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EFFECTS OF COMPOST ON
REMEDIATION OF CRUDE OIL POLLUTED SOIL.
Vincent O. Onibon1* and Ola Fagbola2
1

.General Studies Department Federal College of Agriculture, 23434 Akure, Nigeria.
2
.Agronomy Department University of Ibadan, 23402 Ibadan, Nigeria

ABSTRACT
A 6-week experiment was carried out in the greenhouse
to assess the effects of different compost manure as bioremediation materials on crude oil polluted soil from oil
producing (Agadagba Obon) area of Ondo State, Nigeria.
Soil samples (0-30cm) were taken and treated with crude
oil. The maize grain did not germinate due to the effect of
crude oil until the soil was amended with compost and NPK
fertilizer. Manure of different composition (I) cow dung
(CD) saw dust (SD), crop residue (CR); (CD+SD+CR); (2)
poultry waste (PW), saw dust (SD), crop residue (CR) (PW+
SD+CR) (3) market waste (MW), Crop residue (CR), saw
dust (SD) (MW+CR+SD) were added using top dressing
method, while NPK 20:10:10 applied was by band method.
The control soil samples were not treated with compost or
NPK fertilizer. In all, the crude oil applied to the soil were
found to suppress seed germination and growth in all the
treated soil but no germination in the control untreated soil.
The physico-chemical properties and metals in the soil were
determined before and after treatment with crude oil. Various parameters such as plant height, leaf area, number of
leaves and stem girth were determined. The heavy metal
contents in the soil were relatively low. This may be attributed to less human activities and potential leaching due
to sandy soil texture. In all the soil, there was enhanced
improvement in the germination and growth of maize in the
soil treated with (PW+SD+CR) than any other treated soil.
The present study suggests that maize can serve as bioindicator of pollution in oil producing areas.

KEYWORDS:
crude oil, heavy metals, pollution, manure and remediation.

INTRODUCTION
Environmental problems of oil producing areas in Nigeria are subject of vital discussion. Crude oil pollution adversely affects the soil ecosystem through adsorption to
soil particles, provision of an excess carbon that might be

unavailable for microbial use, induction of a limitation in
soil nitrogen and phosphorous [1, 2]. Dejong [3] reported
that crude oil spillage on soil makes it unsatisfactory for
plant growth. This is due to insufficient aeration of the soil
because of displacement of air from the spaces between
the soil particles by crude oil [4].
In Nigeria quite substantial amount of crude oil is
spilled annually, Onwioduokit, [5] reported 274 oil spillages with release of about 15,260 barrels of crude oil; [6]
reported 2,000 oil spillages in Nigeria between 1976 and
1988 in which about 212 barrels of crude oil were discharged in the environment.
Considering this large quantity of crude oil going into
the environment, especially farmland, and the fact that the
inhabitants of these areas are subsistent farmers there is an
urgent need to control oil spillage. Various soil treatments
are in operation to bring back soil to pre – contaminated
level. These include chemical, biochemical remediation or
to leave the soil for a long period to heal naturally. Reports on the effectiveness of these treatments have however been conflicting [7,8]. This might be related to heterogeneity of soils and crude oil samples as well as possible interactions between soil amendments and the natural
soil constituents.
The ultimate goal in any remediation project is to return
the site to its pre – contaminated condition, which often includes re – vegetation to stabilize the soil. In addition to reducing contaminant levels, compost advances this goal by
facilitating plant growth. In view of the low economic
power of the people in oil producing areas, bioremediation
appears to be the cheapest and environmental friendly. Manure has over time been used to improve soil fertility. Its
efficacy in promoting plant growth in crude oil polluted
Nigerian soils has also been reported [9].
This study was therefore carried out to investigate the
impact of various compositions of compost and mineral
fertilizer in enhancing crude oil degradation and growth of
maize in oil polluted soils.
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MATERIALS AND METHODS

and the Least Significant Difference (LSD). The relationships between the variables were established using Tamhane
analysis.

Samples and sample collection

Twenty perforated polyvinyl chloride (PVC) plastic
were filled with soil sample collected (0 – 30cm) depth from
Agadagba Obon in Arogbo Ijaw Kingdom, Ondo State,
Nigeria. The crude oil (Nigerian Bonny medium blend) was
obtained from shell petroleum Development Company
(SPDC) limited, Port – Harcourt, Nigeria. Cow dung (CD),
poultry waste (PW), saw dust (SD) crop residue (CR) and
market waste (MW) were sourced for locally at Akure and
composted for 6 weeks, cured and dried for 2 weeks using
windrowing system of composting. NPK fertilizer (20:10:10)
product of (NAFCON) Nigeria was obtained from Education Development Unit (EDU) of the Federal College of
Agriculture Akure The composts were stored in the laboratory at room temperature 28± 2ºC) prior to analysis.
Experimental Design and treatments.

The remediation study took place between September
and October 2005. The experimental design adopted was
randomized complete block design (RCBD). All the pots
were polluted with 200ml crude oil. The experimental consisted of four treatments (PW+CR+SD) (CD+CR+SD)
(MW+CR+SD) using top dressing and (NPK 20:10:10) was
by band method. The control experiment was left without
treatment. The pots were left for 2 weeks before treatment
and 2 weeks after treatment before planting maize.

RESULTS AND DISCUSSION
pH and total nitrogen of the soils are presented in Table 1. The pH values ranged from 4.5 to 6.8 indicative of
an acid condition. At high hydrogen ion concentration, the
metal content of soil tended to decrease may be due to
precipitation as reported by Perrin [11]. The heavy metal
concentrations before and after oil pollution are presented
in Tables 2 to 4. The metal analysis revealed that the soil
samples had iron (Fe) as the most abundant element in the
soil. The observation here confirmed that most soils contained appreciable quantities of iron as reported by
Adeyeye [12]. With the exception of copper cadmium
(N.D) in samples B and C and chromium (N.D) in sample
B, the heavy metal contents in the Agadagba soil were
lower than the FECA (EDU). The results in this study
compared with results [13]. These could be attributed to
less human activities and potential leaching due to sandy
soil texture. Copper (ND) may be due to general low concentration of free copper ions in soil solution [12]. Copper
and zinc availability decreased with increasing pH, and
with increasing levels of phosphates. [14].
TABLE 1 - Range of PH and nitrogen of the soil samples.

Planting

Four maize seeds were planted per hole and later
thinned to two plants per stand one week after planting.
Weeding was done as by observation.
Soil Analysis

The soil pH was determined with 0.01M CaCl2(1:2.5);
nitrogen was determined by the semi-micro Kjeldhal method
[10]. Heavy metals in the extractants were determined using
Atomic Absorption spectrophotometer (Perkin Elmer 306
U.S.A).
Statistical Analysis

Each experiment was carried out in duplicates. Data
collected were subjected to analysis of variance (ANOVA)

pH
6.5-6.8
4.5-5.0
5.0- 6.0

FECA
Agadagba¹
Agadagba²

N[g.kg-1]
0.71-1.1
0.10- 0.16
0.14- 0.40

Agadagba¹ = soil + crude oil. Agadagba²= soil sample
( FECA) Federal College of Agric Akure

Initially maize did not sprout on the polluted soil as
observed by Amakiri [15]. Those that showed signs of germination were entirely brown and withered off. Al – Awahi
et al. [16] reported that the first option for remediation
would be to deliberately choose to do nothing though this
may lead to some very serious consequences like the oil
turning into a semi–solid mass very difficult to remove as
observed in this study. Oil pollution has been shown to
have adverse effects on plant growth and these may range
from seed germination, growth, proper development and

TABLE 2 - Metal concentration (mg / kg) in FECA soil sample.
Parameter

Cd
0.25
0.42

Cu
0.24
0.31

Pb
0.46
0.29

Cr
0.83
1.40

Co
1.30
0.44

Ni
1.83
1.81

Zn
6.40
7.25

Mn
14.1
15.0

Fe
44.7
44.82

TABLE 3 - Metal concentration (mg /kg) in Agadagba soil sample + crude oil.
Parameter

Cu
N.D
N.D

Cr
N.D
N.D

Cd
N.D
N.D

Mn
1.42
0.96

Pb
1.75
1.92
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Co
2.22
3.16

Ni
4.00
3.56

Zn
9.93
9.92

Fe
13.22
13.34
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TABLE 4 - Metal concentration (mg /kg) in Agadagba soil sample.
Parameter

Cd
N.D
N.D

Cu
N.D
N.D

Cr
1.19
0.68

Mn
1.42
1.53

Pb
1.75
1.67

Co
2.22
2.10

Zn
7.44
6.38

Ni
8.00
8.15

Fe
21.16
22.13

TABLE 5 - Growth parameter plant height (cm) of maize treatments.
Week
1
2
3
4
5
6
Total mean
Standard Deviation

Fertilizer
(control)
12.10d
15.98c
21.33c
22.73d
24.25c
29.30b
20.95
5.91

(CD+SD+CR)

(PW+SD+CR)

(MW+CR+SD)

17.30b
20.13bc
25.63b
27.25c
29.35b
30.38b
25.00
4.91

19.88d
25.58a
29.65a
29.95b
37.63a
41.28a
30.66
7.44

14.30c
18.10c
27.05b
32.30a
36.78a
41.40a
28.32
9.97

TABLE 6 - Growth parameter number of leaves (cm) of maize treatments.
Week
1
2
3
4
5
6
Total Mean
Std. Deviation

Fertilizer
(control)
3.00b
4.25a
5.75a
6.50
7.25a
9.00a
5.96
2.10

(CD + SD + CR)

(PW + SD + CR)

(MW + CR + SD)

3.50ab
4.75a
5.00b
5.25
5.75b
7.25b
5.25
1.42

3.75a
4.50a
5.00ab
6.50
6.25ab
7.56
5.42
1.47

2.25c
3.00b
4.25b
5.25
6.75ab
7.75ab
4.88
2.07

TABLE 7 - Growth parameter leaf area (cm) of maize treatments.
Week
1
2
3
4
5
6
Total mean
Std. Deviation

Fertilizer
(control)
21.50b
23.75ab
26.93a
31.28a
36.05a
39.55a
29.84
6.65

(CD + SD + CR)

(PW + SD + CR)

(MW + CR + SD)

20.15c
24.60a
28.15a
30.55a
35.60a
38.53a
29.60
6.40

22.93a
22.55b
26.98a
28.53b
30.83b
38.90a
28.45
5.73

12.70d
14.53c
17.80b
20.23c
28.45c
30.40b
20.68
6.90

TABLE 8 - Growth parameter stem girth (cm) of maize treatments.
Week

Fertilizer
(control)

(CD + SD + CR)

(PW + SD + CR)

(MW + CR + SD)

1
0.95
1.40
1.18
0.98
2
1.53
1.98
1.93
1.78
3
2.00b
2.63a
2.53ab
2.18b
4
2.38
2.95
2.98
2.70
5
2.73a
3.43ab
3.35b
3.03ab
6
3.28cb
3.98ab
4.20a
3.65b
Total mean
2.14
2.73
2.69
2.38
Std. Deviation
0.82
0.90
1.02
0.90
Values with the same superscript alphabets are not significantly different at P> 0.05, (CD+SD+CR)-; (PW+SD+CR)(MW+CR+SD) But values with different alphabets are significant at P > 0.05.
a, b, c, are alphabets
Std = Standard
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production [17]. Similar reports have been made [18-21].
The soils were impregnable due to the oil; this impaired
seed germination. The results of the present study where
seeds failed to germinate for several days after sowing confirmed the report [22].
There was tremendous improvement in the germination and growth of treated plants. The order of improvement by the treatments was as follows: (PW+SD+CR) >
(CD+SD+CR), (MW+CR+SD) > (Fertilizer 20:10:10) except in number of leaves. The result of this study confirmed
the supremacy of poultry waste over other manure as reported by Cooke [9]. The observed increase in maize
growth 3 weeks after planting (WAP) may be due to the
amount of organic matter and combined nitrogen in the
soil after biodegradation of the oil as earlier reported by
[23, 24]. Also, Archer [25], observed that poultry is high
in nitrogen compared to other animal manures.

[8]

Cunningham, C.J. and Philip, J.C. (2000): comparison of biostimulation in ex-sit treatment of diesel contaminated soil –
Land contamination and Reclamation 8: 261 – 269.

[9]

Cooke, G.W (1975) organic manures and Fertilizers, In : fertilizing for maximum yield, Granada publishing Ltd, London
2nd ed. 13 – 27.

[10] A.O.A.C. (1990) “Official methods of Analysis, 15th edition”
Association of Official Analytical Chemists Washington
D.C.75-97.
[11] Perrin, M.B. “An Introduction to the chemistry of Rocks and
Minerals. Student in Chemistry Edward Arnold (publishers)
limited, London. No 9” 35-41
[12] Adeyeye, E.I. (1997). Water quality criteria and the relationship between the distribution and concentration of some mineral elements in soil sediments, ambient water and the body
parts of Clarias gariepinus fish in a fresh water pond. Ghana
Journal of chemistry 3, 2 : 42 – 50.
[13] Ogboghodo, I, Erebor, E, Osemwota, I. and Isitekale, H
(2004): The effects of application of poultry manure to crude
oil polluted soils on maize growth and soil properties –
Environmental Monitoring and assessment 96:153-161.

CONCLUSION
From observation of the performance of the individual treatment options, treatment (PW+SD+CR) recorded
the best maize growth parameters. The result clearly indicated that poultry manure enhanced crude oil degradation
in the soil and supported proper growth and development
of maize planted on oil-polluted soil.

[14] Suteliffe, J.F. and Baker, F.A. :Plants and Mineral salts: studies in Biology Edward Amold (publishers) Limited, London
No 48” 18-21
[15] Amakiri J.O (1980) Effect of crude oil pollution on the fermentation and subsequent growth of Zea mays (Var. Far 27
and farm 27) in Niger Delta M.Sc. Thesis, Dept. of Botany,
Faculty of science, University of Port-Harcourt,Port-Harcourt
Nigeria.
[16] Al - Awadhi, N, Al - Daher, R, Balba, M, Chino, H, and Tsuji, H. (1998). Bioremediation of oil contaminated desert soil,
the Kuwait experience. Environment International, 24 (1/2):
163-173.
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ABSTRACT
In this work, ecotoxicological tests were performed,
using the estuarine mysid Mesopodopsis slabberi. After an
acclimation period mysids were exposed to different sublethal lead concentrationsfor 48h. The concentrations
tested were 0.005, 0.01, 0.02, 0.04, 0.08, 0.16, 0.32, 0.64,
0.80, 1.00, 1.20 and 1.40 mgL-1, with seven replicates for
each concentration. Mortality and physicochemical parameters were measured. Survival organisms were sacrificed and
submitted to histology process. Histological effects were
analyzed in several tissues and results are presented and
discussed in this work. There were observed lead accumulations in organisms exposed to concentrations in the range
of 0.32 to 1.40 mgL-1, mainly on muscular tissue, gonad
and cuticular lens. These results indicate that M. slabberi
can be a sensitive indicator of exposure to contamination
by lead.

KEYWORDS: Mesopodopsis slabberi, lead, ecotoxicology, histology, estuarine, crustacea, mysid.

INTRODUCTION
A few mysids species are frequently used on environmental tests [1]. Mesopodopsis slabberi (van Beneden 1861)
is a euryhaline and suprabenthic mysid that presents a wide
geographic distribution [2] and is one of the most important mysids species in coastal temperate Atlantic shallow waters [3]. Although M. slabberi plays an important
role in marine ecology [3], little is known about possible
effects of pollution and heavy metals on this organism.
Previous studies showed that this species is suitable for
acclimation in the laboratory, tolerant, and easy of handling
[4]. Following these results, a series of ecotoxicological tests

was developed in order to obtain data from planktonic and
estuarine species. The European Union System for Evaluation of Substances (EUSES) focuses on risk assessment for
freshwater and terrestrial environments, but procedures
for saltwater and estuaries are less well developed. Risk
assessors are generally extrapolated by fewer toxicity data
available for saltwater species than for freshwater ones,
especially in relation to organic compounds [5]. There are
few standard test methods for saltwater species and aquatic
risk assessment, at least in Europe, have tended to focus
on freshwater systems.
Lead is a heavy metal well known as a toxic material
[6]. Human activities (industries, transport, etc.) are the
most important sources of lead pollution. Furthermore,
lead is becoming more common in the marine environment,
into which this element is introduced by effluents or rain.
It is necessary to study the ecotoxicology of lead in the
sea, since this metal can be transmitted through the
trophic webs to higher biotic levels [7]. As opposed to
other trace elements whose presence is essential for proper
body functioning (iron, magnesium, copper, zinc, etc.),
lead is not involved in any biological mechanism [8].
Lead may interfere with the essential metal metabolism of
a range of plants and animals [9]. A significant toxic
effect of lead, although indirect, might be indicated if
organisms showed some form of adaptive tolerance to the
metal [10].
There is an increasing need to develop tests which
measure sublethal responses to toxicants and which may
be used to predict the environmental impact [11]. For these
reasons, in the present study, the sublethal effect of lead has
been analyzed, with a view to contribute new data about
the toxicity of this element to this species experimental
ecotoxicology. Particularly, the toxic effect of lead on M.
slabberi was studied for histological damages. Histology
was selected as method since it allows the evaluation of
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internal morphology, functioning and composition of the
selected organism.
MATERIAL AND METHODS
Sampling

Mysids were collected at Ria de Aveiro (NW Portugal),
where depths vary from 5 to 7 m, with a salinity of 35 PSU
(due to logistic issues: although mysids were not more
abundant at 35 PSU, the navigation and collection conditions were the best), about 2 hours after high tide. All
samples were collected during the day, when suprabenthic
mysids are known to be near the bottom [12]. Sampling
was made using a suprabenthic sledge with a collecting
cup, both with 500 µm mesh net, operated from a vessel,
with 3 to 4 minutes drags. The content of the collecting
cup was placed in 20 L capacity buckets, in order to keep
the organisms alive until reaching the laboratory.
Acclimation

All samples were transported back to the laboratory
in quasi optimal conditions both in terms of temperature
and dissolved oxygen, within 2 hours [13, 14]. Organisms
were separated from the samples, using only adult specimens, from the same class size (about 11 mm). A total of
80 organisms was placed in 5 glass bottles with 500 mL of
artificial seawater (prepared by dilution of marine salt
SERA PREMIUM in distilled water), with 25 PSU salinity (± 1 PSU) [2;15], without sediment. Permanent and
moderate aeration was provided and the bottles were placed
in a room with constant temperature (20 ± 1ºC). Light was
provided by florescence lamps, controlled automatically,
with a 14:10h light:dark photoperiod. Acclimation took
place for 48h in which mortality, temperature, pH, salinity
and O2 level were monitored and of water renewed daily
(semi-static system). Organisms were fed once a day with
nearly hatched Artemia nauplii, ad libitum, to prevent
cannibalism, which has been observed when not enough
food is provided [1].
®

Lead exposure regime

Mysids were exposed, for a period of 48 h, to eight
lead (as lead acetate - (CH3COO)2Pb.3H2O) concentrations: 0.005, 0.01, 0.02, 0.04, 0.08, 0.16, 0.32, 0.64, 0.80,
1.00, 1.20 and 1.40 mgL-1 and one control was used. All
solutions were prepared with artificial seawater (prepared
by dilution of marine salt SERA PREMIUM® in distilled
water) with salinity 25 ± 1 PSU. Organisms were placed
in bottles with 100 mL lead solution, one per bottle and
they were not fed during entire exposure period. Seven
replicates per concentration were used, totaling 63 organisms per concentration. Exposure was conducted at 20 ±
1ºC with ambient laboratory lighting programmed for a
14:10 h light:dark photoperiod. During the exposure period moderate aeration was kept. Salinity, pH, O2 level,
water temperature and mortality were monitored at 0, 24
and 48 h of exposure.
Histological techniques

Mysids were submitted to standard histological procedures. The process suffered little modifications due to
size, fragility of the structures and chitinous coating of the
species [14]. Procedure consisted of: fixation in Bouin’s
solution for 24 hours, 70% ethanol for 24 hours, dehydration, paraffin embedding, sectioning (8 µm), staining using
Haematoxyline-Eosin and mounting (with EukittTM). The
slides obtained after this process were observed in a light
microscope, searching for damages caused by lead exposure. Photographs were taken with a NIKON microscope
and a NIKON ‘FX-35 DX machine, controlled by a NIKON
AFX-DX.
RESULTS
During the exposure period, no significant variations
were observed in the measured physicochemical parameters (Table I) and mortality did not reach high values (Fig. 1).
These factors indicate that a good water quality was maintained, a critical factor for mysids acclimation [16]. All tested
concentrations proved to be sublethal. Standard errors obtained were very low, except for oxygen level. pH was the
more stable of the measured parameters. By the analysis of
means and standard errors, it can be stated that it was possible to maintain water with the same physicochemical parameters in the replicates and in the different concentrations.
Concentrations that presented highest mortality were 1.00,
1.20 and 1.40 mgL-1 (means of 0.9, 0.7 and 0.8 respectively).
No effects on the histology of M. slabberi were observed on organisms exposed to 0.005, 0.01, 0.02, 0.04,
0.08 and 0.16 mgL-1 lead. Specimens exposed to concentrations from 0.64 to 1.40 mgL-1 revealed several histological differences. Some photographs were taken to control
specimens in order to compare non-exposed tissues (Fig. 2
– A, B and C) with exposed tissues (Fig. 3 – A, B and C).
Muscular tissues, gonads and the eye were clearly affected
by the exposure to lead. The muscular tissue (Fig. 3 – A)
presented an eared aspect and there were numerous lead
granules/accumulations. These granules presented no regular distribution and there were not found relevant differences between tested concentrations – all had the same
impact on M. slabberi histology. More active muscles, such
as pleopods, were more affected, presenting a high number of granules – heavy metals show more tendency to
accumulate in active tissues. Despite the irregular distribution, lead granules showed a globular regular form. The
mentioned eared aspect was observed in all muscular
system of the organism and it represents a clearly lesion
of the muscular tissue. Gonads were also affected (Fig. 3
– B), presenting lead accumulations in the nucleus and in
the cytoplasm. There were also found lead accumulations
in the eye, particularly in cuticular lens (Fig. 3 – C). These granules presented a regular form and distribution in
the cuticular lens. These experiments were replicated
several times and compared with unexposed organisms
and the results were consistent.
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All the described histological damages were reported in

organisms exposed to concentrations from 0.64 to 1.40 mgL-1

TABLE 1 – Physicochemical parameters during lead exposure (means + standard error).
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FIGURE 1 - Mortality during the exposure to lead contamination (mean + Standard Deviation (STDEV)).

FIGURE 2 - M. slabberi longitudinal sections. A – Haematoxylin-Eosin staining showing a control muscular tissue (MT) (40x; scale bar = 1
cm). B - Haematoxylin-Eosin staining showing a control gonad (N = nucleus) (40x; scale bar = 1 cm). C – Haematoxylin-Eosin staining showing a part of a control eye, presenting the cuticular lens (CL) (40x; scale bar = 1 cm).
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DISCUSSION AND CONCLUSIONS
Contamination by heavy metals is a serious problem.
Some populations are able to survive in the presence of
high metal concentrations, since they possess efficient detoxification mechanisms, or are able to lower the amount of
metal accumulated in their bodies through excretion [17].
Populations that live for generations in contaminated environments can also develop a genetic resistance to metals
[17], thus the study of sublethal effects is important.
This work shows that lead can accumulate in M. slabberi tissues in the form of spherical granules, in some important structures of this mysid, such as muscle, gonads
and eye. A study on protozoa communities has demonstrated that lead is found as deposits in various cellular organelles: mitochondria, chloroplasts, nucleus, vacuoles and
cellular walls [18]. Several works suggested that heavy
metals within the tissues of animals of a wide range of
phyla are first detoxified and then stored in the form of
intracellular granules of different shapes and sizes [19],
which seems to be the case of M. slabberi.

FIGURE 3 - M. slabberi longitudinal sections. A – HaematoxylinEosin staining showing the muscular tissue (MT) after exposure to
0.64 mgL-1 of lead, with lead accumulations (LA). The eared aspect
of the muscular tissue can be observed (40x; scale bar = 1 cm). B Haematoxylin-Eosin staining showing gonad with accumulations
(LA) after a 0.64 mgL-1 lead exposure (N = nucleus) (40x; scale bar =
1 cm). C – Haematoxylin-Eosin staining showing the cuticular lens
with lead accumulations (LA), from an organism exposed to 0.64
mgL-1 of lead (40x; scale bar = 1 cm).

of lead, with no important differences in the histology of
M. slabberi among them. No effects were observed on
hepatopancreas, digestive cavity, intestine, heart, pericardial cavity and gills in tissues exposed to any of the tested
concentrations.

Lead toxicity in seawater increases, in general, when
salinity decreases and temperature raises [7]. pH is another
important factor to take into account, since basic pH promote lead precipitation [7]. The behavior of the lead ion,
when it is introduced into the water column, follows three
principal ways: adsorption and precipitation on the suspended particulate matter, coagulation of the particulate
and colloidal matter, and sedimentation of the particles associated with the metal. Only a low proportion of the metals
present are found dissolved in water [18]. Marine organisms from metal contaminated environments are capable of
accumulating very high levels of metals in their tissues with
no obvious biological effects. This tolerance may be due, in
part, to homeostasis and detoxification mechanisms. Under conditions of high metal uptake when the sequestration
capacity of the detoxification systems is exceeded, toxicity will occur [8]. It appears that, for M. slabberi, tested
concentrations of lead were not beyond that limit: mysids
demonstrated that they are capable of accumulate lead,
with no observable biological effects, besides mortality:
no behaviour changes, swimming modifications, or other
were observed. Histology as study method revealed to be
appropriated for this work since allowed the evaluation of
tissues damages and other alterations, caused by lead.
No effects on the histology of M. slabberi were observed on organisms exposed to lead concentration below
0.32 mgL -1 . According to US EPA [20], the Criteria
Maximum Concentration (CMC: an estimate of the highest
concentration of a material in surface water to which an
aquatic community can be exposed briefly without resulting in an unacceptable effect) for lead in saltwater is 0.22
mgL-1. No tested concentrations below CMC resulted, as
expected, in any toxicological effect. The tests allowed
standardized concentration around the CMC and also under
"worst-case scenario" exposure.
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The major toxic effect of lead to M. slabberi is the
appearance of granules, which are visible in many essential organs. Nevertheless it is important to remember that
the disorder on the structure of muscular tissue is also an
important histological damage that results from exposure
to lead. This heavy metal has mainly a great impact on
muscular tissue, originating the presence of accumulations
and leading to the destruction and disorder of this tissue
structure. Even though this study was replicated several
times and the results were consistent, further investigation is needed. Therefore, some methodologies are been
design to proceed with this investigation, using analytical
chemistry techniques that allows us to know without any
doubt the nature of the granules.
In conclusion, regarding the sublethal effects of lead,
it can be stated that an important number of histological
differences were noted mostly on muscular tissue, gonads
and eye of M. slabberi. This mysid is clearly affected by
lead, but only on higher tested concentrations (from 0.64
to 1.40 mgL-1). In this histological study, the toxicity of the
tested heavy metal can be observed mainly by the presence of numerous granules. Furthermore, the results underline the importance and the needing of more toxicity studies with this mysid that has an important position in the
estuarine food chain [21]. Thus it should play an important
role in the process of heavy metal transfer throughout the
food chain. This study may provide a baseline for future
works to evaluate histological dames caused by toxic materials on mysids. The authors believe that standardized
mysids exposure toxicity tests can be important as a first
tier of hazard assessment schemes. In addition, studies of
the kinetics of trace metal bioaccumulation should be
made.
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ABSTRACT

INTRODUCTION

This article deals with the effect of different pollution
levels of soils to the accumulation of heavy metals by two
plants. Fluvisols from the Morava floodplain area were
used. The soil samples were taken from three different
localities (yearly, irregularly and rarely flooded). Homogenized sludge from a municipal wastewater treatment plant
was artificially introduced into the samples.
Two types of accumulative plants were used: the Rubina
variety of Daucus carota and the Amulet variety of
Hordeum vulgare. In the following analysis, changes in
soil characteristics were observed, i.e., mainly the heavy
metal concentrations of cadmium, lead, zinc, copper and
nickel in soils before the experiment, after finishing each
cycle and in the plants themselves.
Analysis showed exceedingly high levels of heavy
metals in fluvisols with almost all elements, with the exception of lead. Zinc and nickel had the highest concentrations. The yield of both plants was influenced by the
amount of applied sludge, with the same effect as a fertilizer. On the other hand the high sludge pH level partly
limited introduction of most heavy metals into the plants.
Total increases of heavy metals in the plants were
monitored and evaluated by using transfer factors. They
were compared at all locations including the differences between the controls and soil with the sludge, and total transfer factors focused on various elements. The research
showed almost the same accumulation abilities of heavy
metals except cadmium by both plants. As expected there
was a higher accumulation potential in the root of D. carota
and in the straw in H. vulgare.

KEYWORDS:
accumulation, heavy metals, fluvisols, carrot, barley, sludge

Heavy metal pollution of soils is increasingly becoming a global problem with the development of industry,
mining activity, waste water irrigation and the application
of sewage sludge, even if it is relatively localized at present. The soil-plant system is the fundamental building
block of the geosphere and biosphere. Therefore, heavy
metal pollution of the soil has an important influence not
only on the yield and quality of crops, but also on the quality of the atmospheric and the aquatic environment, and even
on the health of human beings via the food chains [1, 2].
An important source of heavy metal soil contamination can become industrial compost, which is primarily
produced from sewage sludge. At present we do not have
enough knowledge of the negative effects of repeated compost application (with different levels of heavy metals) on
soil and plants [3].
Traditional solutions such as disposal of contaminated
soil in landfills account for a large proportion of remediation operations at present. However, some of the remediation techniques currently in use will probably lose economic favour and public acceptance in the near future [4].
Heavy metals can be translocated to plant parts aboveground. The metal-rich plant material may be safely harvested and removed from the site without extensive excavation, disposal costs, and loss of topsoil associated with
traditional remediation practices [5].
In recent years this phytoaccumulation means the use
of plants to cleanup soils contaminated with non-volatile
hydrocarbons and immobile inorganics and it is showing
promises as a new method for in situ cleanup of large volumes of low to moderately contaminated soils. Plants can
be used to remove, transfer, stabilize and/or degrade heavy
metal soil contaminants [6-11].
Contaminated sites often support characteristic plant
species, some of which are able to accumulate high concentrations of heavy metals in their tissue [12-15].
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Most plants that survive in polluted soils do so by either, avoiding heavy metals, or, hyperaccumulating them
in their tissues. Such plants are uncommon [16] and, to
date, approximately 400 hyperaccumulator species have
been identified, according to an analysis of field-collected
speciments [17].
Besides the limited distribution of hyperaccumulators
in the wild, such plants also tend to be contaminant specific. No plant species has yet been found that will
demonstrate a wide spectrum of hyperaccumulation [18].
The success of the phytoremediation process is dependent on adequate plant yield and high metal concentrations in plant shoots. Plants must produce sufficient biomass while accumulating high concentrations of heavy metals. Hyperaccumulator plants possess an ability to take up
abnormally high amounts of heavy metals in their shoots
[19, 20]. However, most hyperaccumulators species are not
suitable for phytoremediation application in the field due
to their small biomass and slow growth. As an alternative,
it has been suggested to use high biomass species, such as
maize (Zea mays L.), pea (Pisum sativum L.), oat (Avena
sativa L.), canola (Brassica napus L.), barley (Hordeum
vulgare L.) and Indian mustard [Brassica juncea (L.)
Czern.], with improved plant husbandry and soil management practices to enhance metal uptake by these high
biomass species [3, 5, 21-25].
The aim of this research is to find out the possibilities
of accumulation of heavy metals from fluvisols by two
plants – H. vulgare and D. carota.
MATERIALS AND METHODS
1) Pot Experiment

In our experiment we used two different accumulative
plants: Daucus carota L. Rubina and Hordeum vulgare L.
Amulet in soils mixed with various amounts of sewage
sludge from an Olomouc wastewater treatment plant. The
soil was first fertilized with super phosphate, potassium
chloride and urea. Then the soils were mixed separately
with sewage sludge at application rates of 0; 2.5; 5 and 10
tonnes ha-1 (according to public notice Nr.382/2001) that
are equivalent to 0; 10.37; 20.75 and 41.5 tonnes ha-1 (dry
weight basis).
During the two-year experiment, the investigations
were carried out on samples from the fluvisols of the Morava River floodplain area. The samples were collected from
three different localities (at depths of 0-20 cm) contaminated with heavy metals from a flood in July 1997.
The soil was air-dried, crushed, mixed thoroughly and
passed through a 1 cm sieve. 8 kg portions of the soil were
transferred to plastic pots and treated with the necessary
amounts of fertilizer at a rate of 0.6 g super phosphate, 0.8 g
potassium chloride and 0.66 g urea for H.vulgare and 0.6 g
super phosphate, 0.6 g potassium chloride and 0.53 g urea
for D.carota, and then mixed well.

A stabilized sludge sample was obtained from a municipal wastewater treatment plant in Olomouc. Sewage
sludge was added at a rate shown in Table 1. The three
amount types, converted to the proper proportions, were
used per 8 kg pot according to public notice Nr.382/2001
(2.5 tonnes ha-1, 5 tonnes ha-1 and 10 tonnes ha-1). All combinations were replicated three times. Deionized water was
used throughout.
TABLE 1 - Three amount types of sewage sludge
at three different localities used in the pot experiment.
Localities

Fertilization (g/pot)

A. Novy Svet

1. control
2. sludge 10.37
3. sludge 20.75
4. sludge 41.50
5. control
6. sludge 10.37
7. sludge 20.75
8. sludge 41.50
9. control
10. sludge 10.37
11. sludge 20.75
12. sludge 41.50

B. Nemilany

C. Novy Dvur

2) Analytical Methods

Soil samples were taken from the pots. The samples
were air-dried and ground prior to analysis. Total heavy
metal contents were determined with atomic absorption
spectroscopy (AAS) using flame [26]. Soil samples were
analyzed for: value of STV, granular composition, content
of mould, content of Nt, pH(KCl), content of nutrients
(Mehlich III. method) [27]. Plant materials for heavy
metal analysis were harvested after maturation. The
harvested plants were first dried, crushed and acids were
added for mineralization by a Plazmatronica apparatus.
Plant materials were analyzed for concentrations of Cd,
Pb, Zn, Cu and Ni using AAS.

RESULTS
1) Heavy metal content of fluvisols

The heavy metal content in fluvisols from the Morava
River is given in Table 2. As expected, the total of the expected metal contents of fluvisols including Cd, Cu, Ni,
Pb and Zn were different at all three locations. The first
group of soil taken from the Novy Svet location is exceptionally high in total amount of Cd, Ni and Zn. High levels of metal from floods (the largest and most recent was
in July 1997) coming from the Olomouc industrial area
led to large concentrations of these metals in the soil. The
concentrations were higher than the limits determined by
public notice: for Cd about 23%, for Ni 38% and for Zn
about 54% at the Novy Svet location. The concentrations
of metals from the Nemilany soil broke the limits for Cd
by about 11%, Cu 29%, Ni 50% and Zn 48%. Only soil
from Novy Dvur did not exceed any heavy metals limits.
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TABLE 2 - Concentration of heavy metals (mg kg-1)
in Morava river fluvisols (2M HNO3). Bold values
are above limits (different limits for two soil types)
Locality
Novy Svet
Nemilany
Limits
Novy Dvur
Limits (different
due to soil texture)

Cd
0.6
0.45
0.4
0.58
1

Cu
27.24
42.24
30
22.14
50

Ni
24.31
30.12
15
22.88
25

Pb
25.3
19.4
50
19.9
70

2) Heavy Metal Content of Sewage Sludge

Zn
108.5
95.57
50
87.13
100

Soil pH ranges were from acidic to almost neutral,
pH KCl was from 6.7 to 6.9 (see Table 3). These values
should decrease the transport of heavy metals from soil to
plants [28-30].
TABLE 3 - pH ranges and lime in the soil.
Locality
Novy Svet
Nemilany
Novy Dvur

pHKCl
6.7
6.8
6.9

% CaCO3
0.2
0.3
0.3

Stabilized sewage sludge came from municipal
wastewater treatment plant in Olomouc. The sludge was
used in three prescribed amounts – 2.5, 5 and 10 tonnes ha-1
converted to allow proper ratios per 8kg pots. The
total amounts used were 10.37g, 20.75g and 41.5g per
pot. These amounts corresponded to the limits published
in notice Nr.382/2001. Table 5 shows the total concentration of heavy metals in the sludge, which is very low, at
times one hundred times lower than the limited value that
relates to its stabilization.
The pH of sludge increases the soil’s pH to alkaline
(pHKCl=7.2). In this project the sludge is used mainly as a
fertilizer. The amount of available nutrients is given in Table 6.
3) The Plant Growth Experiment
Dry Weight Yields

The selected physical and chemical properties of fluvisols mixed with sewage sludge are given in Table 4.
There are two types of soils, sandy loam from Novy Svet
and Nemilany and silt loam from the Novy Dvur site.
These differences influenced the splitting of soils to two
groups for heavy metal concentration and their limits.

The current soil conditions and nutrient contents of
fluvisols led to yields shown in Figure 1 and Figure 2.
In general the yield was higher in the first year, on
average about 13% for barley and about 2% for carrots.
This was caused by lower nutrient contents in the pots in
the second year, every year the same amount of nutrients
were used by plants and the same amounts of fertilizers
were added but for both years used only one sample of soil.

TABLE 4 - Physical and chemical soil properties
Parameters

unit

Novy Svet

Nemilany

Novy Dvur

<0.01mm
<0.001mm
0.01-0.05mm
0.05-0.25mm
0.25-2.0mm

%
%
%
%
%

12.7
1.6
26.3
48.8
12.2
light
loamy-sandy
2664.87
2.71
4.68

10.7
2
25.5
43.3
20.5
light
loamy-sandy
3420.65
2.36
4.07

33
9.2
35.8
28.2
3
medium
loamy
2377.08
2.59
4.47

Soil
mg.kg-1
%
%

Ntot
Corg
Humus

TABLE 5 - Concentration of heavy metals (mg kg-1) in sewage sludge (2M HNO3).
Sludge dose

Cd

Cu

Ni

Pb

Zn

10.37g
20.75g
41.50g
Limits

0.01348
0.02698
0.05395
5

1.969
3.64
6.981
500

0.415
0.83
1.66
100

0.865
1.43
2.561
200

11.61
23.24
46.48
2500

TABLE 6 - Nutrients (mg kg-1) and pH in sewage sludge.

Sludge

P

K

Ca

Mg

Na

pHKCl

20200

2900

45300

5110

730

7.2
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grams

D.carota
350
300
250
200
150
100
50
0

Novy Svet
Nemilany
Novy Dvur

1st year

2nd year

1st year

shoot

2nd year
root

FIGURE 1 - The average yield (in grams of dry weight) of shoot and root in D.carota on fluvisols from three locations

H.vulgare
60

grams

50
40

Novy Svet

30

Nemilany

20

Novy Dvur

10
0
1st year

2nd year

1st year

straw

2nd year
seed

FIGURE 2 - The average yield (in grams of dry weight) of straw and seed of H.vulgare on fluvisols from three locations.

This difference was evident in control pots: for the
shoot of D. carota 61.54 g and 12.47 g in Novy Svet (L1),
58.13 g and 60 g in Nemilany (L2), 62.4 g and 78.6 g in
Novy Dvur (L3); for the root of D. carota 161.29 g and
18.47 g in L1, 201.66 g and 183.6 g in L2, 261.17g and
367 g in L3; for the seed of H. vulgare the result was
23.97g and 20.97g in L1, 23.84 g and 21.45 g in L2, 33.7
g and 24.47 g in L3; for the straw of H. vulgare: 26.87 g
and 25.59 g in L1, 34.66 g and 40.55 g in L2, 42.77 g and
47.43 g in L3. Large differences were only observed in
the yield of D. carota in the control pots of shoot and in
pots of root in the Novy Svet locality.
Sewage sludge modification demonstrated a positive
effect on plant growth at each sludge modification level.
Most agricultural crops grow well when the soil pH is between 6.0 and 7.0, because nutrients are more available at a
pH of about 6,5 [31] and the yield of crops increases with

increasing soil pH to an optimal pH value of between 6.5 –
7.0 [32].
Heavy Metal Contents in Plant Tissues

The heavy metal content was at different levels depending on the part of plant, the heavy metals monitored
and the experimental year (in the tables the average amount
is used for both years). The transfer factor was introduced
as an important factor (TF = rate of heavy metals in plant
part and in ground). Average transfer factors in different
parts of plants at the different locations are presented in
Figure 3, in Figure 4 and Figure 5.
Cadmium

The amounts of cadmium ranged from 0.13 to 0.28
mg kg-1 in the shoot and from 0.12 to 0.36 mg kg-1 in the
roots of D.carota, from 0.02 to 0.06 mg kg-1 in the straw
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and 0.01 – 0.06 mg kg-1 in the seed of H.vulgare. Average
transfer factor level for D. carota: control (fluvisol) –
0.31 and for sludge (and fluvisol) – 0.34 and for H. vulgare: control (fluvisol) – 0.03 and for sludge (and fluvisol) – 0.06. Focusing on different localities, in Novy Svet
the TF for soil with sludge was 0.32 for D.carota and 0.06
for H.vulgare, in Nemilany 0.38 and 0.07, in Novy Dvur
0.33 and 0.06.
Lead

The amounts of lead fluctuated from 0.05 to 0.12 mg
kg-1 in the shoot and from 0.05 to 0.12 mg kg-1 in the
roots of D.carota, from 0.06 to 0.12 mg kg-1 in the straw
and 0.04 – 0.11 mg kg-1 in the seed of H.vulgare. The
average transfer factor level for D. carota: control (fluvisol) – 0.003 and for sludge (and fluvisol) – 0.004 and for
H.vulgare: control (fluvisol) – 0.003 and for sludge (and

fluvisol)- 0.004. Focusing on different localities, in Novy
Svet the TF for soil with sludge was 0.004 for D.carota
and 0.003 for H.vulgare, in Nemilany 0.004 and 0.004, in
Novy Dvur 0.005 and 0.004.
Copper

The amounts of copper ranged from 0.84 to 1.13 mg
kg-1 in the shoot and from 0.61 to 0.91 mg kg-1 in the
roots of D.carota, from 0.52 to 0.84 mg kg-1 in the straw
and 0.5 – 0.78 mg kg-1 in the seed of H.vulgare. Average
transfer factor level for D. carota: control (fluvisol) – 0.03
and for sludge (and fluvisol) – 0.03 and for H.vulgare:
control (fluvisol) – 0.02 and for sludge (and fluvisol) –
0.02. Focusing on different localities, in Novy Svet the TF
for soil with sludge for was 0.03 D.carota and for 0.02
H.vulgare, in Nemilany 0.02 and 0.01, in Novy Dvur 0.04
and 0.03.

0,40

transfer factors

0,35
0,30

Cd

0,25

Pb

0,20

Cu

0,15

Zn

0,10

Ni

0,05
0,00
shoot

root

straw

D.carota

seed
H.vulgare

FIGURE 3 - Average transfer factors in different parts of plants.

Cd

Pb

Cu

Zn

FIGURE 4 - Average transfer factors for D.carota at different localities.
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Novy
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0,40
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Cd

Pb

Cu

Zn

Novy
Dvur

Nemilany

Novy
Dvur
Novy
Svet

Nemilany

Novy
Dvur
Novy
Svet

Nemilany

Novy
Dvur
Novy
Svet

Nemilany

Novy
Dvur
Novy
Svet

Nemilany

0,20
0,18
0,16
0,14
0,12
0,10
0,08
0,06
0,04
0,02
0,00

Novy
Svet

transfer factors

H.vulgare

Ni

FIGURE 5 - Average transfer factors for H.vulgare at different localities.

Zinc

Nickel

The amounts of zinc fluctuated from 25.28 to 42.53
mg kg-1 in the shoot and from 20.7 to 33.88 mg kg-1 in the
roots of D.carota, from 37.98 to 54.15 mg kg-1 in the
straw and 34.05 – 48.42 mg kg-1 in the seed of H.vulgare.
Average transfer factor level for D. carota: control (fluvisol) – 0.1 and for sludge (and fluvisol) – 0.12 and for
H.vulgare: control (fluvisol) – 0.15 and for sludge (and
fluvisol) – 0.16. Focusing on different localities, in Novy
Svet the TF for soil with sludge was for 0.12 D.carota
and 0.16 for H.vulgare, in Nemilany 0.13 and 0.17, in
Novy Dvur 0.13 and 0.18.

The amounts of nickel ranged from 1.23 to 2.24 mg kg-1
in the shoot and from 1.93 to 5.83 mg kg-1 in the roots of
D. carota, from 2.08 to 6.08 mg kg-1 in the straw and 0.47 –
3.4 mg kg-1 in the seed of H.vulgare. Average transfer factor
level for D. carota: control (fluvisol) – 0.09 and for sludge
(and fluvisol) – 0.12 and for H.vulgare: control (fluvisol)
– 0.06 and for sludge (and fluvisol) – 0.11. Focusing on
different localities, in Novy Svet the TF for soil with
sludge was for 0.12 D.carota and 0.13 for H.vulgare, in
Nemilany 0.11 and 0.11, in Novy Dvur 0.14 and 0.14.

