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PROTECTIVE ROLE OF LYCOPENE ON REFINERY
WASTEWATER–INDUCED CYTOTOXICITY IN MAIZE ROOT TIP
CELLS
Kültiğin Çavuşoğlu1*, Emine Yalçin1, Kürşat Çavuşoğlu2, Bünyamin Şengül3 and Ümit Şengül4
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SUMMARY

KEYWORDS: Cytotoxicity, heavy metal contamination, Kizilirmak
River, lipid peroxidation, maize (Z. mays L.).

Kizilirmak is the longest river in Turkey. One of Turkey's largest petroleum refineries is located fairly nearby the
river and, hence it is the main source of its metal pollution. The present study was carried out to evaluate the
protective role of lycopene on refinery wastewater-induced
cytotoxicity in maize root tip cells. We used the germination percentage, root length, weight gain and micronucleus
(MN) frequency as indicators of cytotoxicity. Additionally
to the cytological analysis, lipid peroxidation and DNA
analyses were performed in the root tips of the maize seeds.
Heavy metal concentrations in the water were measured using AAS. The seeds were divided into 7 groups, and
treated with wastewater and 4 different doses of lycopene,
for 7 consecutive days.
As a result, the mean concentrations of heavy metals
in wastewater were in the order of Pb>Zn>Fe>Cu>Ni>
Cd>Hg. All lycopene-supplemented seeds showed lower
malondialdehyde (MDA) content and MN frequency, but
higher were the germination percentage, root length, and
weight gain than with seeds treated only by wastewater
(p<0.05). Especially, lycopene had more protective effect
on the MN frequency at 20 mg/L dose (p<0.05), but this
effect was almost constant at 30 mg/L concentrations (p>
0.05). It was also observed that the yields of DNA in the
seeds treated with wastewater were lower than recorded in
control and lycopene-supplemented group VII. Hence,
DNA yields exposed to wastewater were run ahead on agarose gel according to the control and group VII. The results clearly indicate that refinery wastewater had important cytotoxic effects on maize root tip cells. But,
lycopene supplementation caused a decrease in intensity
of these effects, and its protective role was dosedependent.

INTRODUCTION
Most of the water systems (e.g. rivers and lakes) are
commonly used for purposes, such as irrigation of agriculture, landscape, public parks and drinking water. Industrial,
agricultural and domestic wastes are discharged directly
into the water systems, but these wastes are particularly rich
in heavy metals [1, 2].
Heavy metals have long been recognized as one of the
major sources of pollution in aquatic and terrestrial environment. Heavy metals may affect organisms directly by
accumulating in their body, or indirectly by transferring to
the food chain [3–5]. These substances have no known biological function. Hence, they tend to accumulate in soils,
sediments and certain tissues of plants and animals [6, 7].
Despite regulatory measures carried out in many countries, these substances continue to rise in environment.
Wastewaters containing heavy metals, such as Pb, Zn,
Hg, Cu and Ni, are produced by many manufacturing processes and find their way into the environment [4]. These metals can be harmful to human and aquatic life, even
at very low concentrations. They inhibit photosynthesis
in water plants, prevent phytoplankton growth in water,
cause chromosomal and tissue damage in terrestrial
plants, and induce carcinogenesis in humans [8].
The use of certain materials may help to reduce the
cytotoxicity induced by heavy metals [9–11]. A large number of natural and synthetic compounds are used for this
aim [12–14]. Recently, especially carotenoids have been
used for decrease these effects in many of in vivo and in
vitro studies [15, 16]. Carotenoids are a class of lipophilic
pigments, found predominantly within the pericarp tissue
of tomato fruit, and they are naturally-occurring pigments
that possess strong antioxidant and cellular protection
properties [17].
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Lycopene has been shown to have the highest antioxidant activity among the carotenoids to protect cells [18,
19]. Lycopene is one of more than 600 carotenoids found
in nature. It is a natural pigment synthesized by plants and
microorganisms, but not by animals. Lycopene is the redcolored carotenoid predominantly found in tomato fruit
[20], but it is also found in watermelon, pink grape-fruit,
apricots, pink guava, and rosehips [21, 22]. Lycopene is
an acyclic isomer of β-carotene. This β-carotene is a 40carbon atom, open-chain polyisoprenoid with 11 conjugated
double bonds [23]. It has been suggested that lycopene can
prevent carcinogenesis by protecting critical biomolecules
including DNA, proteins, enzymes and lipids [24].
Consequently, lycopene has been used as a food coloring agent for many years but recent studies have reported its antioxidant activity and role to prevent some critical diseases, including cancers [17]. Many of these studies were related to humans and animals. But, the mechanism of the protective effect of lycopene is not clear in
plants. The aim of the present study was to evaluate the
protective effect of lycopene on refinery wastewater-induced cytotoxicity and lipid peroxidation in maize root tip
cells.

treated with 20 mg/L dose of lycopene and wastewater,
Group VII was treated with 30 mg/L dose of lycopene and
wastewater, for 7 consecutive days at 23 °C in incubators. Petri dishes were controlled and treated with 2 ml of
wastewater once daily (24-h period) during 7 days. Lycopene doses per day were determined to be favorable as
recommended by practitioners of nutritional medicine for
supporting optimal health, and 5, 10, 20 and 30 mg/L
were effective to evaluate the protective role of lycopene.
For the cytological analysis, when the roots attained a
length of approximately 1–2 cm, they were treated with
distilled water, and temporary squash preparations were
made.
Determination of Root Length, Weight Gain and Germination
Percentage

The root lengths of germinated seeds were measured
by a mm-ruler. The root length was determined by radicula
formation bases of maize seeds non-exposed and exposed
to wastewater. The weight gain was determined by measuring the differences between the seed weights before and
after wastewater treatment, using a sensitive balance. The
germination percentage of seeds exposed to wastewater was
calculated as follows (equation 1):
Germination (%) = Germinated seeds/total seeds x 100

(1)

MATERIALS AND METHODS
Quantification of Lipid Peroxidation
Wastewater Sampling

The water samples for heavy metal analyses were collected once in October 2007. The first point discharged into
the Kizilirmak River of refinery wastewater for sampling
was chosen. Three bottles of wastewater from this region
were collected for heavy metal analysis. The water samples
were taken using a gouge from 10-cm depth. The samples
were stored in polyethylene plastic bottles, transported
to the laboratory on the same day and stored in the dark at
4 °C until making the experimental procedure.
The water samples were filtered through a 0.45 µm
Millipore filter paper. The measurement conditions were
optimized for each metal. The concentrations of Pb, Ni, Fe,
Cu, Zn, Cd and Hg were measured by AAS analysis. Each
sample was measured thrice to be sure from reliability of
the obtained data [25].
Preparation of Root Tips and Exposure to Wastewater

Healthy and proximate equal-sized maize seeds were
selected. The seeds were sterilized with 2.5% sodium hypochlorite solution for 10 min and washed for 24 h in ultradistilled water. The seeds in each treatment group were
placed on filter paper in Petri dishes. 50 seeds were planted
in each Petri dish. The maize seeds were divided into seven
groups. Group I (control) was treated with tap water,
Group II (positive control) was treated with 30 mg/L dose
of lycopene, Group III was treated with refinery
wastewater alone, Group IV treated with 5 mg/L dose of
lycopene and wastewater, Group V was treated with 10
mg/L dose of lycopene and wastewater, Group VI was

Lipid peroxidation was determined by measuring the
amount of MDA according to Unyayar et al. [26]. About
0.5 g of root tissues from controls and treated groups were
cut into small pieces and homogenized by addition of 5 ml
5% trichloroacetic acid (TCA) solution. The homogenates
were then transferred into fresh tubes and centrifuged at
12,000 rpm for 15 min at room temperature. Equal volumes of supernatant and 0.5% thiobarbituric acid (TBA)
in 20% TCA solution were added into a new tube and
boiled at 96 oC for 25 min. The tubes were transferred into
an ice-bath, and then centrifuged at 10,000 rpm for 5 min.
The absorbance of the supernatant was measured at 532 nm
and corrected for non-specific turbidity by subtracting the
absorbance at 600 nm, and 0.5% TBA in 20% TCA solution was used as the blank. MDA contents were calculated
using the extinction coefficient of 155 M−1 cm−1. MDA
values were taken from measurements of 3 independent
samples, and SD of means were calculated.
MN Assay

The root tips were fixed for 6 h in a Clarke’s fixator
(3:1 i.e. glacial acetic acid and distilled water), washed for
15 min in 96% ethanol, and stored in 70% ethanol at 4 °C
until making the microscope slides. The root tips were
hydrolyzed in 1N HCl at 60 0C for 20 min, treated with
45% CH3COOH for 30 min and stained for 24 h in acetocarmine. After staining, the root meristems were separated
and squashed in 45% CH3COOH solution [27, 28].
For the analysis of MN, 1000 cells were scored in each
slide to calculate the frequency of MN. Micronucleated cells
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were evaluated under a binocular light microscope (Japan,
Olympus BX51) at 500X magnification. For the scoring
of MN, the following criteria were adopted from Fenech
et al. [29]: (i) the diameter of MN should be tenth of the
main nucleus, (ii) MN should be separated from or marginally overlap with main nucleus as long as there is clear
identification of the nuclear boundary, (iii) MN should
have similar staining as the main nucleus.
DNA Isolation

Modified DNA isolation protocol was applied according to Sharma et al. [30]. For DNA isolation, the plant
material was ground in liquid nitrogen (2 g of fresh tissue).
The ground material was transferred to a solution containing 1M Tris-HCl, 0.5 M EDTA, 5M NaCl, 1M β-mercaptoethanol, distilled H2O and incubated at 65 oC for 30 min.
Centrifugation at 6800 rpm at room temperature for 15 min
was applied, the supernatant carefully transferred into a
fresh polypropylene tube, and 5M potassium acetate added.
The solution was incubated in an ice-bath and centrifuged
at 15000 rpm and room temperature for 15 min. An equal
volume of chloroform-isoamylalcohol (24:1) was added
onto the supernatant and mixed by inversion for about 1 min.
After centrifugation at 15000 rpm, the aqueous phase was
transferred into a new polypropylene tube and ethanol:sodium acetate (2:1) was added. The mixture was incubated for 40 min at –20 oC and centrifuged at 15000 rpm.
The pellet was washed with 80% ethanol, air-dried for
30 min and dissolved in 0.5 ml Tris-EDTA buffer. The
DNA solutions were run on a 0.8% agarose gel, and molecular imaging and DNA concentration were achieved by
a “Biovision+100/26MX” analyzer.

Pb was generally much higher than those of the other metals.
Germination Percentage

As shown in Table 2, the germination percentages of
the seeds treated with wastewater collected from sampling
site were rather different from the control groups. The highest germination percentage was observed in the seeds of
the control and positive control groups (in proportion as
98% and 96%, respectively). Heavy metals in wastewater
caused a significant decrease in the germination percentage. But, lycopene supplementation at the 4 different doses
was associated with an increase in germination percentage
when compared with group III exposed to only
wastewater. 5, 10, 20 and 30 mg/L doses of lycopene
caused 6%, 14%, 24% and 32% increase in seed germination according to group III, respectively. Even so, these
increases were still lower than the control values. In lycopene-supplemented groups, the largest effect of supplementation particularly at 20 and 30 mg/L doses was seen.
TABLE 1 – Mean metal concentrations (mg/L) in refinery
wastewater collected from the sampling site.
Metal

Minimum

Pb
55.42
Zn
23.77
Fe
17.63
Cu
15.34
Ni
9.78
Cd
7.96
Hg
4.12
*All values are means ± SD.

Maximum

Average

61.24
28.34
21.09
17.24
12.24
9.90
5.64

58.04±1.94
25.44±1.53
19.42±0.99
16.20±0.59
10.65±0.82
8.84±0.61
4.85±0.48

TABLE 2 – Effect of refinery wastewater on germination percentage of maize seeds.

Statistical Analysis

The statistical analysis was carried out using SPSS for
Windows version 10.0 statistical software (SPSS Inc, Chicago, USA). Statistically significant differences between the
groups were compared using one-way analysis of variance
(Anova) and Duncan’s test. The data are displayed as means
± SD and p-values less than 0.05 are considered to be “statistically significant”.

RESULTS
Heavy Metal Content

Heavy metal ions in the water samples taken from
sampling point in Kizilirmak River were AAS-analyzed.
The mean concentrations of heavy metals in the water are
shown in Table 1. The results showed that the concentrations of heavy metals in the water of Kizilirmak River were
in the order of Pb>Zn>Fe>Cu>Ni>Cd>Hg. Their average
concentrations in wastewater were about (mg/L): 58.04
±1.94 for Pb, 25.44±1.53 for Zn, 19.42±0.99 for Fe,
16.20±0.59 for Cu, 10.65±0.82 for Ni, 8.84±0.61 for Cd,
and 4.85±0.48 for Hg. Average concentration recorded for

Treatment
Groups
time (day)

Number of Number of Germination
Number of
germinated not germi- percentage
seeds
seeds
nated seeds

7
I
50
49
1
98
7
II
50
48
2
96
7
III
50
22
28
44
7
IV
50
25
25
50
7
V
50
29
21
58
7
VI
50
34
16
68
7
VII
50
38
12
76
*The control group (group I) seeds were treated with tap water, group II
seeds with 30 mg/L dose of lycopene, group III seeds with only
wastewater; group IV seeds with 5 mg/L dose of lycopene and
wastewater, group V seeds with 10 mg/L dose of lycopene and
wastewater, group VI seeds with 20 mg/L dose of lycopene and
wastewater, group VII seeds with 30 mg/L dose of lycopene and
wastewater .
Root Length and Weight Gain

The results related to root length and weight gain are
given in Tables 3 and 4. These data showed that
wastewater treatments significantly prevented the root
length and weight gain of the seeds. The highest root
length and weight gain were observed in control seeds
and positive control groups at the end of the experimental
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period. The least root length and weight gain were observed in the seeds treated only with wastewater. In the
control group, final weights of all the seeds increased by
about 0.62 g according to initial weight. The mean root
lengths of the control group seeds were measured as
4.52±0.68 cm at the end of the experimental period. Final
weights of the seeds exposed to only wastewater increased
by about 0.06 g according to initial weight. But, lycopenesupplement caused again increase in root length and weight
gain when compared with the seeds treated only by
wastewater. Besides, there was a positive correlation
between lycopene doses and increase in root length and
weight gain, and these increases were statistically significant (p<0.05).
TABLE 3 – Effect of refinery wastewater on root length (cm) of
maize seeds.
Treatment
time (day)
7
7
7
7
7

Groups
I
II
III
IV
V

Minimum

Maximum

Average

4.00
4.25
0.98
1.74
1.92

5.64
5.82
2.16
2.68
2.96

4.52±0.68a
4.66±0.74a
1.66±0.09f
2.11±0.06e
2.29±0.09d

TABLE 4 – Mean weight gain (g) of maize seeds at the end of the
experimental period
Initial
weight of
seeds
7
I
50
0.18±0.04
7
II
50
0.18±0.03
7
III
50
0.17±0.03
7
IV
50
0.18±0.04
7
V
50
0.17±0.04
7
VI
50
0.17±0.04
7
VII
50
0.17±0.03
*All values are means ± SD. For treatment
statistical analysis details see Table 3.
Number
of seeds

Lipid peroxidation in the roots of maize plant, measured as the content MDA, is given in Table 5. MDA concentration in the roots of maize exposed to wastewater was
significantly higher than in the controls (p<0.05). There
was also a statistically significant difference between the
control and treatment groups for MDA content (p<0.05).
Heavy metals in wastewater significantly affected the MDA
production indicating altered lipid peroxidation. In the roots
treated only with wastewater, the increase of MDA was
about 145% according to the control group, respectively.
Lycopene supplementation decreased the toxic effects of
heavy metals manifested by lower lipid peroxidation. Decreased MDA content was observed in the roots at all 4
doses of lycopene. In lycopene-treated groups (group IV,
V, VI and VII), the levels of MDA were reduced by about
10%, 21%, 36% and 45% according to group III, respectively.
MN Frequency

7
VI
2.33
3.64
2.89±0.06c
7
VI
2.84
4.10
3.32±0.05b
*All values are means ± SD. For treatment details see Table 2. Statistical significance between means was performed using one-way analysis
of variance (ANOVA) followed by Duncan as a post ANOVA test.
Means with the same letter within the same parameter are not significantly different (p>0.05).

Treatment
Groups
time (day)

Effects of Heavy Metals on Lipid Peroxidation

Final
weight of Difference
seeds
0.80±0.07a
0.62
0.83±0.06a
0.65
f
0.23±0.02
0.06
0.29±0.08e
0.11
0.33±0.01d
0.16
0.40±0.05c
0.23
b
0.55±0.03
0.38
details see Table 2, and

Microscopic examination of the squashes of maize root
tip meristem cells showed that any example of MN formation was not seen in control and positive control groups
(Fig. 1a). But a significant increase in MN formation was
observed in all the seeds exposed to refinery wastewater
(Fig. 1b). The MN frequency is indicated in Table 6. The
highest frequency of MN was observed in the seed treated
with wastewater, and least frequency of MN was observed
TABLE 5 – Effect of refinery wastewater on MDA content (µmol g_1
FW) of maize seeds.
Maximum
Minimum
MDA
MDA
7
I
10
23
7
II
9
20
7
III
33
46
7
IV
29
43
7
V
23
37
7
VI
18
31
7
VII
15
26
*All values are means ± SD. For treatment details see
statistical analysis details see Table 3.

1782

Treatment
time (day)

Groups

Average
15.28±3.42f
14.96±2.98f
37.46±3.46a
33.75±3.59b
29.69±2.44c
24.16±3.54d
20.60±3.14e
Table 2, and
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a

b

FIGURE 1 – a. Absence of micronucleus (MN) formation, b: formation of
MN in seeds of wastewater treatment groups (acetocarmine staining, X 500).
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TABLE 6 – Effect of refinery wastewater on MN frequency of maize
seeds.
Treatment
Groups
time (day)

Number of
Minimum Maximum
scored cell

Average

7
Group I
1000
0
0
00.00±0.00e
7
Group II
1000
0
0
00.00±0.00e
7
Group III
1000
38
48
41.70±3.27a
7
Group IV
1000
34
42
37.20±2.97b
7
Group V
1000
27
36
30.90±3.38c
7
VI
1000
16
27
21.40±3.66d
7
VII
1000
16
25
20.10±3.18d
*All values are means ± SD. For treatment details see Table 2, and
statistical analysis details see Table 3.

in the seed treated with different doses of lycopene. The
MN frequency showed a decrease with increase in lycopene doses. There was a strong dose-effect relationship
between the MN frequency and lycopene (20 mg/L doses
of lycopene had greater effect on MN frequency than 5
and 10 mg/L doses). But, this effect was almost constant
at 30 mg/L dose of lycopene. There was a statistically significant difference between the MN frequencies of the control and treatment groups (p<0.05). There were also statistically significant differences among 5–20 mg/L doses of
lycopene (p<0.05), but difference between 20 and 30 mg/L
doses of lycopene doses was not statistically significant
(p>0.05).

FIGURE 2 – Plate showing DNA isolated from maize root tip cells
resolved on 0.8% agarose gel. (a) Control group, (b) treatment
group exposed to wastewater and 30 mg/L dose of lycopene (group
VII), (c) treatment group exposed to only wastewater (group III).
DNA Content

To determine the effect of refinery wastewater on DNA
concentration, DNA isolation protocol was applied to the
root tips of all the seeds. In Fig. 2, it was observed that
the yield of DNA in the seeds treated with only

wastewater were lower than recorded in the control and
group VII supplemented with 30 mg/L dose of lycopene.
Hence, DNA yield of the seeds treated with only
wastewater was run ahead on agarose gel according to
the control and group VII.
DISCUSSION AND CONCLUSION
The Kizilirmak (or red river) is, east of Ankara, the
longest river of Asia Minor. The river is exposed to
wastewaters discharged from the petroleum industry. Periodical analysis of water, plankton, fish and sediment
samples showed that it is contaminated by various heavy
metal ions. The levels of some metals, such as Cu, Zn, Fe,
Cd, Pb and Hg, were not within acceptable limits. The
results obtained from this study showed that Pb, Zn, Fe,
Cu and Ni levels during the dry season in Kizilirmak
River exceeded the reference values determined by
WHO and TSE–266 guidelines [31]. The mean concentrations of heavy metals in wastewater collected from the
river were in the order of Pb>Zn>Fe>Cu>Ni>Cd>Hg.
These heavy metal ions caused a significant reduction
in germination percentage. The highest germination percentage was observed in seeds of the control group, and
the lowest in seeds treated with wastewater. But, lycopene
supplementation caused again increase in seed germination percentage when compared with the seeds treated only
by wastewater. The results showed that germination percentage can be considered as a sensitive indicator for heavy
metal toxicity. This information is parallel with the other
cytotoxicity data available so far. The research results indicated that the test substances, such as heavy metal ions,
can lead to decrease of germination percentage in seeds of
different plant species. For example, Munzuroglu and Geckil
[32] reported on reduce, with increasing concentrations of
Hg, Co, Cu, Pb, Cd and Zn, of germination percentage in
Triticum aestivum and Cucumis sativus plants. Kiran and
Sahin [8] observed a dose-dependent decrease in germination percentage of Lens culinaris seeds after exposure to
different doses of Pb. Moreover, many similar studies were
designed to investigate the effects of heavy metals on germination percentage of Phaseolis vulgaris, Pisum sativum,
Brassica napus [33], and Triticum aestivum seeds [34].
The visual non-specific symptoms of heavy metal toxicity are inhibition of root growth and seed weight [35]. In
this study, we investigated the changes in weight gain and
root growth of seeds treated with wastewater. The results
clearly showed that heavy metal ions in wastewater inhibited the root growth of seeds. In the seeds treated with only
wastewater, the root growth was about 2.72 times lower
than in control. But, lycopene supplemention caused again
rise of root growth, about 27% in seeds treated with 5 mg/L
dose of lycopene, 38% in seeds treated with 10 mg/L dose
of lycopene, 74% in seeds treated with 20 mg/L dose of
lycopene and 100% in seeds treated with 30 mg/L dose of
lycopene, when compared with the seeds in group III, re-
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spectively. The inhibitory effect of heavy metals on root
growth was widely reported by biomonitoring studies. In
previous studies was reported that high concentrations of
Pb, Hg, Zn, Cd and Cu may lead to inhibition of vegetative organ growth in some plant species [36]. For example, Shafiq and Igbal [37] determined, according to control group at all concentrations (25–100 ppm) of Pb and Cd,
a decrease of root length in Cassia siamea. Malekzadeh et
al. [38] investigated the effect of Cd+2 on root growth in
maize plant. As a result, they showed inhibition of root
growth in maize seedlings treated with Cd+2. In a similar
study, Pourakbar et al. [39] investigated the effect of Cu
on root length of maize seedlings treated with 25–100 µM
concentrations of Cu for 15 days. As a result, they observed an important decrease in root length with the increase in Cu levels. Besides, Godbald and Kettner [40] determined a significant decrease in primary, secondary and
tertiary root growth of Picea abies seedlings treated with
different Pb solutions.
The findings showed that wastewater with heavy
metals affected the weight gain. Namely, the control
group seeds showed an increase of 344% while seeds
treated with only wastewater showed an increase of 35%
according to initial levels at the end of the experimental
period. The results indicated that heavy metals depressed
and significantly decreased the weight gain of seeds. But,
treatment with lycopene of seeds exposed to wastewater
again increased the weight gain. The highest weight gain
was observed at 30 mg/L dose of lycopene when compared
with the other doses. In previous studies related to the
weight gain, the effect of heavy metals on seed weight was
not reported with deserve. Although the ultimate mechanism
of heavy metal toxicity on the weight gain is completely unknown, it seems plausible that these metals act as blocking
agents by interaction with the cell components. For example, Sharma and Dubay [6] reported that heavy metal ions
may block the entry of cations and anions into plant tissues. They also determined that heavy metals may cause a
decline in transpiration rate and water content of plant
tissues. These conditions may cause significant alterations
in nutrient status and contents of tissues. As a result, this
may be the reason for reducing the weight gain of plant and
seeds.
It is known that heavy metal stress causes molecular
damage to plant cells either directly or indirectly through
the formation of reactive oxygen species (ROS), such as
hydrogen peroxide, hydroxyl and superoxide radicals [41].
Harmful ROS can damage biological molecules, such as
lipids, which are altered by peroxidation. Measurement of
MDA levels is routinely used as an indicator of lipid peroxidation under stress conditions [42]. In this study, we
examined the effect of refinery wastewater on lipid peroxidation. The results showed that there was a significant
increase in MDA levels of roots exposed to wastewater.
Heavy metal ions in wastewater significantly affected the
MDA production indicating lipid peroxidation. Lycopenetreatment decreased the toxic effects of heavy metals mani-

fested by lower lipid peroxidation, lesser production of
hydrogen peroxide and reduction in the generation of superoxide radicals. These observations are in agreement with
results reported by Unyayar et al. [26], Meng et al. [42],
Hong et al. [43], Choudhury and Panda [44] and Pandey
et al. [45] on the generation of lipid peroxidation products
under different heavy metal stresses. These researchers
reported about a significant increase of MDA content in
roots treated with different doses of heavy metals.
In our present study, the frequency of MN was also
recorded. The results showed that there was an increase in
the frequency of MN in the seeds treated with wastewater,
when compared with the control. But, lycopene-supplementation decreased the frequency of MN. In the lycopenesupplemented groups, the highest frequency of MN was
observed in seeds treated with 5 mg/L dose of lycopene,
and least frequency of MN in seeds with 20 mg/L dose of
lycopene. Briefly, there was a certain dose-effect relationship between the MN frequency and lycopene, but this correlation was limited. Namely, the protective effect of lycopene on the MN frequency gradually increased among 5–
20 mg/L doses, but was constant at 30 mg/L lycopene.
Consequently, we can say that lycopene had a protective
effect on the frequency of MN, but this effect is doserelated until a certain stage. These observations are also in
agreement with cytotoxicity data reported by other authors
so far. In most study, results indicated that test substances
such as heavy metal ions can produce chromosomal or
spindle damage and mitotic apparatus damage leading to
formation of MN [46]. Especially, the inhibition of spindle formation has been shown to lead to severe abnormalities, such as stickiness, unequal distribution, multipolar
anaphase, chromosom bridges and laggards. Heavy metal
ions interact with biomolecules and bind them via reactive
hydroxyl and sulphydryl groups. As a result, they cause
breaks and conformation changes in 3D structure of biomolecules (protein, nucleic acid) or alteration in metabolic
pathways [47]. In our opinion about this matter, heavy metals may enter into cell nucleus and may bind to purine and
pyrimidine bases or proteins such as spindle. These interactions may denature spindles and may cause a delay in
the formation of chromosome-spindle complex, and this
condition may cause MN formation. This knowledge is
also in agreement with results reported by Staykova et al.
[27]. They reported a high MN frequency induced by the
lagging of whole chromosomes, or the immobility of large
acentric fragments in Allium cepa. In a similar study, it was
found a systematical increase in MN rate and chromosomal aberrations with increased concentration of CrO3 in
Vicia faba root tip cells. [28]. Similarly, Rosa et al. [48]
observed a significant increase in MN frequency at 20 µM
Cd++. In our study, it was concluded that the maize MN
assay may be used as an endpoint biomarker acceptable in
biomonitoring environmental pollutants such as heavy metal
ions.
Moreover, this study is the first research designed to
investigate a possible correlation between MN formation
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and DNA concentration. For this aim, we extracted DNA
from nuclei of meristematic root tips of maize non-exposed
and exposed to lycopene and refinery wastewaters, and
used agarose gel electrophoresis to measure the concentration of DNA. As a result, it was found that DNA was
rather sensitive to heavy metals in wastewater. We suggested that the length of DNA bands in the seeds treated
with only wastewater were longer than recorded in the
control group and group VII exposed to 30 mg/L of lycopene and wastewater. This diversity may be associated
with loss of genetic material. MN formation is a condition
which is terminated with loss of genetic material in nucleus, and originated from chromosome fragments or whole
chromosomes. This observation suggests that MN formation is in direct relationship with length of DNA bands,
and these data have not reported in detail by other researchers so far. This information may serve as reliable indicator,
or may provide new insights into the molecular mechanisms of heavy metal toxicity.
The results of this study indicated that there is a serious pollution problem due to refinery wastewater in Kizilirmak River. This pollution caused various cytotoxic effects
on the root tip cells of maize. Nevertheless, the results indicate that lycopene enhanced the antioxidant status and
significantly decreased the incidence of these effects. This
role of lycopene may be a result of synergistic effects with
other cellular components, or a direct action of lycopene.
This information is parallel with most data available so far.
The researches showed that antioxidants are significant
molecules that act as free radical scavengers and they trap
the free radicals and give up own electrons. Thus, antioxidants with stated functions protect molecules as proteins,
lipids, enzymes, chromosomes and DNA against free radical damage [49, 50]. For example, Aslantürk and Celik [11]
reported that lycopene had protective effects on chromosome aberrations and MN frequency, and these effects were
related to doses of lycopene. In another study, consumption of tomato juice containing lycopene has been shown
to reduce DNA strand breaks in healthy subjects [21].
Besides, most studies suggested that lycopene can prevent
carcinogenesis by protecting the vital molecules like DNA.
It was also reported that this carotenoid has specific functions, such as scavenge of reactive oxygen species (ROS),
regulation of detoxification system, interference of cell proliferation, inhibition of cell cycle progression and modulation
of signal transduction pathway [23].
All these results suggested that there was a serious pollution problem caused by refinery wastewater in the Kizilırmak River. This pollution caused significant toxic
effects in the root tip cells of maize. But, lycopene supplemention decreased cytotoxic damage induced by refinery
wastewater. Hence, lycopene`s protective role may be
used as ‘‘a toxicity-limiting agent’’ in the future. This
study is one of the pioneer studies focused on the antioxidant role of lycopene in plants.
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ABSTRACT
To determine the sources and the degree of polycyclic
aromatic hydrocarbons (PAHs) contamination and the ability of different mangrove wetlands to accumulate PAHs,
the concentrations of total and 16 individual PAH compounds were analyzed in 14 surface sediments collected
from 3 coastal mangrove wetlands located in a Wetland
Demonstration Site in Shantou, China. Total PAH concentrations in the sediments ranged from 57 to 238 ng g-1 dry
weight. The PAH profiles were similar among the 3 mangrove wetlands, and dominated by phenanthrene (3-ring),
fluoranthene (4-ring), pyrene (4-ring) and benzo(k)fluoranthene (5-ring). Total PAH concentrations in the 3 mangrove sediments were in the order of mangrove inner > mangrove edge > low tidal mudflat, except for the Yifeng estuarine mangrove. PAH isomer ratios, such as fluoranthene / (
fluoranthene + phenanthrene), indeno (1,2,3-cd) pyrene / (
indeno (1,2,3-cd) pyrene + benzo (g,h,i) perylene) were
used to identify potential sources of PAH contamination in the 3 mangrove sediments, and the results suggested that they were generally more of pyrolytic than of
petrogenic origin.

KEYWORDS: Polycyclic aromatic hydrocarbons (PAHs), Mangrove, Distribution, Source

INTRODUCTION
Mangrove wetlands are coastal wetlands found in tropical and subtropical regions [1]. The importance of mangrove wetlands has been well-established. As these wetlands become increasingly threatened by the damming of
upstream sources, significant decline in their integrity and
productivity has been observed. Shantou Intertidal Wetland
was firstly selected as the United Nations Environment Program/ Global Environment Facility (UNEP/GEF) South
China Sea Wetland Demonstration Project Site in China,
in 2004. The Wetland Demonstration Site is located at

longitude 116°31′10″ to 116°54′17″, and north latitude
23°145′28″ to 23°34′30″. Since the 1980s, the industry of
Shantou Economic Zone has developed rapidly along this
coastal region. Therefore, the mangrove wetlands have been
inevitably affected, suffering pollution from agriculture, industries and municipal waste.
PAHs are found naturally in the environment but can
also be man-made. PAHs are created when products like
coal, oil, gas, and garbage are burned, but the burning process is not complete [2]. PAHs are a concern because they
are persistent [3], can bioaccumulate [4, 5], are toxic [6,
7], and have carcinogenicity potential [8, 9]. Sediments are
usually considered as sinks for PAHs in the environment,
and PAHs with 4 or more aromatic rings are persistent in
the environment [10]. Mangrove’s unique features, such as
high productivity, abundant detritus and rich organic carbon, make them a preferential site for uptake and accumulation of PAHs from anthropogenic sources [11].
Most researches that measure the amount of PAHs
in environments were conducted in marine or harbor surface waters and bottom sediments. There have been only a
few studies on the distribution and sources of PAHs in
sediments of mangrove wetlands [11-16]. But the PAH
pollution level of mangrove wetlands in southeast China,
where the largest mangrove areas occur, is still not known.
Our study, therefore, characterized PAHs in surface sediments collected from3 mangrove wetlands in Shantou Wetland Demonstration Site of southeast China, and diagnosis
ratios of PAHs were used in order to: (1) survey PAH concentration levels; (2) compare their accumulation ability by
different mangrove wetlands; and (3) distinguish likely
sources of PAHs.
MATERIALS AND METHODS
Sampling

A total of 14 surface sediment samples (1-20 cm)
from 3 mangrove wetlands in Shantou Wetland Demonstration Site were collected in July 2007 (Fig. 1). Each
mangrove wetland was separated into 2 sampling areas,
one in its inner, and the other at its edge adjacent to low
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tidal mudflat. A control station was established in a low
tidal mudflat adjacent to the mangrove edge. Accordingly,
4 stations were selected in Aegiceras corniculatum mangrove wetland of Suai Wan, 5 stations in Sonneratia apetala
mangrove wetland of Yifeng estuary, and 5 stations in Sonneratia caseolaris and Sonneratia apetala mangrove wetland of Waisha estuary (Fig. 1). Table 1 provides a detailed
descriptive profile of the sampling environments. 3 points

in a sampling location were randomly selected. Sediments
were then collected using a shovel during low tide. Top 1
cm sediments were scrapped off from 3 points and mixed
into 1 sample. The samples were frozen immediately, transported to the laboratory within 4 h after collection, freezedried, ground into fine powder, filtered through 80-mesh
screen-sieves, and stored in dark glass bottles at -20 °C
until analysis.

FIGURE 1 - Map of 3 mangrove wetlands in Shantou Wetland Demonstration Site showing sampling stations.

TABLE 1 - Descriptive profile of sampling stations in 3 coastal mangrove wetlands in Shantou Wetland Demonstration Site.
Stations

pH

TOC
(%)

S1

5.3

10.82

S2

5.9

7.55

S3

6.7

9.77

S4

7.2

9.98

Y1

5.8

9.57

Y2

5.3

12.09

Y3

5.9

10.58

Y4
Y5

6.9
6.4

11.34
14.93

W1

6.4

5.48

W2

5.9

8.51

W3

6.3

6.70

W4
W5

6.5
6.9

6.35
4.12

Station description
Suai Wan
This mangrove is a natural forest evolved by secondary Aegiceras corniculatum which is located in the
south outskirt of Shantou city. The wetland is not far away from center and Harbor of Shantou city.
Some Gracilaria cultural ponds distribute its vicinity. The wetland area is about 150 hectares. In the
past, this wetland was sprayed plenty of bactericide and pesticide because it was used as a fishpond. A
power plant is also not far away from the mangrove. S1 and S2 were within the mangrove forest; S3
was in the edge of the mangrove, and S4 which is a control station was in the mudflat.
Yifeng Estuary
This mangrove is an artificial forest restored by Sonneratia apetala in 1996, which is located in the
mouth of Yifeng river. This river was polluted by rural life and livestock waste in the upper stream and
the wastewater of fishing vessels in the down stream.Y1 was in the edge of high tidal-flat mangrove,
Y4 was in the edge of low tidal-flat mangrove, and Y5 which is a control station was in the mudflat
near sea. The two others were within the mangrove wetland.
Waisha Estuary
This mangrove is also an artificial forest, which was restored by Sonneratia caseolaris and Sonneratia
apetala in 1999. The wetland is located in the estuary of Waisha river which is near Shantou city.
Industrial activity occurs in the upper stream. Much household domestic refuses can be seen near the
bank in the mangrove wetland area. Fishing vessels ceaselessly shuttle on daytime in the river mouth
and coastal waters. W3 was in the joint of 2 mangroves, W4 was in the edge of Sonneratia apetala
mangrove, W1 was within Sonneratia caseolaris mangrove, and W2 was within Sonneratia apetala
mangrove. W5 which is a control station was located in the low tidal mudflat.
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Chemicals

PAH standard solutions containing 16 individual PAHs
(2 g ml-1) and deuterated surrogates, such as naphthalened8, acenaphthene-d10, phenanthrene-d10, chrysene-d12 and
perylene-d12, were obtained from Supelco, Co (Supelco,
USA). Internal standard m-terphenyl was purchased from
Sigma (Germany) and ultra-pure silica gel was obtained
from Silicycle (Canada). Acetone, hexane and dichloromethane were of pesticide-residue quality from Fluka
Chemie GmbH (Switzerland) and CNW Technologies
GmbH (Germany). Other solvents were of analytical grade
from Guangzhou Chemical Factory (Guangzhou, China),
and pre-cleaned before use.
Extraction and fractionation

Analysis was performed using methods reported by
Tam et al. [13], but modified and improved. Accurately
weighed 5 ± 0.001 g of dry sediment was placed in a
125-ml solvent-rinsed Erlenmeyer flask, spiked with the
appropriate deuterated surrogates, and mixed with 1 g Cu
powder to desulfurize and 2 g sodium sulfate to dry the
sample. The mixture was then serially extracted using acetone and dichloromethane (1:1 v/v) 3 times with 60 ml for
40 min, 40 ml for 40 min, and 20 ml for 20 min by sonication. The extracts were combined and filtered, and then
the filtrate was rota-evaporated to approx. 1 ml, then extracted with 10 ml hexane, and the hexane extract was
further concentrated to a small volume (about 0.5-1 ml).
Target analytes include 16 individual PAHs, i.e naphthalene (Nap), acenaphthylene (Acy), acenaphthene (Ace),
fluorene (Flu), phenanthrene (Phe), anthracene (Ant), fluoranthene (Fla), pyrene (Pyr), benzo(a)anthracene (Baa),
chrysene (Chr), benzo(b)fluoranthene (Bbf), benzo(k) fluoranthene (Bkf), benzo (a) pyrene (Bap), indeno(1,2,3-cd)pyrene (Indp), dibenz (a,h) anthracene (Daha), and benzo
(g,h,i) perylene (Bghip).
A glass column was filled with 12 cm of activated silica gel (pre-baked at 120 °C for 12 h), 6 cm alumina (prebaked at 180 °C for 12 h) and 1 cm dry sodium sulfate (prebaked at 550 °C for 4 h), in turn. The column was rinsed
circularly 5 times with 10 ml of hexane. The extracted solution (ca. 0.5-1 ml) was added to the top of column and
stayed 10 min. Gradient solvents as eluents: 15 ml of hexane for petroleum hydrocarbons (faction 1), then 70 ml
hexane/dichloromethane (70:30 v/v) for PAHs (fraction
2). PAHs were enriched in fraction 2, and its volume was
condensed to a small volume (about 0.5 ml) in a rotary evaporator, transferred to a 1.5-ml vial and then concentrated
to 100 µl through gentle blowing of nitrogen. Internal
standard (m-terphenyl) was added into the final concentrated solution before GC-MS analysis.
PAHs analysis

The 16 PAHs in the purified extracts were analyzed
using a Thermo Trace GC Ultra-DSQ. The DSQ was operated in the selected-ion monitoring (SIM) mode for quantification of target PAHs, separated on a TR-5MS capil-

lary column (30 m×0.25 mm×0.25 µm) with helium carrier gas at a constant flow of 1ml min-1. The GC oven had
an initial temperature of 35 °C (1 min held) and was ramped
from 35 to 150 °C at 30 °C min-1, and then from 150 to
290°C at 10 °C min-1 (15 min held). The temperatures of
ion source, transfer line, injector and detector were set at
230, 280, 250 and 300 °C, respectively. Data were processed by X-calibur software. The 16 PAHs were quantified using the mass and areas of the corresponding internal standard, and a linear term of a 6-point calibration curve.
Quality assurance and quality control (QA/QC)

To monitor the precision and reliability of analytical
results, deuterated surrogates were used throughout the
analytical procedure to compensate for loss and contamination during sample extraction and instrumental analysis.
Mean recoveries (%) of naphthalene-d8, acenaphthene-d10,
phenanthrene-d 10 , chrysene-d 12 and perylene-d 12 were
67.61%, 106.55%, 130.86%, 124.68% and 94.78%, respectively. For each batch of 15 field samples, a method blank
(solvent), a spiked blank, a matrix spiked, and a sample
duplicate were processed. The method blanks contained no
detectable amounts of the target analytes. The spiked sample recoveries ranged between 61.85-114.69%. All PAH
concentrations were reported on dry weight sediment basis
and not corrected by corresponding recoveries.
Quantifiable PAH amounts were determined from sequential injections of diluted standard solutions to the
GC/MS with a signal-to-noise ratio of 3. The quantifiable
PAH amount was approximately 0.2 pg for 1µl injection.
The limit of detection (LOD) was defined as the matrix
spiked mass plus five standard deviations. LODs for PAHs
ranged from 0.021 ng g-1 to 0.197 ng g-1.
RESULTS AND DISCUSSION
PAH concentrations

In Fig. 2, the histograms of total PAH and fluoranthene concentrations in mangrove surface sediments are
reported. The total PAH concentrations ranged from 57 to
238 ng g-1. The highest concentrations of both total PAHs
(238 ng g-1) and fluoranthene (46 ng g-1) were found at
theY4 station. The lowest concentrations of total PAHs
(57 ng g-1) and fluoranthene (9 ng g-1) were measured at
the W5 station. The mean values of total PAHs in sediments within the 3 mangrove locations were 175, 152, and
110 ng g-1, respectively. This indicated that pollution level
of sediment in Suai Wan mangrove was higher than that
in Yifeng estuarine and Waisha estuarine mangroves. The
Suai Wan mangrove was near the Shantou Harbor and the
Shantou power plant. The Shantou Harbor sediment has
likely been polluted by urban sewage, industrial
wastewater and pollutant discharge by port and watercrafts, and total PAH concentrations in this harbor bottom
sediment ranged from 2373 to 9061 ng g-1 and mean value
of total PAHs was 4781 ng g-1 [17]. The higher total PAH
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levels in sediments of Shantou Harbor may be the main
reason for the highest mean value of total PAHs measured
in sediments of Suai Wan mangrove wetland.
The mean values and range of total PAHs in this work
were much lower than at other mangrove sites, regional
marine sediments and soils (Table 2), indicating that the
3 mangrove sediments were not seriously polluted by PAHs.
But the values were slightly higher than those of open sea
bottom sediments from the Shantou, South China Sea, suggesting that a small amount of PAHs had been accumulated
in the 3 mangrove sediments.
PAH distribution and composition

The PAH compound percentages and composition
patterns were similar for all sediments collected from the
14 sampling stations (Table.3). Considering the average of
the results of all the stations, phenanthrene, fluoranthene,

pyrene and benzo (b) fluoranthene were the 4 most abundant components in the 3 mangrove sediments. Phenanthrene, fluoranthene, benzo (b) fluoranthene and benzo
(g,h,i) perylene were more abundant than the isomeric
anthracene, pyrene, benzo (k) fluoranthene and indeno
(1,2,3-cd) pyrene, respectively. From the distribution of
ring numbers of PAH compounds, 3, 4 and 5-ring compounds were the dominant PAH composition patterns in
the present study. The results were similar (except for 3ring compounds) to the findings of Zhang et al. [16] who
confirmed that 4 and 5-ring compounds dominated PAH
composition patterns in mangrove sediments of Deep
Bay, China. The results, however, were not in agreement
with those from mangrove sediments reported by Tam et al.
[13] which showed that the dominant PAHs in mangrove
surface sediments of Hong Kong were naphthalene (2ring), fluorene (3-ring) and phenanthrene (3-ring). These

FIGURE 2 - The concentrations of total PAHs and fluoranthene in surface sediments from 3 mangrove stations.

TABLE 2 - Total PAH concentrations (ng g-1) measured in this study, other
mangrove sediments, vicinal soil, harbor and marine sediments reported in literature.
na
14
14
13
20

Mean
146
1820
502
1992

Range
57-238
500-6000
103-1657
356-11098

References
This study
[12]
[11]
[13]

Mangroves in Deep Bay, China

7
12

226
409

193-271
237-726

[15]
[16]

Soils in Shantou
Urban and suburban
Guiyu

18

317
372

22-1256
94-593

[18]
[19]

Harbor sediments in Shantou
Shantou Harbor

10

4781

2373-9061

[17]

9
2

327
119

166-489
109-129

[20]
[20]

Sites
Mangroves in Shantou, China
Mangroves in Puerto Rico
Mangroves in Caribbean Island
Mangroves in Hong kong, China
Mangroves in Jiu-long River Estuary, China

Marne sediments in Shantou
offshore
open sea
a
number of samples
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TABLE 3 - PAH percentages (%) and composition in sediments of the 3 mangrove stations.

Stations

2rings
Napa
b

3rings

4rings

Acy

Ace

Flu

Phe

Ant

Fla

Pyr

Baa

5rings
Chr

6rings

Bbf

Bkf

Bap

Indp

Daha

Bghip

S1

NA

0.296

0.141

2.472

12.518

2.573

18.203

16.374

5.939 6.375

14.997

4.397

6.023

4.056

0.001

5.635

S2

NA

0.372

0.220

3.491

15.087

3.255

17.681

16.087

NA

6.404

17.037

5.084

3.853

5.128

0.161

6.143

S3

NA

0.231

0.287

2.731

13.725

3.705

22.865

22.485

NA

6.531

13.664

3.161

3.115

3.367

0.176

3.960

S4

1.713

0.352

0.444

4.148

17.451

3.512

16.227

15.796

2.198 6.771

15.200

3.906

3.475

3.561

0.029

5.217

Y1

3.542

0.642

0.638

5.766

21.963

5.171

17.160

15.438

NA

6.717

12.479

1.961

2.473

2.542

0.040

3.472

Y2

2.620

0.529

0.557

3.999

15.284

3.447

19.131

15.807

0.343 7.414

15.741

2.411

3.760

3.543

NA

5.413

Y3

4.519

0.597

0.537

3.906

16.822

4.194

17.332

15.828

1.380 7.527

14.747

2.476

4.151

2.332

NA

3.650

Y4

1.525

0.421

0.352

3.698

16.050

4.132

19.429

16.111

3.561 7.009

13.736

2.745

3.681

2.917

NA

4.635

Y5

2.154

0.322

0.334

2.735

12.923

2.708

19.383

16.748

5.590 7.525

15.526

2.711

4.492

2.589

0.027

4.235

W1

11.121

0.705

0.824

4.462

15.924

4.474

15.617

14.077

NA

6.042

14.378

2.763

3.229

2.190

NA

4.194

W2

2.183

0.460

0.293

3.582

13.654

3.501

17.202

15.582

3.067 7.546

15.019

4.157

4.325

3.443

0.229

5.754

W3

NA

0.735

0.364

3.055

10.974

4.592

20.109

18.328

NA

9.336

16.698

3.219

4.095

3.230

0.029

5.238

W4

NA

0.243

0.387

1.685

8.871

4.441

19.330

18.367

NA

9.126

17.978

4.845

4.585

4.250

NA

5.890

W5

NA

0.618

0.622

5.863

20.186

5.105

15.072

16.277

NA

8.745

13.602

3.246

3.265

3.246

NA

4.156

a

b

abbreviations (shown in section Materials and Methods); not available

illustrated that the distribution and composition of PAHs
varied among areas. This may result from differences in
sources of pollutants, or differences in function of mangrove ecosystems. Naphthalene, the simplest low molecular weight PAH, is derived mainly from anthropogenic
activities, especially from petrogenic inputs, and it is an
important fraction of crude oils and petroleum products
found in lighter fractions and can be used as an indicator
of PAH contamination from petroleum-sources [21]. In our
study, naphthalene was detected in all sampling stations
from Yifeng estuary mangrove, and the highest percentage of naphthalene (11% of total PAHs) was measured at
the W1 station, suggesting that the 2 mangrove sediments
may be polluted from petroleum products or crude oil
sources. The high-ring number PAHs have been observed
not only in mangrove sediments (this study) but also in
sediments from marine, bay and lacustrine environments
[22-26]. High-molecular weight PAHs are characteristically
of pyrolytic origin [27]. These indicated that the PAHs in
our study areas may have originated from combustion of
fossil materials. This will be discussed in detail in later
sections.
The accumulation ability of PAHs by 3 mangrove wetlands

Mangrove wetland ecosystem is capable of decontaminating pollutants, especially organic pollutants through
various physical, chemical and biological processes. The
pollutants can be absorbed by mangrove populations or
accumulated in mangrove sediments [28]. In order to find
out the accumulation ability of PAHs by different mangrove wetlands, the mean values of total PAH concentrations in sediments of the 3 mangroves and low tidal mudflats were compared. In Fig. 3, the mean values of total
PAHs within the 3 mangrove sediments were the highest

in Suai Wan (175 ng g-1) but the lowest in Waisha estuary
(110 ng g-1). The ANOVA test indicated that the difference
of total PAH values between Suai Wan and Yifeng estuary
was not significant, but those between Suai Wan and
Waisha estuary as well as Yifeng estuary and Waisha estuary were significant (p<0.05), illustrating that more PAH
com-pounds were accumulating in sediment of Suai Wan
mangrove wetland. The PAH composition pattern was
also dominated by 3, 4 and 5-ring PAHs at each mangrove
site. The mangrove in Suai Wan is a natural forest of secondary growth of Aegiceras corniculatum, whereas the
mangroves in Yifeng and Waisha estuary are both artificial
forests restored by Sonneratia apetala and Sonneratia
apetala plantings not long ago. If not considering the
sources of pollutants, PAH compounds chronically accumulating in Suai Wan mangrove sediment may be responsible for the highest total PAH concentrations.
The mean values of total PAH concentrations in mangrove inner sediments, mangrove edge sediments and low
tidal mudflats were calculated at each mangrove wetland.
The results revealed that total PAHs in sediments of Suai
Wan and Waisha estuarine mangrove wetlands were higher
in inner than mangrove edge area, and that of mangrove
edge were higher than low tidal mudflats (Fig. 4). T-test indicated that the difference of total PAHs between inner and
edge sediments was significant, as well as that between
edge sediments and low tidal mudflats (p<0.05) both in
Suai Wan and Waisha estuarine mangrove wetlands. This
indicated that more PAH compounds were accumulated in
mangrove inner sediments. This was in agreement with the
findings of Zhang et al. [16] who examined the PAH distribution in sediments of Deep Bay, China. The result, however, was not similar to PAH distribution reported by Tam
et al. [13] which used the same sampling method as our
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study. Pollutants accumulating in mangrove sediments are
an important way by which mangrove ecosystem can decontaminate pollutants [29, 30]. The concentrations of PAHs
are affected by chemical and physical composition of sediments including organic matter and clay content [31]. The
relationship between total PAH concentrations and total
organic carbon (TOC) in sediment have a positive correlation [16, 24, 26, 32]. Mangrove is a special ecosystem and
characterized by higher TOC content in its sediment [1],
suggesting that adsorption and sequestration of more PAHs
in sediments might result from chemical and physical characteristics of mangrove sediments. However, the distribution of total PAHs in sediments of Yifeng estuary mangrove was different from the two other mangroves, on the
contrary, the total PAH concentrations were the highest in
its edge, and the lowest in its inner area, and the difference was significant (p<0.01). Pollutants discharged by
fishing vessels at the mouth of Yifeng River may account
for the higher total PAH concentrations in the mangrove
edge and low tidal mudflat sediments.

FIGURE 3 - Mean values of total PAH
concentrations in 3 mangrove wetlands.

