The outer layer of
horse chestnut has higher tannin content than the other layers. After this finding, only outer layer of horse chestnut
was used in the later experiments. Among vegetable tannins have the condensed tannins, similar to catechol, and
the hydrolyzable tannins, which are esters of glucose and
gallic acid or its easily hydrolyzable derivatives. Their polyester structure easily hydrolyses to the polyhydric alcohol
and polyhydric phenol with carboxyl group. The pH of
horse chestnut extracted tannin is approximately 3.6, and
that of horse chestnut seems to be hydrolyzable. In general,
the heavy metal adsorption onto oxides and humic substances in soils, which have carboxyl groups from organic
matter, follow the specific adsorption tendency, and complexes may be extremely stable. This mechanism is generally characterized by the adsorption increase with pH
increase, and carboxyl groups participating [31].
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Figure 2 shows that adsorption capacities of different
layers of horse chestnut decrease from the outer layer (peduncle) to the inner one (seed). The outer layer of the horse
chestnut has the highest lead adsorption capacity, whereas
the innermost layer has the lowest. This may be explained
by the decrease in tannin content from outer to inner layer,
from the viewpoint of adsorption theory (in order: peduncle, pericarp and seed). It was found 109.6 mg Pb2+/kg adsorbent in the outer layer of horse chestnut by using Simpson rule.
All layers of horse chestnut have very little specific
surface area according to Nova 2200e model BET analysis equipment, and porosities are also approx. zero by using
Quantochrome Autoscan 60 model Mercury Porosimeter.
Horse chestnut has high tannin contents, and tannins have
high binding capacity for heavy metals and are abundant in
nature [32-34]. Therefore, we can easily conclude that horse

chestnut may be effective, and a cheap adsorbent for many
metals.
All layers of horse chestnut can be regenerated by
acidic solutions [22]. As shown in Figure 3, although both,
horse chestnut and regenerated horse chestnut, are good adsorbents for lead ion removal from aqueous solutions, unregenerated horse chestnut is more effective.
Figure 4 shows the effect of temperature on lead adsorption for unregenerated horse chestnut. Adsorption capacity increases with increasing temperature. This result,
pointing to the adsorption process can be an endothermic
physical adsorption besides thermodynamic parameter calculation results.
Figure 5 shows increasing lead ion adsorption with increasing initial concentration, in agreement with literature
data [18, 19], because of the contact of lead ions per surface area of adsorbent.

1,6
Peduncle of horse chestnut
Pericarp of horse chestnut
Seed of horse chestnut

mg Pb2+/ kg adsorbent

1,4
1,2
1,0
0,8
0,6
0,4
0,2
0,0
0

20

40

60

80

100

t, min

FIGURE 2 - Effect of different layers of horse chestnut on lead adsorption.
(m=25.25 kg/m2 s, L=0.15 m, pH=7, C0=5 ppm,T=293 K Peduncle of horse chestnut).
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FIGURE 3 - Effect of packing type on lead ion adsorption
(m=25.25 kg/m2 s, L=0.15 m, pH=7, C0=5 ppm,T=293 K Peduncle of horse chestnut).
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FIGURE 4 - Effect of temperature on lead adsorption
(m=25.25 kg/m2 s, L=0.15 m, pH=7, C0=5 ppm, Peduncle of horse chestnut).
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FIGURE 5 - Effect of initial concentration on lead adsorption.
(m=25.25 kg/m2 s, L=0.15 m, pH=7, T=293 K, Peduncle of horse chestnut)

Sorption isotherms

The Langmuir and Freundlich sorption parameters
were determined in the linear forms as following in equations 1 and 2:
Langmuir isotherm: 1/q = (1/q0) + (1/KL.q0)(1/C)

(1)

Freundlich isotherm: ln q = ln KF +1/n ln C

(2)

Isotherms at three different temperatures of solutions
are represented in Figs. 6a and 6b, the Langmuir and Freundlich models, respectively.
As seen from Table 1, the values q0 of minimum adsorption capacity were obtained at 293 K. In the range 323353 K, an increase in temperature does affect significantly
sorption of lead ions on horse chestnut. This can be explained by the diffusion of lead ion molecules in the com-

plex porous structure of horse chestnut. The lower value
of q0 at 293 K may be attributed because of the large molecular size of adsorbate.
Thermodynamic study

Using the values of Langmuir constant, KL, and following the equations, one can calculate the variations of
apparent enthalpy (∆H, kJ/mol), apparent free energy (∆G,
kJ/mol) and apparent entropy((∆S, J/mol.K) of lead ions
sorption on horse chestnut (Table 2), according to equations 3-5, where R is the gas law constant, and T is the
absolute temperature.
ln KL = -(∆H/ R.T) + constant
(3)
∆G = - RT ln KL
(4)
∆S = (∆H - ∆G)/ T
(5)
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FIGURE 6a - Langmuir plots for the sorption of lead ions on horse chestnut.
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FIGURE 6b - Freundlich plots for the sorption of lead ions on horse chestnut.

TABLE 1 - The characteristic parameters of sorption process of lead ions onto horse chestnut. (Co=15 ppm)

323
353

Langmuir Isotherm
Freundlich Isotherm
KL, L/g
q0, mg/kg
R2
KF, (mg/g)(L/mg)1/n
n
R2
-3
293 0 17.200
0>9944
7,828*10
1.520
0,9856
.1395
0.1395
0.1231
22.200
0.9974
8,651*10-3
1.266
0,9922
0.1128
23.200
0.9974
8,395*10-3
0.950
0,9889

TABLE 2 - The apparent thermodynamic parameters of sorption process of lead ions onto horse chestnut (Co=15 ppm).
T, K
293
323
353

∆G, kJ/mol
-15.934
-17.229
-18.573

∆H, kJ/mol
1.663
1.663
1.663

The positive value of apparent enthalpy change shows
an endothermic physical adsorption, favoured by increased
temperatures. The negative values of ∆G show that the lead
ions` sorption on horse chestnut is a spontaneous process. It

∆S, J/molK
48.706
48.192
47.903

can be said that the driving force for sorption process is an
entropy effect [35].
Kinetic study
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The kinetics of lead ions sorption onto horse chestnut
was investigated using two different models: the pseudofirst order and pseudo-second order kinetics. The pseudofirst order Lagergren model is generally expressed by equation 6, where k1 (L/min) is the Lagergren rate constant of
the first-order sorption, evaluated from Fig. 7a.
log( q0-q) = log q0 – k1. t

(6)

According to the pseudo-second order model, the lead
ion sorption kinetic is described by equation 7, where k2
is the rate constant of second-order sorption (g/mg.min)
and k2.q02 = h is the initial sorption rate (mg/kg.min).

t/q = 1/ (k2.q02) + t/ q0

(7)

The experimental kinetic data are given in Table 3.
As can be seen from Table 3, high coefficients of correlation values are obtained. In Figs. 7a and 7b, the kinetic parameters of lead ion sorption on horse chestnut are given
as follows.
The results of Table 3 and Figs. 7a and 7b show that
the second-order equation model provided the best correlation with experimental results. This fact indicates that
the sorption of lead ions onto horse chestnut follows the
pseudo-second order kinetic model, and the intra-particle
diffusion is the rate-limiting factor [36].
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FIGURE 7a - The applicability of the first kinetic model to lead ions sorption on horse chestnut.
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FIGURE 7b - The applicability of the second kinetic model to lead ions sorption on horse chestnut.

TABLE 3 - The kinetics parameters of sorption process of lead ions onto horse chestnut.

C0, mg/L

t, min

Pseudo- first kinetic model
k1, min-1
R2

Pseudo- second kinetic model
k2, g/mg .min
h, mg/g.min
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4.00*10-3
4.67*10-3
4.68*10-3

0.9715
0.9823
0.9855

7.511
4.058
3,096

CONCLUSION
In our study, it can be said that horse chestnut is an
effective low-cost adsorbent for removal of lead ions from
aqueous solutions. The outer layer of the horse chestnut
has the highest lead adsorption capacity because of high
tannin content, whereas the innermost layer has the lowest
according to adsorption theory. The regenerated horse
chestnut can also be used, but less effective than unregenerated one.
The equilibrium sorption data at different temperatures fitted well to the monolayer Langmuir model. The
thermodynamic parameters of sorption show an entropydriven endothermic process. The kinetic sorption data fitted
well to the second-order kinetic model, indicating an intraparticle diffusion mechanism.
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PRECIPITATION CHEMISTRY IN CENTRAL GREECE
George E. Tsikritsis
Agricultural Chemistry Lab, School of Agriculture, Aristotelian University of Thessaloniki, Thessaloniki, Greece

SUMMARY
Chemical constituents (SO42-, NO3-, Cl-, HCO3-, Ca2+,
Na , K+, NH4+), physical (pH, conductivity) and meteorological (rain volume, rain duration) parameters were measured in wet-only rain samples collected daily in Larissa,
Central Greece, from November 2001 to April 2003.
+

Most samples were neutral. Acidic constituents, mainly
SO42- and NO3-, were neutralized by alkaline earths (mostly
Ca2+). Lowest pH values and highest SO42- concentrations
were measured in winter. Highest concentrations of rain
constituents were measured in low-volume rain samples
and after longer dry periods. Local and non-local are the
sources of chemical constituents and, except for Na+ and
Cl-, most ions were of earth origin.

increasing rain acidity, as many researchers have reported
[8-11], there are still recent articles reporting low pH values
in rain water [12, 13].
Research on rain chemistry in Greece has been conducted in the cities of Athens [14, 15] and Patras [16, [17]
in Southern Greece, and Thessaloniki [18-21] and Ptolemais
[22], the center of lignite-burning power plants, in Northern Greece.
This work reports the results of a rain chemistry study
from October 2001 to April 2003, in Larissa, a city in Central Greece.
MATERIALS AND METHODS

KEYWORDS: Acid rain, chemistry-meteorology relations, temporal variation, wet deposition.

INTRODUCTION

The sampling station was installed in Larissa, a city in
central Greece, about 50 km from the sea with a population
of 150,000 inhabitants (Figure 1). The area is mostly agricultural with only one sugar factory, 5 km away from the
sampling site.

Intensive research on rain chemistry, including rain
pollutant sources, formation, transport and effects, has been
carried out all over the world, since the 1960’s when acidification of lakes and rivers in Northern Europe and America with its adverse effects on aquatic life has been related
to high acidity of rain [1]. Acid rain has also been found to
cause loss of Ca from soils [2], plant growth inhibition [3],
and destruction of marbles in ancient monuments [4, 5].
Rain acidity is the overall result of natural and anthropogenic acid-forming substances, mainly NO x and SO 2,
transformed to HNO3 and H2SO4, and neutralizing agents,
such as ammonia and alkaline earths. Unpolluted rain-water
in equilibrium with CO2 of the atmosphere has a pH of 5.6.
Sulfur dioxide emissions from natural sources (volcanoes)
may lower the pH to 4.6 [6]. SO2 and NOx produced from
the combustion of fossil fuels in industry, motor vehicles
and central heating may result in pH values lower than 4.0
on a yearly basis [6], and occasionally to values less than
2.0 [7].
Although the reduction of S in oil-burned in central
heating and industry facilities has reversed the trend of
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FIGURE 1
Map of Greece (1: Athens, 4: Larissa, Sampling Site).
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A modified EXERCO Automatic sampler installed on
the roof of a four-store building, in a low traffic neighbourhood and equipped with a 20-cm funnel, was used to collect wet-only rain samples (60 samples) from November
2001 to April 2003. Extra heating and temperature control
was applied to the conductivity sensor of the funnel`s lidopening mechanism, after the beginning of the rain, so that
the lid was closing within the same time (about 1 min) in
all seasons after the end of the rain. Total duration of rain
for each rainy day was measured by using a simple clock,
which was activated by the sampler’s lid-opening mechanism.
Samples were collected on a 24-h basis, filtered online through a pre-washed 0.45 µm Millipore filter by means
of a small low-vacuum pump, which was activated by the
mechanism opening the sampler’s lid. Filtered samples were
frozen and stored in polyethylene bottles until analysis, in
the evening of each rainy day.
After the samples were defrosted, the following parameters were measured within the same day: Sample volume, pH with a Fisher pH-meter, NO3-N (Cd-Cu method),
NH4-N (Indophenol Blue method), and alkalinity (reduced
concentration of reagents) with the Technikon AutoAnalyzer. Samples kept in the refrigerator were analyzed with
the Technikon AutoAnalyzer for SO42- (BaCl2 method),
Mg 2+ (Calmagite method), Cl- with a home-made lowvolume flow-cell and electrode connected to a pH-meter
and then to a Personal Computer through a Metex-22 Digital Multimeter, and conductivity with a home–made meter
equipped with low-volume flow-cell and Pt electrode and
connected to a PC.
Increased sensitivity and lower detection limit was
achieved by using a 2-mL sampling line. When needed, a
debubbler was used just after the AutoAnalyzer peristaltic
pump to remove air bubbles. Na+, K+ and Ca2+ were determined with an Eppendorf flame-photometer.

RESULTS AND DISCUSSION
Data accuracy
The ratio of Σ+/Σ- for the December 2001 to November
2002 annual period was calculated to be 1.10 (=210/175, R=
0.934, n=44) on a volume-weighed basis, while the corresponding ratio of conductivity measured/ conductivity calculated was 1.16 (R=0.961). These discrepancies from unity
may be, partly, explained by the presence of anions in rain
not determined; a total concentration of dissociated acetate and formate of about 9 µeq/L was measured in wetonly rain samples in Patras, Greece [23], while concentrations of F- up to 11.7 µeq/L in North Spain [24] and 19 µeq/
L in a region of India [25] have been reported.
Chemistry of Rain

Statistics of the chemical and physical parameters of all
samples (n=44) for the annual period from December 2001
to November 2002 are shown in Table 1. Most of the samples had a pH >5.6. Only 4 out of 44 samples (9% or 4.5%
by volume) were acidic (Figure 2). Lower pH values were
measured in winter. The annual volume weight mean
(VWM) of pH in 2002 (6.05) is higher than that measured
in Patras, Greece, and much higher than those measured
in Central Europe at about the same time-period (Table 2).
This is due to neutralization by alkaline earths, whose concentration is higher than in Central Europe.
Among anions, SO42- is by far the most significant,
contributing 45% of total anion concentrations (µeq/L),
followed by HCO3- (24%), NO3- (16%) and Cl-(15%). Calcium, on the other hand, is the most abundant (50%) among
cations, followed by Mg2+ (22%), NH4+ (15%), Na+ (11%)
and K+ (2%).
The VWM of non-sea salt (nss) concentrations has
been calculated for the December 2001 to November 2002
period (Table 1) by assuming that all Na+ originates from
the sea and by using the ion/Na+ ratios in sea, the VWM
of concentrations, and the formula reported by Avila [9].

TABLE 1 - Statistics of Chemical (µeq/L) and Physical Parameters of Rain.

H+
pH
HCO3- [m]
ClNO3-N
SO42NH4-N
Na+
K+
Ca2+
Mg2+
Cond[m](2)

VWM

Mean

STDEV

0.89
6.05
29.80
29.20
29.80
86.40
31.00
23.40
3.10
104.40
47.10
26.70

1.3
6.30
34.1
41.0
40.2
142.3
46.1
35.5
3.6
142.0
69.7
36.7

2.5
30.1
40.7
28.0
128.0
46.2
51.1
3.3
98.4
61.0
21.6

NSS
VWM

NSS
%(1)

Load
kg/ha/yr

1.76
29.80
83.60
31.00
0.00
2.64
103.30
41.90

6
100
97
100
0
85
99
89

4.15
1.67
16.59
1.74
2.15
0.48
8.35
2.29

(1): % of Total Concentration, (2): µS/cm, VWM: Volume Weighed Mean, NSS: Non Sea Salt Concentration, [m]:measured
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Volume%
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%
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20
10
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4.55.0
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7.0
pH Classes

7.07.5

>7.5

FIGURE 2 - Volume % and Event % pH Distributions.

TABLE 2 - Chemistry of Precipitation (µeq/L) in Southern and Central Europe.
Period

pH

Cl-

NO3-

SO42-

NH4+

Ca2+

Mg2+

Na+

K+

Greece (1)
Greece (2)
Greece (3)

1987-8
1993-4
2000-1

4.75
5.86
5.16

100.0
66.0
114.3

28.4
27.0
19.4

100
160
46

27.5
58.0
16.3

98
257
99

26.0
19.0
30.4

87.0
53.0
90.2

6.7
23.0
6.6

Greece (4)
Greece (5)
Italy (6)

2001-2
1986-7
1992-4

6.02
6.96
5.40

31.2
180.3
326.8

31.9
84.9
23.7

92
479
83

33.2
47.4
25.0

112
1166
77

50.3
75.1

25.0
186.5
258.7

3.3
75.4
8.9

Spain (7)

1996-7

6.50

46.0

45.0

252

44.0

390

44.0

74.0

27.0

Romania (8)

2000-2

4.83

18.5

8.6

107

40.1

44

5.4

18.4

16.1

Czechia (9)
Italy NW (10)

2002
2000-2

4.62
4.77

5.3
9.0

40.0

32
41

52.0

13
32

1.6
4.0

4.9
9.0

1.8
3.0

Belgium (11)
Germany (12)

2003
1995

5.08
4.50

33.6
31.6

30.9
38.5

46
56

69.3
47.2

37
24

11.5
5.8

37.2

1.9
2.9

(1), (2), (3), (4), (5): See Figure 1. (1):[15], (2): [21], (3): [17], (4):This study (5):[22],

(6): [13] (VWM of 2 stations), (7): [25], (8): [12],(Bulk; Mean of 4 sites), (9): [26] Bulk, (10): [11], (11): [27], (12):[28]

Data in Table 1 show that Cl- ions are originating mainly
from the sea, while Mg2+, K+, and, particularly, SO42- and
Ca2+ are of earth origin. NSS concentrations of Cl- , NO3and SO42- contribute to acidity by 2, 26 and 73%, respectively. About the same percentages have been reported for
the rain in Thessaloniki, Greece in 1989-90 [20].
By taking into account a) that Ca2+ and Mg2+ are partly
associated with HCO3- in proportion to their nss- concentrations, and b) the small difference between Σ+ and Σ-, it was
calculated that acidity is neutralized by Ca2+ (53%), Mg2+
(22%), NH4+ (17%) and K+ (2%). Data from rain chemistry studies in Central Europe (Table 2) show that NH4+
contribution to neutralization is greater than that of Ca2+.
In comparison with other cities in Greece, lower concentrations of Na+ and Cl- were measured because of the
longer distance from the sea (about 50 km). Sulfate concentration is higher than that in the city of Patras and nearly
the same as that in Athens, the capital of Greece (Table 2),

although the population and, consequently, automobile and
central heating emissions are lower.
Monthly and Seasonal Variations of Ion Concentrations

Monthly VWMs of chemical constituents of rain water are plotted against time in Figure 2, from which it can
be seen that there is a general tendency for all constituents
to change in the same direction, and that an inverse relation
exists between conductivity and rain volume (mm). There
is also a great monthly variation in the percentage of nssconcentration of Cl-, and, to a smaller extent, of K+ and
Ca2+ (data not shown).
Seasonal VWMs (Table 3) show maximum concentrations for most of the chemical constituents in winter. However, because of higher rain volume, deposition of chemicals (mg/m2) is highest in autumn, except for sulfates,
which show maximum load in winter, the coldest season
during which oil-based central heating is operating.
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TABLE 3 - Seasonal VWM (µeq/L) of Rain Constituents.