FIGURE 6 - Average transfer factors for Pb for D.carota on different localities.
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FIGURE 7 - Average transfer factors for Pb for H.vulgare at different localities.

DISCUSSION AND CONCLUSIONS
The total values of the transfer factors (TF) for D.
carota were: cadmium 0.33, lead 0.003, copper 0.03, zinc
0.11 and nickel 0.1. For H .vulgare the values were: cadmium 0.04, lead 0.003, copper 0.02, zinc 0.16 and nickel
0.1. If we focus on both plants, the higher TF levels are
almost same except for cadmium (almost seven times higher) and zinc (almost two times higher) for D.carota.
Compared with values found by [33], our values of
TF were generally lower. One possible explanation could
be the higher pH level of the sewage sludge. The pH level
of the sludge increased the soil reaction to alkaline (pHKCl=
7.2). It could limit the transfer of heavy metals into the
plants [34]. This fact is consistent with the findings of other
authors [28-30].
Transfer depends on the bioavailability of the compound in soil. This depends on several factors including pH,
soil temperature, organic matter content or soil texture. The
pH is of particular importance [35]. Table 7 presents heavy
metals mobility according to the pH factor. A value is attributed to each metal between 1 (the least available) and
5 (the most available) to estimate its mobility [36].

The biological role of heavy metals in plants depends
on their concentration in the plant tissues. Different stages
corresponding to deficiency, normal or toxicity levels may
be observed according to the metal level in the plant [35].
The concentration of heavy metals in sludge and soil
was very low and this is why no differences were found in
comparing the control plants and the total value of TF for
all localities together. The only exceptions were cadmium
and nickel; these values were two times higher for H. vulgare.
A comparison of the three locations gave us these results: the most remarkable differences for TF were for cadmium in D. carota--values almost two times higher in fluvisols from our Nemilany location than in the other two, and
for copper in D.carota and H.vulgare we found a difference
of almost three times higher at the Novy Dvur location.
Other elements and localities have almost no discernable
differences.
In the final analysis we concentrated on the differences
in TF in various parts of the plants - shoot, root, seed and
straw. The results are shown in Table 8.
TABLE 8 - Average values of transfer factors.
Bold values show differences.

TABLE 7 - Mobility of metals in soil.
Cd
Pb
Cu
Zn
Ni

alkaline, neutral
2
1
1
2
1

Element

acid
4
3
3
4
4

Cd
Pb
Cu
Zn
Ni
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D. carota
shoot
roots
0.32
0.35
0.004
0.004
0.03
0.03
0.13
0.11
0.07
0.15

H. vulgare
straw
seed
0.06
0.05
0.004
0.003
0.02
0.02
0.18
0.15
0.16
0.07
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As expected, higher TF were primarily detected in the
root of D.carota except for zinc, equal values were found
for lead and copper. Nickel values were two times higher.
H. vulgare has a better phytoextraction potential in the
straw than in the seed. Equal values were detected for
copper. Nickel values were more than two times higher.
In general this project proved the phytoextraction potential for both plants grown on fluvisols mixed with sludge
as a donor of elements (contamination of heavy metals in
fluvisols was purposely left at a natural value). Use of this
method for cleaning polluted fluvisols, under real conditions, would be very difficult--most of all due to the time
required. This fact results from the comparison of the transfer factors of plants with higher phytoextraction potential
[37, 38].
Sewage sludge from municipal wastewater treatment
plants contains high quantities of nutrients and organic
matter needed for plant growth, but it also contains high
heavy metal concentrations. Heavy metals can accumulate
in soil and in plants when sludge is applied as a fertilizer
and eventually can produce harmful effects in animals and
humans. Therefore, the study of effective methods for
heavy metal removal from sludge is very important in order
to minimize prospective health risks during application [1].
In any case toxic metals from chemical factories can
be spread by water and other factors into wide areas that
can cause contamination of agricultural soils and, consequently, the food chain [39].
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REMOVAL OF METHYL VIOLET FROM WATER BY SUNFLOWER
SEED PEEL WITH ADSORPTION METHOD AND DETERMINATION
OF ELECTRICAL FIELD EFFECT ON ADSORPTION
Mustafa Özdemir*
Department of Chemistry, Harran University, 63300 Şanlıurfa, Turkey

ABSTRACT
The removal of methyl violets from water by using
sunflower seed peel as adsorbing agent was determined.
Effect of pH, adsorbent dose, initial concentration and electrical field application were investigated. The adsorption
efficiency was found to be about 99%, in case of pH = 7,
initial concentration = 50 mg/l and adsorbent dose = 0.5 g.
Applied electrical field of 300 V/m had a considerable effect
on adsorption at pH 2, but not a significant role above this
value. Kinetic studies showed that the process of adsorption of methyl violet to sunflower seed peel followed
the pseudo-second order kinetic model. The values of rate
constants indicated that adsorption was controlled by both
pseudo-second order kinetics and intra-particle diffusion
mechanism, but mainly by pseudo-second order kinetics.
The equilibrium nature of methyl violet adsorption to sunflower seed peel has been described by Freundlich isotherms, but also thermodynamic parameters like free energy, entropy and enthalpy changes for the adsorption of
methyl violet have been found and discussed.

KEYWORDS: Adsorption, electrical field effect, surface potential,
kinetics and isotherms.

INTRODUCTION
One of the major environmental problems is certainly
the worldwide pollution related to dyes. It is known that
there are about 3000 types of dyes bargaining in the world
market [1]. With their high stable properties in soil and
water, they are hazardous elements for environment and
humans. Natural or synthetic forms of dyes have been
used abundantly in a lot of industry branches, such as
textile, construction and vehicles [2]. They spread to the
environment, primarily in industrial wastes and untreated
effluents as pollution sources. Discharged effluents from
dying industries contain coloured compounds. Water that

contains these compounds might be toxic for aquatic life.
A small amount of dye in water is highly visible and hazardous to creatures in water. The organic pollutants, such
as organic dyes, not only upset the biological activity in
water mass, but also have mutagenic and carcinogenic effects causing serious damages to human beings, such as
malfunction of the kidney, liver, brain, central nervous
system and reproductive system. Hence, it is an obligation
to remove suspended solid matter or waste effluents from
the environment [3, 4]. There are many techniques to remove dyes from effluents [5, 6], but adsorption seems to
be the best of all. It can be examined as two main parts;
chemisorption and physisorption. The adsorbate is retained
at the adsorbent surface by chemical forces/bounds in
chemisorption, and in physisorption through dispersion and
repulsion forces [7]. Activation energy is involved in
chemisorption rather than physisorption. Additionally,
chemisorption can take place at temperatures higher than
the boiling point of adsorbate. The heat of adsorption is in
the range of 1-40 kcal/mol in physisorption, while it is between 40-800 kcal/mol in chemisorption. Adsorption processes are carried out in different treatment systems, such
as bath contact, fixed bed, pulsed bed, steady state moving bed and fluidized bed. There are many adsorbents which
possess superior properties and abundant usage [8, 9].
Activated carbon is the most important of them. Due to its
extended surface area, high adsorption capacity and special surface reactivity, activated carbon is widely used as
an adsorbent to remove organic pollutants. However, the
adsorption capacity of activated carbon mainly depends on
the precursors of nature, operating conditions of adsorption, and nature of the adsorbate [10-12]. Besides, its usage
is limited because of its high cost. Utilization of various
agricultural wastes for activated carbon preparation and
application for the removal of dyes and metal ions from
aqueous samples may be beneficial. There are many synthetic and natural adsorbents used to remove heavy metal
ions and toxic organic compounds, such as synthetic dyes,
from industrial wastewaters, but they can not be obtained
easily for industrial scale [13, 14].
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In the present study, we have used sunflower seed peel
as an alternative adsorbent in removal of methyl violets.
Sunflower seed peel has an important distinguished property because of its high content of cellulose and hemicellulose. Demirbas and co-workers [15] performed a study
related to its structural and ultimate elemental analysis,
and some of their results are illustrated in Table 1.

The methyl violet molecule (Figure 2) exhibits similar
properties as cellulose, such as the dipolarity of (C◄N)
bonds. The existence of this property in the structure of
both adsorbent and adsorbate has a great importance in adsorption procedure [15].
TABLE 1 - Some average values of structural and
ultimate elemental analysis of sunflower seed peel.

From their results, the cellulosic sunflower seed peel
molecule has a particular molecular structure involving a
great number of polar groups and dipolar centers, such as
hydroxyl groups and (C◄O) bonds, respectively. These
groups can perform a spectacular function in adsorption.
Chemical structure of cellulose is illustrated in Figure 1.

Structural analysis
(% (m/m))
Constituent
Mass ratio
Cellulose
48.4
Hemicellulose
34.6
Lignin
17.0

Ultimate elemental analysis
(% (m/m))
Element
Mass ratio
Carbon
47.4
Hydrogen
5.8
Oxygen
41.4
Nitrogen
1.4
Ash
4.0

FIGURE 1 - Molecular structure of cellulose.

solution, and the electrical field effect onto it was determined. The raw materials were provided from the local oil
factory and ground into desired particle sizes. Sunflower
seed peel was preferred as adsorbent, because it was tested
and determined to be a successful one in our previous study
[16]. Distilled water was chosen as solvent. All chemicals
used throughout the study were of analytical reagent grade.
In order to obtain desired pH values, diluted nitric acid and
sodium hydroxide were used as adjusters. The experiments
were done by two different ways. One part of the experiment was performed under an electrical field by using the
system given in Fig. 3. During this experiment, the changes
in current were observed by an ampermeter. The other
part was performed without any electrical field effect.

FIGURE 2 - Molecular structure of 2- Methyl violet 2B

MATERIALS AND METHODS
In this study, sunflower seed peel was used as an adsorbent material to remove methyl violet from an aqueous

Adequate and effective contact of adsorbent and adsorbate was done in containers with an automatically working shaker. Dynamic equilibrium state of adsorption was
realized throughout the experiments, and samples were
analyzed by UV-VIS spectrophotometry.
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low under pH 1.6, but purple above this pH. In other words,
the ratio of R/RH+ is greater than 1 at this pH, and the ratio
of R/RH+ increases with the decrease of [H3O+] gradually.
R and RH+ can set up different aqueous balances as
given in the following equilibrium reactions:
Cell. + RH+(aq)
Cell. + R(aq)

Cell.RH+(s)+R(aq)

RESULTS AND DISCUSSION
We have examined the effects of pH, initial concentration, adsorbent dose and electrical field throughout the
experiments, carried out with and without an electrical field.
These experimental parameters were discussed below, respectively.
The effect of pH

Fig. 4 indicates the adsorption degree of methyl violet
at different pH values. The experiments were carried out
at constant pHs of 2, 3, 4, 6, 7, 9, 10, and 11. It was determined that the methyl violet adsorption onto sunflower
seed peel increased at pH 2-9, but it decreased limitedly at
pHs 10 and 11. This special behavior may be explained
with the examination of the molecular structure and affinity to each other of both adsorbent and adsorbate as
illustrated in Figs. 1 and 2. As an acid-base conjugated
pair, solubility of methyl violet in water is 9.0 %, and its
ionic balance can be affected by the acidity of its aqueous
solution. It is completely soluble in water at low concentrations. The following balances take place in water:
RH+(aq)+Cl-(aq)

RH+(aq)+H2O

(2)

120

25

100

20

80

15
10

20

A ds o rptio n	
  e ffic ienc y

5

0

0
0

5

10

Cell.R(s)+RH+(aq)

(5)

Cell. + H3O+(aq)

Cell.H3O+(s)

(6)

When adsorbent surface is covered with H3O+ ions
excessively, according to equation 3, the methyl violet is
forced to enter the liquid phase as follows:
Cell.RH+(s)
Cell. + RH+(aq)
(7)
RH+Cl- and Cell. represent methyl violet and cellulose
molecules, respectively.
At high pH values, a competition occurs between
RH+(aq) and basic Na+(aq) cations as shown below:
Cell.RH+(s) + Na+(aq)

Cell.Na+(s) + RH+(aq) (8)

Thus, we might express that the methyl violet adsorption has been varied with pH change, according to Le
Chatelier Principles.
Initial concentration

60
%ads o rptio n

(4)

Another reason playing an important role at low pHs
is the competitive adsorption between RH+ and H+ ions.
Here, the adsorbent can behave as an ion exchange matrix, and, therefore, one of the ions is more strongly attached onto the adsorbent surface than the others. Briefly,
the adsorbent surface can be occupied by H 3O+ ions at
low pH values as below:

(1)

R(aq)+H3O+(aq)

40

Cell.R(s)

(3)

The phenomena of reactions 3 and 4 can be the reason
for high adsorption at high pH values as expressed below:

FIGURE 3 - Adsorption system of electrical field application.

RH+Cl-(s)

Cell.RH+(s)

15

pH 	
  v alues

FIGURE 4 - Variation of methyl violet adsorption
efficiency and percentage at equilibrium state versus pH.

The ratio of R/RH+ grows up with decreasing amount
of [H3O+] according to equation 2. In accordance with the
acidity constant of equation 2, colour of the solution is yel-

The changes of adsorption efficiency and percentage
with 5 different initial methyl violet concentrations are
illustrated in Figs. 5 and 6. When the adsorption procedure
was performed at higher initial concentration (150 ppm),
adsorption efficiency was high (41 mg/g; Fig. 5). Lower adsorption efficiency (0.9 mg/g) was observed at lower initial
concentration (5 ppm). The maximum adsorption percentage was obtained as 99%, when 0.5 g adsorbent came
into contact with 200 ml of a 50 ppm standard solution in
a bath container. A decrease in adsorption percentage was
observed when the procedure was applied by using a
standard solution with ionic strength adjusted to any
value beyond the limit concentration. So, decrease of
adsorption percentage at both higher and lower initial
levels can be explained by the equilibrium between two
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physical effects. Causing weak adsorption, the first one is
50

the decrease of

150	
  ppm
100	
  ppm

45

50	
  ppm

40

25	
  ppm
10	
  ppm

35

5	
  ppm

Ads. (mg/g)

30
25
20
15
10
5
0
0

50

100
T ime (min.)

150

200

FIGURE 5 - Effect of initial concentration on methyl violet adsorption.
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FIGURE 6 - Variation of adsorption efficiency,
and its percentage with the initial concentration.

ads. efficiency(mg/g)

.

diffuse double-layer potential with the increase in solution
concentration. The second one, causing high adsorption,
is the magnitude of mass transfer force that increases with
the ionic strength of solution [17, 18].
Adsorbent dose effect

The variations of both adsorption efficiency and proportionality with adsorbent dose (Figs. 7 and 8) were performed by using 200 ml of a 50 ppm standard solution,
each time brought into contact with 6 different adsorbent
quantities of 0.125, 0.250, 0.500, 0.750, 1.000 and 1.125 mg/
g in a bath container. The results are partly similar to those
obtained from initial concentration effect studies. That is,
the adsorption efficiency increased with the decrease in adsorbent dose. Namely, when adsorbent dose was taken as

0 .12 5	
  g
0 .2 5	
  g
0 .50 	
  g
0 .75	
  g
1.0 0 	
  g
1.2 5	
  g

40
35
30
25
20
15
10
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FIGURE 7 - Effect of adsorbent dose on methyl violet adsorption.

% adsorption

contact with a liquid, an electrical double layer occurs between solid and liquid. There are few models about electrical double layers in literature [18-20]. Besides, if an electrical field is applied to a colloidal system, the uncharged
particles can be charged and their surface electrical potentials slightly rise. For instance, the Coulomb’s Law is represented in SI units as follows [19]:

40

100

30

80
60

20

40

%ads.

20

10

% ads. efficiency

0

ads. efficiency (mg/g)

120

0
0

0.5

1

f = Q1.Q2/4π Є0Єr r2

1.5

(9)

where r is the distance between charges, Є0 and Єr are
the vacuum permittivity and relative permittivity, respectively.

adsorbent dose(g)

FIGURE 8 - Variation of adsorption efficiency,
and its percentage with the adsorbent dose.

0.125 mg, the adsorption efficiency reached 32 mg/g. On
the other hand, its minimum value was obtained as 8 mg/g.

If a very small test charge Q1 is used, electrical field
strength is equal to force/charge ratio:
E = f/Q1 = Q2/4π Є0Єr r2

(10)

There is a simplified relationship between electrical
field and surface electrical potential which is as follows:

Effect of electrical field

A significant increase was observed in the adsorption
during the experiments performed under electrical field.
5.28 mg/g, 5.64 mg/g, 5.69 mg/g, 5.83 mg/g, 5.95 mg/g,
and 8.22 mg/g values of adsorption were obtained when an
electrical field was applied with stages of 0.0 V/m, 10 V/m,
50 V/m, 100 V/m, 200 V/m and 300 V/m, respectively.
Electrical field has no significant effect on adsorption at pH
values higher than 2. At the same time, the adsorption was
not affected significantly by the electrical field lower than
300 V/m (according to Fig. 9). At constant pH and under increased values of electrical field (10, 50, 100 and 200 V/m),
adsorption was decreased to very low degrees. But when
an electrical field of 300 V/m was applied, the adsorption
was increased by 56%. To explain these above results, some
correlations between electrical field and surface electrical
potential (symbolized by E and Ф, respectively) were considered, and the phenomena of the colloidal systems under
the electric field were examined. If a solid surface is in

E = Ф / dr or Ф = Q1.Q2/4π Є0Єr r2 .dr

The surface electrical potential as a function of the distance from a positive and negative charge shows a variation
like in Fig. 10.
It has been understood from equation 11 that the magnitude of the surface electrical potential is proportional to
the magnitude of the electrical field. From this fact, we
may conclude that the electrical field affects surface forces
positively. As a result, under electrical field effect, mass
transfer or hydrodynamic forces, a natural necessity of solutions, cannot be affected, but adsorbent surface forces (surface electrical potential) can be increased [18].
It can be said that the adsorption could be raised in
the experiments carried out at pH 2, but without applying
any electrical field, a considerable drop was observed in
adsorption.
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FIGURE 9 - Effect of the electrical field on methyl violet adsorption at pH 2.

Potential energy, ø(mV)

y= k.Ce1/n

(12)

where y is the amount adsorbed per specified amount of
adsorbent (mg/g), c is the equilibrium concentration (mg/L),
k and n are Freundlich constants indicating the adsorption
capacity and process favorability, respectively.
Freundlich adsorption isotherms at 30 oC and pH 7 are
presented in Fig. 11, by using the data given in Fig. 5. The
values of k and n were calculated from the intercept and
slopes of the plots of ln y versus ln Ce.

Distance, r (Ao )

The constant values of k and n obtained for Freundlich
isotherms are found to be 0.68 mg/g and 0.918 g/L, respectively.
Adsorption kinetics

One of the important characteristics in defining the
efficiency of adsorption is the adsorption kinetics. Hence,
in this steady, the kinetics of methyl violet removal onto
sunflower seed peel has been carried out to understand
control mechanism of adsorption. A simple kinetic control
of adsorption is the Lagergren equation [21].

FIGURE 10 - The surface electric potential as a
function of the distance from a positive and negative charge.

The general form of Lagergren equation can be given
as follows:

4,5

Dqt/dt =k(qe-qt)n

4,0
3,5

Ln(x/m)

where qt is the amount of methyl violet adsorbed (mg/g)
at any time, t is the time, and k is the rate constant of kinetic pseudo-n order adsorption. In this study, adsorption of
methyl violet onto sunflower seed peel obeys pseudosecond order. In this case, equation 13 can be integrated
by taking n=2 and expressed as follows [22]:

y = 1,0896x - 0,3721
R2 = 0,9899

3,0
2,5
2,0
1,5

t/gt = 1/k.qe2 + 1/qe . t

1,0
0,5
1

2

3

4

(14)

where k is the rate constant for the pseudo-second order
reaction (g/mg.nm). Fig. 12 shows the plot of t/gt versus t.
As can be seen, the plots obtained at different initial concentrations linearly change with high correlation coefficient.

0,0
0

(13)

5

Ln (Ce)
FIGURE 11 - The Freundlich plot for the
methyl violet adsorption on sunflower seed peel.
Adsorption isotherm

The distribution of both metal and dye ions between
the liquid and solid phase can be described by several
mathematical models. In this study, two known isothermal equations are tested. One is the Langmuir equation,
which is assigned that the uptake of ions on a homogenous surface by mono-layer adsorption without any interaction between the adsorbed ions. The adsorption of methyl
violet on the sunflower seed peel did not fit to Langmuir
isotherm.
The other isotherm tested is Freundlich model, often
used for heterogenous surface energy systems, and it can
be described by the following equation:

The intercept of straight lines were used to calculate
the rate constant k. Table 2 gives the variation of rate
constant with different initial concentrations and theoretical amount of solute adsorbed at equilibrium, qe (m/g). As
shown in Table 2, the correlation coefficient from the
pseudo-second order is about 1.00. Moreover, the calculated qe values agree with the experimental data very well.
Similar kinetic results were also reported for the adsorption of Zn (II) and Pb(II) onto pine bark wastes [23, 24].
As can be seen from Table 2, with increasing initial
concentration of methyl violet, the value of reaction rate
constant, k, increases since reaction step may play an important role in controlling the mechanism of adsorption. It
is well-known that adsorption kinetics are mainly controlled by the following serial steps: (I) Solute molecules
are transferred from the solution to the boundary film, (II)
Solute molecules are transferred from the surface of the
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sorbent (external diffusion), (III) Diffusion from the surface to intra-particular sites, and (IV) Interaction of solute

molecules with the available sites on the internal surface.

70
10 ppm methyl violet

60

25 ppm methyl violet

t/qt(min.g/mg)

50

50 ppm methy violet
100 ppm methyl violet

40
30
20
10
0
0

50

100

150

200

T ime(min.)
FIGURE 12 - Pseudo-second order equation for methyl violet on sunflower seed peel.

TABLE 2 - Reaction and intra-particle diffusion.
Co
150
100
50
25
10
5

qe (cal.)
45.249
34.602
20.408
7.246
2.849
1.127

qe (exp.)
40.50
29.61
19.85
6.64
2.71
1.25

R2
0.998
0.998
0.999
0.999
0.997
0.999

K (1/min.)
0.00105
0.00189
0.01091
0.02281
0.08902
0.24763

R2
0.991
0.981
0.975
0.976
0.954
0.980

Kp
4.3155
3.6826
1.0263
0.6513
0.5979
0.1410

70
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150 ppm methyl violet
100 ppm methyl violet

50
qt (mg/g)

50 ppm methyl violet
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0
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)
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FIGURE 13 - Initial curve plots for the intra-particle diffusion kinetics of various initial concentration at pH 7.0 and 30 oC.
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In order to test the role of intra-particle diffusion in
adsorption of methyl violet onto sunflower seed peel,
different initial concentrations were applied. The following equation was suggested by Weber and Morris [25]:
qt = Kp.t1/2 + c

The Kc value given in Eqs. 16 and 17 is calculated
from the following equation [29]:

ln( K C ) =

(15)

The intra-particle diffusion rate constant can be calculated from the initial slope of the curves qt versus t1/2 as
shown in Fig. 13.
All plots have the same general features, and initial
curves attributed to bulk diffusion change of 0-5 min interval, followed by a linear portion and plateau. The linear
portion represents intra-particle diffusion. This phenomena have also been reported for the adsorption of Pb(II) on
pistachio shells [27] and the adsorption of Cd 2+ on waste
Fe(II)/Cr(II) hydroxide [28].
As seen from Fig. 13, at a certain time interval, the
curves are linearly. This is characteristically when adsorption process is affected by intra-particle diffusion. The values of the intra-particle diffusion rate constant, Kp, obtained
from the slope of straight line of equation 15, are given in
Table 2. Kp values show that the adsorption of methyl
violet onto sunflower seed peel is controlled by both reaction and intra-particle diffusion. But the adsorption of methyl
violet and sunflower seed peel is mainly controlled by the
reaction step, since intra-particle diffusion rate constants,
K, are higher than the rate constants, k.

The plot of ln K c vs 1/T should be linear, according
to Eq. (17). The slope of the van’t Hoff plot is equal to
– ΔHo/R, and its intercept is equal to ΔSo/R. The van’t
Hoff plot for the adsorption of methyl violet onto sunflower
seed peel is given in Fig. 14. As can be seen, the change of
Gibbs-free energy can be represented best by a curve. According to this curve when temperature increases, the increasing negative value of Gibbs-free energy decreases. The
negative value of ΔGo at different temperatures indicates
the spontaneous nature of adsorption process.
T (K )
290

Adsorption thermodynamics

In order to understand the effect of temperature on the
adsorption equilibrium, it is important to determine the
thermodynamic parameters, such as standard entropy, ΔSo.
Among these parameters, the Gibbs-free energy of adsorption is calculated by using equilibrium constant (Kc)
from the following equation:
ΔGo = -RTlnKc

(16)

where R is the gas constant, T is the temperature, and
Kc is the equilibrium constant.
On the other hand, standard enthalpy, ΔHo, and
standard entropy, ΔSo, in adsorption can be found from
van’t Hoff equation as follows;
ln Kc = −

ΔH o ΔSo
+
RT
R

(17)

(18)

where C Ae is the equilibrium concentration of the
methyl violet ions on adsorbent (mg/L), and CSe is the
equilibrium concentration of the methyl ions in the solution (mg/L).

In( Kc)

where Kp is the intra-particle diffusion rate constant
and c is the intercept parameter, and it gives an idea about
boundary layer thickness [26].

C Ae
C Se

4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00
0.0029

300

310

320

330

-7000
-7500
-8000
-8500
DGo -T
ln( Kc)-1/T

0.0031

0.0033

Temperature ( C)
20
30
50
60

Kc
49.875
31.918
18.725
15.971

-9000
-9500
-10000
0.0035

1/T
FIGURE 14 - The plot of Van’t Hoff, ln(Kc) vs 1/T and ΔGo vs T (K).

All thermodynamic parameters calculated from Eqs.
(16-17) are given in Table 3. All the thermodynamic data
in the first row have negative values. The negative values
of ΔHo show that the adsorption is exothermic. These phenomena can be explained by the reaction between methyl
violet and sunflower seed peel as explained under section
of effects of pH, in this paper. In other words, methyl
violet ions are bound to the active areas of sorbent such as
hydroxy and carboxy groups. Furthermore, the negative
values of ΔSo show faster interaction with the active surface of the sorbent [29, 30].

TABLE 3 - Thermodynamic parameters for adsorption of methyl violet onto sunflower seed peel.
o

340

ΔGo

© by PSP Volume 17 – No 9a. 2008

ΔGo(J mol-1)
-9523.60
-8724.18
-7867.87
-7671.03
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ΔHo (J mol-1)

ΔSo (J.mol-1 K-1 )

-22906.733

-46.198
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CONCLUSION
The removal of methyl violet from aqueous solution
has been investigated in detail. Results of this study may
be arranged in an order as follows.
First of all, it is difficult to remove substances like
methyl violet at low pH values, but, with our method, their
removal can be done easily.
Secondly, sunflower seed peel can be considered as a
suitable adsorbent because of its high adsorption capacity
and low cost. Thirdly, due to its plant-originated property, it
has no pollutive and hazardous effects on environment,
while the process is performed. Lastly, 50-ppm level in
200 ml aqueous solution, pH 7, and adsorbent dose of 1 g
were described to be the optimum conditions.
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(2003 ) Evaluation of the use of raw and activated data pits as
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AMMONIA REMOVAL AND BIOMASS CHARACTERISTICS
OF ALGINATE-IMMOBILIZED Scenedesmus obliquus
CULTURES TREATING REAL WASTEWATER
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Instituto de Investigaciones Oceanológicas - Oceanographic Research Institute, Universidad Autónoma de
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ABSTRACT

Microalgae grown on wastewater can be used as dietary supplements for animals [4-7], fish, mollusk and crus-

The ammonia removal efficiency, growth, biomass production, chlorophyll a, protein and lipids content of the
microalgae Scenedesmus obliquus immobilized in alginate
in semi-continuous bioreactors for the treatment of secondary effluent was evaluated. Six 35 h experimental
cycles were run. The growth of algal cells in the alginate
matrix was not inhibited and the exponential growth rates
were 0.273 d-1 and 0.374 d-1 for cycles II and III, respectively. Biomass harvest levels of 833.3 – 937.5 mg l-1 dry
weight showed a high protein and lipids content. The low
cell density in the first cycles allowed the cells to grow
satisfactorily; in subsequent cycles, nitrogen removal and
protein and lipids content decreased probably due to nitrogen and light limitation after 181 h of experimentation.
The high pH reached within reactors appeared to have contributed to NH3 stripping from the medium of 37%-59% of
the total initial ammonia. Part of the available nitrogen
was incorporate into new protein (10.6 to 11.4 mg N l-1);
but this was not only due to ammonia uptake, since one
part of this is lost to the atmosphere. These results suggested that immobilized S. obliquus cells can be used as
secondary treatment process for domestic wastewater and
biomass with higher protein and lipid content than free cell
cultures can be produced.

KEYWORDS: Alginate, immobilization, protein and lipids, nitrogen removal, Scenedesmus obliquus.

INTRODUCTION
Algal cultivation has often been employed as a tertiary
treatment step to eliminate residual inorganic nutrients from
secondary treated wastewater [1, 2]. The advantage is that it
does not generate additional pollution when the biomass is
harvest [3], making the algal treatment system more attractive than conventional biological tertiary treatment systems.

tacean feeding [8, 9] and as fertilizers, energy sources and
fine chemicals production [10]. However, one limitation for
the development of microalgal wastewater treatment system is the need to harvest the algal biomass at the end of
the treatment process. Immobilization techniques by entrapping algal cells in beads may offer a viable alternative
to carry out the recovery. Calcium alginate is commonly
used for immobilizing microalgae and maintains the high
viability of cells for extended periods of time. However,
the matrix is vulnerable to the presence of chelating agents
present in wastewater, such as phosphate and citrate, which
affect the strength of the gel matrix and, ultimately, dissolves it [11]. Nevertheless, this problem can be resolved
with the re-calcification of alginate beads [12].
Studies on nutrients removal from artificial and domestic wastewater by immobilized microalgae such as Chlorella and Scenedesmus spp. have demonstrated to be efficient [11-16]. However, the biochemical composition of immobilized Scenedesmus obliquus needs greater study, especially when the microalgae are cultivated in domestic wastewater.
The purpose of this study was to determine the biomass
production and protein and lipids content of Scenedesmus
obliquus immobilized in alginate and growing in real domestic wastewater effluent in a semicontinuous reactor; the
balance among the nitrogen uptake, stripped ammonia and
chemical composition of the microalgae was evaluated.
MATERIALS AND METHODS
Preparation of immobilized algal beads

The microalgae Scenedesmus obliquus was obtained
from the culture collection of the Centro de Investigación
Científica y de Educación Superior de Ensenada (CICESE),
Baja California, Mexico. Stock suspension of unicellular
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green microalgae Scenedesmus obliquus was cultivated in
3 l bioreactors made of transparent polyethylene terephthalate (PET or PETE) containing 2.5 l of artificial
wastewater (Aw) with the following composition: 7 mg l-1
of NaCl, 4 mg l-1 of CaCl2, 2 mg l-1 of MgSO4.7H2O, 15
mg l-1 of KH2PO4, and 115 mg l-1 of NH4Cl. Artificial
wastewater concentrations simulating the mean values of
the secondary effluent from the Universidad Autónoma de
Baja California (UABC’s) Mexico wastewater treatment
plant was prepared to reach the following concentrations:
N-NH4+: 32.5 mg l-1; N-NO-3: 2.0 mg l-1 and P-PO43: 2.5
mg l-1. On the other hand, urban wastewater from
UABC’s wastewater treatment plant was used for experiments with real wastewater. Neither types of
wastewater were sterilized prior to use, in order to maintain natural conditions as close to reality as possible and,
thus, evaluate its effectiveness under real conditions.
Trace metals and vitamins were added according to the
guidelines for medium f/2 [18]. The mass culture was
aerated with compressed air with no CO2 en-richment and
continuous light at 200 µE s-1 m-2 by means of cool white
fluorescent lamps at 25±1°C.
The immobilization of Scenedesmus obliquus was carried out as described by Tam and Wong [16]. After a 5 day
cultivation period, algal cells were harvested by centrifugation at 3000 g force for 15 min. The cell residues were
washed with distilled water to form a concentrated algal
suspension with a cell density of 1.1 x 107 cells ml-1. The
algal suspension was then mixed with 4% sodium alginate
solution in 1:1 volume ratio to yield a mixture of 2% algal
alginate suspension. This mixture was slowly titrated into a
calcium chloride solution (2.5%) using a burette of 50 ml to
form uniform algal beads of approximately 2.5 mm diameter and an initial cell number of 4 x 105 cells beads-1. Approximately 6500 beads were formed from 100 ml of the
algae-alginate mixture. The algal beads were left in CaCl2
solution for 5 h for hardening, and then rinsed with distilled water. After each cycle, the alginate beads were resubmerged in the CaCl2 solution to prolong the stability of
the matrix.
Bioreactors and sampling

The semicontinuous cultures were operated in 3 L cylindrical transparent polyethylene terephthalate (PTFE)
receptacles, each containing 2.5 l of artificial (AW) or urban
wastewater (UW) without sterilization. Both treatments (AW
and UW) were run in triplicates (a total of six reactors in
semicontinuous mode). Approximately 2.6 beads ml-1 of
wastewater (equivalent to 1:25 bead:wastewater v/v) was
used for each reactor. Start-up of experiments consisted in
placing the beads in the reactors for 48 h in artificial or
urban continuous wastewater without replacement of the
solution. Subsequently, the solution was decanted; fresh
medium was added and kept for the incubation period of
35 h (one cycle). This procedure was repeated for 6 consecutive runs. The solution decanted after each cycle (35 h)
was analyzed in triplicate for the determination of pH and

NH4-N according to standard methods [19]. Samples consisting of 33 alginate beads were collected in order to determine cell density and lipid and protein content.
The number of cell in the beads was counted with a
particle analyzer model Beckman Coulter Multisizer 3,
after dissolving one bead in 5 ml of 0.25 M Na2HPO4.7H2O
solution (pH 7.0) in triplicate. For the determination of
ash-free dry-weight biomass in beads, five beads in triplicate were dissolved in 5 ml of 0.25 M Na2HPO4.7H2O solution (pH 7.0) and filtered through a Whatman GF/C glass
fiber filters (2.5 cm diameter) previously rinsed with distilled water, and incinerated at 450°C for 3 h to constant
weight. The samples were then dried in a conventional
oven at 120°C for 2 h to constant weight, and placed at
450 ºC in a muffle furnace. Similar samples were used to
measure the protein and lipids content of the algal biomass
according to Lowry et al. [20].
Proteins were analyzed using a standard of bovine albumin (98%). Protein extraction was undertaken with a
NaOH 1N solution at 100ºC and an extraction time of 90
minutes. The estimation of the concentration of N-protein
was done considering the balance between initial nitrogen
(NI) of the culture medium, final nitrogen (NF), and stripped
nitrogen (NT). Protein bound nitrogen was calculated as
∑NP: NF + NT – NI. Lipids were extracted following the
methodology of Bligh and Dyer [21] consisting in an initial
extraction with a chloroform-methanol-water mix which
was subsequently subject to evaporation at 45ºC, followed
by an extraction with dichromatic acid solution at 2% at
100°C for 15 min. Lipids quantification was estimated by
the method of Pande et al. [22] using tripalmitin (99%) as
standard.
Estimation of chlorophyll a was undertaken according
to standard methods [19]. The cultures were filtered through
a glass fiber filter (Whatman GF/C) of 2.4 cm of diameter.
Extraction with 5 ml acetone solution (90%) followed and
kept in darkness at 4°C during 24 h; the chlorophyll a concentration was determined spectrophotometrically.
For each experiment, stripped NH3 was captured in an
acid solution trap, which consisted of a 3 l polycarbonate
bottle with 2 l of ammonia-free distilled water, acidified
to pH 2.5 – 3.0 with H2SO4. The solution was neutralized
immediately before ammonia determination, carried out by
the method described earlier [19].
Statistical analysis

The effects caused by two substrates (artificial
wastewater and urban wastewater) on the growth and nutrients removal of S. obliquus immobilized was analyzed by
analysis of covariance (ANCOVA) at P≤0.05 using Statistica software (StatSoft Inc., Tulsa, OK, USA). The Tukey
test was applied when results showed significant differences.
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RESULTS AND DISCUSSION
Growth of Immobilized Algae

The growth of immobilized Scenedesmus obliquus
measured in terms of cell density per bead increased gradually in the first three cycles of semicontinuos culture, presenting a concentration from 19 x 105 to 45 x 105 cells
beads-1 (Figure 1). This suggested that immobilization in
alginate did not inhibit the growth and division of S. obliquus during the first three cycles. The maximum cell
density within the beads in the present study was higher
than the reported for Chlorella vulgaris immobilized in
alginate (< 1.0 x 106 cells bead-1) and C. vulgaris coimmobilized with Azospirillum brasilense (2.5 x 106 cells
bead-1) in alginate beads after six days of incubation in
artificial wastewater [17]. In the present study, the cells
density obtained in AWI and UWI cultures showed no significant differences (P ≥ 0.05), suggesting that the microalgae had the capacity to grow in both artificial and real
domestic wastewater, making S. obliquus a good option for
treating real urban wastewater.
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FIGURE 1 - Mean growth (cells beads-1 for immobilized Scenedesmus
obliquus in artificial wastewater (AWI) and domestic wastewater (UWI)
in bioreactors in semi-continuous mode. (Bars = standard error).

The algal biomass concentration in AWI and UWI showed
no significant differences (P ≥ 0.05). A gradual increase
of algal biomass within beads was observed during the first
four cycles (Table 1) reaching a maximum concentration of
1484.4 mg l-1 at 181 hours. Nevertheless, the protein and
lipids content at cycle IV were lower than those observed

for cycles II and III corresponding to an algal biomass concentration of 833.3 and 937.5 mg l-1 dry weight, respectively (Table 1). In comparison, this concentration was low-er
than the reported by Kaya et al. [13] for Scenedesmus
bicellularis immobilized in alginate beads (1570 mg l-1 dry
weight) after two days in a system subject to starvation
(levels of proteins and lipids were not reported).
In Figure 2, the chlorophyll content showed no significant differences (P ≥ 0.05) between AWI and UWI medium.
The maximum chlorophyll content was obtained at cycle II
(74 hours) and after cycle III (146 hours) the chlorophyll
content started to drop gradually until the end of the experiment (250 hours). Higher chlorophyll content in immobilized cells than in free cells have been reported for
C. vulgaris immobilized in alginate [14-16] as a compensation for self-shading or gel screening in the immobilized
state. In addition, the wastewater could play the role of a
shield, preventing deep penetration of light [13]. The chlorophyll a content in our study was similar to the reported
for C. vulgaris of 2.34 pg cell-1 [15]. The increases in cell
number and chlorophyll content indicate that algal cells
after immobilization were still able to undergo cell division and undertake photosynthesis for the first three cycles.
Subsequently, cell activity decreased probably as a result
of light limitation caused by a greater cell density within
the alginate beads. This effect has previously been reported
by Tam et al. [23] who found that immobilized cells of C.
vulgaris at low cellular density had higher physiological
activity and Robinson et al. [14] who reported that cellular
metabolic activity (indicated by respiratory rate per cell) of
immobilized cells of Chlorella emersonii decreased as cellular density increased.
In the current study, the immobilized system reached
a greater biomass production than those reported for free
cells of S. obliquus [24]. Although Chevalier and de la
Noüe [25] confirm that a greater number of cells within
the beads reduce the nutrient removal efficiency and algal
growth due to the self-shading effect, in the current experiment ammonia removal of 80% was reached during the
first four cycles. In combination with the results for growth
rates obtained in the present work suggest that cycle II
(0.273 d-1) and III (0.374 d-1) did not present light limitation and therefore, a large biomass concentration of 937.5
mg l-1 was reached after 146 h (cycle III) with an adequate
concentration of proteins and lipids (Table 1).

TABLE 1 - Mean Scenedesmus obliquus biomass concentration (mg l-1) and
protein content (mg l-1) in artificial wastewater. (Standard deviation in parenthesis).
Analysis
ODW
Protein
NF

I
703.1 (14.9)
33.9 (4.3)
6.0 (0.9)

II
833.3 (11.4)
81.9 (3.2)
5.9 (1.1)

Cycles (35 hours)
III
IV
937.5 (13.6)
1484.4 (18.3)
65.8 (4.1)
59.5 (6.3)
6.1 (0.5)
6.1 (0.3)
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V
1119.1 (13.6)
20.9 (4.8)
20.2 (1.3)

VI
1114.8 (17.2)
13.8 (5.1)
20.2 (1.2)
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NT
17.6 (1.8)
10.5 (1.0)
11.2 (1.4)
11.8 (1.6)
5.5 (2.2)
4.8 (2.1)
NP
6.4 (0.3)
13.6 (1.1)
12.7 (1.5)
12.1 (0.6)
4.3 (0.9)
5.0 (0.7)
Nitrogen initial: 30 mg l-1; NF: final total dissolved nitrogen; NT: NH3 recovered in ammonia trap; NP: protein-bound harvested nitrogen (NP = NF + NT
– NI); ODW: biomass concentration in mg l-1 of organic dry weight.

13 mg l-1 (NP) of the total nitrogen removed from medium
was incorporated as N-protein by the microalgae for cycles II and III (Table 1). Considering that the amount of
non-protein nitrogen (expressed as a portion of total nitrogen) was reported to be 12% in Scenedesmus obliquus
[27], the N-protein (NP) in the present study accounted for
10.6-11.4 mg N l-1 which are higher than the values reported
by Nuñez et al. [28] for free S. obliquus cultures.
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FIGURE 2 - Chlorophyll a content (Pg cell-1) for Scenedesmus
obliquus in artificial wastewater (AWI) and domestic wastewater (UWI)
in bioreactors in semi-continuous mode. (Bars = standard deviation)
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FIGURE 3 - Mean removal (%) of ammonium from
artificial wastewater (AWI) and domestic wastewater (UWI)
by immobilized Scenedesmus obliquus cells in bioreactors
in semi-continuous mode. (Bars = standard deviation).

Though part of the available nitrogen in the present
study was incorporated into new protein, this is not due
only to ammonia uptake, since one part of this is lost to
the atmosphere, showing that an important role of microalgae in wastewater treatment is that of facilitating NH3
stripping due to the photosynthesis-induced pH increases.
20

AWI

III

UWI

Lipids (% dry weight)

There was no significant difference (P ≥ 0.05) for N
removal by S. obliquus in AWI and UWI culture. After cycle I,
80% of ammonium was removed in AWI and UWI cultures
and maintained for four more cycles. Afterwards, the N
removal started to decrease during following cycles and
finally, at the end of cycle VI (250 hours) only 10-20 % of
the ammonium was removed (Figure 3). The low N removal
obtained after cycle IV can be explained by the low metabolic activity of the algae. The biomass growth and chlorophyll curves (Figure 1 and Figure 2) support this argument,
suggesting that the increase of number of cells within beads
could limit the diffusion of light (self-shading) and reduce
the capacity of nitrogen removal. Observations of sliced gel
beads with a microscope revealed that cells were randomly
distributed throughout the gel immediately after immobilization. However, after 146 hours of treatment in AWI and
UWI, the beads presented a denser layer of cells near the
surface, as observed by Jimenez et al. [11]. This denser
layer of cells in the surface of beads could cause light limitation, which was an important factor that hindered cell
growth within beads (Table 1) and nitrogen removal (Figure 3). Studies have suggested that cells near the surface
of the beads have a higher activity due the higher contact
with the substrates and readily available light than the cells
located in the centre of the beads whose physiological
functions are hindered [25, 26].
On the other hand, the amount of stripped nitrogen
(NT) by effect of high pH values (9-9.5) was between 35% 59% of the total nitrogen during the first four cycles (Table 1). Subsequently the pH decreased to 7.8 – 8.0 causing
less stripped nitrogen. It was possible to establish a balance
between the quantities of nitrogen removed and stripped
in each cycle. The results showed that only around 12-
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FIGURE 4 - Lipid content (% dry weight) for
Scenedesmus obliquus in bioreactors in semi-continuous
culture growing in artificial wastewater (A W I ) and
domestic wastewater (UWI). (Bars = standard deviation).
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The average cell composition (protein and lipids) of
S. obliquus showed no significant differences (P ≥ 0.05)
between AWI and UWI cultures. In Figure 4, the average
protein content increased from 17.5% (cycle I) to 28.8%
(cycle III). During cycles IV and V the protein content decreased to 14.2% and 19.6%, respectively. Similar trend
was observed for the lipids from 13.0 % (cycle I) to 16.0%
at the end of cycle III, followed by a decrease in the following cycles (Figure 5). The high protein and lipid contents obtained for cycles II and III were observed with
high growth rates of 0.273 d-1 and 0.374 d-1, respectively.
This could be explained following Picard [29] who suggested that in semi-continuous runs the collapse of protein
and chlorophyll a are caused by a protein synthesis limiting step which can cause a decreasing amount of protein
cell-1 for every increasing number of cycles.
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ABSTRACT
There have been a considerable number of studies carried out on selenium metabolism in recent years. In most
of these studies, selenium has been administered to experimental animals as a selenite ion (Se+4) at low concentrations.
The aim of the present study was to determine hematological parameters, including total leukocyte number
(WBC), erythrocyte number (RBC), hemoglobin amount
(HGB) and hematocrit value (HCT), of rainbow trout (Oncorhynchus mykiss Walbaum, 1792) following exposure to
sodium selenite and heavy metals (Cd+2 and Cr+3). In addition, biochemical parameters, including blood urea nitrogen (BUN), total protein, albumin, globulin, alkaline phosphatase (ALP), AST (Aspartate Aminotransferase=SGOT;
Serum Glutamic-Oxaloacetic Transaminase), ALT (Alanine
transaminase=SGPT; Serum Glutamate Pyruvate Transaminase), sodium, potassium, calcium and chloride were
determined.
The results reported here show that sodium selenite
makes an important contribution to antioxidative defense in
the rainbow trout. The ability of sodium selenite to protect
against oxidative stress induced by heavy metals in fish
was discussed.