The assessment of toxic effect of PAHs

To assess toxicity potential of PAHs in sediments
from the 3 mangrove sites, the mean effects range low
quotient (MERLQ) and mean effects range median quotient (MERMQ) values for each station were calculated,
based upon sediment quality guideline of Long et al. [33].
For the target compounds for which ER-L values and ERM values exist, each PAH concentration at the station was
divided by the ER-L and ER-M for that contaminant, and
these quotients were then averaged to obtain MERL-Q and
MERM-Q [34, 35]. Therefore, sediments having MERM-Q
values equal to 1 imply that possible adverse effects would
have usually occurred [33]. In the present study, the concentration of individual PAH was relatively low at each
station, so the values calculated for MERL-Q and MERMQ were all less than 0.1 (Table.4). The highest MERL-Q
value, 0.07, was obtained at station Y4 (in Yifeng estuarine
mangrove). 8 stations (2 in Suai Wan mangrove, 3 in Yifeng
estuarine mangrove and 3 in Waisha estuarine mangrove)
had MERL-Q values ranging from 0.03 to 0.05 and 3 stations (1 in Suai Wan mangrove and 2 in Waisha estuarine
mangrove) had values less than 0.03. The MERM-Q values
at 8 stations were less than 0.01, and the highest MERMQ value was not more than 0.02. MERL-Q values more
than or equal to 0.05 were calculated for 1 station at the
Suai Wan mangrove and 2 stations in Yifeng estuarine
mangrove. The MERL-Q values, however, were less than
0.05 in all Waisha estuarine mangrove stations. The MERMQ values more than or equal to 0.01 were calculated for 3
stations in Suai Wan mangrove and 4 stations in Yifeng
estuarine mangrove. The MERM-Q values in all stations
from Waisha estuarine mangrove were also less than 0.01.
Although toxicity of bulk sediments may not have resulted
only from PAH levels measured in our study, higher
MERL-Q and MERM-Q values suggest higher toxicity
risk [35]. Therefore, the toxicity risk of surface sediments
from the Yifeng estuarine mangrove was relatively higher,
compared to that of surface sediments from Waisha estuarine mangrove showing the lowest toxicity risk. But the
toxicity risk of sediments from the 3 mangroves would not
likely occur.
TABLE 4 - Magnitude of toxicity (MOT) within 3 ranges in mean
effects range low quotients (MERL-Q) and 2 ranges in mean effects
range median quotients (MERM-Q) in sediments of 3 mangroves in
Shantou Wetland Demonstration Site.

< 0.03
mangroves
na
Suai Wan
1
－
Yifeng estuary
Waisha estuary
2
a
number of stations.

MERL-Q
MERM-Q
0.03-0.05 ≥ 0.05-0.07 < 0.01 ≥0.01-0.02
na
na
na
na
2
1
2
3
3
2
1
4
－
－
3
5

The source diagnosis of PAHs

FIGURE 4 - Distribution trends of total
PAHs in sediments of each mangrove wetland.

There are both natural (oil seeps, bitumen, coal, plant
debris, forest and prairie fires) and anthropogenic sources
(fossil fuels and combustion) of PAHs. Since the PAH com-
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1

3

2

Source

0.4

Source

Source

Anthracene/178

0.3

4

0.2

0.1
Source

Suai Wan mangrove
Yifeng estuarine mangrove
Waisha estuarine mangrove

0.0
0.4

0.5

1

0.6

Fluoranthene/(Fluoranthene+Pyrene)

(a)
2

3

Source

0.6

Source

Suai Wan mangrove
Yifeng estuarine mangrove
Waisha estuarine mangrove

0.5

Source4

0.4

0.3

Source
5

0.2
Source

4 isomer ratios: anthracene / 178, fluoranthene /
(fluoranthene + pyrene), benzo (a) anthracene / 228 and indeno (1, 2, 3-cd) pyrene / (indeno (1, 2, 3-cd) pyrene +
benzo (g,h,i) perylene) from a large number of environmental samples or single sources were integrated by Yunker
et al. [47]. Anthracene / 178, ratios below 0.1 would indicate petrogenic origins, while ratios at 0.1 and above have
been attributed to pyrogenic origins. For fluoranthene/
(fluoranthene + pyrene) and indeno (1,2,3-cd) pyrene/
(indeno (1,2,3-cd) pyrene + benzo (g,h,i) perylene), ratios
below 0.4 and 0.2, respectively, suggest petrogenic origins
while ratios at 0.5 and above indicate coal, grass and wood
combustion origins. Ratios between 0.2 and 0.5 for indeno
(1, 2, 3-cd) pyrene / (indeno (1, 2, 3-cd) pyrene + benzo
(g,h,i) perylene) imply liquid fossil fuel sources (vehicle and
crude oil) [47, 49]. Fluoranthene / (fluoranthene + pyrene)
ratio is below 0.5 for gasoline, diesel, fuel oil and crude oil
combustion, and emissions from cars and diesel trucks. In
the case of benzo (a) anthracene / 228, ratios below 0.2
have been attributed to petrogenic origins while ratios at
and above 0.35 suggest pyrogenic origins [47].

benzo (a) anthracene / 228 ratios showed much scatter in
the present

Source

positions of the 2 sources overlap, the significance of anthropogenic PAHs in the environment must be evaluated
against background levels of natural PAHs. The composition and distribution pattern of PAHs provide some of the
most definitive and ubiquitous tracers of organic matter in
aquatic systems [36-41]. The source of PAHs may be identified by ratios of individual PAH composition and distribution pattern as a function of emission source [23, 42-45].
PAHs ratios have been widely used to detect combustionderived PAHs [40, 46, 47]. Ratio values, such as PAHs of
molecular mass 178 and 202, had been used by previous
workers [42, 48-50].

Benzo(a)anthracene/228
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0.1

1

In addition, the abundance ratios of low-molecularweight to high-molecular-weight PAHs (LMW/HMW) may
be from fuel-combustion (pyrolytic) or crude oil (petrogenic) pollution [13, 16, 51, 52]. 4 to 6-ring PAHs predominating in samples suggest pyrogenic origin or combustion-derived fossil-fuels.
In our study, values of PAH isomeric ratios in sediments from 3 mangrove stations were calculated (Figs. 5a
and b). Anthracene / 178 ratios generally varied between
0.17 and 0.33 in sediments from the sampling sites with no
sample at or below 0.1. Based on the 0.1 transition, the anthracene/178 ratios would indicate combustion PAH sources
in all mangroves. Fluoranthene / (fluoranthene + pyrene)
ratios at all stations (0.48-0.55) from the studied areas were
similar. The fluoranthene / (fluoranthene + pyrene) ratios
were > 0.5 in all but 1 sample (0.48) from the Suai Wan
mangrove (Fig. 5a). The fluoranthene concentration was
highest in all stations compared to other individual PAH
reported above. This widespread predominance of fluoranthene further suggested that wood, grass or other biomass
combustion was a pervasive source of PAHs to sediments
in the 3 mangroves. Pollutants emitted from Shantou
power plants or e-waste recycling factories, transported by
atmosphere may be an important source of PAHs. The

0.0
0.3

0.4

0.5

0.6

Indeno(1,2,3cd)pyrene/( Indeno(1,2,3cd)pyrene+Benzo(g,h,i)perylene)

(b)
FIGURE 5 - Plots of the ratios of isomers: (a) Anthracene/178 vs.
fluranthene/(fluranthene+pyrene) and (b) benzo (a) anthracene /
228 vs. indeno(1,2,3-cd) pyrene / (indeno(1,2,3cd)pyrene +benzo(g,h,i)
perylene). 1Petroleum; 2Petroleum combustion; 3Grass/Wood/Coal
combustion; 4Combustion; 5Mixed sources.

sediment samples. The benzo (a) anthracene / 228 ratios in
9 stations were < 0.2 (Fig. 5b), suggesting petroleum-derived
PAH source. Photolytic degradation might be another important reason for low ratios of benzo (a) anthracene / 228
[47]. The benzo (a) anthracene / 228 ratios in 4 stations from
the Waisha estuarine mangrove (total 5 sampling stations)
were below 0.2, indicating petrogenic PAH input. 1 station
at each mangrove had benzo (a) anthracene / 228 ratios
between 0.2 and 0.35, showing mixed sources of PAHs,
while the benzo (a) anthracene / 228 ratios > 0.35 were
only calculated for 2 stations (one in Suai Wan mangrove,
the other in Yifeng estuarine mangrove). All samples had
indeno (1, 2, 3-cd) pyrene / (indeno (1, 2, 3-cd) pyrene +
benzo (g,h,i) perylene) ratios <0.5, suggesting petroleum
combustion source. LMW/HMW ratios were very low
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(not shown), indicating pyrogenic origin. These findings
are in agreement with the isomer ratios calculated above.
Overall, the study of PAH sources showed that the sources
were generally much more of pyrolytic than of petrogenic
origin.
CONCLUSIONS
This survey of PAHs showed that the concentrations
of total and individual PAH in surface sediments varied
within each mangrove wetland as well as the 3 wetlands,
suggesting that pollution was localized. The amounts of
PAHs accumulated in the 3 mangrove surface sediments
were generally much lower than those reported in other
mangrove sediments, regional marine sediments and soils,
indicating that the 3 mangrove surface sediments were only
slightly polluted by PAHs. The PAH profile revealed that
3, 4 and 5-ring compounds, including phenanthracene,
fluoranthene, pyrene and benzo (b) fluoranthene, were
dominant. Comparison among the 3 mangrove wetlands
illustrated that more total PAHs were accumulated in the
sediments of the natural mangrove forest, and that total
PAH concentrations in the sediments were in the order of
mangrove inner > mangrove edge > low tidal mudflat, except for the Yifeng estuarine mangrove, suggesting that
PAHs had been accumulated in the mangrove inner sediments. Assessment of toxic effects of PAHs based on the
MERL-Q and MERM-Q values showed that potential toxicity would be low, indicating that the accumulation of
PAHs in the 3 mangrove sediments would not likely to
cause any serious toxicity risks. Analysis of PAH sources
showed that the sources were generally from pyrolytic than
from petrogenic origin. Combustion of house refuse,
industrial products, fossil fuel etc. should be the major
source of pyrolytic PAH input.
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ABSTRACT

remains a major problem before they are discharged into
water bodies.

In this study, the biosorption of Acid Blue 324 (AB324)
and Acid Red 337 (AR337) dyes, known as the components
of textile industry wastewaters, on Dictyota dichotoma was
studied in a batch system. The optimum biosorption conditions were determined, and then the equilibrium for both
dyes` biosorption was modeled by using Langmuir and
Freundlich isotherm models. The equilibrium studies showed that the biosorption equilibrium data of AB324 and
AR337 fitted to both Langmuir and Freundlich isotherms in
the concentration and temperature ranges studied. The monolayer coverage of AB324 and AR337 dyes were determined as 244 and 323 mg g-1, respectively. The intraparticle diffusion model was applied to the experimental data,
and it was found that both surface adsorption and intraparticle diffusion contribute to the rate-limiting step. Analysis of biosorption data using a Boyd plot confirmed that
external mass transfer was the main rate-limiting step in
the biosorption process. It was observed that AB324
and AR337–D. dichotoma biosorption processes followed the pseudo-second order kinetics, and their activation energies were determined in the range of physical
adsorption. Thermodynamic studies showed that the biosorption of AB324 and AR337 on D. dichotoma is exothermic and spontaneous in nature.

KEYWORDS: Acid dyes, Dictyota dichotoma, biosorption, equilibrium isotherm models, kinetic models.

Generally, many synthetic dyestuffs are resistant to biological degradation because of their complex aromatic molecular structures, or breakdown products of some dyes
may be toxic for living organisms [4]. Thus, biological
wastewater treatment systems have not been successfully
processed for the removal of dyestuffs. In some cases, in
order to achieve the desired degree of treatment, traditional
biological procedures are combined with physical or chemical treatment process. Adsorption is an effective and reliable
physicochemical method for the removal of colors, odor,
organic and inorganic pollutants from industrial
wastewater [3]. Activated carbon has been widely used as
an adsorbent in wastewater treatment because of high
removal efficiency for many organic molecules but it is
expensive [5, 6]. Therefore, the use of biomaterials as
adsorbents for the treatment of wastewaters will provide a
potential alternative to the conventional treatment.
Recent investigations by various groups have shown
that selected species of seaweeds possess impressive sorption capacities for a range of heavy metal ions, but there are
only few studies on color removal using seaweed [7-9]. Although thousands of algal species are known, only a few of
them have been investigated for their organic pollutant
ability and subsequent use for wastewater treatment [6].
Therefore, the biosorption characteristics of Dictyota dichotoma for Acid Blue 324 and Acid Red 337 dyes were
investigated. The biosorption equilibrium and kinetic of
both dyes on Dictyota dichotoma was modeled, and thermodynamic parameters were also found.
MATERIALS AND METHODS

INTRODUCTION

Biosorbent

Colored wastewater from textile and dyeing industries
is an important source of water pollution [1, 2]. Color is a
visible pollutant and the presence of dyes in water sources
is undesirable due to its appearance. Many dyes, although
not toxic, reduce photosynthetic activity by blocking the
passage of light through the water [3, 4]. Therefore, the
economic and effective removal of color-bearing effluents

D. dichotoma, a kind of brown algae, was obtained from
the Mediterranean coasts in Mersin, Turkey. The alga was
washed twice with tap water, dried in sunlight and then in
an oven at 105 oC for 24 h until all the moisture was evaporated. To obtain a stock biosorbent solution of 10 g L-1, 10 g
of inactivated algal material was put into 1 L of distilled
water and Waring-blended.
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Dye solutions

Acid Blue 324 (AB324) and Acid Red 337 (AR337)
were supplied by DyStar textile firm with commercial names
Telon Blue AFN and Telon Red FRL. AB324 and AR337
stock solutions (1.0 g L-1) were prepared by dissolving
weighed dye amounts in 1 L distilled water. Necessary
dilutions were made to prepare solutions in the range of
initial dye concentrations 20-600 mg L-1.
Batch studies

The algal solution (10 mL), except for the biosorbent
concentration experiments, was mixed with 90 ml of the
desired dye concentration in 250 ml Erlenmeyer flasks,
and initial pH was adjusted. The flasks were agitated on a
shaker at constant temperature for 60 min to reach adsorption equilibrium. Samples (3 mL) of biosorption medium
were taken before mixing the biosorbent suspension and dyebearing solution, and then at pre-determined time intervals (0.5, 5, 10, 15, 20, 30, 45 and 60 min) for the residual
dye concentration in the solution. Samples were centrifuged
at 3500 rpm for 5 min., and supernatant liquid was analyzed. The initial pH of each solution was adjusted to the
required value with concentrated or diluted H2SO4 or NaOH
solutions before mixing the biosorbent suspension. All the
experiments were carried out in duplicate and the average
values were used in calculations.
Dye Concentration Analysis

The concentration of AB324 and AR337 dyes remaining in the solution were measured spectrophotometrically
(Jasco-V530 UV/VIS). The maximum absorbance values of
AB324 and AR337 were read at 716 nm and 529 nm, respectively. Then, dye concentration was calculated from a
calibration curve of absorbance versus concentration. The
adsorbed dye amount at equilibrium, qeq (mg g-1) was computed as follows:
qeq = (Co- Ceq) / X

25 °C for 60 min. contact time. The variation of the AB324
and AR337 amounts adsorbed by D. dichotoma with initial
pH is given in Fig. 1. As seen from Fig. 1, the removal of
AB324 and AR337 dyes was significantly high at pHs 3.0
and 2.0, respectively, and decreased significantly with
further increase in pH. The adsorbed AB324 and AR337
amounts at equilibrium decreased from 72.78 to 30.46 mg g-1
and 87.05 to 48.70 mg g-1 with increasing initial pH from 3.0
to 6.0 and 2.0 to 6.0, respectively. This can be explained
on the basis of zero point discharge for biomass. For the
algal biomass, the isoelectric point would be at a pH 3 [11].
In the aqueous solution, acid dye is first dissolved and sulfonate groups of the acid dye (D-SO3Na) are dissociated
and converted to anionic dye ions [12, 13].
DSO3Na

H 2O

DSO3- + Na+

(2)

At the isoelectric point, electrostatic repulsion between adsorbed molecules is at a minimum. These molecules have higher structural stability and, therefore, a
weaker tendency to spread at the interface resulting in
maximum adsorption at isoelectric point. However, several investigators observed that maximum adsorption occurred at pHs below this point, because the surface of
algae may acquire a positive charge leading to increased
anionic dye (direct, acidic, reactive) uptake due to the
electrostatic force of attraction. As the pH of the system
increases, the number of negatively charged sites increases and that of positively charged sites decreases. A negatively charged surface site on the biosorbent does not
favor the adsorption of dye anions due to the electrostatic
repulsion [14].
100
80

(1)
qeq (mg g-1)
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where Co and Ceq are the initial and equilibrium dye
concentration (mg L-1), and X is the biosorbent concentration in solution (g L-1).

60
40
AB324

20

RESULTS AND DISCUSSION

AR337

Analysis of adsorption data is important for developing
equilibrium, kinetic and thermodynamic parameters that
can be used for design purposes. The adsorption of AB324
and AR337 onto D. dichotoma was investigated as a function of initial pH, initial dye concentration, temperature
and biosorbent concentration.

0
0

2

4

6

8

pH
FIGURE 1 - The effect of initial pH on the biosorption of AB324
and AR337 on D. dichotoma (initial dye concentration 100 mg L-1,
temperature 25 °C, biosorbent concentration 1 g L-1).

The effect of initial pH

The pH of solution is one of the most important parameters affecting the adsorption process [10]. The effect
of initial pH on adsorption capacity of algae for each dye
was studied in the range of 2.0-6.0 at 100 mg L-1 initial
dye concentration, 1 g L-1 biosorbent concentration, and

The effect of temperature

A study of the temperature dependence of adsorption
reactions gives valuable information about the enthalpy and
entropy changes during adsorption. The equilibrium uptakes at the end of 60 min contact time as a function of
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temperature were investigated in the range of 20-40 °C at
100 mg L-1 initial dye concentration, 1 g L-1 biosorbent
concentration and initial pH 2.0 (for AB324) but pH 3.0 (for
AR337). The results are given in Fig. 2 for AB324 and
AR337 dyes. The biosorption of AB324 and AR337 dyes
increased with increasing temperature up to 25 °C due to
higher affinity of sites for these dyes and an increase of
binding sites on the biosorbent, but decreased with further
increasing temperature. The further increase of temperature
may alter the surface activity of D. dichotoma resulting in
decrease of equilibrium uptake capacity between 25-40 °C
which means that biosorption processes of these dyes by D.
dichotoma are exothermic in nature. If adsorption is governed only by physical phenomena, an increase in temperature will be followed by a decrease in adsorption capacity. Temperature could influence desorption steps, and,
consequently, the reversibility of adsorption equilibrium
[15]. This may be due to a tendency of dye molecule
transport from the solid phase of biosorbent to the liquid
phase of the dye wastewater with increasing temperature.

the initial AB324 and AR337 levels from 20 to 500 mg L-1,
the equilibrium uptake values increased from 14.6 to
230.4 mg g -1 and 17.6 to 321.0 mg g-1, while adsorption
yields [Y% = ((Co – Ceq) / Co)*100] decreased from 72.9
to 44.9 % and 83.7 to 62.0 % for AB324 and AR337,
respectively. At lower dye concentrations, all dye molecules present in solution could interact with the binding
sites, and thus the percentage adsorption rates were higher
than those at higher initial AB324 and AR337 concentrations. The high uptake values at the high initial dye concentration are due to a higher initial concentration. This
provides an important driving force to overcome all mass
transfer resistance of dye between the aqueous and solid
phases [5, 16]. At higher concentrations, lower adsorption
yield is due to the saturation of adsorption sites. As a
result, the purification yield can be increased by diluting
the wastewaters containing high dye concentrations.
350
300
qeq (mg g-1)

100

qeq (mg g-1)

80

250
200
150

AR337

100

AB324
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60

0
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40
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FIGURE 3 - The effect of initial dye concentration on the biosorption of AB324 and AR337 on D. dichotoma (temperature 25 °C,
biosorbent concentration 1 g L-1, initial pH 2.0 for AR337 and pH
3.0 for AB324).
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FIGURE 2 - The effect of temperature on the biosorption of AB324
and AR337 on D. dichotoma (initial dye concentration 100 mg L-1,
biosorbent concentration 1 g L-1, initial pH 2.0 for AR337 and pH
3.0 for AB324).
The effect of initial dye concentration

In this study, the effect of initial dye concentration on
biosorption of AB324 and AR337 by D. dichotoma was
investigated in the range of 20-600 mg L-1 dye concentrations at 25 °C, 1 g L-1 biosorbent concentration and initial
pH 2.0 (for AB324) and pH 3.0 (for AR337). Equilibrium
time was determined as about 30 min for all initial dye concentrations (data not shown) but all of the experiments were
run for 60 min. A plot of the equilibrium uptake values
(mg g-1) of AB324 and AR337 on D. dichotoma versus the
initial dye concentrations is presented in Fig. 3. The
adsorbed amounts of AB324 and AR337 dyes increased
with increasing concentration of the dye solution up to 500550 mg L-1 for both dyes, and then did not change with
further increment in initial dye concentrations, suggesting
that available sites on the biosorbent are the limiting factor for AB324 and AR337 biosorption. With increasing

The dependence of AB324 and AR337 dyes biosorption on the amount of biosorbent was studied at five different concentrations at an initial dye concentration of 100 mg
L-1, 25 °C and initial pH 2.0 (for AB324) but pH 3.0 (for
AR337). The uptake values of AB324 and AR337 on D. dichotoma for different biosorbent concentration are given in
Fig. 4. Obviously, the adsorbed AB324 and AR337 amounts
per unit biosorbent weight decreased from 130.12 to 24.1 mg
g-1 and 141.02 to 31.68 mg g-1, while AB324 and AR337
removal yield increased from 65.06 to 72.30 % and 70.51
to 95.04 %, with an increase in biosorbent concentration
from 0.5 to 3.0 g L-1, respectively. It is readily understood
that the number of available adsorption sites increased with
an increase in biosorbent concentration and, therefore, resulted in increase of adsorbed dye amount. In fact, in the
presence of a high biomass concentration, there is a very
fast superficial adsorption onto the cells that produces a
lower dye concentration in solution than when the cell concentration is lower [17]. The decreasing qeq values may be
due to the splitting effect of flux (concentration gradient)
between adsorbate and adsorbent with increasing biomass
concentration causing a decrease in the amount of dye ad-
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sorbed onto unit weight of biomass [11]. Another reason
may be due to the particle interactions, such as aggregation,
resulting from high biosorbent concentration. Such aggregation would lead to a decrease in total surface area of the
sorbent but an increase in diffusional path-length [18].
Further increment in biosorbent concentration from 3.0 g L-1
did not cause significant improvement in adsorption. This
is due to the binding of almost all ions to the adsorbent and
the establishment of equilibrium between dye molecules
bound to the sorbent and those remaining unadsorbed in
the solution. As a result, the removal of a given amount of
solute can be accomplished with greater economy of
adsorbent if the solution is treated with a low rather than a
high biosorbent concentration.
160
qeq (mg g-1)

AB324
120

AR337

80
40
0
0

1

2

3

4
-1

Biosorbent concentration (g L )
FIGURE 4 - The effect of biosorbent concentration on the biosorption of AB324 and AR337 on D. dichotoma (initial dye concentration 100 mg L-1, temperature 25 °C, initial pH 2.0 for AR337 and pH
3.0 for AB324).
Mechanism of dye biosorption

Several models can be used in order to investigate the
mechanism of biosorption and potential rate controlling
steps, such as mass transport and chemical reaction processes [5]. If the movement of dye anions from the bulk
liquid to the liquid film or boundary layer surrounding the
biosorbent is ignored, the following sequence of steps can
take place in biosorption process of porous biosorbents:
transport of solute ions from the boundary film to the external surface of the biosorbent (film diffusion), transfer
of ions from the surface to the intraparticular active sites

and uptake of ions by the active sites of adsorbent [5].
The slowest of these steps determines the overall rate of the
adsorption process.
Weber – Morris Model (intra-particle diffusion)

The most commonly used technique for identifying the
mechanism involved in the sorption process is by fitting the
experimental data in an intraparticle diffusion plot [19].
The intraparticle diffusion model used here refers to the
theory proposed by Weber and Morris:
q = Ki t1/2

(3)
-1

where q (mg g ) is the adsorbed dye amount, and Ki
the intraparticle rate constant (mg g-1 min-1/2). Previous
studies showed that such plots may present a multi-linearity
which indicates that two or more steps occur. The first,
sharper portion is the external surface adsorption or instantaneous adsorption stage. The second portion is the gradual
adsorption stage, where the intraparticle diffusion is ratecontrolled. The third portion is final equilibrium stage where
the intraparticle diffusion starts to slow down due to extremely low solute concentrations in the solution [3, 10,
20].
Weber-Morris model was applied to the biosorption
of AB324 and AR337 on D. dichotoma as a function of
temperature, initial dye and biosorbent concentration.
Figs. 5a and b show the linearized form of Weber-Morris
model for biosorption of AB324 and AR337 on D. dichotoma, at different biosorbent concentrations, respectively.
Similar plots were obtained for different initial dye concentration and temperature values (Figs not shown) and intraparticle rate constants, Ki; intercepts, C; and correlation
coefficients, R2 obtained from these plots for AB324 and
AR337 biosorption processes are presented in Tables 1-3.
for the studied temperatures, initial dye and biosorbent concentrations, respectively. As can be seen from Figs. 5a-b, the
linear portions of these curves do not pass through the origin
indicating that the mechanism of AB324 and AR337 removal on D.dichotoma is complex and both surface adsorption as well as intraparticle diffusion contribute to the ratelimiting step. Such a deviation of the straight line from the

TABLE 1 - Comparison of the kinetic parameters obtained from pseudo-second order and Weber-Morris model for the biosorption of
AB324 and AR337 on D. dichotoma at different temperatures (initial dye concentration 100 mg L-1, biosorbent concentration 1 g L-1, initial
pH 2.0 for AR337 and pH 3.0 for AB324).
T (°C)
AB324
20
25
30
40
AR337
20
25
30
40

qcal
(mgg-1)

k2
(g mg-1.min-1)

R2

48.83
72.78
42.95
37.85

50.00
73.53
44.05
39.85

0.0100
0.0103
0.0099
0.0093

0.997
0.999
0.995
0.994

69.54
87.05
64.57
61.65

72.46
90.09
67.11
64.52

0.0042
0.0044
0.0041
0.0039

0.994
0.996
0.991
0.990

qexp
(mgg-1)

1803

C
(intercept)

R2

1.600
3.340
0.823
0.776

35.52
52.30
32.56
27.12

0.950
0.983
0.992
0.991

4.159
6.040
3.034
2.490

38.34
48.55
37.65
36.32

0.931
0.961
0.950
0.911

Ki
(mg g-1min-1/2)
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TABLE 2 - Comparison of the kinetic parameters obtained from pseudo second order and Weber-Morris model for the biosorption of AB324
and AR337 on D. dichotoma at different initial dye concentrations (temperature 25 °C, biosorbent concentration 1 g L-1, initial pH 2.0 for
AR337 and pH 3.0 for AB324).
C0
(mg L-1)
AB324
20
44
60
80
106
151
204
AR337
20
39
58
79
98
155
198

qexp
(mg g-1)

qcal
(mg g-1)

k2
(g mg-1min-1)

R2

16.50
32.29
41.50
53.20
72.78
95.81
129.36

16.53
32.36
40.98
53.76
73.52
99.01
133.33

0.5904
0.1150
0.0488
0.0231
0.0103
0.0051
0.0024

1.000
0.999
0.999
0.999
0.999
0.998
0.995

17.67
34.07
48.55
68.49
87.05
133.60
171.62

17.92
35.08
49.50
68.49
90.09
138.89
175.43

0.0282
0.0123
0.0107
0.0070
0.0044
0.0029
0.0027

0.998
0.998
0.998
0.998
0.996
0.996
0.997

C
(intercept)

R2

0.21
0.96
1.31
2.59
3.34
7.25
10.64

15.58
28.02
34.47
39.87
52.29
55.15
62.48

0.986
0.986
0.993
0.989
0.983
0.985
0.985

0.83
2.71
2.93
5.76
6.04
6.71
14.01

11.94
18.09
30.54
35.49
48.55
83.55
123.84

0.957
0.975
0.955
0.991
0.961
0.954
0.954

Ki
(mgg-1min-1/2)

TABLE 3 - Comparison of the kinetic parameters obtained from pseudo second order and Weber-Morris model for the biosorption of AB324
and AR337 on D. dichotoma at different initial biosorbent concentrations (initial dye concentration 100 mg L-1, temperature 25 °C, initial pH
2.0 for AR337 and pH 3.0 for AB324).
X0
(g L-1)
AB324
0.5
1.0
1.5
2.0
3.0
AR337
0.5
1.0
1.5
2.0
3.0

qexp
(mg g-1)

qcal
(mg g-1)

k2
(g mg-1min-1)

130.12
72.78
46.14
37.5
24.1

131.58
73.53
47.17
39.37
24.88

0.0093
0.0103
0.0128
0.0140
0.0257

141.02
87.05
47.54
39.96
31.68

142.86
90.09
47.85
40.00
31.65

0.0042
0.0044
0.0526
0.2155
0.3026

R2

Ki
(mgg-1min-1/2)

C
(intercept)

R2

0.999
0.999
0.998
0.998
0.998

9.08
3.34
3.27
2.80
2.41

87.56
52.30
28.04
22.37
12.44

0.997
0.982
0.959
0.994
0.992

0.999
0.996
0.999
0.999
0.999

7.84
6.36
2.72
2.59
1.65

92.85
47.84
36.03
30.14
25.12

0.998
0.974
0.985
0.999
0.963

FIGURE 5 - Weber-Morris model for different biosorbent concentrations for a) AB324, and b) AR337 (initial dye concentration 100 mg L-1,
temperature 25 °C, initial pH 2.0 for AR337 and pH 3.0 for AB324).
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origin may be due to the difference in the rate of mass
transfer in the initial and final stage of sorption [21, 22].
On the other hand, the intercept of the plot reflects the
boundary layer effect. The larger the intercept, the greater
the contribution of the surface sorption in rate-limiting step
[19, 22]. As seen from Tables 1-3, the value of C increased
with increasing initial dye concentration but decreased with
increasing biosorbent concentration and temperature for
both dyes.

against time t as shown in Figs. 6a-b for AB324 and AR337,
respectively. The linearity in the plot is used to distinguish
whether external transport or intraparticle transport controls
the adsorption rate [11, 19]. The plots were linear but do
not pass through the origin confirming that for the studied
initial dye concentration, external mass transport mainly
governs these sorption processes (Figs. 6a-b). The same
trends were also observed by some investigators [11, 19, 20].

The slope of the linear portion of the plot has been
defined as a rate parameter which characterizes the rate of
adsorption in the region where pore diffusion is rate-limiting
[21]. Values of Ki increased with increasing AB324 and
AR337 dye concentration (Table 2). A similar trend was observed for the adsorption of methylene blue onto rice husk
[21] and Acid Green 25 adsorption onto Duria peel, an agricultural waste [14]. As seen from Table 3, Ki values for
AB324 and AR337 biosorption on D. dichotoma decreased
with an increase in biosorbent concentration. The increase
of biosorbent concentration usually results in an increase
of the exterior surface, which causes swift decrease of the
dye concentration in bulk solution and driving force [23],
possibly explaining why maximum biosorption capacity
(mg g-1) of D. dichotoma was obtained at 0.5 g L-1 of biosorbent.
Boyd Model

From a mechanistic viewpoint to interpret the experimental data, it is necessary to identify the steps involved
during adsorption described by external mass transfer
(boundary layer diffusion) and intraparticle diffusion [11,
19]. In order to predict the actual slow step involved, the
kinetic data were further analyzed using the Boyd kinetic
expression. This kinetic expression predicts the actual slowest step involved in the adsorption process for different adsorbent/adsorbate systems. The Boyd kinetic expression is
given [24]:
F = 1- (6/π2)exp(-Bt)

(4)

and
F = qt / qo

(5)

where qo is the amount of AB324 and AR337 adsorbed
at definite time (mg g-1) and qt represents the amount of
adsorbed dyes at any time t (min), F represents the fraction
of solute adsorbed at any time t, and Bt is a mathematical
function of F.
Substituting Eq. (5) in Eq. (4), Eq.(4) simplifies to:
1-F = (6/ π2)exp (-Bt)

(6)

or
Bt = - 0.4977 – ln (1-F)

(7)

In this part of the study, Bt values were calculated using Eq.(7) for different initial dye concentrations at different contact times. The calculated Bt values were plotted

FIGURE 6 - Boyd plot for a) AB324 and b) AR337 on Dictyota dichotoma (temperature 25 °C, biosorbent concentration 1 g L-1, initial
pH 2.0 for AR337 and pH 3.0 for AB324).
Application of the pseudo-second order kinetic model

The pseudo-second order kinetic model is also based
on the sorption capacity of the solid phase. This model
predicts the behavior over the whole range of adsorption,
and is in agreement with an adsorption mechanism being
the rate-controlling step. In order to quantify the extent of
uptake in adsorption kinetics, a pseudo-second order kinetic
model as suggested by Ho and McKay [25] is used. The
linear form of the pseudo-second order equation can be
represented as:
t / qt = 1 / k2 qeq2 + t / qeq

(8)

where k2 is the rate constant of pseudo-second order
kinetic (g mg -1 min -1 ), q eq and q t are the adsorbed dye
amounts per unit mass at equilibrium and any time, respectively. If the pseudo-second order kinetic model is applicable, the plot of t/qt against t of Eq. 8 should give a linear
relationship, from which calculated qeq and k2 can be determined from the slope and intercept of the plot.
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In this part of the study, the pseudo-second order kinetic model was applied to the experimental data in order
to investigate the biosorption mechanism of AB324 and
AR337 on D. dichotoma. Figs.7a-b show the plots of the
linearized form of the pseudo-second order kinetic model
for biosorption of AB324 and AR337 on D. dichotoma at
different temperatures, 100 mg L-1 initial dye concentration, 1 g L-1 biosorbent concentration, and initial pHs 2.0
and pH 3.0, respectively. The k2 values, correlation cefficients, R2; experimental (qeq,exp) and calculated (qeq,cal) uptake values are given in Table 1. The qeq and k2 values
increased up to 25 oC, but then decreased with further increase in temperature as was previously observed in temperature optimization (Table 1). The pseudo-second order
kinetic model was applied to initial dye and biosorbent concentrations data for the studied biosorption processes, and
the k2, R2, qeq,exp and qeq,cal values obtained from these
plots are given in Table 2 for initial dye concentration,
and Table 3 for biosorbent concentration. As shown in
Tables 2 and 3, the pseudo-second order rate constant
values, k2, decreased with increasing initial dye concentration and increased with increasing biosorbent concentration for the studied dyes. Similar results have also been
reported in previous studies [20, 21]. There are many factors which can contribute to this sorbate concentration effect
on rate of adsorption. Increasing the solute concentration
in solution seems to reduce the diffusion of solute in the
boundary layer and to enhance the diffusion in the solid
[18]. Also, the experimental equilibrium data for AB324

and AR337 are in good agreement with those calculated
using the pseudo-second order kinetics for the studied parameters (Tables 1-3). The correlation coefficients obtained
for the pseudo-second order rate kinetic model were greater
than 0.99 for all tested temperatures, initial dye and biosorbent concentrations. This indicates that the biosorption
of AB324 and AR337 on D. dichotoma follows the pseudosecond order kinetic model.
The determination of activation energy

The pseudo-second order rate constants, k2, at different
temperatures listed in Table 1 were then applied to estimate
the activation energies of the biosorption of AB324 and
AR337 on D. dichotoma by the Arrhenius equation [26]:
k2 = ko exp [ – Ea/RT]

(9)

where ko is the temperature-independent factor (g mg-1
min ), Ea is the activation energy of sorption (kJ mol-1), R
is the universal gas constant ( 8.314 kJ mol-1 K-1) and T is
the absolute temperature (K). The slope of the plot of lnk2
versus 1/T was used to evaluate Ea. The activation energies of AB324 and AR337 biosorption in the range of 2540 oC were found to be -5.23 kJ mol-1 (R 2 =0.998 ) and
-5.93 kJ mol-1 (R2 = 0.926), respectively. The negative value
of activation energies has no obvious physical significance
[27]. The low activation energies are characteristic for a
physical adsorption (5-40 kJ mol-1), while higher activation
energies (40-800 kJ mol-1) suggest chemical adsorption
[28]. The observed activation energy values for the biosorption of AB324 and AR337 on D. dichotoma were of
the same magnitude as the heat of physical adsorption.
-1

Equilibrium modeling

Adsorption equilibrium at a given temperature is usually presented under the form of adsorption isotherms,
which are useful for selecting the most appropriate adsorbent, and also for predicting the performance of adsorption
systems [29].
The Langmuir isotherm theory [30] assumes monolayer
coverage of adsorbate over a homogenous adsorbent surface. The well-known expression of the Langmuir model is
given by Eq. (10):
qeq = (Qo KaCeq) / (1 + Ka Ceq)

(10)

Equation (10) can be rearranged to the following linear form:
1 / qeq = 1 / Qo + 1 / (Ka Qo) .1 / Ceq
-1

FIGURE 7 - The pseudo-second order kinetic model for different
temperatures for a) AB324 and b) AR337 (initial dye concentration
100 mg L-1, biosorbent concentration 1 g L-1, initial pH 2.0 for
AR337 and pH 3.0 for AB324).

-1

(11)

where qeq (mg g ) and Ceq (mg L ) are the amount of
adsorbed dye per unit weight of biomass and unadsorbed
dye concentration in solution at equilibrium, respectively.
Qo is the maximum amount of the dye per unit weight of
biomass to form a complete monolayer on the surface bound
at high Ceq (mg L-1), and Ka is a constant related to the
affinity of the binding sites (L mg-1). Qo represents a practical limiting adsorption capacity when the surface is fully
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covered with dye molecules, and it assists in the comparison of adsorption performance, particularly in cases where
the adsorbent did not reach its full saturation in experiments.

at equilibrium concentrations in the range of 200-300 mg
L-1 for AB324 and 300-400 mg L-1 for AR337, within the
studied temperature ranges.

The Freundlich expression [31] is an exponential equation and, therefore, assumes that when adsorbate concentration increases, the concentration of adsorbate on the adsorbent surface also increases. According to Freundlich
model, the amount of adsorbate bound per unit weight of
adsorbent at constant temperature is expressed by:

In order to describe the biosorption equilibrium between the AB324 or AR337 dye and D. dichotoma at different temperatures, the Langmuir and Freundlich isotherm
models were applied to experimental equilibrium data. For
each isotherm, initial dye concentration was varied while
D. dichotoma weight in each sample was held constant.
The adsorption constants were estimated from respective
linear equations of isotherm models (eqs.11-12) at different temperature (given in Table 4).

qeq = KF Ceq1/n

(12)

or, in its linear form

FIGURE 8 - Non-linearized adsorption isotherms of AB324 and
AR337 dye biosorption on Dictyota dichotoma obtained at different
temperatures (temperature 25 °C, biosorbent concentration 1 g L-1,
initial pH 2.0 for AR337 and pH 3.0 for AB324).

The isotherm constants (Qo, Ka and KF) obtained from
Langmuir and Freundlich isotherm models at 25 °C were
higher than those for other temperatures. This suggests easy
separation of AB324 and AR337 from aqueous solutions
with high adsorptive capacity of D. dichotoma at 25 °C.
The maximum AB324 and AR337 uptake capacities of D.
dichotoma were obtained as 233 mg g-1 and 323 mg g-1 at
optimum temperature and initial pH values, respectively
(Table 4). qeq was found to be smaller than Qo indicating
that the biosorption of AB324 and AR337 dyes on D.
dichotoma is a monolayer-type adsorption. Relatively higher
uptake capacities were also observed for the maximum
amounts of AB324 and AR337 dyes on D. dichotoma when
compared with other adsorbents used for anionic dyes in
literature. For example, Reactive orange 16 removal capacity of Rhizopus arrhizus was determined to be 200 mg g-1
[32], Acid Red 57 removal capacity of Phaseolus vulgaris
L. [33], and methyl orange and congo red removal capacities of Citrus limonum (lemon) peel were determined as 50.3
and 34.5 mg g-1 [34], respectively. Differences between dye
uptake values are due to the properties of each adsorbent,
such as structure, functional groups and surface area and
solution chemistry.

The equilibrium studies were investigated in the range
of 20-600 mg L-1 initial AR337 and AB324 dye concentrations at the temperatures of 20, 25, 30, 40 °C, and the experimental data of both dyes on D. dichotoma are given in
Fig. 8. The isotherm curves of dyes obtained at different
temperatures show a limiting biosorption capacity attained

The correlation coefficients (R2) generated by the linear regression of each model were significantly high, but
R2 values obtained from Langmuir isotherm model were
slightly higher than those of Freundlich isotherm model
(Table 4). It can be said that the adsorption equilibrium
data of AB324 and AR337 fitted to both Langmuir and
Freundlich isotherm models in the concentration and tem-

ln qeq = lnKF +1 / n lnCeq

(13)

In this equation, KF and 1/n are the Freundlich constants, characteristic on the system, and indicating adsorption capacity and intensity, respectively.

TABLE 4 - Comparison of the adsorption constants obtained from Langmuir and Freundlich adsorption
isotherms at different temperatures for AB324 and AR337 dyes ( initial pH 2.0 for AR337 and pH 3.0 for AB324).
T (°C )
AB324
20
25
30
40
AR337
20
25
30
40

Qo
(mg g-1)

Ka
(L mg-1)

R2

Kf

n

R2

212.8
243.9
200.0
196.1

0.0081
0.0109
0.0064
0.0046

0.985
0.996
0.983
0.981

2.94
5.00
1.91
1.32

1.33
1.44
1.24
1.20

0.976
0.975
0.982
0.980

312.5
322.6
285.7
277.8

0.0111
0.0168
0.0109
0.0090

0.987
0.989
0.993
0.985

5.17
8.13
5.33
4.22

1.31
1.38
1.39
1.35

0.980
0.981
0.982
0.978
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TABLE 5 - Thermodynamic parameters for the biosorption of AB324
and AR337 on D. dichotoma (initial pH 2.0 for AR337 and pH 3.0 for AB324).
Dye

T (°C)

Kc

AB324

20
25
30
40

0.70
0.81
0.62
0.50

ΔG
(J mol-1)
882.8
528.2
1216.5
1819.4

20
25
30
40

1.62
2.49
1.36
1.12

-1176.7
-2262.2
-776.5
-294.9

AR337

perature ranges studied. The applicability of these models
to AB324 and AR337 biosorption on D. dichotoma implies that both monolayer biosorption and heterogeneous surface conditions exit under the experimental conditions used.
Determination of Thermodynamic Parameters

Based on fundamental thermodynamics concept, it is
assumed that in an isolated system, energy cannot be gained
or lost, and the entropy change is the only driving force.
In environmental engineering practice, both energy and entropy factors must be considered in order to determine which
process will occur spontaneously [35]. Thermodynamic
parameters, such as enthalpy change (Δ H), free energy
change (ΔG) and entropy change (ΔS), can be estimated
using equilibrium constants changing with temperature. The
free energy change of the adsorption reaction is given by
the following equation:

ΔG = -R T ln Kc

ΔH
kJ mol-1

ΔS
(J mol-1K-1)

-24.1

-82.9

-37.9

-120.8

ln Kc = - (ΔH / R) * (1 / T) + ΔS / R

(15)

According to Eq. (15), the ln Kc versus 1/T plots for
the biosorption of AB324 and AR337 onto D. dichotoma
were drawn and the ΔH and ΔS values obtained from the
slope and intercept of these plots are also given in Table 5.
The enthalpy and entropy change values for AB324 and
AR337 - D. dichotoma biosorption systems were found to
be -24.06 and -37.92 kJ mol-1; and -82.87 and -120.82 J
mol-1 K-1, respectively. The negative enthalpy changes indicate that the interaction of the dye molecule on D. dichotoma is exothermic in nature. Moreover, adsorption is
an exothermic process; it would be expected that an increased solution temperature would result in decreased
adsorption. The negative ΔS value corresponds to a decrease
in randomness at the solid/liquid interface during the sorption of dye on biosorbent, while a low value of ΔS indicates
that no remarkable change on entropy occurs.

(14)

where ΔG is free energy change, J mol-1; R is universal gas constant, 8.314 J mol-1 K-1, and T is absolute temperature K. Kc is equilibrium constant of biosorption. The
equilibrium constant of biosorption is defined as Kc =
Cad,e / Ceq [27,35], where Cad,e is the amount of dye (mg)
adsorbed on the adsorbent per L of the solution at equilibrium (mg L-1), Ceq is the equilibrium dye concentration in
solution (mg L-1). For AB324 and AR337 biosorption on
D. dichotoma, the Kc values decreased with increasing
temperature resulting in a shift of the adsorption equilibrium to the left (Table 5). The free energy change values
were calculated according to Eq. (14) at different temperature and the results are shown in Table 5. The minimum
free energy change values were obtained as 528.2 and
-2262.2 J mol-1 at 25 °C for AB324 and AR337 on D.
dichotoma, respectively. Generally, the absolute magnitude
of the change in free energy for physisorption is between
-20 and 0 kJ mol-1, whereas chemisorption has a range of
-80 to -400 kJ mol-1 [28]. This could be considered as physisorption, and the negative values of ΔG confirm the feasibility of the process and the spontaneous nature of sorption with a high preference of AR337 on D. dichotoma.
The Van’t Hoff equation is represented as follows:

CONCLUSION
The main purpose of this study was to investigate the
biosorption of acidic dyes on a sea-weed grown on receiving waters, sometimes known as biological pollution. Dictyota dichotoma was used as an effective biosorbent for the
removal of AB324 and AR337 dyes with its relatively
high biosorption capacity of 244 and 323 mg g-1, respectively. The results showed that initial pH, temperature,
initial dye concentration and biosorbent concentration highly affected the biosorption of AB324 and AR337 dyes on D.
dichotoma. The adsorption equilibrium data of AB324 and
AR337 fitted to both Langmuir and Freundlich isotherm
model in the concentration and temperature ranges studied.
The biosorption of AB324 and AR337 dyes on D. dichotoma follows the pseudo-second order kinetic model, and
their observed activation energies were of the same magnitude as the heat of physical adsorption. The mechanism
of AB324 and AR337 biosorption on D. dichotoma is
complex and both the surface adsorption as well as intraparticle diffusion contribute to the rate-limiting step. Analysis of biosorption data using Boyd kinetic model confirmed
that external mass transfer was the main rate-limiting step
in biosorption process. Thermodynamic parameters, such as
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free energy, enthalpy and entropy changes, were also determined by using equilibrium constants changing with temperature. The results indicated that the biosorption of AB324
and AR337 on D. dichotoma is spontaneous and exothermic in nature.
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NOMENCLATURE
Bt
C
Cad
Ceq
Co
Ea
F
ΔG
ΔH
k2
Ka
KF
Ki
ko
n
qeq
q
qt
Qo

R
R2
ΔS
T
Y
X

mathematical function of F
intercept of intraparticle diffusion model equation
the adsorbed dye concentration (mg L-1)
unadsorbed dye concentration in solution at equilibrium (mg L-1)
initial dye concentration (mg L-1)
the activation energy of adsorption (kJ mol-1)
fraction of solute adsorbed at any time
free energy change (kJ mol-1)
enthalpy change (kJ mol-1)
pseudo-second order rate constant of adsorption
(g mg-1 min-1)
constant related to the affinity of the binding sites
(L mg-1)
adsorption capacity
intraparticle rate constant (mg g-1.min-1/2)
the temperature independent factor (g mg-1 min-1)
adsorption intensity
the amount of adsorbed dye per unit weight of
biomass at equilibrium (mg g-1)
amount of adsorbed dye on the surface of the
adsorbent (mg g-1)
the amount of adsorbed dye per unit weight of
biomass at any time (mg g-1)
maximum amount of the dye per unit weight of
biomass to form a complete monolayer on the
surface bound at high Ceq (mg g-1)
the universal gas constant, 8.314 (J mol K-1)
correlation coefficient
entropy change (kJ mol-1 K-1)
absolute temperature (K)
adsorption yields
biosorbent concentration (g L-1)
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ABSTRACT

INTRODUCTION

Pharmaceutical wastewater from hypo soda production
is characterized by high concentrations of chemical oxygen
demand (COD), suspended solids (SS), chrominance, as
well as poor biodegradability and microbial toxicity. Therefore, it is not suitable to be treated directly with biological
processes. In this study, internal micro-electrolysis combined with coagulation was used to pretreat the
wastewater before the biological processes. Primarily, the
optimal operational conditions for iron-carbon internal
micro-electrolysis were determined. With these parameters, continuous tests were then developed and polyacrylamide (PAM) was added in a concentration of 5
mg/L wastewater as coagulant to study the efficiency of
internal micro-electrolysis and coagulation treating COD,
S2-, chrominance and total nitrogen (TN). The results
showed that the best operational parameters of the internal micro-electrolysis to remove COD and chrominance
were pHs of 2.0~3.0, mass ratio of Fe/C = 30/1, reaction
time of 120 min, and 0.1 mm diameter of scrap iron. The
pretreatment averagely removed up to 66.6% COD,
98.3% S2-, 85.1% chrominance and 25.6% TN from the
wastewater, respectively, and enhanced the biodegradability of wastewater from 0.16±0.02 to 0.41±0.02. Moreover, microbial toxicity of contaminants was eradicated,
which made sure the stable operation of subsequent biological processes. This pre- treatment method was put into
effect in a pharmaceutical plant. Long-term monitoring
results from the full-scale application supported that
iron-carbon internal micro-electrolysis and coagulation
was applicable to pretreat phar-maceutical wastewater
from hypo-soda production.

Pharmaceutical wastewater from hypo-soda manufacturing is usually characterized by high COD, SS, chrominance, and salinity levels. It contains sulfide, sulfate, sodium
hyposulphite (Na2S2O3), sodium chloride (NaCl) etc, which
exerts a toxic effect on microorganism in the biochemical
reactor without pretreatment. Moreover, it contains a large
amount of hardly biodegradable organic contaminants, such
as ortho-nitroanisole, para-nitroanisole, ortho-nitrochlorobenzene and azo compounds. Because of the microbial toxicity and poor biodegradability, it is difficult or not suitable to be treated directly by biological technology [1-5].
Therefore, it is necessary to pretreat it with a physicochemical method to remove toxicity and most of organic
contaminants before biological treatment.
At present, various treatment methods on pharmaceutical wastewater have been proposed and practiced. They
can be categorized into 1) physicochemical methods, such
as coagulation-sedimentation [1, 6], absorption and electrolysis [7], and 2) advanced oxidation technologies, such
as Fenton reagent oxidation, ozone and combined oxidation, semiconductor photo-catalysis oxidation [8], ferrate
oxidation, supercritical water oxidation, photochemical oxidation and so on [9]. However, most of these technologies
are suffering from the shortcomings of being either too
costly or not able to reach a satisfactory result.
Iron-carbon internal micro-electrolysis as a physicochemical method is a cost-effective alternative and operates on the similar principle like electrolysis. The difference from electrolysis is that the power is from the galvanic
cells formed between the particles of iron and carbon in
electrolyte solution, rather than from external power supply. The iron-carbon internal electrolysis reactions can be
represented by the following equations.