H+
pH
ClNO3SO42NH4+
Na+
K+
Ca2+
Mg2+
Conduct[m]
mm of Rain
Rain events

Winter
2001-2

Spring
2002

Summer
2002

Autumn
2002

Winter
2002-3

2.48
5.60
33.54
36.07
157.40
41.88
35.44
3.38
132.07
74.99
35.86
72.30
8

0.58
6.24
26.84
32.15
95.94
27.74
29.20
2.74
88.74
48.08
26.31
112.40
15

0.23
6.63
25.25
37.94
72.09
28.66
13.75
3.61
123.50
43.50
26.07
46.70
5

0.59
6.23
29.91
23.30
53.64
29.24
17.13
3.10
97.60
35.38
23.21
168.70
16

1.35
5.97
46.43
37.79
305.76
59.14
36.03
81.44
164.16
56.67
62.47
99.80
10

FIGURE 3 - Monthly Variation of Rain Constituents (2001-2003).
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Chemistry and Meteorology Relationships

1+b represents the “in cloud” fraction of rain constituents,
which includes distant sources; therefore, values of c near
zero show the predominance of local sources, while values near 1 indicate the predominance of distant sources.
Thus, values of α (Table 4) indicate that there is a seasonal variation of local stock of rain constituents, which is
highest in spring for SO42-, in summer for NO3- and Ca2+,
in winter and summer for NH4+ and K+, and in winter for
Mg+. On the other hand, values of c show that the relative
contribution of local and distant sources varies among
rain constituents and seasons, and that local sources predominate in spring for SO42-, but in summer for NH4+.

Rain Volume

A significant negative linear correlation exists between
rain volume (h = mm) and the concentration of most chemical constituents, which is corroborated by the fact that volume-weighted means of concentrations are lower than arithmetic ones (Table 1). The relation becomes more significant between logarithms, particularly for SO42-, Ca2+, and
Mg2+, which indicates the existence of an exponential
equation of the type:
C(µeq/L) = α.h b
Garban et al. [29], in a study of nitrogen forms in precipitation in the area of Seine (France), suggest that coefficient α is an indication of the local stock of a constituent
in gaseous or particulate form, which is washed out during the initial period of a rain event, while coefficient c =

Amount of rain is significantly log-log correlated with
deposition rates (meq/m2) of all rain constituents for all
seasons, except SO42-, for which the correlation is significant only in the autumn-winter period.

TABLE 4 - Relation of Rain Constituents with Rain Volume (1)
Winter 2001-2
R
α
SO42NO3NH4+
Ca2+
Mg2+
K+

-0.64
-0.10
-0.80
-0.46
-0.64
-0.68

536
36
198
289
229
10

c
0.40
0.91
0.27
0.53
0.45
0.50

Spring 2002
R
α
-0.68
-0.37
-0.09
-0.59
-0.77
-0.13

c

893
49
30
196
147
1

-0.39
0.78
0.81
0.58
0.46
0.72

Summer 2002
R
α

c

Autumn 2002
R
α

-0.81
-0.93
-0.95
-0.89
-0.87
-0.90

0.51
0.25
0.16
0.51
0.62
0.29

-0.37
-0.38
0.24
-0.46
-0.36
-0.25

229
212
191
392
113
19

145
44
14
195
57
4

c
0.31
0.68
1.19
0.69
0.78
0.81

(1): log (µeq/L) = log α + (c-1).log(mm). Significance: R: 95%, R: 99%, R: 99.9 %, R: Non-Significant

Number of days without rain prior to the rain event

Hontoria et al. [25] have found positive and significant
linear correlation between the number of days without rain
and the concentrations, normal or normalized (Ci.hi /hm) for
most of the rain constituents in wet-only rain samples in
Spain (Madrid), while Garban et al, [29] in a bulk precipitation study for NO3- and NH4- in France showed that no
correlation exists. In the present study, there is a non-significant linear correlation either with normal or normalized
concentrations or deposition (meq/m2) of rain constituents.
However, if logarithms are used, the relation becomes positively significant for normal concentrations of Cl-, Ca2+
(99%), NO3- , Na+ and Mg2+ (95%), but not for normalized concentrations.

of the means of 7 light and 7 moderate rain events of equal
volume results in the opposite conclusion; moderate rains
having higher concentrations for most of the constituents.
Data for a longer period could probably resolve this contradiction, since factors, such as season and number of
days without rain, may interfere.
Rain Duration

Rain duration is negatively and significantly, linearly
(95%) or log-log (99%) correlated with rain amount. The
significant (99%) log-log correlation with deposition (meq/
m2) in the winter plus autumn period for SO42- , and all the
year for Ca2+ and Mg2+ corroborates the above-mentioned
conclusions for the origin of these constituents, and the
relation with rain amount.

Rain Intensity

Light rains (up to 5 mm/h) have higher concentrations
than moderate ones (5-30 mm/h) for all rain constituents,
except HCO3- and K+. This may indicate the ability of lowintensity rains to wash out more efficiently the chemicals
from the atmosphere, as suggested by Samara et al. [20].
However, mean rain volume in light rains is about 50% of
that in moderate rains, and rain intensity is positively and
significantly (95%) log-log related with rain volume; therefore, higher concentrations in light rains may also be the
result of lower rain volume as shown above. Comparison

Sources of Ions in Rain

Possible distant sources of ions include the emissions
of the lignite burning power plants in Ptolemais, Northern
Greece (see map, Fig. 1), where much higher concentrations of ions have been measured, and also Saharan dust,
locally called “Red Rains”. Saharan dust is reported as the
source of alkaline earths in several Mediterranean places
[11, 27]. Local sources of ions include soil dust and automobile and/or central heating emissions.

1504

© by PSP Volume 15 – No 12a. 2006

Fresenius Environmental Bulletin

CONCLUSIONS
Most of the rain in Larissa is alkaline .Only 9% of the
samples were acidic. Lowest pH values were measured in
winter. Acidity is mainly due to H2SO4 and, secondary, to
HNO3 and is neutralized mainly by Ca2+ and, secondly, by
NH4+ and Mg2+.
Sodium and Cl- originate from the sea, Ca2+, Mg2+,
2SO4 NH4+ and NO3- are of earth origin.
Concentrations of rain constituents are higher in winter, in low-volume and low-intensity rain, and after long
dry periods.

[14] Dikaiakos J.G, Tsitouris C.G, Siskos P.A., Melissos D.A. and
Nastos P. (1990). Rainwater Composition in Athens, Greece.
Atmos. Environ., 24B:171-176.
[15] Smirnioudi, V.N. and Siskos P.A. (1992). Atmos. Environ,
Part B, 26B:483-490.
[16] Glavas S. (1988). A wet-only precipitation study in a Mediterranean site, Patras, Greece. Atmos. Environ. 22:15051507.
[17] Glavas S. and Moschonas N. (2002). Origin of observed
acidic-alkaline rains in a wet- only precipitation study in a
Mediterranean coastal site, Patras, Greece. Atmos. Environ.
36:3089-3099.
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EVALUATION OF VARIOUS PROBIOTIC BACTERIA
FOR THE SURVIVAL OF Penaeus japonicus LARVAE
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SUMMARY
Probiotics, microorganisms or their products with health
benefit to the host, have found use in aquaculture as a means
of disease control, supplementing or even, in some cases,
replacing the use of antimicrobial compounds. In the present study, three different probiotics were tested on the survival of Penaeus japonicus larvae. Dry powder of the commercial product Bacillogen-zinc, together with two alive
pure bacterial cultures of Bacillus pumilus and Vibrio fluvialis were studied. Neural net-work statistical analysis revealed that both Bacillus pumilus and Vibrio fluvialis can be
considered as powerful probionts. They caused 94.9% increase of larval survival after a period of seven days, compared to control. Bacillogen-zinc showed a higher larval survival rate of 97.1%, but its critical day of experimental duration was five days.

KEYWORDS: Probiotic bacteria, Bacillus pumilus, Vibrio fluvialis,
Penaeus japonicus.

INTRODUCTION
Shrimp aquaculture production in much of the world is
depressed by diseases, particularly caused by opportunistic
and secondary bacterial pathogens [1]. Antibiotics, which
have been used in large quantities, are in many cases ineffective, or result in increasing virulence of pathogens. Furthermore, their misuse promotes the transfer of antibiotic
resistance to human pathogens [2].
An alternative method for controlling pathogenic bacterial strains in shrimp cultures is the addition of pure cultures of natural bacterial isolates (probiotics), which have
been shown to produce chemical substances inhibitory to
bacterial pathogens. Such probiotics may actively inhibit the
colonization of potential pathogens in the digestive tract by
expression of antibiosis, competition for nutrients and/or
space, alteration of microbial metabolism, and/or by the
stimulation of host immunity. In addition, probiotics may

stimulate appetite and improve nutrition by the production
of vitamins or detoxification of compounds in the diet [3].
This is an established method in the husbandry of terrestrial
animals [4], but has only recently been applied in aquatic
systems [1, 5-9].
Gram-negative alive Vibrio fluvialis was reported to
be a probiotic strain effective in reducing aquaculture diseases caused by Aeromonas salmonicida [3]. While the use
of dead probiotic cells of Vibrio fluvialis was studied by
Irianto and Austin [10], who revealed that formalin-inactivated cells, applied as feed additives, have a beneficial effect at controlling furunculosis in rainbow trout.
Moreover, related applications by gram-positive Bacillus strains include an aerobic gram-positive Bacillus
toyoi strain, which was evaluated as a probiotic bacterium
for reducing Edwardsiellosis in cultured European eel [11].
A Bacillus pumilus strain was found to express a bacteriocin-like activity against other Bacillus species [12], and
spores of Bacillus pumilus and those of a laboratory strain
of B. subtilis were found to induce the proinflammatory
cytokine interleukin-6 in a cultured macrophage cell line.
In this study, we examined the probionts` effects of two
different alive probiotic strains of Bacillus pumilus and
Vibrio fluvialis, together with a commercial probiotic product (Bacillogen-zinc), on the survival of marine shrimp
larvae.
MATERIAL AND METHODS
Experimental conditions

One-liter beakers were filled with 500 ml filtered sea
water (using 1 µm mesh size filters). Twenty larvae of PL15
(post larvae 15) were transferred to each beaker. They received 0.1 g dry feed supplemented with different bacterial species. All trials were done in duplicates, and a control
beaker free of bacterial addition was examined. Aeration
was provided to each beaker through a thin tube to provide a gentle movement. All experiments were carried out
at 25 ºC for 10 days.
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Shrimp larval dry feed powder

Larval dry feed powder was prepared as follows (in g):
fish powder 500, shrimp powder 400, flower 150, vitamin
50, binder 50, and cod liver oil 100 ml. Different amounts
of the prepared powder were added once daily, mixed with
different bacterial inocula to larval cultures.
Bacterial cultures

All bacterial strains were maintained on nutrient agar
slants incubated at 30 ºC. Each bacterial biomass was prepared by inoculating 100 ml of nutrient broth medium
(Oxoid LTD., Basing stoke, Hampshire, England). Bacterial cultures were shaken (250 rpm) at 30 ºC for 24 h. At a
late logarithmic phase of growth (A550 = 1), inocula of different sizes were transferred to the larval dry feed.
Bacterial inoculum

A growth promoter and immune stimulant commercial product known as Bacillogen-zinc (Biogen 500 g and
zinc-methionine 500 g), which is usually used as a dry feed
for fishes in fish aquaculture, was added once daily in
serial concentrations (0.01-0.1 g), to the shrimp larval culture beakers, together with 0.01g shrimp larval dry feed.
Probiotics, Bacillus pumilus and Vibrio fluvialis bacterial strains were added as alive cells with different inoculum sizes starting with 104 to 1010 cells g-1. Vibrio fluvialis
was previously isolated from shrimp cultures and tested
with rotifers to study its effect to improve water quality
and inhibit the growth of ciliates and other Vibrios [13].
Bacterial count

Pathogenic bacterial load (Vibrio sp. and Aeromonas
sp.) associated with larval water was monitored during the
period of the experiment. Counting of Vibrio sp. was applied by spreading 100 µl of larval culture water over a
TCBS (Thiosulphate-Citrate-Bile-Sucrose) agar plate and
incubating at 37 ºC for 24 h. Large green and/or yellow
colonies were counted as Vibrio sp. Counting of Aeromonas sp. was carried out on m-Aeromonas-selective agar
me-dium (Biolife LTD.) with Ampicillin antibiotic supplement (code no. 4240012). Blue big colonies were
counted as Aeromonas sp.
Larval count

Larvae were daily counted in triplicate, and their average survival rate was calculated. Moreover, exchange of
larval water was carried out if needed.
Measurements of chemical and physical parameters

Ammonia, nitrite, and pH were measured using special kits (Fast Test Aquarium system, France). Salinity was
tested using a Salinometer and temperatures were also
monitored.
Statistical Analysis

Three specific statistical tests were applied to analyze
data. First, the stepwise multiple regression analysis was

carried out, to emphasize the dependency of each variable
and its contribution on shrimp larval survival rate, using
the following equation:
Y = a + b1X1 +b2 X2 + b3 X3 + b4 X4 + b n X n
where Y is the dependent variable (larval survival
rate), a represents the intercept constant, while b1, b2, b3,
are variable constants, and X1, X2, X3, are independent
variables.
Secondly, the response surface analysis was applied
to demonstrate the trend between the larval survival rate
and bacterial concentration with experimental duration
(days). According to the obtained statistical analysis results, the correlation between the response surface analysis and the independent variables can be described by a
model.
Finally, the artificial neural network (ANN) analysis
was applied to predict the critical value of each factor
affecting larval survival rate. This critical value helps in
the comparative analysis between parameters under test.
RESULTS
Bacillogen-zinc experiment

According to the results of multiple regression analysis, the shrimp larval survival rate was found to be mainly
depending on ammonia (A), days of experiment (D) and
Vibrio load (V). The regression equation produced by the
stepwise multiple regression analysis is as follows:
Survival % = 89.49 + 6.6 *A - 9.28 *D - 0.01 *V (r = 0.91)
The percentage contribution of these variables in the
model is: ammonia, 57.166; day, 31.572; and Vibrio,
11.263. This indicates that by using Bacillogen-zinc as
a probiont, ammonia is the most significant factor, which
positively affects the larval survival rate. While, from plot
surface analysis (Fig. 1a) it can be noticed that larval
survival rate increased with Bacillogen-zinc concentrations and decreased with days. Moreover, ANN analysis
(Fig. 2a) indicated that the critical Bacillogen-zinc concentration is 0.06 g, after a critical period of five days and
a critical Aeromonas sp. load of 300 CFU.
Bacillus pumilus experiment

Multiple regression analysis revealed that the larval
survival (%) was found to be mainly depending on Aeromonas and Vibrio load together with days. The regression equation produced by the stepwise multiple regression analysis is as follows:
Survival rate = 102.93 + 3.16x10-2 *A – 7.44 *D – 5.2x10-2
*V (r = 0.82).
The percent of contribution of these variables in the
model are: Aeromonas, 56.882 ; day, 27.031; and Vibrio,
16.087. This indicates that by using Bacillus pumilus alive
cells as a probiont, Aeromonas sp. load is the most signifi-
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3D Surface Plot (Bacillogen-Zinc srv.sta 3v*99c)
Survival = 120.6853-10.6771*x-125.6863*y+0.2649*x*x-10.1522*x*y+353.5354*y*y

3D Surface Plot (Bacillus pumilus .sta 3v*110c)
Survival = 109.0063-16.899*x+0.1682*y+0.7858*x*x+0.0038*x*y-0.0017*y*y
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FIGURE 1a - Response surface plot illustrating the interaction of
Bacillogen-zinc levels and number of days, with respect to larval
survival rate.

FIGURE 1b - The interaction of Bacillus pumilus concentration
levels and number of days, with respect to larval survival rate.

3D Surface Plot (Vibrio fluvialis .sta 3v*110c)
Survival = 85.2167-14.8941*x+0.4382*y+0.656*x*x-0.0242*x*y+0.0002*y*y

140
120
100
80
60
40
20
0

FIGURE 1c - The interaction of Vibrio fluvialis concentration levels and number of days, with respect to larval survival rate.

significant factor, positively affecting larval survival rate.
From plot surface analysis (Fig. 1b), it can be concluded
that larval survival rate increased with increasing Bacillus
pumilus concentrations and decreased with days of experiment. Moreover, ANN analysis (Fig. 2b) indicated that
after seven days, the critical Vibrio load was 50 CFU,
while that of Aeromonas sp. was 400 CFU.
Vibrio fluvialis experiment

The larval survival rate was found to be mainly depending on ammonia (A), Vibrio fluvialis concentration
(C), and the numbers of days (D), according to the results
of multiple regression analysis.
The regression equation produced by the stepwise
multiple regression analysis is as follows:

Survival rate = 58.7 + 1.97 *A + 0.32 *C – 7.2 *D
(r = 0.866)
The contribution percentage of these variables in the
model is: ammonia, 45.183; concentration, 33.333; and
numbers of days, 21.484. This clearly shows that by using
Vibrio fluvialis as a probiont, ammonia is the most significant factor, which positively affects larval survival rate.
Plot surface methodology (Fig. 1c) demonstrates that larval
survival rate increased with Vibrio fluvialis concentrations
and decreased with day numbers. Moreover, ANN analysis
(Fig. 2c) indicates that the critical ammonia concentration
is 11 µmol after a critical time period of seven days, and
no critical concentration of Vibrio fluvialis was detected
under the tested range of concentration.
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FIGURE 2 a - A Neural net work diagram showing the relationship between larval survival rate and Bacillogen-zinc concentration with different experimental factors (0-5).