+4

KEYWORDS: Selenium (Se ), Oncorhynchus mykiss, biochemi+2
+3
cal parameters, hematology, heavy metal (Cd , Cr ).

INTRODUCTION
In polluted waters, exposure of fish to heavy metals
leads to interactions between these chemicals and biological systems which give rise to biochemical disturbances.
Oxidative stress is induced by the presence of molecules

having unpaired electrons. Usually these electrons are derived from oxygen and its various reactive intermediates
which are also derived from metabolic reactions [1].
Antioxidant defense molecules are divided into two
categories: enzymatic or nonenzymatic. Some nonenzymatic antioxidants are micronutrients which derive directly
from the diet, while others must be appropriately supplied
in order to reach the necessary concentrations in the body.
Examples of the former are vitamin E and carotenoids. The
latter are examplified by the absolute requirement of either
selenium for the glutathione peroxidase. Selenium is an
essential element with physiological nonenzymatic antioxidant properties [2]. Depletion of body reserves as a result
of feeding on diets with low doses of individual micronutrients has been used to examine the role of such micronutrients in the protective antioxidant systems [3]. Selenium
is a structural component of several enzymes including
glutathione peroxidase and thioredoxine reductase, which
has physiological antioxidant properties [4]. In recent years,
there have been a number of studies carried out on selenium metabolism [5,6]. In most of these studies external
selenium has been administered to experimental animals in
selenite form. Selenium is necessary for the development
of the acquired immune system [7]. Selenium counteracts
cancer and chromosome damage as well as increases our
resistance to viral and bacterial infections [8,9]. Because
of the health problems induced by many environmental
pollutants, many efforts have been undertaken in evaluating the relative antioxidant potential of selenium [10].
Fish species have attracted considerable interest in studies assessing biological and biochemical responses to environmental contaminants [11]. There is a growing awareness that focusing on chemical data alone is insufficient to
reliably assess the potential risks of the complex mixture
of contaminants in the aquatic environment [11]. There is an
increasing trend to use the behavior of pollutants (bioavailability, bioaccumulation, and biotransformation) as

1246

© by PSP Volume 17 – No 9a. 2008

Fresenius Environmental Bulletin

well as pollution-induced biological and biochemical effects
on aquatic organisms to evaluate or predict the impact of
chemicals on aquatic ecosystems [11]. Metals from anthropogenic sources have long been recognized as important
contaminants in aquatic ecosystems. Researchers in metal
toxicology have focused on how metals toxicity is affected
by heavy metal [12]. In order to assess the effects of environmental pollutants on aquatic ecosystems, the following
suite of biomarkers (biological and biochemical parameters) may be examined in fish [13].
The present study examined the biological effects of
selenium on biochemical and hematological parameters of
rainbow trout exposed to heavy metals (Cd+2, Cr).
MATERIALS AND METHODS
Experimental section

The experimental fish, rainbow trout (Oncorhynchus
mykiss Walbaum, 1792) were obtained from Karakaya Dam
Lake rainbow trout cage cultivating farm (Malatya, Turkey). Fish were fed for a 15-day acclimatization period in
an 8 x 5 x 1.5 m stock pond. Ten fish were then taken into
a 250 L water tank filled with natural spring water. Fish
used in this study weighed 214.36 ± 8.14g (mean wet
weight ± sd) and had a standard length of 27.22 ± 0.51cm.
Physicochemical properties of spring water were as follows:
temperature, 12.0 ± 0.7 °C; pH, 7.71 ± 0.03; dissolved
oxygen, 7.56 ± 0.51 mg/L; water hardness, 162.4±4.22 mg/L
(CaCO3). Levels of selenium, chromium and cadmium were
not detectable in the water, before the experiment. Fish were
divided into six groups, each consisting of ten animals. Fish
in group I were used as a control. Fish in group II were
given a single dose of 2 mg/L concentration of sodium selenite penthahydrate salt (Na2SeO 3.5H 2O) [14]. Fish in
group III were exposed to a single dose of 2 mg/L concentration of chromium (III) nitrate (Cr(NO3)3.9H2O) in water
for a week. Fish in group IV were exposed to mixed dose of
2 mg/L chromium (III) nitrate (Cr(NO3)3.9H2O) and 2 mg/L
sodium selenite penthahydrate salt (Na2SeO 3.5H 2O) in
water for a week. Fish in group V were exposed to a single dose of 2 mg/L concentration of cadmium sulphate
(3CdSO4.8H2O). Fish in group VI were exposed to mixed
dose of 2 mg/L cadmium sulphate (3CdSO4.8H 2O) and
2 mg/L sodium selenite penthahydrate salt (Na2SeO3.5H2O)
in water for a week. Before collecting blood samples, fish
were not anaesthetised, in case it affected blood parameters.
Biochemical Assay

Blood samples (approximately 2 mL) were drawn from
the caudal vein of each fish. Blood samples were stored in
glass tubes containing anticoagulant (EDTA) stored in
cooled bags and blood analyses were carried out immediately after sampling. The blood was centrifuged at 3000g,
at 4ºC for 5 minutes. ALP (Alkaline Phosphatase), AST
(Aspartate Aminotransferase = SGOT; Serum Glutamic-

Oxaloacetic Transaminase), ALT (Alanine transaminase=
SGPT; Serum Glutamate Pyruvate Transaminase) activities and BUN (Blood Urea Nitrogen) total protein, albumin, globulin, sodium, potassium, calcium and chloride
levels in blood plasma were assayed by Olympus AU 600
autoanalyser (Olympus Optical Corp, Shizuoka-ken, Japan), using commercially available kits (Roche).
Hematological Assay

Blood samples were stored in glass tubes containing
anticoagulant (EDTA) and analyses were carried out immediately after sampling. The determination of erythrocytes
and thrombocytes (per mm3) in a blood sample was carried
out by pipetting and diluting (1/200) the samples in Hayem
solution. One drop of hemolysed blood was transferred
onto Thoma lamella and examined under the light microscope (Soif, XZS-107B model) with a magnification of
400x. Leucocyte count was performed by transferring blood
samples (diluted in Turck solution) with a leukocyte pipette
onto counting lamella and examined as for erythrocytes
[15]. The amount of hemoglobin was determined according to the cyan-methemoglobin procedure (Kit 525-A, Sigma
Chemical Co.). Non-clotted blood (20µl) was diluted with
1ml Drabkin solution and left to stand for 10min at room
temperature. The absorbance of the mixture was read at
540 nm and the amount of hemoglobin was calculated according to hemoglobin standard [12]. The microhematocrit
method was utilized in hematocrit determination [15]. Nonclotted blood was pipetted with a microhematocrit pipette,
centrifuged at 12,500 rpm for 5min and the ratio of blood
components in plasma was determined.
Statistical Analyses

Biochemical data were analyzed with SPSS 9.0 for
Windows using one-way Analyses of Variance (ANOVA).
Differences between means were determined using Duncan’s multiple range test in which the significance level
defined as P<0.05.

RESULTS
Selenium administered caused no statistically significant change (P>0.05) in the levels of BUN, total protein,
albumin, globulin, ALP, ALT, AST, potassium, calcium,
sodium, chloride as compared with the control group (Table 1).
Chromium administration caused a statistically significant increase (P<0.05) in the levels of BUN, total protein,
albumin, ALP, ALT, AST as compared with the control
group. However there was not a statistically significant increase (P>0.05) in the level of globulin. There was a statistically significant decrease in the levels of potassium,
calcium, sodium, chloride, as compared with the control
group (Table 1).
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TABLE 1 - Changes on the biochemical parameters with selenium (Se+4) administration in fish exposed to heavy metal (Cd+2, Cr+3).
Control

Selenium

Chromium

BUN (mg/dL)
2.66±0.33c
2.50±0.42c
5.00±0.40a
Total Protein (g/dL)
1.16±0.06c
1.23±0.10c
1.55±0.09 b
c
c
Albumin (g/dL)
1.06±0.08
1.10±0.12
1.37±0.07b
Globulin (g/dL)
0.10±0.05b
0.13±0.03b
0.12±0.02b
b
b
ALP (U/L)
98.66±7.16
105.66±1.18
227.25±9.44a
ALT (U/L)
11.66±0.33c
12.33±1.78c
27.50±1.11a
AST (U/L)
337.66±3.71c
349.00±9.56c
660.00±7.07a
Potassium (mmol/L)
1.53±0.08a
1.41±0.03a
0.90±0.04b
Calcium (mg/dL)
138.33±1.66a
138.16±1.79a
103.75±1.97b
a
a
Sodium (mmol/L)
155.66±1.85
153.83±0.54
125.50±0.64c
Chloride (mmol/L)
13.13±0.50 a
12.70±0.14 a
9.87±0.07 b
abc
Data are mean values ± sd (n=8). denotes statistically significant groups (P<0.05).

Chromium plus selenium administration caused a statistically significant decrease (P<0.05) in the levels of
BUN, total protein, ALT, AST and ALP as compared with
the chromium group. However there was not a statistically
significant decrease (P>0.05) in the level of albumin as
compared with the chromium group. There was no statistically significant change in the levels of globulin and
chloride as compared with the chromium group (P>0.05).
There was a statistically significant increase in the levels
of calcium, sodium, potassium, as compared with the
chromium group (P<0.05) (Table 1).
Cadmium administration caused a statistically significant decrease (P<0.05) in the levels of potassium, calcium,
sodium, chloride as compared with the control group. There
was also a statistically significant increase in the levels of
BUN, total protein, albumin, globulin, ALP, ALT, AST
as compared with the control group (P<0.05) (Table 1).
Cadmium plus selenium administration caused a statistically significant decrease in the levels of BUN, total
protein, albumin, globulin, ALT, AST and ALP as compared with the cadmium group (P<0.05). There was also a
statistically significant increase in the levels of calcium,
sodium, chloride, potassium as compared with the cadmium
group (P<0.05) (Table 1).
In this study, there was no statistically significant
change (P>0.05) in total leukocyte count (WBC), granulocyte, agranulocyte, erythrocyte (RBC), hemoglobin (HGB)

Chromium+
Selenium
3.42±0.20b
1.50±0.12cb
1.30±0.11b
0.15±0.04b
144.28±3.66b
17.40±1.19b
412.14±8.54b
1.23±0.02a
121.57±4.84ab
137.42±1.63b
10.32±0.08 b

Cadmium
6..33±1.45a
2.03±0.34a
1.80±0.25a
0.23±0.03a
271.66±6.0a
30.10±1.80a
708.00±20.12a
0.93±0.03b
97.66±2.14b
124.33±0.78c
8.70±0.68 b

Cadmium+
Selenium
3.57±0.10b
1.72±0.11ab
1.48±0.02b
0.12±0.04b
107.85±2.69b
18.12±1.60b
437.13±10.13b
1.25±0.14a
124.00±2.81ab
141.85±0.50b
10.60±0.10 b

and hematocrit (HCT) values of fish exposed to selenium
compared with the control group (Table 2).
It was observed that there was a statistically significant
increase (P<0.05) in WBC, granulocyte values for fish exposed to chromium as compared with the control group.
In addition, there was a statistically significant decrease in
agranulocyte, RBC, HGB and HCT values (P<0.05) (Table 2).
Chromium plus selenium administration caused a statistically significant decrease (P<0.05) in the levels of WBC
and granulocytes compared with the chromium group.
There was a statistically significant increase in the levels
of agranulocyte, RBC, HGB and HCT as compared with the
chromium group (P<0.05) (Table 2).
A statistically significant increase (P<0.05) in WBC
and granulocyte values was observed in fish exposed to
cadmium compared with the control group. There was also
a statistically significant decrease (P<0.05) in agranulocyte, RBC, HGB and HCT values (Table 2).
Cadmium plus selenium administration caused a statistically significant decrease (P<0.05) in the levels of WBC
and granulocytes compared to the cadmium group. In addition, there was a statistically significant increase in agranulocyte, RBC, HGB and HCT values compared with the
cadmium group (P<0.05) (Table 2).

TABLE 2 - Changes on the hematological parameters with selenium (Se+4) administration in fish exposed to heavy metal (Cd+2, Cr+3).
Control

Selenium

Chromium

Total leukocyte count (103mm-3)
3.33±0.15e
3.37±0.06e
4.72±0.17b
Granulocyte (10-3/µL)
6.00±0.39c
8.97±0.18c
26.40±0.24a
Agranulocyte (10-3/µL)
93.95±0.43a
91.02±0.18a
73.60±0.24c
Erythrocyte count (106mm3)
1.18±0.01a
1.01±0.07a
0.77±0.07bc
a
a
Hemoglobin (g / dL)
9.97±0.26
9.04±0.07
7.50±0.01c
Hematocrit (%)
29.35±0.72a
27.92±0.08a
19.32±0.14c
Data are mean values ± sd (n=8). abc denotes statistically significant groups (P<0.05)
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Chromium+
Selenium
3.87±0.05c
14.58±0.10b
85.42±0.10b
0.86±0.03c
8.02±0.17b
25.82±0.46b

Cadmium
6.22±0.04a
27.94±0.17a
72.04±0.15c
0.56±0.01b
6.52±0.11d
18.88±0.30c

Cadmium+
Selenium
4.16±0.07d
15.61±0.68b
84.38±0.68b
0.84±0.06c
8.33±0.08b
22.62±0.19b
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DISCUSSION
Different kinds of organisms may be used to determine
the mechanisms of action of pollutants on specific physiological functions. In polluted areas, the exposure of fish to
heavy metal leads to interactions between these chemicals
and biological systems, which give rise to biochemical disturbances [1,16]. In our study heavy metals (Cd+2, Cr+3)
caused a statistically significant increase (P<0.05) in the
levels of BUN, total protein, albumin, globulin, ALP,
ALT and AST as compared with the control group.
The levels of BUN, total protein, albumin, globulin,
ALP, ALT and AST were affected significantly (P<0.05)
in the chromium and cadmium and selenium treatment
groups. Selenium is able to maintain a functional renal state
in the case of heavy metal intoxication. The results of this
study are in accordance with the literatures. The elevation in
plasma BUN levels in heavy metal -treated fish is considered as a significant marker of renal dysfunction [17, 18].
Changes in aminotransferase activity could be expected
to occur in association with a pathology involving necrosis of the liver and kidney. Plasma levels of ALT, AST and
ALP increase with inflammation, necrosis and major hepatocellular diseases. Levels of ALP increase in hepatitis, bone
and intestinal disorders. Furthermore, hematological dysfunctions such as megablastic anemia and leukemia cause
increasing levels of ALP in the plasma. Plasma AST level
increases in liver and skeleton muscle diseases. Plasma AST
increases in such cases and escapes to the plasma from
the injured hepatic cells. In addition, plasma ALT level is
also useful in indicating the existence of liver diseases, as
this enzyme is present in large quantities in the liver. It increases in serum when cellular degeneration or destruction occurs in this organ. The increase in AST, ALT, and
ALP concentrations in plasma of animals treated with
heavy metal may be due to its effect on liver function [19].
The presence of selenium administered along with
heavy metals alleviated their harmful effects on all the
above measured parameters. Heavy metals have toxic
effects on fish health. The present study demonstrated that
selenium administered in combination with heavy metal
minimized its hazards. Furthermore, using diets rich in
selenium could be beneficial in alleviating heavy metal
toxicity.
This study examined the ability of laboratory testing
to measure environmental impacts of metals. These results
indicate constitutes a sensitive biochemical and hematological indicator of chemical pollution. In fish exposed to
heavy metals a tendency toward decreased sodium, potassium, calcium, chloride ions, granulocyte, RBC and HGB
levels is displayed [11].
After the exposure of sublethal concentrations of heavy
metals a physiologically detectable effect was exerted on
rainbow trout, as evidenced by changes in the blood biochemistry such as leucocytosis and erythrocytopenia. Affected fish exhibited decreases in the concentration of

plasma sodium, potassium, calcium and chloride. These
results are consistent with those of earlier study [20]. Exposure to sublethal concentrations of heavy metals decreased
the hemoglobin levels, erythrocyte number and hematocrit
of fish. Results are discussed in relation to physiological
responses of fish, acute concentration and metal action [21].
By analysing a wide range of hematological and biochemical parameters of peripheral blood, we followed up
with the results of Nakano et al. [22], who had studied the
effects of red yeast containing astaxanthin and synthetic
astaxanthin on the serum enzyme activities GPT, ALT GOT
and AST. As the author asserts, the levels of both enzymes
in the fish fed a diet containing red yeast or synthetic
astaxanthin were significantly lower than those of the fish
fed a control diet. The mean amount of serum lipid peroxide in the fish given a diet containing red yeast and synthetic astaxanthin was also lower than that of the control
fish. In addition to, there is the decline in the HIS- LSI.
In experimental fish has demonstrated that the dietary red
yeast and synthetic astaxanthin have the potential to improve the health of fish, e.g. provide a better function of
the liver [22]. We found an increased ALT and AST activation in the blood serum of the fish fed a diet with oxidized fat; however, this was so in our previous trials Rehulka, 1990 [23]. In these experiments, the AST and ALT
levels of the fish fed dry pellets with oxidized fat were up
to four times higher than in the control fish In essence,
decreases in erythrocyte, hemoglobin and hematocrit
values can be an indicator of anemia with subsequent
result of inhibition of erytropoesis in the hemopoietic
organisms [24]. This might be related to the fact that
heavy metals are detoxicates by selenium, which thus
enabled fish exposed to toxic pollutants to survive.
Hematological and biochemical examination showed
that heavy metals exerted a certain influence on some of
the blood indices studied, but the deviations caused by this
influence remained within the physiological range of the
reference values for the rainbow trout as derived from the
summarizing distribution curve recorded in our laboratory.
In conclusion, it can be said that in addition to its importance for heavy metals for the rainbow trout may also
significantly influence certain physiological functions,
especially hematopoiesis. This finding parallels the results
published by Nakano et al. [22]. We therefore encourage
efforts to expand knowledge in this area in order to be
able to determine the best heavy metal dose, to maintain
the internal environment in an optimum state.
Our results have again the justification of using the
methods of clinical hematology and biochemistry within
the complex of methods employed in assessing the biological and productive effectiveness of heavy metals.
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MICROBIAL BIOMASS PHOSPHORUS IN LITTORAL SEDIMENT
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ABSTRACT
This study was carried out between September 2005
and August 2006 in order to determine vertical and seasonal
variations of microbial biomass phosphorus in the littoral
sediment of the eutrophic macrophyte-dominated Lake
Mogan (Turkey).

size of the microbial biomass phosphorus pool and the
availability of phosphorus as influenced by organic phosphorus complexes and organic carbon [3]. It has been shown
that temperature is an important factor for phosphorus release from sediment and that microbial mineralization is

As a result of the statistical analysis performed during
the research period and taken as a basis for measurements,
monthly variations between phosphorus concentrations in
each depth and depth variations in each month of microbial
biomass phosphorus concentrations were found to be statistically significant (p<0.05). The lowest value of microbial
biomass phosphorus in the sediment was found in August
(10.24±1.64 µg P g-1) in the depth of 5-10 cm and the
highest value in January, also in the 5-10 cm depth, at
69.29±7.47 µg P g-1. Although microbial biomass phosphorus values did not show clear vertical or seasonal variations, the high quantity of microbial biomass phosphorus
values reflected the intense anthropogenic factors.

an important cause of increases in phosphorus and iron in
the sediment pore water and/or iron release from the sediment [4,5]. Bacteria absorb phosphorus quickly in aerobic
conditions and release it in anaerobic conditions. The retention or release of phosphorus by bacteria in the sediment is
dependent on redox conditions [6].

KEYWORDS: Microbial biomass phosphorus, littoral sediment,
eutrophic lake, Lake Mogan

INTRODUCTION
The transfer of phosphorus from sediment into lake
water is affected by abiotic and biotic factors. While abiotic
factors primarily refer to chemical processes in sediment,
biotic factors refer to the effects of macroscopic and microscopic organisms living in the sediment. The inorganic
phosphorus forms used by microorganisms in the sediment
for their growth and development constitute the microbial
biomass phosphorus (MBP) [1, 2]. The quantity of phosphorus absorbed by microorganisms is depends on the initial

Several studies have focused on MBP in soils [7-9]. It
has been reported that MBP concentrations vary between
0.36 and 60.05 µg P g-1 in soil exposed to agricultural
activities [7]. In an experimental study conducted in dried
and rewetted surface soils, microbial biomass phosphorus
concentrations showed a variation of between 0.19 and
0.27 mg P kg-1 [8]. Results of a study determining the effect of plant species on soil microbial biomass phosphorus
showed that parameters varied greatly dependent on soil
type; while MBP varied between 7 and 82 mg P kg-1 in grass
soil, the variation range was 6-70 mg P kg-1 in pine soil.
MBP in eutrophic lake sediments has not often been
considered. In a study conducted in the Silver River in New
Zealand, microbial biomass phosphorus values varied between 2 and 8 mg P kg-1 [3].
Lake Mogan, a recreation area under environmental
protection status near Ankara, the capital city of Turkey,
has been heavily influenced by human actions ranging
from agricultural and domestic to semi-industrial pollution
sources. Recently, management measures have been started
to reclaim the eutrophicated and macrophyte-dominated
clearwater state of Lake Mogan [10].
This study aimed to determine the vertical (20-cm
depth; 5-cm cross-sections) and seasonal variation of microbial biomass phosphorus. Additionally, in this study,
MBP findings were discussed with sediment pore water
soluble reactive phosphorus (SRP).
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MATERIALS AND METHODS
Site description: Mogan Lake, an internationally protected area, is located in the close vicinity of Ankara (20 km
from the city center). It is a shallow (average depth ~2.8 m)
alluvial lake with a total watershed area of 925 km2. The
major sources that affect water quality and trophic status
of the lake are agricultural runoff, untreated or semi-treated
domestic effluents and industrial wastewater from marble
plants located on the west side of the lake [11]. The selected
station was covered primarily by Chara vulgaris and
Phragmites australis, and cattails (Typha domingensis Pers.)
and two species of rush (Juncus spp.) during the summertime.
Laboratory studies: Sediment samples were collected
at monthly intervals between September 2005 and August
2006 using plexiglas tubes (inner diameter, 5.0 cm; length,
20 cm) from the upper 20 cm of sediment in 70 cm of the
littoral zone (NW part of the lake). Each sample was sliced
after sampling into four different depths: 0-5 cm, 5-10 cm,
10-15 cm and 15-20 cm. Microbial biomass phosphorus
was measured by the fumigation-extraction method. Duplicate sub-samples of sediment (≈5 g equivalent dry weight)
were weighed into 50-ml polypropylene centrifuge tubes
and 0.5 ml of alcohol-free chloroform was added to half
the tubes prior to incubation at 25o C for 36 hours. After
fumigation, the chloroform was evaporated and the samples extracted by shaking for 1 hour in 0.5 M NaHCO3.
The samples were then centrifuged, filtered through a Whatman GF/C membrane filter and the supernatant was analysed for inorganic phosphorus. Microbial biomass phosphorus was estimated from the difference between the fumigated and unfumigated samples [3,8].

Pore water was obtained by separation of the sediment
particles using vacuum filtration of the surface sediment
samples (0-5 cm). Soluble reactive phosphorus (SRP) was
analysed as molybdate reactive phosphorus by using a
spectrophotometer in duplicate [12].

Statistical analyses: Statistical analyses were performed
using the Minitab and MStat programs for Windows.
ANOVA and Duncan’s multiple-range test were used to
evaluate differences between depths and months in sediment
microbial biomass phosphorus.

RESULTS AND DISCUSSION
As a result of the statistical analysis performed during
the research period and taken as a basis for measurements,
monthly variations between phosphorus concentrations at
each depth and depth variations in each month of microbial biomass phosphorus concentrations were found to be
statistically significant (p<0.05) (Table 1).
As seen in Table 1, the lowest value for microbial biomass phosphorus concentrations in the sediment was found
in August at the 5-10 cm depth at 10.24±1.64 µg P g-1,
and the highest value was found in January at the 5-10 cm
depth at 69.29±7.47 µg P g-1.
During the study, depth-related variation of microbial
biomass phosphorus concentrations in November, December, March and June were not found to be statistically
significant (p>0.05). Differences in microbial biomass phosphorus concentrations at depths of 0-5 cm and 15-20 cm
were not found at statistically significant levels in October, January, May, July and August (p>0.05). Variations
of microbial biomass phosphorus concentrations were at
statistically significant levels (p<0.05) in September and
April at depths of 0-5 cm and 15-20 cm (Table 1).
During the research period, microbial biomass phosphorus concentrations at 0-15 cm depths did not show
clear monthly variation; as for depths of 15-20 cm, except
for in the months of January, March and May, monthly
variations in microbial biomass phosphorus concentrations
were not found at statistically significant levels (p> 0.05)
(Table 1).

TABLE 1 - Variation of littoral sediment microbial biomass phosphorus in Lake Mogan according to month and depth (N=4).
Depths
Months
September 2005
October 2005
November 2005
December 2005
January 2006
March 2006
April 2006
May 2006
June 2006
July 2006
August 2006

0-5 cm
42.52±0.64Aab
29.92±2.49Bbcd
20.87±1.75Acd
17.32±0.64Ad
49.61±1.87Ba
21.65±5.73Acd
33.46±3.60Abc
22.05±2.49ABcd
16.93±1.97Ad
27.95±0.39Bcd
26.77±3.21Acd

5-10 cm
48.43±3.60Ab
42.52±8.31Abc
18.11±1.87Ade
19.69±3.49Ade
69.29±7.47Aa
31.10±3.17Acd
22.05±3.08ABde
22.44±0.99ABde
21.65±1.49Ade
41.34±3.48Abc
10.24±1.64Be

10-15 cm
37.80±0.91Aab
29.92±2.03ABbc
15.87±2.03Ac
17.72±0.99Ac
44.88±6.12Ba
27.95±0.99Abc
28.35±4.90ABbc
27.95±3.24Abc
23.62±2.80Ac
28.74±1.75Bbc
20.47±2.23ABc

15-20 cm
19.29±1.75Bbc
23.62±2.80Bbc
14.17±1.11Abc
25.20±2.23Abc
40.55±5.24Ba
26.77±1.93Ab
18.50±2.35Bbc
11.81±1.64Bc
23.23±2.97Abc
18.11±1.36Bbc
23.23±1.97Abc

* The different capital letters in the same row show the differences between depths, and the different lower-case letters in the same column
show the differences between the months in the same depth (p<0.05).
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FIGURE 1 - Littoral sediment microbial biomass phosphorus and pore water
phosphorus concentrations according to depth (0-5 cm, 5-10 cm, 10-15 cm, 15-20 cm).

Sediment pore water minimum and maximum SRP
concentration values were recorded at the beginning of
spring; in March, SRP values reached a maximum of
82.54±2.24 mg m-3, in parallel with the increase in water
temperature, falling to a minimum of 19.05 ±1.30 mg m-3
in April as a result of macrophyte use [13]. The sediment
pore water phosphorus values and monthly variations in
microbial biomass phosphorus determined for the surface
sediment according to depth (0-5 cm) between September
2005 and August 2006 are presented in Figure 1.
The importance of microbial mineralization in sediment pore water SRP variation has been mentioned in several studies [4, 14, 15]. In this study, as a result of the expected increase in microbial activity in spring and summer months in parallel with the increase in water temperature, the littoral sediment pore water SRP value dropped
to a minimum during this period, while microbial biomass
phosphorus varied between 16.93 and 33.46 µg P g-1.
According to this study, while in the fall and winter
months there was a clear increase in the SRP values found
in the littoral sediment pore water, in January, an increase
in microbial biomass phosphorus was clearly seen. In the
remaining months, irregular increases and decreases in

sediment pore water SRP values and monthly variation in
microbial biomass phosphorus were observed (Fig. 1). It is
thought that this situation resulted not only from the microbial biomass of the littoral sediment pore water SRP, but
also from the intensive use of macrophytes.
In this study, the range of sediment microbial biomass
phosphorus concentrations was 10.24-69.29 µg P g-1. These
values were much higher than the microbial biomass phosphorus concentrations reported by McDowell [3] in New
Zealand’s Silver River (2-8 mg kg-1) and the microbial biomass phosphorus concentrations found in experimental work
by Grierson et al. [8] (0.19-0.27 mg kg-1). Our MBP findings were also higher than the values determined by Jeannotte et al. [7] (0.36-60.05 µg P g-1) for soil exposed to
agricultural activities and Chen et al. [9] (6-82 mg P kg-1)
for grassland soils.
CONCLUSIONS
During the study period, the total phosphorus (TP) concentrations of the overlying water and sediment samples
were changed between 254.33 and 740.16 mg m-3, 675.00
and 1463.80 µg g-1 DW, respectively. According to these
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values the trophic level of the lake was found to be eutrophic and it is determined that in order to maintain the
trophic level of the lake, priority should be given to the
reduction of the external phosphorus load [13]. The higher values of microbial biomass phosphorus concentrations reflect phosphorus input and the potential response of
Lake Mogan sediment by anthropogenic factors. However, the reason that there is no clear pattern in littoral sediment microbial biomass phosphorus is that there are a
number of variables and/or mechanisms of microbial
biomass phosphorus and pore water interactions in eutrophic macrophyte-dominated lakes.

[10] Yerli, S.V., Altındağ, A., Yiğit, S., Manav, E., Mutlu, B. and
Aldemir, A. (2006) Mogan Gölü’nün sürdürülebilir kullanım
açısından değerlendirilmesi. In: Ed. A. Boşgelmez. Gölbaşı
Mogan gölü Andezit taşı Centaurea tchihatcheffii, II.
Uluslararası Gölbaşı göller-andezit ve sevgi çiçeği festivali, 1719 Haziran 2005, Bizim Büro Basımevi, Ankara, 23-61.
[11] Fakıoğlu, Ö. and Pulatsü, S. (2005) Mogan Gölü’nde (Ankara)
bazı restorasyon önlemleri sonrası dış kaynaklı fosfor yükünün
belirlenmesi. Yüzüncü Yıl Üniversitesi Ziraat Fakültesi Tarım
Bilimleri Dergisi (J. Agric. Sci.), 15(1), 63-69, (in Turkish).
[12] APHA (1995) Standard methods for the examination of water
and wastewater. 19th edition. Jonn D., Ducas Co., p.1-1193,
USA.
[13] Pulatsü, S. and Topçu, A. (2007) Mogan Gölü Litoral Sedimentte Fosforun Göle Salınımının Araştırılması. Ankara Üniversitesi Bilimsel Araştırma Projesi Kesin Raporu 120 s. (in
Turkish).
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HEAVY METAL CONCENTRATIONS IN FISH
(Mullus barbatus, Pagellus erythrinus and Saurida
undosquamis) FROM ISKENDERUN BAY, TURKEY
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ABSTRACT
Heavy metal levels in fish species (Mullus barbatus,
Pagellus erythrinus and Saurida undosquamis) in Iskenderun Bay were studied in 2004 and 2005. The mean heavy
metal concentrations (µgg-1 wet weight) were measured as
follows: Fe: 63.82±46.63 µgg-1, Zn: 24.10±20.73 µgg-1 and
Cu: 2.46±2.50 µgg-1 in 2004 and Fe: 39.27±53.79 µgg-1,
Zn: 7.43±4.55 µgg-1 and Cu: Not detected (ND) in 2005 for
Pagellus erythrinus, Fe: 64.74±41.71 µgg-1, Zn: 32.36±
21.04 µgg-1 and Cu: 3.05±2.47 µgg-1 in 2004 and Fe:
32.77±39.86 µgg-1, Zn: 10.28±10.99 µgg-1 and Cu: ND in
2005 for Mullus barbatus and Fe: 37.45±19.21 µgg-1, Zn:
20.50±15.62 µgg-1 and Cu: 1.78±2.37 µgg-1 in 2004 and
Fe: 63.26±62.29 µgg-1, Zn: 11.14±13.82 µgg-1 and Cu: ND
2005 for Saurida undosquamis. The levels of Pb, Cd and
Cr were below the detectable limit of Atomic Absorption
(0.125, 0.008 and 0.05µgg-1 wet weight respectively) both
for species and for the years 2004 and 2005. There were not
any differences between mean metal concentrations of three
fish species and seasons of 2004 and 2005. There was also
no relationship between fish length and heavy metal accumulation (p>0.05). In addition, no differences were detected
among three fish species in terms of heavy metal concentrations. The metal levels in examined fish species were
below the legal limit for human consumption.

KEYWORDS: heavy metal, Iskenderun Bay, Mullus barbatus,
Pagellus erythrinus, Saurida undosquamis

INTRODUCTION
Fish is considered as a valuable source of protein in
human diet [1]. Therefore it is crucial that the consumption
of fish does not pose a risk to human health. Heavy metal
discharges to the marine environment are one of the major
causes for concern throughout the world. It is well docu-

mented that heavy metals have a prevalent ecological significance due to their toxicity and accumulative behavior
[2]. They can cause reductions on marine species’ diversity
and damage their ecosystems [3-5]. Furthermore, consumption of this kind of seafood will inevitably endanger human
health. A wide range of metals and metallic compounds
found in the marine environment pose risks to human health
through the consumption of seafood where the contaminant
content and exposure are significant [6-8].
Industrial wastewater entering the aquatic systems directly is one of the pollutants of water sources [2]. Industrial discharges into estuaries have been the main source of
heavy metals contamination with several sub-lethal and
lethal effects being reported for estuarine species, mainly
in North European and North American estuaries [10]. Metals can be taken up by fish from water, food, sediment and
also by suspended particulate material [11]. Since fishes
have different trophic levels and different sizes and ages,
they are considered ideal indicators of heavy metal contamination in aquatic systems [12].
Iskenderun Bay is located at the north-eastern corner
of the Eastern-Mediterranean coast of Turkey with an area
of approximately 2 275 km2, a length of 65 km and a width
of approximately 35 km. The bottom topography of the bay
varies almost linearly, increasing from 20 m in the inner part
to 90 m towards the mouth. The main agricultural area in
the region is the Cukurova Plain. Ceyhan River supplies
freshwater for irrigation and it is the main freshwater supply for the bay too. Iskenderun Bay is affected by the water
originating from open sea through strong winds and evaporation. During the summer, sea temperature increases up to
32°C and salinity increases up to 39.8 ppt and temperature
drops to 15°C in winter [9].
Domestic discharges, pesticides, petroleum, bilge and
factory effluents are the main sources of pollution. Pollution
levels are very high in areas adjacent to industrial plants in
the Iskenderun Bay. In other parts of the bay, pollution
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levels were reported below the tolerable limits set by the
World Health Organization [9]. However, it pointed out
that the bay may have risks due to pollution or pesticide
run-off, so environmental conditions and levels of pollution in the areas suggested for fisheries and aquaculture
should be closely monitored [9].
On the 6th of September in 2004 M/V Ulla sank at
Iskenderun Bay. It contained 2200 tons of toxic ashes,
Chromium 6, which is classified hazardous to health and
is not allowed to enter into Turkey. The cargo of approximately 2000 tons of fly ash was taken out of the harbor
water 9 months after the ship sank [13].
Iskenderun Bay is an important fishing ground for trawl
fishery. Mullus barbatus, Pagellus erythrinus and Saurida
undosquamis form 28% of total catch and approximately
50% of economical important catch in the bay [14]. In this
study, these three fish species were studied. These species
have different habitats and feeding habits; M. barbatus is a
bottom feeding fish (demersal), P. erythrinus is both a bottom and pelagic feeding fish (benthopelagic) and S. undosquamis is a carnivorous fish (benthopelagic and reef
associated) [15]. Therefore, it could be expected that bioaccumulation levels rise because these species are at the top
of the food chain. Anyway, more than one species should
be analyzed in comparative environmental studies due to

substantial variation in pollution processes [12]. Multispecies comparisons covering different feeding habits of
fish and wide range of age categories have the potential to
distinguish recent exposure from long-term loading [16].
In this study, it is aimed to determine the concentration of Fe, Zn, Cu, Pb, Cd and Cr from M. barbatus, P.
erythrinus and S. undosquamis, not only to expose potential effect of industrial discharges and but also to observe
the effect of the shipwreck-M/V Ulla on the heavy metal
accumulation on these fish species.
MATERIALS AND METHODS
The research was carried out in April and September
of 2004 and in April, June, September and December of
2005 from influence area of the Sugözü Power Plant
where the biggest thermal power plant of Turkey settles
down (Figure 1) in Iskenderun Bay. The power plant can
produce on average 9.1 million kwh of electricity per year,
which means that it provides 7% of Turkey’s annual consumption. The plant also owns extensive docking facilities, equipped with state-of-the-art handling equipment.
These facilities undertake the handling of 3.4 million ton/
year of coal consumption of the plant [17].

FIGURE 1 - Sampling Area (T1, T2: route of trawl operations).
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The fishes were collected using a bottom trawl net with
22 mm mesh at 15 m and 30 m depths. Trawls were towed
during daylight at a constant speed of 2.8-3.2 knots and tow
duration was restricted with 1 hour. Samples were collected
randomly from haul and preserved in plastic box in ice. The
samples were transferred to the laboratory. Total length (TL)
was measured with the nearest 0.1 cm. After that, edible
fillets were removed by plastic knife. 0.5-0.7g of homogenized tissue were dried at 105oC for 48 hours and treated
with 5 ml HCl (%37 ultrapure, Merck) and 15 ml HNO3
(ultrapure, Merck) on the hot plate until the color turns into
light yellow, nearly white. After this process the samples
were transferred to 50 ml flanks and added double distilled
water until 50 ml. The solution was filtered by filter papers
(Macherey-Nagel).
Concentrations were determined by using Atomic Absorption Spectrophotometer (AAS) (Perkim Elmer Analyst
AS3100). The detection limits of the AAS were 0.05,
0.001, 0.01, 0.125, 0.008 and 0.05µgg-1 wet weight for
Fe, Zn, Cu, Pb, Cd and Cr, respectively [18].

Analysis of variance (one-way ANOVA, 0.05) was
performed in order to evaluate the differences in fish species between sampling time, years, total length and fish
species for each heavy metal. In order to find linear relationship between fish length and heavy metal concentrations Pierson correlation coefficient (r2) was conducted. All
statistical analysis was performed using the software package SPSS12.
RESULTS AND DISCUSSION
The mean total length and metal level of M. barbatus,
P. erythrinus and S. undosquamis were presented in Table 1.
Mean metal concentration showed great variation from
species to species and from season to season. Different
sizes of fishes were sampled; it is represented by the mean
total length of fish. All of the sampled fish can be distinguished as a commercial size in length according to Circular (Notification 1/1 Regulating Commercial Fishing) which
listed legislation limit of fish species [19].

TABLE 1 - Mean total length (cm), Fe, Zn and Cu concentrations (µgg-1 wet weight) of
Mullus barbatus, Pagellus erythrinus and Saurida undosquamis from Iskenderun Bay in 2004 and 2005.
Species
n
Mean Length±SD (Range)
Summer 2004
Pagellus erythrinus
9
13.29±2.48 (9.3-15.6)
Mullus barbatus
9
10.84±1.80 (7.9-13.0)
Saurida undosquamis
9
21.07±3.46 (17.1-27.8)
Winter 2004
Pagellus erythrinus
9
14.74±2.46 (12.0-18.5)
Mullus barbatus
9
14.87±2.10 (12.6-18.2)
Saurida undosquamis
9
20.69±4.61 (14.7-27.1)
Mean of 2004
Pagellus erythrinus
18
14.02±2.51 (9.3-18.5)
Mullus barbatus
18
12.86±2.81 (7.9-18.2)
Saurida undosquamis
18
20.88±3.96 (14.7-27.8)
Spring 2005
Pagellus erythrinus
12
15.68±2.74 (12.2-20.0)
Mullus barbatus
8
17.39±1.51 (14.4-19.0)
Saurida undosquamis
12
21.79±4.97 (14.7-29.6)
Summer 2005
Pagellus erythrinus
12
14.60±1.09 (13.0-16.2)
Mullus barbatus
1
18.50
Saurida undosquamis
12
21.88±3.83 (15.6-27.5)
Autumn 2005
Pagellus erythrinus
10
12.67±1.38 (11.2-15.5)
Mullus barbatus
11
13.96±1.63 (11.5-15.8)
Saurida undosquamis
11
21.54±3.57 (15.5-26.4)
Winter 2005
Pagellus erythrinus
12
14.39±1.66 (11.7-17.4)
Mullus barbatus
12
15.80±2.96 (11.6-19.8)
Saurida undosquamis
12
24.07±4.14 (18.8-30.8)
Mean of 2005
Pagellus erythrinus
46
14.41±2.07 (11.2-20.0)
Mullus barbatus
32
15.65±2.56 (11.5-19.8)
Saurida undosquamis
46
22.33±4.17 (14.7-30.8)
Overall Mean
Pagellus erythrinus
64
14.30±2.19 (9.3-20.0)
Mullus barbatus
50
14.64±2.95 (7.9-19.8)
Saurida undosquamis
65
21.93±4.13 (14.7-30.8)
(ND: Not Detected; *: above legal limit for FAO) [21].
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Fe

Zn

Cu

98.11±43.26
94.77±35.33
48.99±20.56

17.78±7.48
25.31±9.01
31.40±14.60*

4.54±1.49
4.19±1.14
2.61±2.59

29.54±10.26
34.90±20.51
25.90±7.85

30.41±27.70*
39.41±27.33*
9.60±6.17

0.39±1.17
1.56±2.39
0.94±1.92

63.82±46.63
64.74±41.71
37.45±19.21

24.10±20.73
32.36±21.04*
20.50±15.62

2.46±2.50
3.05±2.47
1.78±2.37

18.74±16.32
11.48±13.38
36.69±16.54

8.45±6.82
16.58±16.14
23.55±22.50

ND
ND
ND

81.17±92.38
217.08
144.59±74.06

7.32±3.10
8.95
7.26±3.42

ND
ND
ND

38.60±10.37
41.92±28.33
44.01±23.16

9.04±4.29
12.37±10.35
9.64±6.25

ND
ND
ND

18.48±10.03
23.21±5.73
26.15±10.93

5.20±2.08
4.28±2.20
3.99±1.74

ND
ND
ND

39.27±53.79
32.77±39.86
63.26±62.29

7.43±4.55
10.28±10.99
11.14±13.82

ND
ND
ND

46.18±52.70
42.93±25.97
56.11±54.97

12.12±13.70
18.23±18.56
13.73±14.83

0.69±1.71
1.10±2.07
0.49±1.46
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TABLE 2 - Heavy metal concentration of some fish species from Iskenderun Bay
(*: the level high set in law by Turkish Legislation, **: by FAO Legislation) [20,21].
Fish Species
Mugil cephalus
Trachurus mediterraneus
Dicentrarchus labrax
Sparus auratus
Mugil cephalus
Sparus auratus
Atherina hepsetus
Mugil cephalus
Trigla cuculus
Sardina pilchardus
Scomberesox saurus
Saurida undosquamis
Mullus barbatus
Sparus auratus
Pagellus erythrinus
Mullus barbatus
Saurida undosquamis

Fe
70.28-0.40
41.84-18.41
11.13-4.02
16.5-9.67
11.12-4.13
19.60-7.84
78.40-36.84
38.71-18.28
30.68-10.20
39.60-8.62
29.82-16.24
4.175
9.862
13.166
46.18
42.93
56.11

Zn
38.23-14.78**
19.55-10.78
75.38-40.37*
76.98-51.82*
60.86-56.10*
26.66-7.62
24.34-5.30
37.39-6.88**
24.89-6.46
34.58-8.64**
16.48-2.83
3.025
4.078
4.873
12.12
18.23
13.73

The mean Fe concentration of fish species ranged
from 11.48±13.38 µgg-1 (in Winter 2005, M. barbatus) to
217.08 µgg-1 (in Summer 2004, M. barbatus) in this study.
A comparison of Fe in three species was made; the highest mean concentration was in S. undosquamis and the
lowest one was in M. barbatus. The mean Zn concentration
of fish species varied from 3.99±1.74 µgg-1 (in Winter
2005, S. undosquamis) to 39.41±27.33 µgg-1 (in Winter
2004, M. barbatus). The corresponding pattern of Zn mean
concentration was M. barbatus > S. undosquamis > P.
erythrinus, respectively. The mean Cu concentration was
calculated between 0.39±1.17 µgg-1 (in Summer 2004, P.
erythrinus) and 4.54±1.49 µgg-1 (in Winter 2004, P.
erythrinus). Mean Cu concentration was determined in high
levels in M. barbatus than that of others. The lowest concentration was detected in S. undosquamis. The concentrations of Pb, Cd and Cr were below the detectable limit of
AAS in this study and the concentration of Cu was below
then the detectable limit of AAS in the samples of 2005.
All metal concentrations were significantly higher in
2004 than 2005 for all species, with exception of Fe concentration determined from S. undosquamis. Similarly,
noticeable seasonal differences were also determined (p<
0.05) in this study. Concentration of Fe was remarkably
higher both in summer 2004 and 2005 compared with the
other seasons of years 2004 and 2005. This situation was
attributed to the usage of synthetic fertilizers, pesticides
and sharp increases of tourist activities in summer on the
coastal area of the Iskenderun Bay [20]. In addition, this
high concentration may be related to high metabolism due
to high water temperature [20]. On the other hand, concentrations of Zn were higher in winter 2004 and in spring
2005. Seasonal differences of heavy metal concentrations
in fish were also reported by some other authors [20, 21].
Heavy metal concentration of some fish species from
Iskenderun Bay were listed in Table 2. There were big differences between metal concentration of this study and

Cu
1.45-0.65
1.29-0.71
0.42-0.11
0.82-0.007
0.62-0.008
2.84-0.43
4.00-0.56
4.41-1.67
2.19-0.83
4.17-0.58
2.34-0.45
1.318
2.201
1.239
0.69
1.10
0.49

Author/s
[28]
[28]
[29]
[29]
[29]
[22]
[22]
[22]
[22]
[22]
[22]
[30]
[30]
[30]
this study
this study
this study

those of previous studies. Different fish species from the
same area may contain different metal levels in their tissues [22-24]. The metal accumulation in different fish species depends on their physiological role, behavior and feeding habits, as well as regulatory ability [25,26]. Other factors such as sex and size may also have an influence on
metal bioaccumulation [22,27]. However, there were no
statistically significant differences between three fish species in this study (p<0.05).
Several authors have noted that the concentrations of
heavy metals in fish vary with the length of the fish [10,
22]. It was reported that mercury and tin levels in fish increase with age of the fish [31]. The authors observed a significant positive relationship between fish age and bioaccumulation of Cu [11]. However, no relationship was observed between individual lengths of fish species and bioaccumulation of heavy metals in this study (p>0.05).
Levels of pollution in Iskenderun Bay have been studied [32]. According to this report there was a seasonal variation of pollution in the bay. The measurements of tin, mercury and petroleum hydrocarbons display a highly wide
range in space and time. Pollution levels were found to be
very high in front of the industrial plants and pollutants
become trapped in the centre of gyres and transported towards the open sea by strong winds. Mercury pollution has
been observed near the local iron and steel factories with
values up to 550 ppb (dry weight) in sediment. In addition,
terrestrial input was reported to be on high level in the bay
[33]. The circulation system partially provides an exchange
of open-sea water masses with the bay. Therefore, significant oxygen depletion and eutrophication do not occur in
the bay [9].
Commercial fisheries industry was heavily affected
by the ship wreck (the wreck (M/V Ulla) in the Iskenderun
Bay; such as the captured fish lost the marketing value
either in local or regional markets. However, the level of Cr
was below the absorption limit of AAS. This result indi-
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cates that the residues from M/V Ulla have not integrated
into fish tissue or not yet accumulated in the research area.
The concentrations of the metal level were almost lower
than the Turkish Legislation limit for all metals in this
study [34]. However, Zn concentrations were detected higher than FAO Legislation limit in summer 2004 for S. undosquamis and in winter 2004 for M. barbatus and P.
erythrinus [35]. In the previous studies, levels of Zn for
some fish species were reported higher than the Turkish
Legislation limit and/or FAO Legislation limit (Table 2) in
Iskenderun Bay. The bay may have risks due to pollution
or pesticide run-off. Under these circumstances it is essential that the bay area should be intensively monitored
just because this coast is dedicated for fisheries and aquaculture [9]. In addition, the monitoring program should include sediment and sea water of the bay.
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EVALUATION OF THE TOXICITY OF PSYCHOACTIVE
COMPOUNDS WITH THE BATTERY OF BIOASSAYS
Grzegorz Nałęcz-Jawecki*, Michał Kaza and Józef Sawicki
Department of Environmental Health Sciences, Medical University of Warsaw, Banacha 1, str. 02-097 Warsaw, Poland

ABSTRACT
The toxicity of 14 psychoactive pharmaceuticals: antidepressants with two modes of action and antipsychotics
were evaluated with the battery of six bioassays. Spirostomum ambiguum, Brachionus calyciflorus and Thamnocephalus platyurus were more sensitive to the tested drugs
than Tetrahymena termophila, luminescent bacteria and the
duckweed. In the first three tests the 24h-LC50’s ranged
from 0.3 to 4.0 mg l-1. In each test the toxicity data were
homogenous within one order of magnitude except for the
Microtox®. N-demethylated derivatives norfluoxetine, desipramine, nortriptyline and norclomipramine were more
toxic than the parent compounds. Toxicity of the tested drugs
strongly depended on the pH of water. At pH 5.5 the toxicity of the drugs in Spirotox was 2-5 folds lower than the
toxicity at pH of 7.2 and 8.0.