KEYWORDS: pharmaceutical wastewater; internal micro-electrolysis; coagulation; COD removal; chrominance removal

Anode reaction:
Fe-2e

Fe2+

Cathode reaction:
Acidic 2H+ + 2e

2[H]

Neutral to alkaline O2 + 2H2O + 4e
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During the internal micro-electrolysis, some radicals
and oxidants, such as nascent hydrogen ([H]), free hydroxyl
radical (·OH) and Fe2+ produced by electrode oxidationreduction reactions, are able to rupture the macromolecule
structure to small molecular substances and oxidize the
organic contaminants. Consequently, most of the hardly biodegradable contaminants are removed or transformed to be
easily biodegradable. Moreover, ferrous and ferric hydroxide (Fe(OH)2, Fe(OH)3) formed from oxidation and precipitation of Fe2+ released from the anode can remove the
organic contaminants through absorption on, co-precipitation with, and enmeshment with precipitation floccules. Furthermore, activated carbon can also absorb some of the
organic contaminants, especially the hydrophobic ones [3,
7, 10, 11]. All these reasons contribute to the potentials of
the iron-carbon internal micro-electrolysis in removing the
organic contaminants and improving the biodegradability of
the wastewater. In order to reinforce the flocculation and
precipitation of contaminants, 5 mg/L PAM was added as
coagulant aid. During coagulation, organic contaminants in
the wastewater are removed by a series of processes, such
as adsorption, electrostatic interactions, co-precipitation,
and enmeshment in the flocculants [10].
Because of its strong contaminant-removal potential,
operational simplicity, low energy consumption, and waste
iron recycle function, internal micro-electrolysis method has
been recently widely used for the treatment of printing and
dyeing wastewater, petrochemical industry wastewater, oil
wastewater, electroplating wastewater and so on [10-19].
Sun et al. [12] studied the treatment of wastewater from
dye-stuff production by internal electrolysis. The results
demonstrated that the removal rates of color and CODcr can
reach 75 and 45%, respectively. The treatment efficiency of
CODcr was increased by 10% compared with only using
coagulation and sedimentation. Yang et al. [11] used micro-electrolysis-contact oxidation to treat wastewater from
chitin production. It was demonstrated that iron-carbon
micro-electrolysis removed about 30% CODcr, and raised
pH from 0.7 to 5.5. The CODcr removal rate by the biochemical process reached above 80%. Jin et al. [13] investigated the role of micro-electrolysis in removing chrominance and COD, as well as improving the biodegradability
of industrial wastewater. In their report, micro-electrolysis
removed more than 90% of chrominance and more than
50% of COD, and greatly improved the biodegradability of
wastewater. Lower initial pH and a retention time of 30 min
for the process of micro-electrolysis were proposed. Cheng
et al. [10] compared the pretreatment efficiency of
wastewater from triazine manufacturing by coagulation,
electrolysis, and internal micro-electrolysis. They suggested
that internal micro-electrolysis using iron chips and
granular activated carbon (GAC) could remove up to
60.5% COD, which was the best among the three methods.
These
re-

search results shed light on that internal micro-electrolysis
was a promising, low-cost alternative for treating a large
variety of wastewaters from several types of industries.
However, to date, the iron-carbon internal microelectrolysis using as a pretreatment method for pharmaceutical wastewater has not been used on a large scale in
wastewater treatment practices. The present work investigated the factors affecting the treatment performance oriented to practical application. The feasibility and practicability
were emphasized through bench-scale experiments and fullscale application. Firstly, towards the quality characteristics
of specific pharmaceutical wastewater from hypo-soda
production, the optimal operation factors of internal microelectrolysis for COD, chrominance, sulfide (S2-) and TN
removal efficiency were exploited. Then, this pretreatment
method with the optimized parameters was applied to a fullscale treatment facility in a pharmaceutical plant. Longterm in-situ monitoring data from the treated wastewater
outlet were obtained to evaluate the method. This case set
a good example for practical application of internal micro-electrolysis and coagulation in pretreating pharmaceutical wastewater.
MATERIALS AND METHODS
Quality of the wastewater

The wastewater was from a hypo-soda manufacturing
pharmaceutical plant in Haimen, Jiangsu province, China.
It contained sulfide, sulfate, sodium hyposulphite (Na2S2O3),
sodium chloride (NaCl) etc. It also contained large amounts
of macromolecular organic contaminants, such as ortho- and
para-nitroanisole, ortho-nitrochloro benzene and azo compounds, which were generally recalcitrant to biodegradation. The wastewater had a pH of around 9.0 and a high
level of turbidity, chrominance, and salinity. The concentration of COD ranged between 10000-20000 mg/L. The
composition of the raw wastewater is listed in Table 1.
Pretreatment Procedure

The technological procedure of the pharmaceutical
wastewater pretreatment by the iron-carbon internal micro-electrolysis and coagulation is shown in Fig. 1
The internal micro-electrolysis was carried out in a
glass cuboid tank (520 mm in length, 300 mm in width,
and 610 mm in height). Scrap iron with 0.1-0.5mm diameter was obtained from waste iron of this pharmaceutical
plant and soaked in a diluted (2%) sulfuric acid solution

TABLE 1 - Quality of raw wastewater.
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COD
(mg/L)
10000Value
20000
*S refers to S2-, S2O32-, SO42-.
Item

*S
(mg/L)
10180
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Chromi
-nance
800015000

TN
(mg/L)
13002000

pH

Salinity
(mg/L)

TP
(mg/L)

Na+
(mg/L)

K+
(mg/L)

9.0

61000

25.9

7285

3020

FIGURE 1 - Framework of iron-carbon internal micro-electrolysis and coagulation.

to remove surface rusts and greasy dirt. The carbon powder had an average particle diameter of 0.2 mm. The reaction tank was filled with 75 L of wastewater. The scrap
iron (1300 g) and the carbon powders (40-130 g) were
mixed together and then added into the reaction tank.
To study the effect of wastewater pH on COD and
chrominance removal, it was adjusted to 0.5, 1.5, 2.5, 3.5,
4.5 and 5.5, respectively, by adding waste sulfuric acid
solution from the plant. The mass ratio of scrape iron and
carbon was changed in different sets of experiments to
study its impact on system performance. Similarly, different reaction times of 30, 50, 90, 100, 120 and 150 min as
well as different scrap iron diameters of 0.1, 0.2, 0.3, 0.4,
and 0.5 mm were set to study their effects on treatment
efficiency. Through these batch tests, the optimal operational conditions for iron-carbon internal micro-electrolysis were determined. Continuous tests were then developed to study COD, S2-, chrominance and TN removal
efficiency using internal micro-electrolysis and coagulation with these parameters.
After the internal micro-electrolysis, the wastewater
was channeled into a flocculation-sedimentation tank. The
pH of wastewater was adjusted to 7.0～8.0 by adding lime
milk (Ca(OH)2 solution). Meanwhile, PAM was added with
a concentration of 5 mg/L as coagulant aid. It was observed
that floccules and precipitation appeared at pH of 7.5. With
the accumulation of greenish precipitate (Fe(OH)2), the
wastewater turned green; then gradually darkened and
turned to be brown (Fe(OH)3). After complete settling of
the floccules in the flocculation-sedimentation tank within

30 min, the supernatants of wastewater samples were taken
to measure their quality indicators.
According to the national standard methods of
China [20], COD, S 2- , chrominance, TN and pH were
measured using K2Cr2O7 method, iodometric method,
Pt-Co colorimetric method, ultraviolet spectrophotometry,
and a pH-meter, respectively.
RESULTS AND DISCUSSION
Batch tests to determine the optimal operational conditions
for internal micro-electrolysis
Effect of wastewater pH on COD and chrominance removal

Fig. 2 plots the removal rates of COD and chrominance as a function of wastewater pH. The highest removal
rates appear at pH 3.5, with 34 % for COD and 63.3% for
chrominance. Prior to pH 3.5, both removal rates increased
with pH. After that, COD removal rate slightly declined,
while chrominance removal turned to be stable, suggesting that both COD and chrominance removal rates were
strongly affected by pH of wastewater.
In acidic surroundings, the nascent hydrogen [H]),
free hydroxyl radical (·OH) and Fe2+ produced from inter-
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FIGURE 2 - Effect of pH on COD and chrominance removal (error
bars represent the standard deviation of experimental replicates
(n=3)).

nal micro-electrolysis were able to rupture macromolecular substances to small molecules as well as oxidize and
remove organic contaminants.
However, when the acidity of the wastewater is beyond a certain level, iron will preferentially react with acids
to produce Fe2+ and H2, which cuts down the number of
iron-carbon galvanic cells and, accordingly, has a negative
effect on COD removal . Meanwhile, chrominance caused
by greenish Fe2+ and brown Fe3+ was intensified with increased amounts of solute iron in wastewater. Furthermore,
when wastewater pH was too low, more lime milk (Ca(OH)2
solution) was needed to add to adjust pH to 7.0-8.0 in the
subsequent flocculation-sedimentation tank for internal
micro-electrolysis and coagulation processes, which is not
cost-efficient. Thus, pH of the wastewater should not be
too low, and optimal value was pH 3.5.

FIGURE 3 - Effect of reaction time on COD and chrominance
removal (error bars represent the standard deviation of experimental replicates (n=3)).
Effect of mass ratio Fe / C on COD and chrominance removal

Fig. 4 shows that COD removal is affected to some
extent by the Fe/C mass ratio. COD removal rate was enhanced with decreasing Fe/C values, reaching a plateau,
about 47.4%, when Fe/C was 30. This indicates that COD
removal efficiency is improved by the addition of carbon,
because much more galvanic cells were formed. But too
much carbon would preferentially project their adsorption
potential, which will curtail the electrode reactions. Chrominance removal rate exhibited only low variation within the
studied range of FE/C mass ratio (Fig. 4).
100.0

56
54

99.5

Fig. 3 shows that COD and chrominance removal rates
increase dramatically over the reaction time. The longer the
reaction lasts, the more adequately oxidation-reduction reaction proceeds. Accordingly, the electrochemical actions of
adsorption, flocculation, co-precipitation, and enmeshment
proceeded more thoroughly to remove organic contaminants. After 120 min, the acceleration slowed down and
no improvement in removing COD and chrominance was
observed, indicating that the overall potential of internal
micro-electrolysis was exhausted. Furthermore, long reaction times may cause the increase of effluent chrominance,
because Fe2+ is continuously transferred from Fe over time
and oxidized to Fe3+ of brown color. Therefore, 120 min
was the optimal reaction time.
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FIGURE 5 - Effect of diameter of scrap iron on COD and chrominance removal (error bars represent the standard deviation of
experimental replicates (n=3)).
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As shown in Fig. 6, COD removal rate increased with
influent COD amount, and the effluent COD maintained a
stable level on the whole. When COD reached 18960 mg/L,
up to 72.4% removal were achieved. The reason was that
the nascent hydrogen [H]), free hydroxyl radical (·OH) and
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the macromolecules to smaller ones and oxidized the organic contaminants. Consequently, most of hard-biodegradable contaminants were removed or turned to be easily biodegradable. When wastewater was further added together
with lime milk and PAM in coagulation process, more
Fe(OH)2 and Fe(OH)3 with a good performance of flocculation and settleability can be generated, absorbing small
suspended colloid particles and macromolecular organic
pollutants. Consequently, COD was removed intensively.
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Fig. 5 displays the effect of diameter of scrap iron on
COD and chrominance removal, implying that smaller iron
sizes have a better removal performance for COD and
chrominance. This can be explained by the specific surface
area. Because smaller iron particles had a larger specific
surface area under the same iron amounts, more galvanic
cells were formed in wastewater, resulting in acceleration
of electrode reactions and enhancement of COD and
chrominance removal capacity. The smaller the sizes of
iron particles were, the more iron particles per unit weight
of scrap iron were there; accordingly, more floccules of
Fe(OH)2 and Fe(OH)3 can be produced, which was beneficial for COD removal by flocculation and sedimentation.
But particle sizes should not be too small to avoid adverse
effects, such as blockage and agglomeration [17]. The appropriate diameter of scrap iron was 0.1 mm.
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FIGURE 7 - Effect of pretreatment on S2- removal (error bars represent the standard deviation of experimental replicates (n=3)).

The pretreatment effect on S2- removal is depicted in
Fig. 7. It can be seen that concentration of S2- in the
wastewater decreased dramatically after pretreatment. It
was assumed to be attributable to two aspects. One is that
S2- in the wastewater transfers to H2S in the acidic surrounding being released to the atmosphere when acid was
added to wastewater to adjust pH 3.5. In the meantime,
Fe2 + produced from anode reaction reacted with S2- generating sedimentation of FeS. The other aspect is that
S2O32- converted to SO2 and S in the acidic surroundings.
A large amount of irritating gas was produced when acids
were added to the wastewater (the blend of H2S and SO2
from the reaction of S2-, S2O32- with H+ in the acidic environment).
Effect of pretreatment on chrominance and TN removal

Fig. 8 shows that average chrominance removal rate by
internal micro-electrolysis and coagulation reached 85.1%,
when the influent chrominance varied from 8750 to 13500.
The color of the wastewater was caused by the synergistic
effect of chromophores, such as nitro (-NO2) and azo group
(-N=N-), auxochrome groups (-OH), and halogen atoms
(Cl). These functional groups were destroyed during the
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proceeding of electrode reaction of internal micro-electrolysis. In coagulation process, it was observed that the floc100
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From Table 2, it is clearly known that biodegradability of wastewater was improved dramatically after pretreatment (from 0.16±0.02 to 0.41±0.02). That is because
most of hard-biodegradable macromolecular organic compounds were broken down into smaller biodegradable intermediates in internal micro-electrolysis process. For example, nascent Fe2+ and H transformed the nitryl compounds to amide compounds. In addition, inorganic ions
highly toxic to microbes, such as S2- and S2O3-, were converted into gas or precipitates to be removed. All these
reasons contributed to the improvement of biodegradability of wastewater.

1500
1400
1300
1200
1100
1000

TN (mg/L)

Removal rate of TN (%)

FIGURE 8 - Effect of pretreatment on chrominance removal (error
bars represent the standard deviation of experimental replicates
(n=3)).

ment evidenced big errors in the case of wastewater with
a high level of toxicity and repressive effect on microbes.
After the wastewater was diluted by three times, current
concentration of COD was measured as CODinitial. Identical
quantities of wastewater and activated sludge with proper
domestication, 100 ml respectively, were added into a 250ml volumetric cylinder. Then, the mixture was aerated in
an open reaction for 24 h, whose COD was measured as
CODlater after centrifugation. Accordingly, CODB can be
calculated as the difference between CODinitial and CODlater. Following the same method, three groups of CODB/
CODinitial before and after pretreatment were obtained and
shown in Table 2.

900
800
700
600
500
400
1

2

3

4

5

the order number of measurements

FIGURE 9 - Effect of pretreatment on TN removal (error bars
represent the standard deviation of experimental replicates (n=3)).

cules had a visible effect on chrominance removal, absorbing plenty of the macromolecular and chromogenic organic
compounds. Accordingly, many organic contaminants were
removed further by flocculation and sedimentation.
Fig. 9 shows that pretreatment of internal microelectrolysis and coagulation also had a certain degree in
removing TN. When influent TN was in the range of 13201944 mg/L, effluent TN can be reduced to the scope of
1039-1385 mg/L, with an average removal rate of 25.6%.
Effect of pretreatment on biodegradability of wastewater

In order to accurately denote the change in biodegradability of wastewater before and after pretreatment, the
ratio of CODB/CODinitial was adopted instead of BOD (biochemical oxygen demand)/COD to reflect the biodegradability of wastewater. That was because BOD measure-

Full-scale application

The satisfactory results from bench-scale experiments
encouraged us to construct a full-scale treatment facility
in a pharmaceutical plant in Haimen, Jiangsu province. The
treatment capacity was 10,000 m3 wastewater/day. The
iron-carbon internal micro-electrolysis reactor was divided
into 4 parallel independent cells. Since the pretreatment
reactor was connected to a subsequent biological treatment in October 2007, the integrated treatment system has
been operating continuously. During the first 12 months,
performance of the treatment system was monitored and
documented. Representative performance results are highlighted in Table 3. The pretreatment process caused improvement of almost all performance indicators. After pretreatment, effluent concentrations of COD, TN, and S2- were
reduced from 16676, 1678, and 275 mg/L to 4159, 1112,
and 5 mg/L, respectively. The biodegradability was enhanced from 0.15 to 0.41, which was suitable for subsequent biological treatment. COD removal efficiency during this monitoring period was in the range of 60.6-74.9 %.
Simultaneously, pretreatment removed 33.7% TN. With the
internal micro-electrolysis pretreatment, S2- removal efficiency even reached 98-99 %. The most visible change was
the chrominance decrease, which reached an average of
89.5%.

TABLE 2 - Biodegradability of the wastewater before and after pretreatment.
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Biodegradability before pretreatment
*CODB
CODinitial (mg/L)
CODB/CODinitial
(mg/L)
3760
660
0.18
3800
590
0.15
4100
698
0.17

Biodegradability after pretreatment
*CODB
CODinitial (mg/L)
(mg/L)
1773
766
1850
720
2218
1330

CODB/CODinitial
0.43
0.39
0.40

*CODB= CODinitial - CODlater

TABLE 3 - Results from full-scale operation.

Average
Maximum
Minimum

in
out
in
out
in
out

COD (mg/L)
16676±135

S2- (mg/L)
275±25

Chrominance
11237±106

TN (mg/L)
1678±36

Biodegradability
0.15±0.03

4159±84

5±1

1184±49

1112±29

0.41±0.03

18952
5578
10136
3991

347
9
105
1

13233
2300
8808
996

1992
1313
1335
916

0.33
0.63
0.10
0.34
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CONCLUSION
In the process of iron-carbon internal micro-electrolysis, optimal operational conditions for COD and chrominance removal were pH of 2.0-3.0, mass ratio of Fe to C =
30:1, reaction time of 120 min, and diameter of scrap iron
of 0.1 mm.
Under the optimal operational conditions, pretreatment of pharmaceutical wastewater by iron-carbon internal micro-electrolysis and coagulation could averagely
remove up to 66.6% COD, 98.3% S2-, 85.1% chrominance
and 25.6% TN from wastewater, respectively. Biodegradability of wastewater was enhanced from 0.16±0.02 to
0.41±0.02. Meanwhile, microbial toxicity of contaminants
was eradicated, guaranteeing the stable operation of subsequent biological processes. Conclusively, the long-term
monitoring results from full-scale application substantiated that iron-carbon internal micro-electrolysis and coagulation was suitable for pretreating pharmaceutical wastewater from hypo-soda manufacturing.
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SIMULTANEOUS ARSENIC AND CHROMIUM
REMEDIATION FROM WATER BY FENTON AND
DICHROMATE OXIDATION USING ZERO-VALENT IRON MEDIA
Mehmet Sayım Karacan* and Gizem Uğurlu
Gazi University, Science and Arts Faculty, Chemistry Department, 06500, Ankara, Turkey

ABSTRACT
In this laboratory study, As and Cr remediation process by Fenton’s and FeSO4/K2Cr2O7 reagent was applied on
different water samples. Optimization studies were performed on zero-valent iron column. Maximum removal
efficiency is obtained by using a 150 g zero-valent iron
column with 40 mg FeSO4/20 µl H2O2 and 40 mg FeSO4/
20 mg K2Cr2O7 for 100-ml samples. The effect of water
hardness on the removal efficiency of As and Cr was investigated in contaminated water. It was observed that water
hardness increases the removal efficiency of As and Cr.
The method was applied to spiked tap water and Ankara
stream water. The As and Cr remediation efficiencies in the
stream water were 90.2%, 89.9% and 95%, 93.4, respectively, for both methods. The As and Cr remediation efficiencies in the tap water were above 98% for both methods. As and Cr were determined by ICP-OES and the
method’s accuracy was realized with Certified Reference
Material (NIST 1643e).

KEYWORDS: As remediation, Cr remediation, Zero-valent iron,
Fenton’s reagent, hardness effect, ICP-OES.

INTRODUCTION
Arsenic contamination of drinking water has been a
widely ignored problem that has recently been paid international attention. Some reports on arsenic poisoning in
Bangladesh [1], Argentina [2], Taiwan [3] and Mexico [4]
have been published. In the United States, elevated arsenic concentrations in groundwater were attributed to both
anthropogenic contamination and natural sources [5].
The principal forms of inorganic arsenic in groundwater
are arsenite and arsenate. In an oxidizing environment, arsenate predominates, whereas under moderately reducing
conditions, arsenite ions become predominant. A groundwater sample collected from a Superfund site in the northeastern United States contained mixed inorganic and organic arsenic species. About 50% of the total arsenic com-

pounds was arsenic (V), 40% arsenic(III), and 10% organoarsenicals [6]. The sources of arsenic in natural water may
originate from geochemical materials, uncontrolled industrial waste discharges, agricultural use of arsenical pesticides and power generation from coal [7]. Arsenic concentrations have been elevated in some natural waters due to
weathering and dissolution of As-containing minerals. In
addition, arsenic is a common contaminant in groundwater
[8] and industrial wastewater [9].
On the other hand, chromium is a common contaminant in soils and groundwater. Apart from its natural occurrence in soil and rocks, chromates and dichromates
are widely used in textile, glassmaking and leather industries, especially in the dyeing processes. Cr(VI) is toxic and
carcinogenic to plants and animals. The great subsurface
mobility of Cr(VI) does great harm to the environment. In
contrast, Cr(III) is much less toxic and immobile, and can
be a nutrient for plants and animals. Therefore, reduction of Cr(VI) to Cr(III) is desirable for the environment,
and this is a feasible method in the remediation of environmental sites [10 ].
In January 2006, the US Environmental Protection
Agency (EPA) revised the maximum contaminant level
(MCL) for arsenic and chromium in drinking water to be
held below 10 µg/L and 100 µg/L, respectively [11]. EPA
apparently has reduced the arsenic standard for drinking
water to 10 µg/L (instead of 50 µg/L, older standard) to
protect consumers from the effects of long-term, chronic
exposure to arsenic.
Nowadays, studies on the remediation techniques are
going on to ensure the reduction of arsenic and chromium
in household waters to acceptable levels. Zero-valent iron
treatment is one of the successful alternatives for As and
Cr remediation of waters [6, 12-21]. Lackovic et al. [21] investigated the remediation capacity of zero-valent iron column for As(III) and As(V), and found that zero-valent iron
was twice as effective in removing As(V) than As(III).
For this reason, As(III) should be oxidized to As(V) before removal. Fenton’s reagent [22] has been used successfully for this oxidation. This reagent works through the
formation of hydroxyl radicals from the reaction of Fe(II)
and H2O2:
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Fe2+ + H2O2 → Fe3+ + OH− + OH•
3+

2+

Fe + H2O2 → Fe + OOH• + H

+

The hydroxyl radical is one of the well-known oxidizing agents and quickly reacts with arsenite to convert it to
arsenate:
AsO33- +2OH• → AsO43- + H2O
Then, adsorption of the As(V) species takes place on
zero-valent iron surface. Whether the adsorption takes place
directly on the metal surface or (hydr)oxide formation precedes, adsorption occurs, which is a currently investigated
issue. Recent reports reveal that a green-colored, carbonated
iron hydroxide (green rust) forms on the surface of iron
filings after their usage for arsenic or chromium removal
[16, 18, 23, 24].
Materials bearing Fe(0) or Fe(II) also promote reduction and subsequent precipitation of Cr(VI). The net ionic
equation of Cr(VI) reduction and co-precipitation of Cr(III)
and Fe(III) are as follows [25]:
CrO42- + Fe0 + 8H+ àFe3+ + Cr3+ + 4H2O
(1−x)Fe3++(x)Cr3++2H2OàFe(1−x)CrxOOH(S)+3H+
In the literature, there are several reports on the effect
of water hardness on remediation process with zero-valent
iron, but the findings do not agree. According to a report,
magnesium hardness decreases Cr(VI) removal capacity
on zero-valent iron [24]. In another work, water hardness
is reported to have no apparent effect on As remediation
process [26, 27].
Bakir et al. [28] have reported that arsenic concentrations in the waters of wells, some of which being near the
Ankara Creek, were well above the MCL of arsenic (max.
0.0787 mg/L), and this stream water collects many domestic and industrial discharges from the city.
Use of various types of sorbents for separation or remediation of metal ions simultaneously has been gaining popularity because of having simple operation [29-33].
In this study, Fenton’s reagent and FeSO4/K2Cr2O7
mixture were used for the oxidation of As(III) in synthetic
and natural water samples. After treatment with a zerovalent iron column, arsenic and chromium concentrations
were found to decrease below the accepted levels. Surprisingly, addition of high doses of Cr(VI) created no residual
chromium contamination in the effluents. The effect of
Ca(II), Mg(II) and carbonate ions in the efficiency of arsenic and chromium removal was also investigated. To our
surprise, these ions appear to increase the column efficiency
in removing As and Cr rather than having any negative
effect.
MATERIAL AND METHODS
Materials

K 2 Cr 2 O 7 , FeSO 4 ⋅ 7H 2 O, H 2 O 2 (35%, 1.13g/ml),
NaAsO2, Na2HAsO4, NaBH4, NaOH, KI, and ascorbic acid

calibration standards for ICP-OES were all of analytical
reagent-grade and purchased from Merck. Iron filings
(coarse) were supplied from BDH chemicals. The grain
size and particle density of the iron filings were 0.2–2.0 mm
and 6.43 g/cm3, respectively. Columns were packed with
iron filings; having a porosity of 0.59 and a bulk density
of 2.6 g/cm3 without any filler. Certified Reference Material was purchased from National Institute of Standards
(NIST 1643e; trace elements in water). Deionized ultra-pure
water obtained at Innovation Pure Water System (18.3
MΩ.cm = 0.055 µS/cm) was used for the preparation of
reagent solutions and synthetic water samples. Tap water
collected from the domestic water line of Ankara was
spiked with As and Cr used as representative of As- and
Cr-contaminated natural water. Water samples from Ankara Creek were also used to test the validity of the procedure.
Analytical methods

In this study, a Perkin Elmer Optima 5300DV ICPOES was used for the determination of As, Cr, Ca and Mg.
The instrumental parameters are given in Table 1.
Wastewater samples were digested using a Berghof
Microwave Digestion System speedwave MWS-3. Conductivity, pH and dissolved O2 were measured with an
Orion 5-Star Benchtop Multi-meter (pH electrode:
8102BNU; conductivity cell: 013005; DO probe:
081010MD).
TABLE 1 - Apparatus parameters and experimental factors.
Apparatus
Rf generator
RF forward power
Plasma gas flow
Auxiliary gas flow
Nebulizer gas flow
Pump rate
Studied wavelength
(nm)

Perkin Elmer Optima 5300
DV (for Cr, Mg, Ca)
40 MHz
1300 W
15 L/min
0.2 L/min
0.8 L/min
2.0 ml/min (peristaltic
pump)
Cr: 267.716; Ca: 317.933;
Mg: 285.215

HG-ICP-OES
(for As)
40 MHz
1450 W
17 L/min
0.2 L/min
0.45 L/min
1.50 ml/min
188.979

Column

A glass tube (2.2 cm inner diameter, 30 cm length) with
a glass wool plug above the valve was packed with 150 g
of iron filings. The column was used after passing several
hundred ml of ultra-pure water.
Remediation procedure

In the first removal method, Fenton’s reagent (40 mg
FeSO4 and 20 µl of conc. H2O2) per 100 ml of synthetic
water sample containing 10 mg/L As(III), 10 mg/L As(V),
and 10 mg/L Cr(VI) was added to the sample and left aside
for 30 min, then passed through the column of 150 g iron
filings at a flow-rate of 17 ml min−1. In the second method,
40 mg K2Cr2O7 and 20 mg FeSO4 were added to 100 ml of
the same synthetic water sample and the mixture was passed
through iron filings. The results obtained by the two meth-

1820

© by PSP Volume 18 – No 10. 2009

Fresenius Environmental Bulletin

ods have been compared. The same procedures were repeated with 100 ml of synthetic water sample containing
1 mg/L As(III), 1 mg/L As(V), and 1 mg/L Cr(VI).
Optimization studies

In order to optimize the amount of FeSO4 and K2Cr2O7,
20, 30 and 40 mg of FeSO4 as well as 20 and 40 mg of
K2Cr2O7 were dissolved in 100 ml of water portions as
described in Table 2. In the removal studies with Fenton’s
reagent, 20 µl of H2O2 were added to 100 ml of water
samples. The best remediation was obtained from the mixture of 40mg FeSO4/20 mg K2Cr2O7 and 20 µl H2O2/40 mg
FeSO4 (Table 2). Because more amount of Fe2SO4 produces more hydroxyl radicals, it causes more oxidation of
As (III) to As(V). Then, adsorption of the most of As(V)
takes place on zero-valent iron surface.

The pH of the whole solutions after the oxidation step
was measured between 3-3.5, suitable for the remediation
of As and Cr separately as described by Banerjee et al. [6]
and Nordstrom [18].
Simultaneous remediation of As and Cr was tried with
50, 100 and 150 g of zero-valent iron. The results of these
experiments are given in Figs. 1a and 1b. The best removal
of As and Cr was obtained with150 g of iron filings. When
we tried to remediate with higher amounts of Fe filings,
flow-rate decreased.
Sample1: 1 mg/L As(III), As(V), Cr(VI) + 20 µl H2O2
+ 40 mg FeSO4; Sample2: 1 mg/L As(III), As(V), Cr(VI) +
40 mgK2Cr2O7 + 40 mgFeSO4; Sample3: 10 mg/L As(III),
As(V), Cr(VI) + 20 µl H2O2 + 40 mg FeSO4; Sample 4:
10 mg/L As(III), As(V), Cr(VI ) + 40 mg FeSO4 + 40 mg.

TABLE 2 - Residual As and Cr with different amounts of FeSO4 and K2Cr2O7.
Sample
(100 ml)

H2 O2
(µl)
20
20
20
20
20
20

1 mg/L As(III), As(V),
Cr(VI)

10 mg/L As(III), As(V),
Cr(VI)

Values are means ± standard deviation (n = 5)

FeSO4
(mg)
40
30
20
40
30
20
-

K2Cr2O7
(mg)
20
20
40
20
20
40
-

a

Residual As
(µg/L)
3.4±0.2
2.4 ± 0.1
20±1
40.8 ± 0.7
12.2 ± 0.5
5.2 ± 0.4
16.1±0.3
2.9 ± 0.1
29.2 ± 0.8
11.2± 0.7
23± 1
14 ± 2
345 ± 0.5

b

Values are means ± standard deviation (n = 3); (samples = 100 ml of solutions)
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Residual Cr
(µg/L)
8.2±0.2
4.1 ± 0.8
5.9±0.1
11.6 ±0.8
5.0±0.5
12.0 ± 0.8
21.5±0.5
20.4 ±0.9
25.7±0.7
26.9±0.9
22.5±0.8
34.0±0.9
5.0±0.2
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FIGURE 1 - Residual As and Cr concentrations with different amounts of zero valent iron filings.
TABLE 3 - Some measured properties of stream and tap water.
pH

Conductivity
BOD5
Ca*
(mgO2/L)
(mg/L)
(µS/cm)
Ankara stream water
7.65±0.01
911 ± 0.12
18 ± 1
69.61±0.48
Tap water
7.24±0.01
321 ± 0.11
<5
22.72±0.34
Values are means ± standard deviation (n = 5). *Ca and Mg were determined with ICP-OES.

K2Cr2O7; Sample5: 100 mg/L As(III), As(V), Cr(VI) + 20 µl
H2O2 + 40 mg FeSO4; Sample 6: 100 mg/L As(III),As(V),
Cr(VI) + 20 µl H2O2 + 40 mg FeSO4
Application of the remediation procedure to natural samples

Remediation procedure was applied to tap water and
stream water samples. 1 mg/L of each As(III), As(V) and
Cr(VI) were spiked to tap water. The same spiking procedure was repeated with 10 mg/L concentrations. 100 ml of
stream water containing solid materials was digested in the
microwave oven, and As and Cr contents determined. Some
characteristics of stream water and tap water are given in
Table 3.
Investigation on the effect of hardness on As and Cr remediation

In this section, the effects of Ca(II), Mg(II) and carbonate on arsenic and chromium remediation were determined. Various concentrations of these ions were added
to As(III), As(V), Cr(VI) solutions which contained 1 or
10 mg/L of each, and then removal procedure was applied.

Mg*
(mg/L)
15.23 ± 0.10
6.03 ± 0.24

and Cr concentrations were found to be 18.7 µg/L and 6.2
µg/L, respectively (Table 5) for the sample treated with
Fenton’s reagent. These figures indicate 98% and 99%
removal efficiency for As and Cr contaminants.
In the second method (K2Cr2O7 instead of H2O2), As
and Cr levels were found to be 3.4 and 2.0 µg/L, respectively, as below the MCL values. The As and Cr remediation efficiencies in the tap water were above 99.5%. The
two methods were equally efficient with 10 mg/L element
concentrations, and residual levels of As and Cr were
again below the MCL.
TABLE 4 - Residual As and Cr concentrations
after remediation process in the stream water.
Sample(100 ml)
As (µg/L)
Ankara stream water
69.2 ± 0.2
Ankara stream water; 40 mg FeSO4 + 6.8 ± 0.2
20 µl H2O2
Ankara stream water; 40 mg FeSO4 + 7.0±0.3
20 mg K2Cr2O7
Values are means ± standard deviation (n = 7).

Cr (µg/L)
94 ± 1
4.7 ± 0.2
6.2±0.3

TABLE 5 - Residual As and Cr concentration
after remediation process in the spiked tap water.

The determination of concentrations of residual As and Cr

The As, Cr, Ca, and Mg levels of the samples after
passing through zero-valent iron column were determined
with ICP-OES by applying the experimental conditions
given in Table 1. Arsenic was determined with hydride generation ICP-OES.
RESULTS AND DISCUSSION
Remediation results of natural samples

69.2 µg/L As and 94 µg/L Cr were found in Ankara
stream water. FeSO4 and H2O2 were added to a portion of
the stream water and the volume was brought to 100 ml
with the same sample. The sample was passed through the
column, and then residual As and Cr concentrations after
remediation were found to be 6.8 µg/L and 4.7 µg/L, respectively. Treatment with FeSO4 + K2Cr2O7 and then passing through the iron column reduced the As and Cr contents to 7.0 µg/L and 6.2 µg/L, respectively (Table 4). The
As and Cr remediation efficiencies in the stream water were
90.2%, 89.9% as well as 95%, 93.4%, respectively, for
both methods. As and Cr levels reached with the two remediation methods are less than MCL of EPA.
Tap water spiked with As(III), As(V) and Cr(IV)
(1 mg/L each) was treated with the usual procedures. As

Spiked metal to 100 ml tap water
As (µg/L)
1 mg/L As(III), As(V), Cr(IV) + 40 mg 18.7 ± 0.2
FeSO4 + 20 µl H2O2
10 mg/L As(III), As(V), Cr(IV) + 40 mg 27.0 ± 0.2
FeSO4 + 20 µl H2O2
1 mg/L As(III), As(V), Cr(IV) + 40 mg 3.4 ± 0.1
FeSO4 + 20 mg K2Cr2O7
10 mg/L As(III), As(V), Cr(IV) + 40 mg 7.2 ± 0.4
FeSO4 + 20 mg K2Cr2O7
Values are means ± standard deviation (n = 5).

Cr (µg/L)
6.2±0.5
22±1
2.0 ± 0.1
12.0 ± 0.2

Effect of water hardness on the removal of As and Cr

Various concentrations of Ca, Mg, and carbonate ions
were added to 100 ml of ultra-pure water containing 40 mg
of FeSO4, 20 µl of H2O2, and 10 mg/L of each As(III),
As(V) and Cr(VI), and afterwards remediation procedure
was applied. After remediation procedures, obtained As
and Cr levels as well as increase of removal efficiency are
given in Table 6.
These percents of increase were obtained from comparison with residual As and Cr values in the presence of
Ca(II), Mg(II), carbonate- ions as well as absence of these
ions. In the presence of Mg(II) ions, the best results were
obtained in As and Cr remediation with both methods. In
As and Cr remediation, second-best results with both methods were obtained when only Ca(II) ions were present. The
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presence of carbonate ions showed the third-best results with
both methods. Presence of Ca(II) and Mg(II) ions and pres-
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TABLE 6 - Residuals and increase of removal efficiency of As and Cr
in presence of various concentrations of Ca(II), Mg(II) and carbonate ions.
Sample (100 ml, 10 mg/L
As(III), As(V), Cr(VI))

40 mg FeSO4 +20 µl H2O2
As

Additions to sample

Residual
(µg/L)
16.2±0.2
9.3±0.4
12.2±0.5
13.7±0.3
13.0±0.6

No addition
24.3 mg/L Mg(II)
40 mg/L Ca(II)
120 mg/L carbonate
40 mg/L Ca(II),
24.3 mg/L Mg(II)
40 mg/L Ca(II),
13.0±0.2
24.3 mg/L Mg(II)
120 mg/L carbonate
Values are means ± standard deviation (n = 5).

Cr

As

Cr

Increase
(%)
42.87
24.71
15.13
20.01

Residual
(µg/L)
19±1
8.0±0.5
10.2±0.6
16.0±0.2
15±1

Increase
(%)
57.62
45.98
15.34
19.52

Residual
(µg/L)
32±3
10.4±0.4
10.7±0.4
20.5±0.2
26±0.5

Increase
(%)
67.76
67.08
36.69
18.39

Residual
(µg/L)
17±1
11.2±0.7
10.1±0.6
9.2±0.3
14 ±1

Increase
(%)
35.26
44.10
46.65
17.98

19.52

14.8±0.4

21.59

18.6±0.2

42.66

12.6±0.2

26.99

ence of all 3 different ions also improved the removal efficiency.
Table 6 shows that maximum efficiencies in presence
of Mg(II) ions were achieved (As and Cr removal efficiency:
42.87 and 57.62% in the first method, 67.76 and 35.26 %
in the second method, respectively). In the second method,
presence of Mg2+ ions caused maximum values of 67.76
and 35.26 % concerning increase of As and Cr removal
efficiency. Remediation increasing order of As and Cr with
both methods are in the following order: Mg(II)> Ca(II) >
Carbonate. Synergic effects were not observed in the presence of all ions.
Ca(II) and Mg(II) ions were not already present in
stream water (69.61 mg/L and 15.23 mg/L) or tap water
(22.72 mg/L and 6.03 mg/L); so, no additional Ca(II) and
Mg(II) ions were used in these samples (Tables 4 and 5).
Briefly speaking, the presence of Ca(II), Mg(II) and carbonate ions tends to improve the As remediation efficiency
of the whole procedure.

2 mg/L for As and 1 mg/L for Cr, respectively. As and Cr
contents of solution passed through the column were 52.8
mg As and 26.4 mg Cr, respectively. Removal capacity of
150 g zero-valent iron was described below that (MCL
could be negligible near the analytical concentration of As
and Cr).
For As (RC)ZVI = 0.352 mg As/(g) Fe
For Cr (RC)ZVI = 0.176 mg Cr /(g) Fe
Some comparative results of As and Cr removal capacities obtained with zero-valent iron are summarized in
Table 8.
TABLE 8 - Comparison of As and Cr
removal capacities from some research studies.
Element

Accuracy of the determination of As and Cr was performed by analyzing a certified reference water sample
(NIST 1643e). As can be seen from Table 7, the accuracy
of the determination method is satisfactory (relative error
is below 5%)
TABLE 7 - Accuracy test for As and Cr - ICP-OES determination.
Cr (µg/L)
20.40 ± 0.24
21.20 ± 0.63
+3.92

Removal Capacity
(mg element/g Fe)

Sorbent

Reference

As

0.35

Iron filings

This study

As

16

As

7.5
1.15
0.47
1.77

As

0.77

This Study

Cr

4

Peerless iron
Connelly iron
Baker iron
Peerless iron
Connelly
iron/sand
Connelly iron

Cr

0.18

Iron filings

As

Accuracy check of the ICP measurements

Sample
As (µg/L)
Certified values of NIST 1643e
60.45 ± 0.72
Found values
62.65 ± 0.88
Relative error (%)
+3.64
Values are means ± standard deviation (n = 5)

40 mg FeSO4+20 mg K2Cr2O7

21
23
13
24

A comparison of removal capacity indicates that our results are not better than those of literature (Table 8). However, removal of As together with Cr is the advantage of
our procedure.
CONCLUSIONS

Removal Capacity of Zero-valent iron

In this study, a column containing 150 g of Fe was used
24 times for 100-ml samples containing 10 or 1 mg/L of
each As(III), As(V), Cr(VI) until be saturated (which is over
MCL). Total volume and concentration of solutions were
2.4 L, 20 mg/L for As and 10 mg/L for Cr as well as 2.4 L,

The present investigation on the removal of As(III),
As(V) and Cr(VI) coprecipitation with iron (hydr)oxide on
zero-valent iron suggests that iron can be used as an effective remedial reagent for in situ remediation of water contaminated with arsenic and chromium. Column studies show
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that As and Cr were removed to values below MCL of As
and Cr, with these methods. According to results of hardness effect, As and Cr removal could be maximum in hard
water. Therefore, it is necessary that As and Cr must remedy before reduction of hardness. When FeSO4/K2Cr2O7
reagent was used, residual Cr was less than Cr-MCL
value. Residual H2O2 was determined to be approximately
16 mg/L. Residue of H2O2 appears when Fenton’s reagent
was used, whereas residual H2O2 would be removed with
chlorination. FeSO4/K2Cr2O7 reagent has no residue disadvantage.
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ABSTRACT
The present study investigated the effect of cement dust
on diversity and antioxidant enzyme activities of plants
growing around a cement factory. Thirty-six plant species
were identified at a distance of 2,000 m from the outer zone
of a cement factory (Askale-Erzurum, Turkey). Only 12 of
these species were also found within 0-100 m (densely
dusted area) of the cement factory. In order to evaluate
the antioxidative responses of these 12 species within this
dense-dusted area, the activities of peroxidase (POX), superoxide dismutase (SOD) and catalase (CAT) were determined within the plant leaves. In Artemisia spicigera,
Crambe orientalis, and Convolvulus sepium plants, the
activities of POX and SOD were low while that of CAT
was high. In contrast, POX and SOD activity was high in
Medicago varia, Isatis candolleana, and Astragalus christianus plants, while that of CAT was low. In Lactuca seriola
and Senecio vernalis, however, the activity levels of the
three enzymes were interestingly low. In four remaining
species (Anchusa leptophylla, Euphorbia orientalis, Taraxacum androssovii and Tragopogon albinervis), the enzyme
activities fluctuated between the plants collected in 0-100 m
sample area, and those from the sample site 2,000 m from
the factory. These findings suggest that Artemisia spicigera,
Crambe orientalis, and Convolvulus sepium have a more
effective defense system than the other species studied.
The findings of this study will contribute to the selection
of plant species for cultivation in cement-dust contaminated
fields.

KEYWORDS:
Cement dust, plant diversity, antioxidant enzyme, pollution

INTRODUCTION
Cement industry has major environmental impacts and
produces many hazardous forms of environmental pollution.
Cement dust falling on soil causes an alkaline shift in pH

and a reduction in quality of soils [1, 2]. In addition,
atmospheric pollution produced by cement factories has
been known to include high levels of heavy metals and
some toxic components, such as fluoride, magnesium, lead,
cadmium, nickel, zinc, copper, beryllium and sulfuric acid
[3, 4]. Cement dust pollution has been also linked to detrimental effects on plant growth and development [1, 5-7].
The responses of plants to environmental pollution include a number of physiological and biochemical changes
[1, 4, 8, 9]. For instance, many pollutants, such as heavy
metals, which can also exist in cement dust, play an important role in disturbing the various metabolic processes
in plant cells [8]. Under the effect of such pollutants, the
disruptions in electron transport system contribute to the
production of reactive oxygen species (ROS), such as O.-2
and H2O2, as well as impairment of the enzymatic ROS
scavenging systems [10-13]. The balance among the activities of antioxidant enzymes, such as POX, SOD and
CAT, in plant cells is a crucial mechanism for determining
the steady-state level of the superoxide radical (O.-2) and
hydrogen peroxide (H2O2). Among these antioxidant enzymes, SOD scavenges superoxide radicals to O2 and H2O2,
which is converted into H2O by CAT and POX in peroxisomes or other cellular compartments [13-16]. On the
other hand, a wide variety of biochemical variables in plants
are used as bioindicators of environmental pollution and
antioxidant enzymes have an important place among them
[17-20]. The use of plants as bioindicators for environmental
pollution may be advantageous since they integrate the
effects of environmental pollution over a period of time and
can provide information on potential impact of environmental pollution on plants [17].
Compared with gaseous air pollutants and heavy
metals, relatively little is known about the effects of cement
dust pollution on the diversity and antioxidative responses
of wild plant species in polluted areas around a cement
factory. The objectives of this study, therefore, were to
determine the effects of cement dust pollution on (1) the
diversity of wild plant species, and (2) the changes in
antioxidant enzyme activities of wild plant species in
polluted areas.
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Statistical analysis

MATERIALS AND METHODS
Study area and plant materials

Plant samples were collected at different locations
around a cement factory, located at Askale, about 40 km
from Erzurum (Turkey). During July 2005, 36 wild plant
species were collected at a distance of 2,000 m from the
outer zone of the cement factory. These species collected
were checked with voucher specimens deposited in Ata
Herbarium at the Department of Biology, Science Faculty,
Atatürk University, Erzurum, Turkey. The samples of the
same plant species were then sought at a distance of 0-100 m
from the outer zone of the cement factory. Leaves with
similar ages were removed from the plants studied, collected
in a thermos bottle including ice, then quickly transported
to our laboratory, where they were stored in a deep-freeze
(-80 oC) until analysis. All the collected leaf samples from
both sample areas (2,000 m and 0-100 m from the factory)
were washed with deionized water before analysis in order
to exclude superficial contamination by cement dust. The
antioxidant enzyme activities of plant specimens existing
in both sample areas were compared with the plants
collected at 2,000 m from the factory being used as a control group.

All experiments were performed 6 times. Data were
statistically compared using Student’s t-test for two independent samples (P≤ 0.01).
RESULTS AND DISCUSSION
In a recent study, it was determined that the pollution
originating from Askale-Erzurum cement factory led to an
increase in lime, exchangeable cation, pH and electrical
conductivity while a decrease was observed in organic
matter content and field capacity in the dusted soils [2].
The present study focused on the effects of cement dust on
plant diversity and changes in antioxidant enzyme activities
of wild plant species within the area dusted by the cement
factory. In our study, 36 plant species were collected during
July 2005 from a sample site 2,000 m from the outer zone
of Askale-Erzurum cement factory, but only 12 of these
species could be found within a radius of 0-100 m around
the cement factory (Table 1). Based on these results, it can
be concluded that 24 of the plants determined are more
sensitive to cement dust pollution and cannot grow in the
TABLE 1 - Effects of cement dust pollution on diversity
of wild plant species growing in 0-100 and 2000 m distance.

Determination of antioxidant enzyme activities

Plant leaves (500 mg) were homogenized in 5 ml of
10 mM potassium phosphate buffer (pH 7.0) containing
4% (w/v) polyvinylpyrrolidone. The homogenate was centrifuged at 12,000 g and 4 °C for 30 min, and the supernatant
used as enzyme extract. Catalase (CAT) activity was
measured by monitoring the decrease in absorbance at
240 nm in 50 mM phosphate buffer (pH 7.5) containing
20 mM H2O2. One unit of CAT activity was defined as
the amount of enzyme that used 1 µmol H2O2 per min [17].
Peroxidase (POX) activity was measured by monitoring
the increase in absorbance at 470 nm in 50 mM phosphate
buffer (pH 7.0) containing 1 mM guaiacol and 0.5 mM
H2O2. One unit of POX activity was defined as the amount
of enzyme that caused an increase in absorbance of 0.01
per min [21]. Superoxide dismutase (SOD) activity was
estimated by recording the decrease in enzyme absorbance
of nitroblue tetrazolium (NBT) dye [22]. The reaction
mixture contained 2 µM riboflavin, 13 mM methionine,
75 µM NBT, 0.1 mM EDTA, 50 mM phosphate buffer
(pH 7.8), 50 mM sodium carbonate and 0.1 ml of enzyme
fraction. The reaction was started by adding 0.06 ml of
100 µM riboflavin solution and placing the tubes under
two 30-W fluorescent lamps for 15 min. A complete reaction
mixture without enzyme, which gave the maximal colour,
served as control. The reaction was stopped by switching
off the light. A non-irradiated complete reaction mixture
served as blank. The absorbance was recorded at 560 nm,
and one unit of enzyme activity was taken as that amount
of enzyme, which reduced the absorbance reading to 50%
in comparison with tubes lacking enzyme [22].

Plants
1
Anchusa leptophylla
2
Artemisia spicigera
3
Astragalus christianus
4
Convolvulus sepium
5
Crambe orientalis
6
Euphorbia orientalis
7
Isatis candolleana
8
Lactuca seriola
9
Medigago varia
10
Senecio vernalis
11
Taraxacum androssovii
12
Tragopogon albinervis
13
Centaurea depressa
14
Consolida orientalis
15
Convolvulus arvensis
16
Coronilla orientalis
17
Euphorbia macroclada
18
Falcaria vulgaris
19
Gallium verum
20
Gypsophila sp.
21
Gundelia tournefortii
22
Mesebryanthemum sp.
23
Onobrychis viciifolia
24
Onopordum illiricum
25
Onopordum carduchorum
26
Phlomis sp.
27
Salvia candidissima
28
Salvia syriaca
29
Salvia verticillata
30
Scabiosa rotata
31
Silene sp.
32
Smyrnium perfoliatum
33
Stachys angustifolia
34
Verbascum sp.
35
Vicia villosa
36
Ziziphora capitata
(-) not detected
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dense-dusted area. Previous researchers have pointed out
that cement dust has a detrimental effect on the growth of
most plants compared with non-cement-dusted plants [1,
5, 8]. Shafiq and Iqbal [23] also found a reduction in the
number of species around heavily polluted industrial cement
units in Karachi. It is clear from these results that cement
dust pollution is an operative ecological factor causing
differentiation of plant diversity in an ecosystem. Therefore, to investigate the antioxidative response of the plants
exposed to cement dust pollution may provide important
knowledge.

high level while it was low in the other species (Fig. 1C).
The role of SOD in plants in response to air pollutants is
contradictory. Increased SOD activity from pollutant exposure was previously found in snap bean [31], pine and
spruce [32], and sugar beet [33] while some studies reported no changes in SOD activity in plants [34, 35].
400

In our study, the antioxidant enzyme activities of the
plants growing within the 0-100 m and 2000 m sampling
areas were compared in order to determine their antioxidant
responses to the cement dust pollution. For this comparison,
the plants collected at the site 2000 m from the factory were
regarded as control group. Catalase (CAT) activity was
found to be low in 9 of the 12 species growing in 0-100 m
sample area, compared to the control plants (Fig. 1A). The
reduction observed in CAT activity generally exceeded 70%.
However, CAT activity was found to be high in A. spicigera,
C. orientalis and C. sepium growing within 0-100 m from
the factory (Fig. 1). This finding is supported by previous
studies, which showed that CAT activity increased in plants
exposed to polluted areas or substrates [24, 25]. This result
is important because it shows that CAT activity can be low
in some plants within such polluted areas. It is known that
CAT detoxifies H2O2 by breaking it down directly to form
water and oxygen [26]. If CAT activity is reduced, H2O2
which is toxic to living cells can accumulate in cell compartments. Nevertheless, it was determined that CAT is less
efficient than POX in scavenging H2O2 because of its low
substrate affinity [26]. Therefore, as long as the stress level
does not exceed the plant's defensive capacity, the main
response to pollutants is provided by an increase in SOD
and POX activities [26].

SOD activity in 5 plant species (M. varia, I. candolleana, A. christianus, S. vernalis and T. albinervis) within
100 m of the cement factory was determined to be at a

A

300
250

*

200

*

150

*

100

*

*

*

50

*

*

*

*
*

*

I.
c

M

.
on var i
a
do
A.
ll
ch ean
a
r
T. istia
an
nu
dr
s
o
A. ssov
i
sp
ic i
C. ige
ra
or
ian
tal
C.
i
se s
pi
u
m
L
A. . s e
lep r io
la
tp
p
E. hyl
l
or
a
ia
n
S. talis
ve
T. rna
l
al
bi is
ne
rv
is

0

2000 m
0-100 m

8000
*

POX activity (EU/g tissue)

7000

B

*

6000
5000
4000
3000

*

*

2000

*

1000

*

*

*

*

*

I. M.
co v a
ri
n
A. doll a
e
ch an
T. risti a
an an
dr us
o
A. sso
sp vii
i
C. cige
or ra
ian
C. tali
se s
pi
L um
A. . s
lep er io
tp la
p
E. hyl
o r la
ia
n
S. tali
ve s
T. rn
al alis
bi
ne
rv
is

0

SOD activity (EU/g tissue)

300

2000 m
0-100 m

*

C

250
200

*
*

150
*

*

100
50

*

*

*

*

*
*

*

.
on var
A. doll ia
ch ean
T. rist a
an ian
dr us
o
A. sso
sp vii
i
C. cig
or era
ian
C. tali
se s
pi
u
L
A. . s m
e
lep r io
tp la
E. phy
o r lla
ia
S. ntal
v is
T. ern
al ali
bi
s
ne
rv
is

0

I.
c

M

The POX activity of 6 plants within the 0-100 m area
was high, while that of 4 plants was low compared to the
respective controls (Fig. 1B). However, POX activity was
unchanged in E. orientalis and C. sepium (Fig. 1B). Interestingly, all of the plant species exhibiting high POX activity
had a low CAT activity (Figs. 1A and B). POX activity in
plants has been shown to be a sensitive indicator of pollutant
exposure [17, 19], and suggested as a marker to evaluate air
pollution [18, 20]. However, some studies have reported increases, decreases or no changes in POX activity, in response
to heavy metal exposure [27-29]. In our study, 6 plants
were able to maintain high levels of POX activity under the
cement dust pollution. This might indicate that these plants
may be better able to avoid damage from cement dust
pollution than other species. The increased POX activity in
the plants may be related to increased ROS concentration,
and also POX participating in lignin biosynthesis, causing
a physical barrier against toxic pollutants [30].

2000 m
0-100 m

350

CAT activity (EU/g tissue)
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FIGURE 1 - Effects of cement dust pollution on CAT, POX and
SOD activities in the leaves of wild plants (* indicates a significant
difference (P≤ 0.01) according to Student’s t-test for independent
two samples).