FIGURE 2 c - A Neural net work diagram showing the relationship
between larval survival rate and Vibrio fluvialis concentration with
different experimental factors (0-5).

DISCUSSION
The results of this study reinforce the view that probiotics are promising feed additives to control Vibrio load
and increase the shrimp larval survival rate. In particular,
the present data support previous investigations, which
have highlighted the benefit of bacteria (probiotics) in controlling infections attributed to a wide range of pathogens
including Vibrio anguillarum [14] and V. tubiashii [15].
Administrations of Bacillogen-zinc and Bacillus pumilus
have a critical Aeromonas load of 300 and 400 CFU, respectively. A possible explanation for this result is that both
probiotics do not have potent bacteriostatic effects against
Aeromonas [16], and /or they antagonize with Vibrio rather
than inhibit Aeromonas [11]. In agreement with our study,
Queiroz & Boyd [17] used commercial preparations that
contain Bacillus sp. in shrimp ponds. They found that a
Bacillus strain improved the survival of larvae, increased
food adsorption by enhancing protease levels, and resulted
in better growth. In contrast, Rengpipat et al. [18] found
that there was no evidence of benefit during a 100-days
experiment involving the administration of Bacillus S11
as wet.
FIGURE 2 b - A Neural net work diagram showing the relationship between larval survival rate and Bacillus pumilus concentration with different experimental factors (0-5).

From the results obtained by the stepwise multiple regression analysis, it can be recognized that the percent of
ammonia contribution was relatively high in case of Ba-
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cillogen-zinc and Vibrio fluvialis addition (57.166 and
45.183, resp.), when compared to the other factors. This
elevation of total ammonia did not affect larval survival
rate, possibly be due to the very low level of toxic unionized ammonia in shrimp larval culture medium [19].
Some concern must be expressed about the wisdom of
using bacteria as probiotics from groups known to contain
fish pathogens. In our study, the use of Vibrio fluvialis
was safe under the tested range of concentrations. This may
be due to the secretion of lipopolysaccharides (LPS) from
gram-negative bacteria (Vibrio fluvialis) [20], which can
serve as immunostimulants that enhance the host defence
system. Neural network analysis (ANN) revealed no critical concentration of Vibrio fluvialis under the test conditions. This indicates that more study must be conducted to
widen the range of Vibrio fluvialis concentration as a probiont under the same experimental conditions. Moreover,
we conclude that both Vibrio fluvialis and Bacillus pumilus
can be considered as powerful probionts. They caused 94.9%
larval survival increase with regard to control after a critical 7-days period. Although Bacillogen-zinc showed a higher
larval survival rate of 97.1%, the critical period of experimental duration was 5 days. So we recommend the use of
both Vibrio fluvialis and Bacillus pumilus as probionts in
shrimp aquaculture hatcheries.
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DEVELOPMENT OF A COMPETITIVE ENZYMATIC IMMUNOASSAY FOR CARBAMAZEPINE IN BIOLOGICAL TISSUES
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SUMMARY
This study sought to develop a convenient and sensitive method to measure carbamazepine in biological tissues. Levels of carbamazepine were quantified with a competitive enzymatic immunoassay using a peroxidase label
with fluorescence detection. The assay is sensitive with a
detection limit of 0.7 pg per well. The 96-well format of
the assay permits rapid analysis of more than 100 samples
per day. Testing with freshwater mussel (Elliptio complanata) soft tissue homogenate extracts revealed no significant matrix interferences at dilutions of at least 10-fold
with good recovery of the compound. This cost-effective
multi-well method allows studying the bioavailability and
accumulation of this persistent xenobiotic in aquatic organisms.

KEYWORDS: carbamazepine, competitive immunoassay, peroxidase-carbamazepine, bioavailability.

INTRODUCTION
Municipal effluents comprise major sources of various contaminants for aquatic environments, some of them
having endocrine-disrupting potential (i.e. estrogens, pesticides, metals, polyaromatic hydrocarbons). These effluents are also recognized to release pharmaceutical and personal care products (PPCPs) such as antibiotics, β- adrenergic stimulants (caffeine, theophylline), antibiotics (triclosan), lipid regulating drugs and psychoactive drugs [1,
2]. The anticonvulsant drug carbamazepine (CBZ) and the
stimulant caffeine were often found above µg/L levels in
municipal effluents [3], but the former was much more
persistent than the latter in aquatic environments. In addition to its anticonvulsant properties for the treatment of
epilepsy, CBZ has some narcotic and benzodiazepine-related properties also used for the treatment of mild cases
of depression. CBZ is somewhat lipophilic with a log octanol-water partition coefficient (log kow) of 2.2 and persists for many weeks in sewage treatment

effluents [3, 4]. In mammals, CBZ is biotransformed into a
2,3-dihydroxylated metabolite by the cytochrome P450 3A4
and 2B6 families to assist elimination [5, 6].
CBZ was also found in surface waters nearby municipal effluents and persisted for up to 100 days in the environment [4]. Moreover, urban effluents constantly release pharmaceutical products and this raises the issue of
bioavailability of CBZ to aquatic organisms and its corresponding toxic effects in non-target organisms such as
mussels and fish. A recent study has shown that laboratory
exposure of hydra to CBZ induced oxidative stress by
increasing hemoprotein oxidase (peroxidase) activity and
CYP3A-related activity leading to lipid peroxidation [7].
In another study with trout hepatocytes, exposure to CBZ
for 48 h increased the activity of CYP3A (dibenzylfluorescein) activity which was significantly correlated with
the formation of lipid peroxidation [8]. The development
of a rapid and sensitive assay to measure the bioaccumulation of CBZ in aquatic organisms was thus considered
important. While this compound can be quantified in effluents and surface waters using gas chromatography mass
spectrometry, rapid and cost-effective techniques adapted
for tissues of biota are wanting at the present time. The
purpose of this study was therefore to develop a sensitive
and cost-effective competition immunoassay for CBZ determinations in biological tissues to support studies of bioavailability in aquatic organisms.
MATERIAL AND METHODS
Mussel handling and extract preparation

Mussels were collected by hand in June 2004 in the
Richelieu River (province of Quebec, Canada) from a
reference site under no direct sources of urban
wastewaters and maintained in 300-L tanks filled with
UV-treated and charcoal-filtered tap water under constant
aeration. They were fed three times a week with commercial coral reef feed solution enriched with at least 106 cells
per mL of the chlorophyte Selenastrum capricornutum.
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Digestive gland, gill and gonad tissues were removed and
homogenized together on ice in 10 mM Hepes-NaOH, pH
7.4, containing 100 mM NaCl, 0.1 mM EDTA and dithiothreitol. Five volumes of ethylacetate were added to one
volume of homogenate, mixed for 2 min and centrifuged
at 10 000 x g for 2 min to separate the phases. The organic phase was transferred to a borosilicate glass tube and
evap-orated under a nitrogen stream at 20oC. The pellet
was re-suspended in one volume of phosphate buffered
saline or PBS (145 mM NaCl, 5 mM KH2PO4, 1 mM
NaHCO3, pH 7.4) containing 0.1 % Tween-20 which
corresponds to 1:1 solvent exchange of the organic extract.
Total proteins were determined in the homogenate before
adding the ethylacetate by the method of Bradford [9].

tion and 530 nm emission) were taken immediately after
adding the solution (t=0) and read at 10 min interval up to
60 min. The increase of fluorescein over time was reported
and corrected against the rate of non-enzymatic oxidation
of the substrate. The luminescent substrate luminol was
also tested in parallel with the fluorescent substrate at the
same concentration. To determine whether interferences
might occur with biological samples, the competitive assay
was tested with mussel tissue extracts (ethylacetate) spiked
with CBZ or water. Dilutions of 1/5, 1/10, 1/100 and 1/500
of the extract were tested in the presence or absence of
CBZ to check for any matrix effects that could induce errors
in quantitative analysis.
Data analysis

Preparation of the reporter carbamazepine conjugate

The reporter for the carbamazepine competitor was
produced using the peroxidase labelling procedure for
amino groups (Roche Diagnostics, Canada). Carbamazepine
possesses a terminal amino group linked to a carbonyl and
was successfully conjugated using the above peroxidase
labelling system. A ratio of 10 mol carbamazepine /mol
peroxidase was used during the conjugation step at pH 9.8
in carbonate buffer. The reaction proceeded at 4oC for 18 hr
followed by extensive dialysis (4 hr at 20oC and 18 h at
4oC) to remove CBZ unattached to peroxidase. At the end
of the labelling procedure, the final concentration of peroxidase was 0.5 mg/mL. The binding of the CBZreporter enzyme to the antibody was performed by adding
various dilutions of the peroxidase-CBZ conjugate (1/50,
1/100, 1/200, 1/400, 1/800, 1/1600, 1/3200 and 1/6400) in
PBS containing 0.1 % Tween-20 and 0.1 % albumin to
wells containing immobilized antibody for CBZ as described below.
Competitive enzyme immunoassay for carbamazepine

The polyclonal antibody raised against CBZ (USBiological, USA) was diluted 1/50 in 10 mM sodium bicarbonate buffer at pH 8.5 and a volume of 50 µL was
added to polystyrene microplates with high binding capacity (Immulon-4, Fisher Scientific, Canada). The microplate
was covered with a sealing film and incubated at 4oC for
24 h to allow adsorption of the primary antibody to wells.
At the end of the incubation time, the wells were washed
once with 100 µL of PBS and they were blocked for nonspecific binding with 100 µL PBS containing 3 % serum
bovine albumin for 60 min at 20oC. Afterwards, the wells
were rinsed twice with 100 µL PBS. Increasing concentrations of carbamazepine (0, 5, 20, 100, 200, 1000 and
10 000 pg/mL) were prepared in PBS-Tween-20 at 0.1%
and 50 µL were added to wells. Immediately after, 50 µL
of diluted peroxidase-carbamazepine competitor (1/100 in
PBS-tween-20 0.1%) were added to the wells and incubated at 20oC for 60 min. After this incubation period, the
wells were rinsed three times in PBS (100 µL wash volume). The peroxidase substrate solution (20 µM 2,4-dichlorofluorescin and 20 µM H2O2) was then added (100 µL
final volume). Readings for fluorescein (485 nm excita-

Experiments were repeated three times. Peroxydase
activity was analyzed by means of the least square method
comparing peroxidase activity and log transformation of
CBZ concentration. Peroxidase activity of the sample (x)
was normalized by measuring the rate of change of enzyme activity in the absence of any competition (a) and in
excess of CBZ (b) at 2 µg/L to have the minimal binding
of peroxidase in the presence of the free drug: normalized
peroxidase activity = x-b/a-b. Detection limit of the method
was determined as the lowest concentration of CBZ that
significantly reduced peroxidase activity. Significance was
set at the p <0.05 level.
RESULTS AND DISCUSSION
The principle of the assay is based on competition between unlabeled CBZ in the test sample solution and
binding of the peroxidase-CBZ label towards immobilized
polyclonal antibodies in microplate wells (Figure 1). Because a CBZ competitor was not commercially available,
the drug label was produced using the amino labelling system using peroxidase as the reporter molecule. The binding capacity of CBZ to the peroxidase label was verified
by challenging various concentrations of CBZ-peroxidase
label with immobilized antibodies (Figure 2). The activity
of peroxidase increased significantly above baseline levels with the concentration of added peroxidase-CBZ label
indicating the presence of CBZ attached to peroxidase.
The use of either luminol or 2,4-dichlorofluorescin substrates gave similar results. However, the non-enzymatic
oxidation of luminol was less intense than that of the fluorescent substrate (results not shown). The binding of peroxidase after blocking with at least 1 % albumin in PBS
without any antibodies immobilized to the microwells was
negligible and was within the background levels (nonenzymatic oxidation of 2,4-dichlorofluorescin). Based on
the binding potential of the peroxidase label, dilutions between 1/50 to 1/200 are recommended for competitive
studies with CBZ. We excluded albumin in the medium
for competitive binding of unlabeled CBZ because of the
possibility that high concentrations of albumin might adsorb CBZ and compete in turn in binding to antibodies.
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The use of PBS with the non-ionic detergent tween-20 at
0.1 % was chosen and did not favor non-specific adsorption of the peroxidase-CBZ label to the wells.
The competitive effect of unlabelled CBZ to the binding of peroxidase-CBZ label was examined at 1/100 dilution (50 µg/mL final concentration of peroxidase) for the
latter (Figure 3). Addition of increasing concentrations of
unlabelled CBZ in the presence of a fixed concentration
of the peroxidase-CBZ label proportionally decreased the

PerOx
CBZ

binding of the CBZ label to immobilized antibodies. However, the competitive process was biphasic as shown in
Figure 3. Between 1 to 400 pg/mL CBZ, the slope of the decrease in peroxidase activity with respect to concentration
of unlabelled CBZ was the highest (R= 0.95, p <0.05). This
represents the analytical range for quantitative analysis of
CBZ in biological samples. The detection limit of the competitive immunoassay was estimated at 15 pg/mL per well
(or a total of 0.7 pg CBZ in a test sample). The amount of

CBZ

DCF
H2O2 Fluorescein

PerOx
CBZ

CBZ

CBZ

YY Y

PerOx
CBZ

CBZ

Y Y Y

FIGURE 1 - Overview of the competive immunoassay for carbamazepine.
CBZ competes with the peroxidase-CBZ (PerOx-CBZ) label towards immobilized antibodies in microplate wells
(Y). The activity of peroxidase was determined by adding the substrate solution 2,4-dichlorofluorescin (DCF) and
hydrogen peroxide (H2O2) which oxidizes into the highly-fluorescent fluorescein molecule.
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FIGURE 2 - Binding of the competitor to immobilized CBZ polyclonal antibody.
The binding potential of peroxidase-CBZ competitor to immobilized antibodies was
examined. The dotted lines represent the ±95 % confidence limit of the background
level of the peroxidase substrate solution.
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FIGURE 3 - Relation between carbamazepine and binding of the CBZ-peroxidase label.
The binding of peroxidase was measured in the presence of increasing concentrations of unlabelled CBZ for 1 hour. The detection limit of the assay was estimated at 15 pg/mL or 0.7 pg CBZ.

CBZ linked to the peroxidase label can be estimated on the
basis that, at a 1:1 ratio (or 50 % inhibition), equal amounts
of CBZ and CBZ linked to the reporter molecule (and
assuming that either forms of CBZ share similar affinities
towards the antibody) are in competition for binding to
the antibody. Based on the competitive binding curve for
CBZ, 50 % inhibition in peroxidase activity was reached
at 60 pg/mL of CBZ. Thus, a ratio of approximately 2 mmol
of CBZ per mole of peroxidase (the estimated molecular
weight of peroxidase was 44 kdalton) was obtained.
The competitive immunoassay procedure was tested
against various dilutions of organic extracts of freshwater
mussel (Elliptio complanata) soft tissues homogenates to
search for interferences (Table 1). Results show that dilutions as low as 5-fold in PBS-Tween 20 had no detectable
effect on the binding of the CBZ label to the antibodies. No
matrix effect in the competitive binding potential of exogenous CBZ was observed at a 10-fold dilution and higher.
However, a positive matrix interference was observed at a
5-fold dilution for the competitive binding of CBZ: the
binding was enhanced nearly 5-fold but this enhancement
was negatively impacted by a higher increase in the detection limit of the assay (from < 20 pg/mL to > 250 pg/mL).
Thus, we recommend testing at an extract dilution of at
least 10-fold or higher for quantitative assessments of
CBZ in biological tissues. If lower dilutions are to be tested,
special precautions should be taken to compensate for matrix interferences. For example, calibration by the standard
addition method, where known amounts of CBZ are directly added in the same environmental matrix, is suggested.
However, one must consider that the detection limit will be
much higher than with 1/10 dilutions.

The development of competitive immunoassays for
cost-effective and sensitive quantification of specific drugs
that are released in aquatic environments contaminated by
municipal effluents can be of value to address the issue of
bioavailability towards aquatic species. Indeed, studies on
the presence and persistence of these drugs in biota are
lacking at the present time which limits the ecological risk
assessment process. A recent study revealed that the selective serotonin reuptake inhibitors, fluoxetine and sertraline, and their corresponding metabolites, norfluoxetine
and desmethylsertraline, were present at levels > 0.1 ng/g
in all tissues examined in fish collected in an effluentdominated stream [10]. In another study, the blue mussel
Mytilus edulis significantly accumulated two veterinary
antibiotics, oxytetracycline and oxolinate (log kow of 0.3
and 1.7, respectively) known to have low bioaccumulation factors [11]. Interestingly, mussel shells were found
to accumulate more of the antibiotics than tissues, with a
half time (t1/2) residency of 8.3 and 3.85 days for oxytetracycline and oxolinate, respectively. In a 10-day bio-accumulation study with the bryophyte Fontinalis antipyretica,
the antibiotics oxolinate, flumequine and oxytetracycline
had bioaccumulation factors ranging between 75 and 450
with mean residence times reaching up to 59 days [12]
indicating that primary producers accumulate more polar
antibiotics than mussels. This raises the possibility that
mussels might be more exposed to these compounds by
ingestion (i.e., filter-feeding of phytoplankton) rather than
from direct surface water uptake. Again, these studies reveal the importance of measuring tissue levels of pharmaceuticals found in aquatic biota to enhance our understanding of their toxic effects.
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TABLE 1 - Influence of mussel tissue extracts on the competitive fluoroimmunoassay.
Tissue extract1
(fold dilution)

Peroxidase activity
(normalized fold
response activity)

Peroxidase-CBZ alone
(1/50 dilution)
5 fold extract dilution
5 fold extract dilution
and 0.5 ng /ml CBZ
10 fold extract dilution
10 fold extract dilution
and 0.5 ng /mL CBZ
100 fold extract dilution
100 fold extract dilution
and 0.5 ng/mL CBZ
500 fold extract dilution
500 fold extract dilution
and 0.5 ng/mL CBZ

Comments

0.95±0.05

The substrate has some sensitivity towards non-enzymatic oxidation. Inclusion of a
blank is required.
No significant change in the binding of the competitor to immobilized antibodies.