KEYWORDS: Pharmaceuticals, environment, antidepressants,
neuroleptics, toxicity, pH.

INTRODUCTION
In recent years the growing use of drugs has led to
concern about their occurrence in the environment. Only
at the beginning of the 21st century the occurrence and
fate of pharmaceuticals in the aquatic environment has been
recognised as one of the emerging issues in the environmental sciences [1, 2]. Depression is nowadays a predominant health care problem, mainly due to the progressive
aging of the population. The consumption of psychoactive
drugs such as antidepressants and antipsychotic agents increased rapidly. Those pharmaceuticals are used by the
patients for a long time period [3], not only for resolving
the acute episode, but also for preventing relapse and enhancing the quality of life. Tricyclic antidepressants (TCA)
are a class of antidepressant drugs first used in mid-1950’s.

For many years they were the first choice for pharmacological treatment of depression. Now they are replaced by
newer compounds, however they have been still used. Tricyclic antidepressants have to be used carefully, because
of their serious side effects. Nortriptyline, amytriptiline,
clomipramine and desipramine as well, seem to be the best
olerated tricyclics in old people. Second generation antidepressants are preferred for the elderly and the patients
with heart disease as they have milder side effects and are
less toxic in overdose [4]. Desipramine (DES) and nortriptyline (NOR) are the main, active N-desmethyl metabolites
of imipramine (IMI) and amitriptyline (AMI), respectively.
Fluoxetine (FLU) is one of the most frequently prescribed
antidepressants. According to the producer, in 2001, FLU
was prescribed to over 40 million people globally [5]. Moreover, it is often used without any medical necessity, as a
lifestyle drug. Like the other selective serotonin-reuptake
inhibitors (SSRIs), fluoxetine is a potent and highly selective inhibitor of serotonin and has little or no effect on other
neurotransmitters. FLU is used in the treatment of major
depression and obsessive-compulsive disorder. N-desmethyl fluoxetine (NFLU) is the principal metabolite of
FLU with the similar potency and selectivity. Thioridazine (THR) and chlorpromazine (CPZ) belong to the
group of phenothiazines - antipsychotic and antiemetic
drugs that elicit their effects via interference with central
dopaminergic pathways in the mammalian central nervous
system (CNS). Pharmaceuticals are metabolised and excreted into freshwaters mainly via sewage treatment
plants. Their fate in the environment has not been fully
recognised yet [6].
The Department of the Environment Health Sciences
in the Faculty of Pharmacy at the Medical University of
Warsaw has started the project aimed at the evaluation of
the psychoactive compounds' ecotoxicity. The project was
divided into several parts. This paper presents data on the
acute toxicity of the psychoactive drugs obtained by the
battery of short-term bioassays including the luminescent
bacteria Vibrio fischeri, ciliated protozoa Spirostomum
ambiguum and Tetrahymena termophila, crustacean Tham-

1261

© by PSP Volume 17 – No 9a. 2008

Fresenius Environmental Bulletin

nocephalus platyurus, rotifer Brachionus calyciflorus and
vascular plant Lemna minor.
MATERIALS AND METHODS
Chemicals

All the pharmaceuticals were purchased from Sigma
(Poznań, Poland). Their characteristics were presented in
Table 1 and structures were shown on Fig. 1. Stock solutions of pharmaceuticals were prepared in deionised water. Before the toxicity tests the stock solutions were diluted
with diluent appropriate for the test. The pH of solutions of
the drugs was adjusted to the values specified in Table 1.
Toxicity tests

The toxicity tests were carried out according to the
standard protocols (Table 1). Shortly, the Microtox® test
with the luminescent bacteria Vibrio fischeri was performed
with the lyophilysed bacteria purchased from SDI (USA)
and stored at –20°C before the test. The test was carried out
in Microtox® M500 incubator/luminometer [7]. Inhibition
of the luminescence was measured after 15 min incubation of the bacteria with the samples at 15°C.
Toxkit bioassays were purchased from MicroBioTests
(Belgium). They comprised Protoxkit F™ with the protozoan Tetrahymena termophila, Rotoxkit F™ with the rotifer Brachionus calicyflorus and the Thamnotoxkit F™ with
the anostracean crustacean Thamnocephalus platyurus. The
Protoxkit F™ test is a 24h short-term chronic toxicity test.
The test is carried out in disposable spectrophotometric cells
with lids. The test is based on the turnover of substrate
into ciliate biomass [8]. While normal proliferating cell cultures clear the substrate suspension in 24h, inhibited culture growth is reflected by remaining turbidity. Spectrophotometric measurements of the turbidity at 440 nm quantify the degree of inhibition. The Rotoxkit F™ is a 24hLC50 bioassay performed in a 36-wells multiwell plate
using neonates of the freshwater rotifer [9]. The neonates
are hatched from cysts prior to the test. The Thamnotoxkit
F™ is a 24h-LC50 bioassay performed in a disposable
24-wells multiwell plate using instar II-III larvae of the
fairy shrimp [10]. The larvae are hatched from cysts prior to
the test. In the Rotoxkit F™ and Thamnotoxkit F™ tests
30 organisms are used per each concentration of the tested
sample. Medium hard standard EPA freshwater is used as a
diluent. The number of dead and living organisms is scored
after 24h incubation at 25°C. The LC50 values are esti-

mated with the graphical interpolation method according to
the producer [9, 10].
Spirotox test with the ciliated protozoan is performed
in a disposable 24-wells multiwell plate [11]. Two kinds of
test responses are observed after 24h of incubation: (a)
different deformations, which mean morphological changes
such as shortening, bending of the cell, etc., (b) lethal response - spherical deformation and autolysis. On this base
two values: 24h-EC50 and 24h-LC50 were estimated with
the graphical interpolation method.
LemnaTest with the vascular plant Lemna minor was
carried out in the 6-wells microplates [12]. Three fronds
of Lemna are placed in the each well containing 10 ml of
tested sample. The multiwells are incubated at 23°C for
7 days under continuous illumination (intensity of 7000 lx).
At days 0 and 7 images of the test plates were acquired and
analyzed with the program created by Robert Krej and distributed as a freeware. Based on total frond area the average specific growth rates are calculated following the ISO
Standard [13].
Three independent experiments were carried out for
each toxicant and for each test. The mean toxicity values
and standard deviation were calculated with the Microsoft
Excel.
RESULTS AND DISCUSSION
The 14 psychoactive pharmaceuticals are listed in Figure 1 with their respective CAS number. S. ambiguum, B.
calyciflorus and T. platyurus were more sensitive to the
tested drugs than T. termophila, luminescent bacteria and
the duckweed (Table 2). In the first three tests, the LC50’s
ranged within one order of magnitude from 0.3 to 4.0 mg l-1.
The toxicity values were homogenous with the exception of
doxepin (DOX) and fluvoxamine (FLX), which were the
least toxic. Observation of the sublethal effect in the Spirotox increased the sensitivity of the test by only 25%.
Of two protozoa tests, Protoxkit F™ was less sensitive
than Spirotox. This may be due to the different procedure of
the tests. Absorption of the toxicants on the particles used as
a food in the growth inhibition, test has been well-documented [14]. All the tested pharmaceuticals highly bind to
proteins [3]. The chemical analysis of the solutions of the
AMI and IMI showed the 90% decrease of their levels at
the end of Protoxkit F™ test (data not presented).

TABLE 1 - Bioassays used in the study.
Test
Microtox®
Protoxkit F™
Rotoxkit F™
Thamnotoxkit F™
Spirotox

Organism
Bacteria
Protozoan
Rotifer
Crustacean
Protozoan

Vibrio fischeri
Tetrahymena termophila
Brachionus calyciflorus
Thamnocephalus platyurus
Spirostomum ambiguum

Duration
15 min
24 h
24 h
24 h
24 h
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Endpoint
Inhibition of luminescence
Growth inhibition
Mortality
Mortality
Mortality

/

pH of diluent
7.0
7.0
7.4
7.4
7.2

Ref.
[7]
[8]
[9]
[10]
[11]
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Higher plant

Lemna minor

morphological deformations
Growth inhibition

168 h

CH3

CH3

CH3

N

N

N

CH3

CH3

Cl

N

6.0

[12]

CH3
NH

CH3

N

Amitriptyline (AMI)

Imipramine (IMI)

Clomipramine (CLO)

Protriptyline (PRO)

CAS No 549-18-8

CAS No 113-52-0

CAS No 17321-77-6

CAS No 1225-55-4

CH3

CH3

CH3

CH3

NH

NH

NH

N

CH3

CH3

Cl
N

N

N

Nortriptyline (NOR)

Desipramine (DES)

Norclomipramine

Trimipramine (TRI)

CAS No 894-71-3

CAS No 58-28-6

(NCLO) CAS No 303-48-0

CAS No 521-78-8

CF3

CF 3

CF3

O

O
NH

CH3

NH2

H3C

O

N

O

Fluoxetine (FLU)

Norfluoxetine (NFLU)

Fluvoxamine (FLX)

CAS No 59333-67-4

CAS No 83891-03-6

CAS No 61718-82-9

CH3
N

CH3

N

S

Cl

CH3
H3C

N

N

CH3

N

S

S

O

Chlorpromazine (CPZ)

Thioridazine (THR)

Doxepin (DOX)

CAS No 69-09-0

CAS No 130-61-0

CAS No 1229-29-4
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FIGURE 1 - Structure of pharmaceutical compounds selected for the study.
TABLE 2 - Toxicity of psychoactive compounds obtained by the battery of six short-term bioassays.
Compound

Spirotox
24h-EC50
0.41 ±0.12 1, 2
0.30 ±0.10 2
1.34 ±0.31
0.35 ±0.07 3
0.36 ±0.05 3
0.58 ±0.24 3
0.37 ±0.11 3
0.39 ±0.06
0.35 ±0.11
1.21 ±0.31
0.71 ±0.23
1.49 ±0.21
0.35 ±0.06 4
0.33 ±0.06 4

24h-LC50
0.55 ±0.17 2
0.39 ±0.02 2
1.41 ±0.28
0.74 ±0.27 3
0.76 ±0.12 3
1.13 ±0.48 3
0.45 ±0.22 3
0.62 ±0.04
0.66 ±0.07
1.33 ±0.64
0.80 ±0.11
1.77 ±0.43
0.38 ±0.08 4
0.51 ±0.11 4

Rotoxkit F™ Thamnotoxkit F™ Microtox®

Protoxkit F™ LemnaTest

24h-LC50
0.88 ±0.32
0.67 ±0.14
3.24 ±0.45
2.47 ±1.32
1.86 ±0.45
0.88 ±0.26
0.73 ±0.25
1.01 ±0.17
0.88 ±0.19
0.62 ±0.16
0.84 ±0.20
4.05 ±1.11
0.39 ±0.11
0.83 ±0.27

24h-EC50
6.5 ±0.91
4.1 ±0.41
16.5 ±2.44
19.6 ±4.11
20.9 ±2.26
17.3 ±3.11
19.0 ±3.41
23.0 ±4.13
17.3 ±2.12
16.4 ±1.95
11.5 ±2.05
15.1 ±2.21
11.3 ±3.60
6.7 ±1.88

24h-LC50
0.76 ±0.10 2
0.47 ±0.06 2
1.57 ±0.21
1.68 ±0.64 3
0.47 ±0.12 3
1.12 ±0.27 3
0.53 ±0.16 3
0.73 ±0.22
0.54 ±0.25
0.64 ±0.18
0.84 ±0.04
3.93 ±0.74
0.62 ±0.15 4
0.51 ±0.13 4

Fluoxetine
FLU
Norfluoxetine
NFLU
Fluvoxamine
FLX
Imipramine
IMI
Desipramine
DES
Amitriptyline
AMI
Nortriptyline
NOR
Clomipramine
CLO
Norclomipramine
NCLO
Protriptyline
PRO
Trimipramine
TRI
Doxepin
DOX
Chlorpromazine
CPZ
Thioridazine
THR
n.a. – not analysed
1
– mean value ± standard deviation calculated from 3 independent results
2
– [25]
3
– [26]
4
– [27]

Toxicity of the tested pharmaceuticals to luminescent bacteria was heterogeneous with EC50’s from 1.2
to 59 mg l-1. The most toxic were THR and chloride containing compounds CLO, NCLO and CPZ. The antimicrobial activity of antidepressants was studied by MunozBellido et al. [15]. FLU showed excellent activity against
staphylococci, enterococci and some anaerobes. The main
factors impairing its usefulness in human medicine are the
serum levels necessary to the antimicrobial activity. The
antidepressant therapeutic level is sufficient only for slight
modification of bacterial metabolism. Little is known about
the mechanisms by which FLU acts on microorganisms. It
was suggested that it may act as efflux pumps inhibitor
[15] and/or it impairs a number of processes involving
biosynthesis of bacterial products, e.g., slime.
The tested antidepressants have similar structure (Fig. 1)
and some suggestions about structure activity analysis can
be made. N-demetylated compounds were more toxic than
the parent pharmaceuticals especially in Thamnotoxkit F™
(AMI/NOR, IMI/DES and FLU/NFLU) and Spirotox (AMI/
NOR and FLU/NFLU). PRO was 3-fold less toxic than its
isomer NOR in Spirotox and Microtox®, while in the other
tests both compounds were similarly toxic. Chloride ion in
CLO and NCLO increased the toxicity in Thamnotoxkit F™
and Microtox® in comparison to IMI and DES, while
methyl group in TRI caused the considerable decrease of the
toxicity in Microtox®. On the other hand, rotifera and crustacea were more sensitive to TRI than to IMI. The presented
results clearly indicated that there are no obvious structure
activity relationships in this group of the pharmaceuticals
and different modes of action probably occur in each taxonomic group of the test bionts.

15min-EC50
13.0 ±0.95
13.0 ±2.11
51.5 ±13.2
5.8 ±2.97
19.9 ±4.81
9.4 ±3.47
5.7 ±2.11
1.7 ±0.13
1.9 ±0.61
22.2 ±6.51
31.6 ±4.77
58.9 ±3.04
5.7 ±3.16
1.2 ±0.26

168h-EC50
7.7 ±3.27
n.a
n.a.
20.7 ±3.90
13.7 ±0.70
11.0 ±1.97
11.0 ±1.95
13.0 ±1.42
4.2 ±0.42
18.1 ±2.68
13.8 ±2.35
34.0 ±0.82
3.8 ±0.30
5.7 ±2.00

Among the drugs interacting with the human CNS,
only in few cases the toxicity to aquatic life is known. A
large number of studies deal with the selective serotonin
re-uptake inhibitor FLU that is reported as the most acute
toxic human pharmaceutical. Brooks [16] reviewed the
EC50 values down to 0.024 mg l-1 for algae. According to
Brooks et al. [17] LC50’s for Ceriodaphnia dubia and
Daphnia magna in 48h acute toxicity tests were 0.234 and
0.82 mg l-1, respectively. Those values are very close to our
findings in Thamnotoxkit F™ and Rotoxkit F™, where the
24h-LC50 was 0.76 and 0.88 mg l-1, respectively. A little
lower toxicity to D. magna was reported by Webb [18]
with EC50 of 0.94 mg l-1. NFLU has not been tested previously though it is the main metabolite of FLU and pharmacological data in mammals indicate that the potency and
selectivity of NFLU’s serotonin-reuptake inhibiting activity appears to be similar to those of the parent drug [3]. In
our study, in all the applied tests NFLU was more toxic
than FLU, and also it was found to be the most toxic psychoactive compound with 24h-EC50=0.30 mg L-1 in the
Spirotox sublethal test. In the monitoring programmes FLU
was detected in municipal effluents and stream surface
waters [19], while NFLU has not been even sought for,
though NFLU concentration in patients’ urine may be similar to the level of FLU [3].
The annual consumption of amitriptyline in UK has exceeded 5500 kg of the active compound [18]. AMI is highly persistent in the aquatic environment with t1/2>1 year
[20]. Calleja et al. [21] found the 24h LC50’s for AMI of
0.78 and 0.80 mg l-1 for Streptoxkit F and Rotoxkit F™,
respectively. Streptoxkit F is a predecessor of Thamnotoxkit F™ microbiotest with another anostracean crustacean
Streptocephalus proboscideus. The values are very near to
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those received in this study. The ecotoxicity of the other
tricyclic antidepressants has not been published yet.
Phenothiazine and its derivatives are potent antihistamines and are used as neuroleptics. Chlorpromazine is
used for the symptomatic management of psychotic disorders. Thioridazine is commonly used in the treatment of
schizophrenia and other psychiatric disorders. The acute
ecotoxicity of CPZ has not been studied previously. Photochemical instability of this compound leads to photosensitivity. Photomutagenic properties of the chlorinated phenothiazine derivatives are clearly established in a multitude of investigations in bacterial reversion assays and in
mammalian gene mutation and chromosomal aberration
assays. Chlorpromazine has been used as positive control
for the development of photomutagenesis screening assays [22]. Calleja et al. [21] found the 24h LC50’s for THR
of 0.33 and 0.30 mg l-1 for Streptoxkit F and Rotoxkit F™,
respectively. The values are near those received in this
study.
Recently pharmaceuticals have received increasing attention from environmental agencies across the EU and in
US. The reason is that reports on the occurrence of pharmaceuticals in water show that they are ubiquitous [23].
However, the potential environmental effects are largely
unknown. Ecotoxicological data are available for less than
1% of human pharmaceuticals [24]. Quantitative structure
activity (QSAR) analysis is the first step in gaining more
general knowledge on the environmental hazard of chemicals. Sanderson and coworkers [24] reviewed the QSAR
data to develop a quantitative prioritisation tool for further
environmental risk assessment of pharmaceuticals. The
QSAR model was based on the molecular descriptors, primarily log Kow. The predicted toxicity of antidepressants
to D. magna ranged form 0.05 to 22.5 mg l-1 for CLO and
NOR, respectively. Moreover, the predicted toxicity depended greatly on a form of the compound. The 48h-EC50
for AMI was two orders of magnitude lower than the value
for AMI hydrochloride, 0.107 and 9.488 mg l-1, respec-

tively. The reasons for such results are the computed log
K ow values. Antidepressants and neuroleptics from the
chemical point of view, are mainly amines. Their solubility and the measured log Kow depend not on the chemical
composition of the powder, but on the pH of the solvent.
At the same pH both the amine and the amines salt have
the same log Kow. According to Brooks et al. [16] log Kow
of FLU is 1.57 and 4.30 at pH of 7.0 and 11.0, respectively. In our study, toxicity of the selected antidepressants to
Spirotox was evaluated at three pH levels, namely 5.5, 7.2
and 8.0 (Fig. 2). The 24h-EC50’s at pH=8.0 were very
close to the values at pH=7.2, while at pH=5.5 toxicity
decreased significantly for all the compounds. High
relationship between the toxicity and the pH has great consequences. In the evaluation of the toxicity of pure compounds, pH of the stock solutions of the tested compounds
must be adjusted. The pH should be more strictly defined
not only to the value between 6 and 8 required by most of
biotest’s procedures. Most of the freshwaters have the pH
near 7, while most of the amine’s hydrochlorides give the
solutions of pH close to 5. Thus, the QSAR models based
on the amine’s salts would underestimate the toxicity.
The annual consumption of the psychoactive compounds analyzed in this study is not great, a few tons each.
However, they are distributed not evenly. In hospitalized
patients dosage may reach 500 and 800 mg daily for CPZ
and THR, respectively [3]. As the LC50’s of the drugs
tested with Spirotox, Rotoxkit F™ and Thamnotoxkit F™
were about 0.5 mg l-1, the excreted drugs must be diluted
by nontoxic effluent more than 1000-times. The psychiatric
hospitals are often situated in small villages, so the dilution might be inadequate. Special consideration should be
paid on the protozoa and rotifera communities, as in our
study those organisms were the most sensitive. Protozoa
play a very important role in aquatic ecosystems as main
organisms in water and effluents self-purification systems,
while the rotifera is the first link in the aquatic food chain.
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ALLELOPATHIC EFFECT OF FRESHWATER CYANOBACTERIA
SPECIES ON THE GREEN ALGA, Ankistrodesmus falcatus
Vitor Vasconcelos1,2* and Lurdes Almeida1
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2

CIMAR- Centro Interdisciplinar de Investigação Marinha e Ambiental -CIIMAR, Rua dos Bragas, 289, 4050-123 Porto, Portugal
Departamento de Zoologia e Antropologia, Faculdade de Ciências, Universidade do Porto, Praça Gomes Teixeira, 4099 002 Porto, Portugal

ABSTRACT
In this work we studied the inhibitory effects on the
growth of the green alga Ankistrodesmus falcatus due to
the compounds of several strains of freshwater cyanobacteria (Microcystis aeruginosa and Planktothrix planctonica).
Strains producing and non producing microcystins were
used and the toxicity of fractionated extracts and also of
the water soluble compounds released to the medium was
tested. Raw extracts of the different cyanobacteria strains
and five fractions (water soluble fraction, 20%, 50%, 80%
and 100% methanol) were used. Extracts were placed in
test tubes corresponding to cell densities of 104, 105, 106,
107 cells/ml. A. falcutus was then inoculated to a final density of 104 cells/ml. Results showed differential responses
to the different cyanobacteria strains. The growth inhibition
is not related to microcystins at least during acute exposures. Hydrophilic compounds may be released to the water
at very low cyanobacteria densities causing inhibition effects while the bloom is in its early development. Massive
populations of cyanobacteria may then release more lipophilic substances that inhibit phytoplankton.

KEYWORDS: allelopathy, cyanobacteria, green algae, Ankistrodesmus falcatus.

sp.. Total mortality of the Cryptomonas culture was observed when exposing them to 400 filaments/ml of Oscillatoria.
Alellopathic compounds have been described in many
organisms including bacteria and algae [6, 7]. Clarke et
al. [8] found that the siderophore system in Anabaena sp.
may have allelopathic activity although as a secondary
benefit. Allelopathic effect may occur directly through the
release of alellochemicals that affect susceptible producers
or indirectly through the suppression of an essential symbiont. Pflugmacher [9] showed that microcystin-LR produced by M. aeruginosa caused growth inhibition of the
aquatic macrophytes Ceratophyllum demersum and
Myriophyllum spicatum.
In this work we studied the inhibitory effects on the
growth of the green alga Ankistrodesmus falcatus due to
compounds of several strains of freshwater cyanobacteria
(Microcystis and Plankthothix). Strains producing and nonproducing the cyanobacteria hepatotoxins microcystins
(MC) were used and the toxicity of fractionated extracts
and of the water soluble compounds released to the medium was tested.
MATERIAL AND METHODS

INTRODUCTION

Cyanobacteria and green alga

Cyanobacteria are able to produce potent toxins that
may have harmful effects not only towards humans but also
to other mammals, birds, amphibians and aquatic invertebrates [1-3]. These toxins may have diverse chemical structure being either peptides (microcystins, nodularins) or
alkaloids (saxitoxins, anatoxins, cylindrospermopsins [4].
Their effects in mammals are divided in hepatotoxic, neurotoxic and irritant or allergenic [4].
Cyanobacteria may increase their density in eutrophic
systems not only due to their physiological abilities, but
also because their toxins may affect the other phytoplankton groups. Infante and Abella [5] concluded that the reproduction of Cryptomonas was inhibited by Oscillatoria

The green alga – Ankistrodesmus falcatus – common
in freshwater environments all over the world was used as
the test organism. The cyanobacteria species used in this
work were Microcystis aeruginosa and Planktothrix planctonica. Five non axenic strains of M. aeruginosa were
used for the exposure study being all isolated from natural
lakes of central Portugal [10, 11]. Strains IZANCYA 22
and IZANCYA 42 did not produce microcystins (MC)
and strains IZANCYA 1, IZANCYA 3 and IZANCYA34
are MC producers. The P. planctonica strain, isolated from
a river in south Portugal was toxic to mice although no
MC were detected. Microcystins were determined by High
Performance Liquid Chromatography (HPLC), according
to Vasconcelos et al. [5].
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Culture conditions

Cyanobacteria were cultured from stock flasks using
Z8 media [12]. Initially cultures were done in 100 ml
flasks and the volume was increased up to 500 ml to get
enough material for the tests. Cultures were stored in a
controlled temperature room (20±1 ºC) with a light period
of 14 hours- PAR of 10 µmol.m2.s-1 (Philips TLD 18W/54
and Sylvania GROLUX F36W/GRO). No aeration or shaking was provided to the cultures. Ankistrodesmus falcatus
was cultured in Z8 media from stock and dilutions were
made so as to have an initial density of 104 cells/ml. Cultures were allowed to grow for three days so as to get
them in the exponential phase for the assays. These cultures were shaken using a Stuart Scientific Shaker – STR8.
By using these conditions no important bacterial contamination was observed. The MC producing strains had, at
the minimum culture density (104 cells/ml), MC concentrations ranging from 1.9 - 4.5 µg MC/l. (Table 1).
Preparation for assays with raw extracts

Cyanobacteria cultures with a volume of 500 ml in
1000 ml flasks were allowed to reach the exponential
growth phase and attain 107 cells/ml. Dense cultures were
frozen, defrosted and ultrasonicated for 60 seconds (Vibra Cell Sonics & Material Inc, USA). Cell lyses was confirmed by microscopic examination. Extracts were centrifuged at 4500 rpm for 10 minutes and filtered through a
0.2 µm filter so as to remove debris. Dilutions using Z8
medium were made as necessary for the assays.
Preparation for assays with fractionated extracts

Cyanobacteria cultures were done as described before
by using 500 ml as a total volume. Cultures having a cell
density of 107 cells/ml were centrifuged at 4500 rpm for
6 minutes and the supernatant was collected. The pellets
containing the cells were resuspended in 100 ml of ultrapure water and frozen at –20 ºC for latter use as raw
extract. The supernantant was filtered through 0.45 µm
and frozen until further use – filtered media. After defrosting the cyanobacteria were centrifuged at 4500 rpm
for 10 minutes, filtered through 0.2 µm and used for fractionation. Bond Elut C18 500 mg cartridges were used
after being activated with 5 ml 100% methanol and 20 ml
of ultrapure water. Five fractions were obtained: water soluble fraction, 20%, 50%, 80% and 100% methanol using a
Waters Milipore Vacuum Manifold System. Fractions were
completely evaporated at 40 ºC (N-Evap Analytical Evaporater Organomation Associates Inc. USA). Residues were
resuspended in 50 ml of ultrapure water and frozen at –
20 ºC until further use.
A. falcatus inihibition assays

The inhibition assays were done in sterilised plastic
10 ml tubes with a total volume of 5 ml (extract or fraction plus Ankistrodesmus inoculum). During the 72h assays the tubes were shacked in the Stuart Scientific Shaker
– STR8. Extracts were inoculated in test tubes corre-

sponding to cell densities of 104, 105, 106, 107 cells/ml. A.
falcatus was then inoculated to a final density of 104 cells/
ml. After the 72 hour exposure, the assays tubes were preserved with a Lugol solution for counting. Cell density was
determined using a hemocitometer and a Leica microscope
with 400 x amplification. Two countings per replicate and
3 replicates per concentration were done. Control was done
by using filtered media of an Ankistrodesmus culture in
the same conditions as those observed for Microcystis. EC50
were calculated by using the software STATISTICA®.
RESULTS
Raw extracts experiments

The cyanobacteria strains used in the raw extracts assays caused diverse inhibition effects on A. falcatus. The
results of experiments with the raw cyanobacteria extracts
may be divided in two sets of effects, some of the strains
inhibited the green alga and others increased its growth
rate (Fig 1). Only the Microcystis strains IZ3, IZ42 and
the P. planctonica strain had a strong inhibitory effect on
A. falcatus growth with EC50 values respectively of 2.1 x
106, 7.5 x 105, 8.1 x 106 corresponding cyanobacteria cell
density/ml. Nevertheless, inhibitory effects were also seen
on the lower corresponding cell densities. P. planctonica raw
extracts had an inhibitory effect on the growth of A. falcatus during the 72 hour exposure experiment, although it
was not as strong as the other two Microcystis strains. We
should point out that this strain as also IZ42 do not produce microcystins (Table 1). So this allows us to conclude
that microcystins seem not to be responsible for a significant inhibitory effect on the growth of the green algae and
that significant growth inhibitory effects may be due to
cyanobacteria microcystin producers and non producers at
ecologically relevant densities.
The strains IZ1, IZ22 and IZ34 had in opposition a
stimulation effect of the growth of the green alga except
for the highest cyanobacteria density (Fig. 1). Strains IZ1
and IZ34 had 4.5 and 1.9 microcystin per liter respectively
at the lowest cell density (104 cells/ml). The stimulatory
effect may be due to nitrogen or phosphorus content of the
extracts or to some other minor components of cyanobacteria cells.
Fractionated extracts experiments

The effect of the filtered media of the strains that presented an inhibitory action towards A. falcatus is shown in
Figure 2. P. planctonica presented the highest inhibitory
action with an EC50 of 8.02x104 corresponding cyanobacteria cell density /ml followed by 4.10x105 corresponding
cyanobacteria cell density /ml for IZ42. For the strain IZ3
we could not calculate an EC50 but the inhibitory effect is
clearly seen. It is interesting to remark that the EC50 values for the media indicate that allelopathic compounds
produced by these strains will be released to the medium
and have stronger effects at lower cell densities than those
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FIGURE 1 – Inhibitory effects of raw extracts of cyanobacteria on the growth
of A. falcatus. (Coeficient of variation of the data ranged between 8 and 15%)

TABLE 1 – Microcystin concentrations and variants profile in the
different Microcystis strains used in the inhibition assays (values for 104 cells/ml)
Strain

Sampling site

Microcystin profile

Microcystin concentration in cultures
(µg/l)

IZANCYA1

Barrinha de Mira

4.5

IZANCYA3

Barrinha de Mira

MC-LA, MC-LR
MC-LA
MC-LR + 2 minor unknown MC

IZANCYA22
IZANCYA34
IZANCYA42
P. planctonica

Lagoa Teixoeiras
Lagoa das Braças
Lagoa das Braças
Guadiana River

MC-LA, MC-LR
-

M. aeruginosa

2.0
1.9
-

100

% growth inhibition

80

IZ3

IZ42

Ppl.

60
40
20
0
-20

100

1000

10000

100000

1000000

cells/m l
FIGURE 2 - Inhibitory effects of filtered media of cyanobacteria cultures on
the growth of A. falcatus (Coeficient of variation of the data ranged between 8 and 15%)
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FIGURE 3 – Inhibitory effects of aqueous, Me20, Me50, Me80 and Me100 extracts of the cyanobacteria
strain IZ3 on the growth of A. falcatus (coefficient of variation of the data ranged between 10 and 20%
for IZ3 and IZ42 and between 6 and 18% for P. planctonica )(A- IZ3, B-IZ42 and C- P. planctonica).
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detected in the raw extracts. This is more in accordance
with the concept of allelopathy, because the inhibitory compounds should be released to the media as soon as possible
to have an effect against possible competitors. Even at
the low density of 102 cells/ml, the inhibitory effect was
seen.
The assays done with the water and methanolic extracts revealed us that for the three strains tested there is not
a clear pattern. The strain IZ3 produced stronger inhibitory
effects with the 100% methanol extract (Fig. 3), showing
that more lipophylic compounds would be responsible for
the toxicity. This pattern was also seen in the other two
strains (IZ42 and P. planctonica). IZ42 was the one that
showed high inhibitory properties for all the extracts
(Fig. 3). P. planctonica presented no significant inhibiting
effects at the water extracts, Me20 and Me80 (fig 3).
DISCUSSION
The cyanobacteria densities used in this work can be
found in many eutrophic lakes, rivers and reservoirs all
over the world and the MC concentrations used are common [10,13,14], so these results have an ecological relevance. At the same time these assays being acute showed
fast effects at population levels. Effects at individual level
will surely be much faster. Pietsch et al [15] showed that
crude extracts of a microcystin containing cyanobacteria
bloom caused inhibition of photosynthetic activity of the
green alga Scenedesmus armatus 24 hours after exposure.
Detoxication enzymes such as soluble GST were also affected during this short exposure period by the crude extract but not by the pure toxins in the same proportion as
found in the extract [15].
The Microcystis strain IZ1 produced more than the
double of microcystins in comparison to that of IZ3 [11].
Nevertheless, during phase I assays, the inhibition effects
on the growth of A. falcatus were opposite, with IZ3 having a strong inhibition and IZ1 increasing the growth rate
of the green algae when exposed to extracts of the cyanobacteria even at high densities. This shows that microcystins seem not to be responsible for the inhibition being
that attributed to some other metabolites from Microcystis.
The fact that microcystins may not be responsible for
toxicity to phytoplankton was shown in some other studies. Pietsch et al. [15] showed that the photosynthetic
activity of a green alga when exposed directly to microcystins is not affected during short term assays. This was
equally true for the macrophyte Ceratophyllum demersum.
It is not expected that the main function of microcystins
would be allelopathy because they are released to the environment only when the cyanobacteria cell dies during natural or provoked population collapses.
Strains IZ1 and IZ34 have a similar toxin profile but
produce different amounts of microcystins [11]. Nevertheless, they had no toxic effect. This suggests that micro-

cystins could not be transported to the cells causing a toxic
effect or are not toxic at all to these species. On the other
hand, when using extracts of cyanobacterial blooms with
24.8 µg total microcystin/L, there was an elevation of
guajacol peroxidase (POD) activity of the green algae Scenedesmus armatus [15]. The same effect was obtained if the
pure toxins contained in the bloom were used. Also the
activity of the sGST showed a 50% inhibition after exposure of S. armatus to the crude extract. The extract of the
cyanobacteria produced a sharp inhibition of photosynthetic oxygen production and despite the toxins MC-LR
and MC-RR being present in the extract the isolated toxins had no significant effect on this metabolic function
[15]. So it seems that toxicity of MC to green algae seem
to be species specific and depends whether the exposure
is to pure toxin or to extracts.
In order to understand more about the lipophilicity of
these compounds the phase II assays, done with the water
and methanolic extracts, revealed us that for the three
strains tested there was not a clear pattern. Nakai et al. [16]
found that the macrophyte Myriophyllum spicatum produces several compounds that inhibit the growth of Microcystis
aeruginosa. These compounds are polyphenols and their
autoxidized products. The occurrence of allelopathic
effects at low cyanobacteria densities (102 cells/ml) shows
clearly that cyanobacteria may directly inhibit other phytoplankton organisms at very low densities before they form
blooms. Blindow and Hootsmans [17] found a differential
sensitivity among phytoplankton species for allelopathic
substances. The growth of Ankistrodesmus was stimulated
or not affected by water from the macrophyte Chara while
the growth of Scenedesmus was significantly reduced. The
occurrence of toxicity in the fractions extracted by pure
methanol in our work may also be due to these lipids such
as linoleic and linoleic acids. The importance of lipids in
the establishment of algal dominance and succession in lake
populations was previously shown by Proctor [18]. Fatty
acids seem to be involved in dominance of certain algal
species but more hydrophilic compounds should also play
a role.
Although 100% methanolic fractions of the strains IZ1,
IZ42 and P. planctonica showed strong growth inhibition
of the green algae, higher inhibition was seen with compounds released to the culture medium. So allelopathic
effects by cyanobacteria may be established in two phases:
hydrophylic compounds released to the water may play an
essential role at low cell densities and inhibit other phytoplankton components and when high cyanobacteria biomass is achieved this dominance is maintained by the
release of lipophylic compounds.
CONCLUSIONS
Cyanobacteria may control their competitors by means
of allelopathic compounds. This inhibition seems not to be
related to microcystins, at least during acute exposures.
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Based on our results we may hypothesise that hydrophilic
compounds may be released to the water and affect competitors at very low cyanobacteria densities causing inhibition effects while the bloom is in its early development.
Massive populations of cyanobacteria may then release
more lipophylic substances that inhibit phytoplankton.
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ABSTRACT

INTRODUCTION

The effect of treated municipal wastewater on the interactions of essential plant nutrients was studied in an
experiment of randomized block design.

Treated municipal wastewater (TMWW) does not only
supply the plants with water, but also with macro- and
micronutrients, and heavy metals [1-3].

The experimental design included the following treatments: a- treated municipal wastewater (TMWW), b-fresh
irrigation water denoted as “control” being repeated in six
replications with a total of 12 plots of 2.5mx1.8m=4.5m2
size. Brassica oleracea var. Italica (Broccoli) was used as
a test crop.

The reuse of TMWW is expected to become a routine
practice, in all agricultural areas, where irrigation is applied extensively, due to the ever increasing intensification of the xerothermic conditions. Consequently, more information is necessary for a better understanding of the
role of the TMWW in the behavior of the essential elements, especially in relation to their interactions in the soil,
under the influence of various crops. Unfortunately, this
aspect of reuse has not been given the necessary attention,
in spite of the fact that it is not only directly related to
plant growth, but also to the environment as well [4-6].

The data obtained was statistically processed by
ANOVA, t-test and regression analysis, and the following
was found:
- The significant “two-way” interactions which take place
in soil under the effect of TMWW were as follows:
CaxFe, CuxP, MgxNi, FexCo, MnxNi, and FexNi.
- Depending on the antagonistic or synergistic character, the interactions may variably affect the fertility of
the soil by the respective decrease or increase of the
level of the interacting plant nutrients.
- Some of the interactions may reflect important environmental implications, e.g. CaxFe, CuxP, as they can possibly be used to abate soil pollution due to toxic levels
of metals.
The effect of TMWW on these interactions was generally non significant in comparison to that of the control,
suggesting that it could successfully be used for the irrigation of vegetables, provided the health protection
measures are carefully taken.

KEYWORDS: Nutrient elements, interactions, treated wastewater
reuse, broccoli.

Interactions between macro- and micronutrients are
continuously taking place in the soil. However, the enrichment with these nutrient elements of the soil through (or
via) a long term irrigation of the crops with TMWW, may
intensify the interrelationships between them and affect
plant growth and the environment variably [5].
Maximum crop yield depends on an “optimum nutrient intensity” as well as on a “proper nutrient balance”
[4]. However, while a given nutrient balance may be quite
satisfactory for a given yield level, this may prove inadequate for a higher yield level. According to Donald [7]
and Shear et al. [8] a nutrient balance may be achieved
within a plant when no nutrient is limiting the yield, being
in suboptimum concentration in the plant.
Various factors affect nutrient interrelationships in the
soil, which are related to that group of parameters influencing the nutrient uptake by plants. These factors are [4]:
a)
b)
c)
d)
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Nutrients supplied via TMWW, may interact with each
other in the soil synergistically or antagonistically [6, 10],
affecting plant nutrient status as follows:

The treated wastewater was supplied by the biological treatment plant of the Messolongion municipality.

a) Increase of concentration of either of the interacting
elements, in the plant tissue.
b) Increase of plant dry matter and decrease of the elements concentration (dilution effect).
c) Decrease of either of the interacting nutrient, content
d) Increase of the concentration of the interacting elements
along with the increase in plant dry matter production.

The TMWW and the fresh irrigation water were applied thirteen times during the plant growth period at a
rate of 30 l per application. The total volume of each treatment applied being 13x30=390 l per 4.5m2 or 867 m3/ha.

Nutrient interactions through their effect on plant nutrition and growth, obviously are related to the quality of
the agroecological environment [6]. They modify the fertility status of the soil and consequently influence the growth
rate of the macro- and microflora, as well as the macro- and
microfauna, living in the soil habitat [11].
Furthermore, interactions between essential nutrients
may also be indirectly involved in various biological processes such as nitrification, organic matter mineralization,
and nutrient cycles [12], which are directly related to the
environment.
The purpose of the present work was to investigate the
effect of TMWW on the essential nutrient interactions in
the soil, which had previously been cultivated with Brassica Oleracea var. Italica (Broccoli), and their possible
impact on the nutrient status of the soil and the environment, ultimately aiming at the regular reuse of TMWW in
vegetable production.