In conclusion, 3 of the species from the area 0-100 m
from the cement factory (A. spicigera, C. orientalis and
C. sepium) were observed to have low activity of both POX
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and SOD while showing high activity of CAT (Figs. 1A,
B and C). However, M. varia, I. candolleana and A. christianus plants in the 0-100 m area had high activities of
POX and SOD and low activity of CAT (Figs. 1A, B and
C). In L. seriola and S. vernalis within the 0-100 m area,
the activities of the 3 antioxidant enzymes were low, compared to their respective controls (Figs. 1A, B and C). However, in other species, the enzyme activities fluctuated between the plants collected within the 0-100 m area and
those collected at the control site. The tolerance of plants to
oxidative stressing conditions may be explained by the enhanced activity of one or more antioxidative enzymes preventing cell and tissue damage [36]. Therefore, we can assume that L. seriola and S. vernalis have a lower defense
system against cement dust pollution than the other species studied. Likewise, Zhang et al. [37] observed that a
mangrove species (Kandelia candel) which is tolerant of
heavy metal stress showed an increase in the activities of
CAT, POX and SOD under heavy metal exposure.
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EVALUATION OF GENETIC EFFECTS OF
SOME GENOTOXIC COMPOUNDS IN Tradescantia pallida H.
WITH MICRONUCLEUS AND STAMEN-HAIR MUTATION TESTS
Doğan İlhan and Cüneyt Akı*
Çanakkale Onsekiz Mart University, Faculty of Science and Arts, Department of Biology, 17020 Çanakkale, Turkey

ABSTRACT
The aim of this study is to evaluate Sunset Yellow (E
110) and Brilliant Black (E 151) food-coloring substances
which are putative to genotoxic activity, and commonly
used in food industry with Tradescantia pallida micronucleus (Trad-MCN) test and Tradescantia pallida stamenhair mutation (Trad-SHM) test.
The research project included 4 concentrations (10,
200, 1000, 2000 ppm) of both food colors applied to plants
by spraying and adding to the irrigation water. All experiments were carried out under controlled conditions in the
laboratory.
According to the results, it was observed that mutation
levels increased, depending on the dosage, in all plant
groups. In addition, both MCN frequency and pink mutation events significantly increased (p<0.05) with increasing dosage. It was also detected that both food-coloring
agents had genotoxic potential on plants with different sensitivities. It was revealed that the potential effect of Sunset
Yellow (E110) can be analyzed better with Trad-SHM and
the effect of Brilliant Black (E151) with Trad-MCN tests.
Results confirm that Tradescantia pallida plant is useful
for biomonitoring studies of mutagenesis.

KEYWORDS: Sunset Yellow (E110), Brilliant Black (E151), Tradescantia pallida H., stamen-hair mutation, micronucleus.

INTRODUCTION
Genes located in chromosome genetic units are found
in all living organisms. It is important that they represent
preserved intact information for hereditary generation transmission. If DNA and toxical substances influence each other,
genetic changes will arise in chromosomes known as ge-

notoxicity [1]. Some substances are also genotoxic because
of their potential damage to genes. Drugs, cleaning and
cosmetic materials, pesticides, food additives, and chemicals that can be harmful when used by people have toxic
potential, and must be checked before being used. Toxicity tests are designed for the use, and affect process and also
duration of these substances. Research on possible toxic
effects is carried out on experimental animals in vivo or in
cell cultures in vitro [6]. Genotoxic potential can be determined with short-term mutation tests, sister chromatid
changes, and chromosome anomaly frequencies. In order
to detect genotoxic potential, and gene mutations in particular, bacteria, fungi, the Drosophila sp., plant species
and mammals are used for tests. In addition, some test
methods have been developed for certain organisms, such
as Salmonella sp. (Ames test), Tradescantia sp. (Micronucleus test, Stamen-Hair Mutation test), and Vicia sp. (Micronucleus test) [5].
The Trad-MCN and Trad-SHM bioassays constitute a
unique dual system that can determine the clastogenicity and
mutagenicity of various pollutants in water, air and soil
[1, 2]. Both assays have been widely utilized in monitoring and assaying for environmental mutagens in the past
20 years [1, 3]. The increased frequency of MCN and the
elevated pink mutation rate in Tradescantia inflorescence
are indicators of clastogenicity and mutagenicity resulting
from exposure to environmental pollutants [7].
It is known that additives, especially colors, are in
widespread use in the food industry. These substances can
be harmful because of their potential genotoxic effect on
health. The number of food additives is still increasing,
although research on their potential mutagenic/ carcinogenic activity in vivo is very expensive.
This study aimed to investigate the effects of foodcoloring substances on Tradescantia pallida. Two relatively new, very sensitive and rapid tests, namely micronucleus test and stamen-hair mutation test, were used in
this study. Some changes were observed in the phenotype
and genotype structure of living cells depending on their
concentrations.
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MATERIAL AND METHODS
Plant material and cultivation

In this study, Tradescantia pallida H. plants were
used as material, and plant cuttings were obtained from the
Department of Biology (Botany section) at Çanakkale Onsekiz Mart University, Turkey in 2007.
Tradescantia pallida H. cuttings were sown in plastic
pots (60x20x15 cm) containing a mixture of 3:1 soil-peat
under sterile conditions. Plantlets were grown under greenhouse conditions (25±2 °C, 8/16-h photoperiod) and organized with 3 replicates, each of which included 30 plantlets.
For reproduction of these plantlets, they were rooted for
8 weeks and development was maintained.

and micronuclei were determined for each slide [4] using
an Olympus CX-31 microscope to obtain clear images
(400x magnification) and to determine the presence of
micronuclei.
Statistics

Each data point in the mean of 3 replicates was obtained
from 3 independent trials (n=3). All the data were subjected
to a one-way analysis of variance (ANOVA) and the mean
differences compared by Tukey HSD test (Table 1). Comparisons with p<0.05 were considered to be statistically significant. In all figures, the spread of values are shown as
error bars representing standard errors of the means. All
data have been analyzed using SPSS 17.0 for Windows.

Plant treatment with food-coloring substances

RESULTS AND DISCUSSION

Four different concentrations of Brilliant Black and Sunset Yellow food-coloring substances were prepared from a
2000-ppm stock solution. These concentrations were 10,
200, 1000 and 2000 mg/L, respectively. In addition to these
4 concentrations, control groups were also prepared for
each group. Irrigation of plants was implemented by spraying Tradescantia plants and soil four times a week.
Plant analysis
Tradescantia pallida H. stamen hair mutation test

Twenty young inflorescences were selected for each
application consisting of approximately 600 stamen hairs
belonging to 20 flowers which had been immersed in a
mixture of 1:1 glycerol:water. The stamen hairs were aligned
in the manner usually used for dissection needles, and then
examined with a binocular microscope. The aim of this observation was to determine mutations and count their number in stamen hair cells (1 stamen hair has approximately
20 cells). As a result of the genotoxic substances applied,
mutations were observed as pink in stamen hairs [3].

Tradescantia pallida H. micronucleus test

Micronuclei formation occurred at the stage of early tetrad of meiosis. According to our research results, it seems
that micronuclei formation increased depending on increasing concentration of applied substances.
In addition, though both substances have micronucleus
formation capacity, Brilliant Black was more effective than
Sunset Yellow in 1000 and 2000 ppm concentrations. The
statistical results of the MCN test are presented in Fig. 1,
and treatment groups at 1000 and 2000 ppm showed significant increase when compared to control group (p< 0.05).

An Olympus SZ51 microscope was used to obtain
clear images of the slides (40x magnification) to determine
mutant stamen hair cells.
Tradescantia pallida H. micronucleus test

Following the application, the recovery period of 24 h
was achieved for flowers and appropriate tetrads were prepared for the experiments. One of the flower buds included
in control group of each inflorescence may be in the
pacytene stage of meiosis. Micronuclei originate from
breaks in chromosomes formed at the stage of pacytene,
and are induced by genotoxic substances. Micronuclei are
formed until the early tetrad stage of meiosis. Therefore, to
observe micronucleus formation in this study, the early
tetrad stages of meiosis were investigated on the flower
buds of Tradescantia pallida H. In the micronucleus test,
flower buds of 10 plants for each application were fixed
with a mixture containing 3:1 acetic acid:ethanol, and 24
h later, these buds were transferred into 70% ethanol and
stored at 4 °C. Five slides for each experimental group,

FIGURE 1 - Means standard deviations of control and treatment
groups for MCN frequency, after application.

FIGURE 2 - Mean deviations of control and treatment groups for
PMEs formation, after application.
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Data represents the average of MCN frequency (Fig. 1) or PMEs
formation with three replicates. Vertical bars indicate ± SE.
Tradescantia pallida H. stamen hair mutation test

Somatic mutations that take part in the stamen hairs
were seen as pink mutation events (PMEs). Mutation frequencies increased depending on the concentration of applied substances. Except 10 ppm concentration, the other
3 concentrations showed mutagenic effects on the stamen
hairs for both substances. It was seen that Sunset Yellow
was more sensitive in this test. The statistical results of
PMEs are presented in Fig. 2, and treatment groups at 200,
1000 and 2000 ppm increased PMEs when compared to
control group (p<0.05).
In the present study, we compared the dose-response
relationship when Tradescantia pallida H. were exposed
to food-coloring agents. Our results indicate that Sunset
Yellow (E110) and Brilliant Black (E151) have genotoxic
potentials but Sunset Yellow (E110) is more effective for
the Trad-SHM test while Brilliant Black (E151) is for the
Trad-MCN test. Many similar studies have been carried
out in recent years that examine the activities of living
organisms and monitor environmental mutagens in order
to evaluate genotoxicity. The results of these studies are
consistent with ours.
TABLE 1 - Brilliant Black and Sunset Yellow data, after
application. The mean difference is significant at 0.05 level.
Treatment groups
Brilliant Black

Between
groups
Within groups

Sunset Yellow

Between
groups
Within groups

Mean square

F

Significant

0.001

41.849

0.000

0.000

-

-

0.000

42.495

0.000

0.000

-

-

When the clastogenic and mutagenic effects of some
insecticides and herbicides were studied using Tradescantia clone 4430, dimethoate fumes significantly increased
the pink mutation events and reduced the number of stamen hairs per filament with increasing dosages. The result
of a Trad-MCN test on dimethoate fumes was not significantly different between control and treatment groups. Both
dicamba and picloram induced a dosage-related increase in
MCN frequencies [11]. The genotoxicity of groundwater
from 4 bore-holes with different depths (40–120 m) in the
Ararat valley (Armenia) used both for drinking and irrigation was investigated. The frequency of recessive somatic
mutations was determined using the Trad-SHM test. Tradescantia clone 02 was used. The pink mutation events
(PMEs) increased by comparison with control group depending on the depth of the subterranean water location [12].
Using two different cellular model systems, human lymphocytes in vitro and Vicia faba root tip meristems in vivo,
researchers evaluated the potential cytological and genotoxic effects of two dyes: Quinoline Yellow (E104) and
Brilliant Black BN (E151). Two relatively new, very sensitive and rapid tests – the micronucleus and Comet assays

– were used in this study. The data obtained in this research showed the genotoxic effects of the two analyzed
food colors [13]. Another study was designed to compare
the effectiveness of 3 plant bioassays to assess DNA damage induced by low doses of 137Cs: Vicia-micronucleus test
(Vicia-MCN), Tradescantia-micronucleus test (Trad-MCN)
and Tradescantia-stamen-hair mutation test (Trad-SH) were
used. Vicia faba and Tradescantia clone 4430 were exposed
to 137Cs according to different scenarios: external and internal irradiations. Trad-MCN appeared to be the most sensitive test. These bioassays are effective tests for assessing
the genotoxic effects of radioactive 137Cs pollution [5]. In
the frame of a European network for the assessment of air
quality by the use of bioindicator plants, the Trad-MCN
test was applied to examine the genotoxicity of urban air
pollution. Cuttings of Tradescantia clone 4430 were exposed to ambient air. This bioassay proved to be a suitable
tool to detect local ‘hot spots’ of mutagenic air pollution
in urban areas [14]. In another research, the genotoxicity
of ambient levels of air pollution were measured using the
Tradescantia micronucleus assay. Pots with Tradescantia
pallida were placed in 3 different sites, and 20 young T.
pallida inflorescences were collected from each sampling
site. Micronuclei frequencies were determined in early tetrads of
pollen mother cells and expressed as MCN/100 tetrads. A
significant difference in micronuclei frequency was observed among sites (p¼ 0.036). These results indicate that
in situ biomonitoring with higher plants may be useful for
characterizing air pollution in areas without instrumental
monitoring techniques [15]. Comparisons were made between the results obtained for elements accumulated by
Tradescantia pallida plants exposed in sites with different
pollution levels. Statistical test applied to the results indicated that plant samples from polluted areas presented
higher concentrations of Ba, Ce, Cr, Co, Fe, La, Sb and
Sc than those found for a non-polluted site. Discriminant
analysis applied to the obtained results revealed 3 groups
of results corresponding to sites with different levels of
pollution [16].
In conclusion, in this research both coloring substances
Sunset Yellow (E110) and Brilliant Black (E151) showed
dosage-related mutation increase in Tradescantia pallida
in terms of MCN frequencies and pink mutation events
(PMEs) due to their genotoxic potential. By comparison
with the control group, both substances indicated a significant increase in mutation levels, especially at 1000 and
2000 ppm concentrations. The statistical results showed that
1000 and 2000 ppm of both agents increased the MCN
frequencies while 200, 1000 and 2000 ppm of both agents
increased the PMEs, with regard to the control group (p<
0.05). In addition, Trad-MCN and Trad-SHM tests are
shown to be appropriate to evaluate the genotoxic potential
of different chemicals, harmfully substances and environmental pollution factors, as we can also see in other studies.
Therefore, it is necessary to determine genotoxic effects of
food-coloring substances, and the test systems used should
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be applied for various living organisms in order to safeguard
their health.
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ABSTRACT
Laboratory bioassays were conducted to investigate
the allelopathic effects of seed aqueous extracts of four
wetland species (Sagittaria trifolia, S. lancifolia, Polygonum hydropiper and Monochoria korsakowii) on seed germination and seedling growth of one crop species (Brassica rapa spp. pekinensis) and two wild wetland species
(Oryza rufipogon and M. korsakowii). All cover seed extracts resulted in a significant initial delay in germination
of B. rapa spp. pekinensis and O. rufipogon. But, four days
after first germination, only the inhibition with 3.75% extract was significant on B. rapa spp. pekinensis; and seven
days after first germination, 1.25%, 2.50% and 3.75% extracts had statistically similar accumulative germination
with the control on O. rufipogon. Among the extracts, only
S. trifolia extracts performed a significant promotion of M.
korsakowii germination. Both inhibitory and stimulatory
responses of root and shoot growth were observed. Root
growth of B. rapa spp. pekinensis and shoot growth of M.
korsakowii were significantly inhibited by 3.75% extracts
of all cover species, while root growth of O. rufipogon was
significantly promoted by all cover seed extracts. The results suggest that the seed-to-seed allelopathic effect may
have significant implications on the organization of plant
communities.

KEYWORDS: allelopathy, initial germination, root length, seed
aqueous extract, shoot length.

INTRODUCTION
Allelopathy exists in almost all plants, and it has been
proposed as a mechanism for influencing plant populations
and communities by governing the germination and establishment of species [1-3]. While many studies on alle-

lopathic effects have focused on the interactions among
algae and aquatic plants [4], and among weeds and crops
[5-8] as well as among crop species [9-11], few studies
can be found on the wetland plants [12, 13]. Since many
of the allelochemicals are water soluble substances, water, therefore, can be an important agent of allelochemical
transfer.
Allelopathic effects of shoot and root extracts on the
seed germination and early seedling growth have been
frequently reported [14-17], however, few attentions have
been given to seed extracts [18]. In the natural environment, many species shed their seeds to soil surface at same
season. It has been estimated that seed banks within the
surface of soil (2 cm) in natural marshes have mean seed
density of 8,870-21,210 viable seeds m-2 [19], and the
largest density of 171,830 seeds m-2 has been observed in a
West Virginia marsh [20]. Hence, the seed-to-seed allelopathic effect may be one of the mechanisms involved in
population establishment and community pattern.
Sagittaria trifolia, Polygonum hydropiper and Monochoria korsakowii are common aquatic weeds in China.
These species can produce large numbers of seeds, and high
densities of S. trifolia and P. hydropiper (up to a maximum
mean value of 20,070 and 11,910 seeds m-2, respectively)
were registered in permanent marshes [21]. Sagittaria lancifolia, a native plant of tropical and subtropical America, is
a recent exotic species in China. An introduced population of S. lancifolia has appeared a strong colonizing ability in Wuhan Botanical Garden, China. This study examined
allelopathic potential of aqueous extracts of seeds of the
four selected wetland species on seed germination and
seedling growth of one cultivated crop species, Brassica
rapa spp. pekinensis, due to its well-known high percent
of germination and satisfactory uniform germination, as
well as two wild wetland species (Oryza rufipogon and M.
korsakowii) growing naturally together with the three native
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donor plants (i.e., S. trifolia, P. hydropiper and M. korsakowii).
MATERIALS AND METHODS

rapa spp. Pekinensis, M. korsakowii and O. rufipogon were
germinated under 12 h diurnal light conditions at a constant
temperature of 25°C in 9 cm Petri dishes. Twenty vigorous
seedlings with similar size for each species were selected
and replanted in a 6 cm Petri dish. Ten milliliters of extract solution from each concentration (1.25, 2.50 and
3.75%) were added to each Petri dish and distilled water
was used as a control. Then the seedlings were cultivated
under 12 h diurnal light conditions at a constant temperature of 25°C. Treatments were arranged in a completely
randomized design with three replications. The leaf length
and root length of each seedling were measured at the
seventh day after treatment (24).

Plant Extracts

Four wetland plants, Sagittaria lancifolia, Sagittaria
trifolia, Polygonum hydropiper and Monochoria korsakowii, were used as donor plants. Ten grams of mature dry
seeds was placed in 200 ml distilled water and agitated on
a rotary shaker for 24 h at 200 rpm; this gave 5% (g ml-1)
aqueous extract. The extract was considered as stock solution and a series of solutions with different strengths (1.25,
2.50 and 3.75%) were prepared by dilution [22, 23]. These
concentrations were prepared based on the results of a preliminary experiment of Brassica rapa spp. pekinensis to
detect the effective dose.

Statistical analysis

Significance of the difference in germination percentage, as well as root and shoot length, under different treatments was compared using Analysis of Variance (ANOVA)
and subsequently Least Significant Difference (LSD) multiple range test. All statistical analyses were done using
Statistical Package for Social Sciences (SPSS version 16.0).

Bioassays

Germination tests were conducted for each of Brassica
rapa spp. pekinensis, Monochoria korsakowii and Oryza
rufipogon with the respective extract. 50 sterilized seeds of
each species were placed on a filter paper in sterilized 9 cm
Petri dishes. Ten milliliters of extract solution from each
concentration (1.25, 2.50 and 3.75%) were added to each
Petri dish and distilled water was used as a control. Seeds
of B. rapa spp. pekinensis were only treated by aqueous
extracts of two wetland species, S. lancifolia and S. trifolia, while the other two species were treated by the extracts of all four species. All Petri dishes were maintained
under laboratory conditions (room temperature 25°C at mid
day, and diffused light during day). Treatments were arranged in a completely randomized design with three replications. Germination was determined by counting the number of germinated seeds at 24 h intervals until there had
been no further germination for more than three days.

RESULT AND DISCUSSION
Brassica rapa spp. pekinensis

The aqueous extracts from seeds of Sagittaria lancifolia showed inhibitory effects on seed germination of B.
rapa spp. pekinensis (Figure 1). Further comparison by
LSD method showed that the inhibitory effects were more
significant at the early germination period. At the first germination day, the germination percentage of seeds treated
by extracts was significantly lower than that of control, and
the degree of inhibitory significantly increased with extract
concentration (P < 0.05). By four days after first germination, the 1.25% and 2.50% extracts had statistically similar
accumulative germination with control; however, the ger-

To acquire adequate seedlings for the growing experiment, an incubator equipped with warm fluorescent
light providing approximately 25 µmol s-1m-2 at seed level
were used for the seed germination. Plenty of seeds of B.
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FIGURE 1 - Accumulative seed germination percentage of Brassica rapa spp. pekinensis under different treatments of
seed extracts of Sagittaria lancifolia and S. trifolia. Treatments for the same day were compared using one-way ANOVA
and, subsequently, LSD multiple range test. Treatments bearing the same letter are not significantly different at P < 0.05.
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mination with the 3.75% extracts was still significantly
lower than with the 1.25% extract and control (P < 0.05).
A similar trend was also observed for the treatment of
aqueous extracts from seeds of S. trifolia. It is, however,
apparent that S. lancifolia perform the higher inhibitory
effect than S. trifolia.
Shoot length was not significantly affected by the aqueous extracts from seeds of both S. lancifolia and S. trifolia
(P > 0.05), except that a significant inhibition was detected
in the 3.75% extract of S. lancifolia (P < 0.05; Table 1).
Root length was relatively more sensitive to extracts than
shoot length. Compared to 1.25% extract and control,
3.75% and 2.50% extracts significantly reduced the root
length of B. rapa spp. pekinensis (P < 0.05).
Oryza rufipogon

All four extracts caused an initial delay in the seed germination of Oryza rufipogon at 3.75% and 2.50% (Fig. 2).
The longer germination inhibition occurred in S. lancifolia
and M. korsakowii than in S. trifolia and P. hydropiper. By
four DAT (days after treatment), all three concentrations
had statistically similar accumulative germination with control in both S. trifolia and P. hydropiper (P > 0.05); however, germinations with the 3.75% and 2.50% extracts of
both S. lancifolia and M. korsakowii were still significantly
lower than with the 1.25% and control (P < 0.05), until at
six DAT and at seven DAT, respectively.
All concentrations of seed extracts of the four species
only lightly promoted the shoot length (P > 0.05), however, significantly promoted the root length of O. rufipogon
compared to control (P < 0.05, Table 1).
Monochoria korsakowii

Although the extracts of all four species, in general,
promoted the germination of M. korsakowii, only S. trifolia
had statistical significance (P < 0.05; Fig. 3). The degree
of promotion significantly increased with extract concentration (P < 0.05).

High concentration extracts, with 3.75% of S. lancifolia, S. trifolia and P. hydropiper, and with 3.75% and 2.50%
of M. korsakowii, significantly inhibited shoot length of
M. korsakowii (Table 1). The effects of extracts on the root
length showed a complicated pattern. The extracts of S.
lancifolia (2.50%), P. hydropiper (3.75% and 2.50%) and
M. korsakowii (1.25%) significantly promoted the root
length, while 3.75% extract of S. trifolia significantly inhibited the root length (P < 0.05).
Present results showed that seed extracts of wetland
species significantly influence the seed germination and
seedling growth. The degree of effect responds considerably to extract concentration. Hence, we can conclude that
the effects of seed extracts are similar to previous conclusions on the allelopathic effects of extracts from other plant
parts, such as leaf, shoot and root. In natural wetland environment, seeds from different species are likely to assemble
together. Hence, we suggest that seed-to-seed allelopathic
effect among wetland species might have served as an important mechanism for influencing plant communities.
Target species varied in their sensitivity to cover seed
extracts. O. rufipogon was the most sensitive one among
the tested species because its initial germination was suppressed by aqueous extracts of all four cover wetland species at both high and low concentrations. Since O. rufipogon is the putative ancestor of the Asian cultivated rice (O.
sativa) and the most important germplasm for rice improvement [25], the current results have significant implication for the conservation of O. rufipogon. Comparing two
species from the same genus, the exotic S. lancifolia performed a stronger inhibitory effect than the native S. trifolia on the seed germination of B. rapa spp. pekinensis and
O. rufipogon. This result supports the hypothesis that lack
of co-evolved tolerance could allow that resident species
were more sensitive to new chemicals produced by the
newly arrived species [26, 27].

TABLE 1 - Variation in shoot length and root length of Brassica rapa spp. pekinensis, Oryza rufipogon and Monochoria korsakowii
under different treatments of seed extracts of Sagittaria lancifolia, S. trifolia, Polygonum hydropiper and Monochoria korsakowii.
Shoot length (cm)
CK
1.25%
2.50%
3.75%
Brassica rapa spp. pekinensis
S. lancifolia
1.53±0.27ab
2.15±0.33a
1.88±0.38a
0.68±0.11b
S. trifolia
1.53±0.27a
1.88±0.25a
1.70±0.23a
1.22±0.17a
Oryza rufipogon
S. lancifolia
3.38±0.53a
4.18±0.47a
4.82±0.46a
4.48±0.61a
S. trifolia
3.38±0.53a
4.61±0.56a
4.68±0.57a
3.78±0.41a
P. hydropiper
3.38±0.53a
4.34±0.52a
3.77±0.54a
3.99±0.49a
M. korsakowii
3.38±0.53a
3.99±0.40a
4.14±0.40a
4.04±0.43a
Monochoria korsakowii
S. lancifolia
1.41±0.06a
1.39±0.03a
1.44±0.02a
1.22±0.02b
S. trifolia
1.41±0.06ab
1.43±0.04a
1.34±0.04ab
1.30±0.02b
P. hydropiper
1.41±0.06a
1.34±0.03ab
1.33±0.02ab
1.24±0.03b
M. korsakowii
1.41±0.06a
1.33±0.03ab
1.26±0.02b
1.28±0.05b
Treatments were compared using one-way ANOVA and, subsequently, LSD multiple
cantly different at P < 0.05.
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Root length (cm)
CK
1.25%

2.50%

3.75%

2.68±0.49ab
2.68±0.49a

3.68±0.40a
4.02±0.34a

2.10±0.33b
1.28±0.26b

0.92±0.11c
0.85±0.21b

2.71±0.39a
2.71±0.39a
2.71±0.39a
2.71±0.39a

5.87±0.44b
5.88±0.47b
5.11±0.56b
4.10±0.23b

6.14±0.52b
5.97±0.42b
5.03±0.48b
4.43±0.31b

5.54±0.41b
4.84±0.49b
5.11±0.23b
4.26±0.34b

1.29±0.07b
1.12±0.02a
1.20±0.05b
1.08±0.05a
the same letter

1.02±0.03a
0.82±0.03b
1.24±0.03b
1.00±0.06a
are not signifi-

1.03±0.06a
0.97±0.06a
1.03±0.06a
1.12±0.09a
1.03±0.06a
0.99±0.06a
1.03±0.06a
1.39±0.07b
range test. Treatments bearing
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FIGURE 2 - Accumulative seed germination percentage of Oryza rufipogon under different
treatments of seed extracts of four wetland species (statistical notation is the same as in Fig. 1).

1842

10

© by PSP Volume 18 – No 10. 2009

Fresenius Environmental Bulletin

CK

1.25%

Sagittaria lancifolia

2.50%

3.75%

NS

10
8
6
4
2
0
1
40

2

3

4

5

Accumulative germination (%)

8

9

10
b

b

b

c

c
c
bc

b

20
aa

0
4

7

Sagittaria trifolia

30

10

6

aa
a

a a
a

ab

bc

bc

b

b

bc

b

bc

bc

b

b

b

a
a

1
2
3
Polygonum hydropiper

4

1
2
3
Monochoria korsakowii

4

a

5

a

a

a

a

6

7

8

9

10

6

7

8

9

10

6

7

8

9

10

NS

3
2
1
0
4

5
NS

3
2
1
0
1

2

3

4

5

Time since first germination (day)
FIGURE 3 - Accumulative seed germination percentage of Monochoria korsakowii under different treatments of
seed extracts of four wetland species (statistical notation is the same as in Fig. 1, NS indicates no significant differences).
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A notable finding of the present study is that the seed
extracts significantly inhibited initial germination of O.
rufipogon, but no statistical effects on its final germination.
This result is rarely revealed by previous papers. Such
early and short-term allelopathic effects on plant development may be reinforced later by resource depletion, because the relative sizes of competing plants have a fundamental importance in determining the competition outcome [28]. Plants that germinate at slower rates may influence their chances of competing with neighboring plants
for resources, such as light and nutrition. This often affects
many aspects of plant ecology including plant growth, the
structure of plant communities, dominance, and plant
productivity.
Despite allelopathy could theoretically exhibit the inhibitory or the stimulatory effect of a plant onto another
one [29], few studies reported this stimulatory effect. Our
data revealed that seed extracts have significant stimulatory
effects on seed germination of M. korsakowii and seedling
growth of O. rufipogon. This finding is in agreement with
that of Swaminathan et al. [30] who reported a positive
effect of leaf extracts on radical growth. Although not
statistically significant, it should also be mentioned that in
current results shoot and root growth of most target species were promoted at lower extract concentration. Hence,
stimulatory and inhibitory effect of extract may be a function of concentration and also species-dependent. Further
studies into determining the critical concentration of stimulatory or inhibitory effect and the interspecies allelopathy
would permit further understanding of how allelopathic
effects may have regulated the establishment of plant population and the organization of plant community, which is
of great importance for wetlands ecological restoration
and maintenance.
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ADSORPTION OF Ni (II) IONS BY
WASTE-ACTIVATED SLUDGE AND KINETIC MODELING
Osman Gulnaz
Faculty of Education, Department of Science and Technology, Cukurova University, 01330 Balcalı, Adana, Turkey

ABSTRACT
Environmental pollution is an important global issue.
In this study, adsorption of Ni (II) ions from aqueous solution was evaluated. Ni (II) was selected as an adsorbent due
to its toxic properties, and optimum adsorption pH was
determined to be 5. Langmuir adsorption isotherm model
was used to determine the maximum adsorption capacities
of activated sludge (95, 88 and 78 mg g-1 at 20, 35 and
50 °C, respectively. Initial metal concentrations and particle
size of activated sludge affected its adsorption capacity,
which increased with increasing initial metal concentrations,
but decreased with increasing particle size of adsorbent.
Surface structure and functional groups of activated sludge
biomass were determined by FT-IR and SEM analyses.
Different functional groups have been identified for activated sludge. These functional groups can react with metal
ions in aqueous solution. The pseudo second-order and
intra-particle diffusion kinetic models were used to determine adsorption kinetics. Both kinetic models well described the adsorption of Ni (II).

KEYWORDS: adsorption; activated sludge; nickel; adsorption
kinetic; heavy metal.

the environment. Chemical precipitation, filtration, reverse
osmosis, electrolytic reduction, coagulation and ion exchange methods are well-known methods to remove heavy
metal ions [5-7]. But most of these methods are not effective or very expensive to remove heavy metal ions at low
concentrations. Chemical coagulation is the common effective method, but precipitated sludge complex can cause
secondary waste and may be many times more toxic than
the main substances. Recently, many researchers have been
focused on effective techniques to remove heavy metal ions
from aqueous solutions. Adsorption is less expensive and
effective to remove heavy metal ions, even at low concentrations [8]. Different adsorbent materials were evaluated,
such as sea or fresh water algae [9-11], bacteria [11], polymeric beads [12], fir leaves [13], fungi [14], and activated
sludge [6].
In this paper, reuse of waste-activated sludge as an
adsorbent and removal of Ni (II) ions from aqueous solution was investigated. Ni (II) was chosen as adsorbate
because of its wide use in industry. Granular structure and
functional groups of waste-activated sludge were characterized by SEM and FT-IR analyses, respectively. Effects
of pH, metal concentrations, temperature, biomass concentrations and particle size of the adsorbent were investigated.
Theoretical approach

INTRODUCTION
Industrial activities, such as metal finishing, tannery,
chemical manufacturing, steel industry and battery manufacturing are the main contamination sources of heavy metal
ions in the environment. Some of the heavy metals, such as
nickel, copper, iron, manganese and zinc, are essential micronutrients for living organisms. But these heavy metals
can be toxic to living organisms at high concentrations [1,
2]. Nickel is an extensively used metal in electroplating industry as corrosion inhibitor, but is a toxic heavy metal ion
causing cancer and dermatitis at higher concentrations.
Nickel carbonyl is lethal to humans at 30 ppm concentrations. Nickel poisoning causes headache, chest pain,
cough and shortness of breath [3, 4].
A number of methods have been used to remove heavy
metal ions from wastewater due to their adverse effects in

Langmuir [15] model was used to determine adsorption isotherm constant and maximum adsorption capacity
of activated sludge. The linear form of Langmuir expression is as follows:
Ce
1 ⎛ a L
=
+ ⎜
qe k L ⎜⎝ k L

⎞
⎟⎟C e
⎠

(1)

where b is the Langmuir isotherm constant, and qmax
is theoretical monolayer saturation capacity of activated
sludge. The essential characteristic of the Langmuir equation can be expressed in terms of dimension factor RL,
which was defined by Hall et al. [16]:
RL =

1
1 + K L C0

(2)

where KL is the Langmuir isotherm constant and C0
is the highest initial metal concentration (mg L-1). The
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value of RL indicates the shape of the isotherms to be either
unfavourable (RL >1), linear (RL =1), favourable (0< RL <1)
or irreversible (RL =0).
Adsorption kinetics is determined by using pseudo
second-order model [17] and intraparticle diffusion model
[18].
Pseudo second-order model:

t
1
1
=
+ t
2
qt k 2 qe qe

(3)

RESULTS AND DISCUSSION
FT-IR and SEM analysis of activated sludge

Intraparticle diffusion model:

qt = k i t 0,5 +C

sludge and 1, 3 and 5 g L-1 biomass concentrations. Effects of temperature on adsorption were determined at 20,
35 and 50 °C. Desorption of Ni (II) ions from biomass was
determined, contacting Ni-loaded activated sludge biomass
with 100 ml of 0.1 M HCl solution. Desorption was resumed at 60 min on a shaker at 150 rpm. Desorbed Ni ion
levels were determined as previously described.

(4)

where k2 (g mg-1 min-1) is the rate constant of secondorder adsorption, ki is the intraparticle diffusion rate constant (mg g-1min0.5), qe and qt are amounts of adsorbed
dye concentrations (mg g-1) at equilibrium and at time t,
respectively.
MATERIAL AND METHODS
Adsorbent and adsorbate

Activated sludge biomass was obtained from Adana
Organize Sanayi biological wastewater treatment system,
Adana-Turkey. The cake-formed activated sludge biomass
was broken by hand and washed twice with distilled water.
Activated sludge samples were dried at 60 °C until constant weight (48 h). Dried activated sludge was broken into
pieces and separated into certain particle sizes by a sieve.
Ni (NO3)2·6H2O was used as adsorbate. KBr pellet was prepared for FT-IR analysis (1/100 activated sludge/KBr) and
analyzed with a Perkin Elmer spectrum RX/FT-IR system.
SEM images were determined by using a Jeol JSM 5500
LV SEM. All chemicals were of analytical-grade and purchased from Merck AG (Darmstadt, Germany).
Adsorption studies

Adsorption study was performed according to previously described methods [6, 19]. Dried activated sludge (1 g L1
) was contacted with 100 ml of a known amount of Ni (II)
solution in 250-ml screw top flasks. Flasks were agitated on
a shaker at 150 rpm to ensure equilibrium. Not adsorbed
Ni (II) ions were AAS-analyzed (Hitachi 180-80 polarized
Zeeman AAS) with air-acetylene flame. Samples were filtered with nylon membrane filters (0.45 µm) before AAS
analysis.
Effects of initial metal concentrations on adsorption
of Ni (II) ions were determined at 25, 50, 100 and 200 mg
L-1 Ni (II) concentrations. The effect of particle size (Ps)
on adsorption was determined with 4 different particle size
ranges of activated sludge ((>0.063 mm (Ps1), >0.12 mm
(Ps2), 0.3>0.5 mm (Ps3) and 0.9>1.2 mm (Ps4)) at 20 °C,
100 mg L-1 Ni (II) and 1 g L-1 biomass concentrations.
Effects of biomass concentrations on adsorption were determined at >0.063 mm particle size range of activated

The Adana Organize Sanayi is an industrial biological wastewater treatment plant, and wastewaters contain
textile, paper, food, plastic and metal industry wastes. Sludge
age is 13 days in wastewater treatment plant. Activated
sludge is a well-known abundant microbial biomass source.
Cellular components in activated sludge have different
functional groups which are suitable for reacting with various substances like heavy metals [20]. FT-IR characteristics
of activated sludge are given in Fig. 1 and Table 1, before
and after Ni adsorption. Characteristic bands of proteins,
lipids, polymeric compounds and carboxylic acid groups
are shown in FT-IR spectrum (1653 cm-1 stretching vibration of C=O and C-N (amide I) peptidic bond of proteins;
1541 cm-1 amide II band, 1461-1420 cm-1 band is C-H bending of CH2; 1385 cm-1 band is OH stretching; 1318 cm-1,
1077 cm-1 and 1033 cm-1 band is C–O stretching (polysaccharides)). Finger print zone (<900 cm-1) includes thiols
(S-H stretch), thioesters C-S (stretch) and disulfides (S-S)
groups. Some functional groups may disappear or shifted
to lower absorption bands after adsorption. Peak intensity
(T%) of activated sludge was increased and a new peak at
1385 cm-1 emerged after adsorption. FT-IR results showed
that dried biomass has different functional groups, such as
carboxyl (-COOH), phosphate (-PO4), amide (-NH2), thiol
(-SH), and hydroxide (-OH) groups. These functional groups
can react with organic and inorganic substances in aqueous
solution. Naja et al. [21] indicated that interactions between
metal and biomass lead to binding of metal ions to functional groups on the biomass surfaces, such as carboxylic,
amino, phosphate and sulphate groups.
TABLE 1 - Comparison of FT-IR bands before and after adsorption
Before
adsorption

After
adsorption

amide I band

1653

1653

amide II band

1541
1461
1420
-1318
1077
1033
877
795
617
535
469

1543
1461
1420
1385
1319
1077
1033
877
795
623
537
469

Functional groups of biomass

O-H and C=O stretching
O-H and C=O stretching
C–O stretching

Finger print zone (<900) –SH,
-PO4 functional groups
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75,0

795,87
753,79

70

877,84

65

795,04
877,84

60

487,97
668,98

1318,17

617,83

535,73

753,79

699,36

584,17
509,49
556,32
537,87
623,41
469,73
469,67

668,65

55
1420,05

50

1541,13

1461,69

1318,35

%T

a

45

b

1653,69
1385,44
1461,68
1420,34
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FIGURE 1 - FT-IR spectra before (a) and after (b) of Ni (II).

FIGURE 2 - SEM images of native activated sludge.

Non-metal loaded SEM images of activated sludge
are given in Fig. 2. It can be seen that the surface morphologies of activated sludge are very different and microstructure of activated sludge showed that it was very
porous. Porous structure of activated sludge was influenced by the adsorption mechanism towards to intraparticle diffusion model.
Effect of pH

This important physico-chemical parameter affects
solutions of adsorbate, isoelectric point, and ionization of

functional groups of adsorbent. For this reason, adsorption capacity of the adsorbent was very much affected.
Effects on adsorption of Ni (II) ions were determined
between pH 2-6 at 20 °C. Results are given in Fig. 3. The
equilibrium adsorption capacity of activated sludge was
determined to be 80 mg g-1 at pH 5. The adsorption capacity of activated sludge increased with increase of pH from
2 to 6. The optimum adsorption was obtained at pH 5.
The adsorption of Ni (II) ions is mainly due to ionic attraction since biomass surface is positively charged at low
pH. For this reason, lower pHs are not suitable for the
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adsorption of Ni (II) ions. Hovewer, at higher pH values,
metal hydroxide formations in the solution occur. Hydroxide-forming metal ions do not react with biomass surface,
but can be precipitated there [22]. At lower pH, more protons will be available to protonate active groups of biomass
surface, such as polysaccharides, lipids, amino acids and
other cellular components [23].

termined to be 90, 168 and 185 mg for 1, 3 and 5 g L-1
biomass concentrations, respectively. Biomass concentration increased adsorption capacity, but that per g activated
sludge was decreased (90, 56 and 37 mg g-1 for 1, 3 and 5 g
L-1 biomass). Increasing the biomass concentrations reduced
capacity of adsorption due to the formation of aggregates
during adsorption processes in aqueous solution [24].
100

80

-1

qe (mgg )

80

-1

qe (mgg )

60

60

40

40
-1

50 (mgL )
-1
100(mgL )
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20

20
0

0

0
2

4

50

100

6
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250

time (min)

pH

FIGURE 4 - Effect of metal concentration on adsorption at 20 °C.

FIGURE 3 - Effect of pH on adsorption at
20°C and 100 mg L-1 initial Ni (II) concentrations.

80

Effect of temperature

The effect of temperature on adsorption was determined at 20, 35 and 50 °C, 100 mg L-1 nickel concentrations, and pH 5.0. The optimum temperature of adsorption
was found to be 20 °C. Adsorption capacities of activated
sludge were determined as 80, 62 and 55 mg g-1 for 20, 35
and 50 °C, respectively. Adsorption capacities decreased
with increasing temperature from 20 to 50 °C. Results show
that the adsorption of Ni (II) ions depends on temperature
and adsorption of Ni (II) ions is exothermic.

-1

qe (mgg )

60

40

>0.063 mm
0.12 mm
0.5 mm
1.2 mm

20

0

Effect of metal and biomass concentration

0

Initial metal concentrations can affect the capacity of
adsorption. Adsorption of nickel ions increases with increasing initial metal concentrations because of their high
driving force. The results are given in Fig. 4. The capacity
of adsorption of activated sludge was determined to be 41,
80 and 90 mg g-1 at 50, 100 and 200 mg L-1 initial metal
concentrations, respectively. High amounts of metal ions
were adsorbed within the first 30 min, and adsorption
reached an equilibrium at 90 min. However, equilibrium
time increased with increasing particle size of activated
sludge. The equilibrium time was determined to be 90 min
for Ps1 and Ps 2, but 120 min for Ps3 and Ps 4 (Fig 5).
The equilibrium adsorption capacity was determined to be
80, 69, 64 and 60 mg g-1 for Ps1, Ps 2, Ps 3 and Ps4,
respectively.
The effect of biomass concentration on the adsorption
was determined at 1, 3 and 5 g L-1 biomass concentrations.
Adsorption capacities of dried activated sludge were de-

50

100

150

200

250

time (min)

FIGURE 5 - Effect of particle size on adsorption
at 20 °C and 100 mg L-1 initial Ni (II) concentrations.

Desorption of Ni (II) ions from activated sludge was
determined with 0.1M HCl in a batch system as 89% (71
mg L-1).
Adsorption isotherm

Adsorption isotherm was determined according to the
linear form of Langmuir isotherm (Eq. 1). Adsorption isotherm constant and maximum adsorption capacity are given
in Table 2. According to the results, Langmuir isotherm is
very good for the model of sorption system. The adsorption isotherm data are important for the design of adsorption systems. Equilibrium monolayer capacities of activated sludge (qmax) were 95, 88 and 78 mg g-1 for 20, 35
and 50 °C, respectively. Dimension factors RL are given in

1849

© by PSP Volume 18 – No 10. 2009

Fresenius Environmental Bulletin

Table 2. The RL values showed that the adsorption behavior
of activated sludge was favourable (RL <1). The low values of RL indicate that adsorption tends to be weakly irreversible (RL =0).

intraparticle diffusion are given in Fig. 7. When the adsorption of exterior surface reached saturation, the metal
ions entered and were adsorbed into interior surface of
pores of activated sludge particles [26]. The intraparticle
diffusion rate constants (ki1, ki2 and ki3) and qe are given
in Table 4. According to Table 4, order of the intraparticle
diffusion rate constants is ki1 (first stage) > ki2 (second
stage) > ki3 (third stage). The plots of qt vs. t0.5 were not
linear over the whole time range, implying that more than
one process affected the adsorption [27].

TABLE 2 - Langmuir isotherm constants.
Temperature (°C)
20
35
50

KL

aL

q max

r

RL

16.58
4.94
2.94

0.174
0.056
0.038

95
88
78

0.997
0.993
0.991

0.00063
0.00230
0.00436

6

Kinetic models

The effect of metal concentrations on adsorption kinetics of Ni (II) was studied at 50, 100 and 200 mg L-1 Ni
(II) levels. The effect of particle size on Ni (II) removal
was studied using 4 particle size groups (>0.063; 0.12; 0.5
and 1.2 mm). Adsorption capacity of activated sludge increased with decreasing particle size. The effect of particle
size and initial metal concentrations on adsorption kinetics
was investigated and kinetic constants, experimental and
calculated data are given in Table 3. The pseudo secondorder kinetic rate constant K2 and qe values were determined
by using Eq. 4 (Fig. 6). The correlation coefficients of the
pseudo second-order kinetic model were high (r> 0.976)
for all studied concentrations, and also qecalc values fitted
to the experimental data. According to Table 3, pseudo second-order adsorption mechanism describes adsorption of
Ni (II) ions onto activated sludge, and suggests that adsorption processes are controlled by chemical ones [17].

Particle size
Metal conc.
-1
>0.063 mm
50 mgL
-1
0.12 mm
100 mgL
0.5 mm
-1
200 mgL
1.2 mm

5

qeqt

-1

4

3

2

1

0
0

50

100

150

200

250

time (min)

FIGURE 6 - Pseudo second-order kinetic at 20 °C.

80

TABLE 3 - Pseudo second-order rate constants at 20 °C.

q e exp

K2

q ecal

r

41
80
90

0.00154
0.00111
0.00098

44.25
84.03
94.34

0.989
0.997
0.996

80
69
65
60

0.00111
0.00096
0.00087
0.00059

84.03
74.07
68.03
64.94

0.996
0.996
0.995
0.976

-1

Initial Concentration (mg L )
50
100
200
Particle Size (mm)
0.063
0.12
0.5
1.2

60

qe (mgg )

-1

40

>0.063 mm
0.12 mm
0.5 mm
1.2 mm

20

0
0

Pseudo first-order kinetic model of Lagergreen did not
describe adsorption processes throughout the studied adsorption experiments. Correlation coefficients were too low
(r<0.866) against the pseudo second-order kinetics, and
calculated qe values did not fit to the experimental data.
The adsorption of Ni (II) on activated sludge is not controlled by a pseudo first-order kinetic model (data not
given).
SEM images (Fig. 2) showed that activated sludge
particles have different pore sizes. For this reason, plot of
qt vs. t0.5 will present multi linearity in which the first
shape is the external surface adsorption stage, and second
shape is the gradual adsorption stage, where the intraparticle diffusion is rate-controlled. The third shape is the
final equilibrium stage [25]. Effects of particle size on

4

8
0.5

t

12

16

0.5

(min )

FIGURE 7 - Plot of qt vs. t0.5 at different particle size
ranges at 20 °C and 100 mg L-1 initial Ni (II) concentrations.
TABLE 4 - Intraparticle diffusion rate constants
at 20 °C and 100 mg L-1 initial Ni (II) concentrations.

k1
r1
k2
r2
k3
r3

1850

0.063
11.03
0.988
4
0.846
0.26
0.895

Particle size (mm)
0.12
0.5
10.79
5.6
0.991
0.993
3.81
4.41
0.934
0.881
0.021
0.91
0.706
0.983

1.2
5.14
0.999
3.95
0.91
1.088
0.978
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CONCLUSION
In the study, the adsorption properties of dried activated sludge were determined to remove Ni (II) ions from
aqueous solution. Data show that dried activated sludge
may be a suitable adsorbent for the removal of metal ions
from aqueous solution. Optimum pH and temperature for
adsorption of Ni (II) on activated sludge were found to be
5.0 and 20 °C, respectively. This optimum condition is
very suitable for application. RL values reveal that activated sludge was favorable for the adsorption of Ni (II). It
was clear that the adsorption kinetics of nickel on dried
activated sludge obeyed second-order adsorption kinetics.
The particle size, biomass concentration and initial metal
concentration significantly affected the sorption capacity.
An increase in initial metal and biomass concentrations
increases adsorption capacity, which also increases with
decreasing particle sizes. Dried activated sludge seems to
be feasible and may be used for the treatment of Ni (II)
ions in wastewaters as an alternative to other expensive
adsorbent materials.
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IMPROVED AMMONIACAL-NITROGEN REMOVAL
IN NON-PLANTED VERTICAL FLOW-CONSTRUCTED
WETLAND SYSTEM BY NATURAL OXYGEN TRANSFER
Xiaoli Du, Zuxin Xu and Sheng Wang
School of Environmental Science and Engineering, Tongji University, Shanghai, China

ABSTRACT
An air-pipe was introduced in the vertical flow constructed wetland to examine the removal of chemical oxygen demand (COD) and ammoniacal- nitrogen (NH4+-N)
when treating rural wastewater. Results demonstrated that
mean percentage removal of COD and NH4+-N in this wetland with air-pipe were 75 and 89%, respectively, much
higher than that in the same design without the air pipe.
Compared with conventional constructed wetland systems,
good quality effluent can be achieved in the vertical flow
constructed one with an air-pipe introduced. Mass balance
calculation of oxygen showed that oxygen supply by the
air-pipe was remarkable (29.171 g/m2·day). The biological population analysis results showed that the amounts of
total bacteria, nitrite bacteria and nitrate bacteria in the
vertical flow constructed wetland with air pipe were higher
indicating that the nitrification potential ability was higher
than in the conventional constructed wetland.

removal process in most treatment wetlands [4-6]. Therefore, in most types of constructed wetlands, the extent of
nitrification, which is the oxygen consumption process, is
a limiting step for nitrogen removal because ammonia is
the dominant species of nitrogen in sewage and many other
wastewaters. Then, low oxygen availability in constructed
wetland may be the reason for inadequate removal of
ammoniacal-nitrogen from the wastewater [7]. To enhance
this removal, more oxygen should be provided to improve
nitrification indispensably.
It is reported that oxygen supply by air is the main
source of oxygen in the constructed wetland systems [8, 9].
Therefore, an air-pipe is introduced in the vertical flow constructed wetland to enhance oxygen transfer from air into
the constructed wetland system without additional energy
consumption. This study aims to explore the removal efficiency and bacteria population variety of the vertical flow
constructed wetland system treating rural wastewater with
an air-pipe introduced, to investigate the amount of oxygen supplied by the air-pipe.

KEY WORDS: Vertical flow constructed wetland, Air pipe, Ammoniacal-nitrogen, Oxygen supply, Bacteria count, Nitrification
potential ability

MATERIALS AND METHODS
Vertical flow constructed wetland systems

INTRODUCTION
Constructed wetland systems are capable of removing
organic matters, nutrients and other pollutants by a complex variety of physiochemical and biological processes [1,
2], but it is not easy to create conditions which would support these processes. After nearly two decades of gradual
improvement, the removal rate of nitrogen is also not satisfied in most treatment wetlands in Europe, typical percentage of ammoniacal-nitrogen and total nitrogen removal
rates during long-term operation are between 30-50% [3].
Although mechanisms for nitrogen removal in constructed wetlands are manifold including volatilization,
ammonification, nitrification-denitrification, plant uptake
and matrix adsorption, nitrification-denitrification is generally considered to be the main principle for nitrogen

Experiments were conducted in two pilot-scale vertical flow constructed wetlands, hereafter named wetland A
and B. Both systems consisted of a ferrous container (0.8 m
long, 0.8 m wide and 1.5 m high) filled with big gravel
(D 10 = 16 mm, C u = 2.40) 15 cm, small gravel (D 10 =
2.40 mm, Cu = 3.98) 30 cm, sand (D10 = 0.41 mm, Cu =
7.32) 40 cm, and small gravel 45 cm, from the bottom up.
A drainage pipe located on the flat bottom for effluent discharge and a distribution pipe located 5 cm below the gravel
surface, as shown in Fig. 1. In order to enhance the oxygen
transfer, an air pipe with diameter 10 cm was introduced
in wetland B. At the bottom of the wetland, the air pipe
was distributed to four branches with three apertures each,
whose diameters were 5 mm.
Wastewater was fed and discharged in both constructed
wetlands continuously. In order to improve oxygen trans-
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FIGURE 1 - Schematic diagram of the vertical flow constructed wetland systems.

fer and examine the role of microorganisms for nitrogen
removal, there were no macrophytes planted in both constructed wetlands. In addition, prior to experiments, both
constructed wetland systems were operated for about one
year. During the experimental period, hydraulic loading
was kept at 0.2 m3/m2·d and temperature ranged from 2025 °C.

Total, nitrite and nitrate bacteria population counts were
measured by the method of MPN [11]. 50 g media samples
were removed from the sampling points, placed in 5 conical flasks averagely, and incubated by 100 ml nutrition
liquid of NH4+ at 20 °C for 24h. Nitrification potential ability was the difference of NO3--N concentration of the nutrition liquid before and after incubation.

Water quality measurements

Both constructed wetland systems were used to treat
rural wastewater, which was obtained on a daily basis from
the municipal sewer located near the Bei Tang Xin Yuan
Department building in Shanghai, China. During the overall study, the influent and effluent samples were collected
and analyzed immediately for chemical oxygen demand
(COD), ammoniacal-nitrogen (NH4+-N), nitrate-nitrogen
(NO3--N), total nitrogen (TN) and pH using the standard
methods [10]. The pollutants concentration during 1-month
experiment is listed in Table 1. DO measurements were
carried out during sampling, using a JPBJ-608 detector produced in Shanghai, China. A PHS-25 pH-meter was used
to measure pH.