0.1±0.05

Enhanced binding but the detection limit is at about 250 pg/mL.

1±0.07

0.98±0.1

No significant change in the binding of the competitor to immobilized antibodies.

0.39±0.04

Adequate competitive binding of CBZ with a detection limit < 20 pg/mL.

0.97±0.07

No significant change in the binding of the competitor to immobilized antibodies.

0.42±0.05

Adequate competitive binding of CBZ with a detection limit < 20 pg/mL.

1.01±0.09

No significant change in the binding of the competitor to immobilized antibodies.

0.35±0.05

Adequate competitive binding of CBZ with a detection limit < 20 pg/mL.

1. The tissue extracts correspond to a 1:1 exchange of ethylacetate in PBS containing 0.1 % Tween-20 of mussel soft tissues homogenate at 4 mg/ml total protein concentration.
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A RESEARCH ON THE SENSITIVITY OF
EUROPEAN CHUB TO SOME PESTICIDES
Bülent Verep
University of Rize, Faculty of Fisheries and Aquatic Sciences, Department of Basic Fisheries Sciences, 53100 Rize, Turkey

SUMMARY
The aim of this study was to investigate the sensitivity
of European chub (Leuciscus cephalus, Linnaeus, 1758), a
natural freshwater fish species, to a synthetic pyrethroid
(deltamethrin), a carbamate insecticide (carbaryl), and an organophosphorus pesticide (malathion). This fish species was
taken from Iyidere stream (Trabzon-Turkey) for bioassay
experiments. The 96-h LC50 values for European chub
were estimated, and their variations for each pesticide discussed. While carbaryl and malathion were less toxic than
deltamethrin for European chub, the most toxic pesticide
was deltamethrin (LC50: 5.34 µgL-1), whereas those of carbaryl and malathion were 8.66 mg L-1 and 1.81 mg L-1,
respectively.

KEYWORDS:
Pesticides, acute toxicity, European chub, Leuciscus cephalus.

INTRODUCTION
Environmental pollution in aquatic sites causes important toxicological hazards and ecotoxicological problems, and dimensions of pollution sources, as well as ecological properties of aquatic media to solve the environmental and ecotoxicological problems have been discussed.
Determination of toxic compounds in the aquatic environment and their effects on fish are basic issues in aquatic toxicology [1], preferably evaluated by mortality or bioassay
experiments [2].
Synthetic pyrethroids are a diverse class of more than
1000 powerful, broad-spectrum insecticides used to control insect pests in agriculture, households and stored products. Pyrethroids are highly toxic to most fish; about 40%
of the LC50 values for fish are less than 1.0 ppb. Deltamethrin is one of the most toxic ones, whereas allethrin is one
of the least toxic, and cypermethrin, permethrin and fenvalerate are intermediately toxic [3]. Permethrin is a highly
toxic synthetic pyrethroid widely used in agriculture and
vector control programs, and 48-h LC50 value for guppy
was estimated to be 245.7 µg L-1 [4].

Malathion is a member of organophosphorus pesticides and used to kill insects on agricultural crops, stored
products, golf courses, but also in home gardens, and outdoor sites, where trees and shrubs are grown. It is also used
to kill mosquitoes and Mediterranean fruit flies (med
flies) in large outdoor areas. Additionally, malathion is
used to kill fleas on pets and to treat head-lice on humans.
It is usually sprayed on crops or sprayed from an airplane
over wide-land areas [5]. Malathion (EPA toxicity class III;
General Use Pesticide (GUP)), is one of the earliest developed organophosphates, and still widely used, because
of its relatively low toxicity to mammals and high selectivity for insects, compared with other organophosphorus
insecticides [6].
Carbaryl is also a GUP controlling over 100 species
of insects on citrus, fruit, cotton, forests, lawns, nuts,
ornamentals, shade trees and other crops, as well as on
poultry, livestock and pets. This wide-spectrum insecticide
is also used as molluscicide and acaricide [7]. Carbaryl is
moderately toxic to aquatic organisms, such as rainbow and
lake trout, as well as bluegill and cutthroat, and it can be
accumulated in catfish, crawfish and snails, but also algae
and duckweed. Residue levels in fish were 140-fold that
of carbaryl in water. In water, carbaryl is broken down by
bacteria through chemical processes and has a half-life of
1-32 days [8].
This study was carried out to determine the sensitivity
of European chub (Leuciscus cephalus) to some pesticides
(deltamethrin, malathion and carbaryl) using acute bioassay tests. European chub was selected for bioassays because it can easily be obtained from local creeks throughout the year, and its growth is excellent under laboratory
conditions.
MATERIALS AND METHODS
European chubs (Leuciscus cephalus) (weights: 18.14 ±
4.53 g, lengths: 12.43 ± 1.06 cm) were obtained from the
Iyidere stream in Trabzon, Turkey. Fish were caught by
electrofishing and brought to the laboratory within 20 min
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in plastic buckets with sufficient air. After acclimatization
(12 days), the fish were placed into the maintenance aquarium of 250-L capacity. Temperature was regulated at 20 ±
1 °C by using heaters. Except for dosing, all aquaria were
aerated. Test chambers were filled with 200 L of tap-water.
Characteristics of aquarium water are listed in Table 1.

etone to give stock material. Dosing solutions were then
prepared by dilution with acetone (see Table 2).
TABLE 1 - Physicochemical properties of the test water used.
Parameter

Following the preliminary experiments, all determinations were repeated three times. Groups of experimental
animals, each consisting of 10 individuals, were selected
randomly and placed into the aerated aquaria. After 48 h
of adaptation, different concentrations of pesticides were
added (deltamethrin (25% EC), carbaryl (85% WP), malathion (20% EM). Pesticides were obtained from the agricultural material market, and prepared by diluting them in ac-

Bioassay experiments medium
Deltamethrin
Carbaryl
Malathion

Temperature (°C)
pH
Dissolved oxygen
(mg L-1)
Conductivity
(µS cm-1)
Total hardness
(as CaCO3)

20±1°C
7.3-7.5
7.35-7.86
158-182
61-65

TABLE 2 - The concentrations of pesticides used for bioassay experiments.
Pesticide
Deltamethrin (µg L-1)
Carbaryl (mg L-1)
Malathion (mg L-1)

0.25
0.25
0.950

0.50
1.25
1.43

1.00
2.50
1.90

Concentrations
2.50
12.50
2.38

4.00
25.00
2.85

8.75
125.00

11.50
250.00
4.75

TABLE 3 - Acute 96-h toxicity of pesticides in European chubs (Leuciscus cephalus).
Concentration

LC1.00

LC5.00

LC10.00

LC15.00

Deltamethrin
1.416
2.088
2.569
2.955
(µg L-1)
Carbaryl
0.926
1.782
2.527
3.198
(mg L-1)
-1
Malathion (mg L )
1.280
1.416
1.494
1.550
*Note: Control group (theoretical spontaneous response rate = 0.0000).

The dosing volume never exceeded 0.2 mL. Control
group received maximum acetone volume used for dilution. During the last 24 h of adaptation, and throughout
the experiment, animals were not fed. Mortality was controlled at 24, 48, 72, and 96 h after start of tests. Dead individuals were removed immediately. Behavioral changes
were recorded in detail at 1-6 hours and every 12 h during
tests.
The bioassay system was as described in standardized
methods [9] and the national regulation [10]. The LC50
confidence limits were calculated by a computer program
[11, 12].
RESULTS
The calculated 96-h acute LC50 values (95% confidence limits) of pesticides using a static bioassay system
to European chub (Leuciscus cephalus) were 5.338 µg L-1
(4.086-25.757) for deltamethrin, 8.656 mg L -1 (3.48120.491) for carbaryl and 1.807 mg L-1 (1.604-1.994) for
malathion. Control mortalities were zero in each test. The

Points*
LC50.00

LC85.00

LC90.00

LC95.00

LC99.00

5.338

9.642

11.090

13.644

20.127

8.656

23.426

29.649

42.032

80.886

1.807

2.106

2.184

2.304

2.549

results show that deltamethrin is highly toxic, whereas carbaryl and malathion are moderately toxic to fish (Table 3).
The control group showed normal behavior during the
test period for all pesticides in this study. The changes in
behavioral response of European chub to malathion was
discussed in a preceding paper [13]. Carbaryl was also moderately toxic to European chub, which showed not very
high sensitivities to malathion and carbaryl in mg L-1 levels, but a very high one to deltamethrin in µg L-1. The 96-h
LC50 value of deltamethrin in European chubs was found
to be 5.303 mg L-1 in the present work. In aquatic toxicology, if LC50 (mg L-1) concentration is smaller than 1 mg L-1,
the pesticide is highly toxic, and if it is between 1-10 mg
L-1, then it is considered to be a moderately toxic pesticide [14].
According to USDA National Agricultural Pesticide
Impact Assessment Program, acute toxicity of deltamethrin for fish is between 1-10 µg L-1 [15]. Kumar et al.
[16] determined the 96-h fish LC50 value of deltamethrin
in catfish (H. fossilis) to be 0.52 mg L-1. In semi-static
bioassay test results, acute toxicity 96-h LC50 value of del-
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tamethrin on common carp (Cyprinus carpio L.) was observed to be 0.058 mg L-1 [2]. Bajet et al. [17] report 96-h
fish LC50 values as follows: Oncorhynchus mykiss, 0.91
µg L-1; Oreochromis niloticus, 3.66 µg L-1; Daphnia, 3.5
µg L-1; mysid shrimp, 0.0017 µg L-1, and Macrobrachium,
<1.0 µg L-1. Acute toxicity of deltamethrin to a fry of the
freshwater catfish, Claria gariepinus, was investigated by
Datta et al. [18], and they reported a 96-h LC50 value of
40.01 mg L-1. Viran et al. [19] determined deltamethrin
toxicity to P. reticulata as LC50 = 5.13 µg L-1. Deltamethrin toxicity to Oncorhynchus mykiss was found to be
LC50 = 0.26 µg L-1 [20], whereas that of Ural and Sağlam
[21] to fry rainbow trout (Oncorhynchus mykiss) was examined to be 96-h LC50 = 0.6961 µg L-1. This study’s results are in good agreement with the reports of other investigators using different fish species [17, 19, and 21].
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FIGURE 1 - Percentage of mortality of L. cephalus after
96-h exposure to different concentrations of deltamethrin.
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In the control of aquatic environmental pollution, an
important issue is that pesticide degradation happens by
composting processes of xenobiotics. The mechanisms of
pesticide composting are biological degradation, extra-intracellular decomposition, adsorption, volatilization, and
leaching. Malathion, carbaryl and deltamethrin may be degraded by hydrolytic enzymes, such as esterases and phosphatases, due to their labile bonds [22]. Malathion and carbaryl are persistent in the environment from a few days to
several months, but usually they are decomposed within a
few weeks. Carbaryl has also a short half-life of 1-32 days
in water. It is degraded to other chemical compounds by
water, sunlight and bacteria present in soil and water [5].
Deltamethrin in water media is adsorbed by sediments,
uptaken by plants, and also evaporated into the air [8].
Many in vivo studies in which individuals were exposed to malathion and/or other pesticides have shown genotoxic and teratogenic effects [6, 23, and 24]. Malathion
has a moderate toxicity to fish and other aquatic organisms,
similar to that of many organophosphate pesticides, e.g.
methylparathion, diazinon, temephos, chlorpyrifos and mevinphos. Worldwide, it is used as a general-use pesticide,
so it poses an ecological risk for short time periods in all
environments, due to its short half-time. Deltamethrin has
also a high toxicity to fish (Leuciscus cephalus) in this
study, as it is common with many pyrethroids. According
to the results of bioassay tests of Leuciscus cephalus with
some pesticides, deltamethrin is the most toxic compound in
this study, when compared to malathion and carbaryl. Toxicity levels of pesticides in this study are in the following
order, deltamethrin>malathion>carbaryl, separately.
Although, all pesticides used in this study are biologically and hydrologically degradable in short times, because
of the lack of tight controls during marketing in many countries, there may be unexpected potential risks on the environment. Special consideration should be given to residues in food and bioaccumulation in non-target organisms
including man.
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FIGURE 2 - Percentage of mortality of L. cephalus after
96-h exposure to different concentrations of malathion.
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SUMMARY
A geochemical study of modern sediments across the
Gulf of Gemlik in the Marmara Sea, Turkey, was carried
out to investigate the main controls on the distribution of
anthropogenic pollution. The textural composition, organic
carbon content, heavy metal and PAH distribution, and their
cause-result relationships from a total of 72 samples (from
6 to 320 m water depths) have been studied. In order to
assess the relative importance of productivity, organic carbon accumulation and preservation, the results were compared with two sets of historical data covering the periods
of 1990 and 1997. The eastern and southern coasts are
mainly influenced by rapid industrial development, making this semi-enclosed embayment one of the most polluted hot spots in the Marmara Sea; an inland sea connecting
the Black Sea to the Aegean Sea via the Turkish straits.
Foraminiferal density and species richness of the assemblages decrease with an increase in heavy metal and PAH
concentration and therefore may be used as pollution indicators. The more polluted areas are dominated by the tolerant pioneer species Amonia tepida and possibly Ammonia compacta and Elphidium crispum that may be used as
bio-indicator of pollution, mainly in the inner part of the
embayment and in the harbors.

KEYWORDS: sediment, organic carbon, heavy metals, polycyclic
aromatic hydrocarbon, benthic foraminifera.

INTRODUCTION
The Marmara Sea is a gateway between the Black Sea,
the world's largest anoxic basin, and the highly saline Aegean Sea (Figure 1). It is controlled by a permanent two-

layer flow system; less saline surface outflow coming
downwards from the Black Sea and reverse saline subsurface in-flow coming from the Aegean Sea. The dissolved
oxygen (DO) content in the lower layer decreases west to
east due to microbial oxidation of organic matter [1]. The
only major rivers are from the south and supply nutrient
and organic matters to the southern shelf. Between the
Black Sea’s high primary plankton production and the
Aegean Sea’s low production, the total organic carbon
(TOC) content in the western Marmara Sea sediment (0.51.0%) is lower than that in the eastern part (1.0-1.5%) [2].
The Gulf of Gemlik, considered to be one of Turkey’s
most industrialized regions, is contaminated by persistent
organic and heavy metal pollutants. It is subject to high anthropogenic pressure due to inputs from rivers, atmosphere,
coastal shipping, increasing urbanization and industrial
complexes. The total of the house waste water discharge
of the highly populated (>130,000) towns of Gemlik and
Mudanya into the sea is more than 7.5 million m3 y-1 [3].
The Kocasu River is the most important sediment source
in the west with a mean annual suspended solid discharge
of 6.5 x 105 t [4], while the Karsak River is the most important pollution source in the east. Many industrial complexes use this river and discharge their load directly into
the Gemlik port. Its total load varies seasonally and the
share of the mostly untreated industrial waste water is higher (13-to-20 million m3 y-1) [3].
In this study, the distribution, accumulation and causeresult relationships of carbonate and TOC contents, heavy
metal and polycyclic aromatic hydrocarbon (PAH) concentrations in the Gulf’s sediment were investigated. Two earlier marine surveys carried out (mainly on TOC and heavy
metal) were also considered to estimate the trend of the anthropogenic pollution in this semi-enclosed basin.
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FIGURE 1 - Map showing the sampling stations superimposed on bathymetry.
Inset shows location of the study area and the surficial flow of the Black Sea waters in the Marmara Sea.

MATERIAL AND METHODS

which were redissolved with 10 ml of 1 M HCl, and then
diluted to 50 ml with 1 M HCl.