Soil samples from 0-30cm depth were taken as follows: (a) shortly before the commencement of the experiment (b) 8 weeks after planting and (c) 16 weeks after planting (just before harvesting).
Soil samples, fresh irrigation water (control) and
TMWW were analyzed and the data obtained were processed statistically by ANOVA, t-test, and regression analysis [13] using an SPSS statistical package..
Chemical analyses
Soil analysis

Soil samples were dried, grounded and analyzed as follows: Available P was determined according to Olsen et
al. [14]. Exchangeable K, Ca and Mg were extracted with
1M NH4Ac (pH 7.0) and measured by flamephotometer
[15]. While Ca and Mg were volumetrically determined by
the versenate method [16]. Mn, Zn, Cu and Fe, and the
heavy metals Co, Cd, Ni, and Pb were extracted with a
solution of 0.005M DTPA [17],[18], and determined by
atomic absorption spectroscopy using a Varian Spectra AA.
Also EC, CaCO3 organic matter (OM) and pH were determined by methods suggested by Page et al. [19].
Water and TMWW analysis

MATERIALS AND METHODS
An experiment of randomized block design was conducted in a greenhouse of the University of Ioannina, Department of Environmental Management and Natural Resources. The purpose was to study the comparative effects
of: a- treated municipal wastewater (TMWW), b- fresh
irrigation water (control), and c- mean treatments on the
interactions between macro- and micronutrients in a soil,
cultivated with Brassica oleracea var. italica (Broccoli),
used as a test plant.
The statistical design applied, included two irrigation
treatments, i.e. (a). TMWW and (b) fresh irrigation water
(control) in six replications with a total number of 2 x 6 =
12 experimental plots of 2.5 x 1.8 = 4.5 m2 size.

Both natural fresh water and the TMWW were analyzed before their application by methods suggested by the
AOAC [20] and APHA [21], using 0.5% HNO 3 for the
oxidation of the organic matter of TMWW and the release
of complexed metals. The relevant analytical data is given
in Table 1.
RESULTS AND DISCUSSION
Essential nutrients interactions take place in both, soil
and plants. Their interrelationships in the soil are affected
by processes, such as absorption, precipitation, and exchange reactions [5].

The plots were separated by dikes of 0.1m height.
Broccoli plants were transplanted in rows 0.8m apart from
each other, while the distance between the plants on the
row was 0.5m.

These interactions could be either antagonistic or synergistic and at the same time “one-way”, where only one
of the elements is affected by the other, or “two-way”, in
which either of the interacting elements may be affected
by their respective concentration changes [6, 10].

Planting was made on December 11, 2005 and harvesting of the heads 16 weeks after planting, i.e. April 20,
2006.

Of the numerous interactions obtained in the present
work, the following ones, related to the essential elements,
are being studied:
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TABLE 1 - Chemical characteristics of the fresh irrigation water (control) and the treated municipal wastewater (TMWW).
Chemical characteristics

Conductivity µS/cm (25o C)
pH
SAR
Ν (mg/l)
P (mg/l)
K (mg/l)
Ca (mg/l)
Mg (mg/l)
Fe (µg/l)
Na (mg/l)
Mn (µg/l)
Β (mg/l)
Cl(mg/l)
Zn (µg/l)
Cu (µg/l)
As (µg/l)
Cr (µg/l)

Applied Treatments
Fresh irrigation water (n=9)
Treated municipal wastewater TMWW (n=9)
Mean
Standard deviation
Mean
Standard deviation
261.67
30.688
1305.22
242.975
8.38
0.280
7.56
0.554
0.38
0.052
4.29
0.247
0.63
0.302
11.71
3.440
0.05
0.042
0.64
0.328
0.88
0.164
16.14
4.903
49.03
6.106
90.74
10.760
4.2
0.299
21.63
3.606
35.56
16.667
102.89
80.901
10.22
1.394
175.56
16.576
4.11
2.147
84.54
62.954
0.67
0.1
1.18
0.303
14.96
2.351
290.36
94.984
6.22
8.318
109.76
58.061
1.78
0.338
2.73
0.612
0.19
0.078
0.62
0.354
1.23
0.042
1.25
0.032

Nutrients and heavy metal interactions
in plant nutrition and growth

Optimum plant production is possible under balanced
supply of nutrients [2, 4]. However it is indeed very difficult to attain a balanced nutrient supply, due to the changing levels of available nutrients supplied to the growing
plant and also due to various interactions taking place between the macro-, micronutrients and possibly heavy metals. As a result, plants are very rarely supplied with balanced
quantities of nutrients. This nutrient imbalance affects consequently the yield and the quality of the agricultural products. Therefore, as it is pointed out by Arnon [4], it becomes obvious that an optimum supply of nutrients, necessary for normal plant growth could never be considered as
an absolute value, because it depends on the relative amounts
of the accompanying nutrients that may be available. Consequently, the effects of nutrients on plant growth must be
considered in relation to the effects of the other available
nutrients and even of the heavy metals, and also in relation to the soil physical and chemical properties. Hence,
interactions between nutrients and heavy metals may play
an important role in plant growth.
Ca x Fe

The effect of increasing Ca level on the concentration
of Fe is negative, and vice versa, i.e. these two elements
are interacting antagonistically, the interaction being twoway (Figure 1A and 1B). It is shown in this figure that the
effect of Fe on Ca is much stronger (Figure 1B), than the
effect of Ca on Fe (Figure 1A). Thus, on the average, for
each increase of Ca by 1meq/100, which is equal to
200mg/kg, the decrease of Fe, corresponding to 1 mg/Kg of
Ca, is on the average equal to 10, 75/200 or 0.054 mg/kg Fe
(Figure1A). On the other hand, each increase of Fe by
1 mg/kg corresponds to a mean decrease of Ca concentration equal to 0.0075 meq/100g or 0.6mg/kg (Figure 1B).

Based on this interaction, toxic Fe levels of acid soils
may be successfully faced by increasing the soil Ca level
with liming, thus significantly favoring plant growth and
the environmental quality. An increase of the pH from 4 to
8 by liming may decrease the Fe3+ content of the soil from
10-8 to 10-20 [22]. A number of studies have shown that
there is a concomitant decrease of metal availability and
their uptake with liming [10, 23].
Cu x P

Another example of an antagonistic “two-way” interaction is the effect of P on Cu. The mutual negative effect
of these interacting elements on each others concentration, especially of P on Cu (Figure 2B), is of particular
importance to plant growth and to the environment. The
usual high P content in TMWW [24] may modify this particular interaction resulting in a decrease of the available Cu,
with all the favorable or unfavorable consequences on production [25]. Thus, during the long term reuse of TMWW,
an increase may result of the available P level in the soil,
which therefore could decrease Cu toxicity if any, contributing not only to effective plant growth, but also to the
improvement of the environment, as well (Figure 2B). It
can be seen in these figures that the differences between the
effect of TMWW and Control on the concentration of the
interacting elements of Cu and P, are statistically non
significant. Also, for each increase of Cu level by 1 mg/kg,
the corresponding decrease of P concentration is on the
average 25.74. mg/kg (Figure 2A), while for each increase of P by 1 mg/kg, the mean decrease of Cu is equal
to 0.010 mg/ kg (Figure 2B). These findings show the
strong negative effect of Cu on P, and the non significant
effect of TMWW on the PxCu or CuxP interactions.
Cu x Fe

According to Olsen [5], Spencer [26], and Stevenson
and Cole [12], high Cu levels in the nutrient solution have
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been shown to produce Fe-chlorosis. Figures 3A and 3B
show that the above two elements under the effect of
TMWW are synergistically related, whereby they mutually
affect each others concentration, when their levels in-crease
in the soil, respectively. However, as far as Cu is concerned, up to a concentration of 1.75 mg Cu/Kg it favors
Fe, acting synergistically with it, while its effect becomes
antagonistic on Fe at higher levels of Cu (Figure 3A)
under the effect of the fresh irrigation water (control), and
the mean, respectively.

Similarly, Fe acts synergistically on the Cu content
under TMWW, while the synergism of Fe with Cu, under
the control, takes place up to a level of Fe 22-23 mg/Kg.
With further increase of Fe, the latter acts antagonistically
on Cu (Figure 3B). It is concluded, that only at very high
concentrations of Fe and Cu respectively, they may mutually act antagonistically on each other, thus agreeing with
the findings of Olsen [5], Mills et al. [25], and Ouzounidou et al. [27] who support that the CuxFe interaction
is antagonistic. Here too, the TMWW seems to play an
im-

Fe mg/Kg soil

Broccoli soil
CaxFe interaction
(Control)Fe = 21.29Ca 2 - 79.76Ca + 83.49
R =0.773**

60
50
40
30
20
10
0

(Mean)Fe = 7.83Ca 2 - 34.21Ca + 46.354
R = 0.659**
2
(TMWW)Fe = 10.59Ca - 39.59Ca + 45.882
R =0.764**

Mean Fe
0.5

1.0

1.5

2.0

TMWW Fe

2.5

Broccoli soil exch Ca meq/100g

Control Fe

Πολυωνυµική
FIGURE 1(A) - Interrelationships of Broccoli soil Exch. Ca and DTPA extractable Fe under the
effect of: a-“fresh irrigation water (control)”, b-“TMWW”, and c-“Mean” treatment, respectively.
(Control Fe)
Πολυωνυµική
(Mean Fe)
Πολυωνυµική
(TMWW Fe)

exch Ca meq/100g
soil

Broccoli soil
FexCa interaction

(Control)Ca = 0.002Fe2 - 0.119Fe + 2.573
R = 0.789**

2

(Mean)Ca = 0.003Fe2 - 0.138Fe + 2.661
R = 0.725**

1.5
1

(TMWW)Ca = 0.002Fe2 - 0.124Fe + 2.533
R = 0.701**

0.5

Mean Ca

0
10

15

20

25

30

Broccoli soil Fe mg/kg
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FIGURE 1(B) - Interrelationships of Broccoli soil DTPA extractable Fe and exch. Ca under the
effect of: a-“fresh irrigation water (control)”, b-“TMWW”, and c-“Mean” treatment, respectively.

Broccoli soil
CuxP interaction
(Control)P = 25.13Cu2 - 106.64Cu + 132.13
R = 0.634**

P mg/Kg soil

60
50

(Mean)P= 18.76Cu2 - 82.02Cu + 108.57
R = 0.561**

40
30

(TMWW)P = 8.55Cu2 - 48.49Cu + 80.742
R = 0.502*

20
10

Mean P

0
1

1.25

1.5

1.75

2

2.25

Broccoli soil Cu mg/kg

TMWW P
Control P
Πολυωνυµική

FIGURE 2(A) - Interrelationships of Broccoli soil DTPA extractable Cu, and P-Olsen, and under
(Control P)
the effect of: a-“fresh irrigation water (control)”, b-“TMWW”, and c-“Mean”treatment, respectively.
Πολυωνυµική

(Mean P)
Πολυωνυµική
(TMWW P)

Broccoli soil
PxCu interaction
Cu mg/kg soil

2
(Mean)Cu =- 0.004P + 1.763
R =0.520**

1.5
1

(TMWW)Cu = -0.000051P2 - 0.007P + 1.714
R = 0.501*

0.5

(Control)Cu = -0.00007P2 - 0.01P + 1.947
R =0.584**

Mean Cu

0
5

10 15 20 25 30 35 40 45 50 55 60
P-Olsen mg/kg soil

TMWW Cu
Control Cu

Πολυωνυµική
Cu)
Πολυωνυµική
(TMWW Cu)
Πολυωνυµική
(Mean
Cu)
most probably antagonistic. A similar
conclusion
has been
Πολυωνυµική
reported by Kabata-Pendias and Pendias
[10]. In the pre(ControlMg
Cu)varied from
sent work, the concentration of available
0.1 to 0.75 meq/100g, a rather low range, which created
conditions for synergistic interaction. The antagonistic effect mentioned by Wood et al. [28], most probably occurs
at much higher Mg concentration in the soil.

FIGURE 2(B) - Interrelationships of Broccoli soil P-Olsen and DTPA extractable Cu, under
(Control
the effect of: a-“fresh irrigation water (control)”. b-“TMWW”. and c-“Mean” treatment, respectively..

portant role in modifying the Cu concentration, as the
difference under the control and TMWW, in the Cu concentration, is becoming statistically significant at an Fe
level >25mg/kg (Figure 3B).
Mg x Ni

The Mg and Ni interaction was found to be synergistic (Figure 4A and 4B). However, according to Wood et al.
[28] the Ni deficiency in the plants is known to be exacerbated by the oversupply of some competing elements,
including Mg, suggesting that the MgxNi interaction is

Based on ANOVA or t-test analysis, the differences
under the “fresh irrigation water (control)” and TMWW in
the concentrations of either of the two interacting elements,
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was found statistically significant as follows: For Ni at the
level of Mg>0.45meq/100g, (Figure 4A), and for Mg at the
level of Ni>1.5mg/kg(Figure 4B), respectively. Once again,
these results pointed out the importance of TMWW in intensifying the interaction between Mg and Ni. It must be
mentioned that Ni is now considered an essential nutrient [29].
Fe x Co

It has been reported by Hunter and Verghano [30]
that high levels of heavy metals in plants induce Fe deficiency. A similar conclusion is reported by Kabata-Pendias
and Pendias [10]. In the present work, the aforementioned
interaction in the soil, has been found to be synergistic,
i.e. the interacting elements, Co and Fe, mutually and positively affect each others concentration (Figure 5A, 5B). It
can be supported, that the range in the concentration of Co
found in the soil studied, was rather small, varying from
0.25 to 0.55 mg/Kg., and most probably, this low concentration has been the reason that the Co did not act an-

Fe mg/Kg soil

Broccoli soil
CuxFe interaction
40
35
30
25
20
15
10
5
0

(TMWW)Fe = 6.243Cu2 + 3.36Cu -2.614
R = 0.968***
(Mean)Fe = -24.75Cu2 + 95.85Cu - 68.68
R = 0.848***
(Control)Fe = -35.99Cu2 + 133.68Cu - 98.08
R = 0.848***

Mean Fe
1.03

1.25

1.5

1.75

2

Broccoli soil Cu mg/kg

2.25

TMWW Fe
Control Fe

FIGURE 3(A) - Interrelationships of Broccoli soil DTPA extractable Cu and Fe, under the effectΠολυωνυµική
of: a-“fresh irrigation water (control)”. b-“TMWW”. and c-“Mean” treatment respectively. (TMWW Fe)

Πολυωνυµική
(Mean Fe)
Πολυωνυµική
(Control Fe)

1279

© by PSP Volume 17 – No 9a. 2008

Fresenius Environmental Bulletin

Broccoli soil
FexCu interaction

Cu mg/Kg soil

3
(TMWW)Cu = 0.054Fe + 0.696
R = 0.966***

2.5
2

(Mean)Cu = -0.002Fe2 + 0.09Fe + 0.516
R = 0.775**

1.5
1

(Control)Cu = -0.002Fe2 + 0.1Fe + 0.511
R = 0.664**

0.5

Mean Cu

0
10

15

20

25

30

35

TMWW Cu

Broccoli soil Fe mg/kg

Control Cu

FIGURE 3 (B) - Interrelationships of Broccoli soil Fe and Cu, under the effect of:
a-“fresh irrigation water (control)”. b-“TMWW”. and c-“Mean” treatment, respectively.

Broccoli soil
MgxNi interaction

Γραµµική
(TMWW Cu)
Πολυωνυµική
(Control Cu)
Πολυωνυµική
(Mean Cu)

3

Ni mg/Kg soil

2.5
2

(Control)Ni = 11.93Mg2 - 5.31Mg + 1.45
R = 0.632**

1.5

(Mean)Ni = 0.384Mg2 + 0.95Mg + 0.664
R = 0.427*

1

(TMWW)Ni = 2.13Mg2 - 0.92Mg + 0.93
R = 0.523*

0.5
0
0.1

0.2

0.3

0.4

0.5

Broccoli soil exch Mg meq/100g

0.6

Mean Ni
TMWW Ni
Control Ni
Πολυωνυµική (Control

FIGURE 4(A) - Interrelationships of Broccoli soil exch. Mg and DTPA extractable Ni, under
Ni) the
effect of: a-“fresh irrigation water (control)”. b-“TMWW”. and c-“Mean” treatment, respectively.
Πολυωνυµική (Mean

Ni)
Πολυωνυµική (TMWW
Ni)
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Broccoli soil
NixMg interaction
2

exch Mg meq/100g soil

1.8
1.6
(TMWW)Mg = 0.519Ni2 - 0.837Ni + 0.613
R = 0.575*

1.4
1.2

(Mean)Mg = 0.058Ni2 + 0.006Ni + 0.256
R = 0.432*

1
0.8

(Control)Mg = 0.086Ni2 - 0.1Ni + 0.306
R = 0.564*

0.6
0.4
0.2
0
0

0.5

1

1.5

2

2.5

Broccoli soil Ni mg/Kg

Mean Mg
TMWW Mg
Control Mg
Πολυωνυµική (Control

FIGURE 4(B) - Interrelationships of Broccoli soil DTPA extractable Ni and exch. Mg, under
the
Mg)
effect of: a-“fresh irrigation water (control)”. b-“TMWW”. and c-“Mean” treatment, respectively.
Πολυωνυµική (Mean

Mg)
Πολυωνυµική (TMWW
Mg)

tagonistically on Fe, as suggested by the above workers
[10] though a ten-dency or a trend for antagonism is starting to appear at higher Co concentrations (Co>0.3 mg/Kg)
under the fresh irrigation water (control) (Figure 5B),
where it can be seen that the concentration of Fe decreases
with the further increase of Co. Also the difference in the
concentration of (Co under the effect of fresh irrigation

water (control) and the TMWW, respectively (Figure 5A);
is statistically significant. This finding shows that the control is more effective than the TMWW in intensifying the
FexCo interaction. It can be seen in Figure 5A that at the
same level of Fe the increase of Co under the control is
higher than that under the TMWW.

Co mg/Kg soil

Broccoli soil
FexCo interaction
0.8

(Control)Co = 0.022Fe -0.038
R = 0.670**

0.6

(Mean)Co = 0.019Fe + 0.001
R = 0.534**
(TMWW)Co = 0.001Fe2 - 0.024Fe + 0.231
R = 0.579*

0.4
0.2

Mean Co

0
10

15

20

25

30

Broccoli soil Fe mg/kg

35

TMWW Co
Control Co

FIGURE 5(A) - Interrelationships of Broccoli soil DTPA extractable Fe and Co, under Πολυωνυµική
the
effect of: a-“fresh irrigation water (control)”,.b-“TMWW”. and c-“Mean” treatment respectively.
(TMWW Co)

Γραµµική (Mean Co)
Γραµµική (Control
Co)
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Broccoli soil
CoxFe interaction

Fe mg/Kg soil

30

(TMWW)Fe= -36.374Co2 + 62.19Co +6.05
R = 0.558*

25

(Control)Fe = -237.604Co2 + 172.264Co - 5.193
R = 0.691**

20
15

(Mean)Fe = -76.317Co2 +85.923Co +2.701
R =0.597**

10
5

Mean Fe

0
0.05

0.1

0.2

0.3

0.4

Broccoli soil Co mg/kg

0.5

TMWW Fe
Control Fe

FIGURE 5(B) - Interrelationships of Broccoli soil DTPA extractable Co and Fe, under the Πολυωνυµική
effect of: a-“fresh irrigation water (control)”. b-“TMWW”. and c-“Mean” treatment, respectively.

Co has been included in this study as it is necessary for
the N2 fixation by legumes [31], though otherwise it is not
considered as an essential element, but as a useful one.
Mn x Ni

The Mn content in the broccoli soil has been found to act
synergistically on the Ni content. However, as shown in
Figure 6B, the effect of the increasing levels of Ni above
1.5mg/kg seems to be antagonistic on Mn. This fact indicates the beginning of a possible antagonism between Ni
and Mn. It has been reported by Wood et al. [28] that
increase of the Mn concentration in soil may exacerbate
Ni deficiency in plants. Even though this conclusion may
not be in agreement with the above synergistic interaction
found in the present work, it can probably be supported
that both of these findings may be correct, in the sense
that the increase in the concentration of Ni as a result of the
synergistic effect of Mn (Figure 6A) may perhaps be counteracted by the possible antagonistic effect of Ni on Mn at
higher levels of Ni (Figure 6B). Nevertheless, more work
is necessary to elucidate the nature of this interaction, especially in relation to the Mn oxides in the soil, to which Ni
is strongly associated [32]. Based on ANOVA and t-test,
the differences under the effect of TMWW and fresh irrigation water(control) on the concentration of Mn, with the
increasing levels of Ni, tend to be significant at an Mn
level > 27mg/kg (Figure 6A). On the other hand, this difference is statistically non significant in the case of the
NixMn interaction (Figure 6B). These results show that
the control possibly play a role in the case of the MnxNi
interaction, in comparison to that of TMWW, while none
of these two treatments studied, affected the NixMn interaction (Figure 6B).

(TMWW Fe)
Πολυωνυµική
(Control Fe)
Πολυωνυµική
Fe x Ni
(Mean
This interaction has also been found
to be Fe)
“two-way”
and synergistic in the soil (Figures 7A and 7B), but in the
plant it is most probably antagonistic [28]. One possible
explanation may be, that the levels of both, Fe and Ni,
were found to be rather low to mutually act antagonistically. Nevertheless, a detailed investigation is necessary
in order to shed more light into the nature of FexNi interaction. It can be seen in Figure 7A, that the differences
under the effect of TMWW and the control, on the increase
crease of Ni concentration, with the increase of Fe level,
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Broccoli soil
MnxNi interaction
3
(Control)Ni = 0.003Mn2 - 0.009Mn + 0.384
R = 0.916***

Ni mg/Kg soil
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FIGURE 6(A) - Interrelationships of Broccoli soil DTPA extractable Mn and Ni, under
Ni) the
effect of: a-“fresh irrigation water (control)”. b-“TMWW”. and c-“Mean” treatment respectively.
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Ni)
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(Mean)Mn = -7.204Ni2 + 27.373Ni -2.241
R = 0.916***
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(Control)Mn = -6.112Ni2 +24.853Ni -1.544
R = 0.932***
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Mean Mn
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Control Mn
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FIGURE 6(B) - Interrelationships of Broccoli soil DTPA extractable Ni and Mn, under the
(TMWW Mn)
effect of: a-“fresh irrigation water (control)”. b-“TMWW”. and c-“Mean” treatment, respectively.Πολυωνυµική

are according to the t-test statistically significant. This fact,
points out the important role of the TMWW on the FexNi
interaction. Conversely neither the TMWW nor the control
had any significant effect on the synergistic two-way NixFe
intraction (Figure 7B).
FexMn

This interaction has been similarly found to be synergistic, since the interacting elements mutually affect each
others concentrations (Figure 8A and 8B). However, according to Romheld et al. [33], high concentration of Mn
can induce Fe chlorosis. Other workers [34] found that Fe2+

(Control Mn)

reduced Mn absorption by barley rootsΠολυωνυµική
but Fe3+ did not,
(Mean Mn)
while Spencer [26] reported a competition of Mn on Fe
absorption by plant tissues in short term experiments with
excised rice roots [35]. Also Epstein and Stout [36] suggested that Mn interfered with the transport on Fe from
roots to shoots. They reported that absorption on Fe by
the roots increased with the increasing Mn concentration
in clay suspension. It has also been stated by Knezek and
Gneinert [37] that Mn uptake by plants was further suppressed by the FexMn interaction to the extent of causing
Mn deficiency. It must be underlined that all the aforementioned interactions between Fe and Mn are referring
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to the plant itself, while the synergistic FexMn interaction, reported here, takes place in the soil. It appears that
for reasons not well understood, maybe due to the intervention of the various physiological processes taking place

during the transport of these elements within the plant, Fe
anf Mn interact synergistically. However, more work is
necessary to elucidate this interaction, since the relevant
information is very scarce.

Broccoli soil
FexNi interaction

(Control)Ni = 0.068Fe -0.016
R = 0.956***

(Mean)Ni = 0.045Fe + 0.161
R = 0.956***

Mean Ni
10
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20

25

30

35

Broccoli soil Fe mg/kg

TMWW Ni
Control Ni

FIGURE 7(A) - Interrelationships of Broccoli soil DTPA extractable Fe and Ni, under the Γραµµική (Mean
effect of: a-“fresh irrigation water (control)”.b-“TMWW”. and c-“Mean” treatment , respectively.
Ni)

Broccoli soil
NixFe interaction

Fe mg/Kg soil

Ni mg/Kg soil

2

(TMWW)Ni = 0.002Fe -0.003Fe + 0.494
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(TMWW)Fe = -6.167Ni2 + 29.623Ni - 6.072
R = 0.961***
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FIGURE 7(B) - Interrelationships of Broccoli soil DTPA extractable Ni and Fe, under the
(TMWW Fe)
effect of: a-“fresh irrigation water (control)”, b-“TMWW”, and c-“Mean” treatment, respectively.
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(Control Fe)
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(Control Fe)
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Broccoli soil
FexMn interaction
(TMWW)Mn = 0.005Fe2 + 0.563Fe + 6.57
R = 0.898***
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FIGURE 8 (A) - Interrelationships of Broccoli soil DTPA extractable Fe and Mn, under the Πολυωνυµική
effect of: a-“fresh irrigation water (control)”. b-“TMWW”. and c-“Mean” treatment, respectively.
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R = 0.898***

10
0
5

10

15

20

25

Broccoli soil Mn mg/kg

30

Mean Fe
TMWW Fe
Control Fe

FIGURE 8(B) - Interrelationships of Broccoli soil DTPA extractable Mn and Fe. under the Πολυωνυµική
Fe)
effect of: a-“fresh irrigation water (control)”. b-“TMWW”. and c-“Mean” treatment, respectively.(TMWW
Πολυωνυµική
(Mean Fe)
Πολυωνυµική
(Control Fe)

Effect of TMWW on the interactions

A detailed study of all figures mentioned in this work,
depicting the interactions studied, discloses the following:
The changes in the concentration of the interacting
elements, representing the dependent variable in the respective regression equation, under the effect of the respective
treatments studied, are generally non significant in most
cases.
These results point out that generally both TMWW
and the control have more or less similar effects on most
of the interactions studied.

For example TMWW enhanced the positive synergistic
effect of the increasing level of Ni on Mg concentration
(Figure 4B). Similarly, the above treatment significantly
affected the synergism of Ni on Fe levels (Figure 7A). Also,
a strong enhancing effect of TMWW was found on the
concentration of Cu with the increasing levels of Fe and
vice versa, in comparison to that of the fresh irrigation water
(control), as shown in Figure 3A and 3B. On the other hand,
the fresh irrigation water (control) enhanced significantly
the positive synergistic effect of the increasing Fe levels
on the concentration of Co, in comparison to that of the
TMWW (Figure 5A).

There were however few cases where the TMWW had
a statistically significant effect on the interacting elements.
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CONCLUSIONS

[11] Gray, T.R.G., and Williams, S.T. (1971) Soil microorganisms. Oliver and Boyd, Edinburgh. U.K.p.30.

A considerable number of “two-way” interactions are
taking place in the soil under the effect of treated municipal wastewaster reuse (TMWW). Some statistically significant interactions are:CaxFe, CuxP, MgxNi, FexCo, MnxNi,
and FexNi.
The importance of the implication of these interactions
is reflected: a-In soil fertility, they may variably affect the
level of the available nutrients in the soil depending on
whether they are antagonistic or synergistic. b- In the
environmental quality, some of these e.g. CaxFe, CuxP
may be used for abating toxic levels of elements in polluted soils.
The effect of TMWW on these interactions was generally statistically non-significant in comparison to the
fresh irrigation water (control), suggesting that the TMWW
can be used successfully for the irrigation of broccoli or
possibly of other vegetables, provided that the necessary
health protection measures are carefully taken.
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ABSTRACT
Dantrolene sodium is an inhibitor of a skeletal muscle
subtype of ryanodine receptors that stabilizes intracellular
calcium concentrations and exerts neuroprotective effects
in neurons submitted to excitotoxic challenges. Propofol is
a short-acting intravenous anaesthetic. It has widely been
used clinically as an intravenous general anaesthetic and as
a sedative for critically ill patients. 6-Phosphogluconate dehydrogenase (6PGD) constitutes the pentose phosphate
pathway and produces NADPH. It is also considered as a
lipogenic gene since NADPH is a pivotal cofactor for lipogenesis. In this study, in vivo inhibition effects of dantrolene
sodium and propofol on 6PGD were studied. The 6PGD
activity was inhibited in vivo by both dantrolene sodium
and propofol. Dantrolene at pharmacological dosage (10 mg/
kg) inhibited the significantly (p<0.05) 3 h after dosing.
However, the enzyme activity has been raised to the normal
level at 5 h. On the other hand, at the pharmacological
dosage (5 mg/kg), propofol also inhibited the significantly
1 h (p<0.05) and 3 h (p<0.05) after dosing. However, the
enzyme activity has been raised to the normal level at 5 h.

KEYWORDS: Dantrolene; propofol; erythrocytes; 6-phospogluconate dehydrogenase; in vivo.

INTRODUCTION
Hydantoin derivative dantrolene (1-[[[5-(4-nitrophenyl)-2-furanyl]methylene]amino]-2,4-imidazolidinedione sodium salt hydrate) is a peripherally acting skeletal
muscle relaxant, and is clinically used in the treatment of
muscle spasticity, malignant hyperthermia and neuroleptic
malignant syndrome [1]. It depresses excitation-contraction
coupling in the muscle fibre by inhibiting calcium release
from the sarcoplasmic reticulum [2]. It also shows calcium
channel blocker effect in the smooth muscle membrane,
antioxidative and cytoprotective properties [3-5].

Propofol (2,6-diisopropylphenol), a short-acting intravenous anaesthetic, is used widely in clinics to induce or
maintain anaesthesia and sedation. Propofol anaesthesia is
easily controlled, and the incidence of nausea and vomiting
is low [6,7]. The structure of propofol differs from other
hypnotic sedatives, but resembles the native nonenzymatic
antioxidant vitamin E, in containing a phenolic hydroxyl
group [8]. In addition, propofol has been shown to attenuate
experimental reperfusion injury in the cerebral cortex [9].
It is commonly used as sedatives for critically ill
patients [10]. Also, it is widely used for anaesthetic induction as well as for chronic sedation in intensive care
units [11]. Its main metabolism is through direct glucuronidation in the liver [12]. Recent works have shown that
several cytochrome P450 isoforms do participate in its
metabolism [13]. The in vitro inhibitory effect of propofol
on cytochrome P450 activities has been already described
[14-17]. In addition, propofol inhibits cytochrome P450 in
human and porcine liver microsomes [18]. It was demonstrated that propofol had in vitro inhibition on freshly
isolated hepatocytes and in vivo in intact animals during
acute administration of propofol [19]. Moreover, propofol
inhibited Na,K-ATPase activity of canine renal medulla
[20].
The pentose phosphate pathway (PPP) has usually two
major roles, namely, the reduction of NADP to NADPH,
necessary for biosynthetic reactions and also for the protection of cells against oxidative stress imposed by reactive
oxygen species, as well as the production of ribose 5phosphate to be used in nucleic acid synthesis [21]. PPP is
the only source of NADPH in the erythrocytes. 6-Phosphogluconate dehydrogenase (6-Phospho-D-gluconate: NADP+
oxidoreductase, E.C.1.1.1.44; 6PGD) is an important and
third enzyme of the PPP. This enzyme catalyse the oxidative decarboxylation of 6-phosphogluconate (6PG) to
ribu-lose-5-phosphate and CO2 with a concomitant reduction of NADP+ to NADPH (Figure 1). There have been
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three types of 6PGD previously reported. The first type
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FIGURE 1 - The oxidative decarboxylation of 6PG to ribulose-5-phosphate and CO2 with a concomitant
reduction of NADP+ to NADPH by 6PGD (6PG:6-Phosphogluconate, 6PGD:6-Phosphogluconate dehydrogenase).

is NADP-specific, the second type possesses dual specificity
for NAD+ and NADP and the third type is NAD+ specific
[22].
6PGD was characterized from the standpoint of the
kinetic and acid base chemical mechanisms. This reaction
yields NADPH, which protects the cell against oxidative
agents by producing reduced glutathione [23-25]. NADPH
is also a coenzyme participating in the synthesis of a
number of biomolecules such as fatty acids, steroids, and
some amino acids [26-27]. In the case of NADPH deficiency, the concentration of reduced glutathione in living
systems declines, resulting in cell death. For this reason,
6PGD can be defined as an antioxidant enzyme [28,29].
Many drugs are known to affect several body enzymes in
vivo [30-32]. If any drug inhibits 6PGD, the decreased
NADPH and GSH will cause cell damage, especially in older erythrocytes, resulting in severe health problems [32].
It has been reported that Vitamin C stimulates 6PGD [33].
Although dantrolene is used in the treatment of muscle
spasticity, malignant hyperthermia, and neuroleptic malignant syndrome, its impact on 6PGD activity has not previously been reported. In the present study, the effects of
dantrolene sodium and propofol were investigated on
6PGD activity in in vivo rat erythrocytes.
MATERIALS AND METHODS
Chemicals

6-Phosphogluconate (6PG), nicotinamide adenine
dinucleotide phosphate (NADP+), propofol, dantrolene
sodium (1-[[[5-(4-nitrophenyl)-2-furanyl]methylene]amino]2,4-imidazolidine-dione sodium salt hydrate), tris (hydroxymethyl) aminomethane (Tris) and the other chemicals were
purchased from Sigma Chem. Co.
In Vivo Effect of Dantrolene Sodium and Propofol on 6PGD

Twenty-four adult male Sprague-Dawley rats weighing
200-250 g were used for the experiment. These animals
were divided into 3 equal groups of 8 animals each: the
control group, dantrolene sodium treated group and propofol treated group. Three groups were kept under special
conditions (in a windowless room, at a temperature of 22oC,

with a light on for 14 h) for 6 h. Before intramuscular
dantrolene sodium or propofol injection, the control blood
samples (0.5 mL of whole blood with EDTA) were obtained from the first animal group. Then, a pharmacological dosage of dantrolene sodium (10 mg/kg) was injected into the second group. Immediately after this administration, pharmacological dosage of propofol (5 mg/
kg) was injected into the third group. Then, blood samples
were taken from each group 1, 3 and 5 h after injection.
Haemolysates were prepared from all blood samples as
described above. Haemoglobin levels and 6PGD activity
were then determined.
Haemolysate Preparation

Preparation of the haemolysate of fresh blood samples
from the rats were placed into EDTA containing tubes and
centrifuged (15 min, 2500xg). Plasma and buffy coat (leucocytes) were removed. The package of red cells was
washed 3 times with KCl (0.16 M) and haemolysate was
prepared in 5 volumes of ice-cold water and then centrifuged (+4oC, 10.000xg) for 30 min to remove the ghosts
and intact cells [34].
6PGD Activity Determination

6PGD activity was routinely determined in the direction
of the oxidative decarboxylation of 6PG, monitoring the
reduction of NADP+ at 340 nm (27) in a spectrophotometer (8500 II, Bio-Crom GmbH, Zurich, Switzerland).
Standard reaction mixtures contained 0.1 mM Tris-HCl
buffer (pH 8.0) with 0.5 mM EDTA, 10 mM MgCl2, 0.2 mM
NADP+, and 0.6 mM 6PGD. One unit of enzyme (EU) activity was defined as the enzyme amount reducing 1 µmol
of NADP+ per 1 min at 25oC, pH 8.0.
Haemoglobin Estimation

The haemoglobin (Hb) concentration in haemolysate
was determined by the cyanmethaemoglobin method [35].
All studies were performed at +4°C.
Statistical Analysis

Experimental results were means SD of five parallel
measurements. Analysis of variance was performed by
ANOVA procedures (SPSS 11.5 for Windows 2000). Sig-
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nificant differences between means were determined by
LSD tests. P values < 0.05 were regarded as significant.
RESULTS AND DISCUSSION
The adverse effects of many chemicals have on the
or-ganism when used for therapeutic or other purposes are
well known. At same times, these effects can occur dramatic and systematic [36]. A good example of this is how
in 1926 pamaquine used for malaria treatment caused severe adverse effects in patients within a few days, resulting
in black urination, hyperbilirubinaemia, a dramatic decrease
in blood Hb levels, and finally death in cases of severe
G6PD deficiency [37]. Similarly, acetazolamide inhibits
carbonic anhydrase, giving rise to severe diuresis [38].
Recently, interest has increased considerably on the
effect of dantrolene on different enzymes activity. Dantrolene had protective effect against ethanol-induced gastric
mucosal lesion and increased superoxide dismutase (SOD)
and glutathione peroxidase (GSH-Px) activities significantly
in 10 mg/kg doses of dantrolene sodium administered [4].
Also, it was observed that dantrolene enhanced UDP-glucuronosyl transferase activity and induced hepatic cytochrome P-450c-dependent monooxygenase activities in
rats [39]. Moreover, dantrolene inhibited calcium-dependent
protein kinase C activity from cytosol to membrane fraction of human colonic carcinoma cell line, because it had
calcium channel blocker effect. In addition, it induced activity of Ca2+-dependent protein kinase C in rat erythrocytes [40]. In the recent studies, it was found that dantrolene had in vitro and in vivo inhibitory effects on glucose 6-phosphate dehydrogenase (G6PD) [30], carbonic
anhydrase isoenzymes (HCA-I and II) [41].
Many drugs are known to affect several body enzymes in vivo [30-32]. There are many studies related to
the effects of chemical on 6PGD activity. It was demonstrated that the essential trace element such as Cu2+ and Cd2+
decreased 6PGD activity in the ovaries in a concentrationdependent manner [42]. In addition, Pasti and co-workers
showed that 2-deoxy-6PG was the most selective inhibitor
for the parasite Trypanosoma brucei 6PGD [43]. Moreover, polyethylene sulfonate and polyvinyl sulfonate were
found to be potent inhibitory effects on 6PGD from

Cryptococcus neoformans. The inhibition was apparently
competitive versus either NADP or 6PG, with IC50 below
10 nM [44]. Additionally, it was reported that 1,6-aminonicotinamide concentration-dependently inhibited 6PGD
activity [46]. Since deletion of 6PGD has proven lethal in
other organisms, presumably due to the accumulation of
6PG, which inhibits phosphoglucose isomerase, and thus
blocks glycolysis, the trypanosomal enzyme has been considered a potential target for chemotherapy [21]. However, there is no found any information about the effect of
dantrolene sodium or propofol on rat erythrocyte 6PGD.
The main purpose of present study was to investigate thee
effects of dantrolene sodium and propofol on rat erythrocytes 6GPD as in vivo.
For this purpose, 24 units from adult (200-250 g)
Sprague-Dawley rats were selected. The 6PGD activity of
the control group was 2115±239.42 EU/gHb. Dantrolene
sodium and propofol injection was performed on the later
groups intramuscularly. After the dantrolene sodium and
propofol injection, the enzyme activities of these groups
were measured at 1, 3 and 5 h. The corresponding activities were 1600±450.37, 1742±330.89 and 1934±370.30
(for dantrolene sodium) 1649±393.39, 642.96±264.38 and
2296.89±473.76 (for propofol), respectively. After dantrolene sodium administration, the greatest inhibition was
found 1 h after injection (75.6±21.28). As be can be seen
in Table 1, the studies showed that dantrolene sodium inhibited enzyme activity by 75.6±21.28% at 1 h (p < 0.05)
and by 82.3±18.5% at 3 h (p < 0.05).
Propofol, a short-acting intravenous anaesthetic, is used
widely in clinics to induce or maintain aesthesia and
sedation. Propofol anaesthesia is easily controlled, and the
incidence of nausea and vomiting is low [7]. After the propofol administration, the enzyme activities of the groups
were measured at 1, 3 and 5 h as mentioned above. The
activities after administration were 78.3±18.6, 30.4±12.5
and 108.6±22.4, respectively. As can be seen from Table 1,
the greatest inhibitory effect was found in 3 h. the in vivo
studies showed that propofol inhibited enzyme activity by
78.3±18.6% at 1 h (p< 0.05) and by 30.4±12% at 3 h (p <
0.01).

TABLE 1 - The in vivo effects of pharmacological dosage of dantrolene sodium (10 mg/kg body weight) and
propofol (5 mg/kg body weight) on rat red blood cell 6PGD activity (6PGD:6-phosphogluconate dehydrogenase, n:8).

Time after administration
(h)
0

6PGD activity*
Dantrolene sodium (EU/gHb)

Propofol (EU/gHb)

100±11.32

100±11.32

a

78.3±18.6a

1

75.6±21.28

3

82.3±18.5a

30.4±12.5b

5

91.4±17.5

108.6±22.4
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*: Experimental results were means SD of five parallel measurements. Analysis of variance was performed by ANOVA procedures (SPSS 11.5 for
Windows 2000). Significant differences between means were determined by LSD tests. Means in column with different superscripts differ significantly (p < 0.05)
[12] Raoof, A.A., Obbergh, L.J., Ville de Goyet, J. and Verbeeck,
CONCLUSION
R. (1996) Extrahepatic glucuronidation of propofol in man:
possible contribution of gut wall and kidney. Eur. J. Clin.
So far it is determined that many drugs and chemicals
Pharmacol. 50, 91-96.

can affect the metabolism of biota by altering normal
enzyme activity. 6PGD catalyse the NADP+-dependent oxidative decarboxylation of 6PG to ribulose 5-phosphate. It
is one of the major pentose phosphate pathway enzymes.
On the other hand, dantrolene was used for treatment of
muscle spasticity, malignant hyperthermia, and neuro-leptic
malignant syndrome. Propofol is a short-acting intravenous
anaesthetic and commonly used as anaesthetic drug. According to data of the present study, we found that dantrolene sodium and propofol reduced 6PGD activity under in
vivo conditions on rat erythrocyte 6GPD, respectively.
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RESIDUES OF DIMETHIPIN IN PODS AND SEED OF
NARROW–LEAVED (Lupinus angustifolius L.)
AND YELLOW (Lupinus luteus L.) LUPIN
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ABSTRACT

INTRODUCTION

When dimethipin was applied as a desiccant, its residues were present in the pods of both lupin species investigated and in the seed of both yellow lupin cultivars examined. Seed coat thickness can probably be an important factor determining the presence or absence of dimethipin residues in seed, as the content of dimethipin residue in lupin
seed was inversely related to the thickness of seed coats.
The yellow lupin, cv. Teo had the thinnest seed coat
(150 µm) and its seed contained the highest amounts of
dimethipin. On the other hand, the thickest seed coats were
in seed of the narrow-leaved lupin cultivars Polonez and
Sonet, at 200 µm and 220 µm, respectively, and their seed
did not contain any dimethipin.

KEYWORDS:
dimethipin, residues, lupin seed, seed surface, seed coat.

Pesticides are the main factors of toxicological risk in
agriculture. Many of these substances are known for their
carcinogenic, mutagenic or teratogenic properties [1-5].
Therefore, the World Health Organization [6], the Joint
FAO/WHO Meeting on Pesticide Residues (JMPR) has
published a list of pesticides and their tolerances or maximum residue limits (MRLs) (http://www.codexalimentarius.net/). Chemical plant protection treatments often raise
the fear of potential harmful effects on human and animal
health. Pesticide toxicity to living organisms is very diverse
and depends on the organism, environmental conditions
and the kind, form and application technique of the pesticide [7-9].
Despite great interest in lupin production in Europe,
Africa, Asia and South America and lupin seed utilization
[10, 11], relatively little is known about the effects of plant
protection treatments on the nutritional quality of this crop.
Desiccants applied on cultivated plants, at the time of their
maturity, speed up and synchronize this process [12-15].
Pesticides used to desiccate lupins often belong to herbicides with fast contact activity, like glufosinate ammonium
or diquat [16]. A plant maturation regulator – (Harvade
250 SC, a.i. dimethipin [(2,3-dihydro-5,6-dimethyl-1,4dithiin 1,1,4,4-tetraoxide)]) can be also used [17]. Thus,
Harvade 250 SC is used as a defoliant, desiccant and plant
maturation regulator and it is the most widely used herbicide in the world [18]. Application of desiccants on plants
results in drought stress manifested by morphological, histological and biochemical changes [19, 20]. Water deficiency
significantly affects photosynthesis and plant growth, resulting in the decreased contents of available metabolites and
shifts in the relative strengths of “metabolic sinks” [21]. Dimethipin deprives plant cells of the ability to react to abscisic acid and therefore, stomata do not close and increased transpiration takes place [22]. It should be emphasized that too early application of dimethipin results in
poorer seed filling.
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The aim of this study was to evaluate the dimethipin
(a.i. of Harvade 250 SC) content in pods and seed of narrow-leaved and yellow lupin.

dimethipin was expressed as a mean ± SD for 3-5 replicates of each treatment.
Seed surface and cross-sections were observed using a
scanning electron microscope (SEM). Specimens were
coated with gold using a JEOL JFC 1200 ion coater and
observed in a JEOL JSM-5310LV SEM under 20 kV.