RESULTS AND DISCUSSION
Overall treatment performance

As shown in Fig. 2, the average COD removal rate in
wetland A and wetland B operating at hydraulic loading of
0.2 m3/m2·d was about 65 and 75%, respectively. The removal rate of NH4+-N in wetland A and B was 47 and 89%,
respectively, as shown in Fig. 3. Obviously, compared with
the conventional constructed wetland A, COD and NH4+-N
removal in wetland B with an air-pipe was rather effective, resulting in the effluent COD concentration of less than
60 mg/L and NH4+-N concentration of less than 10 mg/L.
300

COD
NH4+-N
TN
NO3--N
pH

Influent Range in Effluent Range
Both Wetlands
in Wetland A
177.55-265.31
60.23-75.98
64.88-70.17
35.44-40.45
74.92-80.96
64.34-70.87
1.38-2.27
27.42-30.07
7.48-7.61
6.25-6.59

Effluent Range
in Wetland B
54.06-64.28
7.89-14.53
60.98-67.83
51.20-60.40
6.32-6.61

80%
70%

250

60%
200

Removal Rate

Parameter

COD concentration (mg/L)

TABLE 1 - Concentrations of influent and effluent in the
vertical flow constructed wetland systems (mg/L, excluding pH).

50%

150

40%
30%

100

20%
50

10%

0

Biological analysis

0%
2

After the constructed wetland beds functioned, media
samples at the depth of 15 cm (A1, B1), 65 cm (A2, B2)
and 85 cm (A3, B3) below the distribution pipe were taken
from both constructed wetland A and B for bacteria population count and nitrification potential ability measurement.
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FIGURE 2 - Variation of COD in the vertical flow constructed wetland systems.
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was much higher than in wetland A, which showed that
oxygen transportation from air to the matrix was enhanced by the air-pipe. Accordingly, it also can be convinced by the high removal rate of COD and NH4+-N.
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0

FIGURE 3 - Variation of NH4+-N in the vertical flow constructed
wetland systems.

In order to ensure the vertical flow constructed wetland systems work effectively, the recommended hydraulic loading on most conventional wetland treatment systems is much lower, ranges between 0.025 m3/m2·d and
0.05 m 3/m 2·d [12]. In wetland A and B, the hydraulic
loading was 0.2 m3/m2·d, much higher than the recommended data. Moreover, it is reported that the availability
of oxygen in the constructed wetland beds is the key factor affecting the removal rates of COD and NH4+-N [13].
Therefore, the improvement in COD and NH4+-N removal
in wetland B may be attributed to the air pipe because wetland A and B are identically designed in dimension and
media application. The air pipe increased the depth and intensity of oxygen transfer in the wetland matrix to provide
more aerobic environment, which is important for organic
matter and ammoniacal-nitrogen removal.
Oxygen supply and consumption

DO concentration, shown in Fig. 4, indicated the prevalence of aerobic conditions inside the vertical flow constructed wetland A and B. However, in wetland B, DO

2

6

10

14

18

22

FIGURE 4 - Variation of DO in the vertical flow constructed wetland systems.

The removal of organic matter and ammoniacal-nitrogen occurred in aerobic conditions, and are oxygen-consuming processes. Therefore, the supply of oxygen is important in the constructed wetlands. There are some possible ways that oxygen transferred into and to be consumed inside the constructed wetlands in this study, as
shown in Fig. 5. The oxygen mass balance calculation
should satisfy the following formulation in the vertical
flow constructed wetland A and B.

Oair + Oin = On + Oo + Oout
where Oair is the amount of O2 supply by air (g),
which is the amount of O2 supply from air diffusion in
wetland A and O2 supply from air diffusion and air-pipe
in wetland B; Oin is the amount of O2 supply by influent
(g), On is the amount of O2 consumption by nitrification (g),
Oo is the amount of O2 consumption by BOD5 removal
(g), Oout is the amount of O2 in effluent (g).

Air
O2

O2

O2

Nitrification

Organic matter removal

O2

O2

Effluent wastewater

Influent wastewater

O2

28

Operration period（d）

FIGURE 5 - Main routes of oxygen supply and consumption in the vertical flow constructed wetland systems.
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Regarding the consumption of oxygen, theoretically 1 g
is required to remove 1 g BOD5, and 4.35 g to transform 1 g
ammoniacal-nitrogen into nitrate. Additionally, the BOD5/
COD ratio is about 0.6 in this study based on practical
measure. Therefore, based on the results of this study,
mean O2 supply by air diffusion can be calculated by the
oxygen mass balance calculation in wetland A. Because
wetland B is the same design as wetland A, mean O2 supply by air diffusion is equal to the value of that in wetland
A. Then mean O2 supply by the air pipe can be calculated
by the oxygen mass balance in wetland B. Therefore, the
average oxygen supply and consumption rates of each day
in constructed wetlands A and B during the whole experiment period are estimated, as presented in Table 2. Total
oxygen supply in wetland B is 66.816 g/m2·d, higher than
the reported data which is less than 50 g/m2·d in vertical
flow constructed wetlands [14]. Significantly, the amount
of oxygen supply by air pipe in wetland B is remarkable,
29.171 g/m2·d. Therefore, it can be concluded that the air
pipe enhanced the oxygenation ability of the bed to make
wetland B having the potential of strong rural wastewater
treatment for nitrification.
TABLE 2 - Estimated oxygen supply and consumption in the vertical flow constructed wetland systems.
Mean O2 supply (g/m2·d)
Mean O2 supply from air diffusion
Mean O2 supply from influent
Mean O2 supply from the air pipe
Mean O2 consumption(g/m2·d)
Mean O2 consumption for BOD5 reduction
Mean O2 consumption for nitrification
Mean O2 in the effluent (g/m2·d)

Wetland A
37.645
37.617
0.028
/
37.254
14.982
22.272
0.39

Wetland B
66.816
37.617
0.028
29.171
66.327
18.518
47.809
0.489

Biological population analysis

The amounts of total, nitrite and nitrate bacteria in wetlands A and B were counted, and nitrification potential
ability was measured and calculated, as shown in Table 3
and Table 4, respectively. Total bacteria, nitrite bacteria
and nitrate bacteria population counts in wetland B were
all higher than that in the same position of wetland A. The
nitrification potential ability in wetland B was also obviously higher than that in the same position of wetland A
(Table 4). Additionally, the nitrification potential ability
of middle and bottom position (A2, A3, B2, B3) in wetland A and B was much better than that in the upper position (A1, B1) in the corresponding wetland systems.
TABLE 3 - Bacteria population count on the media in different
positions in the wetland systems (count of per 10 g media).
Samples
A1
A2
A3
B1
B2
B3

Total bacteria
count
1.6E+06
5.5E+05
6.0E+05
7.0E+06
1.1E+06
5.0E+06

Nitrite bacteria
count
3.0E+05
4.0E+04
9.0E+04
1.3E+05
4.3E+05
9.2E+04

Nitrate bacteria
count
1.1E+05
2.2E+04
1.8E+04
1.8E+05
1.1E+05
6.4E+04

TABLE 4 - Nitrification potential ability in different positions in the
constructed wetland systems (µg/g·day).
（µg/g·day）
Nitrification
potential ability

A1

A2

A3

B1

B2

B3

1.03

4.81

3.78

2.75

4.75

5.16

It was reported that the process of autotrophic nitrification consisted of two successive aerobic reactions, the
conversion of ammonium to nitrite by nitrite bacteria (nitroso-) and the conversion of nitrite to nitrate by nitrate
bacteria (nitro-) [15, 16]. Nitrite and nitrate bacteria use
CO2 and bicarbonate for cell synthesis, and ammonium or
nitrite as the energy source [15]. Nitrite bacteria belonging
to β-Proteobacteria include two genera, Nitrosospira and
Nitrosomonas, which are divided in nine different phylogenetic clusters based on 16S rRNA gene sequences. Additionally, because the growth of nitrifying bacteria, nitrite
bacteria and nitrate bacteria need oxygen to exist, and the
amount of nitrifying bacteria would be increased with oxygen increasing. Chazarenc [17] claimed that the bacteria
count and biological activities were increased in artificial
aeration constructed wetland due to oxygen increase. Therefore, more available oxygen resulting from the air-pipe
makes the amount of nitrifying bacteria and nitrification
potential ability in wetland B higher than that in wetland
A, and makes the nitrification effect much better. Furthermore, nitrifying bacteria are autotrophic microorganisms which can be restrained by heterotrophic bacteria metabolism. At the depth of 15 cm, below the distribution pipe
in the constructed wetland beds, COD concentration is high
and the growth of heterotrophic bacteria restrained the increase of nitrifying bacteria. At the depth of 65 and 85 cm,
most COD is removed and the concentration is low, and
then the amount of autotrophic nitrifying bacteria increases.
Therefore, the nitrification potential ability of middle and
bottom position in wetland A and B is much better than
that in the upper position in the corresponding constructed
wetlands. Combined with continuous operation mode, the
air-pipe increased microbial activities probably leading to
a change of both microbial community structure and diversity. It could be interesting to determine microbial diversity in response to natural aeration by air pipe in future
studies.
CONCLUSIONS
Compared with conventional constructed wetland,
COD and NH4+-N removal rate was higher in vertical flow
constructed wetland with an air-pipe introduced to enhance
oxygen transfer naturally. The results showed that mean
percentage removal rates of COD and NH4+-N can be increased to 75 and 89%, respectively, and good quality effluent can be achieved in the air-pipe introduced system. Because of the air-pipe, the supply of oxygen in the vertical
flow constructed wetland system was high, 29.171 g/m2·d
of total (66.816 g/m2·d) oxygen supply. Additionally, the
oxygen supply by the air-pipe makes the amounts of total
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bacteria, nitrite bacteria and nitrate bacteria increasing and
enhancing the nitrification potential ability.

[13] Sun, G. Gray, K.R. Biddlestone, A.J. Allen, S. and Cooper,
D.J. (2003) Effect of effluent recirculation on the performance of a reed bed system treating agricultural wastewater.
Process Biochem., 39, 351-357.
[14] Sun, G. Gray, K.R. and Biddlestone, A.J. (1999) Treatment
of agricultural wastewater in a pilot-scale tidal flow reed bed
system. Environ. Technol. 20, 233-237.
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ABSTRACT

chromium, sea fish between 0.03-2 ppm, and oyster
tissue approx. 0.7 ppm, calculated from dry mass [2].

The paper presents a comprehensive study on the removal efficiency for different concentrations of Cr(VI)
aqueous solutions, using alginate gel beads with and without polyaniline constituent. Synthesized polyaniline was entrapped in calcium alginate particles and further characterized with optical/spectroscopic techniques. The influences
of contact time, pH, adsorbent type and initial chromium
concentration on the adsorption process have been investigated. In good agreement with similar studies, the mixed
sorbent with polymeric composition (PANI-Alg) showed a
good efficiency for hexa-valent Cr removal from aqueous
solution under acidic conditions (pH 2). Modeling of experimental data was achieved using Langmuir and Freundlich equations. Our study suggests that the proposed material (polyaniline-alginate beads) could be used for the removal of Cr from contaminated waters, through a costeffective and environmentally friendly process.

KEYWORDS: removal; chromium contaminant; alginate beads,
polyaniline–alginate hybrid materials

INTRODUCTION
Environmental contamination with heavy metals is one
of the most serious and growing problems but despite the
existence of strictly legislation, the problem continues to
occur with sources of pollution arising from different industrial activities [1]. One of the most important class representatives is represented by Cr(VI) because its high risk
to environment and public health.
In aqueous solutions, chromium is present in anionic
forms, as trivalent Cr(OH)3 or as hexavalent CrO42- species.
The amount of dissolved Cr3+ ions is relatively low, because these form stable complexes. Oxidation ranks from
Cr(II) to Cr(VI). Seawater chromium content varies between
0.2 to 0.6 ppb, and that of rivers approximately 1 ppb of
chromium. Phytoplankton contains approx. 4 ppm

The US Environmental Protection Agency established
a maximum contaminant level of total chromium in drinking water of 0.1 mg/L for public water systems and threshold concentration of 1 mg Cr(VI)/L in effluents discharged
in the sea [3].
Environmental sources of chromium exposure include
the airborne emissions from chemical plants and incineration facilities, effluents from chemical plants, contaminated
landfills or tobacco smoke [4]. Due to its multiple sources
of environmental contamination, such as the dyes and pigments production, cement factories, galvanometry, metal
cleaning, plating and electroplating, leather treatment and
mining [5], which are only some of the industrial generators for traces of hexavalent chromium, the European legislation is relatively rich in directives and specific guidelines.
Thus, the Directive 2002/95/EC on the restrictions of the
use of certain hazardous substances in electrical and electronic equipment (RoHS) [6] imposes a treshold of 0.1%
(1000 ppm by weight) for the new commercialized products included in this category. Another example is the directive D 94/62/EC, recently amended by D 2005/20/EC,
which specify a limit for heavy metals (including here the
hexavalent chromium) of 100 ppm by weight for the sum
of concentration levels present in packaging components [7].
Hexavalent chromium is of particular concern due to
its toxic and carcinogenic effects on humans and animals.
If the effects on humans are somehow well-documented,
mainly in relation to the associated professional disease, the
hypothesis that the same effects are produced in animals
was only recently proven. A study conducted by the National Toxicology Program (NTP) showed that hexavalent
chromium in drinking water develops cancer in lab animals, confirming the initial assumptions [8].
Some of the available processes used to remove chromium are: (a) the reduction to trivalent chromium followed
by precipitation as chromium hydroxide, (b) removal by ion
exchange, and (c) removal by adsorption [9, 38, 39]. The
reduction method and ion exchange purification technique
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involves relatively high costs due to treatment and sludge
disposal, while the utilization of natural polymers as efficient adsorbers for removal of some specific (heavy metals)
contaminants is preferred due to the low cost and the excellent selectivity of biopolymers for certain metals [10, 11].
Calcium alginate was chosen as entrapping polymeric
matrix because this type of material is biocompatible, cheap,
and the technique for encapsulating is accessible [12]. The
biopolymer is extensively used for anionic and cationic contaminant removal from different diluted aqueous solutions
[13-16]. Sodium alginate (Na-Alg), a water soluble salt of
alginic acid, is a natural linear polysaccharide from marine brown algae composed of β-D-mannuronic and α-Lguluronic acid residues arranged in a non-regular and blockwise fashion along the chain [17]. Guluronate blocks generate an “egg box” structure with calcium ions or heavy
metals during alginate gelation [18]. The alginate salts differ
from most other polysaccharides exhibiting a sol-gel transition when simply submitted to modification of their ionic
environment, e.g. substitution of sodium by divalent cations
such as calcium [19, 20].
Several studies [21, 22] reported an increasing of the
removal capacity of hexavalent chromium contaminants
using polyaniline, encouraging its further applications for
water purification techniques. We have studied the removal
efficiency of alginate gel beads with and without polyaniline constituent for different concentrations of Cr(VI) aqueous solutions. The alginate beads were prepared by the
contact dropping technique, a simple method which allows
obtaining a homogenous population of beads in a very
short time. Polyaniline was synthesized following similar
procedures reported in literature and incorporated in calcium alginate beads. Characterization of the freshly prepared gel beads was accomplished with optical (digital microscopy) and spectroscopic methods (FTIR). The influences of contact time, pH, adsorbent type and initial chromium concentration on the adsorption process have been
investigated.

beads) were prepared by using the dropping technique [23].
Sodium alginate for the simple gel beads preparation (5 ml
of 2% alginate stock solution) was magnetically stirred at
400-500 rpm and 60 °C for 90 min. To obtain uniform
polymeric beads population, the solution of simple and
mixed sodium alginate was dropped slowly under a continuous flow into a 10% CaCl2 solution, using a microsyringe with 0.1 mm diameter needle. The beads were allowed to stand in the CaCl2 solution for 48 h and washed
with distilled water prior use. A mixed polymeric solution
with sodium alginate and polyaniline (200 µl PANI in 5 ml
stock solution of alginate) was used to prepare PANIaniline hybrid beads.
The mentioned mixed polymeric solution was obtained
by in situ polymerization of aniline in alginate solution.
The polyaniline used to prepare the polymeric blend was
synthesized in the laboratory rather than purchased, in order
to avoid the degradation of PANI and to develop a simple
procedure to prepare a mixture of polyaniline and alginate.
High-molecular weight PANI was synthesized at low
temperature (4-5 0C) in order to produce long polymer
chains.
Alginate/PANI mixture was obtained through an in situ
chemical polymerization of aniline in an alginate solution
using ammonium persulfate as oxidant. The procedure is
similar to the usual aniline polymerization described in
literature [21, 24, 25]. In a typical experiment, an alginate
solution (2%) was prepared and the pH was adjusted by
adding an adequate volume of 1 M HCl. An aliquot of stock
solution of 0.1 M aniline in HCl was added to the alginate
solution, in order to obtain a final concentration of 0.01
moles/L of aniline. The alginate-aniline solution was stirred
until perfect homogenization (for a period of at least 2 h).
The mixture was subsequently placed in an ice-bath until
a temperature lower than +5 °C. A solution of 0.0125 mol
ammonium persulphate in 100 ml of 1M HCl, cooled to the
same temperature, was slowly added to the alginate - aniline solution at a rate of 1 ml/min with gentle stirring, to
achieve a 1:1 aniline-oxidant ratio.
The reaction vessel was kept at low temperature (0 to
+5 °C) and stirred continuously for about 2 h. After stirring period was completed, the mixture was left for 12 h
at room temperature (23 ± 0.1 °C).

MATERIALS AND METHODS
Reagents

All the reagents in the study were of analytical grade
and used without further purification steps. Sodium alginate from brown algae was supplied by SIGMA (France),
as reagent with low viscosity grade ηr = 250 cps, at 25 0C
(solution 2% w/v). Aniline (Merck, Germany) was purified
by vacuum distillation before polymerization. The other used
chemicals, such as calcium chloride anhydrous, hydrochloric acid, methanol, potassium dichromate and sodium hydroxide, were purchased from Merck (Germany). Bidistilled
water was used throughout the study.
Synthesis of polymeric beads

The gel beads consisting only from alginate (Ca-Alg
beads) and alginate mixed with polyaniline (Ca-PANI-Alg

The resulted dark blue solution was used as polymeric
mixture to prepare PANI-alginate beads by using the same
dropping technique as previously described. The alginate beads containing PANI were aged for 24 h in calcium
chloride solution, and then repeatedly washed with ethanol and water, in order to remove traces of unreacted
oxidant, oligomers and impurities from the polymerization procedure performed in the previous step.
The chemical structure of the final product is given in
Fig. 1. Based on the weight of the monomer used and the
product polymer produced, the polymerization yield was
more than 90%.
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FIGURE 1 - Chemical structure of polyaniline obtained (emeraldine form).

Removal experiments

A series of sorption experiments were conducted to
obtain information of Cr(VI) uptake by Ca-Alg and CaPANI-Alg beads under varying pH of medium and initial
concentration of chromium. A stock chromium(VI) solution (1000 mg/L) was prepared in freshly bi-distilled water
using K2Cr2O7 as raw ingredient. Solutions of various chromium concentrations in the range 100-500 mg/L were prepared.
The solutions for the removal experiments were prepared at various pHs, by adjusting the desired pH value with
NaOH and HCl solutions. A total of 5 ml chromium solution was added into 10 ml glass vials. Desired quantities
of Ca-Alg beads and Ca-PANI-Alg (0.20506±0.0010 g)
beads were subsequently added into the vials and kept at
room temperature for equilibration. The adsorption was
studied for a period of 72 h.
Cr(VI) determinations

To analyze the efficiency of chromium removal by
using the alginate (Ca-Alg) and polyaniline–alginate (CaPANI-Alg) beads, the contaminant concentrations were
measured by applying the spectrophotometer method. In
order to study the effect of contact time on Cr adsorption,
the samples were analyzed hourly within the total period
of 72 h. The effect of preparation conditions on chromium
sorption on the gel beads was monitorized in the initial
state (within a period of 1 h from the beads addition into
the glass vials) and in the final state (after 24 h).
The measurement of non-adsorbed Cr(VI) ions was
carried out at pH ≥12 using NaOH 0.1 M solution (λmax =
373 nm), on the basis of a calibration curve. A single beam
spectrophotometer (Shimadzu UV MINI 1240) was employed for Cr(VI) analysis. Sorption percentage of chromium
was calculated from the equation of (co-c) /co × 100, where
c and co are the non-adsorbed and initial concentration of

a.

Cr(VI), respectively [21]. All measurements were made at
25 0C.
Optical and scanning microscopy images were performed on a MOTIC B1 digital microscope and Quanta
200 (FEI) microscope, respectively. Fourier transform infrared (FTIR) spectra of PANI, calcium alginate and PANIalginate composite spectra were recorded between 400 and
4000 cm-1 with 4 cm-1 resolution from KBr pellets on a
Bruker Vertex 70 spectrometer using the OPUS software,
version 6.5. The samples were scanned 16 times. H2O and
CO2 compensation was applied. Vector normalization of
the spectra on the whole frequency range was done.
RESULTS AND DISCUSSION
Obtaining of gel beads

Two types of gel beads, alginate and mixed polyaniline-alginates, were prepared and tested for chromium sorption. Calcium ions act as cross-linking agent providing a
stable structure for the polymer network [26]. Particles with
a homogenous size and shape were obtained after a reaction time of 20 min. The ageing time of polymeric droplets
in calcium chloride solution determines the cross-linking
degree and influences the amount of metal ion adsorption
due to the density of polymeric matrix. The ageing time of
24 h was chosen according to previous data [26] to ensure a
stable polymeric structure.
Beads characterization

Freshly prepared gel beads from alginate (Alg) and with
polyaniline (PANI-Alg) were characterized using digital
microscopy, FTIR spectroscopy and Scanning Electron
Microscopy. Additionally, a digital picture was recorded for
PANI-Alg beads after the microspheres were kept for 12 h
in chromium solution during the efficiency removal experiment (Fig. 2).

b.

FIGURE 2 - Ca-PANI-Alg beads after 12-hours contact with a Cr(VI) solution (a) Picture of PANI-Alg bead internal structure visualized
with a digital microscope immediately after the preparation. b) Irregular forms with greater size spread in the entire volume represent the
polymer particles (PANI).
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The size of polymeric beads based on micrographs was
0.12-0.18 mm for both cases. The uniform spherical shape
is preserved after the sorption experiment (Fig. 2a).
The spherical polyaniline-alginate microparticle analyzed by SEM (Fig. 3, scale 100 µm) shows a low percentage of smooth areas and relatively rough surface which is
predominant and could be also attributed to the presence
of some micropores.
Molecular modeling of polyaniline and alginate monomer units was realized with Hyperchem software, version
6.0 see (Fig. 4). The AM1 semi-empirical method was used
to optimize the molecular structures with the Polack Ribiere
algorithm and the RMS gradient 0.01 kcal/mol⋅Å. The vibrational spectrum was calculated to obtain the characteristic frequencies.

FIGURE 3 - SEM micrograph of the PANI-Alg beads surface.
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FIGURE 4 - Optimized structures of polyaniline emeraldine base structure (top) and
alginate (bottom) (C – gray, H-white, N-black, O-dark gray). H atoms of alginate are not shown for clarity.
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In Fig. 5, the FTIR spectra of PANI, calcium alginate
and PANI-alginate hybrid gel are shown. Changes in peak
position, intensity and band width are due to the molecular interactions between the composite constituents. Using
literature data and the calculated frequencies; the assignment of vibration bands was done (Table 1) [27-29].
TABLE 1 - Assignment of selected characteristic
frequencies (cm-1) of PANI, calcium alginate and PANI-alginate.
PANI
3441, N-H stretch
2922, C-H stretch
1556, C=C quinoid stretching
1470, C=C benzenoid stretching
1299, C-N stretch
1240, C-N stretch
1118, C-H bend in plane
800, C-H bend

Ca alginate
3430, O-H stretch
2922, C-H stretch
2852, C-H stretch
1620, COO- asym
1414, COO- sym
1123, C-O stretch
1094, C-O stretch
1030, C-O stretch

PANI/ALGINATE
3438, O-H stretch
2926, C-H stretch
2856, C-H stretch
1622, COO- asym
1415, COO- sym
1126, C-O stretch
1095, C-O stretch
1032, C-O stretch

Alginate beads show several group of peaks, significant for the analysis of PANI-alginate interactions. The
group of peaks in the region 1030-1130 cm -1 could be
related to C-O bonds and the group in region 1400-1600
could be related to carboxyl groups. The last peak occurred
at 3430 cm-1 mainly due to hydroxyl groups.
The FTIR spectra of the freshly synthesized polyaniline in aqueous solution show the specific peaks similar to
those reported in the literature for other commercial or
home-prepared products [28]. Thus, the broad band in the
region 3410–3460 cm−1 is assigned to the N-H stretching
vibration and the peaks at 1556 and 1470 cm−1 correspond to the presence of quinonoid ring (Q) and/or benzenoid ring (B).
The composite PANI-alginate spectrum contains frequencies from both partners of interaction. The weaker
bands of PANI are covered by the presence of alginate in
the hybrid material in the most cases. The new band in the
composite spectrum at 1740 cm-1 may be due to the electrostatic interaction between carboxylate ions of alginate
and the N+ of imino group of PANI. The 8 cm-1 shift of

the OH absorption band maximum in the composite is due
to the intermolecular H bond formation. The other changes
in position, between 1 cm-1 and 4 cm-1 are due to modifications in alginate polymer conformation in the new material,
due to the interaction with PANI nanoparticles.
The electron-like band of 1118 cm-1 of PANI decreased
in intensity in the composite, probably due to loss of conductivity.
Effect of contact time on chromium adsorption

Contact time is one of the most important factors in
the adsorption process. A plot of quantity adsorbed (in
moles/ mg) versus adsorption time is given in Fig. 6, for
both types of alginate beads (Alg and PANI-Alg). As is
easily observed, the period required to achieve the equilibrium in the system depends on the adsorbate concentrations and also on the adsorbent types.
In case of the simple alginate beads the equilibrium
time is longer (8 h) for low adsorbate concentrations
(100 mg/L) and occurs faster (6 h) for higher ones (250 and
500 mg/L), respectively. The adsorbed quantity of contaminant increases proportional with the concentration of adsorbate (Cr) in solution. For polyaniline-alginate beads
(PANI-Alg), the steady state occurred after almost 8 h for
all ad-sorbate concentrations; also the adsorbed quantity
(q) in-creases proportional with the chromium concentration like in the alginate-beads case.
Several aspects must be noted regarding the effect of
contact time on chromium removal efficiency, in order to
choose the parameter for the removal efficiency experiment. The response recorded for chromium concentration
of 250 mg/L shows a similar shape with the one corresponding to the superior concentration (500 mg/L) in respect to
the adsorbed quantity and the apparition of equilibrium
state. On the curves recorded with the initial chromium
concentration of 100 mg/L, a relatively monotonous behavior during the monitoring process was observed, and the
equilibrium was achieved after a longer period.
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FIGURE 6 - Effect of contact time on adsorbed quantity (q) at different adsorbate (chromium VI) concentrations: -□- 500 mg/L; 250 mg/L;
-●- 100 mg/L, and adsorbent types: left side graph Ca-Alg adsorbent and in the right side, the adsorbent Ca-PANI-Alg. Experimental conditions: pH 2, temperature 25 °C, sample volume 5 ml, beads quantities: 0.205±0.010 g.
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Composite PANI-Alg beads adsorb a higher quantity
of contaminant than the Ca-Alg beads, as shown in Fig. 6.
Therefore, we could say that the polyaniline presence favorized the efficiency of removal process.
From the variation of chromium amount sorbed during
the entire period of experiment (72 h), no sign of desorption of Cr ions was recorded (data not shown). Further
experiments of removal were performed at final contact
time between the chromium solution and polymeric beads
at 24 h to ensure the adsorption equilibrium.
Effects of pH on Cr(VI) adsorption

The effect of acid and basic conditions on the efficiency of chromium removal was investigated for Ca-Alg
and Ca-PANI-Alg beads. The pH of the system was adjusted with either HCl (0.1 M) or NaOH (0.1 M) solution,
and it was measured with an Orion 720A pH-meter. The
plot of the adsorbed quantity (%) measured at different Cr
concentrations at acid and basic pH is presented in Fig. 7.
Higher percentage of Cr removal is obtained in acidic
aqueous solutions (pH 2) for the alginate and polyanilinealginate beads. Adsorption efficiency decreases with the
increasing of pH value (pH 6), and is not greater than
20% for Ca-Alg beads and 25% for Ca-PANI-Alg beads.
At pH 2, the percentage of adsorbed quantity was 31% in
case of the (simple) alginate microspheres, and 40% for
the ones with polyaniline.
The general remark issued based on these results is that
the mixed polyaniline-alginate beads remove higher contaminant quantities. At low adsorbate (Cr) concentration of
100 mg/L, the efficiency of removal was almost equal to
the corresponding value for 250 mg/L, without a dependence of adsorbent (gel beads) type, while at the highest
adsorbate concentration used in this study (500 mg/L), the
removal efficiency shows the lowest level.

ally as the ratio between the quantity adsorbed and that
remaining dissolved in solution, at a fixed temperature and
at equilibrium. Langmuir and Freundlich isotherms are generally used for fitting the experimental data within the adsorption studies to understand the extent and degree of
favorability of adsorption [30]. Each of these isotherms [31]
has two constants in its general form (Equations 1 and 2),
which could act as clear indicators for adsorption process,
therefore:
§ Adsorption capacity: qmax of Langmuir equation
and k of Freundlich equation
§ Energy of adsorption: K of Langmuir equation
§ Intensity of adsorption: (1/n) of Freundlich equation

qe =

q max ( Kce )
1 + Kce

(Eq. 1)

qe = k (ce )1/ n

(Eq. 2)

In Equation 1 which describes the Langmuir model,
the term qe represents the adsorption density at the equilibrium solute concentration (mM of adsorbate/g of adsorbent); ce is the concentration of adsorbate in solution
(mM/L); qmax is the maximum adsorption capacity corresponding to complete monolayer coverage (mM solute
adsorbed/g of adsorbent). The constant K is expressed in
L of adsorbent/mM of adsorbate. Thus, a linear form of
the Eq. 1 could be written as in Eq. 3:

ce
c
1
=
+ e
qe qmax K qmax

(Eq. 3)

A plot of ce/qe versus ce with linear shape confirms
the applicability of the Langmuir adsorption model. The
Langmuir constants qmax and K could be evaluated from
the slope and intercept.

Adsorption isotherms

The equilibrium relationships between the adsorbent
and adsorbate are described by adsorption isotherms; usu-
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TABLE 2 - Parameters for Langmuir and Freundlich adsorption isotherms
of Cr(VI) samples with different concentrations adsorbed on alginate beads.
Langmuir isotherm
Type of alginate adsorbent
Ca-Alg, pH 2
Ca-Alg pH 6
Ca-PANI-Alg, pH 2
Ca-PANI- Alg, pH 6
Freundlich isotherm
Type of Alginate adsorbent
Ca-Alg, pH 2
Ca-Alg pH 6
Ca-PANI-Alg, pH 2
Ca-PANI- Alg, pH 6

qmax
(10-6 mM/mg)
10.514
7.430
32.46
19.56

K
(mM/L)
0.866
0.842
1.949
2.111

Correlation coefficient R2

k
(l/mg)
1.96
1.629
3.748
3.0195

n

Correlation coefficient R2

1.574
1.139
2.136
2.335

0.99399
0.9778
0.99372
0.9941

experimental
Langmuir model
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experimental
Langmuir model
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20
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FIGURE 8 - a) Experimental adsorption isotherms for Chromium (VI) on Ca-Alg beads, pH 2.
b) at pH 6. The isotherms models Freundlich (…) and Langmuir (__) are overlapped
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In case of Freundlich isotherm (Eq. 2), we have the
adsorption density qe in mM/g and ce, the concentration of
adsorbate in solution (mM/L). The empirical constant k (l/g)
depends on several environmental factors, while n, beside
the same dependence, clearly indicates the favorability of
adsorption, n>1 [30]. This equation conveniently could be
used also in the linear form:

ln qe = ln k + 1 / n ln ce

(Eq. 4)

The adsorption equilibrium data obtained for different
concentrations of Cr 6+ and calcium-alginate bead types at
various pHs, were analyzed based on the two classical models (Langmuir and Freundlich) and the isotherm parameters were calculated. Parameters related to each isotherm and
the correlation coefficients (R2) were determined by using
linear regression analysis and are presented in Table 2.

is in good agreement with the observations of Nameni et
al. [36] who reported similar variations for the hexavalent
chromium adsorption by wheat bran. A possible, common
explanation for this behavior is given by Baral et al. [37],
and relates the weakening of electrostatic attraction force
between the net oppositely charges of the adsorbate and
adsorbent which simultaneously reduce the sorption capacity as pH increases. Freundlich and Langmuir equations
gave a good fit with the experimental data and also good
correlation coefficients, but only in the case of Langmuir
model a complete overlapping is attained.

It should be noted that for k constant (l/mg), values are
higher in case of polyaniline alginate beads than for the
simple (alginate) spheres. Higher values of k indicate a
higher adsorption capacity, attained in our situation by
the Ca-PANI-Alg-beads.
Both Langmuir and Freundlich equations were employed to plot the adsorption isotherms presented in Figs.
8 and 9.
As it is shown by our results, the Langmuir adsorption
isotherm was the best model for the chromium removal on
both alginate beads types (with and without polyaniline).
The Freundlich model is not proper for data fitting, since
the best overlapping is attained only at low values of the
equilibrium concentration (Ceq).
As is already known [32-35], the Langmuir model
could be assumed to a monolayer sorption on a surface
containing a limited number of sites, predicting a homogeneous distribution of sorption energies. This behavior
could be related to the calcium-alginate beads, simple or
mixed with polyaniline, due to the best quality of fitting
procedure. On the other hand, because the Freundlich model
supposes a physico-chemical adsorption process on a very
heterogeneous adsorption surface, the partial fitting of the
experimental data (for low concentration of contaminant)
are not sufficient to be related to the heterogeneous surface conditions.

ABBREVIATIONS
Alg
ATR
FTIR
NTP
PANI
RoHS
SEM
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ABSTRACT
Airborne pollen fall in the atmosphere of Koycegiz was
investigated in 2003 and 2004 using a Durham sampler.
Pollen grains per cm2 were weekly calculated. During the
two years, 17,470 pollen grains/cm2 (9,061 in 2003 and
8,409 in 2004) belonging to 41 taxa as well as unidentified pollen grains were recorded. Thirteen plant taxa take
a place, which encountered up to 1% of the total and it
can be reported that pollen season durations and total percentages for the dominaing pollen grains in Fethiye were
8-35 th week for Pinus spp. (48.01%), 6-41 st week for
Gramineae (8.70%), 10-19th week for Morus spp. (5.53%),
48-28th week for Cupressaceae/Taxaceae (5.09%), 10-24th
week for Platanus spp. (4.64%), 48-7th week for Alnus spp.
(4.49%), 17-29th week for Olea europea (3.91%), 48-22nd
week for Fraxinus spp. (3.36%), 11-25th week for Quercus
spp. (2.64%), 12-37th week for Plantago spp. (1.73%), 416th week for Liquidambar orientalis (1.21%), 10-30th week
for Urticaceae (1.19%) and 13-43rd week for Amaranthaceae/ Chenopodiaceae (1.17%). 35.36% of total
pollen grains were recorded in April. The pollen calendar
pre-sented in this paper is mainly characterized by high
amounts of Pinus spp., Gramineae, Morus spp. and Cupressaceae/ Taxaceae pollen grains. In addition, a tertiary
relic, Liquidambar orientalis pollen grains, was recorded as
predominant pollen type for the first time in this paper.

KEYWORDS:
Pollen, Pollen fall, Pollen calendar; Koycegiz; Turkey.

INTRODUCTION
Airborne pollen grains, which are produced by anemogamic plant species, are significant organic bioaerosols.
During the pollen season, sensitive individuals show symptoms caused by pollinosis. There is a body of evidence,
suggesting the frequency of atopic diseases, particularly
those induced by pollen allergens (rhinoconjunctivitis and/or
bronchial asthma), and atopic diseases have become more
common during the past two decades [1-3]. Determination
of pollen type and concentrations of pollen grains will be

useful for patients complaining from pollen allergy. The
type and duration of the pollination season of the different
pollen sources vary from country to country, depending
on climate and vegetation [4]. For this reason, pollen calendars have been prepared in many countries of the world
[5-14].
The research reported in this paper aims to determine
the beginning, course and end of the pollen season for the
plants, and to establish the airborne pollen calendar for this
specially protected area, Koycegiz.
MATERIALS AND METHODS
Koycegiz is an ancient Carian city, a famous tourism
center with Caunian ruins and Lycian-style rock tombs,
and it is situated at 36o 58,2’ N, 28o 43,8’ E in the southwestern part of Turkey (Fig. 1), on the coast of the Aegean
Sea and Lake Koycegiz. Mount Golgeli bounds the city on
the north-east, Mount Sandras on the north, while to the
west there are the Cankurtaran and Besparmak peaks. Lake
Koycegiz has been almost completely cut off from the sea
by the sediment carried down by the water. However, there
is a channel, which is linking the lake to the sea and allows
water to run off. The Koycegiz-Dalyan Specially Protected
Area (Koycegiz-Dalyan SPA) was established to protect
loggerhead sea turtles (Caretta caretta), unique forests of
the oriental sweetgum tree (Liquidambar orientalis Miller)
and the wetlands of this important region.
Because of being protected, the flora is quite rich in
number of species. The study area shows thermo- Mediterranean climate which is phytogeographically in the Mediterranean region, and in 1996 Guner et al. [15] investigated
the floristic components and designated 924 plant taxa. Of
these, the largest families are Gramineae (88 species) and
Leguminosae (86 species), and the largest genera are Allium L. (16 species), Trifolium L. (16 species) and Euphorbia L. (16 species). That is probably the result of being
covered by the herb vegetation of the protected area. Edges
of the mountains are covered by Pinus brutia Ten. forests,
sometimes mixed with Cupressus sempervirens L. populations. The forests of Liquidambar orientalis Mill., a ter-
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tiary period relict and endemic to South-west Anatolia,
are
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FIGURE 1 - Map of Koycegiz, Turkey.

widely spread in this special study area, and Eucalyptus
camaldulensis Dehnh. mostly in one culture. However,
Mediterranean maquis elements (evergreen oaks) are dominant in the region.
The investigation of atmospheric pollen levels in
Koycegiz was carried out from January 2003 to December
2004. A Durham sampler, supplying a deposited sample
of the airborne pollen grains was used during the gravimetric studies on the airborne pollen trapping. Slides,
placed in the Durham sampler at a height of 14 m above
ground level near the lake, were changed weekly. Before
exposure, the slides were covered with glycerol jelly
mixed with basic fuchsine [16], and examined weekly by
light microscopy. The pollen grains, which could not be
identified, were considered as unidentified types. The numbers of pollen grains were expressed per cm2 of microscope cover glass.
RESULTS AND DISCUSSION
During the investigation period, a total of 17,470 pollen grains (9,061 in 2003 and 8,409 in 2004) per cm2 from
41 taxa have been identified (Table 1). According to the
average values of pollen records in 2003 and 2004, maxi-

mum amounts of pollen grains were recorded in April
(35.36%) (Table 2). Pollen types of arboreal plants were
dominant, probably due to the vegetation and geographical location of the area. The predominant pollen types
(up to 1%) in the atmosphere of Koycegiz were Pinus
spp. (48.01%), Gramineae (8.70%), Morus spp. (5.53%),
Cupressaceae/Taxaceae (5.09%), Platanus spp. (4.64%),
Alnus spp. (4.49%) Olea europea (3.91%), Fraxinus spp.
(3.36%), Quercus spp. (2.64%), Plantago spp. (1.73%),
Liquidambar orientalis (1.21%), Urticaceae (1.19%), Amaranthaceae/Chenopodiaceae (1.17%) (Tables 1 and 2).
Pine was recorded as the most frequent pollen during
the investigation period, probably the result of excessive
pollen production in the widespread pine forests of the
study area and its surroundings. Gramineae was recorded
as the most frequent non-arboreal plant taxon, which was
probably due to the protected herb vegetation of the area.
On the other hand, pollen grains of the tertiary relict,
Liquidambar orientalis, were recorded, for the first time
in this paper, as a predominant pollen type in the atmospheric pollen studies of the world.
Pollination seasons, intensities and variations of pollen grains belonging to identified taxa, can be seen in the
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calendar, prepared by using average values of pollen counts
(Fig. 2). Thirteen plant taxa encountered for more than 1%
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TABLE 1 - Pollen taxa found in the atmosphere of Koycegiz and annual totals of weekly pollen counts.
2003
TOTAL
3,862
938
399
525
588
305
417
157
417
194
102
143
118
56
77
30
83
55
60
44
41
36
11
29
34
15
30
20
15
26
21
19
19
20
16
11
10
10
11
7
6
84
9,061

TAXA
Pinus
Gramineae
Morus
Cupressaceae/Taxaceae
Platanus
Alnus
Olea europea
Fraxinus
Quercus
Plantago
Liquidambar orientalis
Urticaceae
Amarathaceae/Chenopodiaceae
Pistacia
Mercurialis annua
Cedrus
Leguminosae
Populus
Acer
Compositae
Scrophulariaceae
Zea mays
Salix
Eucalyptus camaldulensis
Oleaceae
Ericaceae
Cistaceae
Juncaceae
Ulmus
Rosaceae
Rumex
Taraxacum
Umbelliferae
Cyperaceae
Campanulaceae
Xanthium
Juglans
Artemisia
Caryophyllaceae
Cruciferae
Labiatae
Unidentified
TOTAL

2004
TOTAL
4,491
592
559
369
235
473
270
419
57
110
109
67
87
94
62
79
17
22
15
17
5
10
33
13
8
20
3
14
19
5
8
11
9
7
7
9
8
7
3
3
5
59
8,409

%
42.62
10.35
4.40
5.79
6.49
3.37
4.60
1.73
4.60
2.14
1.13
1.58
1.30
0.62
0.85
0.33
0.92
0.61
0.66
0.49
0.45
0.40
0.12
0.32
0.38
0.17
0.33
0.22
0.17
0.29
0.23
0.21
0.21
0.22
0.18
0.12
0.11
0.11
0.12
0.08
0.07
0.93
100.00

%
53.41
7.04
6.65
4.39
2.79
5.62
3.22
4.99
0.68
1.31
1.30
0.80
1.03
1.12
0.73
0.94
0.21
0.26
0.18
0.20
0.06
0.12
0.39
0.15
0.09
0.23
0.04
0.16
0.22
0.06
0.10
0.13
0.10
0.08
0.08
0.11
0.09
0.08
0.04
0.04
0.06
0.70
100.00

TOTAL
8,353
1,530
958
894
823
778
687
576
474
304
211
210
205
150
139
109
100
77
75
61
46
46
44
42
42
35
33
34
34
31
29
30
28
27
23
20
18
17
14
10
11
143
17,470

2003-2004
AVERAGE
4,176
765
479
447
412
389
344
288
237
152
106
105
103
75
69
55
50
38
37
31
23
23
22
21
21
17
17
17
17
16
15
15
14
13
12
10
9
8
7
5
6
72
8,735

%
48.01
8.70
5.53
5.09
4.64
4.49
3.91
3.36
2.64
1.73
1.21
1.19
1.17
0.87
0.79
0.64
0.56
0.43
0.42
0.35
0.25
0.26
0.26
0.24
0.23
0.20
0.19
0.19
0.19
0.17
0.16
0.17
0.16
0.15
0.13
0.11
0.10
0.09
0.08
0.06
0.06
0.81
100.00

TABLE 2 - Plant taxa that encountered more than 1% of the total pollen
content and their yearly composition of percentage in Koycegiz SPA.
TAXA / MONTHS
Pinus
Gramineae
Morus
Cupressaceae/Taxaceae
Platanus
Alnus
Olea europea
Fraxinus
Quercus
Plantago
Liquidambar orientalis
Urticaceae
Ama./Chenopodiaceae
Others
Unidentified
TOTAL

JAN
0.12
4.06
0.02
0.02
0.00
0.22
0.13
0.00
4.58

FEB
0.01
0.07
0.60
0.02
0.02
0.35
0.00
0.23
0.04
0.00
1.34

MAR APR
3.54
1.13
3.51
2.61
1.40
0.13
0.05
0.14
0.78
0.27
0.01
0.00
1.36
0.08
0.00
15.01

17.62
2.92
2.00
1.32
2.05
0.01
2.82
1.79
1.00
0.06
0.76
0.03
0.00
2.78
0.20
0.00
35.36

MAY
23.53
1.84
0.02
0.29
1.18
2.38
0.35
0.78
0.28
0.10
0.09
0.00
1.06
0.13
0.00
32.01
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JUN

JUL

AUG

SEP

OCT

NOV

DEC

TOTAL

2.90
0.95
0.07
0.01
1.48
0.02
0.20
0.04
0.30
0.00
0.34
0.05
0.00
6.36

0.37
0.69
0.02
0.05
0.07
0.02
0.21
0.00
0.33
0.06
0.00
1.81

0.04
0.52
0.03
0.15
0.00
0.13
0.02
0.00
0.89

0.56
0.02
0.17
0.00
0.24
0.03
0.00
1.02

0.02
0.22
0.00
0.57
0.07
0.00
0.88

0.01
0.01
0.01
0.00
0.10
0.00
0.12

0.05
0.40
0.02
0.00
0.16
0.01
0.00
0.63

48.01
8.70
5.53
5.09
4.64
4.49
3.91
3.36
2.64
1.73
1.21
1.19
1.17
7.51
0.81
100.00
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FIGURE 2 - Pollen calendar of Koycegiz SPA.

of the total pollen content. Looking up to most common
pollen types (>5%), pine was recorded as the most frequent one during investigation period (Table 2).

Pinus spp. pollen was recorded in high levels in all
near-east cities of Turkey like Burdur (28.13%) [17], Afyon
(26.27%) [5], Fethiye (42.46%) [18] and Didim (45.58%)
[19]. On the other hand, also the northern-neighboring city
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of Izmir was reported with higher levels like 57-57.3%
[10], and pollen grains belonging to Pinus spp. constituted
48.01% of the total in the atmosphere of Koycegiz (Table 2).
A relatively long pollen season for pine pollen started in
the 3rd week of February, had its maximum between the
13th and 23rd weeks of the year, and ended in last week of
August (Fig. 2). In 2003 and 2004, the total numbers were
3,862 and 4,491 pollen/cm 2 (Table 1), with the highest
value in May (23.53% of the total number of pollen grains;
Table 2).
Gramineae pollen grains were the most frequent nonarboreal ones and their long presence was showing a similar pattern with other Mediterranean cities [5, 6]. In addition, Gramineae pollen grains were reported as a predominant type also in Bursa [9], in Kayseri [20], in Thessaloniki
[11], and in Zagreb [21]. Pollen grains of Gramineae formed
8.70% of the total pollen grains in the atmosphere of
Koycegiz (Table 2). Pollen season started in the 1st week
of February (6th week), had maxima in the 14th and 16-18th
week, and ended in the 2nd week of October (Fig. 2). The
total numbers in 2003 and 2004 were 938 and 592 pollen/
cm2 (Table 1). The highest value was in April with 2.92%
of the total number of pollen grains (Table 2).
The other contributors of dominant pollen grains in the
atmosphere of Koycegiz are belonging to Morus genera
and constituted 5.53% of the total pollen concentration in
the atmosphere (Table 2). Mulberry is one of the dominated
tree pollen in the atmosphere of the study area because of
being widely cultivated in the orchards. Its pollen season
was relatively short (from the 1st week of March, maxima
in 12th-13th and 15th week, ending in 2nd week of May = 19th
week; Fig. 2), and total number in 2003 was 399 pollen/
cm2 and 559 pollen/cm2 in 2004 (Table 1). The highest value
was in March with 3.51% of the total number of pollen
grains (Table 2). Morus spp. pollen grains were mostly
identified within Moraceae family in the other studies, except Bursa [9] and Izmir [10] with lower levels but Fethiye
with higher level (9.29%) [18].
Cupressaceae/Taxaceae pollen grains are to be found
throughout the whole year, except summer. In Turkey,
Cupressaceae/Taxaceae (or Cupressaceae-Cupressus type)
pollen grains were recorded from all Mediterranean region
localities to be dominant [5, 22-23], but also in Italy [8] and
Greece [11]. Cupressaceae/Taxaceae pollen grains were
identified together because of their similarities. They formed
5.09% of the total pollen grains in the atmosphere (Table 2).
Pollen season started in the last week of November (48th
week), had maxima in the 10th, 11th and 16th weeks, and
ended in 2nd week of July (28th week) (Fig. 2). The total
number in 2003 was 525 and 369 pollen/cm2 in 2004 (Table 1). The highest value was in March with 2.61% of the
total number of pollen grains (Table 2).

ly are not too risky for sensitive individuals because allergenic effects of them are not relevant [24-26]. We recorded
high levels of important allergenic pollen grains, such as
Cupressaceae/Taxaceae and Morus spp. [27, 28]. Also grass
pollen is a major cause of pollinosis in many parts of the
world and grass-induced pollinosis is the most common
pollen allergy also in Mediterranean area [4, 29].
The majority of pollen grains investigated were Pinus
spp. (48.01%), Gramineae (8.70%), Morus spp. (5.53%),
Cupressaceae/Taxaceae (5.09%), Platanus spp. (4.64%),
Alnus spp. (4.49%) Olea europea (3.91%), Fraxinus spp.
(3.36%), Quercus spp. (2.64%), Plantago spp. (1.73%),
Liquidambar orientalis (1.21%), Urticaceae (1.19%), and
Amaranthaceae/Chenopodiaceae (1.17%) (Table 1). According to other studies in the Mediterranean area, Betula
spp., Corylus spp., Ambrosia spp., and Urticaceae in Zagreb, Croatia [21]; Cupressaceae, Pinaceae, Urticaceae,
Anacardiaceae, Oleaceae and Polygonaceae in Cagliari,
Italy [8]; Cupressaceae, Gramineae, Hamamelidaceae,
Pinaceae, Urticaceae, Quercus spp., Acer spp., Myrtaceae,
Caryophyllaceae, Oleaceae, Betulaceae and Plantago spp.
in Porto region, Portugal [7]; Cupressaceae, Quercus spp,
Urticaceae, Oleaceae, Pinaceae, Poaceae, Platanaceae,
Corylus spp., Chenopodiaceae and Populus spp. in Thessaloniki, Greece [11] were dominating. In Turkey, Pinus
spp., Olea spp., Platanus spp., Gramineae, Cupressaceae/
Taxaceae, Quercus spp., Acer spp., Morus spp., Xanthium
spp., Castanea spp., Chenopodiaceae/Amaranthaceae,
Corylus spp., Artemisia spp., Urtica spp. and Fraxinus spp.
were dominant in Bursa [9]; Pinus spp., Quercus spp.,
Cupressaceae/Taxaceae, Salix spp., Platanus spp., Populus spp., Carpinus spp., Fagus spp., Moraceae, Corylus
spp., Fraxinus spp., Gramineae, Chenopodiaceae/ Amaranthaceae, Xanthium spp., and Urticaceae predominated
in Sakarya [30], Pinus spp., Cupressaceae/Taxaceae, Morus
spp., Gramineae, Olea spp., Platanus spp., Quercus spp.
and Fraxinus spp. in Fethiye [18]; Pinus spp., Cupressaceae/Taxaceae, Olea spp., Platanus spp., Gramineae,
Pistacia spp., Morus spp., Quercus spp., Abies spp. and
Plantago spp. in Didim [19].
In conclusion, pollen grains of 41 taxa could be determined from deposited samples of Koycegiz SPA in 2003
and 2004, of which 13 formed 91.67% of the total spectrum. In the region investigated, pollen grains were recorded all over the year. The pollen calendar for this specially protected region presented in this paper may be
useful for the visitors of this famous, frequented tourism
centre complaining from pollen allergy but also for allergologists to establish an exact diagnosis.

Most of the dominating pollen grains in Koycegiz atmosphere were reported to be important allergens in the
world. However, pollen grains belonging to Pinaceae fami-
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THE PRODUCTION OF DRINKING WATER
THROUGH REVERSE OSMOSIS
Berna Kiril Mert*, Kadir Kestioğlu and Burak Naharcı
Uludağ University, Faculty of Engineering and Architecture, Department of Environmental Engineering, 16059 Görükle, Bursa, Turkey

ABSTRACT

stable and meets the EU’s drinking-water standards [11,
12].