The surface sediment samples were recovered at depths
between 6 and 320 m (Figure 1) using Orange Peel grab
sampler. Samples were placed either on ice or frozen immediately after sampling and remained chilled or frozen
until analysis at the laboratory.
Particle Grain Size (PGS) Analysis: PGS analysis is
broken down into several steps dealing first with the coarse
fraction (sand and gravel) and then with the fine fraction
(silt and clay). It was performed using a method adapted
from Folk [5], as described by GERG SOP-8908.
Total Carbonate and TOC Analyses: The total carbonate contents were determined by the gasometricvolumetric method after treatment with 4 M HCl [6]. The
organic car-bon contents were measured by means of the
Walkley-Black method, which involves the titration with
ferrous am-monium sulfate of the dichromate left after a
wet combustion of the sample with potassium dichromate
[6, 7]. The analytical precision of analysis was better than
±4% at 95% significance level from five replicates.
Metal Analysis: Sediment samples were separated for
drying at 105°C and ground in an agate mortar. All metals
were determined by flame atomic absorption spectrophotometer (AAS) after a total digestion, 1 g of sample material was preoxidized with 10 ml HNO3 in open Teflon
beakers and then heated with 5 ml HF and 5 ml HClO4 in
closed Teflon beakers for 30 min. After a formation of
dense white fumes, the cover was removed to allow the
HClO4 to evaporate. To further digest the resistant particles, 5 ml of HF was added and the mixture allowed refluxing for a further 30 min. The remaining solutions were
evaporated on a hot plate at 180 °C to obtain dry residues,

PAH Extraction and GC-MS Analysis: Approximately
30 g wet weight of sediments was placed in a labeled precombusted jar for chemical drying with anhydrous sodium sulfate until the sample was dry, free-flowing, and
homogeneous, then Soxhlet-extracted with dichloromethane (150 ml) for 8h with activated copper. Two grams of
anhydrous sodium sulfate were added to remove water.
The extracts were pooled and the volume reduced to approximately 1 ml by Rotary evaporation prior to column
chromatography. A Hewlett-Packard Model 6890 GC with
Hewlett-Packard Model 5972 Mass Selective Detector
were used for all analyses. For detailed chromatographic
conditions, analysis quality control, and quantification
methodology were described earlier [8].
Foraminiferal Analysis: The foraminifera were identified according to the criteria given by [9, 10]. For the samples research 5 g of dry sediment were kept in 17% H2O2
for 24 hours, the residues below 63 µm were washed away,
the remaining part were dried (45°C) and sieved from 2,
1, 0.5, 0.25 and 0.125 mm meshes and tacsonomic compositions were picked up and examined under a binocular
microscope.
RESULTS
As it is surrounded by the steep mountains of the
Armutlu Peninsula in the north, alluvial plains and deltas
in the east and small hills in the south, the Gulf of Gemlik
emerges as a 31-km-long tectonic trough between two topographic heights (Figure 1). Basic, ultrabasic and ophio-
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litic formations are exposed on the Armutlu Peninsula and
include some high-background level of Ni, Cr and Co.
Due to extensional tectonic regime and high permable fault
zones, the Armutlu peninsula region is well known for numerous hot spring sources [11]. The water temperature
varies between 22.1-71.5 °C and 50.0-81.7 °C for the Gemlik and Armutlu town regions, respectively [12]. Marine geophysical data [13] are in favor of possible underwater hot
spring sources especially around some fault sets that cut
each other. The central depositional depression area (107 m
deep) is separated from the Marmara Sea by a sill with an
average depth of 50 m to the west. Oceanographic setting
of the Gulf, having a surface area of about 350 km2, is
represented by two distinct water layers with the pycnocline occurring at depth of about 20-30 m depending on
the seasonal variations. The upper layer consists of low
salinity (23-29‰) waters of Black Sea origin, whereas the
lower layer is constituted by the high salinity (38.5‰) Mediterranean waters. This stratified character and bacterially
mediated oxidation of sinking organic matter, sub-halocline
water masses are permanently depleted in DO, thus limiting benthic life in the Gulf. In summer the DO values may
decrease to 0.1-0.9 mg L-1. In winter the increasing vertical mixing due to atmospheric conditions changes anoxic
conditions with DO concentrations around 1.3 mg L-1 [14].
The longshore currents are not so efficient on the bed load
transportation. In normal weather conditions, the surface
flow is clockwise with an average current speed of about
13-17 cm s-1 at the entrance of the Gulf of Gemlik and 26 cm s-1 in the central and inner parts. In spring, currents
increase partly. A relatively thinner plume of dense lower
Mediterranean layer flows through the southern Marmara
shelf and reaches to the Gulf of Gemlik [1]. Its average
speed is 9-10 cm s-1 at the entrance while they are 2.5-4.5 cm
s-1 in the central and inner parts of the Gulf, but with varying directions [8].
Physical measurements of sediment provide information useful to the interpretation of chemical and biological data, as well as understanding of the natural conditions of the Gulf. Two earlier studies have been conducted
in our study area.
Cruise 1990: The first systematic data was collected
in 1990 during a projected cruise onboad R/V Bilim of
Middle East Technical University. Nineteen surficial sediment samples were collected within the Gulf of Gemlik and
to the east of the Imralı Island. Most of its results were published [2, 15]. The mean TOC was 1.6±0.31%, and ranged
from 0.26 to 1.46%. The highest annual primary production rates were observed along the southern shelf, where
high terrigenius input supplied by the major rivers in the
south.
Cruise 1997: Thirty eight surficial sediment samples
were collected within the Gulf of Gemlik onboard R/V MTA
Sismik-1 of the Mineral Reasearch and Exploration Institute of Turkey in 1997. The mean TOC was 1.21±0.48%,
and ranged from 0.20 to 2.32% [16]. High metal values

were found mainly in the inner part of the southern shelf,
particularly in the Gulf of Gemlik. High Mn concentrations (1000-2600 µg g-1) in the Gulf is related to effective
flocculation of Mn as Mn-oxyhydroxides when it encounters with oxygen-rich Mediterranean originated lower
water layer entering from the Dardanelles strait [16]. Nondetrital (sum of carbonate, Fe-Mn oxyhydroxides and organic phases) contributions of Cu, Pb, Zn, Mn and also Ni
were found to be high (>%40), whilst Al, Fe, and Cr were
found mainly in detrital fraction. On the basis of their mobility results of metals; authors claimed that Pb, Cu and
Zn in sediments from the Gulf of Gemlik appeared to be
partly enriched by anthropogenic factors.
Grain-size fractionation of siliciclastic bottom sediments

In any discussion of the marine sediments, it must be
realized that the changes in the amount of various grain
size fractions can significantly influence the chemical compositions of the sediments. Mud fraction, for example, is
the most reactive fraction of the total sediment for hydrocarbon adsobtion and/or organic-inorganic complex formation. Because of its sheltered basin morphology and
low-energy current conditions, the sediments of the Gulf
of Gemlik are characterized by their fine-grained nature,
being rich in mud (89-92%) and poor in sand and gravel.
Elevated levels of sand fragments occur within two small
and local patches in front of the rivers discharging at
the Tuzla Point and Büyükkumla (stations G07, G66 and
G67). Mean-while, the exit of the Gulf in the west is
subject to the strong riverine input of the Kocasu River.
Outside the Gulf, mean percent silt-clay decreases northwest rapidly, as low as 30-40% offshore Armutlu Peninsula (stations G37, G38, G44, G47 and G48). A relict
ridge is formed under the shallower water-higher energy
conditions be-tween the Imralı Island and the western end
of the Armutlu Peninsula that forms the sandiest part of
the study area with an average mud ratio of 21.7% [8].
Except for higher values (2-4) found locally distributed along the shores in the east and northwestern exit of
the Gulf, the silt/clay ratios are low in the central part of
the basin [8]. This strongly reflects the input from rivers,
their fine-grained terrigenous load and low-energy conditions. The prevailing low current activities (2.5-4.5 cm s-1)
as well as great distances from the land favor the sedimentation of the finest sediments in these relatively deep regions. Close to the shores along Narlı, Büyükkumla, Tuzla
point and Kurşunlu, silt/clay ratios become higher, reflecting the effects of shallow-water high-energy conditions.
The clay sediments cannot settle under high-energy conditions. They are swept away resulting in high silt/clay ratios.
The higher silt/clay ratios found off the Armutlu (Bozburun) Peninsula (up to 2.7) coincide with the areas of increased benthic production.
Carbonate Distribution

Total carbonate contents (expressed as per cent CaCO3)
of the surface sediments showed a range between 2 and
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12%. The mean total carbonate contents is 8.7±1.9 (n=72)
for the study area. This is a bit higher than previous surveys carried on 1990 and 1997; which are 8.2±2.5 (n=16;
without considering 3 biogeneous samples) and 8.0±2.3 (n=
38), respectively. No meaningful temporal changes, however, were observed in their spatial distribution patterns.
In all cases, the total carbonate contents increase between
Armutlu Peninsula and Imralı Island to the northwestern
exit of the study area. Previous microscopic studies revealed
that most of the carbonates occurred in the relatively coarse
sediment fractions and were derived from the skeletal and
shell remains of benthogenic organisms [2].
TOC Distribution

Information on organic carbon content in sediments is
important for understanding the biogeochemical cycling
of carbon, hydrocarbon exploration, etc., and hence the
factors controlling the organic carbon preservation in sediments are of relevance. Most of carbon preservation in marine sediments occurs in anoxic systems, where the organic
matter sedimentation rates are highest. The TOC content
in sediments from the Gulf of Gemlik is variable and ranges
from 0.07 to 3.05% with an average of 1.43±0.64% (n=
72) (Figure 2). Contrary to low values observed in the outer
basin, the highest values of TOC content were recorded in
the middle of the basin (2.0-3.1%), the Gemlik Port (23.0%), offshore Kocasu River (2-2.9%) which is the most
important fresh water discharge in the west, and Trilye resort village (2.0-2.4%).
The mean TOC is slightly higher than previous surveys carried on 1990 and 1997; which are 1.06±0.31 (n=

19) and 1.25±0.53 (n=38), respectively. When TOC was examined on areal basis, considerable percent of area with
TOC exceeds 1.0% for all surveys (Figure 2). However,
the spatial distributions of TOC in 1997 and 2004 are different from 1990 data. In general, spatial distribution of
higher percentages of TOC increases with time more severely. Significant increments can be seen for TOC values
greater than 1.5%, while those for intermediate and small
TOC values are smaller.
As a result of evident and serious increment in pollution of the surface waters of the Marmara Sea in the last
three decades, the production of organic matters increased
in the sea. If compared to DO values measured in 1970’s
cruises, however, no significant changes were observed in
deep layer [17]. Since the pollution was mostly effective in
surface waters, the euphotic zone became thinner and important DO decrements occurred just below the halocline.
Similar conditions were also observed in the eastern part of
the Gulf of Gemlik, where the bottom currents are rather
slow, and it is reported that the DO values were decreased
as low as 0.1 mgL-1 in the years 2000 and 2001 [14]. Such
conditions are observed especially in the coastal areas
where the currents are weaker and the anthropogenic dense
nutrient and organic mater inputs are high.
A considerable amount of organic matter is transported
from the Black Sea to the Marmara Sea [2]. The primary
productivity is relatively high in the Black Sea (50-250 g
C m-2 y-1) and low in the Aegean Sea (16-36). The primary production in the Marmara Sea is variable and highly
controlled by the diatom and dinoflagellate blooms during
the winter spring and summer-late summer periods. The

FIGURE 2 - Comparison of TOC in sediment for 1990, 1997 and 2004 field studies (a, b, c). Box plots for TOC based on the median, quartiles, and extreme values (d). The box represents the interquartile range which contains the 50% of values. The whiskers are lines that extend
from the box to the highest and lowest values, excluding outliers (o). A line across the box indicates the median.
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highest annual primary production rates in the Marmara
Sea were reported for the southern shelf (161 g C m-2 y-1).
These may suggest that high terrigenous input supplied the
southerly major rivers are important while the influence
of the relatively organic- and nutrient-poor lower (Mediterranean) layer inflow is rather limited along the southern
shelf.
Heavy Metal Distribution

The Al, Fe, Mn, Pb, Cu and Cd concentrations range
between 0.4% and 18.1%; 0.6% and 7.6%; 54 and 2473 µg
g-1; 0.2 and 120 µg g-1; 0.7 and 146 µg g-1; <0.01 and 10.1 µg
g-1, respectively in the surface sediments (Figure 3). The

highest metal values are found especially in the southern
and western parts of the Gulf of Gemlik. Cd contents are
higher than the average shale value (0.3 µg g-1; [18])
throughout the Gulf (Table 1). Fe shows a strong correlation with Cd, Pb and Mn values (r2 = 0.78, 0.62 and 0.60,
respectively). The enrichment factor (EF) values for Al,
Fe, Mn, Pb, Cu and Cd generally assembled >2. The highest Al, Cu and Pb contents are found especially at the southwestern part of the Gulf of Gemlik. Besides, the total metal
distributions are supported by the TOC contents. All these
results are in a good harmony with those based on 1997
data (Table 2).

FIGURE 3 - Distribution of (a) Fe (wt.%), (b) Mn (ppm), (c) Cd (ppm),
(d) Cu (ppm), (e) Pb (ppm) and (f) Al (ppm) in surface sediments of the Gulf of Gemlik.

TABLE 1 - Precision of the analysis from duplicate samples, and certified and measured contents of reference material in this study.
Element
Fe (%)
Mn (µg g-1)
Pb (µg g-1)
Cu (µg g-1)
Cd (µg g-1)
Al (%)

*IAEA-405-sediment samples

Mean ± Std. deviation

Precision (%)

2.8 ± 0.2
453 ± 5.2
27 ± 0.3
19 ± 0.9
1.8 ± 0.2
5.3 ± 0.3

8
4
2
8
2
8
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Reference concentration of CRM 142
(light sandy soil)
2
569
37.8
27.5
6.4*

Measured concentration
2.6
574
35
25
7.3-8.1
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TABLE 2 - The mean elemental concentration and range for sediments from
the Gulf of Gemlik as compared to 1997 data and the metal abundances in Crust.
Element
Fe (%)
Mn (µg g-1)
Pb (µg g-1)
Cu (µg g-1)
Cd (µg g-1)
Al (%)

This study
Mean and (Range)
2.8 (0.6 – 7.6)
453 (54 – 2473)
27 (0.2 – 120)
19 (0.7 – 146)
1.85 (<0.01 – 10)
5.3 (0.4 – 18)

1997 data [16]
Mean and (Range)
4.1 (2.6 – 5.1)
613 (360 – 2610)
43 (17 – 85)
42 (6 – 107)
7.1 (3 7 – 8 7)

Shale average [18]
4.7
850
20
50
0.3
9.2

FIGURE 4 - Comparison of total PAH concentrations in sediment and the number
of individuals in samples. Stars indicate the stations with anomalous foraminifera.

Relatively high metal concentrations suggest anthropogenic (domestic and industrial) inputs via the Kocasu and
Karsak Rivers, which follow mainly Neogene sedimentary
and volcano-sedimentary units on a mature topography, occasionally cutting fault-lines on pre-Neogene rocks with
wild topography. The dense and wide (27,600 km2) drainage basin of Kocasu River includes some high-background
(Fe-, Pb-, B-, S-, Am-, perlite, albite, kaoline, jips, marble,
cement-rich) volcanosedimenter rocks (e.g. andasite, dasitic,
rio-dasitic tuffs intercalated with mica/clay and mineral
rocks), autigenic silicates and carbonates (calcite) [19]. In
conclusion, the terrestrial anthropogenic (domestic and
industrial) inputs via the rivers and from the surrounding
area of the Gulf are the most important. In addition, the occurring geochemical process in the diagenic zones secondly
controls the Fe and Mn distributions in sediment.
PAH Distribution support Antropogenic Activity

The PAH concentrations in sediments from the Gulf
of Gemlik are distributed in a broad spectrum (between 50
and 13 500 ng g-1); from low to very high levels [8]. Be-

cause of the rapid ecotourism development, direct discharges from rivers, surface run-off and drainage from port
areas, local fuel storage terminals, domestic and industrial
effluent discharges through outfalls, various contaminants
from ships and long-range atmospheric transport, the anthropogenic and environmental activities show complex
interactions in the region. Most of coastal settlements in
the Gulf use creeks or simple outfalls for their waste water discharge. The most polluted areas are distributed nearshore eastern (Gemlik) and southern (Kursunlu, Mudanya
and Trilye) coasts (Figure 4). A petrogenic activity mixed
with pyrolytic activity is defined in front of the main industrial-tourism ports and anchoring areas.
Benthic Activity

Benthic (foraminifera, pelecypods, etc.) activity is
found dominant along the coastal area between the Town
Armutlu and Imralı Island (50-131 individuals per sediment sample), between the towns Gemlik and Kursunlu
(30-80), and and in some isolated patches along the
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northern coast close to Buyukkumla (30-55) (Figure 4).
Some

PLATE 1 - SEM photograph (21x15.5 cm in original) of foraminiferal species in the study area: 1. Spiroplectammina sagittula (d’Orbigny).
Side view, x90, G36 (station). 2. Miliolinella webbiana (d’Orbigny). Side view, x55, G47. 3. Rosalina bradyi Cushman. Side views; a: spiral
side, x55; b: enlargement part of spiral side, x350, G47. 4. Lobatula lobatula (Walker and Jacob). Side view, spiral side, x45, G47. 5. Ammonia
compacta Hofker. Side views, a: spiral side, x60; b: umbilical side, x65; G6. 6-9. Ammonia tepida Cushman. Side view, spiral side, (6. x140,
G7; 7. x130, G7; 8. x120, G26; 9. x90, G25). 10. Elphidium complanatum (d’Orbigny). Side view, x45, G7. 11-13. 11. Elphidium crispum (Linné). Side view (11. x65, G34; 12. x45, G34; 13. x70, G6). 14. Elphidium macellum (Fichtel and Moll). Side view, x70, G6.

anomalous individuals were observed at the stations G06,
G07, G17, G25, G26, G34, G36 and G47. Quinqueloculina
seminula, Bulimina elongata, Ammonia compacta and Elphidium crispum are dominant in the stations anomalous
individuals observed (Plate 1).