MATERIALS AND METHODS
Narrow-leaved lupin (Lupinus angustifolius L. cv.
Polonez and Sonet) and yellow lupin (Lupinus luteus L.
cv. Markiz and Teo) were grown in 2002 in experiment
plots near Olsztyn, Poland.
Harvade 250 SC (25% dimethipin) was applied at
2.0 L/ha (500 g a.i. per ha) at 30 days after lupin plants
flowered, i.e. at the start of seed maturity (at the stage
corresponding to R7 phase in soybean studies [7] .The
dimethipin residue content in seed of both lupin species
was analysed by GC chromatography. Tissues (5g fresh
mass) were homogenised in acetone and centrifuged at
3 000 g for 20 min. Homogenates were evaporated to dryness in an evaporator (Kika-Werke RV 05-ST). Dry residues were dissolved in hexane and acetonitrile. Homogenates were applied on a SPE (C 18) column and eluted with
acetone and dichloromethane. The extracts retained, after
column chromatography, were again evaporated to dryness.
Detection and quantification of dimethipin was by capillary
gas chromatography and with an ECD detector. The quantification limit for the different pesticides was from 0.2 to
87.5 µg/kg. Recoveries from pod and seed samples averaged 80%.
One µl of extract was injected into an injector of a
Shimadzu GC-17A gas chromatograph equipped with an
integrator. Dimethipin was analysed on a ZB-35 capillary
column (30 m length, 0.53 mm ID, 0.25 µm film thickness)
at a temperature program 160–230 °C - 9°C/minute. Dimethipin was identified using standards. The quantity of

Seeds were collected in five-day intervals, starting after application of Harvade 250 SC (at 31 DAF) until full
physiological seed maturity. Dry mass of the seed was
estimated according to ISTA [23].
RESULTS
Dimethipin was detected in pods of all species and cultivars analysed (Table 1). There was a higher dimethipin
content in yellow lupin pods: 87.5 and 50.0 µg/kg in the
cultivars Markiz and Teo, respectively. In pods of narrowleaved lupin the dimethipin content was 8-12 times lower.
Dimethipin was not detected in narrow-leaved lupin seed.
In yellow lupin seed the highest amount of the desiccant
was in the cultivar Teo (5.0 µg/kg). The seed of cv. Markiz
contained only half the dimethipin in Teo (2.5 µg/kg)
(Table 1).
The highest fresh mass of seed was from Lupinus luteus cv. Teo, the lowest from L. luteus cv. Markiz (179.6
and 124.9 mg/seed, respectively). Seed fresh mass was
lower after dimethipin application than in the control (untreated) plants. The proportion of the seed coat in total seed
fresh mass was from 21 to 28% in L. luteus and from 22
to 27% in L. angustifolius (Table 2).
Dry mass accumulation in control lupin seed (Fig. 1)
was slower than in seed treated with dimethipin. A rapid

TABLE 1 - Dimethipin [µg/kg] residues in narrow–leaved (Lupinus angustifolius L.) and yellow (L. luteus L.) lupin pods and seed.

Treatment
Control
Dimethypin
tr – trace (≥ 0.2 µg/kg)

Dose
L/ha
2.0

L. angustifolius

L. luteus

Polonez

Sonet

pod
tr
12.5±0.8

seed
tr
tr

pod
tr
5.0±0.6

Markiz
seed
tr
tr

pod
tr
87.5±1.5

Teo

seed
tr
2.5±0,02

pod
tr
50.0±1,5

seed
tr
5.0±0.02

TABLE 2 - Fresh mass [mg] of narrow–leaved lupin (Lupinus angustifolius) and yellow lupin (L. luteus) seed and coat.

Treatment
control
dimethipin

Dose
L/ha
2.0

L. angustifolius

L. luteus

Polonez

Sonet

Markiz

Teo

seed

coat

seed

coat

seed

coat

seed

coat

145.5±3
124.7±4

39.2±4
30.8±1

151.5±2
136.8±5

34.5±2
32.2±1

124.9±2
105.9±4

35.1±3
29.1±2

179.6±8
140.7±6

41.4±2
29.7±2
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FIGURE 1 - Seed characteristics of narrow-leaved lupin (Lupinus angustifolius) and yellow lupin (L. luteus) at
different time after flowering (31, 35, 40, 45 DAF) and dimethipin application (1, 5, 10, 15 days after treatment):
fresh mass [mg/seed]- dimethipin treatment (n) and control (£)
seed dry mass [%] - dimethipin treatment (l) and control (¡)
Data points represent the means ± SD for seven replicate samples.

increase of dry mass was taking place until 31 days after
flowering. In the next 15 days dry mass increased slowly.

thickest layer in L. luteus cv. Teo and it was thicker than
the macrosclereid layer (Fig. 2c).

Electron microscopy showed there was high variation
in seed surface sculpture and seed coat thickness. Thickness was from 150 to 220 µm, in L. luteus and L. angustifolius, respectively.

The SEM images showed high variation of seed sculpture, with depressions of different sizes in the periclinal
part of the macrosclereid layer, various patterns of cuticle
cracks, and deposits of cuticle remnants. Yellow lupin seed
had deeper depressions between the macrosclereids which
were clustered (Fig. 2c-d) and their top was covered with
cuticle. The macrosclereid clusters created knots of 5µm.
The macrosclereid clusters in narrow-leaved lupin were irregularly shaped, with an approximate 5 µm width by 10 µm
length. Depressions and distances among macrosclereid
clusters were less than in yellow lupin. Cluster surfaces
were covered by a thin cuticle layer.

The following tissues could be clearly distinguished
in the seed coat photomicrographs: cuticle, macrosclereid
layer, osteosclereid layer and parenchyma cells (Fig. 2).
The macrosclereid layer was thickest (70–160 µm) in all
seeds, and the osteosclereids layer was thinnest (≥ 30 µm).
The macrosclereid layer in L. luteus was only half the
thickness of L. angustifolius. Parenchyma cells were the
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FIGURE 2 - Scanning electron micrographs of lupin seed. Each figure is divided into an A, B, C, D panel – which are transverse sections
of the seed coat and an A’, B’, C’, D’ panel – which show the seed coat surface. A, A’– Lupinus angustifolius cv. Polonez; B, B’– L. angustifolius cv. Sonet; C, C’ – L. luteus cv. Markiz; D, D’ – L. luteus cv. Teo; c – cuticle, ml – macrosclereid layer, ol – osteosclereid layer
and pc – parenchyma cells. Bar shows scale.
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DISCUSSION
Lupin plants were treated with dimethipin at the time
of low precipitation and high temperature (average 21.2 oC ).
Dimethipin lowered seed water content but did not modify
time of seed maturation (Fig. 1). The high temperature of
July and August 2002 promoted fast and uniform maturation of seed across both species and all cultivars. Seed of
Lupinus angustifolius generally matured earliest, particularly determinate form Sonet. In L. luteus seed maturation
occurred later, particularly determinate form Markiz. The
observed difference between both lupin species confirms
published data [13]. On the other hand, the dimethipin
treatments were carried out in both species at the same time
after flowering, that is at comparable mother plant and
seed physiological states, as can be seen from seed characteristics (Fig. 1). Full seed maturity was reached in all
cultivars and species at the same period after flowering (45
DAF).
Dimethipin, like other plant growth and development
regulators, is a compound, which can be relocated in plants
[18, 24, 25]. The defoliant effectiveness depends on treatment timing and dosage; environmental conditions; rate of
absorption, degradation, and translocation; plant uniformity, effective coverage; the use of surfactant and tank mixes
[26]. The benefit of dimethipin application on plants is the
facilitation of the harvest [10]. On the other hand, the risk
of dimethipin toxicity has to be considered. The Environment Protection Agency (EPA) classification system
distinguishes five separate groups for carcinogens: A –
human carcinogen; B – probable human carcinogen; C –
possible human carcinogen; D – not classifiable as to human carcinogenicity and E – proved non-carcinogenic for
humans. The EPA puts dimethipin in group C, “a possible
human carcinogen” [11]. However, according to Wolterink
and Raaij [27], an acceptable daily intake of dimethipin, by
rabbits, is equal to 0.02 mg/kg body weight (bw) per day. A
dose of 20 mg/kg bw per day causes reduced body weight
between 6 and 12 days of gestation in rabbits, and an
absence of bw gain during days 6 and 28 of gestation. A
dose of 40 mg/kg bw per day leads to an increased incidence of skeletal malformation (scoliosis) in rabbits. Nevertheless, regardless of whether dimethipin is a carcinogen
or a toxin, it should be handled with care and applied at the
lowest possible amount. These results showed a higher dimethipin residue content in lupin pods than in lupin seed
(Table 1). In the narrow-leaved lupin seed, dimethipin was
not detected and in yellow lupin seed its content ranged
between 5 and 12.5 µg/kg. It seems that dimethipin content depends on seed morphology and seed coat thickness.
Some lupins differ in their seed surface sculpture. A classification of lupin species based on this trait has been suggested and was corroborated by analyses of seed carbohydrate content [28]. However, both yellow lupin and narrowleaved lupin are described as smooth-seeded species, as
opposed to rough-seeded lupins [29]. The analysed seeds
have a typical lupin seed coat. It consists of the following
layers: epidermal sclereids (macrosclereids), sub-epidermal

sclereids (microsclereids) and parenchyma [30]. The seed
coat thickness in the two species was distinctly different,
it was much thinner in yellow lupin (150 µm) compared to
220 µm in L. angustifolius (Fig. 1).
In summary, the analysed lupin seed contained dimethipin residues at the levels which would be acceptable
according to FAO/WHO standards formulated for other
crops (among which soybean Glycine max (L.) Merr. is the
only legume). No dimethipin residue limits for lupin have
been published so far. Based on these results it seems
safer to apply dimethipin to narrow-leaved lupin than to
yellow lupin, which has thinner seed coats. Further studies will show whether the seed coat thickness/pesticide contamination relationship holds true in other lupin species. It
should be noted that seed coat thickness varies considerably among lupins, in L. pilosus L. for example the seed
coat is five times thicker than in L. angustifolius [28]. The
evidence presented here suggests that lupin seed coat thickness should be considered in chemical plant protection and
the guide lines for dimethipin application on lupins might
need to be re-examined.
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SIMULTANEOUS ELECTROCHEMICAL OXIDATION AND
REDUCTION OF REPRESENTATIVE ORGANIC POLLUTANTS
Rodrigo Mayen-Mondragon, Jorge G. Ibanez* and Ruben Vasquez-Medrano
Depto. de Ing. y Ciencias Quimicas, Universidad Iberoamericana. Prol. Paseo de la Reforma # 880, 01219 Mexico, D.F. Mexico.

ABSTRACT
In the present work we present a proof-of-concept for
the simultaneous treatment of representative organic pollutants at the anode and cathode of an electrolytic cell. The
experimental procedure entails the separate study of the
anodic and cathodic processes, followed by that of the simultaneous process. Analysis of the products on both sides
of the cell proves the validity of the proposed concept.

KEYWORDS: simultaneous electrochemical processes, electrochemical treatment of pollutants, hazardous materials treatment,
phenol, dichlorophenol.

INTRODUCTION
Typical methods for the treatment/removal of organic
pollutants from industrial aqueous effluents include incineration, biological treatment, adsorption, chemical treatment,
and electrochemical oxidation. Incineration is an expensive
process because it implies physical transportation, fuel consumption, secondary pollutant generation, as well as direct
and indirect losses due to the corrosivity of some chemical compounds [1]. Biological treatments are more commonly used; nonetheless, the degree of biodegradability of
a given substance strongly depends on its chemical nature
and there are many substances not amenable to undergo
these treatments [1, 2].
According to the list of priority pollutants of the European Community, halogenated organic compounds (of
which chlorinated aromatics are on the top of the list) are
considered among the most abundant and dangerous to the
environment [3]. An increase in toxicity and decrease in
biodegradability are directly related to the number of chlorine substituents in the molecule [3]. Non-halogenated organics like phenols and other organics are important pollutants as well.
The electrochemical route has gained importance as an
alternative final treatment method or else as an intermediate stage, depending on the specific problem. There are numerous studies involving for example halogenated and non-

halogenated organics [1-13]. Advantages include the utilization of ambient pressures and temperatures, environmental compatibility, versatility, cost efficiency, and amenability to automation and control [14, 15]. Previous works
have typically focused either on the reduction or the oxidation reactions, allowing the concomitant decomposition
of the solvent at the counter electrode. We hereby propose
that the energy used at the counter electrode can also be
used for the treatment of pollutants in a simultaneous fashion at both electrodes [16]. This increases the energetic
yield, and decreases operation times and costs.
The present work is intended to demonstrate as a proofof-concept the possibility of performing the simultaneous
electrochemical treatment of dichlorophenol and phenol as
representative, non biocompatible pollutants in aqueous
media. Analogous processes have been proposed for the
simultaneous removal of a metal ion (e.g., Cd(II) or Cu(II))
and the destruction of CN- [17, 18], and for the combined
electroprecipitation and Fenton oxidation of organics [19].
However - to the best of our knowledge - this is the first
time that a direct electrolytic approach is proposed for the
simultaneous treatment of organic compounds.
MATERIALS AND METHODS
All the experiments were performed in a small-scale
glass cell divided in two compartments (each one with an
approximate volume of 10 mL), and equipped with a cationic exchange membrane, CEM sandwiched between them
(membrane R1010, The Electrosynthesis Co.). The two
cell compartments and the membrane were kept together
by several layers of parafilm that also prevented liquid
leakage (see Figure 1). Magnetic stirring bars were inserted
in the anodic and cathodic compartments, and constant
stirring was provided during the experiments. The potential source was an AMEL Instruments potentiostat (Model
2051), and an Ag/AgCl electrode (Bioanalytical Systems)
was the reference electrode. The working and counter electrodes are described in each experiment below.
The chemicals used were nitric acid (Baker Analyzed
Reagent, 65.3%), dichlorophenol (Baker Analyzed Reagent,
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99.5%), potassium nitrate (Baker Analyzed Reagent,
100.01%), calcium hydroxide (Baker Analyzed Reagent,
97.4%), silver nitrate (Baker Analyzed Reagent, 99.9%)
and phenol (Baker Analyzed Reagent, 99.8%). All the solutions were prepared with deionized water.

the cell at the end of each experiment and stored for subsequent analysis. The experiment was run three consecutive times; the solution and instrumental conditions
(other than electrolysis time) did not vary among the runs.
Part B. Electrochemical oxidation of phenol

Since electrochemical reduction of halogenated organics produces the rupture of carbon-halogen bonds [4],
our cathodic goal was to break C-Cl bonds in 2,4-dichlorophenol. This rupture should free chlorine atoms in
the form of the environmentally friendly chloride ions, and
thus decrease the toxicity of the solution. On the anodic
side, electrochemical oxidation (sometimes also called electrochemical incineration) of organic compounds is targeted
to produce CO2.

+
C EM

Anolyte

C a tholyte

A platinum wire was used as the cathode (Strem
Chemicals, 3N5). In order to provide a high overpotential
for dioxygen production and to open the possibility for the
production of OH radicals, we used a stainless steel anode
covered with a layer of PbO2, with an approximate geometrical surface area of 1.7 cm2 (The Electrosynthesis Co.). A
0.005 M phenol solution in 0.1 M KNO3 and 0.1 M HNO3
was used as anolyte, and a 0.1 M KNO3 solution was used
as catholyte. From previous experience, we applied to the
system a potential as to obtain 3.5 V vs. Ag/AgCl at the
anode. A glass tube was connected to the anodic compartment of the cell in order to route the electrolysis gases into a
saturated and filtered Ca(OH)2 solution in a loosely-stoppered beaker to prevent pressure build-up, and at the same
time to avoid atmospheric CO2 from interfering with the
experiment. This was achieved by bubbling high purity
nitrogen into both cell compartments as to keep the overall
pressure equalized. The experiment was run three consecutive times; the solution and instrumental conditions (other
than electrolysis time) did not vary among the runs.
•

Part C. Simultaneous processes: Electrochemical reduction
of 2,4-dichlorophenol and electrochemical oxidation of phenol.

FIGURE 1 - Experimental cell. (Note: The reference electrode,
Ag/AgCl – not shown here - was placed either at the anodic or
cathodic compartments, according to each experimental requirement. See text).

Accordingly, the experimental sequence firstly involved
a study of the electrochemical reduction of 2,4-dichlorophenol; secondly, a study of the electrochemical oxidation
of phenol, and lastly a study of the simultaneous electrochemical reduction of 2,4-dichlorophenol plus the electrochemical oxidation of phenol.

We used the same cell system as in Part B, except
that a constant-temperature water bath was included to
cool down the reaction system. The anode was the same
stainless steel electrode as in Part B, and the cathode was
the same graphite felt electrode as in Part A. A 0.005 M
phenol solution in 0.1 M KNO3 and 0.1 M HNO3 was
used as anolyte. A 0.005 M dichlorophenol solution in 0.1 M
KNO3 was used as catholyte. From different trials, we found
that a potential was required as to obtain 2.7 V vs. Ag/AgCl
at the anode. The catholyte was removed from the cell after
each experiment and stored for subsequent analysis. The
experiment was run three consecutive times; the solution
and instrumental conditions (other than electrolysis time)
did not vary among the runs.
RESULTS AND DISCUSSION

Part A. Electrochemical reduction of 2,4-dichlorophenol.

A platinum wire (Strem Chemicals, 3N5) was the anode. Due to its large surface area, high permeability, environmental compatibility, high hydrogen overpotential, and
adsorption capacity for certain halogenated organics [10],
a square piece of graphite felt (2.5 cm x 2.5 cm) was used
as the cathode (GC-10, Fine Weave, 0.5 mm, The Electrosynthesis Co.). A 0.005 M dichlorophenol solution in
0.1 M KNO3 was used as catholyte, and a 0.1 M KNO3
solution in 0.1 M HNO3 was used as anolyte. Since reductive halogenations commonly require -1 to -3 V [3], we
applied a potential to the system as to obtain - 2.4 V vs.
Ag/AgCl at the cathode. The catholyte was removed from

Part A. Electrochemical reduction of 2,4-dichlorophenol

The use of a graphite felt as cathode has the advantage of a large surface area - a desirable condition for
the treatment of pollutants at low concentrations; in addition, graphite has a high overpotential for the production of
hydrogen [3, 5, 14]. The use of a cationic exchange membrane is required between anolyte and catholyte as to prevent migration of the cathodically-formed chlorides to the
anode. This avoids the anodic production of elemental
chlorine that could react with the organics and chlorinate
them again [3, 5, 14].
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Figure 2 shows the variation of current with time. The
observed current increase is mainly due to the use of a
relatively high reduction potential that promotes hydrogen
formation from water as a parallel reaction at the cathode.
This situation is inevitable because – as mentioned earlier the reduction of halogenated organics requires in general
rather negative potentials (ca. -1 to -3 V vs. SCE) [3]. This
parallel reaction takes up electrons and at the same time
produces OH- ions. The concentration difference between
these ions and the protons migrating from the anolyte results in pH changes in the catholyte. The presence of more
ionic species in solution is beneficial to the process as it
diminishes the ohmic drop in the cell. The difference in the
obtained currents in each run may be explained by the
electrode passivation. In addition, the system’s response
was found to be partially dependent on the electrode separation, which by virtue of the cell design could not be held
constant.
As a qualitative test for the production of chlorides as a
result of the dehalogenation, a few drops of 0.1 M of AgNO3
were added to the catholyte after the electrolysis. A brown
precipitate of AgOH was obtained after the first run (the
pH at the end of the experiment = 13), whereas a white
precipitate of AgCl was obtained from the second run, due
to the presence of electrolytically produced chlorides (the
pH at the end of the experiment = 4). Chloride ions were
probably also produced in the first run, but the high basicity of the solution impeded the observation of the white
precipitate. In the second and third runs, the final pH was
acidic because the currents obtained were substantially
smaller than in the first run; this indicates a lower hydrogen production rate at the cathode and thus fewer OH- ions,
which most likely were completely neutralized by the pro-

tons that migrated from the anolyte. As a blank test, a few
drops of the AgNO3 solution were added to a non- electrolyzed catholyte sample, and no precipitate was produced.
Lastly, the resulting solution from the third run was
titrated argentometrically as to quantify the chlorides produced during the electrolysis. In this way, an 11.7%
dehalogenation was calculated. Such a value is considered
sufficient for the proof-of-concept objective of the present
work, and is susceptible to be enhanced by optimization
of the experimental parameters and cell design.
Part B. Electrochemical oxidation of phenol.

The electrochemical oxidation of phenol produces intermediate species such as hydroquinone, quinone, maleic,
fumaric and oxalic acids as well as CO2 as the ultimate
oxidation product [6, 7, 14]. For the proof-of-concept objective of this work we were only interested in observing
the production of CO2 at the anode as indication of the
electrochemical oxidation (incineration) of phenol. Figure 3
shows that in all the experiments the tendency of the current is to decrease with time. This is most likely due to the
formation of a polyoxyphenylene film, which is known to
strongly adhere to surfaces [14]. This non-conducting
polymer results from the oxidation of phenol via phenolate
anions and promotes an increase in the anode’s electrical
resistance. Since this polymerization is favored at high
temperatures [7], then the temperature increase obtained
in the cell (due to the relatively high currents that passed
through the small volume used in the experimentation)
facilitates its formation. In addition, the system’s response
was found to be partially dependent on the electrode separation, which by virtue of the cell design could not be held
constant.
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FIGURE 2 - I-t response during the reduction of dichlorophenol at –2.4 V vs. Ag/AgCl.
■ = First experiment,▲ = second experiment, ♦ = third experiment.
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FIGURE 3 - I-t response during the oxidation of phenol at –2.4 V vs. Ag/AgCl.
■ = First experiment, ▲ = second experiment, ♦ = third experiment.
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FIGURE 4 - I-t response during the simultaneous oxidation of phenol and the reduction of 2,4-dichlorophenol at 2.7 V vs. Ag/AgCl.
■ = First experiment, ▲ = second experiment, ♦ = third experiment.

The three runs yielded a CaCO 3 precipitate in the
Ca(OH)2 solution where the anodic gases were bubbled.
To ensure that this was not formed by the dissolution of
atmospheric CO2, a glass vessel containing a representative volume of the solution of Ca(OH)2 was held semiopen as a blank test during each run as described earlier.
No precipitate was produced here, which means that the
precipitates observed in the test solutions are due to the
electrolytic generation of CO2.
The use of a commercial anode coated with PbO2 is
an advantage for the present process since this layer offers

a high overpotential for the production of oxygen [8]. Although SnO2 anodes are superior in this regard [1], homemade PbO2 electrodes can be produced simply by anodizing Pb in an H2SO4 medium.
Part C. Simultaneous processes: The electrochemical reduction of 2,4-dichlorophenol and the electrochemical oxidation
of phenol.

As shown in Figure 4, the current tends to increase
with time, contrary to the results obtained in Part B. We
ascribe this observation to the fact that the temperature in
the cell was held close to room temperature by the use of
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a cooling bath; this inhibits – at least partially - the formation of the phenolic polymer. In addition, the system’s
response was found to be partially dependent on the electrode separation, which by virtue of the cell design could
not be held constant. During these three runs the appearance of a CaCO 3 precipitate was observed in the vessel
containing the saturated Ca(OH)2 solution through which
the anodic gases were bubbled; this evidences the formation of CO2 at the anolyte due to the electrochemical
incineration of phenol. During the first two runs, the presence of chlorides in the catholyte was demonstrated by the
appearance of a white precipitate of AgCl when adding a
few drops of 0.1 M AgNO3 to the catholyte (whose pH
was previously neutralized).
In the third run, the production of chlorides was quantified by argentometric titration to determine a dehalogenation percentage of 36.8%. In order to estimate the percentage of phenol converted to CO2, the Ca(OH)2 solution
from the third run was titrated with acid. In this way, an
estimated 11.8% of the initial phenol underwent complete
incineration.

Lastly, even if the complete dehalogenation or incineration of organic compounds were not achieved in a given
process, the obtained toxicity decreases may be enough so
as to render the waste amenable to biological treatment.
The results obtained herein merit a more thorough determination of the degree of dehalogenation and of electrochemical combustion of target compounds under optimized
conditions.
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STUDY OF SEASONAL HEAVY METAL
AND MACRONUTRIENT MINERAL PROFILE OF
MUSSELS (Mytilus galloprovincialis) USING INDUCTIVELY
COUPLED PLASMA MASS SPECTROMETRY METHODS
Özkan Özden*
Istanbul University, Faculty of Fisheries, Department of the Seafood
Processing and Quality Control. Ordu Cadddesi No:200 34470 Laleli/ Istanbul- Turkey.

ABSTRACT
Mussel samples were collected seasonally from June
2003 to May 2004 from the Istanbul fish markets. Heavy
trace metal (Hg, Cd, Pb, Cu, Zn, As, Fe, Co, Al, Mn, Ni,
Sn) and macronutrient mineral (Na, K, Mg, Ca, I, Se) concentrations were measured in the muscle of mussel (Mytilus galloprovincialis). The concentrations of heavy metals
were determined by using Thermo electron X7 inductively
coupled plasma mass spectrometry (ICP-MS). Heavy metal
and trace metal content varied with type of seasons. The
mean concentrations (mg/kg) of heavy metals in tissues of
mussel were as follows: Hg: 0.01-0.16, Cd: 0.75-1.06, Pb:
0.90-1.64, Cu:1.96-3.42, Zn: 68.28-129.94, As:2.68-3.87,
Fe:143.49-285.07, Co:0.26-0.39, Al:132.73-264.76, Mn:
1.81-3.87, Ni:1.09-2.06, Sn:0.05-0.11, Na:1020.73-1491.61,
K:983.33-1429.24, Mg:404.65-470.19, Ca:664.64-1500.22,
I:1.22-1.74, Se:0.72-0.82. The mercury and copper concentrations are below the limits for mussel proposed by
FAO/WHO, EU and Turkish Food Codes and safe within
the limits for human consumption in the edible parts of fish
species in the region. Especially, for mussel in all season
high levels of cadmium, arsenic, zinc were measured for
human consumption. It was also found that they were rich
in mussel of mineral content, especially Na, K, Mg, Ca, I
and Se.

KEYWORDS:
Heavy metal, macronutrient, ICP-MS, mineral content, mussel.

biochemical reactions on our body [1-3]. Some of these
elements are toxic to humans even at considerably low concentrations. Especially, toxic trace heavy metals like cadmium and lead are known to pose a variety of health risks
such as cancer, mutations or miscarriages [4, 5]. Environment, pollution, atmosphere, soil, harvesting and handling
are some of the factors, which play an important role in
contamination of marine foods by metals [6, 7].
Sea food is a major source of animal protein and it also
contains vitamins. Marine foods are very rich sources of
mineral components. The total content of minerals in the
raw flesh of marine fish and invertebrates is in the range
0.6 to 1.5% wet weight. The mineral components (sodium,
potassium, magnesium, calcium, iron, phosphorus, iodine)
are important in human nutrition [8]. The content of Na,
K, Ca, Mg and P are up to 1 mg/100g, whereas those of Fe,
Zn, I are less than 1 mg/100g [9]
Mediterranean mussel (Mytilus galloprovincialis) has
major economic importance in the Mediterranean area. The
mussel production in Turkey is approximately 9234 t [10].
In the present work, the concentrations of mercury, cadmium, lead, copper, zinc, arsenic, iron, cobalt, aluminium,
manganese, nickel, tin and macronutrients (natrium, potassium, calcium, iodine, selenium) in the mussel samples
around Bosporus region of Turkey were investigated by
ICP-MS.
MATERIALS AND METHODS
Samples

INTRODUCTION
Heavy metals have important positive and negative
roles in human life. Some of the heavy metals are considered essential including iron, zinc and copper. Some metal
ions like cadmium, lead and mercury have toxic roles in

Mussels (Mytilus galloprovincialis) were obtained from
the Bosporus area of the Sea of Marmara. In this study
was carried out between June 2003 and May 2004. Mussels
were transported to the laboratory within 3 h after harvesting in foamed polystyrene boxes containing ice. Mussels
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were subsequently inspected and dead animals were discarded. The remaining mussels were rapidly washed and
the flesh meat was removed from the shell with a knife.
The samples were stored in polythene bags until analysis.
Mineral analysis
Apparatus

The biological material was decompounded in a Ethos
D (Type Ethos plus 1) microwave lab station from Milestone Inc., (Monroe, Ct, USA) equipped with TFM (fluoroplastic) closed vessels. The power system used with a focused microwave apparatus provides continuous microwave emission at each power level. Although the system is
a closed-vessel microwave system, it is equipped with a
fume extraction system. Determination of total mercury
(Hg), cadmium (Cd), lead (Pb), copper (Cu), zinc (Zn), arsenic (As), iron (Fe), cobalt (Co), aluminium (Al), manganese (Mn), nickel (Ni), tin (Sn), sodium (Na), potassium
(K), magnesium (Mg), calcium (Ca), iodine (I) and selenium (Se) was performed with a Thermo electron X7 inductively coupled plasma mass spectrometry (ICP-MS),
model X series; Winsford-Cheshire UK.
Reagents

High-purity deionized water purified with a Milli-Q
analytical-reagent-grade water purification system (Millipore Elix 3 and Milli-Q Academic Gradient A-10) was used
for preparation of reagents and standards. High-quality concentrated (65% w/v) nitric acid (Merck, Darmstadt, Germany) and 35% (w/v) hydrogen peroxide (Riedel-de-Haën,
Seelze, Germany) were also used. Samples, standards, and
final volumes were measured by mass in all cases. The
standard solutions to make the calibration were prepared
from a stock solution of 1000 mg/L by successive dilutions with Milli- Q water. The use of glass material was
avoided to eliminate possible contamination from this material. Volumetric polyethylene material and micropipettes
with tips of plastic were used. Calibration standards:
Hg:
Cd:
Pb:
Cu:
Zn:
As:
Fe:
Co:
Al:
Mn:
Ni:
Sn:
Na:
K:
Mg:
Ca:
I:
Se:

1000 ± 3 µg/mL in % 2 HNO3
1000 ± 3 µg/mL in % 2 HNO3
1000 ±3 µg/mL in % 2 HNO3
1000 ± 3 µg/mL in % 2 HNO3
1000 ± 3 µg/mL in % 2 HNO3
1000 ± 3 µg/mL in % 2 HNO3
1000 ± 3 µg/mL in % 2 HNO3
1000 ± 3 µg/mL in % 2 HNO3
1000 ± 3 µg/mL in % 2 HNO3
1000 ± 3 µg/mL in % 2 HNO3
1000 ± 3 µg/mL in % 2 HNO3
1000 ± 3 µg/mL in % 20 HCl
1000 ± 3 µg/mL in % 2 HNO3
1000 ± 3 µg/mL in % 1 HNO3
1000 ±3 µg/mL in % 2 HNO3
1000 ± 3 µg/mL in % 2 HNO3
1000 ± 3 µg/mL in % 0.5 H2O
1000 ± 3 µg/mL in % 2 HNO3

catalogue no: 100033-1
catalogue no: 10008-1
catalogue no: 100028-1
catalogue no: 100014-1
catalogue no: 100068-1
catalogue no: 10003-1
catalogue no: 100026-1
catalogue no: 100013-1
catalogue no: 10001-1
catalogue no: 100032-1
catalogue no: 100036-1
catalogue no: 100061-2
catalogue no: 100052-1
catalogue no: 100041-1
catalogue no: 100031-1
catalogue no: 10009-1
catalogue no: ICI II M
catalogue no: 100049-1

Analytical procedure

For each sample, between 0.3 and 0.5 g of mussel tissue (wet weight) was weighed and placed in a Teflon digestion vessel with 7 ml of concentrated (65%) nitric acid
(HNO 3) and 1 ml 30% hydrogen peroxide (H2O 2). The
sample in the vessel containing concentrated nitric acid
was then subjected to a microwave program as follows:
Step 1: 25-200°C for 10 min at 1000 W; Step 2: 200°C
for 10 min at 1000 W. Digests were finally made up with
deionized water to 25 ml in acid washed standard flasks.
ICP-MS operating conditions: Nebulizer gas flow
0.91 L/min, Radio frequency (RF) 1200 W, Lens voltage
1.6 V, Cool Gas 13.0 L/min, Auxiliary Gas 0.70 L/min.
Instrument detection limits on the ICP-MS were 50 pg/g
for Hg, 2 pg/g for Cd, 10 pg/g for Pb, 20 pg/g for Cu,
100 pg/g for Zn, 25 pg/g for As, 50 pg/g for Fe, 3 pg/g for
Co, 300 pg/g for Al, 30 pg/g for Mn and Ni, 1 pg/g for Sn,
3 pg/g for Cr, 500 pg/g for Na, 200 pg/g for K, 100 pg/g
for Mg, 500 pg/g for Ca, 2000 pg/g for I, 10 pg/g for Se,
500 pg/g for P.
Three sub-samples of each material were digested using the above method. All measurements were run in triplicate for the sample and standard solutions. Metal concentrations were calculated in mg/kg wet weight. Accuracy
of analytical method was monitored by analyzing certified
reference materials (LGC Promochem Middlesex-UK,
mussel tissue (Cat No: ERMI-CE278 for Hg, Cd, Cu, Zn,
Pb, Mn, As, Se and Cr). The standard reference materials
were analyzed for each nine elements. The quality of data
was checked by the analysis of standard reference material.
Replicate analysis of these reference materials showed good
accuracy, with recovery rates for metals between 95.41 %
and 103.90 % for samples.
Statistical analysis

The descriptive statistics (mean, standard deviation,
range) and one –way analysis of variance (ANOVA) were
conducted using Microsoft Office Excel 2003 (Seattle,
USA) software. Significance was established at P<0.05 [12]
RESULTS AND DISCUSSION
Heavy metal analysis

were purchased from High-Purity Standards (P.O. Box
41727 Charleston, SC 29423, USA). The standards were
appropriately diluted and used to calibrate the ICP-MS
before metal determinations in samples [11].

Marine pollution by organic and inorganic chemicals
has been identified as one of the most important factors in
the poisoning of marine organisms, including mussel. The
accumulation of such compounds in aquatic organism’s
tissues depends on several endogenous factors, namely
physiological condition, geographic habitat, fat content,
adaptation capacity and the biotope characteristics [13, 14].
The heavy metal contents of mussel are given in Table 1.
The highest mercury concentrations were measured in
winter samples (0.16 mg/kg) for mussel tissues. There were
significant differences between seasons (P<0.05). The World
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TABLE 1 - Heavy metal content (mg/kg) of mussel
Heavy metal
Hg
Cd
Pb
Cu
Zn
As
Fe
Co
Al
Mn
Ni
Sn

Summer
(June-August) 2003
0.04 ±0,001
0.75 ±0,007
0.90 ±0,015
3.42 ±0,042
129.94 ±0,147
2.68 ±0,020
143.49 ±0,002
0.26 ±0,003
132.73 ±0,001
1.81 ±0,016
1.09 ±0,011
0.11 ±0,004

Autumn
(September-November) 2003
0.01 ±0,000
0.92 ±0,016
1.45 ±0,009
2.48 ±0,012
70.80 ±0,106
3.22 ±0,042
223.63 ±0,001
0.39 ±0,001
243.88 ±0,001
2.70 ±0,008
1.50 ±0,017
0.11 ±0,001

Health Organization (WHO) established a provisional
tolerable weekly intake (PTWI) of 5 µg/kg body weight
(bw)/week for total mercury [15], of which no more than
two thirds (3.3 µg/kg bw/week) should be from methyl
mercury [16, 17]. Some metals, such as cadmium and lead
in any concentration, can damage the kidneys and may
cause symptoms of chronic toxicity, including impaired
kidney function, poor reproductive capacity, hypertension,
tumors and hepatic dysfunction [18].
Cadmium values in season varied from 0.75 to 1.06
mg/kg. The maximum cadmium level was observed in
winter and the minimum cadmium level in summer. Lead
concentrations in the muscle tissue of summer and autumn mussel ranged from 0.90 to 1.45 mg/kg w.w., while
concentrations of winter and spring mussel were in the
range of 1.64- 1.26 mg/kg w.w. (Table 1). The statistical
analysis of the lead data showed that significant differences (P < 0.05) were found between season mussel samples. Higher concentrations of lead were observed in autumn, winter, and spring samples of mussel. Cadmium is
a non essential element in foods and natural waters, and it
accumulates principally in the kidneys and liver. WHO
suggests maximum tolerable weekly intakes for cadmium
(7 µg/kg bw/week) and lead (25 µg/kg bw/week) [17].
Variations in copper concentrations occurred in summer, autumn, winter and spring tissues of mussels (Table 2)
(P < 0.05). Concentrations of copper in the muscle tissues of
mussel ranged between 1.96 mg/kg (winter) and 3.42 mg/kg
(summer), respectively.
The concentrations of zinc were found to be 68.28
mg/kg and 129.94 in mussel for spring and summer (Table 1). Zinc is known to be involved in most metabolic
pathways in plants, animals and humans [19]. Zinc deficiency can lead to loss of appetite, growth retardation,
skin changes and immunological abnormalities [20].
The arsenic level changed from 2.68 mg/kg to 3.87
mg/kg respectively, between summer and winter. Nonessential metals, such as mercury, cadmium and lead, are
not known to play any metabolic function and can be toxic
for humans, even at very low concentrations [4]. They may

Winter
( December- February) 2004
0.16 ±0,002
1.06 ±0,012
1.64 ±0,011
1.96 ±0,016
73.95 ±0,052
3.87 ±0,058
245.80 ±0,001
0.39 ±0,004
195.85 ±0,001
3.17 ±0,013
2.06 ±0,019
0.05 ±0,002

Spring
(March- May) 2004
0.10 ±0,002
0.78 ±0,018
1.26 ±0,013
2.87 ±0,054
68.28 0,207
3.28 ±0,013
285.07 ±0,002
0.31 ±0,002
264.76 ±0,001
3.87 ±0,024
1.79 ±0,020
0.05 0,001

occur naturally in the environment or be released by human activities [21, 22]. The Turkish legislation establishes
maximum levels for four of the metals studied, above
which human consumption is not permitted; 0.5 mg/kg Hg,
1 mg/kg for Cd, 1.0 mg/kg for Pb, 20.0 mg/kg for Cu, and
50 mg/kg for Zn, 1 mg/kg As [23]. Food and Agricultural
Organization limits for Cd and Pb 0.5 mg/kg, for Cu and
Zn 30 mg/kg (Food and Agriculture Organization) [24]. The
concentrations of these metals (Hg and Cu except) measured in the mussel of the four season studied were generally higher than the levels issued by FAO and Turkish legislation.
The mean cobalt concentration changed from 0.26
mg/kg to 0.39 mg/kg, respectively, between summer and
winter. Iron contents of spring mussel (285.07 mg/kg) were
significantly higher (p<0.05) than those found in summer
mussel samples (143.49 mg/kg). Iron has several vital functions in the body. It serves as a carrier of oxygen to the
tissues from the lungs by red blood cell hemoglobin, as a
transport medium for electrons within cells, and as an integrated part of important enzyme systems in various tissues [4, 25]. Sea foods, especially darker flesh fish, are
reasonably good sources of iron, supplying 1–2 mg/ 100 g
muscle [26]. The Joint FAO/WHO [27] has set a limit for
heavy metal intake based on body weight. For an average
adult (60 kg body weight), the provisional tolerable daily
intake (PTDI) for iron are 48 mg, respectively.
The highest aluminum levels were found in mussels of
spring season 264.76 mg/kg. A comparison with the provisional tolerable daily intake of 1 mg aluminum/kg body
weight per day established by WHO [16] indicated that the
aluminum content of the edible part of aquatic food does
not play a significant role in daily intake via food. Thus, a
high consumption of mussel is not a risk to health.
Manganese values of winter and spring mussel samples were significantly higher (p<0.05) than those found
in summer and autumn mussel samples. Mn is recognized
as essential trace elements for humans, and several of their
metabolic roles have been determined. These include Mncontaining enzyme systems [28, 29]. However, for neither

1308

© by PSP Volume 17 – No 9a. 2008

Fresenius Environmental Bulletin

of the element, have human requirements or levels of absorption from the diet been clearly determined [29].
Nickel concentration ranged from 1.09 mg/kg (summer) to 2.6 mg/kg (winter). Nickel also plays some roles
in body functions including enzyme functions. Nickel occurs naturally more in plants than in animal flesh. In very
trace amounts, it may be beneficial to activate some enzyme
systems, but its toxicity at higher levels is more prominent.
However, nickel toxicity in humans is not a very common
occurrence because the absorption of nickel is very low [30].
The heavy metal composition of marine foods is directly related to seasonal and biological differences (species, size, dark/white muscle, age, sex and sexual maturity),
area of catch, processing method, food source and environmental conditions (water chemistry, salinity, temperature, contaminant and the level of water pollution) [31, 32].
The heavy metal composition of mussel meat have been
investigated in various parts of the world (Table 2).
The main functions of essential minerals include skeletal structure, maintenance of colloidal system and regulation of acid-base equilibrium. Minerals also constitute im-

portant components of hormones, enzymes and enzyme
activators [4]. The Na content of mussel was found
1491.61 mg/kg in summer samples, 1020.73 mg/kg in autumn samples, 1049.00 mg/kg in winter samples and 1189
mg/kg in spring mussel samples. The K content of mussel
was found ranging from 961.78–1429.24 mg/kg. Magnesium contents of winter and spring mussel were significantly higher (p<0.05) than those found in summer autumn mussel. Ca is necessary to maintain an optimal bone
development more of both minerals being required during
childhood and growing stages to prevent rickets and osteomalacia. Calcium contents of summer mussel samples
were significantly higher (p<0.05) than those found in other
season samples. The iodine content of mussel was found
1.22 mg/kg in summer samples, 1.56 mg/kg in autumn
samples, 1.74 mg/kg winter samples and 1.64 mg/kg in
spring samples. Iodine is an essential trace element of great
importance in human nutrition. The element is an essential
part of the thyroid hormones, which in turn are necessary
for human growth and development. The best known effect
of iodine deficiency is endemic goiter. Goiter, meaning an
enlarged thyroid, is visual in the front of the neck where

TABLE 2 - Heavy metal concentration of different mussels species reported by various authors.
Species
Mytilus edulis
Mya arenaria.
Perna viridis
Mytilus galloprovincialis
Mytilus galloprovincialis
Mytilus galloprovincialis
Crenomytilus grayanus
Perna viridis
Mytilus galloprovincialis
Mytilus edulis
Perna viridis
Bathymodiolus azoricus
Mytilus galloprovincialis
Bathymodiolus azoricus
Mytilus edulis trossulus
Mytilus galloprovincialis

Heavy metal
5.01 As, 80 Zn, 0.35 Cd, 8.74 Cu and 0.20 Hg (mg/kg d.wt.)
3.11 Co, 1.50 Ni, 37.9 Mn, 414 Fe, 0.48 Pb, 126 Zn, 4.64 Cu, and 1.68 Cd
(mg/kg d.wt.)
0.45-1.44 Cd, 6.02-23.99 Cu, 3.25-6.87 Ni, 2.02-4.36 Pb and 90-135 Zn
(mg/kg d.wt.)
8.12 Cu, 174.5 Zn, 8.12 Mn, 256 Fe, 2.60 Cd, 4.97 Ni, <0.05 Co and <0.05
Pb (mg/kg d.wt.)
0.38-1.91 Cd, 4.63-9.65 Cu, 0.09-0.88 Hg, 0.52-6.98 Pb and 144-462 Sn
(mg/kg d.wt.)
168-1237 Al, 7.1-13.7 As, 0.2-0.77 Cd, 0.45-2.69 Co, 174-715 Fe, 0.100.63 Hg, 4.3-15.8 Mn, 0.85 -19 Ni, 0.3-6.1 Pb and 6.7-21 Sn (mg/kg d.wt.)
106 Zn, 3.9 Cu, 7.9 Cd, 2 Pb and 3.1 Ni (mg/kg d.wt.)
0.54-1.13 Cd, 72.02-102.57 Zn and 1.56-8.27 Pb (mg/kg d.wt.)
0.006-0.014 Hg, 0.17- 0.46 Pb and 0.24-0.4 Cd (mg/kg w.wt.)
12.93-24.55 As, 1.23-4.96 Cd, 1.50-3.31 Ni, 0.51-0.90 Pb, 3.08-6.91 Se,
76.89-141.3 Zn, 1.83-22.58 Cu, 120-681 Fe and 28-37.08 Hg (mg/kg d.wt.)
0.68-1.25 Cd, 7.76-20.10 Cu and 2.51-8.76 Pb (mg/kg d.wt.)
50-500 Fe and 13-180 Cu, 0.27-0.44 Hg, 3.12-4.52 Al, 0.01-2.09 Cd, 0.190.30 Co, 3.14-21.51 Mn (mg/kg d.wt.)
3.9-4.2 Pb, 14.8-15.6 As, 4.9-7 Mn, 109-261 Fe, 2.1-1.9 Ni, 5.3-6.9 Cu and
113.3-127.9 Zn (mg/kg w.wt.)
0.4-0.8 Hg, 4-13 Cu and 61-68 Zn (mg/kg d.wt.)
1.98 As, 0.99 Cd, 0.49 Pb, 4.59 Mn, 0.016 Hg and 0.90 Se (mg/kg w.wt.)
0.28-15.06 Pb, 3.1-60.3 Cu, 44-387 Zn and 0.19-1.97 Cd (mg/kg d.wt.)