The aim of this study was to obtain drinking water from
underground water through purification by reverse osmosis. In preliminary analyses, different combinations of rapid
sand filtration, adsorption, ion-exchange, and reverse osmosis were tested and the purified water analyzed according
to the parameters defined in Turkish Standard TS 266. Each
method yielded water of a quality that complied with the
TS 266 criteria. The purification methods were then evaluated with respect to costs. The results showed that a treatment unit consisting of a rapid sand filter (10 m/h filtration
speed), a filtration cartridge, and reverse osmosis offers the
most cost-effective approach to water purification.

KEYWORDS: Reverse osmosis, membrane systems, underground water, drinking water, treatment

INTRODUCTION
Turkey’s expendable water resources consist of 98 km3
of the 193 km3 of total surface flow and 12 km3 of the 69
km3 of underground water [1]. Water derived from surface
flow is used for irrigation (82%), as drinking water (10%),
and for industry (8%) while underground water is used for
irrigation (37%), drinking water (39%), and for industry
(24%) [2].
Potable water has to meet the standards described in
TS 266 and by the WHO [3, 4]. To achieve the necessary
quality, the water is treated by ventilation [5], screening,
coagulation [6, 7], filtration, disinfection, chemical stabilization, adsorption [8], ion exchange [9], chemical settling,
and reverse osmosis (RO).
New environmental regulations in many countries (US,
Scotland, South Korea, Japan, Taiwan, France, etc.) will
effectively require better filtration of the surface water used
for municipal supplies [10]. Membrane filtration combined
with ozonation and activated carbon (AC) adsorption is an
advanced and reliable technology for improving water
quality. The quality of water treated by this method is

The use of membrane technology in the treatment of
drinking water began in 1985 [13]. Compared with conventional treatments, membranes are competitive and efficient
in removing particulate and dissolved contaminants, including pathogenic microorganisms, in decreasing hardness, and in the disinfection of product precursors. Reverseosmosis membranes demonstrate the best overall removal
of total dissolved solids and organic compounds [14, 15].
They can be used in the treatment of underground water
to obtain the desired purity level, as they remove up to
95% of the fluoride content and bind other ions present in
the water [16]. For example, the concentration of NH4 in
influent water decreased after treatment from 6.5 to 0.2
mg/L, with 96.9% recovery, as reported for drinking water from the town of Porsuk in Turkey [10, 17]. Reverse
osmosis is also an effective way to remove arsenic, with
one study for arsenic(V) reporting 96–99% removal, and
another for arsenic(III) with 46–84% removal [18]. “To
reduce natural groundwater extraction for potable water
production and hold back the saline intrusion at the Flemish coast of Belgium, 2,500,000 m3 wastewater treatment
plant effluent per year is infiltrated in the dunes after
treatment with MF, RO and UV. The produced RO filtrate
is reconditioned to match the natural salt content in the
dune water. The recharged water is recaptured after a minimum residence time of 40 days in the dune aquifer. The
drinking water quality standards are met; the recharge system performs as expected and resulted already in softer
water adding to the comfort of the customers” [19]. In a
similar study, brackish groundwater samples were taken
from the south of Tunisia and tried to be treated with RO.
RO is actually efficient since it hardly reduces the content of
inorganic matters present in raw waters (rejections >80%).
After treatment, the obtained permeate had a low value of
TDS, accepted by WHO because this salinity is necessary
for human consumption of drinking water [20]. In order to
supplement sources of water in California, clarified secondary effluent is reclaimed to produce water for a seawater intrusion barrier and for groundwater recharge.
The ad-vanced water treatment (AWT) facility has been
commissioned in 2004 and consists of three major treat-
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ment processes, MF, RO and an advanced oxidation process (AOP) with UV light and hydrogen peroxide
(UV/H2O2). This multi-barrier approach produces water
with quality higher than other conventional water sources
available to the area [19].

treatment of their seawater feed is often a key preliminary
step. In the design of desalination plants, various pretreatment techniques have been proposed, including initial
filtration with other membranes, e.g., ultra-filtration, adsorption, ion-exchange, and sand filtration [5].

In this study, reverse-osmosis system was used to
achieve drinking water from underground water. Based on a
study of alternative methods of pre-treatment, flow-charts
considering cost and effectiveness are presented, and all
of which show that sand-filter, adsorption, and ion exchange yield optimal results.

In this work, four treatment alternatives were tried,
each of which was based on a combination of rapid sand
filtration, granule active carbon (GAC) filtration, ion exchange, and reverse osmosis (Fig. 1).

MATERIAL AND METHODS
Raw water quality

Raw water used in the treatment processes was taken
from the well of an automobile factory in Yalova, Turkey.
The general characteristics of the raw water are presented
in Table 1.
Treatment Trials

TABLE 1 - Raw-water characteristics
used in the membrane experiment.
Parameter
Electrical conductivity
pH
Temperature
Hardness
Calcium (Ca+2)
Magnesium (Mg+2)
Sulphate (SO4-2)
Chloride (Cl-)
Suspended solids
Sodium (Na+)
Potassium (K+)

Reverse-osmosis membranes are known to be very
sensitive to foulants, such as colloidal compounds, inorganic scale, and bio-fouling agents, and, therefore, pre-
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Unit
µs/cm
--ºC
ºFr
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Feed Water
1,686
7.7
24.0
14.4
48.0
6.0
362.6
289.5
64.0
465.0
2.2
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FIGURE 1 - Flow charts of the four treatment alternatives used in this study.
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Rapid Sand Filtration

TABLE 2 - Characteristics of the Reverse-Osmosis Membrane.

The rapid sand filter consisted of a column with a bed
depth of 75 cm and a diameter of 8 cm. Feed-water was obtained from a 24-L brazen tank using a hydrophore pressure
pump and a silicone hose with an 8-mm internal diameter.
The water velocity (10 m/h) was controlled with a hydrophore pump and a valve located at the bottom of the filter
column. The filter depth was 75 cm and prepared from top
to bottom as follows: anthracite (h = 15 cm), 1 mm of sand
(40 cm), 1–3 mm of fine pebbles (h = 10 cm), 3–5 mm of
coarse pebbles (h = 10 cm).
Granulated Activated Carbon Filtration

These experiments were performed using a 7-cm i.d.
Plexiglas column packed with 1.5 kg of granulated active
carbon (GAC) filters ranging from 0.5 to 1 mm in size
(Jacobi brand, Jacobi CarbonsAB, Kalmar, Sweden). The
GAC bed was 60 cm long. Water samples were slowly
pumped from a 24-L brazen tank using a hydrophore pump.
The empty-bed contact time (EBCT) of the GAC was
20 min.

Membrane
Membrane
Configuration
Material
Average membrane area
Membrane dimensions
Maximal process pressure
Maximal process temperature

Properties
Filmtech
Spiral wound
Polyamide composite membrane
1.2 m2
61 mm × 533 mm
6.9 bar
45 °C

Analyses

The electrical conductivity and temperature of the feedwater were detected with a conductivity meter (Jenway
4310, Jenway Ltd., Essex, England), and pH was measured
with a pH-meter (Metrohm 704 model, Herisau, Switzerland). Sodium, potassium, and calcium were detected with
a flame photometer. The analyses were carried out by titration as follows: for sulphate, the 4500 D gravimetric method;
for calcium and magnesium, EDTA solution (standard
methods) and determination of hardness; for chloride, the
4500 B argentometric method; and for suspended solids,
standard method 2540 [21].

Ion-Exchange Unit

A soft ion-exchange cationic resin (R-Na+, Purolite
brand, Pennsylvania, USA) was used to prolong the life of
the membrane system for as long as possible, and to bind Ca
and Mg ions in the case of raw water that was very hard.
Reverse Osmosis

A 1-µ cartridge filter was applied before reverse osmosis membrane with the aim to decrease the contaminant load to the reverse-osmosis system. The conditions
needed for reverse-osmosis system (Aquamatch, Turkey)
are as follows:
A horizontal hydrophore pressure pump with 0.5 hp motor
An entrance pressure of 1.8–2.5 bar
Reverse-osmosis membrane flow of 4.85 L/h
The properties of the reverse-osmosis membrane (Filmtech, The Dow Chemical Company, North America), as
determined in the treatability study, are shown in Table 2.

RESULTS AND DISCUSSION
Conventional pre-treatment applications (disinfection,
coagulation, flocculation clarification, multimedia, and cartridge filters) are widely used at seawater reverse-osmosis
plants in order to remove excess turbidity and suspended
solids, and to meet the stringent standards established for
membrane feed-water quality, as specified in terms of the
silt density index (SDI) [22].
The characterization of 4 different pre-treatment alternatives for output waters, each in combination with reverseosmosis membrane systems, and comparisons of the resulting water quality with the standards of TS 266 are shown
in Table 3.
The pH values of the tested water ranged between 7.57.8, with no large differences among the treatment alternatives.

TABLE 3 - Alternative flow-chart experiments to filtrate water and comparison with TS 266 drinking water standards.
Parameter
Efficiency
Electrical conductivity
pH
Temperature
Suspended solids
Hardness
Calcium (Ca+2)
Magnesium (Mg+2)
Sodium (Na+)
Potassium (K+)
Sulphate (SO4-2)
Chloride (Cl-)
(N.D.: Not detected)

Unit
%
µs/cm
--ºC
mg/L
ºFr
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Feedwater
1,686
7.7
24.0
48.0
14.4
48.0
6.0
465.0
2.2
362.6
289.5

Trial 1

Trial 2

Trial 3

Trial 4

30.0
143.7
7.6
24.7
N.D.
1.5
3.9
< 1.0
31.0
< 0.1
107.1
23.6

22.0
106.5
7.7
22.8
N.D.
1.0
3.6
< 1.0
25.4
< 0.1
57.7
17.7

23.0
108.8
7.6
23.8
N.D.
N.D.
N.D.
N.D.
25.5
< 0.1
49.4
17.7

22.0
81.6
7.6
20.3
N.D.
N.D.
N.D.
N.D.
17.5
< 0.1
42.7
17.7
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TS 266 Drinking
Water Standards

EU Drinking Water
Standards

< 2,500
7.0 – 8.5
< 50.0
< 100.0
< 50.0
< 175.0
< 12.0
< 250.0
< 250.0

250
200
250
250
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According to the TS 266 criteria, the upper limit for
electrical conductivity is 2500 µs/cm but the best taste is
achieved with 150–500 µmho/cm, close to the level specified in the standards of the European Union (< 400 µs/cm)
[12]. The conductivity measured in our study was 1686 µs/
cm, i.e., appropriate according to TS 266 requirements but
higher than allowed by EU standards. The water products
achieved in this study had a much lower electrical conductivity (80–140 µs/cm), with a minimum of 81.6 µs/cm
at 95% efficiency (4th treatment alternative). The conductivity of ready-made bottled waters is 30–60 µs/cm. Fig. 2
shows the change in electrical conductivity over time as
measured in water treated with the 4th alternative.
In all four alternatives, the hardness decreased from an
initial value of 14.40 Fr to below 2 Fr. For drinking water,
the hard waters are those measuring >30 Fr, and the soft
waters those measuring <7.5 Fr [23]. When water of middle hardness (14.40 Fr) is passed through a reverse-osmosis
system, the average value for the final product is generally
<1.0 Fr, but this water may not have the desired taste. Taking into account the necessary parameters, water hardness
needs only to be decreased to 5–6 Fr.
For suspended solids in water, there are no specific criteria regarding the permissible amount. In each of the four
alternative treatments, suspended solids were completely
removed from the water. The starting concentration was
48 mg/L, but after treatments with rapid sand filtration at
a ratio of 56%, GAC, ion-exchange and reverse osmosis,
100% treatment efficiency was obtained.
The concentrations of Cl-, SO4-2, and Na+ in raw water
were above the standards specified in TS 266. For all three
ions, maximum treatment efficiency was achieved with the
fourth alternative: sand filter, active carbon, ion exchange
and reverse osmosis. The results obtained from this alternative for these three ions were 94, 88 and 96%.

allowed by TS 266, and thus within acceptable limits.
Nonetheless, the fourth alternative resulted in 95% treatment efficiency for potassium; the first and second alternatives yielded, respectively, 92% and 83% removal for
both calcium and magnesium; and the third or fourth alternatives reduced hardness with an efficiency of 100%.
As a result of treatment, the achieved water quality was
higher than required by Turkish standards. In fact, the quality of the filtered water was as good as that of bottled waters, with removal of more than 90% of the measured compounds. In other studies, electrical conductivity of the treated
water was improved by 97.4–98.9%, hardness by 67.8–
99.3%, sulphate by 90.7–98.3%, nitrite by 89.8%, and chloride by 46–96.4%. In our study, raw underground water of
high conductivity was pre-treated and then subjected to reverse osmosis, yielding an improvement in electrical conductivity of 91%, and very large reductions in calcium
(92%), magnesium (95%), sulphate (70%), chloride (92%),
sodium (93%), potassium (95%), and suspended solids
(100%) (Fig. 3) [24-27].
As shown in Table 3, after 4 pretreatment alternatives,
followed by reverse osmosis, the filtered water complied
with TS 266, which regulates the quality of drinking and
usable water. Thus, the water obtained by our method is
drinkable.
Before the filtered water can be used, the collection
tank must be disinfected, e.g., by applications of chlorine or
ozone. This precaution prevents the growth of microorganisms in the water before it is used for drinking or other purposes.
A comparison of the treatment alternatives for obtaining drinking water from underground water showed that
the first method is the best one to use, in terms of cost.
Due to the need for additional filtration units, the costs associated with the other treatment alternatives are higher.

In the raw water, the concentrations of K+, Ca+2, and
Mg as well as the hardness were already lower than
+2
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FIGURE 2 - The 4 treatment alternatives: time vs. conductivity changes.
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FIGURE 3 - Comparison of ion-removal efficiencies from the water.

The initial investment costs to treat water with a feedflow of 80 m3/day at an efficiency of 60–65% are shown
in Table 4, and are highest for the reverse-osmosis membrane system.
TABLE 4 - Drinking-water treatment facility: Initial investment costs.
MATERIAL
Raw-water tank
Automatic sand filter with multiple layers
Automatic anti-scalant dosage unit
Reverse-osmosis system
Membrane-cleaning unit
Automatic chloride dosage unit
Collector tank for filtered water
TOTAL

COSTS
410 €
1,800 €
500 €
20,000 €
1100 €
500 €
530 €
24,840 €

CONCLUSIONS
Membrane filtration is being increasingly used in water
treatment as an alternative to conventional techniques. In
this context, reverse osmosis is being increasingly implemented to meet the growing demand for drinking water.
The results obtained in this study clearly indicate that
reverse osmosis is an effective method in the treatment of
groundwater. Here, the performances of reverse osmosis in
the production of ultrapure water were examined in terms
of ion exclusion.

A calculation of the costs of electricity, chemicals,
cartridge, and membrane renewal for reverse osmosis over
360 days/year indicated process costs of 7,854 €; in other
words, for 1 m3 filtered water the cost is 0.44 €/m3.
In our country, if we consider that the sale price of 1 m3
water is 1.6 € for a treatment facility with a capacity of
80 m3/day, then the profit might be around 30,000 € per
year, but total costs (investment and process) are 32,600 €
per year, which means that amortization will be complete
in 13 months.
The optimal drinking-water treatment facility requires
greater investment and has higher process costs than classical drinking-water treatment facilities. Because of the
high price, it is currently not feasible to construct largescale facilities based on the system described here. However, as shown by the short-term amortization calculations, such facilities could be feasible in certain districts,
e.g., small settlements and areas without connections to
the city network, hotels, etc.

Our results showed that the treatment of raw water
with any of the four treatment alternatives produced water
that met the criteria defined in TS 266. A comparison of
those alternatives with respect to cost and treatment efficiency showed that the first one, consisting of sand filtration followed by reverse osmosis, was the most appropriate. Treatment by the reverse-osmosis unit effectively decreased the conductivity and total dissolved solids of the
groundwater by more than 95% with respect to the total
constituent ion content.
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ABSTRACT
The aim of this study is to investigate histopathological changes of different doses of deltamethrin in zebrafish
(Danio rerio) ovaries. The pyrethroid class of insecticides,
including deltamethrin, is being used to substitute organochlorines and organophosphates in pest-control programs
because of low environmental persistence and toxicity. It
has a high safety factor, rapidly metabolizes and is known
to enter into fish-body via gills. It is highly toxic to fish and
other aquatic organisms. The zebrafish are divided into three
groups (n=30) according to their different deltamethrin
(group I: 0.5 µg/L deltamethrin; group II: 1 µg/L deltamethrin; group III: control group) doses. Morphological changes of ovarium were investigated by light microscopy with different fixatives (10% neutral buffered formalin & Bouin`s) and stains (hematoxyline-eosin, toluidine
blue, best carmine, PAS method). An increase in atretic
oocytes was observed, and oocytes were depraved and grew
unhealthily, in this study. The number of oosites in the
ovarium of the study groups was less to that of control
group where these changes were not observed. This study
shows that deltamethrin has significant negative effects on
oogenesis in zebrafish. In summary, our study revealed that
acute doses of deltamethrin slowed down oogenesis in the
fish.

KEYWORDS:
Deltamethrin, histopathology, ovary, zebrafish

INTRODUCTION
Pyrethroids have been reported to be extremely toxic
to fish and some beneficial aquatic arthropods, for example, lobster and shrimp also reviewed pyrethroid toxicology in mammals, birds, amphibians, and both terrestrial
and aquatic invertebrates. An increase in the utilization of
synthetic pesticides causes potential risk worldwide. Pes-

ticides are toxic substances and they can be harmful due to
the way in which they use aquatic organisms via interfusing
into groundwater. Research has found that synthetic pyrethroides are considerably toxic to fish in the research. There
are several studies in the literature examining histopathological changes in different tissues of various fish
species. The toxicity of pyrethroids depends on their stereochemical structures. It has been reported that deltamethrin adversely effects the nervous system, respiratory
system and hematological parameters in fish.
Deltamethrin, a synthetic pyrethroid, is one of the most
active broad spectrum pesticides; its chemical name is (S)alpha-cyano-3phenoxybenzyl (1R,3R)-3-(2,2-dibromovinyl)-2,2-dimethyl-cyclopropanecarboxylate. Deltamethrin
is a lipophilic compound with high molecular weight and
low volatility.
Previously, a number of pesticides which commonly
occur within the aquatic environment have been shown to
have sublethal effects upon pheromone-mediated endocrine function and reproduction [6-7]. For instance, exposure of mature male salmon parr to environmental levels of
the pesticides atrazine, carbofuran and diazinon inhibited
the olfactory detection of the female reproductive priming
pheromone which is considered to be involved with the
synchronisation of spawning between the sexes [6]. Atrazine
was also shown to have a direct impact upon the testes,
modifying the release of androgens and suggesting an additional toxic mechanism to male salmon reproduction. The
LC50 value of deltamethrin in fish was reported to be 0.42.0 µg/L-1 according to acute toxicity data reported by the
World Health Organization (WHO). The toxicity of synthetic pyrethroids has been found to be low in birds and
domestic animals. On the other hand, fish are fairly sensitive to the neurotoxic effects of this type of pesticides.
It is well-documented that xenobiotics can affect the
structure and function of fish gonads. Pesticides used to
control insect pest populations have been suspected to
disrupt reproduction [1-3].
In the embryonic ovary of live bearing fish (Lebistes
reticulatus) exposed to dimethoate, (an organophosphorus
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insecticide), the nucleus within the oocytes became damaged, the ovarian wall became thinner and spaces began
to appear in and around the nucleus [5]. Benarji and Rajebdranath [1] studied the histoarchitectural changes in the
oocytes of Clarias batrachus after being exposed to a lethal
dose of technical-grade dichlorvos, an organophosphorus
insecticide, and found the cytoplasm of the oogonia underwent clamping and degeneration. Pesticides adversely affect
the normal biological process of the organism. Pesticides
remain in the soil without putrefying and cause damage in
the tissues and organs over time by entering the body via
the food chain. Pesticides with organochlorine and organophosphate are used in the control of ectoparasites in domestic animals.
The zebrafish (Danio rerio) is a member of the family Cyprinidae and is native to India and Pakistan. It is a
widely used laboratory model species, especially in developmental biology. The zebrafish model is becoming more
and more popular because it is easy to produce. In the
laboratory, zebrafish can be stimulated to breed throughout the year and the development from the fertilised egg
to the reproducing stage takes only about 3-4 months. Their
short generation time of three months makes them an ideal
candidate for genetic studies and their susceptibility to
mutagens, carcinogens, teratogens and toxins makes them
ideal as environmental models.
A detailed description of the normal histological structures and functions of teleost ovaries has been compiled [89]. No information was found concerning the effects of
deltamethrin on ovarian tissue. Histological examination of
such tissue following exposure to sublethal doses of deltamethrin appears to be somewhat obsolete. Therefore, it
was felt necessary to investigate the ovarian histopathology that may occur in zebrafish following varying exposure periods to sublethal doses of deltamethrin.
MATERIALS AND METHODS
Chemicals

Deltamethrin ((S)-alpha-cyano-3phenoxybenzyl (1R,
3R)-3-(2,2-dibromovinyl)-2,2-dimethyl-cyclopropanecarboxylate), a synthetic pyrethroid, is one of the most active
broad spectrum pesticides. A stock solution of deltamethrin was prepared and zebrafish in the two experimental
groups and one control group were administered different
doses (0.5 and 1 µg/L).
Fish

We performed the experiments with zebrafish (weight
4-9 g. length 3.5-5 cm) obtained from a commercial pet
shop, brought to laboratory, and acclimatized for 7 days
under standard laboratory conditions. Zebrafish (Danio
rerio) is a member of the family Cyprinidae and native to
India and Pakistan. Zebrafish are a common and useful
model organism for studies of vertebrate development and
gene function.

Experimental analyses

A static toxicity bioassay was performed according to
standard method (APHA 1992) to determine the 96-h LC50.
The zebrafish were divided into 3 groups: a control group
(n=10) and two experimental groups (n=20). Deltamethrin
stored at +4 °C was diluted in acetone to give the stock
material, and dosing solutions were prepared by dilution
with acetone to give concentrations of 0.5 and 1 µg/L. The
dosing volume never exceeded 0.2 ml, and control group
received acetone alone. Following the preliminary experiment, all determinations were repeated twice. Groups of experimental animals, each consisting of 10 individuals, were
randomly selected and placed into aquaria. After 48-h adaptation, the different concentrations of deltamethrin were
added to the experimental aquaria. During the last 24 h of
adaptation, and throughout the experiments, animals were
not fed. Dead specimen were removed immediately [10].
Zebrafish were fed daily with Artemia sp. and
TetraMin© Hauptfutter (Tetra Werke, Germany) under
standardized conditions (20-L glass aquaria, 28±1 oC,
light/dark cycle = 14 h/10 h). After 5 days, all fish were
taken into post-mortem dissection. For the histological
analysis, the fish were anaesthetized in ice-water and
fixed as a whole in Bouin’s fluid for 24 h. Fixed tissues
were dehydrated and embedded in paraffin wax, sectioned
transversely at 6-7 µm thickness, and stained with hematoxylin-eosin, Best`s carmine and toluidine blue. The Periodic Acid Schiff reaction was applied. The sections were
photographed using an Olympus microscope and imaging system.
RESULTS AND DISCUSSION
In the ovarium sections of zebrafish, morphological
and histological changes were observed due to different
doses of deltamethrin. This toxic material as administered
in the two groups caused a slow-down in oogenesis, and
increase in the number of atretic follicles and connective
tissue in the zebrafish ovaries. Furthermore, histopathological changes were observed, i.e discontinuation in growth
of developing follicles and start of follicle breakdown.
Control ovary morphology

Primary oocytes in the control group were ovalshaped cells with oval nucleus and large nucleolus. In the
first growth phase, follicle layers were not entirely developed but they were visible, and the diameter of these
follicles was small. The nucleuses of oocytes in the previtellogenic phase were central. Under light microscope,
nucleoluses were close to the nuclear membrane. Oocytes
in the vitellogenic phase were larger in size according to
their baseline sizes. The increase in size was attributed to
nutrient accumulation in cytoplasm (Fig. 1).
Treated ovary morphology
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When compared to controls, degeneration was observed
in the integrity of ovarium morphology in the experimental
groups (Fig. 2).
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FIGURE 1 - Control group: General appearance of oocytes during the developmental phases (Primary oocytes (Po), Cortical alveolus oocytes
(Coc), Vitellogenic oocytes (Vo), Cortical alveoli (Ca), Nucleus (N), Ooplasm (O), Mature oocytes (Om), Connective tissue (ct), vessels (C),
erythrocyte (e). X10 Toluidine blue).

FIGURE 2 - 0.5 µg/L Deltamethrin group: Decrease in primary
oocyte numbers can be observed (X 10 PAS).

In the 0.5 µg/L deltamethrin group, histopathological
changes were observed at minimum levels. But in mature
oocytes administered 0.5 µg/L deltamethrin, disintegration
in vesicle structures and irregularities in cytoplasm were observed (Figs. 2-6).
The changes observed in morphological structure in
follicles suggest that degeneration had started. In the control group, it was observed that primary oocytes had large
nucleuses with surrounding nucleoluses in their homogenous ooplasm, whereas in the 0.5 µg/L deltamethrin group
an irregularity of chromatin material, catabolism of nu-

FIGURE 3 - 0.5 µg/L Deltamethrin group: Irregularities in chromatin, degeneration in nucleolus structure and deformation in ooplasm
(Primary oocyte (Po); for further details see Fig. 1; X40 PAS).

cleoluses and no homogenicity in ooplasm were detected
(Fig. 3).
In the 0.5 µg/L deltamethrin group, no more changes
were evaluated in oocytes` cortical alveoles, except distinguishable changes, such as swelling in cortical alveoles, a decrease in the number of cortical alveoles, and
irregularities in chromatin material (Fig. 4).
It was observed that cortical granules in the 0.5 µg/L
deltamethrin group were not adversely affected in comparison to controls (Fig. 5).
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The content of ooplasm was considerably degenerated
and densely vacuolated in the 0.5 µg/L deltamethrin group
(Fig. 6).
In the 1 µg/L deltamethrin group, chromatin material
was degenerated and ooplasm was granulated. Also, openings were detected between the vitelline membrane and
ooplasm. A pronounced decrease was observed in the number of primary oocytes and the growth of oocytes was discontinued (Figs. 7 and 8).

FIGURE 4 - 0.5 µg/L Deltamethrin group: Decrease in numbers of
cortical alveoles, degeneration in structures of those and irregularities in nucleoluses (Zona radiata (ZR), further details see Fig. 1; X40
PAS).

FIGURE 7 - 1 µg/L Deltamethrin group: Increase in numbers of
atretic follicles, decrease in numbers of primary oocytes, inrease in
interstitial tissue (Interstitial tissue (Id), Atretic oocyte (Ao); . X10
Best`s Carmine Stain (4a), X4 HE (4b)).

FIGURE 5 - 0.5 µg/L Deltamethrin group: Vitellogenic oocyte,
deformation in the structure of cortical alveoles, openings in nucleus
membrane (Vitellogenic oocyte (Vo), Nucleus (N); X40 Best`s Carmine Stain).

FIGURE 8 - 1 µg/L Deltamethrin group: Chromatin material in
primary oocytes disappeared, vitelline membrane and ooplasm
separated (Further details see Fig. 1; X40 PAS).

In the 1 µg/L deltamethrin group, autolysis, degeneration and a breakdown in cortical granules were seen. The
chromatin material was more degenerated in the 1 µg/L
deltamethrin group when compared to the controls (Fig. 9).
FIGURE 6 - 0.5 µg/L Deltamethrin group: Disintegration in oocyte
vesicles, irregularities within cytoplasm (Zona radiata (ZR), Vitelline envelope (ve); X40 Toluidine blue).

In the 1 µg/L deltamethrin group, the structure of cortical granules and nucleus membrane was degenerated,
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and there were openings between the vitelline membrane
and Zona radiata in some areas (Fig. 10).

FIGURE 9 - 1 µg/L Deltamethrin group: Degeneration in the structure of chromatin material, swelling in cortical alveoles, irregularities
in nucleus membrane (Cortical alveoli (Ca), Ooplasm (O); X100 PAS).

FIGURE 12 - 1 µg/L Deltamethrin group: Increase in numbers of
atretic follicles, decrease in numbers of primary oocytes, inrease in
interstitial tissue (Primary oocyte (Po), Cortical alveolus oocyte
(Coc), Vitellogenic oocyte (Vo), Mature oocyte (Om), Interstitial
tissue (Id), Atretic oocyte(Ao); X10 Best`s Carmine Stain (4a), X4
HE (4b)).

It was also observed that the vacuoles were swollen,
and they diffused into the dense area within the ooplasm
(Fig. 11).
Histopathological changes in ovaries in the 1 µg/L
deltamethrin group strongly suggest that deltamethrin inhibits gametogenesis. The reason for this hypothesis can be
explained by an increase in intra-ovary connective tissue
and atretic follicle numbers as well as by the degeneration
of oocyte morphology (Figs. 12 and 13).

FIGURE 10 - 1 µg/L Deltamethrin group: Vitellogenic oocyte, swelling
in cortical alveoles (Vitellogenic oocyte (Vo); X40 Toluidine blue).

FIGURE 13 - Atretic oocyte (AF) (X40 PAS).

FIGURE 11 - 1 µg/L Deltamethrin group: Mature oocyte, openings
between vitelline membrane and zona radiata, deformation in the
morphology of cortical alveoles (Mature oocyte (Om), Vitelline
envelope(Ve), Zona radiata (ZR); X40 Toluidine blue).

Weber et al. [11] examined the gametogenesis and the
gonadal toxicity in zebrafish, exposed to 17α-ethinylestradiol (EEP) and 4-nonylphenol (NP) and an increase in atretic
follicle numbers was observed, whereas the histopathology
in testis, kidney and liver was normal. These findings are
compatible with our results. NP and other alkaline phenols cause testicular fibrosis and decrease in testis size and
primordial germ cell numbers in male fish [12,13]. On the
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other hand, the substances mentioned above cause increases in ovarian atretic follicles and proliferation in ovarian interstitial stroma, and also the development of ectopic
oocytes [13]. It was reported that there was an involution
in ovarian size, a delay in ovarium development, and an increase in atretic follicle numbers in female fish exposed to
EEP administration [14]. Normal ovarian activity was affected following exposure to melatonin and 5-methoxytryptophol [15]. A recent study demonstrated the histoarchitectural change in fish ovarian tissue due to chemical exposure at which adverse effects on gonad growth were
shown [6]. Seasonal histological changes in the ovary of
Punctius ticto were caused by heavy metal toxicity [16]. It
was observed that pesticides produce a low level of blood
serum gonadotropin in the fish due to the accumulation of
direct toxic action on the ovary [17]. Kling [18] reported
total atresia in mature oocytes of Tilapia leucosticta exposed to lebaycid. A delay in vitellogenesis and atresia of
primary and secondary oocytes was found in fish chronically exposed to pesticides [19]. Organophospate pesticides
also caused a drop in the proportion of mature oocytes in
fish, and histopathological damage to ovaries as well as disintegration of cortical alveoli and yolk globules in mature
oocytes [3-20]. The effects of the organophosphate pesticide parathion and the herbicide 2,4-D have previously been
assayed in adults of Chasmagnathus granulata [21]. The
main effects of these pesticides were exerted on mature
oocytes, but while the herbicide caused atresia, parathion
increased the oocyte size. Damage such as cytoplasmic
clumping was also observed by Singh and Sahai [22].

Deltamethrin is among the most highly toxic pesticides to fish, to which they demonstrate a high degree of
sensitivity. It is thus concluded that deltamethrin contamination poses significant danger to aquatic ecosystems.
This study demonstrated that deltamethrin in different
doses caused histopathological changes in zebrafish ovaries. It has been suggested that deltamethrin adversely
affects ovarian tissue in zebrafish. It was observed that
this substance leads to growth inhibition of oocytes, an
increase in atretic oocyte numbers and a decrease in the
developing oocyte ratio. In conclusion, our research is the
first study demonstrating that deltamethrin gives rise to
retardation of oogenesis in zebrafish.

The literature includes studies investigating the toxic
effects of deltamethrin in fish. Calta and Ural [23] examined the acute effect of deltamethrin in Cyprinus carpio.
They reported that deltamethrin administered in different
doses caused rapid branchial movements and abnormal
behaviour such as swimming on the water surface. Pimpao et al. [24] investigated the effects of deltamethrin on
hematological parameters and enzymatic activities in Ancistrus multispinis. It was notified that deltamethrin caused
adverse changes in erythrocyte ratios, hemoglobin levels,
hematocrit, plasma total proteins, albumin, aspartate aminotransferase and keratinkinase ratios in rainbow trout (Oncorhynchus mykiss). On the other hand, no histopathological change was detected in tissue samples from the brain,
branchia, liver, spleen, head and tail areas [25]. Cengiz
[26] reported necrosis, edema and epithelial hyperlasia in
branchias, degeneration in renal tubule epithelial cells,
dilatation in glomerulus capillaries, degeneration in
gromerulus, and intracellular vacuolization in renal tubule
epithelial cells in kidneys of Cyprinus carpio exposed to
deltamethrin. In another study, it was reported that the
effects of deltamethrin were edema and epithelial hypertrophy in branchias; hypertrophy in hepatocytes, an increase in Kuppfer cells, focal necrosis and nuclear pyknosis in the liver; infiltration in mononuclear leucocytes,
and necrotic tissue formation in bowels [27].
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OCCURRENCE OF POLYCHLORINATED BIPHENYLS IN
SEAWATER, SEDIMENT AND SHELLFISH FROM OFFSHORE
MIXED-AQUACULTURE PONDS IN TAIZHOU, CHINA
Jiang Jinhua
Department of Environmental Engineering, Taizhou College, Linhai, Zhejiang 317000, China

ABSTRACT
The concentrations of polychlorinated biphenyls (PCBs)
in seawater, sediment and shellfish (Mactra veneriformis,
Tegillarca granosa, Sinonovacula constricta) samples collected from mixed-aquaculture ponds near an electronic
waste recycling site in Taizhou, China were quantified. The
average concentrations of ∑PCBs (sum of 10 PCB congeners) were 17.75±8.54 ng/L, 14.91±8.84 ng/g, 2.75±1.17
ng/g, 3.31±1.93 ng/g, and 3.75±1.16 ng/g in seawater,
sediment, Mactra veneriformis, Tegillarca granosa and
Sinonovacula constricta, respectively. The sediments were
contaminated with hexachlorobiphenyls, which accounted
for 28.16-49.15% of ∑PCBs (average 42.34%). When the
shellfish were evaluated, hexachlorobiphenyls were found
to account for 44.57-58.16% of ∑PCBs in Mactra veneriformis, 27.56-39.51% in Tegillarca granosa and 26.5553.89% in Sinonovacula constricta, respectively. In addition, concentrations of PCB28, PCB118 and PCB153 in
seawater were found to be positively correlated with those
in sediments. Furthermore, the concentrations of PCB28,
PCB52, PCB112, PCB118, and PCB153 in sediments were
found to be linearly correlated with the concentrations in
shellfish, indicating that these contaminants originated from
a common source.

KEYWORDS: Polychlorinated biphenyls (PCBs); occurrence;
mixed-aquaculture ponds

INTRODUCTION
PCBs are a series of persistent organic contaminants
widespread in the environment. PCBs, firstly synthesized
in 1929, were used extensively for different industrial applications such as coolants for transformers until their manufacture, processing and distribution were banned in the
US in the late 1970s [1]. These compounds are generally
produced by anthropogenic processes and can be introduced

into aquatic environments through various routes [2, 3].
PCBs have a low solubility in water, are recalcitrant, and
have a high lipid solubility; therefore, once they are in the
environment they bioaccumulate rapidly in fat tissues of
living organisms, which results in trophic magnification
through the food-chain [4]. Due to their moderate chronic
and acute toxicity, this magnification of PCBs poses a
health risk to humans.
An evaluation of the concentrations of PCBs in a marine environment could help to elucidate the transmutation
of these contaminants and describe their pollution history
[5]. As a result, many studies have been conducted to evaluate PCBs in marine environments since 1971 [6], and Chinese scholars have studied the pollution characteristics of
PCBs in offshore areas since the 1990s [7]. The results of
these studies have shown that PCB contamination is positively correlated with industrial development in coastal
areas. Recently, a large study evaluating contamination with
PCBs in China was carried out [8, 9]. The results of this
study revealed great differences in PCB concentrations
among different periods and areas, including marine areas.
Many factors may be responsible for these PCB differences
observed in marine environments, including development
of the coastal industry, the scale of marine aquaculture, the
chemical industry, the electric power industry, terminal
operation and the dismantlement of electrical appliances in
coastal areas. Therefore, it is necessary to conduct additional studies to evaluate the degree of pollution and sources
of PCBs in marine environments.
As the number of marine fisheries has decreased, the
use of marine aquatic farming as an alternative fish source
has increased. However, pollutants in the marine environment can threaten such facilities, and, consequently, be
harmful to humans through the food-chain. In the last few
years, many aquatic farming facilities utilizing seawater
have been developed in Taizhou, Eastern China. However,
the chemical industry, electric power industry and facilities for the dismantlement of used electric appliances have
been growing rapidly in offshore areas in Taizhou. The
results of previously conducted studies have demonstrated
that obsolete transformers and electrical waste (e-waste)
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are important sources for the emission of PCBs into the
local environment [10-12]. In this study, we evaluated the
concentration, accumulation and possible sources of PCBs
in seawater, surface layer sediments, and three species of
shellfish collected from mixed-aquaculture ponds in Taizhou
to provide scientific references for future use in the sustainable development of marine industries.
MATERIALS AND METHODS
Study areas and sample collection

Seawater, sediment and shellfish (Mactra veneriformis,
Tegillarca granosa, Sinonovacula constricta) samples were
collected in April 2007 from 5 sampling sites within mixedaquaculture ponds in Taizhou (Fig. 1).

and the dockyard lies to the southeast of S3. The local
dominant wind direction is southwestern in summer and
northeastern in winter. Seawater, sediment and shellfish
samples were collected during each sampling event. Water
samples were collected from 0.3 m below the surface using
5-L glass jars. The surface layer sediment samples were
collected using a grab sampler, and then placed in glass
jars. The shellfish samples were collected from 0-0.6 m
below the surface of sediment. Shellfish of similar ages
were selected based on their specific weights (Mactra = 30
g, Sinonovacula = 30 g, and Tegillarca = 20 g). All samples were transported to the laboratory as soon as possible
after collection. Water samples were filtered and stored at
4 °C prior to extraction. The sediment samples were airdried at 25 ºC, ground to powder using an agate mortar,
sieved through a 100-mesh sieve, then sealed in glass
jars, and stored at -20 oC for future use. The biota samples were dissected and filleted with a clean stainless steel
knife, packed in aluminum foil, placed into bags, and then
frozen at -20 °C until further analysis.
Chemicals and instruments

Standards of the 10 PCBs were obtained from the National Marine Environmental Monitoring Center, Dalian.
Silica gel (100–200 mesh) was pre-cleaned by heating at
450 °C for 6 h in a shallow metallic enamel tray. Anhydrous sodium sulfate was pre-cleaned by heating at 120 °C
for 6 h in a shallow metallic enamel tray. Milli-Q water
(Millipore, Milford, MA) was used for all experiments.
An Agilent 6890 GC equipped with a 63Ni electron
capture detector and an Agilent DB-1 fused silica column
was used to analyze the samples. Ultra-high purity nitrogen was used as carrier gas.
Extraction and purification of PCBs from seawater, sediment
and shellfish

FIGURE 1 - Sampling sites

S1 was located 30 km away from the e-waste disassembly sites in Taizhou, received effluent from the Jiangxia River on one side and was connected to Yue-qing Bay
on the other side. S2 was located at the end of the Jiang-xia
effluent area, 23 km away from the e-waste disassembly
sites. S3 was located near the dockyard in Songmen, 40 km
away from the e-waste disassembly sites. S4 was located
immediately outside of the outlets from the Jiaojiang chemical industry area, 13 km away from the e-waste disassembly
sites. S5 was located in Sanmen, 50 km away from the ewaste disassembly sites. The e-waste disassembly lies to
the northeast of S2 and to the southwest of S4. The
Jiaojiang chemical industry lies to the northwest of S4,

Seawater samples were analyzed by mixing a 500-ml
water sample with 10 ml redistilled n-hexane in an Erlenmeyer flask. All water samples were ul-trasonically extracted for 60 min at 25 °C, and then kept in a static state
for 20 min. Organic extracts were eluted with sulfuric acid
until the sulfuric acid layer was colorless. The extracts were
subsequently eluted with a 20% sodium sulfate solution,
after which anhydrous sodium sulfate was added to remove
any trace amounts of water that remained. The resulting
2 ml extract was then concentrated using a rotary evaporation system.
Sediment samples were extracted by adding 2 g of each
sample to a glass flask and then mixing the sample with 2 g
of anhydrous sodium sulfate and 0.5 g of powdered copper.
Next, 20 ml of n-hexane/acetone (1/1) was added, followed
by ultrasonic extraction for 60 min at 25 °C. The sample
was then centrifuged at 3000 rpm for 10 min, after which
15 ml of organic extract were eluted with sulfuric acid until
the sulfuric acid layer was colorless. The extracts were subsequently eluted with 20% sodium sulfate solution, after
which anhydrous sodium sulfate was added to remove
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trace amounts of water. The resulting 2 ml extract was
then concentrated using rotary evaporation.
Shellfish samples were homogenized and then treated
with anhydrous sodium sulfate. Next, the samples were
subjected to Soxhlet extraction with a mixture of 100 ml
n-hexane/ acetone (1/1) for 18 h and then concentrated
to 10 ml by rotary evaporation. The organic extract was
then eluted with sulfuric acid until the sulfuric acid layer
was colorless. The extracts were subsequently eluted with
20% sodium sulfate solution, after which anhydrous sodium
sulfate was added to remove trace amounts of water. The
resulting 2 ml of extract was concentrated using rotary
evaporation.
The 2 ml extracts concentrated from water, sediment
and shellfish samples, respectively, concentrated as described above, were passed through a column packed with
3 g of silica gel (100–200 mesh) and 2 g of anhydrous
sodium sulfate that had been pre-eluted with hexane. The
sample extracts were then condensed to 0.5 ml and dried
with nitrogen gas. Next, the PCBs in the samples were
dissolved in 1 ml of chromatographically purity n-hexane,
after which they were filtered with 0.22-µm filter paper.
Finally, the samples were GC/ECD-analyzed. Blanks prepared in the same fashion were analyzed concurrently with
the actual samples.
Chemical Analysis

The chemical analyses were performed using an Agilent
6890 GC equipped with a 63Ni electron capture detector. The
column oven temperature was programmed to change from
60 °C (initial time, 1 min) to 150 °C at a rate of 10 °C per

min. The temperature was held at 150 °C for 5 min, after
which it was increased from 150 to 270 °C at a rate of 4 °C
per min, and held for 1 min. The injector and detector temperatures were kept at 250 and 300 °C, respectively. Nitrogen was used as both the carrier gas at 1.4 ml/min and
make up gas for the detector at 60 ml/min. Samples were
injected in splitless mode (1 µl, splitless time of 0.75 min).
Quality control

For each batch of 10 samples, a solvent and a procedural blank were run to ensure that the samples were free
of contamination and the analyses were being conducted
correctly. The recovery of standard PCBs was 72-115%.
The detection limit for seawater ranged from 0.001 to
0.015 ng/L, while that for sediment and shellfish samples
ranged from 0.005 to 0.02 ng/g.
Statistical analysis

Statistical analyses were conducted using SPSS 11.5
for Windows. Differences between samples were evaluated
by one-way analysis of variance (ANOVA), with the LSD
method being used to evaluate sample differences.

RESULTS AND DISCUSSION
Seawater, sediments and all three shellfish species were
collected during each sampling event. The concentrations
(means±SD) of the 10 PCBs examined and their ∑PCB
values in seawater (ng/L) and sediments (ng/g d.w.) collected from mixed-aquaculture ponds are shown in Table 1.

TABLE 1 - Concentrations (means±SD) of PCB congeners and their ∑PCB values
in seawater and sediment samples collected from mixed-aquaculture ponds in Taizhou.
Medium

PCBs
PCB28
PCB52
PCB101
PCB112
PCB118
Seawater
PCB138
(ng/L)
PCB153
PCB155
PCB180
PCB198
∑PCBs
PCB28
PCB52
PCB101
PCB112
PCB118
Sediment (ng/g
PCB138
d.w.)
PCB153
PCB155
PCB180
PCB198
∑PCBs

S1
5.05±0.34
2.64±0.64
1.04±0.26
1.06±0.35
1.82±0.72
2.51±0.66
1.64±0.65
0.46±0.21
0.56±0.36
1.08±0.34
17.85±1.48
1.92±0.28
1.28±0.31
0.83±0.28
0.97±0.28
1.57±0.20
4.66±0.45
2.22±0.48
0.98±0.26
0.60±0.16
0.88±0.27
15.90±0.39

S2
6.14±0.89
3.91±0.52
0.99±0.19
1.50±0.29
3.69±0.31
3.55±0.44
2.25±0.51
0.85±0.41
0.89±0.32
1.28±0.31
25.04±1.77
2.76±0.24
1.60±0.65
0.86±0.25
1.17±0.21
2.14±0.30
5.57±0.48
3.22±0.37
1.15±0.35
0.60±0.16
1.38±0.52
20.44±1.46

S3
1.14±0.31
0.61±0.38
0.56±0.29
0.68±0.15
2.88±0.85
0.71±0.29
0.72±0.25
0.38±0.19
0.87±0.29
0.68±0.27
9.23±1.98
0.44±0.19
0.52±0.28
0.62±0.34
0.69±0.41
0.94±0.42
1.04±0.23
0.42±0.10
0.34±0.09
0.46±0.17
0.93±0.31
6.38±1.32
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S4
7.32±0.67
4.14±0.43
0.91±0.44
0.84±0.20
4.50±0.81
4.06±0.31
3.05±0.28
0.66±0.07
0.89±0.24
2.12±0.18
28.48±1.16
4.00±0.18
2.36±0.40
0.85±0.18
1.79±0.26
2.71±0.32
7.64±0.72
4.42±0.45
1.04±0.20
1.00±0.20
1.40±0.26
27.21±0.38

S5
1.56±0.50
0.72±0.26
0.35±0.11
0.42±0.14
1.36±0.38
0.46±0.21
0.98±0.32
0.81±0.19
0.75±0.10
0.75±0.21
8.15±0.79
0.26±0.17
0.39±0.16
0.26±0.06
0.21±0.05
0.47±0.16
0.73±0.20
0.77±0.07
0.22±0.05
0.51±0.20
0.79±0.39
4.61±0.28

Mean (n=15)
4.24±2.60
2.40±1.61
0.77±0.36
0.90±0.43
2.85±1.32
2.26±1.55
1.73±0.95
0.63±0.28
0.79±0.27
1.18±0.58
17.75±8.54
1.87±1.49
1.23±0.82
0.68±0.31
0.97±0.59
1.56±0.87
3.93±2.79
2.21±1.57
0.75±0.44
0.63±0.25
1.01±0.46
14.91±8.84
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Concentrations of PCBs in seawater

Concentrations of PCBs in sediments

The data shown in Table 1 indicate that the average
values of the ∑PCBs detected in seawater ranged from
8.15±0.79 ng/L to 28.48±1.16 ng/L, and average value for
the 5 sampling events was 17.75±8.54 ng/L. The minimum
level of ∑PCBs was recorded at station S5 (8.15 ng/L),
while the maximum was found at station S4 (28.48 ng/L).
In addition, the concentrations of the 10 PCBs at the sampling sites were ordered as follows: S4>S2>S1>S3>S5. Furthermore, there were no significant differences in the concentrations of ∑PCBs observed at S2 and S4; however,
there were significant differences observed between the
concentrations of ∑PCBs observed at S2 and S4, and those
observed at S1, S3 and S5. The contamination in S2 and
S4 may be derived from both water and atmosphere
transport pathways, and the contamination in S1, S2 and S5
may be derived from the atmospheric transport pathways.

The concentrations of PCBs in sediments in the study
areas are shown in Table 1. The concentration of the 10 types
of PCBs and the ∑PCBs detected in the sediments ranged
from 4.61±0.28 ng/g to 27.21±0.38 ng/g, with an average
(mean±SD, n=15) of 14.91±8.84 ng/g being observed for
the five sample sites. The concentrations of the 10 PCBs at
the sampling stations were 27.21, 20.44, 15.90, 6.38, and
4.61 ng/g for S4, S2, S1, S3 and S5, respectively. The
minimum concentration of the ∑PCBs was 4.61 ng/g,
which was observed at S5, whereas the maximum level of
27.21 ng/g was detected at S4. The concentration of PCBs
in the surface sediments at S4 was approximately 6-fold
higher than that of samples from S5. In addition, the average concentrations of PCBs at S2, S4 and S1 were higher
than those collected from S3 and S5 (6.38 ng/g and 4.61
ng/g, respectively).

The PCB levels observed in this study fell in the
middle range of concentrations that have been reported
for other areas [8, 9, 13]. For example, it has been reported
that the average concentrations of PCBs in Minjiang Estuary
sea-water were 355 ng/L [8], in Bohai Sea were 760 ng/L
[9], and in the Western Xiamen Sea 3870 ng/L [13], respectively. Conversely, the average concentrations of PCBs
in seawater collected from Singapore [14] and the Houston
Ship Channel in the United States [1] were 0.50 ng/L and
2.95 ng/L, respectively. Although a direct comparison of the
currently available data is difficult due to differences in
the analytical methods used and the compounds considered
in each study, the results indicate that PCB levels observed
in this study were not high. Similarly, the concentrations
of PCB congeners and ∑PCBs in seawater were lower
than those reported in previous studies conducted in the
same places [15].

The results revealed that pollution with PCBs in
Yuejing Bay and Taizhou Bay was more serious than that in
Yiwan Bay and Sanmen Bay. When PCB levels in sediments were compared with those reported for other areas,
they fell in the middle range of previously reported data.
For example, PCBs in sediments are higher in areas such
as the Houston Ship Channel, USA (168 ng/g) [1], coastal
areas of Okinawa Island, Japan (28-2300 ng/g) [17], and
areas of China such as the Minjiang Estuary (985.2 ng/g)
[8] and the Pearl Estuary (635.7 ng/g) [2]. However, the
concentrations of PCBs in surface layer sediments are lower
in other areas, such as San Francisco Bay, USA [18], Bohai
Bay, China [19], and Singapore's coastal marine environment [9]. The sampling sites in this study were located in
estuaries with comparable industrial background, which is
explained, in part, by the deliberate selection of sites in
close proximity to industrial areas and possible PCB
sources.

Analysis of the composition of the individual PCBs is
helpful for tracking the contaminant source and illustrating
the fate and transportation of PCBs in the environment. In
addition, different PCB patterns may indicate different
sources of PCBs. In this study, the concentration of
PCB28 was relatively high, with an average (mean±SD) of
4.24±2.60 ng/L, followed by PCB118, PCB52 and PCB138
with 2.85±1.32 ng/L, 2.40±1.61 ng/L, and 2.26 ±1.55 ng/L,
respectively, in seawater. In addition, PCB28, PCB118,
PCB52 and PCB138 accounted for 23.89, 16.05, 13.54 and
12.73% of total ∑PCBs, respectively (Fig. 2). The concentrations of PCB180 and PCB198 were generally the same
in different samples, and lower than those of other PCBs.
Because PCB levels observed herein were some of the
highest observed nationwide, a particularly strong source of
PCBs may exist near the sampling sites. In addition, there
were much higher concentrations of PCB28 and PCB138 in
S2 and S4 [10, 16]. Taken together, these findings indicate that an additional study should be conducted to ensure the security of the aquatic product being produced in
the sample sites because Taizhou Bay is currently being
developed as an important aquaculture base.

When the individual PCBs in the sediment samples
were considered, PCB138 was highest, with an average
(mean±SD) of 3.93±2.79 ng/g, followed by PCB153 with
2.21±1.57 ng/g, PCB28 with 1.87±1.49 ng/g, and PCB118
with 1.56±0.87 ng/g. Indeed, the concentrations of PCB138,
PCB153, PCB28 and PCB118 accounted for 26.35, 14.82,
12.54 and 10.49% of the ∑PCBs observed in sediments,
respectively (Fig. 2). The remaining PCBs were found to
be present in similar concentrations. The highest PCB levels
in sediments were observed at S4 and S2, similar to the
results of seawater. Taken together, these findings indicate
that the contamination input at S4 and S2 should be considered. In addition, the higher ratios of PCB138 and
PCB153 in sediments than in seawater may be due to the
high tendency of partitioning of these PCBs toward organic
matter in sediments. There were also differences in the distribution of PCBs in samples collected from the same area,
which indicates that there are multiple sources of PCBs.
This is not surprising given the diversity of the industries
located in the region [1, 2].
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FIGURE 2 - The concentration ratios of PCB congeners to ∑PCB values in seawater and sediments.