DISCUSSION
Beyond submerged aquatic vegetation (e.g. sea grasses
and macro-algae), phytoplankton and animal biomass, the
Kocasu and Karsak Rivers supply nutrient and organic
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matters into the studied shelf area. The impact of the anthropogenic pressure due to Karsak River, for example, can
be observed in the Gemlik Harbor often in summers with
phenomena of red waters, resulting from eutrophication
and disequilibrium processes for the exploitation of natural resources. Such activities lead to increasing primary
production and high sedimentation rates.
No significant correlation was found between total
PAH concentrations and TOC content. Therefore the distribution and concentrations of total PAH would be determined
more by direct input, rather than by the type of sediment
found locally. Total PAH concentrations increase slightly
with silt/clay ratio, but this relationship is not much stronger
than 30% in our case. High silt/clay ratios (>2) are found
to be associated with the broad areas of benthic (foraminifera, pelecypods, etc.) activity (30-131 individuals per sediment sample).
Many studies dealing with the relationships between
benthic foraminifera and pollution have considered heavy
metals as important parameters acting on ecosystems and
affecting their distribution [20, 21, 22]. In a statistical study
testing the sensitivity of some dominant individuals to
heavy metals in the Gulf of Izmir [23], the highest correlations were observed between Elphidium crispum and Hg;
followed by significant correlations of Amphicoryna scalaris with Cu, Ammonia tepida, Amphicoryna scalaris,
Noniella turgida and Nonion depressulum with Ni; Amphicoryna scalaris, Noniella turgida and Nonion depressulum with Mn. In this study partial corelations were defined between the distribution of total individuals and heavy
metals (Mn, Fe, Al, Pb and Cu) for the sediments from the
Gulf of Gemlik. No correlation, however, was found for
Cd. The effects of the contents carried by Kocasu River and
of the sediments transported into the Gulf should be considered especially for the outer stations. The spatial distributions of Al and Pb are similar at the outer part of the
Gulf. Cu is dominant close to the Kocasu delta where the
sediment transported into the Gulf is highest. On the other
hand, Mn is concentrated locally at the central and inner
parts of the Gulf. No significant correlation was found between TOC and metal contents (except for Cu).
A lowering in density and species richness or diversity should be considered as pollution indicators. However,
increased pollution has been reported as leading to a high
number of individuals belonging to a few opportunistic
species [24]. Ammonia tepida (e.g. [21, 25]), Ammonia
compacta and Elphidium crispum were dominant at stations where the heavy metal and hydrocarbon pollution
was prevalent. Therefore it can be mentioned that there
are close relationships between these individuals and the
heavy metals Pb, Cu and Al found for some outer stations
(e.g. G34, G36 and G47). The influence of hydrocarbons
on foraminiferal assemblages is partly established in literature. Numerous deformations of foraminiferal tests were
observed following the oil super-tanker Amoco Cadiz
accident [26]. Some negative effects of petroleum on the
benthic foraminifera were also reported in moderately

harbours [27]. Similarly, in the the Gulf of Gemlik, the
negative correlation of the PAHs with most of the species
suggests the probable influence these contaminants have
on foraminiferal assemblages (Figure 4). The species
mentioned above are tolerant to pollutants, mainly heavy
metals and hydrocarbons in semi-enclosed embayments.
A comprehensive study of physical and biochemical
oceanographic conditions, however, should be considered
together with the estimation of the morphological anomalies (bioindicator microfaunal species) observed in the
study area, especially for the station G47 which is close to
the possible thermal mineral springs within the sand
bands on the seafloor.
CONCLUSION
The present state of semi-enclosed embayments is a
result of an increasing exploitation by people living on its
coasts. Along the eastern and southern coast of the Gulf
of Gemlik and owing to the vicinity of Bursa, about 10%
of Turkish industry is located together with significant
residential areas. The most efficient way toward the formulation of an optimum management of the coastal sea
against pollution is through experimental research, monitoring and appropriate modelling.
Production, accumulation and preservation of organic
matter in the embayment, which is variable with highest
values in the central part of the basin, is believed to have
been mostly affected by the inflow of relatively organicrich Black Sea waters, by the rivers, and by inflow of organic-poor lower layer. Local increments are possibly the
result of differences in availability of organic matter to
microbial degradation, whereby terrestrial organic matter
from nearshore waters is somewhat more resistant relative
to marine organic matter from offshore waters. Successive
marine surveys show that the production slightly increased between 1990 and 2004 as a result of evident and
serious increments in pollution, especially in the coastal
areas where the currents are weaker and the anthropogenic dense nutrient and organic mater inputs are high.
The metal (Al, Fe, Mn, Pb, Cu and Cd) distributions
in the Gulf of Gemlik sediment are mainly controlled by
the anthropogenic (domestic and industrial) inputs via
Kocasu River. The geochemical processes in the diagenic zones add secondary controls on the Fe and Mn
sources. The spatial distributions for Fe, Pb and Al observed at the exit of the Gulf may be meaningful and
disclose some geologic processes. Due to extensional
tectonic regime and high permable fault zones, the Gulf
of Gemlik and Armutlu peninsula regions are well known
for their numerous termal mineral water springs [11].
Their relationship with the special tectonic setting of the
region resulted from the interaction of the ThraceEskisehir and North Anatolian fault systems and also with
possible submarine springs deserves further studying.
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Being an urbanized industrial area ornamented by important tourism ports, the anthropogenic and environmental activities in the Gulf of Gemlik show complex interactions especially along the eastern and southern coastal areas.
This study shows that foraminiferal density and species richness of the assemblages decrease with an increase in heavy
metal and PAH concentration and therefore may be used
as pollution indicators. The more polluted areas are dominated by the tolerant pioneer species Amonia tepida and
possibly Ammonia compacta and Elphidium crispum that
may be used as bio-indicator of pollution, mainly in the
inner part of harbor. These data will be useful for efforts
relating to ecological risk assessment and management of
the study area in the context of contaminant inputs.
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SUMMARY
The impact of nonindigenous species in the ecology
of a recipient environment is a concerning and actual problem in several freshwater ecosystems. In particular, the
introduction of alien macrophytes produces a vast array of
adverse biological effects in water system organisms and,
also, in the development of other macrophytes. This study
aims to examine the effects of the exudates of Eichhornia
crassipes (Mart.) Solms (Pontederiaceae) in three green
algal species (Chlorella vulgaris, Pseudokirchneriella subcapitata and Pandorina morum), as well as in two cladoceran species (Daphnia magna and Daphnia longispina).
For this purpose, the bioassays were conducted with water
samples collected at two sites in a Portuguese shallow lake:
within an E. crassipes bed (H water) and without macrophyte bed (F water). In general, the growth of the three algal
species decreased at a concentration of 100%, for F and H
waters, when compared with other dilutions and controls.
On the opposite, cladocerans` growth was stimulated by H
and F water, being more noticeable in F water. Results
suggested that the nutrients` availability and the presence of
E. crassipes are conditioning the algae and cladocerans
responses.

KEYWORDS: Green algae, cladocerans, Eichhornia crassipes,
water quality, shallow lake, Portugal.

hance denitrification [8], or provide a refuge for zooplankton [9-10]. Still, macrophytes may also directly reduce phytoplankton and periphyton growth by releasing allelopathic
substances [4, 11, 12].
It is widely assumed that the presence of invasive plants
causes a negative impact on native biota, leading to rarefaction or local extinction of some species. Eichhornia
crassipes, an alien plant in Portugal, introduced as ornamental plant, forms extensive stands that exclude almost
other plant species and alter the water quality [13]. It spreads
exudates that remain in the water, which influence the populational parameters of some species [4]. Changes in the
vegetation structure may affect species belonging to diverse functional groups like algae and invertebrates, which
can be related to unexpected indirect effects through the
food web.
Some studies have been carried out in order to know
the impact of invasive plants in physico-chemical parameters [14, 15]. However, there is little information on how
invasive plants and their exudates affect the integrity of
aquatic ecosystems. Phytoplankton and zooplankton have
long been used as suitable groups to assess the impact of
environmental changes, due to their position in the trophic
food web. Thus, the purpose of the present study was to
evaluate the effect of E. crassipes on three freshwater green
algae and two cladoceran species.

INTRODUCTION

MATERIAL AND METHODS

The management of water resources has been based
on the monitoring of chemical characteristics of effluents
and receiving water-bodies [1]. In order to control the environmental pollution, it became necessary to understand
the effects of biological substances (e.g., exotic plants, exudates) in the aquatic systems.
The presence of macrophytes is of great importance
for biological structure and water quality of shallow lakes
[2-3]. Many studies [e.g. 4] demonstrated that macrophytes
compete with algae for nutrients [5-6] and light [5-7], en-

Study site

The Cértima River is a sub-tributary of the Vouga
River, a watercourse that drains into the Atlantic Ocean. It
is the main source of water to the lake of Pateira de Fermentelos, a wetland classified as a sensitive area by the
Decreto-Lei 153/97, which transposes to the Portuguese
law the European Directive 91/271/CEE, concerning urban
wastewater treatment. The Cértima catchment is characterised by forests of Pinus pinaster and Eucalyptus globulus,
in the upper basin, and agricultural fields and pastures, in

1533

© by PSP Volume 15 – No 12a. 2006

Fresenius Environmental Bulletin

the lower basin. The main industry impacts are from the ceramics, wine production and metal-processing sectors [16].
Nowadays, Pateira de Fermentelos is facing a severe eutrophication process, culminating with the increment of
Eichhornia crassipes which, in some occasions, covers the
entire water surface and depletes the water quality.
Sample collection and characterization

In order to achieve the main goals, two sampling sites
in Pateira de Fermentelos were established: one infested
by E. crassipes (H water), and the other one without the invasive plant (F water). Water samples were collected using
20-L large vials, previously washed with local water, and
filtered by GF/C and cellulose nitrate filters, and preserved
in the dark at 4 ºC.
A general physicochemical characterization of water
samples was performed accordingly to APHA [17]. Physicochemical parameters revealed differences between F
and H water (Table 1). F water shows higher concentrations of organic matter, sulphates, chlorides, total solids
and pH than H water. On the other hand, H water shows
higher concentrations of ammonium, nitrates, phosphates,
hardness, DOC and conductivity. F water was collected in
a deeper site of Pateira de Fermentelos.
TABLE 1 - Physical and chemical parameters
of water (F and H) from Pateira de Fermentelos.

pH
Conductivity (µS/cm)
Ammonium (mg/L NH3-N)
Nitrate (mg/L NO3--N)
Nitrite (mg/L NO2--N)
Orthophosphate (mg/L PO43-)
Sulphate (mg/L)
DOC (320 nm)
Hardness (mg/L)
Chloride (mg/L Cl-)
Total solids (mg/L)
Total suspended solids (mg/L)
Fixed and volatile solids (mg/L)

F water
8.520
555.0
0.920
0.700
0.001
0.690
39.00
0.394
189.0
50.00
34.69
55.16
20.47

H water
7.200
664.0
1.150
1.100
0.000
2.750
11.00
0.544
276.0
30.00
12.92
29.84
16.92

Erlenmeyer flasks with 40 mL of final test volume [22]
and a set of three replicates per treatment. An inoculum of
each algal culture was incubated for 2-3 days, before starting the experiments under the same conditions as the test
cultures to adapt each alga to test conditions and achieve
exponential growth, such as usually recommended [19].
The initial cell density used for all green algae corresponded
to 5×104 cells.mL-1. The tests were carried out under aseptic conditions, and maintained in an incubation chamber with
a 16hL:8hD photoperiod, controlled temperature 20±2 ºC,
and continuous agitation at 100 rpm, during 96 h. The chlorophyll a (chl a) concentration was assessed as biomass
parameter [22] by filtering the test volume through GF/C
filters, which were then treated with acetone (90%), and
chl a was measured at 665 nm and 750 nm, before and
after acidification with HCl (0.1 M).
Cladocerans test procedure
Daphnids culture

Daphnia magna (clone A sensu [23]) and Daphnia longispina (clone EM7 sensu [24]) were reared under 16hL:8hD
photoperiod and controlled temperature of 20±2 ºC. Daphnids have been reared using widespread protocols for D.
magna [25, 26] and were cultured in ASTM hard water
synthetic medium, to which an organic additive, extracted
from Ascophyllum nodosum, was added. The medium was
renewed three times per week and animals were fed with
Pseudokirchneriella subcapitata (Korshikov) Hindak, at a
concentration of 3.0 x 105 cells.mL-1, for Daphnia magna,
and 1.5 x 105 cells.mL-1, for Daphnia longispina. Algal
(food) ration was determined spectrophotometrically, as
described for Chlorella vulgaris by Carvalho et al. [27].
Chronic tests

Algal test procedure

The freshwater green algae Chlorella vulgaris Beijerinck, Pseudokirchneriella subcapitata (Korshikov)
Hindak and Pandorina morum (Müller) Bory were used
to test the potential growth inhibition effects of E. crassipes. Pseudokirchneriella subcapitata is one of the most
recommended organisms for algal growth inhibition testing procedures, being considered a good bioindicator [1820]. Nevertheless, the performance of Chlorella vulgaris
and Pandorina morum, as test organisms, was assessed
under the same conditions for comparison with P. subcapitata.
The experiments were performed by successive dilutions (ranging from 0 to 100%) of environmental water (H
and F water) in MBL (Sterilized Hoods Hole Culture) medium [21]. Algal experiments were performed in 100-mL

Tests were performed for 21 days according to standard protocols [25, 28], under the same photoperiod and
temperature conditions as described for rearing procedures.
For both Daphnia species, test experiments were initiated
with neonates (< 24 h-old), born between the 3rd and 5th
broods, which were obtained from the same bulk cultures.
The experiments were performed by successive dilutions
ranging from 12.5 to 100% of H and F water in ASTM
synthetic medium. The culture medium was used as the
control treatment. The test vessels consisted of glass beakers (10 per treatment) containing 25 mL of test solutions
(including organic extract). A semi-static design was employed, using 10 individualized organisms (one per replicate) randomly assigned to the control and to each diluted
concentration. Test organisms were fed daily with P. subcapitata and transferred to newly-prepared test solutions
every other day. Oxygen concentrations and pH levels were
measured at the beginning and at the end of the chronic
test in order to verify that they were not limiting factors.
The parameters recorded and measured during the test
were mortality, total number of neonates, number and size
of broods, average size of five neonates randomly chosen from the first brood, age of females at each brood
release, length of the first exopodite (EL) of the second
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antenna of the first and the last molts released within 21
days. The body length (BL) of test organisms was obtained from two allometric relations (1) and (2) [29]:
BL D. magna =
10.499 x EL D. magna - 0.329 (mm) (r2=0.939)

(1)

BL D. longispina =
10.660 x EL D. longispina - 0.186 (mm) (r2=0.966)

(2)

The daily growth rate (DGR) was determined according to the following equation (3):
DGR = [ln(BLf) – ln(BLi)] / ∆t (days-1),

(3),

where BLf is the final body length (mm) after 21 days,
BLi is the initial body length (mm) and ∆t is the time
interval (day-1). Survival and fecundity estimates were
also used to compute the intrinsic rate of population increase (r, day-1). This demographic parameter was iterated
from the Euler-Lotka equation (4):

control and MBL dilution of ≥ 12.5%. In general, the growth
of P. subcapitata was higher in F than in H water.
The growth of P. morum was significantly different
between the control (saturated synthetic medium) and dilutions above 12.5%, in F water (Fig. 1C). However, for H
water, no significant differences were observed between
control and other concentrations, excluding 100%.
The growth of the three algal species decreased at concentration of 100%, for F and H waters, when compared
with other dilutions and controls.
The results obtained in chronic tests of Daphnia species showed that the cladocerans growth was stimulated
by F and H water, being more noticeable in F water. Hyacinth water caused a reduction in the reproductive parameters in both cladoceran species, when compared to F
water. In H water, a delay in the first brood was observed
for both species. The total number of neonates was also
lower for both species in H water.

n
(4),

x=0
where x is the age class (days: 0…n), lx is the probability of surviving at age x, and mx is the fecundity at age
x. The standard error was calculated according to Jackknife technique [30].

Chlorophyll a concentration of
-1
Chlorella vulgaris (µg.L )

1 = ∑ e-rx lx mx

1200

A

800
600

Overall, for F and H waters, significant differences between control and MBL medium dilutions were observed,
for C. vulgaris and P. subcapitata (Figs. 1A and B). In the
F water, the increase from 12.5% to 100% led to a decrease
of growth of P. subcapitata (Fig. 1B). This trend was not
observed in H water, but a hormetic response was recorded.
However, significant differences were achieved between
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Statistical analysis

For each Daphnia species, the obtained results were
analyzed using a one-way ANOVA to test the significance of the effect of F and H water on the life-history
parameters. A Dunnett test was applied in order to determine which concentrations were significantly different
from the control, when the ANOVAs were statistically
significant (p< 0.05) [31].

b
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For each microalgal species, the results obtained among
the different treatments in F and H water were compared
using an analysis of variance (one-way ANOVA). A Tukey
multiple comparison test was also applied when statistically
significant differences in inhibition growth were found (p<
0.05) [31].
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FIGURE 1 - (A to C). Algal growth (at several MBL medium
dilutions) in F water and H water after 96-h of incubation using (A)
Chlorella vulgaris, (B) Pseudokirchneriella subcapitata and (C) Pandorina morum. Bars represent the mean of at least 3 replicates. Er-
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ror bars represent standard error and the different letters correspond to significant differences between the treatments (p<0.05).
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FIGURE 2 - (A to G). Life-history parameters of Daphnia magna exposed to several ASTM medium dilutions in F water and H water.
Error bars represent standard error and * indicates statistically significant differences between the test dilutions and the control.

The number of offsprings released by D. magna was
significantly affected by F and H water (Fig. 2A), showing a general stimulation of fecundity. Although, the size
of offsprings of the first brood was not affected by none

the environmental waters (Fig. 2E). The number of broods
yielded by Daphnia magna, under the influence of H water,
showed a reduction when compared with F water, where
no significant differences were registered (Fig. 2B). Low
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concentrations of H water affected significantly the age at
first reproduction of D. magna (Fig. 2C). The number of
offspring of the first brood was significantly stimulated
when the females were exposed to F water concentrations
higher than 25%, and H water ones over 12.5% (Fig. 2D).
The somatic growth rate of D. magna was not significant-
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ly affected by H water treatments, but at concentrations of
25% and 75% of F water showed significant differences
(p<0.05) (Fig. 2F). The intrinsic rate of in-crease (r) of D.
magna was significantly stimulated by F water, but not by
H water (Fig. 2G).
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FIGURE 3 - (A to G). Life-history parameters of Daphnia longispina exposed to several ASTM medium dilutions in F water and H water.
Error bars represent standard error and * indicates statistically significant differences between the test dilutions and the control.
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Concerning D. longispina, the number of offsprings
was significantly stimulated by all treatments of F and H
water, being more noticeable in F water (Fig. 3A), although
the size of offsprings of the first brood was not affected
(Fig. 3E). When compared with D. magna, the number of
broods yielded by D. longispina, under the influence of H
water, showed an opposite pattern. On the other hand, the
number of broods registered an increase in F and H water,
showing significant differences for F water treatments (Fig.
3B). F water significantly affected the age at first reproduction of D. longispina. The same trend was registered for
H water highest concentrations (50-100%) (Fig. 3C). The
number of offsprings of the first brood was significantly
stimulated, when the females were exposed to F water
highest treatments (75 and 100% F water concentrations),
and H water concentrations of 25% (Fig. 3D). The somatic
growth rate of D. longispina was significantly affected by
F water concentrations of 25%, but not significantly affected by H water (Fig. 3F). The intrinsic rate of increase
(r) of D. longispina was significantly affected by F and H
water (Fig. 3G).