Reference
Haynes and Toohay [33]
Pemkoviak et al. [34]
Wong et al. [35]
Topcuoglu et al. [36]
Besada et al. [37]
Beiras et al. [38]
Shulkin et al. [39]
Yap et al. [40]
Özden [41]
Fung et al. [42]
Yap et al. [43]
Kádár et al. [44]; Kádár et al. [45]
Orescanin et al. [46]
Colaço et al. [47]
Burger and Gochfeld [48]
Kljakovic-Gaspic et al. [49]

TABLE 3 - Macro nutrient mineral content (mg/kg) of mussel.
Macronutrient mineral
Na
K
Mg
Ca
I
Se

Summer
(June-August) 2003
1491.61 ±0,009
1317.98 ±0,007
404.65 ±0,003
1500.22 ±0,018
1.22 ±0,000
0.80 ±0,111

Autumn
(September-November)
2003
1020.73 ±0,000
983.33 ±0,002
406.73 ±0,000
664.64 ±0,004
1.56 ±0,000
0.80 ±0,081
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Winter
( December- February)
2004
1049.00 ±0,004
961.78 ±0,009
470.19 ±0,000
769.11 ±0,006
1.74 ±0,000
0.82 ±0,035

Spring
(March- May)
2004
1189.13 ±0,005
1429.24 ±0,007
466.19 ±0,000
730.24 ±0,012
1.64 ±0,000
0.72 ±0,073
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the thyroid gland lies. Sea water fish and other marine
foods are frequently regarded as the most important natural source of dietary iodine, but there is little knowledge
about fresh water fish [4, 50]. The daily intake of iodine
recommended by the National Research Council of the
US National Academy of Sciences in 1989 was 40µg/day
for young infants (0-6 months), 50 µg/day for older infants (6-12 months), 60-100 µg/day for children (1-10
years), and 150 µg/day for adolescents and adults [20]. Selenium plays a protective role in preventing carcinogenesis and other chronic diseases. There is evidence that Se
has an antioxidant role in man [4, 51]. Selenium values
were 0.82 mg/kg and 0.72 mg/kg for winter and spring
mussel samples, respectively. Selenium values showed no
significant (p>0.05) for two season.

[9]

This study was carried out to provide information on
heavy metal concentrations in mussel (Mytilus galloprovincialis) from the Sea of Marmara. Mercury and copper results were well below the limits for fish proposed by EU
[52]; FAO/WHO [53] and Turkish Food Codex [23]. High
levels of cadmium, arsenic and zinc heavy metals were
found in tissue of mussel. It was also found that they were
rich in mussel mineral content, especially Na, Ca, K, Mg, I
and Se.

[13] Mendez, E., Giudice, H., Pereira, A., Inocente, G. and Medina, D. (2001) Total mercury content fish weight relationship
in swordfish (Xiphias gladius) caught in the southwest Atlantic Ocean. Journal of Food Composition and Analysis, 14:
453-460

[10] FAO (2008) FishStat Plus-Universal software for fisherystatistical time series (version 2.3), Capture production 19502006 (dataset).
http://www.fao.org/fi/website/FIRetrieveAction.do?dom=topi
c&fid=16073 (Release data: March 2008).
[11] EPA (1994) Microwave assisted acid digestion of sediments,
sludges, soils, and oils. Method 3051.
[12] Sümbüloğlu, K. and Sümbüloğlu, V. (2002) Biyoistatistik.
10. Baskı, Hatipoğlu Basım ve Yayım San. Tic. Ltd. Şti.,
Ankara.

[14] Skinner, C., Turoczy, N.J., Jones, P.L., Barnett, D. and
Hodges, R. (2004) Heavy metal concentrations in wild and
cultured blacklip abalone (Haliotis rubra Leach) from southern Australian waters. Food Chemistry, 85: 351–356
[15] WHO (1972) Evolution of mercury, lead, cadmium and the
food additives amaranth, diethylpyrocarbonate and octyl
gallate. FAO Nutrition meetings report series, No. 51A. WHO
food additives series, No. 4.
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ADSORPTION OF PHOSPHATE FROM
PAPER MILL EFFLUENT ONTO SEPIOLITE AND FLY ASH
Mehmet Uğurlu*
Department of Chemistry, Muğla University, Science &Arts Faculty, 48000 Muğla, Turkey

ABSTRACT
This study aimed to remove phosphate from paper mill
industry (4500m3/h) wastewaters, which are discharged to
the sea from a plant located in western Turkey. As adsorbents, fly ash, raw sepiolite and heat-activated sepiolite
were used. The effect of factors such as, particle size,
temperature, pH and initial of phosphate concentration on
adsorption process was investigated. From kinetic studies,
equilibrium time was found to be 1 h for fly ash and
heat-activated sepiolite. The kinetic data supports pseudo-second order model (r2≥0.99) but shows very poor fit for
pseudo-first order model (0.81≥r2). Intraparticle model also
shows that there are two separate stages in sorption process, namely, external diffusion and pore diffusion. Adsorption isotherms for fly ash and activated sepiolite were
ob-tained at three different temperatures. It was seen that
Lang-muir isotherm model is better than Freundlich for
both sepiolit and fly ash (r2>0.98). From experiments
carried out at different pH values, it was observed that pH
plays an important role in the adsorption process in removal of phosphate, providing both ionizating the compounds and modifying sorbent surfaces. It was also observed that heat-activated sepiolite is more effective than
raw sepiolite and fly ash to remove. Adsorption of phosphate compounds in-creases with decreasing particle size.

KEYWORDS: Paper mill effluents, adsorption, sepiolite, fly ash,
phosphate, kinetic models

NOMENCLATURE
qt
qe
qe,exp
qe,calc
t
k1

Adsorbed amount at t time (mg/g)
Adsorbed amount at equilibrium (mg/g)
Exp. adsorbed amount at equilibrium (mg/g)
Calculated ads. amount at equilibrium (mg/g)
Time (min)
Rate constant for first order model(min-1/2)

k2
ki
t1/2
Co
Ce
K
r2
SEM
∆G0s
∆H0
∆S0
R
T
K
c

Rate constant for second order model(g/mg·min)
Rate constant for intraparticle model(mg/gmin1/2)
Half-time for adsorption (min)
Initial concentration (mg/L)
Equilibrium concentration (mg/L)
Equilibrium constant in Langmuir model
Statistical correlation coefficient
Scanning Electron Microscopy
The free energy of adsorption (kJ/mol)
Enthalpy of of adsorption (kJ/mol)
Entropy of adsorption (kJ/mol)
Universal gas constant (8,314 JK/mol)
Absolute temperature (K)
The adsorption equilibrium constant
Intraparticle diffusion constant

INTRODUCTION
The pulp and paper industry is the sixth largest polluter
(after oil, cement, leather, textile and steel industries) discharging a variety of gaseous, liquid and solid wastes into
the environment. It is the pollution of water bodies, however, which is of major concern because large volumes of
wastewater are generated per metric ton of paper produced,
depending upon the nature of the raw material; finished
product and the extent of water reuse [1]. Since the pulp
produced corresponds to only approximately 40-50% of the
original weight of the wood, the effluents are heavily loaded
with organic matter. A paper mill effluent contains a complex organic compound, which more than 300 compounds
have been identified to date [2]. One of the major constituents in paper mill effluents and paper manufacturing are
phosphates. They are used as peroxide bleach stabilizers,
acting as chelating agents for metals that could inactivate
the peroxide [3].
Phosphates have three main properties: they are effective chelating agents for two and tri-valent metal ions [4],
they inhibit crystal growth and scale formation and they
are quite stable under harsh chemical conditions. In addition, important industrial uses of phosphonates are in cooling waters, desalination systems and in oil fields to inhibit

1313

© by PSP Volume 17 – No 9a. 2008

Fresenius Environmental Bulletin

scale formation. In detergents, they are used as a combination of chelating agent, scale inhibitor and bleach stabilizer. Phosphate and phosphonate can influence the behavior of each other. It has been shown that high concentrations of phosphates have an adverse effect on phosphate
elimination [5-6].
Physical and chemical processes are extensively used
for removal colour and toxicity from wastewaters. Such
as: adsorption, coagulation, flotation, biosorption, UV-photodecomposition and ultrafiltration. Adsorption has been
found to be superior to other techniques for wastewater
treatment in terms of cost, simplicity of design, ease of
operation and insensitivity to toxic substances. Activated
carbons, inorganic oxides, natural adsorbents (such as: clays
and clay minerals, cellulose materials, chitin, and chitosan)
have been extensively used as adsorbents to treat
wastewaters [7-8]. Despite its prolific use in water and
wastewater industries, commercial activated carbon remains an expensive material. This has led to search for
low-cost materials as alternative adsorbents in order to
remove toxic matter [9].
Sepiolite is a hydrous magnesium silicate characterized by its fibrous morphology and intracrystalline channels, having the ideal structural formula for the half-unit
cell (Si12Mg8O30(OH)4(OH2)48H2O) [10]. Sepiolite has a
common industrial application due to its large specific surface (more than 200 m2g-1). It is an effective sorbent in the
removal of compounds, such as aromatic amines, diquat,
paraquat and methyl green from aqueous solutions [1112]. Fly ash was extensively used as an adsorbent material
for removing various heavy metals, phenolic compounds,
colours, inorganic and organic compounds from polluted
surface waters and wastewaters [13-16].
In this study, it was aimed to remove phosphate from
a bleached Kraft mill effluent by various adsorbents,
namely, fly ash, raw sepiolite and activated sepiolite, which
are low-cost and abundantly available materials. In addition, the adsorption mechanism was investigated by using
various adsorption kinetics models, such as, Pseudo-FirstOrder Model, Pseudo-Second-Order Model and Intraparticle diffusion model. There is no study reported in the literature related to the use of fly ash and sepiolite as an adsorbent to remove phosphate from bleached Kraft mill
effluents (BKME) discharged from a plant, which produces
wastewater of 4500 m3 per hour.
MATERIALS AND METHODS
Adsorption modeling

Pseudo-First-Order Model: In order to investigate the
mechanism of adsorption, the pseudo-first-order adsorption, the pseudo-second order adsorption and the intraparticle diffusion model were used to test dynamical experimental data. The pseudo-first order rate expres-

sion of Lagergren (1898) is generally described by the
following equation [17-22],

dq t
= k1 ( q e − q t )
dt

(1)

q e and qt are the amounts of phosphate, (mg/g)
adsorbed on sorbents at equilibrium, and at time t , respectively and k1 is the rate constant (min-1), respectively. Integrating and applying the boundary condition, t = 0 and q t =
0 to t = t and q e = q t Eq 1 takes the form:
Where

log(qe − qt ) = log qe −

k1
t
2.303

(2)

The rate k1 was obtained form slope of the linear plots
of log (qe-qt) against t.
Pseudo-Second-Order Model: The pseudo-second order model is based on the assumption that the rate-limiting
step may be chemisorption involving valence forces through
sharing or exchange of electrons between sorbent and sorbate. The surface site-sorbate reaction may be represented as
follows:
Act. Surface site + sorbate

surface site-sorbate
surface complex

It is assumed that the sorption capacity is proportional
to the number of active sites occupied on the sorbent, and
then the kinetic rate law can be written as follows

dq t
= k 2 (qe − qt ) 2
dt

(3)

where k 2 the rate constant of pseudo-second order
sorption (g/mgmin). Integrating and applying boundary
conditions t=0 and q t =0 to t = t and q e = q t Eq 3 becomes
t
1
1
= +
t
qt
h qe

(4)

If second-order kinetics is applicable, the plot of t/qt
against t of Eq. 4 should give a linear relationship from
which the constants qe, h and k2 can be determined.
Intraparticle diffusion model: It has also been demonstrated that sepiolite has a highly porous structure. This type
of adsorbent structure often results in intraparticle diffusion
being the rate-limiting step. Intraparticle diffusion can be
described by three consecutive steps.
1. The transport of sorbate from bulk solution to outer surface of the sorbent by molecular diffusion, known as
external (or) film diffusion.
2. Internal diffusion, the transport of sorbate from the particles surface into interior sites.
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3. The sorption of the solute particles from the active
sites into the interior surface of the pores.
The overall rate of the sorption process will be controlled by the slowest, rate limiting step. The nature of the
rate-limiting step in a batch system can be determined from
the properties of the solute and sorbent. In adsorption systems where there is the possibility of intraparticle diffusion being the rate-limiting step, the intraparticle diffusion
approach described by Weber and Morris is used. The rate
constants for intraparticle diffusion (ki) are determined
using equation given by Weber and Morris (1963) [23].
This equation can be described as,

qt = ki t 0.5 + c

(5)

where ki and c is intraparticle diffusion rate constant
(mg/gmin0.5) and a constant, respectively. The ki is the slope
of straight-line portions of plot of qt vs. t0.5. These plots
generally have a dual nature, i.e., an initial curved portion
and a final linear portion. This is explained by the fact that
the initial curved portion represents boundary layer diffusion effects. The final linear portions are a result of intraparticle diffusion effects. Extrapolating the linear portion
of the plot to the ordinate yields the intercept (c) which is
proportional to the extent of boundary layer thickness [20,
24-26].

The activated sepiolite samples (120oC and 1 hour)
were used in all experiments. SEM (Scanning Electron Microscopy) analyses of the sepiolite were carried out before and after heat activation in order to see the change in
the surface morphology (see Figs. 1 and 2).
TABLE 2 - Chemical composition and specific surface
areas of raw sepiolite, activated sepiolite and fly ash.
Chemical
Composition
SiO2
MgO
CaO
Al2O3
Fe2O3
Na2O
K2 O
MnO2
TiO2
SO3
Moisture (%)
Surface area
(m2/g)

Sepiolite (raw)
(% wt)
56.91
27.52
1.39
0.08
0.04
0.02
0.01
0.002
0.008
0.00
14.00
200.0

Sepiolite (activated )
(% wt)
61.03
27.74
6.49
1.21
0.50
0.02
0.20
0.007
0.062
0.03
276.0

Fly ash
(% wt)
33.30
1.23
31.09
14.31
4.11
0.34
1.43
0.30
6.28
2.1

Wastewater

The paper mill effluents were provided from a modern
bleached kraft mill located in the western Turkey.
Wastewater (4500 m3/h) is discharged into Gökova Gulf
(Mugla-Turkey) by deep discharging. Wastewater samples
from an aerated lagoon were taken before the discharging
to the sea. The average effluent characteristics are given in
Table 1.
TABLE 1 - Characteristics of the bleach Kraft mill effluent
Parameter
Colour
Natural pH (average)
Compounds (mg/L)
PO3-4
NO2NO3NH4+
Phenol
Lignin
BOD(Bio. Oxyg. Demd.)
COD (Chem.Oxyg.Demd.)

Average value
Brown
7.50
FIGURE 1 - SEM Micrographs of raw brown sepiolite.

0.176
0.213
0.183
9.88
0.535
13514.0
25.5
426.0

Sorbents

The fly ash was obtained from the Yatağan power plant
in Muğla, Turkey. The sepiolite sample, which is Türktaciri
sepiolite deposit-sedimentary type, was collected from the
west of Eskişehir, Turkey. The samples was air-dried and
then sieved to give a -180/+420 m size fraction using
ASTM standard sieves. Chemical compositions of the fly
ash and raw sepiolite mineral were determined by X-Ray
diffraction and the results are given in Table 2.
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pH 7.5, particle size, 150 µm and temperature, 293 K. The
results are given in Figure 3. As seen from this figure, the
adsorptive behaviors of phosphate on fly ash and sepiolite
are similar. However, Figure 3 indicates that the adsorption of phosphate on sepiolite is more than that on fly ash.
This difference could be explained by the significantly
larger surface area of sepiolite compared to that of fly ash.
80
70
q t x 10 4 (mgg-1)

60

o

FIGURE 2 - SEM Micrographs of sepiolite activated at 120 C.
Sorption studies

Adsorption experiments were carried out in a 100mL, flasks immersed in a thermostatic shaker bath at 293,
303 and 313 K for 24 h. Fly ash and sepiolite samples of
2.0 g were mixed with wastewaters of 100 mL. At the end
of each adsorption period, the suspension was centrifuged.
Then, the concentrations of phosphate in the supernatant
solution after and before adsorption were determined by the
molybdenum blue method and spectrophotometric detection at 720nm [27]. The effect of pH was studied by conducting equilibrium sorption tests at different suspension
pH values (3.0, 5.0, 7.0, 9.0 and 11.0). Initially, the suspension pH was adjusted by using NaOH and HCl solutions. In during the experiments or at the end of the batches,
the pH of solutions was not measured. To determine the
effect of temperature, the isothermal experiments were carried out at three different temperatures (293, 303 and 313 K)
for 24 h. The effect of particle size was investigated by using
three different particle-sized samples, ranging from 35 to
150 µm size, of fly ash and sepiolite.
Kinetic studies

50
40
30
20

Sepiyolit-phosphate

10

Fly ash-phosphate

0
0

30

60

90

120

150

180

t	
  (m in)
FIGURE 3 - The effect of contact time on the removal of
phosphate by sepiolite and fly ash (1g/50ml, pH≅7.5, 293K, 150µm).

RESULTS AND DISCUSSION
From the experimental results, it was observed that
the first-order kinetic model and intra-particle diffusion
models did not adequately fit the experimental values. In
contrast, the pseudo-second order rate equation for sorption of phosphate onto sepiolite and fly ash agreed well
with the data (figure 4). In addition, the correlation coefficients calculated by using first, pseudo-second order and
Intra-particle diffusion models parameters (r2) and all
parameters for proposed models are shown in Table 3.

Sorption kinetics was investigated at different experimental conditions such as fixed solid-liquid ratio, 1g/50mL,
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(a)

(b)

FIGURE 4 - Pseudo-second-order (a) and intra-particle diffusion models
(b) for sepiolite and fly ash (60 min, 298K, pH≅7.5, 150µm, 1g/50mL).
TABLE 3 - First, pseudo-second order and Intra-particle diffusion models parameters for the adsorption systems in the study.

Sorbent

Pseudo-FirstOrder Model
r2

Sepiolite
Fly ash

0.81
0.76

qe,exp
(mg/g)
0.0067
0.0056

Pseudo-SecondOrder Model
qe,calc
k2
(mg/g)
(g/mgmin)
0,0067
159.23
0,0055
116.06

As seen from Table 3, the calculated equilibrium
sorption capacity for the second-order model was qe,calc,
0.0067 mg/g, for the sepiolite-phosphate system. That is
equal to the experimental value, qe,exp, 0.0067 mg/g, and
the linear regression analysis of the second order rate equation gave a high r2 value (1.00). For the fly ash-phosphate,
the calculated value of qe was 5.5x10-3 mg/g, compared
with an experimental value of 5.6x10-3 mg/g, and r2=
0.999 respectively.
These results suggest that the sorption of phosphate
onto sepiolite and fly ash follows the pseudo-second-order
model. Therefore, it can be said that more than one-step
may be involved in the sorption processes [28, 29]. The
sorption kinetic data was further processed to determine
whether intraparticle diffusion is rate limiting. It was observed that the correlation coefficient, r2, for the intraparticle model was much lower (<0.70) than for the pseudo second-order model for sorption of phosphate onto
sepiolite and fly ash. That suggests an activated sorption
mecha-nism, which could occur because of chemical
character of clay. On account of the relatively poor
agreement with the data, the parameters and correlation
coefficients related to the pseudo-first order model and the
intraparticle diffusion model are given in Table 3. The

Intraparticle
diffusion Model
r2
1.00
0.99

ki.10-4
(mg/gmin1/2)
1.10
1.04

ci.10-3

r2

5.61
3.82

0.68
0.54

sorption of phosphate onto sepiolite and fly ash may occur
chemically.
The effect of particle size on sorption process

Experiments were conducted with samples having three
different average particle sizes for fly ash and sepiolite,
ranging from 35 to 150 µm. The results are given in Figure 5. As seen from this figure, the adsorption of phosphate
decreases rapidly with increasing particle size of sepiolite
significantly. Moreover, the sorption of phosphate is not
affected by the particle size of fly ash compared to sepiolite. This result could be attributed to the increasing accessibility of active sites with decreasing particle sizes of
sepiolite. In addition, it is observed that the amount of
phosphate removed by the sepiolite is higher than that of
fly ash for all particle sizes.
As can be seen from Table 2, both the amount and
surface area of SiO2 in sepiolite are bigger than those in
fly ash. The fact that more phosphate adsorption is realized by sepiolite than that by fly ash in the adsorbents
with the same particle size and more adsorption of the
mineral is achieved in narrow and long micro pores can
be explained by the fact that Si+4 central ions and Mg+2
ions have more interaction with the negative ions present
in phosphor ions.
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6

competition of hydroxide ions with phosphate ions for
adsorption sites.

5

However; from Fig 6, it is seen that the amount of adsorbed phosphate by activated sepiolite was much higher

4
3
F ly	
  as h-‐phos phate

2

S epiolite-‐phos phate

1
0
0

0,05

0,1

0,15

0,2

Particle size (µm)
FIGURE 5 - The effect of particle size on the removal of
phosphate by fly ash and sepiolite (24 h., 293 K, pH≅7.5, 1g/50mL).

9
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8

Sepiolite-phosphate
Fly ash-phosphate

7

Raw sepiolite-phosphate

6
5
4
3
3

5

7

9

11

Initial pH
FIGURE 6 - The effect of pH on the removal of phosphate by
fly ash, raw and activated sepiolite (24h, 293K, 150 µm, 1g/50mL).
Effect of pH on adsorption

The effect of pH on removal of phosphate sorbents is
given in Figure 6. In addition, to compare the adsorptive
behaviours of activated and raw sepiolite and, adsorption
experiments were conducted for both samples under similar conditions. From Fig 6, as initial pH of wastewater increases from 3.0 to 11.0, the phosphate uptake decreases
for all adsorbents. The maximum phosphate uptakes for
sepiolite, raw sepiolite and fly ash were 0.0075mg/g,
0.0068mg/g and 0.0055mg/g, respectively. It is well known
that adsorption processes depend highly on pH because of
the high sensitivity of functional groups on the adsorbent
surfaces to hydrogen and hydroxyl ions. The low phosphate uptake in alkaline pH range can be attributed to the
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than that of fly ash and raw sepiolite. This can be explained
by the higher specific surface area of activated sepiolite. In
addition, the observed higher sorption capacities for all
adsorbents at the low pHs can be attributed to the surface
charge of adsorbents becomes more negative at higher pH,
and causes greater electrostatic repulsion toward the more
+

H+

SiOH2
Positive charged surface
in acidic medium

OHSiO2

negatively charged phosphate anions HPO 24 − and PO 34− .
Similar trends were also observed for phosphate adsorption
on fly ash, slag, alunite and aluminium hydroxide [30].
Aluminum and silicon oxides in sepiolite and fly ash
can ionize as follows in acidic and alkaline conditions [2]:

Si(OH)-2

It is expected that the adsorption with increasing pH
will decrease, since the pH increases, the negative charge
on phosphate compounds and the sepiolite surface increases, which results in an electrostatic repulsion. The adsorption of phosphate ions by activated sepiolite is higher
than that of fly ash and raw sepiolite. This is attributed to
the large surface area of activated sepiolite. This could be
attributed to both variation of surface morphology and increase of the surface area of treated sepiolite due to heating (see Table 2). Because of the heat treatment, a clear
difference in the surface morphology was identified by
Scanning Electron Microscope (SEM) analysis. SEM photographs for two temperatures are given in Fig. 1 and 2.
In outer blocks, some of the corners of sepiolite mineral are Si atoms bound to hydroxyls (SiOH). These silanol
groups at the “external surface” of the silicate are usually
accessible to adsorbats species, acting as neutral adsorption sites [31]. In addition, some isomorphic substitutions
in the tetrahedral sheet of the lattice of the mineral, such

SiO- + H2O
Negative charged surface
in alkaline medium

(6)

as Al3 + instead of Si4+, form negatively charged adsorption sites. Such sites are occupied by exchangeable cations
that compensate for the electrical charge. These characteristics of sepiolite make it a powerful sorbent for anionic
molecules.
Adsorption study

Several models have been published in the literature to
describe experimental data of adsorption isotherms. Adsorption isotherms give an idea about the adsorption capacity in order to select an adsorbent for the removal of
some compounds [32]. The Langmuir and Freundlich models are the most frequently employed models [33-35]. In
this work, Langmuir and Freundlich isotherm models were
used to describe the relationship between the amount of
phosphate adsorbed on the thermal sepiolite and fly ash
samples at different temperature (293K, 303K and 313K)
(See Figs.7-8)

	
  

	
  

	
  
FIGURE 7 - Langmuir isotherm plot for adsorption of phosphate by sepiolite at different temperature (3h. 150µm. 1g/50mL).
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FIGURE 8 - Langmuir isotherm plot for adsorption of phosphate by fly ash at different temperature (3h. 150µm.1g/50mL).

The linear form of the Langmuir isotherm model can
be represented by the using equation below:

⎛ 1
1
1
=
+ ⎜⎜
q
q m ⎝ bq m

⎞⎛ 1
⎟⎟⎜⎜
⎠⎝ C e

⎞
⎟⎟
⎠

(7)

The linear form of the Freundlich isotherm model is
given by the following equation:

1
log qe = log K F + log Ce
n

(8)

where, Ce, Equilibrium concentration(mg/L); q, Amount
adsorbed per unit weight of adsorbents(mg/g); KF =Freundlich constant (adsorption intensity); 1/n, Order of adsorption; qm, the maximum adsorption capacity (mg/g); qe, Equilibrium amount adsorbed (mg/g); b, Langmuir constant
related to the energy or net enthalpy;
The adsorption data were fitted with these isotherm
equations by carrying out correlation analysis between the
values of (i) 1/q and 1/Ce, (ii) log q and log Ce. The adsorption isotherm parameters (constants) along with the r2
values (correlation coefficients) are given in Table 4. As
can be seen from the isotherms and regression coefficients,
the fit with Langmuir isotherm model is better than Freundlich for both sepiolit and fly ash (r2>0.98). The Langmuir
parameters, i.e., qm and b for both sepiolite and fly ash increased with increasing temperature from 293 K to 303 K,
however from 303 K to 313 K of temperature decreased,
this situation can be explained that the diffusions rate of
phosphate on the sorbent surface can be increased by both
multivalent of phosphate and increasing temperature.
It is seen from Table 2 that there are differences in
the mineral content of sepiolite and fly ash, that the sepiolite is rich in MgO and SiO2, flay ash contains high

amount of oxidized compounds of SiO2 Fe, Al and Ca.
Based on this it can be claimed that both adsorbents gain
surface charge in liquid medium and fly ash has likely
positive surface charge. Formation of plateaus in the adsorption of anion like phosphate with multiple variant on
the surfaces of sepiolite and fly ash indicates that adsorption mechanism can resist physical interactions. Efficiency
increase observed in medium temperature can be associated
with anion’s having multiple variant and with the fact that
an increase in the temperature can counter the diffusion
obstacle.
From the adsorption isotherms at three different temperatures, isosteric enthalpy of adsorption, (ΔHads)y, isosteric entropy of adsorption (ΔSads)y, and free energy of
ad-sorption, ΔG0ads can be calculated by means of the
following equations [36-40]:

⎡ 1
1 ⎤
(ΔΗ ads ) y = R(ln C 2 − ln C1 ) ⎢ − ⎥
⎣ T1 T2 ⎦

(9)

(ΔSads)y =R(lnC2−lnC1)(lnT2−lnT1)

(10)

ΔG0ads= −RTlnK

(11)

C, T, and K in the equations represent the equilibrium
phosphate concentrations in different temperatures, the absolute temperature, and the adsorption equilibrium constant,
respectively. The obtained thermodynamic values were
given in Table 3. The negative values of ∆Go at various
temperatures indicated that the nature of adsorption process can be spontaneous [38]. The negative values of ∆Ho
show the adsorption to be exothermic. This can be explained
by the fact that the phosphate molecules are bound to the
active sites of sepiolite and fly ash surface via Vander Waals
binding. Furthermore, the negative value of entropy also
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reflects the affinity of adsorbent material for phosphate ions
under consideration.
CONCLUSIONS
In this work, the sorption of phosphate from Bleached
Kraft Mill Effluents (BKME) on sepiolite and fly ash was
studied for a better understanding of the kinetics and the
removal efficiency. The results suggest that the phosphate
removal decreases with increasing suspension pH. In addition, the amount of phosphate adsorbed increases with decreasing particle sizes of fly ash and sepiolite. The sorption
tends to attain equilibrium in nearly 1 h for these systems.
Because information from sorption kinetics studies is
practically important for the design of more efficient wastewater treatment processes, the experimental data was applied to various kinetics models. A comparison of the kinetic models of the overall adsorption rate showed that the
pseudo second-order rate model best described these sorption systems. In contrast, the intraparticle diffusion model
and the pseudo first order model do not show a satisfactory fit to the experimental data. Therefore, it can be said
that predominate adsorption mechanism is chemical sorption, including the interactions between phosphate ions and
surface functional groups of sorbents. It was also found that
adsorption efficiency decreases with increasing temperature. This means that sorption has an exothermic character.
The results of this study suggest that sepiolite and fly
ash, with low-cost and abundant availability, have a potential of being used as a sorbent for removing of phosphate from BKME. In addition, it was shown that the sorption efficiency might be enhanced by changing key process
parameters such as pH and particle size. Nevertheless, it is
necessary to study desorption mechanism in order to design
a suitable engineering process and to enhance the sorptive
efficiency of these sorbents.

[1]

Uğurlu, M. (2005) Removal of some inorganic compounds
from paper mill effluents by the electrocoagulation method.
Fresen. Environ. Bull. 14, 4, 315-321.

[2]

Ali, M. and Sreekrishnan, T.R. (2001) Aquatic toxicity from
pulp and paper mill effluents: a review. Advances in Environmental Research. 5, 175-196.

[3]

Uğurlu, M., Gürses, A., Yalçın, M. and Dogar, Ç. (2005)
Removal of phenolic and lignin Compounds from Bleached
Kraft Mill Effluent by Fly ash and sepiolite. Adsorption 11,
87-97.

[5]

[6]

Ho, YS and McKay, G. (1998) Kinetic models for the sorption of dye from aqueous solution by wood, Process Saf. Environ. Protect. 76B,183–191.

[7]

Gürses, A., Karaca, S., Doğar, Ç. Bayrak, R., Açıkyıldız, M.
and Yalçın, M. (2004) Journal of Colloid and Interface Science, 269:310–314.

[8]

Al-Asheh, S., Banat, F. and Aitah, L.A. (2003) Adsorption of
phenol using different types of activated bentonites, Separation and Purification Technology, 33:1-10.

[9]

Montgomery, J.M. (1985) Consulting Engineers Water
Treatment Principles and Design, Wiley Interscience, New
York, NY. 80-85.

[10] Bailey, S.E. Olin, J.T. Bricka, R. M. and Adrian, D.D. (1999)
A review of potentially low-cost sorbents for heavy metals,
Water Research, 33(1) 2469-2479.
[11] Brauner, K. and Preisenger, A. (1956) Structur und Entstehung des sepioliths, Tschermaks Miner Petrogr Min. 6:40120.
[12] Sabah, E. Turan, M. and Celik, M.S. (2002) Adsorption
mechanism of cationic surfactants onto acid-and heatactivated sepiolites, Water Research, 36,3957–3964.
[13] Rytwo, G., Trop, D. and Serban, C. (2002) Adsorption of diquat, paraquat and methyl green on sepiolite: experimental
results and model calculations, Applied Clay Science 20,
273– 282.
[14] Mott, H.V. and Weber, W.J. (1992) Sorption of low molecular weight organic contaminants by flyash: consideration of
enhancement of cut-off barrier performance. Environmental
Science & Technology 26(6) 1234–1242.
[15] Viraghavan, T. and Alfaro, F.M. (1998) Adsorption of phenol
from wastewater by peat, fly ash and bentonite, Journal of
Hazardous Materials, 5759-70
[16] Banerjee, K. Cheremisinoff, P.N. and Cheng, S.L. (1997)
Adsorption kinetics of o-xylene by fly ash, Water Research.
31(2) 249-261

REFERENCES

[4]

Fe(III)) with two phosphonic acids in the pH range of fresh
waters. Talanta, 46, 999–1009.

Nowack, B. and Stone, A. T. (1999) The influence of metal
ions on the adsorption of phosphonates onto Goethite. Environ. Sci. Technol. 33; 3627-3633.
Lacour, S., Deluchat, V., Bollinger, J.C. and Serpaud, B.
(1998) Complexation of trivalent cations (Al(III), Cr(III),

1321

[17] Kao, P.C. Tzeng, J.H. and Huang, T.L. (2000) Removal of
chlorophenols from aqueous solution by fly ash, Journal
Hazardous Material 76(2-39) 237-249.
[18] Lagergren, S. (1898) Zur theorie der sogenannten adsorption
gelöster stoffe. Kungliga Svenska Vetenskapsakademiens.
Handlingar, Band 24(4)1-39.
[19] Ho, Y.S. and Mc Kay, G., (1998) Sorption of dye from aqueous solution by peat, Chemical Eng. Journal 70,115-124.
[20] Chiou, M.S. and Li, H.Y. (2003) Adsorption behaviour of reactive dye in aqueous solution on chemical cross-linked chitosan beads, Chemosphere, 50; 1095–1105.
[21] Jain, C.K. and Sharma, M.K. (2002) Adsorption of Cadmium
on Bed Sediments of River Hindon: Adsorption models and
Kinetics, Water Air and Soil Pollution, 137,1–19.

© by PSP Volume 17 – No 9a. 2008

Fresenius Environmental Bulletin

[22] Tseng R.L. Wu, F.C. and Juang, R.S. (2003) Liquid-phase
adsorption of dyes and phenols using pinewood-based activated carbons, Carbon, 41,487–495.

[37] Gündoğan, R. Acemioğlu, B. and Alma, M.H. (2004) Copper
(II) adsorption from aqueous solution by herbaceous peat,
Journal of Colloid and Interface Science, 269(2)303-309.

[23] Ho, Y.S. and Chiang, C.C. (2001) Sorption Studies of Acid
Dye by Mixed Sorbents, Adsorption, 7,139–147.

[38] Naseem, R. and Tahir, S.S. (2001) Removal of Pb (II) From
Aqueous/Acidic Solutions by Using Bentonite as an Adsorbent, Water Research 35(16)3982-3986.

[24] Weber, W.J. and Morris, J.C. (1963) Kinetics of Adsorption
on Carbon from Solution, J Sanit Eng Div Am Soc Civ Eng,
89, 31-60.
[25] Uğurlu, M., Gürses, A. and Doğar, Ç. (2007) Adsorption
studies on treatment of textile dyeing industrial effluents by
activated carbon prepared from olive stone by ZnCl2 activation, Coloration Technology, 123, 106–114.

[39] Ho, Y.S. and McKay, G. (1998) The kinetics of sorption of
basic dyes from aqueous solution by sphagnum moss peat,
Canadian Journal of Chemical Engineering 76 (4),822-827.
[40] Uğurlu, M. and Kula, I. (2007) The removal of colour, carotene and acidity from crude olive oil by using sepiolite. International Journal of Food Science and Technology, 42(3)359365.

[26] Kula, I. Uğurlu, M. Karaoğlu, H. and Çelik, A. (2008) Adsorption of Cd (II) ions from aqueous solutions using activated carbon prepared from olive stone by ZnCl2 activation, Bioresource technology. 99; 492–501.
[27] APHA, AWWA, WPCF, (1995) Standard Methods for the
examination of water and wastewater for Lignin and Phenol,
15th Ed., USA, 5, 54-67.
[28] Basibuyuk, M. and Forster, C.F. (2003) An examination of
the adsorption characteristics of a basic dye (Maxilon Red
BL-N) on to live activated sludge system, Process Biochemistry, 38 (9) 1-6.
[29] Ugurlu, M. Gürses, A. and Açıkyıldız, M. (2008) Comparison of textile dyeing effluent adsorption on commercial activated carbon and activated carbon prepared from olive stone
by ZnCl2 activation, Mıcroporous and Mesoporous Materials
111, 228–235.
[30] Horstmann, B. Grohmann, A. (1986) The influence of phosphonates on phosphate elimination. Part2:2-phosphonobutane-1,2,4-tricarbonic acid (PBTC), aminotri (methylenephosphonic
acid)
(ATMP)
and
ethylenediamintetra(methylenephosphonic acid) (EDTMP). Z. WasserAbwasser-Forsch. 19,236–240.
[31] Özcan, A. and Özcan, A.S. (2005) Adsorption of acid red 57
from aqueous solutions onto surfactant modified sepiolite. J.
Hazardous Material, B125; 252-259.
[32] Balcı, S. and Dinçel, Y. (2002) Ammonium ion adsorption
with sepiolite: use of transient uptake method Chem. Eng.
Process. 4179-85
[33] Kannan, N. and Rengasamy, G. (2005) Comparison of Cadmium ion adsorption on various Activated carbons. Water
Air Soil Poll. 163,185-201

Received: December 18, 2007
Revised: February 28, 2008
Accepted: May 27, 2008

[34] Uğurlu, M. and Hazirbulan, S. (2007) Removal of some organic compounds from pre-treated olive mill wastewater by
sepiolite. Fresen. Environ. Bull. 16 (8) 887–895.

CORRESPONDING AUTHOR

[35] Doğan, M. Alkan, M. Türkyilmaz, A. and Özdemir, Y. (2004)
Kinetics and mechanism of removal of methylene blue by adsorption onto perlite. J. Hazard. Mater. 109;141-148
[36] Karaca, S., Gürses, A., Ejder, M. and Açıkyıldız, M. (2006)
Adsorptive removal of phosphate from aqueous solutions using raw and calcinated dolomite, J. Haz. Materials, B128,
273–279.

1322

Mehmet Uğurlu
Department of Chemistry
Faculty of Science & Arts
Muğla University
48000 Muğla
TURKEY

© by PSP Volume 17 – No 9a. 2008

Fresenius Environmental Bulletin

e-mail: mnazlican@hotmail.com
mehmetu@mu.edu.tr
FEB/ Vol 17/ No 9a/ 2008 – pages 1307 - 1315

1323

© by PSP Volume 17 – No 9a. 2008

Fresenius Environmental Bulletin

PROTEIN PROFILES AND BIOCHEMICAL CHARACTERIZATIONS
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ABSTRACT
In this study, Bacillus spp. strains were isolated from
various fresh fishes which were obtained from fish markets
in Ankara, Turkey. Thirty isolates were identified as Bacillus
pasteurii, Bacillus badius, Bacillus circulans, Bacillus
licheniformis, Bacillus megaterium, Bacillus thuringiensis,
Bacillus brevis, Bacillus cereus, Bacillus sphaericus,
Bacillus subtilis, Bacillus coagulans, Bacillus lentus,
Bacillus pumilus using biochemical tests. Additionally, the
SDS-PAGE of total cell proteins extracted from these
strains were compared. The results of the SDS-PAGE
analysis showed that the strains belonging to the same
category had similar protein profiles and were different
from the others strains.

KEYWORDS: Bacillus, fish, isolation, identification, biochemical
characterization, total cell protein.

The aim of this study was the isolation of Bacillus spp.
strains from fresh fishes and their identification based on
biochemical characteristics. Additionally, total cell protein
profiles of 30 Bacillus spp. strains to determine distances
or similarities were examined by using the SDS-PAGE.
MATERIALS AND METHODS
Isolation

Fresh fishes were procured from fish retail markets in
Ankara, Turkey. They were packed in iceboxes and transferred to the laboratory within 1 h. Nutrient agar (NA) and
nutrient broth (NB) were used for enumeration and culture
of Bacillus spp. strains. The samples of fish (the intestinal
digestive tract) were suspended in 9 ml sterile distilled
water and shaken vigorously for 2 min. The samples were
heated at 60 0C for 60 min in water bath. Then the liquid
was serially diluted in sterile distilled water, and the dilution
from 10-1 to 10-6 was plated on NA medium. Plates were
incubated at 37 0C for 24-48 h [15]. Well-isolated colonies
with typical characteristics namely mucoid-type colonies of
an encapsulated Bacillus species with entire margins were
picked from each plate and transferred to NB.

INTRODUCTION
Identification

Members of the Bacillus genus are characterized as
Gram positive, rod-shaped, endospore-forming bacteria that
produce various biologically active substances. Many of the
physiologic properties and specialized metabolites of
Bacillus species are used in the pharmaceutical, agricultural and food industries [1-3]. Bacillus spp. strains have
been found in a wide variety of fish and fish products [46]. Many researches studied the isolation and identification
of different strains of Bacillus spp. [7-9]. Various methods
were developed for classifying the strains and proving their
identification. The first classification studies were mostly
based on morphological and biochemical characteristics
[10]. Also, the protein gel electrophoresis in microbial
systematics has been used for the separation and comparison of cellular proteins of strains belonging to the same
species or subspecies [11-14].

The cultures were identified according to their biochemical characteristics. According to Bergey’s Manual
[16], the strains had been identified using the following
criteria: Gram reaction, spore occurrence, growth temperature range (5, 30, 40, 50, 55, 65 0C), growth different pH
values (5.7, 6.8), salt resistance (2, 5, 7, 10 g NaCl/100 ml),
catalase activity, lecitinase activity, production of gas from
glucose, sugar fermentation (D-glucose, mannitol, lactose,
sucrose, melebiose, D-xylose, L-arabinose, maltose and
salicin, 1g/100ml), reduction of nitrate, gelatin and starch
hydrolysis. The bacterial strains were cultivated in nutrient
broth (NB) which contained (per l) 1g lab-lemco powder,
2g yeast extract, 5g peptone and 5g NaCl. The pH was adjusted to 6.8 with 0.01 M HCl and 0.01 M NaOH. The
temperature was maintained at 37 0C, and the cultures were
inoculated with 2 % (v/v) inocula.
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RESULTS AND DISCUSSION

SDS-PAGE of Total Cell Protein

Total cell protein was extracted as described in the
method of Tan et al. [17]. The Bacillus spp. strains were incubated at the appropriate temperature for 48 h in a LuriaBertani (LB) broth. Later, the supernatants were removed
from LB by centrifugation at 6000 x g for 30 min. The
pellets were washed one time in the sample buffer (sterile
0.01 ml-1 Tris-HCl, pH 7.6), resuspended in 1 ml sterile distilled water and homogenized using ultrasonic treatment
(5 min.). The samples were stored at -50 0C until electrophoresis. The samples were added the sample buffer before
the electrophoresis was carried out. Afterwards, the proteins were denatured in boiling water for 5 min. The spot
test was used for determination semiquantitative of proteins [18]. Gel electrophoresis was performed according to
Laemmli [19]. The proteins were electrophoresed on 10 %
SDS-PAGE and gels were stained with Coomassie blue. The
gels were destained until protein bands become clearly
visible. The tests were repeated three times.
The bacterial strains were incubated in Bacto LuriaBertani (LB) broth which contained (per l) 10g tryptone,
5g yeast extract and 5g NaCl. 25 g LB medium was added
into 1litre distilled water. The pH was adjusted to 7.0 with
0.01 M HCl and 0.01 M NaOH. The temperature was maintained at 37 0C.

In this study, Bacillus spp. strains were isolated from
various fresh fishes and identified by using biochemical
tests. As a result of the biochemical tests, 30 Bacillus spp.
strains were identified as 4 Bacillus pasteurii, 3 Bacillus
badius, 3 Bacillus circulans, 3 Bacillus licheniformis, 3
Bacillus megaterium, 3 Bacillus thuringiensis, 2 Bacillus
brevis, 2 Bacillus cereus, 2 Bacillus sphaericus, 2 Bacillus
subtilis, 1 Bacillus coagulans, 1 Bacillus lentus and 1 Bacillus pumilus. The isolates species and their origins are
given in Table 1. Table 2 shows the biochemical characteristics of the isolates. Also, the results of the sugar fermentation of the isolates are presented in Table 3.
A bacterial strain was isolated from salt-fermented
fish, collected from various regions and characterized morphologically, culturally and biochemically. The strain was
identified as Bacillus pumilus [20]. Many researchers have
reported Bacillus spp. strains were isolated from fishes and
identified [21-23]. Kim et al. [4] revealed that the microbial quality of fish meat paste products and characteristics
of isolated thermoduric bacteria were investigated, and
the most heat-resistant bacterium was identified as Bacillus licheniformis.

TABLE 1 - Isolated species and their fish origins.
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Strain
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25
P26
P27
P28
P29
P30

Species
Bacillus megaterium
Bacillus pasteurii
Bacillus pasteurii
Bacillus megaterium
Bacillus circulans
Bacillus pasteurii
Bacillus megaterium
Bacillus subtilis
Bacillus subtilis
Bacillus coagulans
Bacillus cereus
Bacillus pasteurii
Bacillus cereus
Bacillus sphaericus
Bacillus sphaericus
Bacillus circulans
Bacillus circulans
Bacillus lentus
Bacillus badius
Bacillus licheniformis
Bacillus badius
Bacillus badius
Bacillus brevis
Bacillus pumilus
Bacillus licheniformis
Bacillus licheniformis
Bacillus thuringiensis
Bacillus thuringiensis
Bacillus brevis
Bacillus thuringiensis
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Origin
Bluefish
Bluefish
Horse mackerel
Anchovy
Anchovy
Horse mackerel
Anchovy
Anchovy
Anchovy
Horse mackerel
Anchovy
Gray mullet
Anchovy
Horse mackerel
Horse mackerel
Horse mackerel
Gray mullet
Gray mullet
Red sea bream
Red sea bream
Red sea bream
Red sea bream
Gray mullet
Horse mackerel
Red sea bream
Whiting
Whiting
Whiting
Gray mullet
Anchovy
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TABLE 2 - The biochemical characteristics of the Bacillus spp. strains.