TABLE 2 - Mean concentrations ±SD (n=3) of PCBs detected in shellfish (ng/g wet wt.) from mixed-aquaculture ponds in Taizhou.
Samples

Mactra
veneriformis

Tegillarca
granosa

Sinonovacula
constricta

PCBs
PCB28
PCB52
PCB101
PCB112
PCB118
PCB138
PCB153
PCB155
PCB180
PCB198
∑PCBs
PCB28
PCB52
PCB101
PCB112
PCB118
PCB138
PCB153
PCB155
PCB180
PCB198
∑PCBs
PCB28
PCB52
PCB101
PCB112
PCB118
PCB138
PCB153
PCB155
PCB180
PCB198
∑PCBs

S1
0.44±0.15
0.09±0.08
0.12±0.05
0.07±0.02
0.27±0.15
0.89±0.10
1.34±0.53
0.11±0.04
0.08±0.07
0.10±0.02
3.52±0.64
0.72±0.21
1.01±0.04
0.08±0.02
0.11±0.04
0.28±0.12
0.34±0.06
0.81±0.15
0.20±0.05
0.13±0.05
0.10±0.10
2.97±0.33
0.71±0.21
0.20±0.08
0.09±0.03
0.11±0.04
0.29±0.11
0.54±0.30
1.18±0.15
0.21±0.08
0.16±0.04
0.10±0.10
3.60±0.70

S2
0.75±0.12
0.16±0.03
0.12±0.06
0.12±0.04
0.39±0.09
0.71±0.19
0.62±0.17
0.23±0.09
0.18±0.04
0.22±0.09
3.50±0.20
0.15±0.02
0.18±0.05
0.13±0.03
0.22±0.05
0.49±0.21
0.37±0.13
0.83±0.16
0.23±0.06
0.18±0.08
0.21±0.04
3.70±0.28
1.03±0.16
0.28±0.04
0.24±0.08
0.20±0.05
0.98±0.19
0.18±0.05
0.52±0.14
0.45±0.12
0.20±0.07
0.26±0.07
4.34±0.20

S3
0.19±0.03
0.12±0.05
0.02±0.02
0.05±0.03
0.09±0.02
0.47±0.42
0.35±0.09
0.13±0.06
0.07±0.07
0.14±0.04
1.64±0.32
0.27±0.24
0.09±0.04
0.05±0.02
0.06±0.01
0.10±0.05
0.32±0.17
0.13±0.02
0.16±0.04
0.07±0.02
0.18±0.06
1.43±0.34
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Residual levels of PCBs in shellfish

The concentrations of PCBs in shellfish are shown in
Table 2. Three samples of the same species were collected
from each sampling site.

S4
1.21±0.22
0.13±0.04
0.08±0.08
0.09±0.02
0.52±0.11
0.90±0.24
0.81±0.14
0.27±0.12
0.14±0.03
0.18±0.12
4.36±0.42
1.78±1.08
0.35±0.05
0.27±0.08
0.24±0.12
0.74±0.20
0.71±0.21
0.45±0.24
0.54±0.14
0.26±0.11
0.26±0.14
4.54±0.40
1.12±0.14
0.19±0.06
0.24±0.08
0.23±0.05
0.72±0.16
0.34±0.05
1.24±0.30
0.24±0.22
0.30±0.06
0.30±0.07
4.93±0.40

S5
0.21±0.10
0.15±0.04
0.03±0.03
0.04±0.03
0.08±0.09
0.34±0.11
0.31±0.14
0.09±0.08
0.03±0.04
0.18±0.04
1.28±0.10
0.38±0.09
0.09±0.04
0.04±0.03
0.05±0.01
0.12±0.07
0.25±0.13
0.23±0.05
0.11±0.11
0.05±0.03
0.19±0.07
1.47±0.58
0.49±0.20
0.12±0.05
0.07±0.05
0.06±0.05
0.14±0.08
0.30±0.10
0.43±0.37
0.20±0.04
0.05±0.04
0.30±0.29
2.14±0.50

Mean (n=15)
0.56±0.41
0.13±0.05
0.08±0.06
0.08±0.04
0.27±0.20
0.66±0.31
0.54±0.23
0.17±0.10
0.10±0.07
0.16±0.08
2.75±1.17
0.93±0.78
0.16±0.11
0.11±0.09
0.14±0.10
0.52±0.53
0.38±0.23
0.49±0.32
0.26±0.18
0.14±0.10
0.19±0.09
3.31±1.93
0.84±0.30
0.20±0.08
0.16±0.10
0.15±0.8
0.53±0.37
0.34±0.19
0.85±0.45
0.28±0.15
0.18±0.10
0.24±0.16
3.75±1.16

The average concentrations of the ∑PCBs (in ng/g wet
wt.) in Mactra veneriformis, Tegillarca granosa, and Sinonovacula constricta were 2.75±1.17 ng/g, 3.31±1.93
ng/g, and 3.75±1.16 ng/g, respectively. These values are all
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below the USEPA screening value of 20 ng/g wet wt. [20].
The total concentration of the ∑PCBs in Sinonovacula
constricta was much higher than that of the other species.
PCB levels were higher in shellfish samples collected from
S2 and S4 than in those from S1, S2 and S3. This may be
due to S2 and S4 location near Luqiao large disassembly
site. These results are supported by those of a previous
study in which the concentrations of PCBs in hair, blood
and eggs from Luqiao were much higher than in other
Chinese provinces and other countries [20]. Obsolete transformers and electrical waste are important sources for the
emission of PCBs into local environments, and large quantities of PCB residues are known to have bio-accumulated
in the environment and been biomagnified in the food-chain.
The average concentrations of the ∑PCBs at sampling
sites differed. Indeed, when the 10 PCBs evaluated herein
were considered, they were found to be in the following
order: S4>S2>S1>S3>S5 in Mactra veneriformis and Tegillarca granosa, but S4>S2>S1>S5 in Sinonovacula constricta (no S. constricta samples were collected from S3).
The concentrations of PCBs in shellfish observed in the
present study were relatively low when compared with previously reported concentrations in other areas both in China
and abroad. Other shellfish worldwide are much more
PCB-contaminated, and our PCB values are also lower
than that observed in zebra mussels [20], Perna viridis L.
[21], and bivalves collected from the northeast coast of

3 chlorobiphenyl,
6 chlorobiphenyl,

The percentage, %

50

China [22], but higher than those observed in Donax trunculus, Chamelea gallina [23] and Mullus barbatus mussels [24] collected from other areas.
In Mactra veneriformis, PCB138 was highest (average
0.66±0.31 ng/g), followed by PCB28 (average 0.56±0.41
ng/g), PCB153 (average 0.54±0.23 ng/g), and PCB118 (average 0.27±0.20 ng/g). In Tegillarca granosa, PCB28 was
highest, followed by PCB118, PCB153, and PCB138 (Table 2). In Sinonovacula constricta, PCB153 was highest,
followed by PCB28, PCB118, and PCB138. The PCB profile of the three shellfish species was dominated by PCB28,
PCB118, PCB138, and PCB153 (Table 2). These results are
consistent with those of Bordajandi et al. [23], who indicated that the accumulation pattern in crustaceans is quite
similar. These congeners are the most prevalent PCBs reported in marine samples, which agrees with the results of
the present study [25].
Composition characteristics of PCBs in surface layer sediments and shellfish

Fig. 3 shows PCB congener (tri-, tetra-, penta-, hexa-,
hepta-, or octachlorobiphenyls) percentages based on the
concentration of the ∑PCBs. The results revealed that the
composition of PCBs is relatively uniform in sediments. In
general, the most common PCBs in sediments contain octachlorobiphenyls, and these congeners accounted for 28.1649.15% of the total PCBs (average 42.34%), followed by
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FIGURE 3 - The percentages of PCBs with different numbers of chlorines.
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PCBs that contained pentachlorobiphenyls, which accounted
for 19.64-35.72% of the total PCBs (average 23.37%). Furthermore, PCBs with tri-, tetra-, hepta- and octachlorobiphenyls accounted for 5.46-14.70% (average 10.56%),
7.83-8.67% (average 8.24%), 2.94-10.99% (average 5.72%),
and 5.16-17.14% (average 8.24%) of total PCBs in sediments, respectively. Moreover, PCBs containing 3 chlorines differed significantly among sampling sites, with the
highest level being observed at S1 and the lowest at S3.
Also, concentrations of PCBs with penta-, hexa-, hepta,
and octachlorobiphenyls differed significantly among sampling sites. This change in composition of PCBs was likely
related to the progressive degradation of more soluble, volatile and labile congeners. The accumulation of congeners
with lower levels of chlorination in less contaminated offshore stations could also artificially amplify this trend [26].
Taken together, these results suggest that S4 and S2 were
contaminated.
There were differences in PCB compositions among
shellfish. Specifically, the prevalence of PCBs with hexachlorobiphenyls accounted for 44.57-58.16% of the ∑PCBs
in Mactra, 27.56-39.51% of the ∑PCBs in Tegillarca
granosa and 26.55-53.89% of the ∑PCBs in Sinonovacula
constricta, respectively. A higher proportion of congeners
with hexachlorobiphenyls was also found, with these PCBs
accounting for 11.41-27.85% of the ∑PCBs in Mactra,
18.84-31.62% of the ∑PCBs in Tegillarca granosa, and
19.72-23.79% of ∑PCBs in Sinonovacula constricta, respectively, although a large variation was observed between
species and sampling sites. The concentration of PCBs containing heptachlorobiphenyls was lowest, with these congeners accounting for only 3.66%, 4.06% and 4.73% of
the ∑PCBs in Mactra, Tegillarca granosa, and Sinonovacula constricta, respectively.
Relationship of contaminants in multiple media

The concentrations of PCBs in water samples were
correlated with that of sediment samples. Specifically, there
was a positive correlation between event-averaged water
and sediment concentrations, which suggests that PCBcontaminated sediments are a potential source of PCBs to
the water system [26]. In addition, the concentrations of individual PCBs in seawater and sediments were examined
and significant correlations were found to exist for PCB28,
PCB52, PCB101, PCB118, PCB138, PCB153 and PCB155.
Of these, the concentrations of PCB28, PCB118 and
PCB153 in water samples were positively correlated with
those in the sediments (Fig. 4).

The concentration of PCB in sediment, ng/g
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FIGURE 4 - The correlation of PCBs
in seawater with those in sediment.

These findings indicate that the concentrations of the
four compounds were similar in seawater and sediments
from mixed-aquaculture ponds. Furthermore, there was a
significant linear relationship between PCB28, PCB101,
PCB118 and PCB153 levels in seawater and sediment. The
complexity of these patterns indicate that there are several
potential regulating factors that could include the source
compositions, sedimentary dispersion/accumulation patterns, environmental degradation, and metabolism by sedimentary communities [27].
The concentration coefficients (r2) describing the relationship between sediments and shellfish for the 10 types of
PCBs are shown in Table 4. The concentrations of PCB28,
PCB112, PCB118, PCB138, PCB153, and PCB155 in sediments were found to be significantly positively correlated
with the concentrations in Mactra. In addition, PCB28,
PCB101, PCB112, PCB118, PCB138, PCB153, and
PCB180 levels in sediment samples were found to have a
significant positive correlation with those in Tegillarca
granosa. Finally, PCB28, PCB52, PCB101, PCB112,
PCB118, and PCB180 amounts in sediment samples were
found to have a significant positive correlation with their
concentrations in Sinonovacula constricta. There were no
other significant correlations observed when the concentration of PCBs in sediments and shellfish were evaluated.
Correlation analysis was conducted using all available data.
The concentrations of PCB28, PCB52, PCB112, PCB118
and PCB153 in the sediments and shellfish were found to
be well-correlated, indicating a common source of these
PCBs. Indeed, these compounds usually appear as impuri-

TABLE 3 - The correlation coefficients (r2) of the 10 PCB congeners based on the relationship between sediments and shellfish.
Medium
PCB28
PCB52
PCB101
PCB112
PCB118
PCB138
PCB153
PCB155
S—M
0.49
0.04
0.31
0.72
0.85
0.81
0.91
0.55
S—T
0.82
0.28
0.89
0.91
0.74
0.58
0.56
0.38
S—S
0.68
0.78
0.70
0.95
0.79
0.00
0.28
0.29
S—M: Sediment—Mactra, S—T: Sediment—Tegillarca granosa, S—S: Sediment—Sinonovacula constricta
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PCB180
0.3
0.59
0.55

PCB198
0.04
0.02
0.00
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ties of PCBs in the e-waste industry, of pesticides and printing ink. Similar to the results of the water–sediment data
analysis, the total PCB concentrations in shellfish were
correlated to that of total PCBs in seawater. Taken together,
these results demonstrate that PCB levels in shellfish were
well correlated with those in seawater and sediment.
CONCLUSIONS

In general, the dominant congeners in sediments were
those that contained 6 chlorines, which accounted for
28.16-49.15% of the ∑PCBs (averaged 42.34%). In addition, PCBs with 6 chlorines accounted for 44.57-58.16%
of the ∑PCBs in Mactra, 27.56-39.51% of the ∑PCBs in
Tegillarca granosa, and 26.55-53.89% of the ∑PCBs in
Sinonovacula constricta, respectively.
The concentrations of PCB28, PCB118, and PCB153
in seawater were found to be positively correlated with that
in sediments. PCB28, PCB52, PCB112, PCB118, and
PCB153 concentrations were well correlated between
sediments and shellfish, indicating that these compounds
originate from a common source.
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EFFECTS OF in-situ SEDIMENT TREATMENT OF
PHOSPHORUS RELEASE IN WUHAN EAST LAKE, CHINA
Guangrong Liu*, Chunsong Ye, Qin Qian, Jinghao He and Hua Jiang
College of Power & Mechanical Engineering, Wuhan University, Wuhan 430072, China

ABSTRACT

mine the eutrophication status of the lake and the time lag
for recovery after reduction of the external loading [2, 3].

In-situ sediment treatment with salts is a promising
approach for preventing P release from sediments. Five
35-days tests of undisturbed sediment cores had been
applied under anoxic conditions, which were (1) no additive, (2) Al2(SO4)3, (3) FeCl3, (4) CaCl2 and (5) NaNO3.
To identify changes in the P-binding sites in the sediment
caused by the treatments, different P binding forms were
extracted from the sediment before and after the treatments. We found that the mean P release rates for anoxic
treatments with Al2(SO4)3, FeCl3, CaCl2 and NaNO3 were
–0.644 mg·m-2·d-1, 0.033 mg·m-2·d-1, 0.644mg·m-2·d-1 and
2.574mg·m-2·d-1, respectively, while the P release rate
with no additive was 7.314 mg·m-2·d-1. We also found
that adding CaCl2 prevented P release because of the
apatite formation and because PCa (Ca-bound P) increased
at the sediment surface. Addition of Fe3+ and NO3- to the
sediment increased the amounts of PFe, Mn (redox-sensitive
P, mainly bound to Fe and Mn compounds), since iron
oxide has the ability to combine P. Addition of Al2(SO4)3
increased the fraction of PAl,Fe (P bound to Al and Fe oxides) and decreased the P and Fe in the water above the
anoxic sediment, showing the greater ability of Al in binding P.

KEYWORDS: lake sediment, internal phosphorus, aluminum,
iron, nitrate, calcium, fraction

INTRODUCTION
Phosphorus has long been considered as a paramount
factor for the water quality of lakes [1]. The main sources
of phosphorus in lakes include external loading, such as
rainfall, runoff, soil leaching, industrial and municipal effluents, and internal loading. Internal loading will often deter-

Lake sediments can function as either a sink or a
source of diluted forms of phosphorus, depending on the
prevailing physicochemical conditions of the sedimentwater interface. The sediment depth interacting with the lake
water is probably lake-specific and highly dependent on
lake morphology, sediment characteristics and wind exposure. Most often, P in the upper approx. 10 cm is considered to take part in the whole lake metabolism, but mobility of P from depths down to 20–25 cm has been found
[4]. It should be emphasized that lake sediments can be
very different and highly variable regarding chemical composition. Parameters, such as dry weight, organic content,
and content of iron, aluminum, manganese, calcium, clay
and other elements, with the capacity to bind and release
P may all influence sediment-water interactions [5].
A significant amount of research has been conducted
on the reduction of P in the internal loads or immobilization of P. These studies are as follows: (a) Restoration
techniques involving hydrological and chemical manipulation aimed at P reductions in the inflows and in the lake
itself [6], (b) Effect of release of sediment nutrients on the
water quality and restoration projects [7, 8], and (c) Lake
restoration methods, which are obliged to disrupt Prelease from sediment, aimed at improving the sediment P
retention capacity [9-11]. Ripl [12] was the first man who
developed a restoration technique by injecting Ca(NO3)2
into the sediment. However, this method is not widely used
because of its negative effects on the water environmental,
such as accelerating eutrophication.
In this paper, we evaluated the impact of aluminum,
iron, calcium and nitrate additives on phosphate release
from anoxic sediment in the East Lake, Wuhan, China,
during a period of more than one month using undisturbed
sediment cores. The test results revealed the migration
process of P in the sediments and provided guidance for
restoration of the lake.
MATERIALS AND METHODS
Study site: Wuhan east lake
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Wuhan east lake (30°33HN, 114°23HE) is on the alluvial plain of the middle basin of the Yangtze River, northeastern of Wuhan City, China. Its mean depth is 3–4 m
with a maximum of 4.5 m. It has a total surface area of
32 km2, and the lake itself is composed of several basins:
Guozheng Hu, Tanglin Hu, Hou Hu, and Niuchao Hu
(Fig. 1). The catchment area is 97 km2, including urban
area (26.8 km2), mountain area (36 km2) and arable land
(34.2 km2). The muddy lake bottom is flat and sparsely
covered with microphytes.
Investigation in Wuhan east lake suggested that the
most of P in water was from sewage discharge, and the
concentrations of total N and P in the most eutrophic part
of the lake are 7 and 0.4 mg/L, respectively [13]. About
60% of the P from drainage would retain in the lake,
which resulted in the sharp increase of P concentration in
sediment. Massive sediments were suspended due to the
wind-induced wave action in this shallow lake, and resulted in naturally caused eutrophication. The eutrophicated water constitutes 62.2% of total water area, while
that of moderate eutrophication is up to 37.9% [13].

Experimental arrangements

Under anoxic conditions, five 35-days tests of undisturbed sediment cores had been finished: ① no additives,
② Al2(SO4)3, ③ FeCl3, ④ CaCl2, and ⑤ NaNO3. The O2
saturation in the anoxic cores was approximately 10%.
Chemicals (5 g each of Al2(SO4)3, FeCl3, CaCl2, NaNO3)
were added in the upper 5 cm of sediments, respectively,
then lake water was gently added into the tank by using a
siphon. The test-tube samples of sediments and water samples were 10 cm high. The incubation tanks were buffered
to pH 7 with 0.1 M NaHCO3.
After addition of salts, efflux measurements were carried out everyday. The efflux was calculated from the change
in concentrations in the overlying water during 24-h incubation. The fractional composition of TP in the sediment
was studied with the fractionation scheme [14]. This sequential extraction scheme divides the TP into pools as shown
in Table 2.
TABLE 2 - Sequential phosphorus fractionation.
Mark
PFe,Mn
PAl, Fe

Extractant/time
0.11M
Na2S2O4/NaHCO3/0.5
(40 °C)
0.1M NaOH, 16 h

PCa
Presidual

0.1M HCl, 16 h
ignition at 550 °C, 2 h

h

Expected P-binding form
Redox-sensitive P, mainly
bound to Fe and Mn compounds
P bound to metal oxides (Al,
Fe)
Ca- and Mg-bound P (apatite)
Organic P

Chemical analysis

O2 concentrations, temperature and O2 saturation in the
water were measured by an oxymeter Thermo Orion (USA).
Concentrations of TN were determined with a BÜCHI 339
Kjeldahl analyzer unit (Buchi Analytical, Inc, USA), and
TP was measured by colorimetry of a single reagent ascorbic acid after H2SO4+HClO4 digestion. Concentrations of
NH3-N were analyzed on a Lachat Instruments flow injection analyzer (Lachat Instruments, a Hach Company Brand,
USA). Fe concentration was measured by AAS analysis
(Analyst 800, PerkinElmer, USA).
Data processing

FIGURE 1 - Map of Wuhan east lake, China.

N,P release flux in sediment can be calculated as follows:

Sampling

Undisturbed sediment cores (inner diameter 50 mm)
were taken using a self-made sediment corer from St. 1
in June, 2007. A total of 3 tubes with 35 cm depth and
15 tubes with 10 cm depth were collected and taken into
the experimental system. The sample with 35 cm depth was
only analyzed for original sediment composition. After
3 parallel samples were analyzed for each group, the average value was adopted as result. The sediments were black
with some plant debris, which smelled bad and looked like
slush. Physic-chemical properties of the sediments are shown
in Table 1.

n

Rn = V (Cn − C0 ) + ∑ViCi
i =1

where Rn is N,P release flux in sediment till the nth
day (mg); V is the volume of remaining water sample in
the incubation tank (L); Ci is N,P mass concentration at
the ith sampling (i = 1,2, …, n) (mg.L-1); C0 is N,P mass
concentration at the first sampling; and Vi is the volume
of the ith sampling (L)
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TABLE 1 - Physic-chemical properties of the sediments.
pH
7.59

WH2O /%
18.9

Worg/%
13.8

TP (total phosphorus) Wp/(mg·kg-1)
835

NH3 content WNH3 /(mg·kg-1)
TN (total nitrogen) WN/(mg·kg-1)
229
6200
FIGURE 2 - Water effluxes in treated sediments:
(a) accumulated P-release; (b) accumulated Fe-release.

RESULTS AND DISCUSSION
Comparison with efflux

There was a significant difference in P fluxes cp (mg·L-1)
between the treated and untreated sediments. In sediment
cores with addition of chemicals (Al2(SO4)3, FeCl3, CaCl2
and NaNO3), the accumulated P effluxes were generally
low compared with that having no additive (Fig. 2a). The
flux of TP from the sediment of no additive was about
5 times higher compared with that after chemicals treatment,
and the rate of average TP effluxes was 7.314 mg·m-2·d-1
because P release from sediment was determined by redoxsensitive iron dynamics [4]. In anoxia, Fe(III) was reduced
to Fe(II), and subsequently both Fe and sorbed P returned
into solution. In sediment treatment with Al2(SO4)3, a low
efflux of P was observed, however, this was not significantly different from the low efflux in the sediment
treatments with FeCl3, CaCl2 and NaNO 3 additives.
Mean accumulated P release rates for sediment treatments
with Al2(SO4)3, FeCl3, CaCl2 and NaNO3 were –0.644
mg·m-2·d-1, 0.033 mg·m-2·d-1, 0.641mg·m-2·d-1 and
2.574mg·m-2·d-1, respectively.
10
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Compared with the sediment without additive, a lower
P efflux was found in the NO3- treatment (Fig. 2a). This is
because NO3- penetrated deeper into the sediment than O2
and, therefore, keeping more Fe compounds oxidized. Under anoxic respiration, NO3- is used as an electron acceptor
prior to sulfate which also controls the P-binding capacity
due to a diminished formation of FeS. By increasing the
supply of nitrate, denitrification is stimulated, organic matter is decomposed, and the chemical energy content of
the labile degradable organic matter is lowered. Furthermore, the reduced FeS is oxidized to iron oxide/ hydroxide (FeOOH), and absorbs phosphate concentrated in the
interstitial water. Thus, no black FeS layer, present in the
other treatments, was found in NaNO3 treatment.
The small rate of P release in the molysite-treated
sediment is because there is a negative correlation between
TP in overlying water and Fe/P ratio of sediment. In other
words, the greater the Fe/P ratio in sediments, the lower
the TP value in the overlying water [15]. In order to keep
phosphate largely within the sediment, the available iron
has to reach a sufficient concentration.
The effect of CaCl2 used in sediment is close to that
of FeCl3. The treatment with Ca2+ can prevent the P release because of the apatite formation. Thus, a low efflux
of P in the sediment treatment with CaCl2 was discovered.
Even if the water environment has been changed, P release in calcium phosphate is not easy.

2

0

The sediment treatment with Al2(SO4)3 resulted in P uptake from the water phase. Our results indicated that
Al2(SO4)3 is more efficient in immobilizing P from both
sediment and water phase than FeCl3, CaCl2 and NaNO3.
The reason is that Al Sol (soluted aluminum) and singleor multi-core of a hydroxyl polymer can be generated by the
hydrolysis polymerization after Al2(SO4)3 is added into the
water. Through flocculation precipitation, sludge is formed.
Furthermore, with a stronger absorption characteristics, the
alum flower of Al2(SO4)3 is bigger than that of FeCl3. The
hydrolysis of Al2(SO4)3 produces toxic Al(OH)2+ and Al3+.
However, Al2(SO4)3 has 3 advantages: it is not poisonous
in the correct dosage, it is almost irreversibly bound because of its high P absorption capacity, and it is more sensitive to oxidation-reduction potential compared with ferric
chloride.

15

20

t/d

25

30

35

The sediment treatment without additives showed a
moderately increasing Fe efflux cFe (mg·L-1), since anoxic
conditions led to a reduction of Fe3+ to Fe2+ , and Fe2+ was
released to the water phase. Fe release under anoxic conditions had significantly higher Fe release than the anoxic
treatments with NaNO3, CaCl2 or Al2(SO4)3 (Fig. 2b). This
is because iron oxide is susceptible to oxidation-reduction
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potential [15]. Lehtoranta [16] found that almost all of the
iron phosphate in sediments possessed active properties,
and could be released into deoxidized environment, which
showed that iron phosphate was unstable. Our results also
proved this effect. For Fe effluxes, the FeCl3 treatment
showed a release of Fe that was a least five times higher
than any other treatment. The Fe efflux correlated with
the P efflux from the same treatment as shown in Fig. 2.
The correlation suggests that Fe is the most important
compound controlling anoxic P release from this sediment.

sediment surface to 646mg/kg at 25–30 cm depth (Fig. 3a).
Below the surface of sediments core of 30 cm, there was a
significant drop of 324 mg/kg in TP concentration, caused
by a change in the sediment composition from fine particulate mud to sand. The average P contents for the 0–35 cm
sediment depth were PCa 8%, PFe, Mn 17%, POrg 28.7%, and
PAl, Fe 42.3%. The concentrations of PFe, Mn and Porg declined

Changes in sediment composition
The different forms of phosphorus in fresh sediment

Analysis of the 3 fresh sediment cores showed that TP
concentration decreased slightly from 835 mg/kg at the
(a) untreated sediment

(b) Al2(SO4)3
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FIGURE 3 - The concentration of different P forms before and after treatment of sediment
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with sediment depth, while PCa decreased slightly with
depth. At 10–15 cm depth, the PAl, Fe concentration is at a
minimum. And below this depth, the PAl, Fe concentration
increased with the depth. At 30–35 cm depth, the PAl, Fe
concentration decreased sharply.
Changes in sediment composition

At the end of the incubation period, characteristics of
the sediment cores of the 5 different treatments were observed. Ochre deposits were found on the sediment surface in the FeCl3 treatments. No black layer was found in
the surface sediment of the NaNO3 cores. Only 1cm deep
black deposits were discovered in calcium treatments. In
the Al2(SO4)3 cores, a black layer of 6 cm was observed.
This layer penetrated much deeper into the sediment compared to the other treatments where this layer only was
present in the top 1–2 cm. The vertical distribution of P
compounds in the sediment at the end of the experiment is
given in Figs. 3(b)-(f).
The black sediment layer in the Al2(SO4)3 treatment
was due to precipitation of FeS. The added Al2(SO4)3 contains a high amount of sulfate, which can be reduced to
sulfide by bacterial respiration. Sulfide ions can precipitate
with Fe2+ and form FeS. Fe2+ and sulfide may diffuse
deeper into the sediment than the depth into which the salts
were mixed, and thus forming a black FeS precipitation over
sediments of the whole depth. Instead, we suggest the use
of AlCl3 for lake restoration purposes. In the Al2(SO4)3
treatment, the P concentration in the PAl, Fe fraction was
much higher than in the other treatments in the upper 4 cm
(Fig. 3b). This is because P was adsorbed onto Al-oxides
more firmly than other compounds. The low P concentrations in the PFe, Mn fraction can be explained by the fact
that Al hydroxides are capable of adsorbing FeOOH≈P,
which is mobilized when Fe3+ is reduced. Thus, mobile P
was immobilized to PAl, Fe with the addition of Al2(SO4)3
under an anoxic incubation. Fytianos et al. [8] suggested
that Al-bound P will appear in the NaOH fraction. This is
also proved by our experiments. We found that PAl, Fe
fraction will increase with the addition of Al2(SO4)3, and
the PFe, Mn fraction in the surface sediments was much
lower in the Al2(SO4)3 treatment than the other treatments, except for the treatment without additive, which
showed that surface sediments act as an redox media. By
comparing the control treatment without O2 with the treatment of adding NaNO3, a clear effect of NO3- is observed
by an increased concentration of PFe, Mn in the upper layer
of sediment and a significantly decreased concentration of
Porg, which indicated that NaNO3 played a role of antioxidants and prevented the reduction of Fe3+. At the same
time, nitrates also stimulated the denitrification, and promoted the degradation of organic sediment. To some degree,
organic P had been released into the overlying water by
NaNO3 treatment. Accordingly, total P of water overlying
by NaNO 3 treatment was higher than that of aluminum,
calcium and iron salt treatments, which is shown in
Fig. 2(a).

Addition of FeCl3 increased the PFe, Mn at the sediment
surface. By the end of the experiment, the surface of the
sediment in the FeCl3 treatment was ochre red, indicating
that Fe was still in its oxidized form, thus verifying the
importance of oxidized Fe in retaining P in surface sediments. The Fe3+ treatments had the highest P concentration in the top surface of the sediment in the PFe, Mn fraction. This is because a higher amount of available Fe3+ can
bind P better than in the other treatments.
Comparing the result of CaCl2 treatment with other
salts treatments, it was found that the content of PCa was
highest. Addition of CaCl2 prevented the liberation of P,
especially because of the formation of apatite minerals. As
a result, the PCa increased at the sediment surface.
CONCLUSIONS
We found that the addition of salts (ferrous and calcium ones, but especially that of aluminum and nitrate) into
the sediment can inhibit the transfer of P in sediments. The
composition of sediment in terms of its various forms of P
was changed after chemical treatment. Only treatment with
Al2(SO4)3 resulted in negative growth of P in the water
phase. Chemical treatment with salts, especially that of aluminum and nitrate, resulted in a high capacity for inhibition
of endogenous P release and increased sediment stability.
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ABSTRACT
To determine the environmental factors influencing
phytoplankton chlorophyll a (Chl a), field investigations
were conducted in three river-connected lakes (Dongting
Lake, Poyang Lake and Shijiu Lake) of the Yangtze floodplain in 2004. Results showed that the average Chl a concentration in these lakes ranged from 2.98 to 3.65 mg m-3.
The major factors influencing Chl a in lentic and lotic regions were total phosphorus (TP) and water velocity (U),
respectively. Multiple relationships including total nitrogen (log10TN) and water depth (log10Z) were established.
Further analyses found that the absolute Chl a and slope
of log10Chl a＝f (log10TP) in the river-connected lakes
were obviously lower than those in the river-isolated lakes.
This suggests the river-lake connectivity can significantly
modify relationship between TP and chlorophyll a concentration.

KEYWORDS: chlorophyll a, water velocity, total phosphorus,
river-connected lakes.

algal growth, e.g. physical ones (water depth, water temperature, light), and biotic ones (predation, competition)
[5, 6]. With regard to lotic system, e.g. in rivers and their
associated waters, Chl a concentration was usually found
to be influenced more strongly by water-flow than by nutrients [7-9]. Additionally, Chl a concentration may vary
with catchment area, water depth, or other physical factors
[10, 11].
As one of the largest floodplains in the world, the
Yangtze River floodplain is characterized by numerous
shallow lakes, which were freely connected with the Yangtze River historically. To prevent villages and cultivated
lands along the lakeshore from being flooded, embankments
and sluice gates were constructed during the 1950s-70s, and
thereby isolated most lakes from the river. At present, only
three lakes (Dongting Lake, Poyang Lake and Shijiu Lake)
have direct connections with the Yangtze mainstem. As a
mosaic of lentic and lotic patches, these river-connected
lakes are a kind of special waterbodies, being intermediate between lentic and lotic systems. Therefore, it is of scientific significance to analyze factors influencing Chl a concentration in these special waters. How-ever, previous studies of phytoplankton chlorophyll in Yangtze basin were
mainly concentrated on isolated lakes [4, 12-15]. Little work
has been done on the connected lakes [16, 17].
In view of the special hydrologic regime, the regulation
on Chl a concentration of the Yangtze-connected lakes
should receive attention. To determine environmental factors influencing Chl a concentration, we conducted systematic investigations in three Yangtze-connected lakes in
2004.

INTRODUCTION
Chlorophyll a (Chl a) is widely used as a measure of
phytoplankton biomass. It has been associated with many
factors in the former researches. Studies on lentic system,
e.g. in temperate and subtropical lakes and reservoirs, confirmed the strong dependence of Chl a concentration on
total phosphorus (TP) [1-4]. The nutrient-Chl a relationship was generally a non-linear function with large unexplained variations, suggesting that other factors also limit

STUDY AREA AND METHODS
Dongting Lake, Poyang Lake and Shijiu Lake are riverconnected lakes, situated in the mid-lower Yangtze basin,
or, in other words, located in the monsoon region of East
Asia subtropical zone. The locations and limnological parameters of study lakes are given in Fig. 1 and Table 1, respectively.
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FIGURE 1 - Location of study lakes. Numbers of sampling sites in Dongting Lake, Poyang Lake and Shijiu Lake are 30, 22 and 7, respectively.

TABLE 1 - Limnological parameters of the Yangtze-connected lakes.
Lake
Dongting Lake
Area (km2)
2432 (33.0 m ASL)
Maximum (Mean) depth (m)
23.5 (6.4)
Annual mean water level fluctuation (m)
5.90
Annual precipitation (mm)
1200-1450
Annual evaporation (mm)
1174-1420
8
3
Annual water input (10 m )
3065.7
Retention time (d)
18.2
16.8
Annual mean air temperature (℃)
16.7
Annual mean water temperature (℃)
pH
8.1
Annual mean water sediment concentration (g m-3)
127
Dominant algae
Cryptophyta, Bacillariophyta
ASL = above sea level. Data were from related materials [16-18].

Phytoplankton chlorophyll a (Chl a) was investigated
in May-July (high water level) and September-December
(low water level) 2004. Water depth (Z) and transparency
(ZSD) were measured with a sounding lead and a Secchi
Disc, respectively. Water velocity (U) was measured with
a propeller-type current meter (Model LS 1206B). Water
samples were taken from surface and bottom at each site,
mixed, and brought back to laboratory for analyses. Suspended solids (SS) was analyzed according to APHA [19],
and total nitrogen (TN) by the alkaline potassium persulfate digestion-UV spectrophotometric method. TP was analyzed by the ammonium molybdate method. Chl a concentration was measured after acetone extractions by reading
absorbance at 665 nm and 750 nm using a spectrophotometer (Unico UV-2000, Shanghai, China). All the above
methods were described in detail by Huang [20]. Macrophytes were sampled with a scythe, 2-4 times at each site,
then cleaned, superfluous water removed, and weighed for
wet weight (BMac).

Poyang Lake
2933 (21.7 m ASL)
29.2 (5.1)
5.86
1340-1780
800-1200
1501.2
10.0
16.6
16.5
7.3
66
Bacillariophyta

Shijiu Lake
210.4 (9.3 m ASL)
5.3 (4.1)
3.10
569-1685
900-1100
78.4
41.0
16.0
-7.8
-Chlorophyta, Euglenophyta

STATISTICA 6.0 was used for analyses of Pearson
correlation, Unequal N HSD test after one-way ANOVA,
multiple regression analysis. To reduce heterogeneity of
variances, U data were transformed to U0.5 and other variables were log10-transformed. Macrophyte biomass (BMac)
was transformed to log10(BMac+1).
RESULTS
Chlorophyll a concentrations and environmental parameters

Data from 59 sampling sites in 10 regions were examined. It seemed that phytoplankton chlorophyll a (Chl a)
was closely related to certain environmental factors, especially to water velocity (U) at many sites. Hence, all sites
were grouped into lotic sites and lentic sites based on the
velocity, and then tested by means of one-way ANOVA.
It demonstrated that Chl a, U and several velocity-related
parameters were significantly different between two groups
of sites. Overall results are given in Table 2.
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TABLE 2 - Phytoplankton chlorophyll a concentrations and environmental parameters
(mean±SE) of study sites (with comparison of parameters between two groups of sites in the last two rows).
Regions
West Dongting
South Dongting
Dunhu
East Dongting
Junshanhouhu
Entire Lake
Banghu
Dahuchi
Changhuchi
Dachahu
Entire Lake

Chl a
T
SS
Z
ZSD
U
TN
TP
BMac
2.79±0.81
22.3±0.8
0.054±0.018 3.2±0.4 86±10 0.42±0.02 1157±116 154±15 386±249
1.96±0.38
22.9±0.9
0.032±0.001 2.2±0.2 42±9
0.39±0.03 1089±161 152±19 0±0
4.90±1.90
26.6±0.4
0.037±0.001 2.4±0.2 168±9 0.00±0.00 927±191
59±19
563±299
Dongting Lake
3.20±0.68
22.5±1.6
0.032±0.005 4.7±0.7 41±4
0.07±0.01 1977±267 148±16 0±0
9.67±2.25
23.5±2.0
0.024±0.010 3.8±0.7 87±21 0.01±0.00 1425±146 82±25
0±0
3.03±0.43
21.4±0.7
0.030±0.004 3.7±0.3 75±6
0.23±0.02 1400±100 132±8
179±88
1.51±0.24
26.2±0.9
0.031±0.019 2.4±0.2 184±25 0.02±0.00 491±93
35±12
1014±201
0.85±0.17
27.0±0.9
0.017±0.011 1.9±0.1 144±8 0.00±0.00 563±200
36±10
727±252
Poyang Lake
2.40±0.63
27.9±1.3
0.073±0.025 2.1±0.0 114±38 0.00±0.00 1038±466 40±13
440±216
2.57±0.38
25.6±0.8
0.020±0.007 3.0±0.1 118±15 0.02±0.01 1257±116 15±2
299±107
2.11±0.43
25.5±0.6
0.030±0.008 3.7±0.3 139±12 0.02±0.00 953±107
25±4
545±96
Shijiu Lake
5.91±0.98
27.9±0.6
0.036±0.017 2.5±0.2 104±8 0.00±0.00 647±105
89±8
346±117
All lotic sites
2.07±0.17a 22.1±0.7a 0.029±0.005a 4.1±0.3a 83±8a
0.21±0.02a 1467±132a 126±11a 174±52a
All lentic sites
4.99±0.78b 25.6±0.8a 0.034±0.007b 2.8±0.2b 110±9a 0.00±0.00b 1030±107b 63±8b
354±75a
Chl a, phytoplankton chlorophyll a (mg m-3); SS, suspended solids (kg m-3); Z, water depth (m); ZSD, transparency (cm); U, water velocity (m s-1); TP,
total phosphorus concentration of water (mg m-3); TN, total nitrogen concentration of water (mg m-3); BMac, macrophyte biomass (g m-2). Means with
different superscripts are significantly different (p<0.05).

According to the Chl a standard suggested 1996 by
Nürnberg [21] for fixed boundary classification of lake
system, 15.6% of lentic sites were in eutrophic-hypertrophic
state, and all lotic sites in oligotrophic-mesotrophic state
(Fig. 2).

The relations of residuals from log10TP-log10Chl a regression to water depth (Z) and TN were significant (Table 4). Adding Z and TN as driving variables, R2 of multiple regression model could increase obviously. The equation was as follows:

Since river-connected lakes have lotic and lentic regions, the following analyses referring to the influencing
factors of Chl a will be given according to respective regions.

log10Chla=-1.42+0.51log10TP+0.29log10TN+0.71log10Z
(R2=0.36 n=43 p=0.001).
Factors influencing chlorophyll a in lotic regions

Pearson correlation analyses (Table 3) showed that
water velocity (U) and TN were most important in determining Chl a in lotic regions. Further regression analyses
revealed that a higher amount of variance in log10Chl a was
accounted for by U0.5 (Fig. 4a, parabola, r2=0.34), compared to log10TN (Fig. 4b, linear, r2=0.16). Therefore, the
major factor influencing Chl a should be U.
2.0

log10Chl a (mg m-3)

1.6

FIGURE 2 - Box lines of chlorophyll a concentration. Trophic states
determination according to the fixed boundary classification system
[21].

1.2
0.8
0.4
0.0
-0.4
-0.8
0.4

Factors influencing chlorophyll a in lentic regions

In lentic regions, correlations between phytoplankton
chlorophyll a (Chl a) and environmental parameters (Table 3) indicated that TP was the major factor influencing
Chl a. The regression of log 10TP-log10Chl a is given in
Fig. 3.

y=0.41 x - 0.15 R2=0.17 n=43 p=0.01

0.8

1.2

1.6

2.0

2.4

2.8

-3

log10TP (mg m )
FIGURE 3 - Regression between total phosphorus (log10TP) and
chlorophyll a concentration (log10Chl a) in lentic sites of the Yangtze-connected lakes.
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TABLE 3 - Pearson correlation coefficients (r) between chlorophyll a concentration and environmental factors in
lentic sites (upper triangle) and lotic sites (lower triangle) (0.001≤p<0.05 denoted as “*”, p<0.001 denoted as “**”).
log10Chl a
log10Chl a
log10T
log10SS
log10Z
log10ZSD
U0.5
log10TP
log10TN
log10(TN:TP)
log10(BMac+1)

-0.22
0.29
-0.13
0.09
-0.39*
-0.01
0.39*
0.22
-0.10

log10T
-0.09

log10SS
-0.08
-0.27

-0.37
0.08
0.27
-0.17
-0.35*
-0.57**
0.08
0.22

0.08
-0.07
0.27
0.63**
0.34
-0.50*
-0.42*

log10Z
0.19
0.29
-0.39*

log10ZSD
-0.31*
0.61**
-0.43*
0.30*

-0.04
0.10
0.02
-0.03
-0.05
-0.18

-0.33*
-0.35*
-0.28*
0.30*
0.44**

U0.5
------

log10TP
0.42*
-0.31*
0.39*
-0.38*
-0.53**
--

0.63**
-0.04
-0.62**
-0.46**

0.18
-0.90**
-0.50**

log10TN
0.29
-0.45**
-0.26
0.18
-0.54**
-0.09

log10(TN:TP)
-0.09
-0.05
-0.55*
0.40*
0.01
--0.71**
0.65**

0.34*
-0.36*

log10(BMac+1)
-0.30*
0.34*
-0.04
-0.24
0.31
--0.18
-0.35*
-0.04

0.37*

TABLE 4 - Pearson correlations between residuals of log10Chl a＝f (log10TP)
and environmental factors in lentic sites (0.001≤ p<0.05 denoted as “*”).
log10T
-0.03
0.85
U0.5
---

r
p
r
p

log10Z
0.37*
0.02
log10(TN:TP)
0.23
0.15

(b)

0.8

0.6

log10Chl a (mg m-3)

log10Chl a (mg m-3)

(a)

log10SS
-0.24
0.24
log10TN
0.35*
0.02

0.4

0.2

0.0

0.8

0.6

0.4

0.2

0.0

-0.2

-0.2

y=0.32 x - 0.72 R2=0.16 n=58 p=0.00

y= -2.82 x 2 + 1.99 x + 0.05 R2=0.34 n=58 p=0.00
-0.4
0.0

(c)

log10ZSD
-0.19
0.22
log10(BMac+1)
-0.31
0.05

0.2

U

0.4
0.5

-1

(m s )

0.6

-0.4

0.8

2.4

2.8

3.2

log10TN (mg m-3)

3.6

4.0

0.8

log10Chl a (mg m-3)

0.6

0.4

0.2

0.0

-0.2
y= -0.33 x 2 + 1.07 x - 0.48 r2=0.07 n=58 p=0.00
-0.4
0.4

0.8

1.2

1.6

2.0

2.4

2.8

log10TP (mg m-3)
FIGURE 4 - Regressions between environmental factors and chlorophyll a concentration (log10Chl a) in lotic
sites of the Yangtze-connected lakes. x-axes are (a) water velocity (U0.5), (b) total nitrogen (log10TN), (c) total phosphorus (log10TP).
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TABLE 5 - Pearson correlations between residuals of log10Chl a＝f (U0.5)
and environmental factors in lotic sites (0.001≤ p<0.05 denoted as “*”).

r
p

log10T
-0.13
0.39
log10TN
0.35*
0.01

log10SS
0.22
0.27
log10TP
0.11
0.44

log10Z
0.33*
0.02
log10(TN:TP)
0.08
0.59

The relations of residuals from U0.5-log10Chl a regression to water depth (Z) and TN were significant (Table 5).
Similar to the above results, R2 of multiple regression model
could obviously increased by adding Z and TN as driving
variables. The equation was log10Chl a = -0.51-2.16U0.5+
1.37log10TN+0.23log10Z (R2=0.47 n=58 p<0.001).
DISCUSSION
The average phytoplankton Chla of Yangtze-connected
lakes ranged from 2.98 to 3.65 mg m-3, higher than the
range of 0.52-2.88 mg m-3 in the mainstream and tributaries of the Yangtze River [22, 23], but lower than the range
of 3.17-26.5 mg m-3 in Yangtze-isolated lakes [4, 24]. The
differences are considered to be mainly attributed to water
residence times, which are much shorter in lotic waters than
in lentic environment. River-connected lakes have lentic
and lotic regions, therefore, they are regarded as partly lotic,
so that their residence times and chlorophyll a concentrate
are intermediate.

log10ZSD
0.07
0.59
log10(BMac+1)
-0.14
0.32

Chl a tends to increase with velocity. In this situation,
phytoplankton biomass is thought to be determined mainly by nutrient concentrations. When U exceeds 0.12 m/s, Chl
a tends to decline, suggesting that U inhibition has prevailed
over nutrients effects on growth of algae. High U may cause
high concentrations of SS, resulting in light limitation on
algal growth. (cf. Table 3). Sand pellets carried by high
water flow may spoil cell walls of phytoplankton [25]. High
water flow, i.e. short residence time, increases phytoplankton losses by wash-out effects [11].
2.8

log10TP (mg m-3)

r
p

2.4

2.0

1.6

1.2

A positive relationship between water velocity (U) and
TP in lotic regions was found in our work (Fig. 5). Previous researches also reported that higher flow was closely
linked to greater input of external nutrient sources [10, 11].
However, higher nutrient concentrations do not necessarily translate into a larger phytoplankton biomass under lotic
conditions. As shown in Fig. 4a, U0.5-log10Chl a relationship in lotic regions is parabolic. When U is below 0.12 m/s,

y= 1.60 x + 1.24 r 2=0.40 n=58 p=0.00

0.8
0.0

0.2

0.4

0.6

0.8

U (m s-1)
FIGURE 5-Regression between water velocity (U0.5) and total
phosphorus (log10TP) in lotic sites of the Yangtze-connected lakes.

log10Chl a (mg m-3)

River-isolated lakes

Lentic regions of riverconnected lakes
U
Lotic regions of river-connected lakes

log10TP (mg m-3)

FIGURE 6 - Comparison of phosphorus-chlorophyll a regression lines from Yangtze-connected and Yangtze-isolated lakes.
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The relationships of log10TP-log10Chl a in two types
of Yangtze lakes are compared (Fig. 6). Both regressions
in river-isolated lakes and lentic regions of river-connected
lakes are linear. The slope of the former is 1.04 [4], within
the range of the slopes (0.87-1.21) of foreign lakes [3, 26,
27]. The slope of lentic regions of river-connected lakes is
0.41, about 1/3 of that of river-isolated lakes. This disparity
is mainly attributed to the different residence times. The
regression derived from lotic regions in river-connected
lakes is curvilinear, with the slope negative. This character
is considered to be a result of synthetic effects of TP and U.
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CONCLUSIONS
According to phytoplankton Chl a-level in fixed
boundary classification system, some regions in three Yangtze-connected lakes were found to be in eutrophic state.
Statistical analyses indicate that Chl a values in lentic and
lotic regions were mainly influenced by TP and water
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of log10Chl a＝f (log10TP) in river-connected lakes
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CHEMICALS AND HAZARDOUS WASTES
GENERATED BY SHIPYARD PRODUCTION AND
THEIR EFFECTS ON HUMAN HEALTH AT WORKPLACE
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ABSTRACT
Shipbuilding industry is listed as heavy industry due
to the use of raw materials and production processes, which
mostly have an impact on human health and environment
as contaminants. Various types of solid, liquid and gaseous
form of wastes are known as the outcome of shipbuilding
and ship repair processes. These contaminants may affect
water, air and soil unless preventive actions are considered.
The effect of these contaminants on workers health is as
important as the environmental effect.
In this study, some common production processes
such as blasting, painting, welding, and fiberglass production processes are examined. The effect of the contaminants
and wastes of these processes on workers health is investigated in detail. The importance of minimization or reuse
of these wastes and contaminants without affecting human
health or environment comes into prominence. In recent
years, the most important step to avoid contamination is not
to produce contaminants. The first aim on this route is to
minimize the wastes and pollutants outcoming from the
production processes. In addition to this, new alternative
methods not causing economic cost increase should be
developed.

KEYWORDS: Shipyard wastes, Shipyard worker, Hazardous
waste, Occupational health, Production chemicals

INTRODUCTION
Production processes of shipyards may be discussed
in two main categories: New shipbuilding and ship repair industry. Production methods of these two divisions are similar. New ship construction and ship repairing have many
industrial processes in common. The shipbuilding and repair
industry consists of several processes. Some of these processes include surface preparation, painting and coating,
solvent cleaning, degreasing, welding, machining and metalworking, and fiberglass manufacturing. Ship repair-

ing generally includes all ship conversions, overhauls,
maintenance programs, major damage repairs, and minor
equipment repairs [1].
Raw material inputs to the shipbuilding and repair industry are primarily steel and other metals, paints and solvents, blasting abrasives, and machine and cutting oils. In
addition, a variety of chemicals, such as solvent degreasers,
acid and alkaline cleaners, and plating solutions containing
heavy metal and cyanide ions, are used for surface preparation and finishing. Pollutants and wastes generated include volatile organic compounds (VOCs), chromium, hexavalent chromium, styrene, manganese, nickel, lead, tin, zinc,
etc. as hazardous air pollutants (HAPs), particulate matters
(PMs), waste solvents, oils and resins, metal bearing sludge
and wastewater, waste paint, waste paint chips, and sent
abrasives [2].
The studies on blasting focuses on alternative blasting
materials, the improvements on current blasting methods,
the classification, estimation and minimization of emissions and their effects on human health. MacKay et al. [3]
studied the relation of coal slag dust on animal respiratory
system diseases. Salome and Morris [4] focused on the
effect of wastes on worker health and environment, after the
separation of used abrasive material. The correlation between the blasted surface coating components and the blasting abrasives is determined and paints with high levels of
lead are marked as potential lead pollution source when
blasted with abrasives. Gould and Wilson [5] studied the
effect of coal slag, glass and other abrasive materials on
health and environmental view. Due to its reusability, the
glass garnet was pointed out to be less contaminant compared to other abrasives. Flynn and Susi [6] studied silica
sand, lead, copper, chrome and other toxic air pollutants
after blasting process.
Hewett [7] calculated worker exposure to submerged
metal arc welding and gas metal arc welding by developing a mathematical model. It is reported that exposure to
gas metal arc welding is greater (60%) than that to submerged arc welding, therefore is more harmful to workers.
Beckett et al. [8] compared respiratory system functions of
51 shipyard welders for a 3-years period.
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Jenkins and Eagar [9] analyzed estimation methods for
chemical analysis of welding fume particulates. In addition
to toxic effects of iron oxide composites, steel components
can also be hazardous on human health during welding
processes. Researches on the reason of neurological problems of welding workers are highlighted about impact of
high manganese level from welding fume in poor level of
ventilated areas. In addition to this, kidney failure, carbon
monoxide toxicity, iron aggregation in brain are major risks
of malfunctions [10]. Ke and Costa [11] investigated toxicology of chromium(III) which may be caused by welding
of stainless steel. Cr(VI) looses oxidation level after diffusing to cell and rapidly turns to Cr(V), Cr(IV) and Cr(III).
Cr(III) causes reactive oxygen and chrome relief in DNA,
RNA and proteins. This reaction triggers carcinogen cell
damage.
Malherbe and Mandin [12] focused on VOCs emitted
during outdoor work which involves the use of paintings
and solvents. They determined whether outdoor painting
activities may induce health risks for people living in the
surrounding sites.
The respiration of organic solvent evaporation during
indoor and outdoor processes may cause damage on shipyard workers respiration systems. Organic solvents known
to be the main reason of hazards, such as Alzheimer, Multiple Sclerosis (MS) and neurological diseases, are being
used in many industries. During indoor and outdoor painting processes of block assemblies, extremely hazardous
toluene and xylene are released from the surface. Katsuyama et al. [13] analyzed the levels of organic solvent exposure with biological trace method. Workers involved in
welding, blasting and painting processes in shipyard industry are more likely to be exposed to organic solvents than
workers in other industries.
There are not many reports on emissions due to fiberglass boat production. Manufacture of fiber glass boats contains different techniques and processes. The processes include combining polymerizing resin with fiberglass reinforcing material. The manufacture of fiberglass ships and
boats involve a number of process steps which are categorized as mold preparation, resin preparation, gelcoat application and fiberglass application. Hand lay-up and spray-up
methods of mold-based process is the most commonly used
in fiberglass boat manufacturing industry. In fiberglass boat
manufacturing processes, pollutants and emissions appear
depending on production techniques and using materials.
Emissions of styrene and other solvent VOCs during spraying, mixing, brushing, and curing can be significant. In
addition, emissions of solvent vapors arise when acetone
and methylene chloride are used to clean fiberglassing
equipment.
In this study, solid, liquid and gas wastes of blasting,
painting, welding and fiberglass production, which are
chemical-related processes, are analyzed and also the exposure to workers is investigated.