DISCUSSION AND CONCLUSION
Algae experiments

Similarly to other authors [e.g. 4, 13], the results obtained in the algal tests proved that higher concentrations
of both water treatments inhibited the growth of the three
species. Our experimental evidence confirms the possible
existence of allelopathic interactions between E. crassipes
and planktonic green algae. Moreover, water hyacinth exudates had a differential impact on the three green algae.
This suggests that macrophytes may influence the phytoplankton composition by selective inhibition of some phytoplankton species. In our study, P. subcapitata (formerly
Selenastrum capricornutum) was the most sensitive species
due to the great differences observed in the growth pattern
between F and H waters. Similar results were obtained by
Weaks [32], who observed growth inhibition on Selenastrum capricornutum by the macrophyte Myriophyllum spicatu. More recently, Mulderij et al. [33] observed the same
effect on S. capricornutum by Chara spp..

In conclusion, many macrophytes had inhibitory effects on algae, and a full assessment of those interactions
requires field and more laboratory experiments with other
phytoplankton species/groups and macrophytes.
Cladoceran experiments

The H water presented more elevated concentrations
of ammonia (1.15 mg/L), nitrate (1.1 mg/L) and phosphate (2.75 mg/L) than F water. According to Chapman
[38], in most natural surface waters, phosphorus ranges
from 0.005 to 0.020 mg/L PO43--P. Overall, in this study,
water samples exhibited phosphate values above that
range, especially in H water. From the analysis of our
results, it was easy to understand that the F and H waters
are not likely to induce a chronic effect on cladocerans. In
fact, the reproduction and growth of the two cladoceran
species are stimulated by both F and H waters. A stimulatory effect on the life-history responses of both species of
daphnids was observed, a phenomenon that is relatively
common when testing field waters [39]. This leads to an
apparent hormetic curve for some parameters in our study
[40]. This was evident in both F and H waters, where the
intrinsic rate of increase (r) and the number of offspring
were stimulated at all concentrations, for both cladoceran
species. This effect was probably a consequence of the
high concentration of bacteria (food source for Daphnia)
in our samples, as referred by Antunes et al. [24]. On the
other hand, for D. magna, the intrinsic rate of increase (r)
was higher at all concentrations, in F water, when compared with H water.
A negative chronic effect was observed in the age at
first reproduction, for D. longispina (in both F and H waters) and for D. magna (in F water), where a reduction in
the age was registered for all concentrations, relatively to
the control. Actually, it is quite difficult to discern possible cause-effect relationships, as various effects of all the
physical and biological components present in water can
adversely affect the physiological and biochemical functions of cladocerans [41].

For Chlorella vulgaris, Rice [34] observed growth
inhibition when exposed to the diatom Nitzschia frustulum, and Mulderij et al. [33] observed the same effects
when exposed to Chara spp. Our study showed a distinct
shape in the response when exposing that alga to water
originated from beds of E. crassipes. In fact, other authors
[e.g., 13, 35] observed the same effect in C. vulgaris exposed to Brasenia schreberi, Ceratophyllum demersum
and Chara demersum. On the other hand, Bais et al. [36]
concluded that the exudates from the invasive weed Centaurea maculosa were phytotoxic to many plant species
and inhibited seed germination. Stermitz [37] also proved
the root exudate from Acroptilon repens, another noxious
invader, to be phytotoxic.
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SUMMARY

INTRODUCTION

Elemental concentrations in suspended particulate matter were determined simultaneously by filter-sampling and
inductively coupled plasma mass spectrometry (ICP-MS)
and ICP optical emission (ICP-OES) at a coastal, urban
background site (Qingdao, Shandong, Eastern China) and
an island site (Gosan, Jeju Island, Korea), in June 2003. At
the coastal site, the concentrations of Cr, Co, Ni and As
were in the range of 1-10 ng m-3, those of V, Cu, Zn and
Pb in the range of ten to several hundreds of ng m-3. The
level of Pb seems to have doubled, and those of Cu and
Zn are increased by more than a factor of 3, since the mid
1990s. At the island site, the levels were 5-25 times lower
than at the coastal site.
Air from the Shandong east coast was advected to Jeju
Island during two episodes of 1-3 days. For these episodes,
an estimate is made on the atmospheric input of heavy metals into the Yellow Sea. These fluxes are similar to those
observed in the North Sea in the early 1990s for most metals, but they exceed those by up-to-one order of magnitude for Cu and Pb. The deposition fluxes of Cu were 27
and 22 µg m-2 d-1, and those of Pb 116 and 89 µg m-2 d-1,
during the two episodes of transport, respectively.
More monitoring measurement is suggested to improve the state of knowledge on atmospheric and marine
environments in Eastern China and the neighbouring seas.

KEYWORDS: Heavy metals, atmospheric deposition, lead, zinc,
copper, Yellow Sea.

Since centuries, the cycling of heavy metals in the environment is significantly influenced by mankind [1-3]. For
some elements, Pb and Cu for instance, anthropogenic mobilization outreaches the global natural cycles by far.
In general, the main emission sources are ore and metal
processing and manufacturing, as well as combustion processes, because heavy metals are minor constituents of
fuels (coal, gasoline). Trace metal levels in air (intensive
aerosol property) vary considerably with time and space
[1-6].
China‘s economy is developing extremely rapid since
more than a decade, with an annual growth rate of 12% in
coal production, 16% in electricity consumption, and 18%
in oil consumption for 2003 [7]. In 1990-2002, the road
traffic increased by a factor of 3, and the air traffic by more
than a factor of 5 (measured in person km). Most of the
growth of the national economy is produced in eastern and
southern parts of China’s coastal urban areas. Air pollution problems have been met in urban areas of China since
the 1970s, and a variety of control programs have been
implemented for the protection of human health and the
atmospheric environment [8, 9]. Heavy metals are mobilized to a high extent and nearly ubiquitously found in the
Chinese environment [10]. This caused significant human
health problems (e.g. [11]).
Considering the extraordinary economic dynamics of
the region, air pollution studies, however, are still quite
sparse. Recent studies of the atmospheric environment in
China mainly focused on acidifying pollutants, and the impact of dust events on regional air pollution and climate
(e.g. [12-15]). Asian dust is a regional phenomenon, and
dust plumes even undergo intercontinental transport. After
mixing with air over the industrialized coastal areas, dust
may serve as a carrier for long-range transport and deposition of pollutants into the shelf seas and the Pacific Ocean
(e.g. [16]). The atmospheric deposition is the major, or (for
Cu, Zn and Pb), even the dominant source of heavy metals

1542

© by PSP Volume 15 – No 12a. 2006

Fresenius Environmental Bulletin

in the shelf seas of the region [17-19]. Long-range transport
and deposition of particulate pollutants are hazardous for the
shelf seas`, and even remote oceans’ ecosystems [20-23].
By sampling aerosols at a coastal and an island site,
several hundred km off the coast of Eastern China, we investigate the distribution in the air, and the deposition into
the shelf sea of rarely studied pollutants, anthropogenically mobilized trace metals (this paper) and persistent organic pollutants (to appear). Measurements have been
carried out in June 2003. Dust events are common in March
and April, along with strong westerly winds., which, however, continue in June, before the start of the rainy season.

The Gosan site is located on a cliff, about 70 m above sea
level. Near the site, only another (upper atmosphere) meteorological station is on the hill, about 100 m to the east.
Samples were collected in the period 6-22 June, 2003 on a
daily basis for 24 hours on the roof of a container situated
about 10 m inland from the cliff. The total number of
samples was 15, since two samples were missing due to
heavy rain for 18-19 June.

We chose Gosan in Korea as the island site. The monitoring site was established in the early 1990s to monitor the
outflow from the Asian Continent, and has been a representative remote site to measure background concentrations
of pollutants in Korea [24, 25]. It was also used as a ‘super
site’ during the ACE-Asia campaign in spring 2001 [26].
MATERIALS AND METHODS
Sites, sampling methodology, and weather situation

The measurement sites were a coastal one at the Yellow Sea, Qingdao, Eastern China (36°05'N, 120°20'E),
and an island one, Gosan, on Jeju Island, Korea (33°17'N,
126°10'E) (Fig. 1). Qingdao is located at the entrance of
Jiaozhou Bay, Yellow Sea coast. The populations of the
municipality and the district are 3 and 7 millions. Samples
were collected between 9-21 June, 2003 on the roof top of
a building of the Ocean University of China, which is located on the top of Baguan Hill, one of several hills in and
around the city. Height above sea level was 78 m, and the
distance to the Yellow Sea shore, Huiquan Bay, was about
500 m. Baguan Hill stretches out fom the university campus, surrounded and partly covered by university buildings,
residential areas and some recreational and administrational
buildings. Parks and woodland dominate the neighbourhood
towards the north and east of the sampling site, while the
city center with the business district was at a distance of 34 km in the west and southwest, and industrial areas including the harbour were at a distance of 4-12 km northwest
and north, along Jiaozhou Bay shores. Industries comprise
metals (ferrous and non-ferrous ones), textiles, and chemicals (tire-manufacturing, soda, coatings and pigments). The
port’s main goods are petroleum, coal and non-metal ores
[27]. Close-by busy streets were to the south-east, on the foot
of the hill.
Gosan is at the western coast of the island of Jeju,
which is located some 100 km south of the Korean Peninsula, 500 km east of China (Jiangsu province), and 200
km west of the Japanese Islands (Kyushu). The population of the island is slightly more than 0.5 million. There
are no significant emission sources, except transportation,
and, thus, the island is one of the cleanest areas in Korea.

FIGURE 1 - Map of coastal site (Qingdao, 36°05'N,
120°20'E) and island site (Gosan, 33°17'N, 126°10'E).

At Qingdao, particulate matter was collected on quartz
filters (Munktell, 79 cm2) without an upper size cut-off.
Filters were assembled in a sampling head (own design).
The sampling flow, 26 ± 3 m3 h-1, was controlled by a highvolume sampling device (Sibata, HV-1000F), and calibrated
against a flow-meter. At Gosan, particulate matter was
collected on Teflon filter (Gelman Zefluor) with a cut size
of 10 µm using a Teflon-coated aluminum cyclone (URG2000-30ENB). The flow-rate was 60 m3 h-1.
The large-scale weather situation was characterized
by a cyclone, which moved from NW China (Heilongjiang) to the Yellow Sea, and stayed there, and anticyclones over the Takla Makan desert/Tibetan plateau,
moving northward to the Gobi desert, and also over the
South China Sea. During the entire campaign, Qingdao
was influenced by the cyclone, while Jeju was under its
influence from 11-17 June, until a typhoon approached
from the south. Advection above the boundary layer (in
700 hPa) at the sites was from W-SW over Qingdao during the entire campaign, and over Jeju, at first, from south
to southwest (9-12 June), then from west (13-17 June), and
finally again from south (17-21 June). The wind direction at
ground-level was most of the time differently from that
aloft. Prevailing winds were east-south ones at both sites,
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but coming from north during 15-16 June. Characteristic
backward trajectories for both sites are shown in Fig. 2.
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a)

b)

FIGURE 2 - Characteristic backward trajectories for Gosan, Jeju Island, during transport episodes; (a) #1, 12 June 2003, 20:00 h UTC,
and (b) #2, 16 June 2003, 12:00 h UTC. Back trajectories (HYSPLIT model; NOAA [28]) started at 850 hPa, 6-hour intervals denoted.

Sample treatment and analyses

Filters were weighed prior to and after sampling, after
equilibrating them to 50% r.h.
The total content of Na, Al, Mg, Ca, Ti, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn, As, Sr, Cd, Sn, Sb, Ba and Pb in the
filter samples was determined by ICP-MS (Sciex Elan
5000) for Qingdao samples, and ICP-OES (Leeman PS
1000) and ICP-MS (HP 4500) for the Gosan samples,
after open digestion: Therefore, a fraction of the filter
(30 mm diameter) was punched out, transferred into a small
beaker, and 1-4 mL of HF (30%), HNO3 (65%), and HClO4
(70%), were added at room temperature and after 2-3 h of
heating to 95 °C, 160 °C, and, finally, 220°C. The solution was then evaporated to dryness, and the residue was
diluted in water (10 mL) and analysed. The above temperature programme has been shown to exclude losses of
the more volatile elements [29].
Air concentrations were calculated by subtraction of
the blank value, µb, and division by volume of sucked
sample air. Field blanks were generated by handling, shipping and analysis manipulations identical to that of the
filter samples, but without suction of air. The detection
limit (d.l.) was determined to be µb + 3σb with µb representing the mean of 6 field blanks.
Transports

Transport diagnoses in the region have been based on
analysed back-trajectory calculations for the two sites using
the HYSPLIT model [30] for 250, 500 and 1500 m arrival
heights (corresponding to ≈ 1000-850 hPa).
Transport occurred between the two sites during two
episodes: Air which had passed Qingdao or the Shandong

eastern coast, between 11 June, 3:00 and 12 June, 17:00
UTC, reached Gosan between 12 June, 15:00 and 14 June,
18:00 UTC (transport episode #1, transport times, Δtcoupled,
of 24-90 h), and air, which had passed Qingdao or the
Shandong eastern coast between 14 June, 6:00 and 15
June, 18:00 UTC, reached Gosan between 15 June, 18:00
and 17 June, 6:00 UTC (transport episode #1, Δtcoupled =
24-40 h).
RESULTS AND DISCUSSION
Aerosol elemental composition

The aerosol elemental compositions are summarized
in Table 1 (Note, that with the terms ‘mean’ and ‘standard
deviation’ we do not imply any assumption on the nature
of the underlying statistical distribution, nor exclude any
trend.) At the coastal site, some of the values for Ni, As,
and Ba, and most of the values for V, were below d.l.
Only 3 filter samples showed V > d.l., namely, 0.11, 0.17
and 0.25 µg m-3 (d.l. 0.04-0.20 µg m-3). At the island site,
some of the values for Co and Cu, and most of that for Sr,
were < d.l. At the coastal site, elemental concentration levels were elevated by a factor of 2-8 for Mg, Cd, Co, Mn
and Pb, but by a factor of 10-50 for Al, Ca, V, Fe, Cu, Zn
and Sr, in comparison with those at the island site. Nevertheless, total suspendsed particulate matter (TSP) at the
coastal site was only two times higher than particulate matter smaller than 10 µm of aerodynamic size (PM10) at the
island site. This ratio of TSP to PM10 is normal, since TSP
would include particles greater than PM10. This indicates
that total mass concentration at the coastal site was not
higher in spite of much higher concentrations of elements
including crustal elements, such as Al, Ca and Fe.
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TABLE 1 - Summary of the time-weighted particulate matter mass, m, and elemental concentrations at Qingdao and Gosan
during the entire campaign (n = 14 and 15, respectively), and night-to-day ratio (n = 8 and 6, resp., at Qingdao). Data are
given in the form time-weighted mean ± standard deviation (µ ± σ) (1), minimum and maximum (min-max) in ng m-3. For
values smaller than the detection limit (d.l.), half of the d.l. was used for calculation of means.
Element

Qingdao
Gosan
min – max
µnight/µday
min - max
µ±σ
µ±σ
m
64100 ± 30300
22400-142100
1.9
31600 ± 11500
9700-49600
Na
550 ± 340
192 – 1340
1.7
-(3)
Mg
380 ± 167
224 – 790
2.0
69 ± 32
22 – 151
Al
1780 ± 720
807 – 3015
2.3
103 ± 49
31 – 193
Ca
1240 ± 630
490 – 2410
2.1
87 ± 25
37 – 122
Ti
185 ± 68
55 – 302
2.1
(1)
V
76 (2)
< 43 – 247
5.6 ± 1.6
3.2 – 9.0
Cr
6.0 ± 3.0
3.6 - 12.7
2.0
Mn
33 ± 13
17 – 67
2.6
6.8 ± 4.3
1.0 – 18.2
Fe
1880 ± 960
650 – 3690
2.8
108 ± 49
31 – 191
Co
0.78 ± 0.40
0.37 - 1.92
2.3
0.15 ± 0.29
< 0.03 – 1.19
Ni
6.5 ± 1.8
4.7 - 9.8
2.0
Cu
45 ± 34
17 – 124
2.1
1.9 ± 1.4
< 1.1 – 5.2
Zn
356 ± 245
125 – 970
2.9
16 ± 9.8
3.8 – 35
(1)
As
7.1 (2)
< 6.0 – 20
Sr
12.4 ± 4.8
5.3 – 23
2.3
0.26 (2)
< 0.23 – 0.63
Cd
0.92 ± 0.69
0.14 - 2.61
2.1
0.28 ± 0.13
0.12 – 0.53
Sn
8.3 ± 4.2
2.7 - 18.0
2.9
Sb
2.2 ± 1.0
0.9 - 3.8
2.4
Ba
60 ± 54
17 – 234
1.9
Pb
110 ± 61
28 – 215
2.4
13 ± 9.0
2.1 – 34
(1)
With µ and σ we do not imply any assumption on the nature of the underlying statistical distribution nor exclude any trend.
(2)
No statistical characterization: Most data < d.l.
(3)
Not analyzed.

At the coastal site, night-time concentrations exceeded
day-time concentrations by a factor of 1.77-2.93. Highest
values of the night-to-day ratio are found for Mn, Fe, Zn,
Sn, Sb and Pb. These elements’ emissions are supposedly
stronger during day-time. Zn, Sn and Pb occurrences in urban areas are usually influenced, or even dominated, by
road traffic sources (the case of Pb will be discussed below). Also for Al, the mean night-to-day ratio was higher
than for Na, Mg, Ca, Ti and Ba. This might indicate additional sources, besides dust, for Al, and, even more, for
Mn and Fe. Mn and Fe were particularly high, with regard
to Al and Ca, in one night-time sample (10-11 June 2003).
Then the ratio cFe/cAl rose from mean values of 1-2 to 5.4.
Pollution sources for Al had been indicated in earlier studies at this region. Potential emitting sources are cement and
steel industries, as well as oil and coal combustion (the
latter only in winter-time; [13, 31, 32]. Besides varying temporal emission patterns, differences in night-to-day ratios
may also have been influenced by different wind velocities during day vs. night. However, during the campaign
day-time (3.3 ± 1.4 m s-1) and night-time (3.3 ± 1.6 m s-1),
wind velocities did not differ, an observation not unexpected for a coastal site. Also, wind direction did not
differ systematically between day-time and night-time.

ground site in Korea, as already mentioned above. However, because the site was still influenced by emissions
from China due to prevailing westerlies, the levels in Table 1 are generally higher than those at the same site in
mid and late summer, when the site is usually influenced
by air mass from the Pacific Ocean as well as intermittent
heavy rains [35].

The measurements at the island site are among the
lowest, compared to other measurements in Korea [33],
and, even, to those at other background sites in the area [34].
This is mainly because Gosan is a representative back-

The values for EFcrust at the Gosan site (Table 3) are
similar, i.e. deviate up to a factor of 2-3. Only for Cd,
much higher EFcrust are found at the island site. This could
point to the contribution of local sources.

A similar situation can be observed, when the data are
expressed in terms of the crustal enrichment (enrichment
relative to mineral dust aerosol through anthropogenical
mobilization quantified by the crustal enrichment factor),
which refers to the composition of the earth's crust ([36];
Table 3). Using Al as reference element, EFcrust = (E/Al)aerosol/
(E/Al)crust high values (> 100) are particularly found for
Zn, As, Sn, Sb, Cd and Pb (Table 3a). Aerosols with EFcrust = 4-23 for Co, Ni, Cu, Zn, and Pb were reported from
Qingdao, and also a rural coastal site at the tip of the Shandong peninsula in 1988-1990 (reference element Fe; Al
was not determined; [18]). Our values are similar for Co
and Ni, but 1-2 orders of magnitude higher for Cu, Zn and
Pb (again, reference element Fe). Also, when compared to
values from 1995-1996 [5], we observed similar values of
EFcrust for most elements, but by one order of magnitude
higher ones for V, Cu and Zn.

1546

© by PSP Volume 15 – No 12a. 2006

Fresenius Environmental Bulletin

A comparison with the results of earlier measurements
in urban areas of Eastern China indicates an increasing
pollution. The levels observed are similar to earlier measurements at the same site in Qingdao, namely in 1992 [13],
with respect to dust-indicating elements, and in 1995-1996
[5] to both dust-indicating elements and supposedly anthropogenically mobilized Cr, Ni, Co and Cd. However, V, Cu
and Zn seem to have increased dramatically since 1996
(factors of 12, 5, and 3, resp.), while Pb seems only to have
doubled (Table 2). Here we compare measurements from
the same seasons only, to exclude that the seasonal variability may not obscure any trend. No winter-time measurements of trace metals in the air have been conducted in
Qingdao so far. Based on observations in Shanghai and
Beijing [37, 38], the levels of V, Cu, Zn and Pb can be
expected to be higher than in summer-time, by up to a
factor of 3. In the 1980s, high lead levels, 0.1-1 µg m-3,
prevailed at urban sites of Chinese cities [39]. Data since
1990 are shown in Table 2. For interpretation, it should be
considered that concentrations within cities may vary by a
factor of 3-6 between residential and heavy traffic sites.
Meanwhile, Pb additives in gasoline have been phased
out, namely to 70% by 2000 and totally by 2001. We found
very few published Pb data from measurements since 2001.
Our results, 28-215 ng m-3, in agreement with that of other
recent measurements (cf. Table 2), indicate a decrease when
compared to 1997 (i.e., before abatement started) levels in
several other cities of the area, and an increase compared
to 1995-1996 at the same site. High Pb levels are also found
in Korea, although only unleaded gasoline has been used
since 1993 and Pb emissions have been substantially reduced thereafter [35]. However, Pb levels are distinctly
lower in Japan [42, 43]. V, Cu and Zn had dramatically
increased in Qingdao since 1995-96. For V, the increase
is even suggested in comparison with 2002. However, because of the very few samples exceeding the d.l., this finding is not conclusive.

Possibly, remaining Pb sources, after its phase-out as
gasoline additive, are contaminated soils, traffic (natural
Pb content of gasoline, or road markings; [44], gradual
loss of fine particles of metal, rubber, and other Pb-containing components), industrial production (smelters, nonferrous metal production, steel, brass, battery factories;
[15, 45], and coal burning. The Pb emission factor in the
smelting industry is particularly high, 0.35 mg kg-1 [10].
A factor analysis of trace metal data from three sites in
Beijing in 2002 [15] identified nonferrous metal smelters
as the most prominent source for Pb, explaining 68% of
the variance. Isotope studies revealed coal burning as a significant source of Pb in aerosols of some urban areas in
China, especially in winter, but not in Eastern China [40,
45]. Based on measurements of Pb in urban areas of China in 1990-1997, it was concluded that Zn, Cu and Pb
occurrences in atmospheric aerosols are dominated by industrial processes [45]. Notably, these measurements were
conducted before the phasing-out of Pb substances as gasoline additives. Our results support this hypothesis.
It is also interesting to compare levels of anthropogenically mobilized heavy metals in present-day China
with other regions and times: The concentrations at Qingdao in 2003 are comparable to observations in urban areas
of present-day India [46] and Germany in 1981/82 i.e.,
before abatement measures were taken. The concentrations
of V, Ni, Cu, Zn and Pb are considerably higher, by a factor of 2-10, than in Germany today [6].
Transport over and deposition to the Yellow Sea

We define an aerosol transport enrichment factor,
EFtransport E, to describe concentration changes during
transport relative to a reference constituent, Al:
EFtransport E = (cE_Gosan/cAl_Gosan)/(cE_Qingdao/cAl_Qingdao) (1)

TABLE 2 - Summary of V, Cu, Zn and Pb atmospheric concentrations in spring and summer
in cities of Eastern China and in Beijing since 1990 (µ ± σ, ng m-3; n = number of samples).
Year

n

Site
Qingdao
Dalian
Nanjing
Shanghai
Beijing

1995
1996
1997
2000

Beijing

2002

Qingdao
Shanghai
Qingdao

2002
2003
2003

28
30
5
6
5
14
22
22
21
18
53
14

Type of
samples
TSP
TSP
TSP
TSP
TSP
PM2.5
PM10
PM10
PM10
PM2.5
PM2.5
TSP

V
5.0 ± 3.5
6.6 ± 6.9

19 ± 5 (2)
98 ± 12
57 ± 31
7.4 ± 4.6
76 (3)

Concentration
Cu
Zn
9.2 ± 5.1
6.0 ± 6.6

22
50 ± 40
50 ± 40
60 ± 40

45 ± 34

(1) Geometric mean
(2) PM2.5 sampling

1547

107 ± 67
52 ± 45

343
330 ± 260
690 ± 330
420 ± 260
250 ± 282
356 ± 245

Reference
Pb
56 ± 43
42 ± 27
266 ± 236
200 ± 113
208 ± 41
220
110 ± 90
220 ± 110
110 ± 80
110 ± 49
160 (1)
110 ± 61

[5]

[40]
[37]
[15]
[41]
[38]
this work
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(3) No statistical characterization: Most data < d.l. For values < d.l. half of the d.l. was used for the calculation of the mean value.
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For enrichment during transport, it is found that
EFtransport = 0.5-2 for Ca, Cu, Zn, and Pb, EFtransport > 2 for
Mg, Mn and Cd, and (in one out of 2 episodes) Pb, and
EFtransport < 0.5 for Fe, Co and Zn (each in one of 2 episodes, Table 3b). These values will deviate from 1, when
the deposition rate of a certain element E deviated from that
of Al, or imperfect lateral homogeneity of atmospheric
composition, or under the influence of local sources. EFcrust
values indicate that local sources might have influenced Cd
levels in Gosan (Table 3a). The coastal site is an urban
background site in a densely populated province with a
number of ur-ban centres, containing industrial and other
point and diffuse sources. Particular air samples from
there will not be perfectly representative for all air masses of this area, which contributed to the air received on
the island site during the transport episodes. Further anal-

ysis is not justified because of the spatial uncertainty of the
back-trajectories.
No sources of E exist between the sites (in the Yellow
Sea). With simplifications that mixing air with outside air
leads to a constant dilution during transport, and outside
air is clean (cE = 0), the concentration change in the transported volume of air along its trajectory is given by:
cE(t) = cE_Qingdao exp[-(kdil + kdep) t]

(2)

ln (cE_Gosan/cE_Qingdao) = -(kdil + kdep) Δt
with the loss rates describing dilution due to horizontal
and vertical molecular and turbulent diffusion (kdil)

TABLE 3 - (a.) Elemental concentration ratios between the two sites Gosan (6-23 June 2003, n = 15) and Qingdao (9-21 June 2003, n
= 14) and crustal enrichment factors, EFcrust = (E/Al)aerosol/(E/Al)crustal, at both sites (µ ± σ = time-weighted mean ± standard deviation).
Values of (E/Al)crustal following [36]. For values < d.l. half of the d.l. was used to calculate mean values. (b.) Concentration ratios,
cGosan/cQingdao, aerosol transport enrichment factors, EFtransport = (E/Al)aerosol_Gosan/(E/Al)aerosol_Qingdao (in brackets), deposition velocities, vdep
(cm s-1), and dry depositional fluxes, F (µg m-2 d-1), during transport episodes #1 and #2. Ranges reflect lower and upper estimates of the
mixing depth (htransport = 500-1000 m) and Δt uncertainties.
a)
Element
Na
Mg
Al
Ca
Ti
V
Cr
Mn
Fe
Co
Ni
Cu
Zn
As
Sr
Cd
Sn
Sb
Ba
Pb

cGosan/cQingdao

0.21 ± 0.21
0.06 ± 0.05
0.08 ± 0.02

0.22 ± 0.37
0.05 ± 0.04
0.25 ± 0.93
0.04 ± 0.06
0.04 ± 0.04

0.30 ± 0.22

0.13 ± 0.18

EFcrust
Qingdao
1.6 ± 1.1
1.2 ± 0.8
1
1.8 ± 1.4
2.0 ± 0.6
42 ± 30 (1)
3.9 ± 1.9
1.8 ± 0.8
1.8 ± 1.1
1.9 ± 1.3
5.5 ± 2.7
62 ± 57
500 ± 450
260 ± 160 (1)
7.8 ± 2.6
190 ± 120
200 ± 68
115 ± 51
6.7 ± 3.5
320 ± 130

Gosan
3.1 ± 1.8
1
2.2 ± 0.8
40 ± 20
5.7 ± 2.4
1.9 ± 0.5
4.2 ± 6.3
28 ± 25
300 ± 220
4.2 (2)
1290 ± 650

870 ± 600

b)
Element
Mg
Al
Ca
Mn
Fe
Co
Cu
Zn
Sr
Cd
Pb

cGosan/cQingdao (EFtransport)
0.16 (3.1)
0.046 (1)
0.090 (1.4)
0.081 (2.0)
0.016 (0.70)
< 0.086 (< 1.5)
<0.019(< 0.54)
0.015 (0.28)
0.25 (5.6)
0.039 (1.0)

Episode #1
vdep
1.12 ± 0.75
1.9 (3)
1.49 ± 0.40
1.57 ± 0.22
2.04 ± 0.28
>1.65±0.08
>2.19±0.10
2.19 ± 0.40

Fdep
139 ± 86
1550
521 ± 117
19 ± 3
1830 ± 440
>0.47±0.02
> 23 ± 1
256 ± 53

0.77 ± 0.73
2.22 ± 0.20

0.21 ± 0.20
116 ± 10

(1) n = 3-6
(2) n = 1-2

1549

cGosan/cQingdao (EFtransport)
0.30 (2.8)
0.090
0.072 (0.82)
0.29 (3.9)
0.089 (0.69)
< 0.10 (< 4.8)
< 0.17 (< 1.3)
0.13 (1.1)
0.049 (0.44)
0.29 (4.7)
0.26 (2.6)

Episode #2
vdep
1.36 ± 0.50
1.9 (3)
2.04 ± 0.13
1.17 ± 0.34
1.95 ± 0.03
>1.09±0.27
>1.65±0.09
1.83 ± 0.03
2.12 ± 0.09
1.04 ± 0.39
1.26 ± 0.28

Fdep
181 ± 50
1115
886 ± 35
18 ± 5
1230 ± 26
>0.15±0.04
> 22 ± 1
186 ± 3
8.9 ± 0.6
0.78 ± 0.29
89 ± 20
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adopted from [13]
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and dry deposition (kdep). The same kdil applies for every
element, and kdep is determined by particle size, and,
hence, aerodynamic mass median diameter (MMD) [47,
48]. Concentrations, cE, in (1) and (2) only refer to the
time of transport between the two sites, Δtcoupled. As sampling intervals comprised coupled as well as uncoupled
transport situations, we apply a linear extrapolation to
infer concentrations of E during coupled transport based
on the compositions of successive samples, cE_n-1, cE_n,
cE_n+1, and those parts of the sampling periods, which
extended beyond Δtcoupled i.e., Δtn-1 or Δtn+1:
cE = cE_n + Δtn-1/Δtcoupled (cE_n – cE_n-1)

(3)

+ Δtn+1/Δtcoupled (cE_n – cE_n+1)
For the entire transport time Δt (cE(Δt) = cE_Gosan):
EFtransport E = exp[-(kdep E - kdep Al) Δt]

(4)

With (4) and kdep = vdep/htransport (vdep E = particulate matter dry deposition velocity, htransport = mixing depth along transport):
vdep E = - ln EFtransport E x htransport / Δt + vdep Al (5)
vdep Al is estimated as follows: The mass size distribution of Al and other mostly soil-derived elements were
reported to peak at 3-6 µm (aerodynamic particle size) at
various locations, influenced by dust source areas as well
as mixing with polluted air in East Asia and elsewhere
[13, 49-53]. Somewhat smaller particles containing Al
had been observed, with MMDAl = 3.2 µm during a cruise
in the Yellow Sea and East China Sea in spring [13]. This
size distribution can be considered to be representative for
Al in aerosols being transported eastward, away from the
Asian continent. Gao et al. [13] derived a dry deposition
velocity, vdep Al = 1.9 cm s-1, based on a 9-stage impactor
measurement and the assumption of log-normal size
modes, and a widely accepted dry deposition model [47].
We adopt this vdep Al to derive vdep E in (5).
The dry deposition flux, Fdep, to the sea can then be
estimated from the time average of the concentration of E
along the transport trajectory,

cE _ Qingdao , from Qing-

dao to Gosan:
Fdep =
=

vdepE * cE _ Qingdao =

−

v dep E * c E_Qingdao
Δt

Δt

[-(k dil + k dep )t]

∫e

(6)

dt

0

With (2) we obtain:

lack of better knowledge, we assume hGosan = hQingdao and
neglect this correction. Such a simplification introduces
additional uncertainty. However, hGosan ≈ hQingdao is not
unlikely, because both sites are at the coast, and we consider periods when the identical large-scale weather situation prevailed. Values for Fdep and the estimated uncertainties are given in Table 3b. Larger contributions to the
uncertainty of F result from vdep, because htransport is estimated (500-1000 m), and, in particular, for episode #1,
where Δt (used in equation (5)) has a quitely uncertain value
of 24-54 h. Note that vdep E values are less uncertain for
EFtransport E close to 1, because then the uncertainty in htransport
does not propagate.
For most elements, vdep E > 1 cm s-1 values were found.
Deposition fluxes of 0.1-1 µg m-2 d-1 are found for Co and
Cd, 20-30 µg m-2 d-1 for Cu, 100-300 µg m-2 d-1 for Zn and
Pb, and 1000-2000 µg m-2 d-1 for Fe. Only very few studies of the atmospheric input of trace metals into shelf seas
of the region have been done [18, 19]. We derived 13 µg
m-2 d-1 for Cu and 25 µg m-2 d-1 for Pb as the dry deposition fluxes at the Shandong coast during April-September
1989 from data of [18]. These measurements were based
on total and wet-only fall-out (Plexiglas gauges). Our
values are higher (that of Pb by a factor of 4), but the
different type of measurement and the high variability of
dry deposition do not justify to conclude significant differences.
Total deposition on the island and coastal sites have
been determined in the southern North Sea in various
long-term 1986-1991 campaigns [54]. The range spanned
by the medians of these data sets, encompasses almost all
values found in the present study. Exceptions are Mg and
Ca, whose deposition fluxes were up to an order of magnitude higher in the North Sea, and Pb, which was only
found at 5.7-12 µg m-2 d-1 in the North Sea, hence, an
order of magnitude lower than in the Yellow Sea. These
levels in the North Sea reflect the situation towards the
end of the phasing-out period of leaded additives to gasoline in the surrounding countries [55, 56]. In contrast, 75
µg Pb m-2 d-1, hence close to the values in this study, were
reported from the North Sea in the early 1970s [57], when
Pb depositions there were close to their historical maximum, and ca. 75% of the emissions in Europe were from
traffic sources [56]. Also, the fluxes of Co and Cu (not
addressed by [54] were of similar magnitude. For Cu, too,
it is believed that atmospheric input into the North Sea
must have declined significantly in recent decades [58].
The deposition levels found in the Yellow Sea are much
higher than those detected in the Southern Atlantic Bight,
the western Mediterranean, and also in more remote sea
regions in the early 1970s-1980s [59].

Fdep = vdep E x (cE_Gosan – cE_Qingdao) / ln(cE_Gosan/cE_Qingdao) (7)
In this equation, cGosan and cQingdao should be normalized to the respective mixing depths, hGosan and hQingdao. In

CONCLUSIONS
We observed elevated concentrations of several supposedly anthropogenically mobilized elements, Cu, Zn
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and Pb, in samples of TSP at a coastal, urban background
site in Eastern China, and much lower concentrations, 430%, at an island site, some 500 km away. Comparison
with other observations from East China during the same
season indicate rising levels of particulate matter, Zn, Cu,
and Pb, since the mid 1990s. The dominant present-day
Pb sources in China, after phasing out Pb as a gasoline
additive in 2000, are unknown. The results are in agreement with the hypothesis (Zhu et al. [43]) that industrial
sources dominate aerosols of Cu, Zn and Pb in East China
urban areas. Obviously, significant Pb sources, possibly
industrial emissions (Sun et al. [15]), or other traffic sources
than fuel additives (e.g., traffic marks; Ozaki et al. [44]) remain. The variability of particulate matter levels is large,
and the present study encompasses only 2 weeks of aerosol measurements at one coastal station. Therefore, a longterm trend cannot be quantified.
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