WASTES DUE TO SHIPYARD PROCESSES
In this study, internationally published technical and
scientific studies on the effects of the production processes
to environment and human health in shipyard industry are
discussed. Materials, production processes, their contaminants and the effect of these contaminants on human health
and environment are investigated in detail.
Silica sand is commonly used for abrasive blasting
where reclaiming is not feasible, such as in unconfined
abrasive blasting operations. Sand has a rather high breakdown rate, which can result in substantial dust generation.
Worker exposure to free crystalline silica is of concern
when silica sand is used for abrasive blasting. Coal and
smelter slags are commonly used for abrasive blasting at
shipyards. Black Beauty which consists of crushed slag
from coal-fired utility boilers is a commonly used slag. Slags
have the advantage of low silica content, but have been
documented to release other contaminants, including hazardous air pollutants (HAPs), into the air. Metallic abrasives
include cast iron shot, cast iron grit, and steel shot. Cast iron
shot is hard and brittle and is produced by spraying molten cast iron into a waterbath. Cast iron grit is produced by
crushing oversized and irregular particles formed during
the manufacture of cast iron shot. Steel shot is produced
by blowing molten steel. Steel shot is not as hard as cast
iron shot, but is much more durable. These materials typically are reclaimed and reused. Synthetic abrasives, such as
silicon carbide and aluminum oxide, are becoming popular
substitutes for sand. These abrasives are more durable and
create less dust than sand. These materials typically are
reclaimed and reused blasting pot, a propelling device, and
an abrasive blasting nozzle(s). The exact equipment used
depends on the application. The three propelling methods
used in abrasive blasting systems are centrifugal wheels, air
pressure, or water pressure. Centrifugal wheel systems use
centrifugal and inertial forces to mechanically propel the
abrasive media. Air blast systems use compressed air to
propel the abrasive to the surface being cleaned. Finally, the
water blast method uses either compressed air or high pressure water [14].
Painting wastes are believed to be the largest category
of hazardous wastes produced in a shipyard. Paints are
made up of three main ingredients, pigment, binder, and a
solvent vehicle. Examples of pigments include zinc oxide,
talc, carbon, coal tar, lead, mica, aluminum, and zinc dust.
Some typical solvents include acetone, mineral spirits, xylene, methyl ethyl ketone, and water. Organic solvents are
useful to dissolve and disperse lubricants, oils, waxes,
paints, varnishes, rubber and so on, and are widely used
in many industrial processes.
The fume from stainless steel welding process contains
20% of chrome and 10% of nickel components. Irritant
gases, such as carbon monoxide, ozone and nitrogen oxide,
are also the outcome of welding processes.
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In fiberglass manufacturing, air emissions include VOCs
and HAPs that are generated from open containers but also
due to evaporation from gelcoating operations. The major
emission sources are exhausts from gel coat spray booths,
room exhausts from the lamination area, and evaporation
of acetone or other solvents during clean-up [15].
Styrene emissions occur during the lamination of the
deck, hull, and small parts, due to evaporation from the resin
or gel coat over-spray, and from vaporization of the applied
resin or gel coat before polymerization occurs [15].

material inputs to the shipbuilding and repair industry are
primarily steel and other metals, paints and solvents, blasting abrasives, and machine and cutting oils. In addition, a
variety of chemicals are used for surface preparation and
finishing, such as solvent degreasers, acid and alkaline
cleaners, and plating solutions containing heavy metal and
cyanide ions. Pollutants and wastes generated include volatile organic compounds (VOCs), particulate matter (PM),
waste solvents, oils and resins, metal bearing sludges and
wastewater, waste paint, waste paint chips, and sent abrasives [1].
Abrasive blasting

EFFECTS OF PROCESS ON WORKERS
The shipbuilding and repair industry processes include
surface preparation, painting and coating, metal plating and
surface finishing, solvent cleaning and degreasing, machining and metal working, welding, vessel cleaning, and fiberglass operations etc. They consume various types of products and produce solid, liquid, and gaseous pollutants. Many
different production processes employed in shipbuilding and
repair require a vast amount of material inputs and generate
huge amounts of waste and considerable emissions. Raw

In the shipbuilding and ship repair industry, abrasive
blasting is the most common surface preparation technique
used to remove old paint and other surface materials, such as
rust, mill scale, dirt, and salts. Abrasive blasting operations

can expose shipyard employees to toxic air contaminants,
high noise levels, and other safety and health hazards
Table 1 shows potential air contaminants from abrasive
blasting in shipyards, and Table 2 summarizes hazards of
air contaminants associated with abrasive blasting in shipyards [16].

TABLE 1 - Potential air contaminants associated with abrasive blasting in shipyards.
Source

Potential Air Contaminants

Base Material (e.g., steel, aluminum, stainless steel, galvanized
steel, copper-nickel and other copper alloys)

Aluminum, cadmium, chromium, copper, iron, lead, manganese, nickel,
and zinc

Surface Coatings (e.g., pre-construction primers, anticorrosive and
antifouling paints)

Copper, barium, cadmium, chromium, lead, tributyl tin compounds, zinc

Abrasive Blasting Media (e.g., coal slag, copper slag, nickel slag,
glass, steel grit, garnet, silica sand)

Arsenic, beryllium, amorphous silica, cadmium, chromium, cobalt, crystalline silica, lead, manganese, nickel, silver, titanium and vanadium

TABLE 2 - Hazards of air contaminants associated with abrasive blasting in shipyards.
Contaminant
Aluminum
Arsenic
Cadmium
Chromium (VI)
Cobalt
Copper
Iron
Lead
Manganese
Nickel
Crystalline Silica
Tin(organic)
Titanium
Zinc and Copper

Potential Health Hazards
Respiratory irritation.
Skin, lung and possibly lymphatic cancers and lead to peripheral neuropathy and vascular disease
Degeneration of the renal tubules (kidney damage) manifested by increased protein in the urine; increased blood pressure
contributing to hypertension; obstructive lung diseases like chronic bronchitis, pulmonary fibrosis and emphysema; and
increase the risk of lung and prostate cancer.
Lung cancer and asthma, damage nasal tissue and cause allergic dermatitis with skin contact.
Chronic lung inflammation and pulmonary fibrosis, increase the risk of lung cancer, and cause allergic contact dermatitis
with skin contact.
Respiratory irritation.
Siderosis (mildly fibrotic lung disease)
Subclinical and clinical peripheral neuropathy [muscle weakness, pain, and paralysis of extremities], disruption of
hemesynthesis and anemia, loss of kidney function, increased blood pressure, nephropathy, reduced sperm count and male
sterility, and increase the risk of cancer.
Subclinical/clinical manganism, a 'Parkinson's-like' movement disorder manifested by reduced reaction time, loss of
steadiness, walking difficulties, and emotional instability.
Lung and nasal cancers, asthma and allergic dermatitis with skin contact.
Chronic lung disease, silicosis, and increase the risk of lung cancer.
Headaches and subclinical neurological disturbances.
Lung inflammation and pulmonary fibrosis.
Metal fume fever (acute 'pneumonia-like' symptoms).
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Potential exposure to dust and air contaminants is the
primary health hazard associated with abrasive blasting.
Abrasive blasting can generate large quantities of dust that
can contain high levels of toxic air contaminants. The source
of the air contaminants includes the base material being
blasted, the surface coating(s) being removed, the abrasive
being used, and any abrasive contamination from previous
blasting operations [16].

Garnet

Coal slags are waste products formed from the burning of coal in electric power plants. Slag is formed during
the burning of a powdered coal that produces an ash with
a relatively low melting point. During the burning process,
the molten ash falls to the bottom of the furnace into water
where it frits [17]. Steel grit is the second most commonly
used alternative blasting abrasive in terms of tons consumed.
Due to excellent recycling properties of steel grit, it is the
abrasive that is used to prepare the most square feet of
surfaces for blasting operations. Garnet is a naturally occurring mixture of almandite garnet (Fe3Al2(SiO4)3) with some
magnesium and manganese substitution for iron [17].

For hydroblasting, rust inhibitors, such as sodium nitrite
or diamonium phosphate, may be used. In certain situations,
antifreeze may also be part of the water jet to reduce ice
formations. Antifouling paints are used on vessels and marine structures to control the growth and attachment of “fouling”, organisms such as barnacles, seaweed and algae. This
is the intended effect of antifouling ingredients in paint.
However, some antifouling ingredients, such as tributyltin
(TBT) can have a deadly effect on species other than fouling organisms. TBT is highly toxic in small concentrations
to fish, oysters, clams and other forms of water life, so
proper-management of TBT-containing paints, and while
blasting vessels that have been painted with TBT paint, is
extremely important. The harmful effects of organotin-based
compounds on marine life, the environment and human
health were first recognized in the early 1980s. In recent
years, concerns have also been raised about the impact of
TBT on human health [18]. Table 3 shows occupational exposure limits for blasting abrasive components of National
Institute for Occupational Safety and Health (NIOSH), Occupational Safety and Health Administration (OSHA) and
American Conference of Governmental Industrial Hygienists (ACGIH) [19].

Silica

When workers inhale the crystalline silica used in abrasive blasting, the lung tissue reacts by developing either
acute or chronic silicosis depending on the exposure dose.
Acute silicosis is characterized by alveolar lipoproteinosis
and a decrease in gas exchange. Chronic silicosis is characterized by fibrotic nodules and scarring around the trapped
silica particles. If the nodules grow too large, breathing
becomes difficult and death may result. Silicosis victims are
also at high risk of developing active tuberculosis. The silica
sand used in abrasive blasting typically fractures into fine
particles and becomes airborne. Inhalation of freshly fractured silica appears to produce a more severe lung reaction than aged silica that is not freshly fractured. This factor
may contribute to the development of acute and accelerated
forms of silicosis among sandblasters [4].
Coal Slag

The acute in vivo pulmonary reactions to coal slag have
also been assessed in experimental animals. One month
after intratracheal instillation of 10 mg/rat coal slag or silica
sand, there was significant PMN infiltration, potentiation
of particle-stimulated oxidant generation from alveolar macrophages (chemiluminescence), and lung cell damage (elevated LDH in lavage fluid). These acute pulmonary reactions tended to be greater for coal slag than blasting sand
[4].
Steel grit

The pulmonary effects of respirable steel grit have not
been extensively studied. Although it is predominantly comprised of iron, it cannot be considered equivalent to iron
oxide, since its biological persistence may be very different from iron oxide. Steel grit, in contrast to blasting, did
not cause significant inflammation, lung damage, or fibrosis 30 days following trachea installation [4].

Garnet produced pulmonary inflammation and damage
in vivo at potency similar to that for silica sand, but induces
reduced fibrotic type response following acute exposure. In
addition, freshly blasted garnet produced more hydroxyl
radicals than silica sand in vitro as assessed by ESR spectroscopy. No studies evaluating the carcinogenicity of inhaled garnet are available [4].

Painting

Painting is a major process in shipyards which provides
corrosion protection and/or improves appearance of the
substrate, and is generally distributed throughout the yard.
Painting activity can be divided into two major categories,
painting and equipment cleaning, both of which result in
emissions of volatile organic compounds (VOCs) and hazardous air pollutants (HAPs). Surfaces are generally spraypainted, and some parts are hand-painted. Most topside
and interior paints are not as toxic as anti-fouling bottom
paints, which generally contain toxic pigments, such as
chromium, titanium dioxide, lead, copper, and tributyltin
compounds. By employing paint application equipment
with high transfer efficiency, the amount of paint lost due
to overspray and the VOCs/HAPs are minimized. VOCs
in presence of oxides of nitrogen and sunlight contribute
to ozone formation which is a major health concern. In
addition, many VOCs are considered as HAPs due to the
inhalation-induced toxicity [20].
Organic solvents are useful to dissolve and disperse
lubricants, oils, waxes, paints, varnishes, rubber and so on,
and are widely used in many industrial processes. Most of
them are also recognized as extremely hazardous chemicals and some of them might cause Alzheimer’s disease,
leukoencephalopathy, multiple sclerosis, neurobehavioral
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TABLE 3 - Occupational exposure limits for blasting abrasive components.
Components

National Institute for Occupational
Safety and Health (NIOSH) [19]

Aluminum Oxide (Al2O3)
Arsenic (As)
Barium (Ba)
Beryllium (Be)
Cadmium (Cd)
Calcium Oxide (CaO)
Chromium (Cr)
Chromic Acid
Cobalt (Co)
Copper (Cu)
Iron Oxide (Fe2O3)
Lead (Pb)

None Established
Carcinogen 0.002 mg/m3 (15 min)
0.5 mg/m3
Carcinogen 0.00005 mg/m3
Carcinogen
2 mg/m3
0.5 mg/m3
Carcinogen 0.001 mg/m3
0.05 mg/m3
1 mg/m3
5 mg/m3
0.05 mg/m3

Occupational Safety and
Health Administration
(OSHA) [19]
15 mg/m3
0.01 mg/m3
0.5 mg/m3
0.002 mg/m3
0.005 mg/m3
5 mg/m3
1 mg/m3
0.1 mg/m3
0.1 mg/m3
1 mg/m3
10 mg/m3
0.05 mg/m3

disorders etc [13]. Solvent vapors comprised of VOCs and
HAPs are significant pollutant outputs of cleaning and degreasing operations. Both halogenated and nonhalogenated
solvents are used, and mixtures of different solvents are
common. Typical cleaning and degreasing solvents include
mineral spirits, aromatic hydrocarbons (e.g., xylenes, toluene, etc.), aliphatic hydrocarbons, ketones, esters, alcohols,
glycol ethers, phenols, turpentine, and various halogenated
solvents (e.g., trichloroethylene, 1,1,1-trichloroethane, perchloroethylene, etc.) [1].
Xylenes are used extensively as cleaning solvents and
in thinning paints. Xylenes are rapidly absorbed into the
body after inhalation, ingestion, or skin contact. Short-term
exposure of humans to high levels of xylene can cause
irritation of the skin, eyes, nose, and throat, difficulty in
breathing, impaired lung function, impaired memory, and
possible changes in the liver and kidneys. Both short- and
long-term exposure to high concentrations can cause effects,
such as headaches, dizziness, confusion, and lack of muscle coordination [21].
The block building process is currently being used in
shipbuilding. When workers engage in constructing many
small blocks, the risk of exposure to many hazardous chemicals is not high because steel is automatically cut, pressed
and welded. However, many small blocks are assembled
into a complete ship on the building berth and not only the
working space itself but also free spaces, such as aisles,
become smaller and smaller as the process proceeds. Such
a limitation may reduce the availability of engineering
control measures. Even when workers use personal protection measures properly, the poor working environment
may decrease their effectiveness. Workers in a very confined space may inhale hazardous chemicals throughout
their time at work irrespective of having engineering control measures and personal protection measures. The inhaled organic solvent is metabolized and excreted from
the body within a few hours or few days. Neurobehavioral
symptoms were observed in organic solvent workers who
had been working in the area with concentrations around
threshold limit values (TLVs) for approximate 10 years. The
effects of repeated exposure to very low concentrations of

American Conference of Governmental
Industrial Hygienists (ACGIH) [19]
10 mg/m3
0.01 mg/m3
0.5 mg/m3
0.002 mg/m3
0.01 mg/m3
2 mg/m3
0.5 mg/m3
0.01 mg/m3
0.02 mg/m3
1 mg/m3
5 mg/m3
0.05 mg/m3

solvents remain uncertain. However, in addition to the fact
that exposure occurred continuously, even when the solvent
concentration at workplaces was not high, the shipbuilders
had to work under conditions which might cause health
problems, such as night shift work, usage of other toxic
chemicals, etc. Moreover, the shipbuilders have to work in
a very limited space where the solvent concentration is not
always measurable. Emphasis should be placed on proper
application of protective measures, especially personal protective measures, since working conditions vary from worker
to worker in such limited spaces. Continuous inhalation was
unavoidable, even when proper protective measures were
taken in a workplace exceeding the assessment criterion.
It seems important to observe the long-term effects or complex effects of such chemicals, as well as to evaluate the
long-term effects of repeated exposure to low concentrations of organic solvents [13].
Welding

Welding is a common and a highly skilled occupational
specialty. Welding processes involve inhalation exposures,
which may lead to acute or chronic respiratory disease. The
primary source of inhaled particulate material in most welding processes is a consumable electrode of filler metal,
which is partially vaporized. Metal fume is formed when
vaporized metal condenses in air as metal oxide particles.
These particles are particularly hazardous component of
welding fumes because they are small enough to deposit
in the terminal bronchioles and alveoli, distal to mucociliary
cleaning mechanisms. Welding has been associated with
many respiratory problems, which vary from acute or
chronic respiratory symptoms, such as malaise, cough,
dyspnea, chronic bronchitis, interstitial lung disease, pneumonitis, asthma, pneumoconiosis, and lung cancer [22].
Welding provides a powerful manufacturing tool for
high quality joining of metallic components. Essentially, all
metals and alloys can be welded; some with ease, others
requiring special precautions. Approximately 80 different
types of welding and allied processes for commercial use
have been identified. Each method has its own particular
metallurgical and operational advantages, and each may
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present its own potential health and safety hazard. Thus,
welders are not a homogeneous group, working in a variety of workplace conditions. The chemical properties of welding fumes can be quite complex. Most welding materials
are alloy mixtures of metals characterized by different
steels that may contain iron, manganese, silica, chromium,
nickel and copper. Effects of some of the welding materials, with particular interest in relatively more harmful ones,
on human health are mentioned in the following paragraphs.
Both chromium and nickel have been classified as human carcinogens. Exposure to high levels of manganese
has caused neurological disorders in workers involved in
the mining and processing of manganese ores.
Hexavalent chromium has been designated as a priority pollutant due to its ability to cause genetic mutations and
cancer. Various studies have reported a greater incidence
of lung cancer in chromate workers than in other industrial workers. However, it may take around 15-20 years for
the lung cancer to develop, so the disease may not immediately appear after exposure [23]. It is also reported that
Cr(VI) is commonly used in industrial chrome plating, welding, painting, metal finishes, steel manufacturing, alloy,
cast iron and wood treatment, and is a proven toxin, mutagen
and carcinogen [24].
Copper must be absorbed in small amounts on a daily
basis to maintain good health. A daily dietary intake of 12 mg is required. However, high levels of copper can be
harmful to health. Inhaling high levels can cause irritation
to the nasal passages, mouth, eyes and throat, and ingesting high copper concentrations can lead to nausea, vomiting and diarrhea. Exposure to very high levels can damage
the liver and/or kidneys, and may lead to death. The Office
of the Australian Safety and Compensation Council classifies copper as a hazardous substance.
Several irritant gases, such as carbon monoxide, ozone,
and oxides of nitrogen, may be generated in significant
quantities during common arc welding processes due to
different shielding gases and fluxes used.
A number of epidemiological studies have examined
the respiratory health of welders. Deposits of significant
amounts of iron oxide have been commonly observed in
the lungs of full-time welders without the presence of fibrosis. This condition is known as siderosis and has generally been considered to be benign and not associated
with respiratory symptoms [25].

Stainless steel welding fumes have been shown to
have a greater inflammatory potential in laboratory animals as compared to mild steel fumes. The potential association of the welding and excess lung cancer incidence
and mortality continues to be extensively studied. Several
epidemiological studies have indicated an excess risk of
lung cancer among welders. The risk of cancer development in welders is believed by some investigators to be
confined to stainless steel welding where the potential human carcinogens, chromium and nickel, are present in significant levels in the fumes. Neuropsychiatric symptoms
have been observed in some welders. There is concern that
manganese in welding fumes may be the causative agent
[25]. The types of welding used in shipbuilding industry
are as follows: gas metal arc welding with stainless steel
electrode; gas metal arc welding with mild steel electrode;
and manual metal arc welding with stainless steel electrode. These three processes cover the major types of
welding used and allow examination of fumes with vastly
different metal profiles and chemical properties.
In addition to welding fumes, metal cutting operations,
which may commonly used in ship scrapping, generate air
emissions that contain particulate matter, heavy metals,
metal ions, oxides of nitrogen, carbon monoxide, and ozone
[26]. Metal cutting is a sort of process that melts the metal
down, like welding. Although the effect of metal cutting
on human health is not as serious as the effect of welding
fumes, it should not be neglected.
Fiberglass production process

Many of the medium and small shipyards manufacture
and repair fiberglass ships and boats, or construct fiberglass
parts for steel ships. The process involves combining polymerizing resin with fiberglass reinforcing material. The
resin is polymerized with a catalyst or curing agent [27].
In fiberglass manufacturing, air emissions include VOCs
and HAPs that are generated from open containers and due
to evaporation from gelcoating operations [28]. The major
emission sources are exhausts from gel coat spray booths,
room exhausts from the lamination area, and evaporation of
acetone or other solvents during clean-up. Table 4 shows
typical fiberglass manufacturing processes.
In fiberglass manufacturing, molding processes are either closed or open. Closed molding techniques are compression, injection, pultrusion, continuous lamination, marble
casting, bag molding, and resin transfer. Selection of closed

TABLE 4 - Typical fiberglass manufacturing processes, materials used and emissions.
Process
Mould Preparation
Gel-coating and
Laminating
Equipment and Tool
Clean-up

Process and Primary Products Used
Release agents
Resins, containing styrene monomer initiators and
catalysts
Reinforcements - solvents- acetone and various
alcohols, xylene and toluene

3
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Primary Emissions
Air Emissions styrene and other volatile organic compounds (VOCs)
such as methyl methacrylate (MMA), xylene, toluene, acetone, alcohols
Water emissions and emissions to land-spent solvents and still bottoms may contain styrene and alcohols and are often managed through
local sewers. Spilled materials, spent filters, residual resin, and out-ofdate materials.
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or open molding depends on the size and volume of the
product to be manufactured. Open molding is used for large
parts, such as boats and recreational vehicle structures. The
styrene concentration used in fiberglass boat manufacture
is usually 35-45 %, and the styrene content of the gel coat
is typically 45-50 %. The most common fiberglass boat
production process is contact molding, both spray layup
and hand layup. Gel coat application typically takes place
in a ventilated spray area in boat manufacturing facilities
[29]. Styrene emissions occur during the lamination of the
deck, hull, and small parts, due to evaporation from the
resin or gel coat over-spray, as well as from vaporization of
the applied resin or gelcoat before polymerization occurs
[28].
Air emissions include VOCs and HAPs generated from
open containers or by evaporation from curing operations.
There are four primary areas in the fiberglass boat production processes where VOCs may be emitted to the atmosphere. These are resin storage, the production area, the assembly area, and waste disposal. The major emission sources
are exhausts from gel coat spray booths, room exhausts from
the lamination area, and evaporation of acetone or other
solvents during clean-up [28].
Styrene is a major constituent of fiberglass resins and
gelcoats. Short-term exposure may cause irritation to eyes,
lungs, stomach, and skin. Problems may occur in the central nervous system as a result of serious exposure and may
also occur in the peripheral nervous system. Short-term exposure from inhalation is commonly associated with “styrene sickness”, which includes vomiting, loss of appetite,
and a drunken feeling. Short-term exposure also irritates the
respiratory tract, and is associated with asthma and pulmonary edema. Long-term exposure in those working with
styrene has been associated with impaired nervous system
functions including memory, learning, and motor skills and
impaired psychiatric functioning. Styrene may also cause
gene mutations and birth defects. Styrene has been shown
to cause liver damage. The International Agency for Research on Cancer notes that evidence of carcinogenicity in
experimental animals indicates that styrene is a possible
carcinogen in humans [30].

Worker exposure reduction with new designs can be
grouped under engineering, administrative and personal
protective equipment (PPE), as well as work practice controls. These groups have unique legal terms but also more
general understanding within the occupational and environmental hygiene community. Violation of the permissible exposure limit (PEL) will result in an employer citation
for the overexposure and the failure to use engineering and/
or administrative controls. An interim abatement period is
specified where PPE is permissible to reduce exposures
below the PEL, and in some cases the PPE may be part of
a permanent solution.
The protection of workers health depends on the preventive methods and their consistency. Personal Protective Equipment (PPE) should be defined according to the
job and current chemicals, and should be classified separately. During painting, blasting and welding operation
within a workshop on shipbuilding or ship repair industry,
the ventilation of the workshop should be well organized,
the air should be monitored, and the protective equipment of
the worker should be used. Especially the covered locations, such as a hatch, should be supported with gas
masks and fresh air. The welding fume should be removed from the area with portable fume boxes in addition
to personal protective equipment. Fiberglass production
emits styrene to the environment and air should be well
filtered with support of the masks and fresh air breathing
systems.
To limit the hazardous waste materials and chemicals,
to keep the workers health issues on a minimized level,
alternative production materials to replace these traditional
production processes should be considered during all shipyard production processes. These alternative ways must be
defined and necessary trainings should be distributed to top
and medium level management of the shipyards.

CONCLUSION
Huge amounts of organic and inorganic chemical materials are used in most of the production processes involved in shipyards, such as painting, blasting, welding
and fiberglass manufacturing. Also these processes produce
different types of contaminants harmful to human and environment. For instance, paint layer removal and painting
phases contain hazardous chemical components. The inhalation of volatile blasting material is extremely dangerous.
Skin contact or inhaling of chemicals used during blasting
and painting should be avoided if possible. Exposure to
welding fume, depending on welding method, wire and
electrode composition is also dangerous.
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THE RELATIONSHIP BETWEEN
ENVIRONMENTAL EDUCATION, SCIENTIFIC RESEARCH
AND SUSTAINABLE DEVELOPMENT IN TURKEY – A COMMENT
Ilhami Kiziroğlu
Hacettepe University, Faculty of Education, Beytepe, Ankara, Turkey

ABSTRACT

opment in aspects related to environmental education and
scientific research at Turkish universities.

Turkey is making attempts to be a member of the
European Union in every field and has been carrying out
studies related with this issue. In these studies, information about especially sustainable development, the levels
of scientific studies, the conditions under which they are
conducted, and what should be done in Turkey in the
near future are provided. In this sense, the missions undertaken and responsibilities by YÖK (Council of Higher
Education), universities, TÜBITAK (The Scientific and
Technological Research Council of Turkey) are mentioned. Some sample studies of environmental education
in Turkey and non-governmental organizations (NGOs)
related with this) are also mentioned.
KEYWORDS: Sustainable development, scientific research;
University, environmental education, NGO

INTRODUCTION
Research on sustainable development in environmental
education and in scientific work at universities has become
a vast theme in Turkey. This article addresses and clarifies
several aspects in order to explain the aim of this project.
Since Turkey expects to join the EU in a foreseeable future,
the strategy of the EU is presented in aspects related with
sustainable development. The World Environmental Congress and its influence on the sustainable development and
of the EU, is discussed. Moreover, the present situation of
the education and environmental education system at the
general school system in Turkey is described. Possibilities
for the fostering and the situation of the research at universities (Council of Higher Education, YÖK) are under
development. Such is realized with regard to the concept
of education for a sustainable development in Turkey as
well as the actual trends in Turkish science and technology.
Similarly, the role of the NGOs with respect to the environmental awareness of the population will be dealt with.
This work will search and present the most important
thematic literature for the research of sustainable devel-

RESULTS
The World Environmental Congress and its influence on the
answer of environmental questions in Turkey and around
the world

During the last 17 years, human mankind hosted two
important environmental protection congresses, the first
in 1992, the Rio Environmental Summit (RES), and the
second in 2002, the World Environmental Summit (WES)
in Johannesburg. Since the realization of these two summits, the issues of environmental protection and sustainable development became a leitmotif [1-3]. Therefore, Eisermann [4] pointed out that the RES made the concept of
sustainable development acceptable, and added that the Rio
summit placed in foreground areas of biodiversity and climate protection as well as the role of the NGOs. Furthermore, the implementation of programs aiming at combating poverty and environmental damage should be increased,
but still in reality, such an increase did not occur. For example, one of the most important events of the decade after
Rio in 1997 was the signing of the Kyoto protocol in order
to voluntarily reduce the international emission of greenhouse gases (especially carbon dioxide). Since then, however, the question remains as to what has been done so far
by the G 8 nations, China and India. During the summit,
debates should be allowed for the new universal Charta as
to once more reinforce the commitment of each signatory
state in tackling several sub-areas of sustainable development, i.e. a) pollution b) global warming, c) biodiversity, d)
energy, e) water, f) education, g) health, h) climate, i) poverty, and j) the role of science and technology. The signatories, furthermore, have promised to implement at their
countries within a short period of time more sustainability
of further development. In addition, more than 170 countries agreed to set up environmental education as one of
the goals of their agenda 21.
The Sustainable development in general

In accordance with the Brundtland Commission report
of 1987, sustainable development is a matter that assures
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the quality of life of the present generation and, at the same
time, preserves future generations the possibility to shape
their own life [5-7]. The concept of sustainable development here is used in the sense of the United Nations and
not as leading definition of sustainable forestry [8]. The
United Nations declared the years 2005 to 2014 as the world
decade of “Education for Sustainable Development” and
the UNESCO has been assigned with the lead management
of this task. Sustainability is the central political concept of
the 21st century [8]. This signifies that future generations
should have the same chances to fulfill their life expectations. Sustainable development connects economic progress
with social justice and protection of the natural environment [5, 9-11].
The Sustainability strategy of the EU and Turkey

The environmental policy of the EU is aimed at fostering sustainable development and preservation of environment, both for present and future generations. The basis of
that policy is the integration of environmental protection
measures in other policy areas of society. To this strategy
pertain preventive measures, the causative principle, the
combat of environmental damage through assessing the
causes, and a balanced distribution of tasks and responsibilities. Although the EU distinctly pointed out that sustainable development would be a superior goal of its policy, the reality, however, looks different. Some commissioners gave statements that the economic growth must
firstly be stimulated before the EU can implement active
measures for social and environmental protection [12].
General aspects on education in Turkey and environmental
education and training

In Turkey, the pupils are obliged by law to attend
school for at least 8 years. Since there is no classification
after primary school, all pupils, when capable, can go for
high school education. If they want to study in a Turkish
university, they must complete high school and then pass
a university entrance exam. Different to a majority of other
European countries, lessons in Turkey are held very formally [13]. There is only seldom a contact between teachers and pupils outside the classroom [13-16]. There are several pedagogic cross section areas within the education
science, for which it can be accepted that they follow, in
part, a goal and concept with similar direction, i.e. peace
studies, health education, environmental training, and one-

world pedagogic. Some pedagogic cross section areas are
even oriented towards a concept of sustainable development [17]. All parts bear some responsibility that related
emotional activity and environmental-conscious components can be brought into the education system [13, 1821]. A separate optional subject named “Nature and Men”
is introduced in the 9th class. Environment-related subjects
are dealt with in theory and practice and, therefore, pupils
have to practice these subjects also outside the school [13,
22, 23].
The development of environmental conscience can be
realized through environmental education [13, 23, 24]. The
intentions of environmental education are consistent for all
types of school: “The school has the task to give children
and young people an insight to the complex relationships
of our environment and to make them understand the
causes and influences of environmental changes, the interdependence of ecological and social influences as well as
the necessity of a responsible and conscious acting of individuals and society” [25]. A frame plan for environmental
education at the primary school encompassed the following goals that were also part of the school reform in 1997
[13, 26]: Environmental education in Turkey will be cancelled from the subjects “Environment”, “Health”,
Transport” and “Reading”, and will be integrated in the
subjects “Biology”, “Social Studies”, Geography” “Chemistry” and “Natural Sciences”. The subsequent goals are
aimed at providing school children environmental awareness and contributing with the following important points
[13-15, 20, 22, 27-30]: a) learn about social, biological
and physical environmental factors, b) each individual has
the right to live in a healthy and natural environment (also
cited in the Turkish Constitution of 1982), c) respect
human and nature, d) raise awareness of the significance of
environmental damage to mankind and society, e) let environmental awareness develop in order to protect the environment, f) get to know the negative influences of environmental problems on the health of human kind.
As the majority of the EU states, Turkey has a great
potential for research in sustainable development. As illustrated in Table 1, the number of young people qualified
for studying is very high, and this richness must be evaluated and seen as a capacity for research in the future, assuming that they will be trained as well as in EU countries.

TABLE 1 - Population of Turkey in Educational Age (2000-20025, Millions) (AG = Age Group)*
Year

Pre-school
(AG 3-5 Years)

2000
4 113
2005
3 865
2010
3 902
2015
3 777
2020
3 805
2025
3 655
*From Gürlesel [31]

Primary school
(AG 6-14 Years)

Sec. school
(AG 15-18 Years)

High school
(AG 19-22 Years)

University entrance Year
(AG 18-19 Years)

12 208
12 015
11 748
11 543
11 294
11 268

5 742
5 425
5 314
5 171
5 124
4 956

5 648
5 540
5 328
5 257
5 064
5 077

1 428
1 358
1 352
1 347
1 258
1 258
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Report (1998-2006) of the EU Commission on the Turkish
education

The report in 1998 stressed that despite substantial efforts, the general training level in Turkey did not comply
with the training level at EU countries. In the EU report of
2000, it was determined that further preparation took
place in order to prepare Turkey for the participation in
relevant Community programs. The improvement of the
education system in Turkey remained yet a priority. In the
report of 2001, a notion was argued that Turkey had only
achieved limited progress. The new education law in Turkey, which passed in July 2001, constituted an important
step and was supposed to be particularly beneficial for
professional education. In the report from October 2002, it
was ascertained that progresses were limited. The report
from November 2003 was about the preparation for participation in Community programs, monitoring the implementation of directives about the scholar care of children
from migrant workers, inspecting the role of the Supreme
Council for the educational system and fostering the
scholar care of disabled children. The report from October
2004 presupposed the progress in administration, the
strengthening of regional services and the continuation of
lifelong learning as a priority in Turkey [32].

SUSTAINABLE DEVELOPMENT
IN RESEARCH IN TURKEY
Training in sustainable development conveys the competences that are necessary for the future shaping of our
lives. The aim of the decade, “Training for Sustainable
Development”, is to connect to the education system the
lead concept of ecological, economical and social development worldwide. Training for sustainable development pertains equally to the learning process in kindergartens,
schools, universities, further education and cultural institutions as well as research institutions in Turkey [17, 28,
33, 34].
The role of universities and high education committees (HEC=
YÖK) in sustainable research in Turkey

The Turkish universities participated in the Bologna
Process in 2001 [35]. During implementation of the Bologna Process, Turkey revealed a considerable development
at the area of higher education. It is clear that the universities are those organizations in which know-how is produced
and, for this reason, universities are regarded as a research
pool. Technical, economical and ecocentristic theories are
developed. As commonly known, knowledge is power, and
in developing countries, the knowledge-society phase started
at the last quarter of the last century and generated a new
global economic structure, the so-called knowledge-economy. In this new trend, the individual economical power,
knowledge and education level of individuals play an important role, and the capacity of respective countries to
compete is measured by their individual and social capital
[36]. The state intents to reduce financial contribution to

universities, and, on the other side, to assign their freedom, performance and control tasks to intermediate committees (buffer-bodies). Controlling (accountability), quality and quality assurance systems are originated and open
themselves to external assessment authorities. In this way,
the universities can be held accountable to the society. The
Turkish universities have the following responsibilities to
enable the realization of sustainable development in research:
They take their function as researchers seriously in
the sense that they produce knowledge. Here, the institutions of higher education are addressed as research institutions.
They take their knowledge transfer function seriously,
in the sense that they provide for the transfer of new
knowledge in the framework of scientific education and
further education. Here, the core is the possibility to study
sustainability as a subject.
Through transfer and communication of research results, they provide for the dissemination of knowledge in
society and, thereby, assume an active function in science
and society.
Through the utilization of acquired knowledge in their
institutions, they fulfill their role model function in society [37].
As mentioned above, universities have the function to
contribute to sustainable development in Turkey, with the
trend of increased numbers of universities. In 1980, there
were only 19 universities, today there are more than 94
public universities and 31 private universities, totaling more
than 125 universities. The number of universities and their
institutions that carry on research amounts to 1972 [38].
Their scientific results are published in international
scientific journals. The expenses of the gross national product (GNP) for education and training increased from 2%
in 1990 to 3.84% in 2003. Therefore, the HEC = YÖK fraction was only 0.96% (not even 1%) [39]. This fraction in
OECD countries is about 5.9% of the GNP. Generally, there
are two criteria to evaluate the research activities of universities, primarily the number of approved PhD candidates,
and secondarily the number of publications from the science citation index (SCI), social science citation index
(SSCI), and art and human citation (AHCI). 98.2% of these
publications were produced by researchers at universities
and only 1.8% from researchers at government agencies
and private sector.
The number of full scientific publications published
in the years 2004 by SCI, SSCI and AHCI are arranged in
a manner in which the first 10 universities from more than
125 Turkish universities are presented as follows – the
first cipher is the number of publications, the second cipher
is the number of publications per lecturer of the university
(= U.): a) Bilkent U*. 2296/1.21; b) Gebze High technology institute 114/1.19; c) Koç U*. 112/0.97; d) Boğaziçi
U. 315/0.89; e) ODTU = METU 608/0.86; f) Başkent U*.
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231/0.84; g) İzmir High technology institute 74/0.76; h)
Gaziantep U. 174/0.75; i) Trakya U. 338/0.74; k) Hacettepe U. 960/0.73. From these 10 universities, 3 are private
(marked with a star). Secondly, the number of fulltime staff
doing research and development in 2002 was only 28,964.
According to OECD standards, Turkey has scarce
fulltime staff compared to other member states [40]. At
the same year, in Germany the number was 480,000, in
Denmark 42,406, in Italy 164,023, in Poland 76,204, and
in Greece 60,226 [37]. Furthermore, the number of personnel involved in research and development in Turkey
for 1,000 employees was only 1.4 in contrast to Germany
with 15.2, Italy with 6.8, Poland with 5.1 and Greece with
7.7. If the capability of the Turkish universities to conduct
research for sustainable development is analyzed, all the
values must be evaluated: The fact is that, in Turkey, only
0.66% of the yearly GNP is designated for R & D (= ARGE). This fraction amounts in Sweden to 3.76%, in Korea
to 2.82%, in Japan to 2.8%, in USA to 2.62%, in France
to 2.25%, in Pakistan to 0.92%, in Jordan to 0.26%, and
in Egypt to 0.22%. In 2005, this fraction in Turkey has
increased to 0.79%. For the EU process, Turkey must increase this fraction to above 2%. In case Turkey wants to
increase this fraction, the number of research personnel in
Turkey must raise in accordance with the needs.
The planning and application of scientific and technological policies between 2005 and 2010 is set as a goal to
increase the AR-GE fraction to 2.5% in order to increase
the number of full-time researchers up to 40,000. In accordance with the national science and technology document, the number of AR-GE (R & D employed scientists)
per 100 inhabitants is to rise to 6. It is stated in this document that the number of scientists has to be increased to
150,000 until 2023. Taking the present conditions into
account, this cannot be achieved considering that 3000
PhD scientists per year are formed. In this sense, in the
near future, Turkey cannot overcome such deficit. The
number of willing young scientists is very important for
the development of a sustainable research. They will be
trained in Turkey or abroad. The training of junior scientists at master and PhD degrees abroad is realized through
the ministry of education (EM), YÖK, TUBITAK and
TUBA (Turkish Scientific Academy) [41]. In accordance
with YÖK [32], 370 junior scientists are sent abroad with
the support of the ministry of education, from which 226
finished their degrees. Considering those that are selffinanced, this number reaches 390. The junior scientists
(holding a scientific assistant position) are sent to the
master and PhD programs of metropolitan universities in
Turkey. At present, 3340 junior scientists from smaller
universities proceed their studies in developed universities.
After finishing, they return to their universities to resume
research. The number of PhD-trained persons in
1993/1994 increased to 1466, while in 2003/2004 increased to 2860 (double increase); the required number
cannot be achieved (TUBA, 2006). The number of master

graduates increased four-fold at the same years, from
5,057 to 21,850, which is yet not enough.
THE ROLE OF NGOS IN
SUSTAINABLE DEVELOPMENT
In conformity with NGO (=STKR) [42] data, there are
11,100 NGOs in Turkey and they are active in several
areas. Approximately 20-25% of NGOs work on subjects
related to environment and training of the population on
environmental awareness. Even the Turkish Association for
Protection of the Nature (TTKD) is active since 50 years in
various areas of the environmental protection and in training the population in the countryside; the TEMA (combating erosion in Turkey) also realizes the same work. The
Turkish Environmental Association (= TÇV) organized a
large number of environmental congresses and training
courses related to environmental protection. They also published books on the environmental education for children.
Therefore, the NGOs realized a substantial work on environmental education for the population. The NGOs emphasize that the call for a sustainable development in a global
inter-relation must be discussed not only at European level.
DISCUSSION
In the European Union, more than 200 legal acts in
the area of horizontal provisions of law can be demanded
for, and regard water and air pollution, industrial waste
comprising chemicals, biotechnology, protection of nature,
combating industrial environmental harm including risk
management, noise protection, and radiation protection.
During the last 15 years, Turkey made efforts to implement an environmental protection campaign in order to
make progress in environmental protection by the adoption
of law texts and the establishment of different mechanisms.
For the solution of important environmental protection problems, Turkey has even ratified the framework agreement of
the United Nations on Climate Change, but did neither
ratify the Kyoto Protocol, nor the Aarhus and Espoo Agreements (it is predicted that the latter will be ratified in the
near future).
In the area of nature protection, important developments have been made, particularly by agreeing a decree
for the protection of the living wildlife habitat [32]. For
that purpose, Turkey granted large areas the status of nature
protected areas (almost 4% of the country surface) [43].
Both in Rio and Johannesburg, the industrialized nations did
not draw enough consequences from the results as to greenhouse gas emission, and emitted more greenhouse gases
as before, even 9% more. Turkey also emitted 35% more
(300 million m³/year) as to before Johannesburg summit.
Everywhere, biodiversity is at risk, despite the fact that this
problematic topic was classified in the world summit as
an important problem of the present world. Since then,
thousands of animal and plant species die annually (today
worldwide 11,000 animal and plant species are on the verge
of extinction [44]). Against such negative developments,
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the participants of the Johannesburg summit demanded for
concrete measures from the governments. Therefore, we as
inhabitants of this planet must think whether the world
resources are unlimited, and how to use them without exhaustment [45].
In Turkey, two bird species are already extinct and
many other species are on the verge of extinction [46].
Equally, the potable water reservoirs are reaching exhaustion. Global warming increased and draught periods take
place increasingly in earth-zones including Turkey. Despite all that, the sustainability must be renegotiated over
again in order to define sustainable development. Thereby, the needs of future generations will be fulfilled without the exhaustion of resources, and will permit their
economic development [11, 13, 29]. Furthermore, this concept gains not only social, economic and cultural dimensions, but also an ecological dimension. As, however, noted
by Giulio [17], the lead concept of sustainability may be
understood as a regulative idea, since the situation of sustainability in itself can never be attained. In contrast, the
sustainable development in nature needs the various integrations of investments that particularly aim to achieve sustainable development, locally for the people as well as for
the population of the entire country.
For Turkey, however, this aspect was not entirely under consideration, otherwise, 68% of the investments
would not have been allocated only locally for the Marmara Sea region or Thracia [47]. Moreover, sustainable
development means the programming of balance between
mankind and nature [12, 17, 48]. Therefore, this balance
must be established. Additionally, the world education
and training for the research of sustainable development
in Turkey will play an important role in the education
system. Accordingly, the Turkish school system will
place in effect several modifications in the near future,
both in the general educational system and certainly in
environmental education. This basically comprises general training and a sustainable development (education for
sustainable development). Within environmental education, it will be understood as initiative, knowledge about
environment, development, world expositions, acts and
environmental awareness of the population, of society and
individuals for the preservation of resources to serve the
mankind. Consequently, environmental training will permit to achieve positive results from environmental
measures to be taken [9, 14, 19-22, 24, 30, 49-53].
Turkish universities make efforts to fulfil several expectations and alongside, attain to more freedom and
autonomy. Therefore, university studies and research play a
key role within the context of sustainable development,
since the universities have set as a goal the connection between social, ecological and economical perspectives. Besides the universities, a large number of research institutions make an important contribution to sustainable development in the scientific field. An example is the Scientific and Technological Research Council of Turkey (Turkey Bilimsel ve Teknolojik Araştırma Kurumu, TÜBİTAK)

seeking for bilateral co-operation with research institutions at national and international level. For this reason,
they organized a workshop in Jülich (May, 2004) together
with the international office of the Federal Ministry for
Education and Research in Germany (BMBF). The topic was
“The Sustainable Development and Ecosystems” (TÜBITAK web-site). The 7th overall planning of the EU
started in 2007. The realization of the 7th EU overall
planning should contribute to sustainable development and
the solution of environmental problems [12].
CONCLUSIONS AND RECOMMENDATIONS
The EU report of 2005 found that the participation of
Turkey in the community programs, such as Sokrates, Leonardo Da Vinci and other youth programs, was very satisfactory. Subsequently, the report of 2006 found a clear
progress and the almost full compliance with the Community acquis. Therefore, the “Sustainable Development”
in Turkey can be considered to be satisfactory. For this
reason, it can be assumed that, as suggested by Giulio [17],
ABEU [12] and Künzli [34], the global, regional and national development of the society is based on the comprehensive and superior objective of providing mankind for
their needs in present and future time, and to assure humankind a good life. In Turkey, this superior objective is
to be realized. Universities that perform research on sustainability in their countries have to realize the following
a) training b) research c) community assignments. The universities must be classified in accordance with these three
aspects. If a university lecturer has a workload of more
than 8 h, this lecturer cannot have enough time to conduct
research or to produce publications [37].
Therefore, it hardly can be expected that under these
circumstances universities will be able to achieve sustainable development and innovation at international level. This
trait does not provide the universities with enough realization capacity. Above all, the research achievement from
universities in a country is not only resolved by the development of respective universities, some of the following
aspects are also important for the quality of scientific and
technological institutions, i.e. a) the quantity of resources
available for research and development b) experience of the
research leadership c) number of employed full-time scientists, and d) the wishes of the economical and political actors from AR-GE who play a major role. The success of the
scientific and technological institutions in realizing sustainable development can be achieved through the implementation of the above-mentioned aspects. Moreover, also
very important is the number of internationally cited publications in different university indexes. The citations from
1985 to 2005 evolved from 532 (world ranking 44th place)
to 14,371 (world ranking 27th place) (from YÖK, [37]
Table 43; YÖK [39], p.109).
The components of training for sustainable development forming the competence requires for actions, such as
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a) assembly of worldwide open and new perspectives of
integrated knowledge, b) foresighted thinking and actions,
c) win and act on interdisciplinary expertise, d) plan and
act together with other parts, e) participate in the decision
making process, f) motivate the others to be active, g) reflect on own and others` concepts, h) plan and act independently, i) show empathy and solidarity for disadvantage, and j) self motivation.. All the latter aspects are
to be accommodated in the new Turkish educational system in order to protect the nature, by increasing the environmental awareness of pupils [13]. These aspects also have
a decisive influence on the sustainable development of a
country. Fur-thermore, the projects related with environmental protection provide a basis for the improvement of
environmental awareness from the people in Turkey
through NGOs. An example is the EU Global Ecovillage Network (GEN Europe) that trained the people at
local level about environmental awareness after the Johannesburg summit. In this way, the environmental awareness of people was developed. Unbehaun [51] gave examples of the fight against environmental problems of NGOs
and from local people’s initiatives as the Eurogold, Gökova and hydroelectric centers of Yatağan. NGO initiatives
together with native inhabitants had some success. This
played an important role in the sustainable development
with respect to research and environmental training.
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EXTENDED ABSTRACT
In this study, the role and importance of research and
environmental education in sustainable development are
discussed. According to the report issued by the
Brundland Commission, “sustainable development” is
understood as the process of taking under protection the life
standards of current generations and the desires of future
generations to shape their lives. Some main issues that
make up the basis of the European Union sustainable development strategy such as water and air pollution, protection from chemicals, biotechnology, environmental protection, tackling the harm caused by industrial institutions to
nature, risk management, protection from noise pollution
and rays are mentioned. Nevertheless, there is evidence
that the view of some authorities that financial development requires relegating all these measures to the second
level of importance, has gained significance. This situation is important since it indicates the insincere approach
of the European Union in terms of sustainable development. It has been concluded that the protection of the
environment, environmental-consciousness and inducing
environmentalist behavior are going to be possible in the
Turkish system of education. That can be done by dealing
with these issues sufficiently, in general levels of education. It has also been determined that only by these means,
will sustainable development be realized in the process of
education. With this aim, which subjects should be
dwelled on in education starting from levels of primary
school has been discussed and it has been pointed out that
it would be beneficial to the sustainable development, if
realized.
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The Global Environmental Summits conducted in order to sustain environmental protection and sustainable
development, as well as their results have been discussed.
Moreover, it has been explained what should be cared about
within environmental education and teaching in the process of general education. Again, under this heading, the
aims of “environmental education” have been explained.
It has been pointed out that the financial development of
the United Nations can be possible with sustainable development. For this reason and the fact that they have devoted
the 2005-2014 decade for that effect, is an indicative and
it has been determined what people should do about this
issue. The constituents in education that are decisive and
behavior-indicative in sustainable development have been
determined and itemized. Turkey is going to be a member
of the European Union after a certain process. Again under
this heading, what Turkey should do within the framework
of sustainable development strategy from the European
Union as well as the precautions that need to be taken
are brought forward.

many with 15.2, Italy with 6.8, Poland with 5.1 and Greece
with 7.7. Although the number of scientific studies that the
Turkish science-people produce, which are included in
various indexes has moved up from rank 44 to 27, the fact
is that this is still not sufficient. For this reason, it has
emerged that it is obligatory to generalize scientific studies in the attainment of sustainable development. In addition to all these, the contributions of civil institutions to
sustainable development have been revealed.

Sustainability must constantly be redesigned, and in
this sense, the sustainable development must be determined.
In order to achieve this, the necessity of using the natural
items, which the future generations will need in quite a
balanced way without depleting them, has been pointed
out. It has also been determined that limiting the investments to be made constantly to the same regions may bring
about undesirable results. In this sense, the fact that local
people should be consulted along with the decision-makers
and that investments must be carried out having considered
these has been determined, and it has been emphasized that
this issue is one of the most important steps of sustainable
development.
The findings of the Council of Europe about educational processes in Turkey have also been dealt with. In
addition to all these, dwelling on the missions of the universities, Higher Education Institutions and other research
institutions in Turkey as well as what they do related with
sustainable development were also addressed. Taking into
consideration the importance of Research and Development and the number of publications from academicians
in other countries, it has been determined that the Gross
National Product share of 0,69 % that Turkey devotes to
Research and Development is quite low. It has been determined that if it is possible to raise this share to 2 %, the
number of scientific researchers must be increased to one
hundred and fifty thousand by 2023. Even if it is presumed
that to the current number of science-people with PhD degrees, three thousand with PhD degrees are added every
year, it is going to be difficult to reach this number by the
year 2023. Consequently, whereas the importance of educating science-people and the fact that the number of Turkish universities are increasing to attain sustainable development, it has been determined that there will be a considerable lack of science-people. Furthermore, the number
of personnel involved in research and development in Turkey for 1000 employees was only 1.4 in contrast to Ger-
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