Strains

Codes

Gram
reaction

Bacillus megaterium
P1
Bacillus pasteurii
P2
Bacillus pasteurii
P3
Bacillus megaterium
P4
Bacillus circulans
P5
Bacillus pasteurii
P6
Bacillus megaterium
P7
Bacillus subtilis
P8
Bacillus subtilis
P9
Bacillus coagulans
P10
Bacillus cereus
P11
Bacillus pasteurii
P12
Bacillus cereus
P13
Bacillus sphaericus
P14
Bacillus sphaericus
P15
Bacillus circulans
P16
Bacillus circulans
P17
Bacillus lentus
P18
Bacillus badius
P19
Bacillus licheniformis
P20
Bacillus badius
P21
Bacillus badius
P22
Bacillus brevis
P23
Bacillus pumilus
P24
Bacillus licheniformis
P25
Bacillus licheniformis
P26
Bacillus thuringiensis
P27
Bacillus thuringiensis
P28
Bacillus brevis
P29
Bacillus thuringiensis
P30
+:Growth, -:None growth, ±:Weak growth.

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Spore
occurance
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Production of
gas from
glucose
-

Catalase
activity

Gelatin
hydrolysis

Starch hydrolysis

Lecitinase
activity

Reduction of
nitrate

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
±
+
+
+
±
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
±
+
±
+

+
+
+
±
+
+
±
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

TABLE 2 (Continued) - The biochemical characteristics of the Bacillus spp. strains.
2%
5%
NaCl
NaCl
Bacillus megaterium
P1
+
+
Bacillus pasteurii
P2
+
+
Bacillus pasteurii
P3
+
+
Bacillus megaterium
P4
+
+
Bacillus circulans
P5
+
±
Bacillus pasteurii
P6
+
+
Bacillus megaterium
P7
+
+
Bacillus subtilis
P8
+
+
Bacillus subtilis
P9
+
+
Bacillus coagulans
P10
+
Bacillus cereus
P11
+
+
Bacillus pasteurii
P12
+
+
Bacillus cereus
P13
+
+
Bacillus sphaericus
P14
+
+
Bacillus sphaericus
P15
+
+
Bacillus circulans
P16
+
+
Bacillus circulans
P17
+
+
Bacillus lentus
P18
+
+
Bacillus badius
P19
+
+
Bacillus licheniformis
P20
+
+
Bacillus badius
P21
+
+
Bacillus badius
P22
+
+
Bacillus brevis
P23
Bacillus pumilus
P24
+
+
Bacillus licheniformis
P25
+
+
Bacillus licheniformis
P26
+
+
Bacillus thuringiensis
P27
+
+
Bacillus thuringiensis
P28
+
+
Bacillus brevis
P29
Bacillus thuringiensis
P30
+
+
+:Growth, -:None growth, ±:Weak growth.
Strains

Codes

7%
NaCl
+
+
+
+
+
+
+
+
+
±
+
±
+
±
+
+
+
+
+
+

10%
NaCl
+
±
±
+
±

Growth in;
pH 5.7
+
+
+
+
+
+
+
+
+
±
+
+
+
+
+
+
+
+
+
+
+
+
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pH 6.8
+
+
+
+
+
+
+
+
±
±
±
+
+
+
+
+
+
+
+
±
+
+
+
+
+
+

50 C
+
±
-

300C
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

400C
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

500C
+
+
+
+
±
+
±
±
±
+
-

550C
±
+
-

650C
-
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TABLE 3 - The results of the sugar fermentation of the Bacillus spp. strains.
Strains
Bacillus megaterium
Bacillus pasteurii
Bacillus pasteurii
Bacillus megaterium
Bacillus circulans
Bacillus pasteurii
Bacillus megaterium
Bacillus subtilis
Bacillus subtilis
Bacillus coagulans
Bacillus cereus
Bacillus pasteurii
Bacillus cereus
Bacillus sphaericus
Bacillus sphaericus
Bacillus circulans
Bacillus circulans
Bacillus lentus
Bacillus badius
Bacillus licheniformis
Bacillus badius
Bacillus badius
Bacillus brevis
Bacillus pumilus
Bacillus licheniformis
Bacillus licheniformis
Bacillus thuringiensis
Bacillus thuringiensis
Bacillus brevis
Bacillus thuringiensis

Codes
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25
P26
P27
P28
P29
P30

Arabinose
+
+
±
±
+
±
+
+
+
+
+
±
+
+
+
+
+
+
-

Glucose
+
+
+
±
+
+
+
+
+
+
+
+
±
±
+
+
+
+
+
+
+
+
+
+
+

Xylose
±
+
+
+
+
±
+
+
+
+
±
+
+
+
+
+
+
+
-

Lactose
+
+
+
+
+
+
+
±
+
+
±
+
-

Maltose
±
±
±
+
+
+
+
+
+
+
±
+
+
+
+
±
+
+
-

Mannitol
+
+
+
+
+
±
+
+
+
+
±
+
+
+
+
±
+
+
+
+
+
±
±

Melebiose
+
±
+
+
±
±
+
-

+:Growth, -:None growth, ±:Weak growth.

FIGURE 1 - Total cell protein profiles obtained SDS-PAGE for some Bacillus spp. strains.
Lane M: β-galactosidase (116.3 kD), phosphorylase b (97.4 kD),
carbonic anhydrase (31 kD).
Lane 1: B. thuringiensis P27
Lane 5: B. subtilis
P9
Lane 2: B. thuringiensis P28
Lane 6: B. coagulans P10
Lane 3: B. thuringiensis P30
Lane 7: B. pumilus P24
Lane 4: B. subtilis
P8
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Salicin
+
±
+
+
±
+
±
±
±
±
-

Sucrose
±
+
±
+
+
+
+
+
+
+
+
±
+
±
+
+
±
+
+
+
+
+
+
+
+
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In our study, total cell protein profiles of the Bacillus spp.
strains were analysed by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE). We have employed total cell protein profile analysis of Bacillus spp.
strains to determine distances/similarities. Bacillus spp.
strains presented different, typical and specific total protein profiles. Figure 1 shows total cell protein profiles obtained by SDS-PAGE for some Bacillus spp. strains (P8,
P9, P10, P24, P27, P28, P30). No total cell protein profiles was shown for the other Bacillus spp. strains.

[3]

Naclerio, G. Ricca, E. Sacco, M. (1993). Antimicrobial activity of a newly identified bacteriocin of Bacillus cereus. Appl.
Environ. Microb. 59, 4313-4316.

[4]

Kim, D.P. Chang, D.S. and Kim, S.J. (1985). Bacterial quality of fish meat paste products and isolation of thermoduric
bacteria. Korean J. Appl. Microbiol. Biot. 13 (4), 409-415.

[5]

Choorit, W. and Prasertsan, P. (1992). Characterization of
proteases produced by newly isolated and identified proteolytic microorganisms from fermented fish (Budu). World J.
Microb. Biot. 8 (3), 284-286.

SDS-PAGE, based on total protein profiles, is used in
bacterial taxonomy to the levels of the species and subspecies [24-26]. In this study, the molecular weights of
proteins of the Bacillus spp. strains were found to be ranging between 20-230 kD. Similar patterns were observed
for strains beloning to each species studied. A comparison
of total cell protein profiles on SDS-gel results found to
be different and specific for each species. Different species
presented varying and typical protein patterns; even among
strains belonging to the same species, it was possible to
identify different total cell protein profiles showing strainspecific patterns. Two Bacillus thuringiensis var. kurstaki
HD1 mutants, two B. thuringiensis var. israelensis HD500
mutants and four rice grain dust isolates were characterized
using macroscopic examination and crystal protein profiles
on SDS-PAGE [14]. Jaoua et al. [13] have determined that
the delta-endotoxin crystal proteins of three different Bacillus thuringiensis strains isolated in Tunisia were given a
distinct pattern on SDS-PAGE. SDS-PAGE analysis revealed that the parasporal inclusions of isolates of Bacillus thuringiensis consisted of proteins of 25-28, 70-80 and
140-150 kD, showing a high similarity in protein profiles
between 10 isolates, from a single soil sample [27].

[6]

Nirmala, T. and Surendran, P.K. (1993). A medium for enumeration of bacteria in foods containing swarming Bacillus
spp. Lett. Appl. Microbiol. 16 (5), 277-279.

[7]

Shimada, K. (1988). Distribution of Bacillus species in hot
cooked foods in kept in heating cabinets for consumers. J.
Food Hyg. Soc. Jpn. 29 (6), 431-434.

[8]

Johson, C. and Bishop, A. (1997). Development of a microbial insecticide for use against the dipteran pests of traditionally processed fish. FAO-Fisheries Report presented at the 10 th
Session of the working party on fish technology and marketing, Colombo, SriLanka 4-7 June 1996.

[9]

Aslim, B. Sağlam, N. and Beyatli, Y. (2002). Determination of
some properties of Bacillus isolated from soil. Turk. J. Biol.
26, 41-48.

CONCLUSIONS
In our study, 30 strains of the genus Bacillus were isolated from various fresh fishes and, identified using biochemical tests. SDS-PAGE of total cell protein profiles
were extracted from the Bacillus spp. strains to determine
distances or similarities. Generally, it is seen that the typing
according to filtrate protein profile is correlated with typing
by biochemical tests. It is emphasized that the patterns of
total cell proteins can be used to study and compare strains
of Bacillus spp. Additionally, it seemed to be possible to
discern a relationship between the source of the strains and
their total cell protein pattern.
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ABSTRACT

INTRODUCTION

Cobalt, which is commonly used in many fields, may
present an environmental risk. In this study, effects of cobalt parahydroxybenzoate (CoPHB), a less known form of
cobalt, on tissue histopathology and serum proteins of
Capoeta capoeta capoeta were investigated. Fish obtained from Kars River, Turkey were placed for 10 days
in 500 L-containers in which CoPHB was added at 1 or 2
mg/L of final concentrations. At the end of the treatment
period, fish were dissected; all the organs were collected
and processed routinely for histological examination. Degeneration in he-patocytes and dissociation in hepatic cords
were observed in the treatment groups. The severity of
the findings in-creased, and necrosis was noted in the
liver of fish ex-posed to higher concentration of CoPHB.
In gill, degeneration and occasional necrosis in the epithelial cells of secondary lamellae were determined in both
groups. Degeneration and necrosis of villous epithelium
in the intestine were observed only in fish exposed to
higher concentration of CoPHB. In electrophoretic analysis, serum samples collected from fish were run in sodium
dodecyl sulphate ployacrylamide gel electrophoresis
(SDS-PAGE). Compared to control, over-expression and
inhibition of proteins with 85.8, 82.6, 73.9, 68.5 kilodalton (kD) and 23.0 and 15.2 kD molecular weights were
detected in the fish ex-posed to CoPHB, respectively.
Increases and decreases in the expression of these proteins
were also found to be dose- depended. Overall, the results
of this study suggest that CoPHB causes prominent degeneration in several organs, and alters the serum protein
levels in fish, and therefore might be dangerous to life.

KEYWORDS: Cobalt parahydroxybenzoate, histopathology, SDSPAGE, serum protein, Capoeta capoeta capoeta.

Metals such as cobalt, copper, cadmium, aluminum,
mercury and many others are important environmental
pollutants. Of these, cobalt and its alloys are widely used
in many industrial fields such as automobile, fuel, battery,
paint, metallurgy and cosmetic. Cobalt parahydroxybenzoate (CoPHB), chemical formula of ([Co(H2O)6] (p-HOC6H4COO)2.2H2O), can be produced by mixing cobaltous
sulfate and sodium parahydroxybenzoate that are both used
as ingredients of many cosmetic products. Due to common
use of cobalt and its derivatives on countless fields, contamination of environment and especially the natural waters
is a big concern of the today’s society.
Most metals have cytotoxic and/or carcinogenic effects
on living organisms. Cytotoxic effects of metals, and especially the heavy metals, on animals and human are generally manifested through production of reactive oxygen
species that in turn damage cellular membranes, and cause
cell degeneration and death [1]. Cobalt, although is not a
heavy metal, can cause production of oxygen-derived free
radicals [2-4]. In fish, similar to mammals, liver is the primary organ where detoxification process is largely mediated. Many enzymes such as metallothionein, glutathione
peroxidase, superoxide dismutase, catalase, and heme
oxygenase are involved in the protection against the toxic
effects of metals [5]. Of these proteins, heme oxygenase
activity was, for example, shown to be specifically increased by cobalt [6,7]. When the detoxification capacity
of liver is not enough, degenerating effects may rise.
Therefore, damaging effects of cobalt can be partially estimated by the histopathological changes in liver as well as
other organs. Organisms may also respond to chemicals
with up or down regulation of serum proteins, which could
give a view of defense pattern against them [8,9]. Damaging effects on liver is especially important, since liver is
the source of some serum proteins such as albumin.
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The aim of the present research was to investigate the
effect of CoPHB, which is a rarely known chemical, in
Capoeta capoeta capoeta. We have particularly studied the
histopathological changes and the serum protein levels after
exposure of the fish with the chemical and compared the
results with similar studies involving toxic metals and substances.

MATERIALS AND METHODS
Experimental design

Thirty Capoeta capoeta capoeta, weighing 345-377 g,
were caught in Kars River, Turkey. Water quality of the
river during the collection of fish was as follow; pH 8.18.3, dissolved oxygen 4.95-10.51 mg/L, and temperature
16.5-18.2ºC. Following the collection of the fish, they were
divided into three equal groups and placed in 500-L aquariums. Tap water was provided, water temperature was adjusted to 18±1ºC with a thermostatic thermometer and dissolved oxygen was supplied at 5±0.3 mg/L concentration
in the aquariums. While one of the groups was kept as a
control, others received 1 (first group) or 2 (second group)
mg/L of CoPHB for 10 days. The chemical was chemically
produced by mixing aqueous solutions of cobaltous sulfate and sodium parahydroxybenzoate as described by
Shnulin et al [10]. CoPHB was daily mixed to fresh water
through the end of the study. All fish were fed thrice daily.
Histopathology

At the end of the treatment period, all fish were carefully dissected, and tissue samples of all the organs were
collected for histopathological investigation. The samples
were fixed in 10% phosphate buffered formaldehyde solution for 48 hours. Gill samples were decalcified with Osteodec (Bio-Optica, Italy). Then paraffin blocks were prepared routinely, and 4-5 µm thick sections were cut, stained
with hematoxylin and eosin and investigated under a light
microscope.

calculations were made according to Weber et al. [13] using
protein markers; Calf albumin (66 kD), egg albumin
(45 kD), trypsinogen (24 kD), lysozyme (14 kD).

RESULTS
Major histopathological changes were observed in livers, gills and intestines. In control group, normal architecture of liver was preserved (Figure 1A). In the first group,
light degeneration in 4 animals, moderate degeneration in
4 animals and severe degeneration in 2 animals were determined in the livers. On the other hand, in the second
group light degeneration in 1 animal, moderate degeneration in 4 animals and severe degeneration in 5 animals were
detected. In severe cases, varying numbers of necrotic cells
were also seen. In the degenerate livers, organization of the
hepatic cords was moderately to completely lost. In these
hepatic cords, degenerate cells were observed by the presence of vacuoles and/or swelling of the cytoplasm. In moderate and severe cases, dissociation of the hepatic cords
was detected. Degenerations in the livers in both first and
second groups were diffuse throughout the sections (Figure 1B).
As compared to gills in control fish (Figure 1C), they
were moderately to severely damaged in the treatment
groups (Figure 1D). Hydropic degeneration, which was
characterized by the swollen cytoplasm, was detected in the
epithelial cells of secondary lamellae. In most severe cases,
these degenerate cells were detached from the capillary
canal leaving empty spaces between the epithelial cells and
the capillary canal. Some of these cells were also seen to be
necrotic. However, normal histology of the capillary canal
in these fish was fairly preserved with presence of lacuna
and erythrocytes within them.

SDS-PAGE

Histopathological changes in the intestines were less
prominent and observed in some of the fish in the second
group. Compared to control (Figure 1E), degeneration, desquamation and necrosis of villous epithelium was noted in
the study group (Figure 1F).

Blood samples were collected from the dorsal root of
aorta by syringes. Serum was separated by centrifugation
at 805 x g at 4ºC for 10 minutes and then saved at –20ºC
until electrophoretic separation. The blood serum proteins
were quantified by biurate method [11]. SDS-polyacrylamide gel electrophoresis was conducted according to
Laemmli [12]. Aliquots containing equal amounts of blood
serum proteins were solubilized in 10% glycerol, 2% βmercaptoethanol, 2% sodium dodecyl sulfate, 0.01% bromophenol blue by heating at 95ºC for 3 minutes. Protein
samples were run in a 4% loading gel and 10% running
gel system at 200 V. Gels were stained with Coomassie
brilliant blue for 20-30 minutes at 56ºC. It was destained
in a methanol, glacial acetic acid and water mixture. Finally, the gels were photographed and molecular weight

Electrophoretic separation of serum proteins revealed
that the proteins with 85.8, 82.6, 73.9 and 68.5 kilodalton
(kD) molecular weights were over-expressed in the first
and second groups compared to the control. Contrary, the
proteins with 23.0 and 15.2 kD molecular weights were
inhibited in the treatment groups (Figure 2). Therefore, increases and decreases in the expression of high molecular
weight globulin bands and low molecular weight albumin
bands were detected in CoPHB exposed fish. Changes in
the expression pattern of these proteins were paralleled with
the concentration of CoPHB, where higher over-expression
and inhibition respectable to the high and low molecular
weight bands were detected in the second group compared
to the first one.
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FIGURE 1 - Liver, gill and intestine morphology in control and Cobalt parahydroxybenzoate-exposed groups. Panels (A) and (B) are liver,
(C) and (D) are gills, and (E) and (F) are intestines from control and 2 mg/L cobalt parahydroxybenzoate given groups, respectively. Moderate to severe degeneration and necrosis in liver, degeneration and necrosis of the epithelial cells of secondary lamellae in the gills (arrows),
and degeneration and necrosis of villous epithelium in the intestines (arrows) were noted in the cobalt parahydroxybenzoate-exposed groups
(All sections were stained with Hematoxylin and eosin. Magnification for Figures A-D are 370X, E and F are 37X).
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FIGURE 2 – Electrophoretic separation of serum proteins from control (Lane 4) and cobalt parahydroxybenzoate-exposed fish (Lane 3 = 1 mg/L, Lane 2 = 2 mg/L). Lane 1 and 5 are standard proteins.

DISCUSSION
We have histopathologically and electrophoretically investigated the toxic effects of CoPHB on Capoeta capoeta
capoeta. Changing degrees of degeneration and necrosis
in liver, gill, and intestine were shown to occur as well as
a uniform change in the serum protein pattern in electrophoretic run with prominent over-expression and inhibition
in the high and low molecular weight serum proteins, respectively. Potential toxic effect of CoPHB was previously
investigated in an in vitro study in that genomic DNA of
cattle was incubated with the chemical at 0.1, 1, and 10
mM concentrations and run at agarose gel to estimate
binding capacity of the chemical to DNA. It has been
shown that the mobility of the bands decreased as the concentration of the chemical increased suggesting increased

covalent binding of the chemical to DNA takes place with
higher concentrations [14]. In this investigation, we have
confirmed the toxic effect the chemical in an in vivo study
and showed the degenerative changes in several organs
and the serum protein levels.
Toxic wastes produced from various kinds of plants
throughout the world endanger water quality and therefore
the habitat of fish. In a study conducted on Cyprinion
macrostomus by Çiğremiş et al. [15], it was shown that
unrefined waste product from a textile plant could cause
vacuolar degeneration in liver, and lower the levels of
liver and kidney glutathione, a molecule involved in the
defense against many molecules including heavy metals, and in-crease the level of liver and kidney malondialdehyde, an indicator of lipid peroxidation. Among the
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chemical wastes, metals and their alloys are especially
important since they can accumulate in the fish tissues
such as gill, liver, kidney and muscle, and hence pose a
danger for fish and also the consumers [16,17].
Metals such as Cu and Fe were shown to induce oxidative stress as they could react with hydrogen peroxide by
a Fenton-type reaction to produce hydroxyl radicals [18,
19]. Such a reaction was also reported for Co suggesting
that the metal could cause tissue degeneration via free
radicals [4,20]. Conformably, Co-induced oxidative stress
was shown by Christova et al [6,7]. They have shown that
the treatment of mice subcutaneously with 60 mg/kg body
weight CoCl2 resulted in reduced glutathione level and
increased lipid peroxidation. It was also found that the activity of antioxidant enzymes, catalase and glutathione peroxidase, was inhibited while heme oxygenase activity
was significantly increased. Since liver is the organ where
detoxification process is largely mediated changes in the
enzyme activities that are involved in the oxidative stress
are especially more prominent in this organ. However,
when the homeostatic protection is not enough, degenerative changes start in liver. It was shown that Oreochromis niloticus fed with a diet containing 2000 mg Cu
kg-l dry weight feed for 42 days had fatty accumulation
with occasional hemorrhagic foci and loss of sinusoidal
space in liver [17]. In the current investigation, depending
on the given concentration, various degrees of degeneration and necrosis of parenchymal cells and sinusoidal
enlargement were ob-served in liver.
Blood serum of fish has been frequently used to estimate several toxicities [8,9,21]. Such a study might be especially helpful in investigating the molecules specifically
involved in the defense against the toxic substance or the
ones affected by the toxicant. Heikkila et al. [22] showed
that the exposure of Chinook salmon embryo cells to
CdCl2 and ZnCl2 increases the expression of a set of proteins. It was detected that expression of proteins with
molecular weights of 84, 70, 68, 51, 46 and 28 kD was
significantly increased compared to the control. Of these
proteins, while the first three were determined to be induced by other stressors, the last three were shown to be
specifically induced by the metal exposure. In addition,
CdCl2 exposure was shown to induce 10 kD metallothionein
expression. It was also noted that the increased expression
of these proteins are dose depended and regulated at the
transcriptional level. Similar to serum, tissue protein levels might also give important clues on the effect of the
study material. In this respect, cobalt treated mice were
shown to increase the expression of proteins with molecular weights of 37, 32 and 26 kD in liver [23].

level and decreases at the albumin level in Lepomis
macrochirus. Similarly, Cirrhinus mrigala exposed to
trebon at varying concentrations and durations presents a
pattern of increase and decrease at the levels of globulin
and albumin. The results of the current investigation also
showed increases at the high molecular weight bands, the
globulin bands, and decreases at the low molecular bands,
the al-bumin bands. These findings suggest that the
changes in the serum protein levels occur as a response to
CoPHB exposure and particularly to the degeneration in
liver.
Expression of several molecules such as erythropoietin, vascular endothelial growth factor, hypoxia inducible
factor-1, glucose transporters and some glycolytic enzymes
are known to increase during hypoxia [24,25]. A similar
protein expression pattern with cobalt exposure was also
recorded suggesting that cobalt ions might mimic hypoxiainduced stress [26,27]. Similarly, Zn poisoning in Salmo
gairdneri was shown to cause a modification in the gas
exchange process at the gills with subsequent hypoxia at
tissue level [28]. In this study, degenerative changes in the
gill histology were also noted with CoPHB exposure, suggesting that hypoxia-induced degenerative changes might
be effective in these fish.
CONCLUSIONS
In conclusion, CoPHB was shown to affect the serum
protein levels characterized by over-expression and inhibition at the high and low molecular weight bands, respectively. In addition, it was found that the chemical causes
prominent degenerative and necrotic changes in liver, gill
and intestine. These findings altogether suggest that CoPHB
is toxic for fish and most probably to other animals and
human, and should be used with caution.

Investigations on serum protein levels with several
toxicants have shown that globulin, pre-albumin, and albumin protein levels are largely affected by the toxicants.
Richmonds and Dutta [8] showed that malathion at various
concentrations causes significant increases at the globulin
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ABSTRACT
Taiwanese use over 30 billion pairs of disposable
chopsticks every year. The heavy metal contamination
of disposable chopsticks is a public health issue. Total
heavy metal content of disposable chopsticks is 50.42
and 73.90 µg/g for a single pair and a coupled set, respectively. Manganese (Mn), zinc (Zn), and copper (Cu), in the
order of abundance, are the three most common heavy metals found in chopsticks of both types. The hazard index of
using a single pair and a coupled set are 1.322 and 1.681,
respectively, suggesting that disposable chopsticks are likely
to cause adverse human health effects and hazards. The
policy of the Taiwan Environmental Protection Agency
(EPA), made effective in 2007, curbs the use of disposable
chopsticks in schools and government agencies and encourages the use of nondisposable stainless tableware.
Monitoring the effectiveness of this policy and inspecting
disposable chopsticks on the market should continue so as
to ensure the health and safety of the public.
KEWORDS: disposable chopsticks, metals, residue, risk assessment, hazard index.

INTRODUCTION
Generally believed to have originated in ancient China,
chopsticks are the traditional eating utensils of China, Japan, Korea, Taiwan, and Vietnam. They are a pair of small
tapered sticks of the same length, commonly made of
wood, bamboo, metal, bone, ivory, and in modern times,
of plastic as well, and maneuvered in one hand – between
the thumb and fingers – to pick up pieces of food.
Disposable chopsticks have health benefits, including
the prevention of infections such as viral hepatitis and
influenza. The Taiwan government encouraged the use of
disposable chopsticks to effectively control viral hepatitis
infection [1,2]. Disposable chopsticks are widely used in
restaurants and homes. Since 2000, Taiwanese have been
using over 30 billion pairs of disposable chopsticks annu-

ally [3]. However, disposable chopsticks are a waste of
forest resources and cause other problems.
Disposable chopsticks are made of processed bamboo
and wood. In the manufacturing process, bleach and artificial preservatives are used. Past studies showed that
commercially made wood or bamboo disposable chopsticks
re-lease formaldehyde (0.10-0.31 mµg/ml) [4] and sulfur
(0.1- 0.5 g/kg) [3] and that 10-30% of them are contaminated with pathogenic E. coli [5]. In addition, trace elements, such as chromium, cadmium, lead, etc., are a concern. Chromium exposure produces acute overt symptoms
as well as delayed manifestations including increase in the
incidence of various human cancers [6]. An acute intake of
cadmium causes necrosis and degeneration of the testes
with complete loss of spermatozoa. Cadmium is also
carcinogenic, and has been linked to lung and prostate
cancer [7]. Lead is a physiologic and neurological toxin that
can affect several organs and organ systems in the human
body. Cadmium and lead can reduce cognitive development
and intellectual performance in children and damage kidneys and the reproductive system [7,8]. Therefore, release
of heavy metals from disposable chopsticks raises a public
health issue.
This study has three aims: 1) to determine the concentration of each of 10 metal elements in disposable chopsticks (the common brands of Taiwan); 2) to determine the
acidity (pH value) and release percentage leached from
these disposable chopsticks in boiling water; 3) to assess the
health risk from daily use of disposable chopsticks, and
thereby provide reference values for the general public.
MATERIALS AND METHODS
Sampling

Two types of disposable chopsticks were selected for
this study: single pair and coupled. Single pair chopsticks
are two separate chopsticks, while coupled chopsticks refer
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to two chopsticks connected side-by-side at the top and

need to be snapped apart when used. A total of 46 com-

TABLE 1 - Concentrations of heavy metals and essential trace elements in marketed disposable chopsticks (µg/g).
Elements
Al
Cd
Co
Cr
Cu
Mn
Ni
Pb
Zn
Sn
Total amount

Single pairs (n=24)
Range
Mean
0.03-1.43
0.78
ND
ND
0.13-0.19
0.14
ND
ND
0.58-18.26
9.42
2.65-65.14
33.89
0.01-0.55
0.22
0.001-0.12
0.04
2.97-8.80
5.89
0.01-0.14
0.04
50.42

Coupled sets (n=22)
Range
Mean
0.06-1.58
0.72
0.001-0.01
0.002
0.05-0.14
0.09
0.001-0.02
0.006
0.57-15.57
8.07
2.29-107.42
59.12
0.01-0.29
0.17
0.002-1.06
0.31
0.01-11.66
5.27
0.01-0.32
0.14
73.90

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

Correlation
coefficient (r)
0.54
0.21
0.52
0.23
0.86
0.98
0.41
0.78
0.32
0.43

TABLE 2 - Release percentage of heavy metals in the two types of disposable chopsticks.a
Elements
Al
Cd
Co
Cr
Cu
Mn
Ni
Pb
Zn
Sn

Single pairs (n=24)
Release percentage (%)
20.21
5.48
15.63
8.06
9.86
2.96
3.98
6.86
5.26
19.12

Coupled sets (n=22)
Release percentage (%)
19.56
5.63
14.97
7.98
10.24
2.88
4.01
7.02
5.19
18.78

a

Assayed using the modified daily usage method. the top end of chopsticks spiked with 50 µg/g metals is dipped in 100 ml of hot boiling water at 100℃ for and refluxed
for one hour, in simulation to the way chopsticks are used to eating noodle or drink soup. Released rate and pH were detected after metals are leached from chopsticks.

mercially available disposable chopsticks were randomly
selected and collected from 6 markets in Hsinchu. They included both imported (China, Vietnam) and locally (Taiwan) produced disposable chopsticks.

able chopsticks. Statistical analysis was performed using
SPSS/PC+ (SPSS, Inc., Chicago, IL, USA). All differences
were regarded as significant when p< 0.05.
RESULTS AND DISCUSSION

Pretreatment and analysis

The samples (3 g of dried disposable chopsticks) were
refluxed in a glass bottle containing 40 mL of de-ioned
water (100 ℃ , 6 h). The supernatant was recovered by
filtering through filter paper (Whatman no. 42). Contents
of all elements were analyzed three separate times using a
previously published mass spectrometry method [9-11] and
a Perkin-Elmer 2100 Inductively Coupled Plasma Optical
Emission Spectrometer. The operating conditions were as
follows: 1) carrier gas (argon, 99.999%): 0.8 L/min; 2)
plasma gas (argon, 99.999%): 13 L/min; 3) auxiliary gas
(argon, 99.999%): 0.8 L/min; 4) pump rate: 1.5 mL/min; and
5) power: 1055 KW. The elements in samples were assayed
using calibration curves based on standard series of stock
solution dilutions of each element (1000 mg/L). The detection limits of elements were 0.07-1.4 µg/L.
Statistics

Content of each element and release rate from disposable chopsticks were measured. The analysis of variance (F)
and Mann-Whitney U test were performed to compare the
concentration differences between the two types of dispos-

Concentrations of heavy metals

Table 1 shows the heavy metal concentration in marketavailable disposable chopsticks. Level of total heavy metals
was lower in single pairs (50.42 µg/g) than in coupled sets
(73.90 µg/g). Manganese (Mn; 30 µg/g), zinc (Zn), and
copper (Cu), in the order of abundance, were the top three
heavy metal contaminants in chopsticks of both types. Yet,
Mn, Zn, and Cu concentrations were significantly higher in
coupled sets than in single pairs. Moreover, there were no
traces of either cadmium (Cd) or chromium (Cr) in single
pairs, but coupled sets contained less than 0.01 µg/g. As
correlation shown in the results, the presence of Mn, Cu,
and Pb metals found in the two types of disposable chopsticks showed high values of coefficients, being 0.98, 0.86,
and 0.78, respectively, compared with the presence of
other metals, which are in the range between 0.21-0.54. The
high value of coefficients indicated that there exists a consistency in the contamination with the two types of disposable chopsticks, and that the contamination is also re-
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lated with the origin of production as well as the production process.
pH and metal release rate

pH and metal release rates are two other issues addressed in this study, since sulfuric acid is used as a disinfectant in the manufacture of disposable chopsticks. Consumer Reports of Taiwan in 2000 found 0.1-0.5 g/kg of
SO2 in a sample of disposable chopsticks. Once dissolved,
the sulfur dioxide becomes sulfuric acid and thus is likely
to be a health concern in broth or soup solutions of high
acidity. For this reason, to measure pH and the rate of metal
release, the top end of chopsticks spiked with 50 µg/g metals is dipped in 100 ml of hot boiling water at 100℃ for
and refluxed for one hour, in simulation to the way chopsticks are used to eat noodle or drink soup. Released rate
and pH were detected after metals are leached from chopsticks. The measurement of pH, rather than acidity, is used
in our study, as in common practice, to measure the acidity and alkalinity of solution, and pH measurement, as per
IUPAC, is defined as:

pH= -log10αH+ ≈ -log10[H+]
Where αH+ denotes the activity of H+ ions, and is dimensionless. The log10 denotes the base-10 logarithm,
therefore pH defines a logarithmic scale of acidity.
Figure 1 is intended to show the pH measurement of
the solution with hydrogen proton being dissolved into the
broth after the use of disposable chopsticks of the two
types. As shown in Figure 1, the average pH values of the
solutions from using disposable chopsticks of coupled sets
and single pairs are 4.15 and 4.80, respectively, while the
blank solution, without the use of any disposable chopsticks,
showed a pH value of 7.0, indicating that coupled set disposable chopsticks release more hydrogen proton that resulted in higher acidity in the solution, and, correspondingly, causing more health risk for human body. Moreover,
Table 2 shows no significant difference in metal release
rates between chopstick types. The release rates of Al, Sn,
and Co were slightly higher (20, 19, and 15%, respectively)
than the release rates of Cr, Cu, and Zn (5~10%), and lowest for Mn (3%) and Ni (4%).

7

6

Range: 2.98 - 5.02
Mean: 4.15
S.D.: 0.26

Range: 3.98 - 6.23
Mean: 4.80
S.D.: 0.50

pH

5

4

3

2

Single pairs

Coupled sets

Disposable chopsticks types

FIGURE 1 - pH of two types of disposable chopsticks. The pH was measured in the
top ends of the chopsticks, which are normally used by the general public in daily life.

TABLE 3 - Assessment of non-carcinogenic health risk attributable to
intake of heavy metals from usage of disposable chopsticks (mg/kg-day).a
Heavy metals
Cr
Cd
Cu
Mn
Ni
Pb
Zn

RfD
(mg/kg-day)
3×10-3
1×10-3
4.3×10-2
5×10-2
2×10-2
1.43×10-3
3×10-1

Hazard quotient (HQ)
Single pairs
Coupled sets
0
0.003
0
0.005
0.661
0.588
0.614
1.042
0.015
0.012
0.000
0.002
0.032
0.028
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Hazard index (HI= ΣHQ)
a

1.322

1.681

Hazardous Index method.

Risk assessment

The large annual consumption of disposable chopsticks
in Taiwan may have a measurable impact on health. To
assess this impact, we calculated the Hazard Quotient (HQ),
which is the heavy metal intake (dose) divided by the recommended reference dose (RfD) as per the US EPA’s
IRIS standards, and the Hazard Index (HI) [12], which is
the sum of all HQs, with HI<1 indicating no risk of adverse health effects, and HI>1 indicating moderate risk of
adverse health effects. These calculations are as shown in
Formulae 1 through 3, where RfD is the recommended reference dose, Ci is the average metal concentration assayed
in the broth of boiled disposable chopsticks (in µg/g), Ti is
the number of times disposable chopsticks were used per
day (e.g., 3 times), Ri is the percentage of metal release
(e.g., Al, 20.21%), Ed is the years of exposure to disposable
chopsticks (e.g., 50 years), Bw is average body weight (e.g.,
70 kgs), and At is average life expectancy (e.g., 70 years).

of 3 million trees, aggravating the problems of global warming. EPA’s policy made effective in 2007, the use of disposable chopsticks in schools and government agencies and
promoting the use of non-disposable stainless tableware.
To ensure public health, the effectiveness of this policy
should be monitored, while continuing to inspect commercially available disposable chopsticks. As our study was
conducted over a short time only, the data we collected
may be limited in terms of temporal generality, and, for a
further project, we are planning to cover a longer time and
large samples, in order to collect adequate information and
data to make to accurately evaluate possible health risks of
metals residues in disposable chopsticks.

Exposure Dose
...........................(1)
RfD
Ci ×Ｒi ×Ｔi × Εd
Exposure Dose =
............................(2)
Bw × At
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Table 3 shows that the health hazard index of using
single pairs and coupled sets of disposable chopsticks, calculated as above, is 1.322 and 1.681, respectively. Adverse
effects are implied by both values being greater than 1.0.
Of all the elements tested in this study, manganese (a brittle
metal, abundant in the earth’s crust, soil, and sedimentary
rocks, and commonly used in the manufacture of ferrous
alloys and steels) has the highest health quotient and therefore is the largest contributor to health hazard. Lucchini et
al. (2007) [13] found that exposure to manganese results
in pathological changes in the nervous system and induction of Parkinson disease. Moreover, Li et al. (2004) [14]
found that manganese exposure induces oxidative stress,
inhibiting macrophage cell function in the lungs. The fact
that over 80% of the disposable chopsticks used in Taiwan are imported from China and Vietnam may explain
their high concentration of manganese, which is likely to
come from contaminated soils or steel mill waste.

CONCLUSIONS
We showed that disposable chopsticks contain hazardous amounts of heavy metals; these findings should alert
authorities to this health hazard, and to the need for further
studies. Additionally, the disposal of 30 billion pairs of chopsticks each year is an environmental problem involving
not only accumulation of trash, but also the annual felling
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TESTING BENTHIC MACROINVERTEBRATES AS BIOINDICATORS FOR TRANSITIONAL WATERS QUALITY ASSESSMENT
Vasileios Kantzaris*, Angela Rouvalis, Constantina Karadima,
Panayiotis Kaspiris and Joan Iliopoulou-Georgudaki
University of Patras, Department of Biology, Section of Animal Biology, Unit of Pollution and Ecotoxicology, 26500, Patras, Greece

ABSTRACT
A biomonitoring protocol based on macroinvertebrates
was applied to the estuaries of the rivers Alfeios and Pineios
(Greece) in order to meet with the framework set by the
WFD for the protection of waters. Seven metrics based on
taxa richness and diversity were integrated in the calculation of the environmental assessment. Its results were in
agreement to those obtained by the physicochemical parameters. The protocol used was easy to handle and possibly applicable to different geographical areas. However
its intercalibration with other proposed methodologies
within the European member states is suggested.

KEYWORDS: biomonitoring, transitional waters, macroinvertebrates, estuarine monitoring, invertebrate communtiy index.

INTRODUCTION
The European Water Framework Directive (WFD,
2000/60/EU), which entered into force in December 2000,
provides an institutional framework for aquatic ecosystem
monitoring in Europe. It represents a significant legislative innovation in European water policies. The final goal
of this directive is to obtain a “good water status” for all
water body types by 2015. According to this framework
different biological elements of the ecosystem (e.g phytoplankton, benthos, fishes, etc) will be used for the assessment of water quality [1- 4].
Dauer [5] stated that biological criteria are considered
important components of water quality because: (i) they
are direct measures of the condition of the biota, (ii) they
may uncover problems undetected or underestimated by
other methods; and (iii) such criteria provide measurements
of the progress of restoration efforts. Macroinvertebrates
have already been used as bioindicators in rivers for a long
time whilst on the other hand, some attempts to provide
useful “tools” to measure ecological quality in the marine
environment have been developed in Europe and North
America [6-9].

According to Borja [10] several benthic groups, such
as amphipods [11], cumaceans [12] or polychaetes [13, 14],
have been used as indicators of stress or pollution. Scientists recognize invertebrates as good indicators of changes
in tidal flow, vegetation cover, salinity regime, nutrients,
and dissolved oxygen. A number of invertebrates are also
sensitive to pesticides and heavy metals. Many marine invertebrates are sedentary and their populations reflect past
and present environmental conditions at a particular location [8].
In this contribution, the macroinvertebrate fauna of
three different study sites (Fig.1, 2) was recorded over one
year period and their community structure and composition was examined. Several metrics were calculated and
combined to provide the Invertebrate Community Index
for the estimation of water quality according to Hicks [15]
in order to apply a biomonitoring protocol already tested
in North America [16, 17] and investigate its application in
the Mediterranean region.
MATERIALS AND METHODS
The study sites were the Alfeios and Pineios estuaries
in southwest Greece (Fig. 1 - 2). These systems are under
severe environmental stress, and an ongoing eutrophication
process has been monitored during the last decade. The
most important perturbations of these rivers are overirrigation, extensive fishing and hunting, sand and gravel gathering, dams, point and non-point sources of pollution from
surrounding agricultural areas, cattle wastes and urban untreated wastes [18]. The reference site selected, as it is
shown in Figure 1, is located within the same watershed
and is as similar as possible as the study sites [19] in the
means of natural conditions, geological, climatic setting and
hydrological regime, but it was considered to be minimally
impacted.
At each site to be assessed, three sampling stations
were selected within a linear distance of 33 meters of each
other. At each station two replicate samples of macroinvertebrates were collected. A replicate D- Net sample with
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FIGURE 1 - Sampling stations in the estuary of the river Alfeios and reference site.

FIGURE 2 - Sampling stations in the estuary of Pineios.
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a 500 µm mesh bag [20] during low tide in the estuary
stream and a replicate Van Veen grab (1215 cm2) during
low tide in the estuary stream sediments. A composite sample was created for each station by pouring the vial contents of the D-Net sample and the Van Veen grab sample
into one Petri dish. Sampling took place on a seasonal basis
over a one year period starting in spring of 2005 and ending in the winter of 2006. All organisms collected were preserved in a solution of 4% formalin. Hence they were transported to the laboratory and were identified by means of a
binocular microscope (4-40x) [8] to the lowest possible
identification level. Water quality data such as mean dissolved oxygen concentration, salinity and total dissolved
solids (TDS) were measured in the field using a portable
device whilst water samples were collected for further
chemical analysis in laboratory: ammonium, nitrate and
phosphate by the use of the HACH device.
After identifying and counting the number of organisms present at each sampling site, seven (7) metrics were
calculated:
1. Taxa Richness
2. % Predators

3. % Contribution Dominant Taxonomic Group
4. % Contribution Dominant Trophic Group
5. % Abundant and % Rare whereas the percentage of rare
(0 – 4) and abundant (50 and above) was marked
6. % Freshwater Aquatic Invertebrates
7. Invertebrate Community Index (ICI) which is a
summary of the multiple metrics and indices calculated above and is a measure of the overall biological
condition. The ICI is calculated according to the formula
con-ducted by Plafkin [21] as it is modified by Hicks
[22] and is described in Tables 1 and 2.
The Biological Condition Score is derived, when using
the Scoring Criteria described in Table 2.
A total assessment score (n*) is obtained with the addition of the scores for each metric and it is converted into
a percentage, in order to give the ICI as a percent comparison to the Reference Condition. 42 is the maximum
score for 7 metrics, thus Invertebrate Community Index
Score= (n*/42) X 100. The interpretation of the Invertebrate Community Index Score is presented in Table 3.

TABLE 1 - Calculation Formula of the ICI.
METRIC
Taxa Richness
% Predators
% Contribution Dominant Taxonomic Group
% Contribution Dominant Trophic Group
% Abundant
% Rare
% Freshwater Aquatic Invertebrates
n is the value of each metric

FORMULA
(n/Reference value) X 100
(n/Reference value) X 100
(Reference value/n) X 100
(Reference value/n) X 100
(Reference value/n) X 100
(n/Reference value) X 100
(Reference value/n) X 100

TABLE 2 - Criteria for characterization of Biological Condition.
METRIC
Taxa Richness
% Predators
% Contribution Dominant Taxonomic Group
% Contribution Dominant Trophic Group
% Abundant
% Rare
% Freshwater Aquatic Invertebrates

6
>90
>90
>70
>70
>80
>90
>90

BIOLOGICAL CONDITION
SCORING CRITERIA
4
2
70-90
50–69
70-90
50–69
50-70
30-50
50-70
30-50
65-80
25-65
70-90
50–69
70-90
50–69

TABLE 3 - Interpretation of ICI score.
>80
60-80
40-59
<40

Assessment criteria
Non-impaired
Somewhat impaired
Moderately impaired
Severely impaired
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RESULTS AND DISCUSSION
The sediment type in all sites consisted of mud. The
measurements of the physicochemical parameters are presented in Table 4. In the spring of 2005 the sites of Alfeios
and Pineios showed lower values in salinity and mean dissolved oxygen concentration compared to the Reference
site and higher values in TDS, ammonium, nitrate and
phosphate. In the summer and autumn 2005 higher values
of ammonium, nitrate and phosphate were measured in the
estuaries of Alfeios compared to these in the estuaries of
Pineios and the Reference site whilst in the winter 2006
higher values of ammonium, nitrate and phosphate were observed in the estuaries of Alfeios and Pineios compared to
the Reference site.
A list of the taxa collected in our samplings is presented in Table 5.
In all of our samplings Talitroidae was the dominant
taxa followed by individuals of the class Polychaeta, whilst
Mysidae, Trochidae and Mytilidae were also collected in
large numbers.

The metrics that were calculated according to Hicks
[15] are presented in Tables 6-9. According to our findings, Alfeios estuary was somewhat impaired in all of our
samplings; Pineios estuary was somewhat impaired in the
samplings of spring 2005 and winter 2006 whilst it was
non-impaired in the samplings of summer and autumn 2005.
These findings were in agreement to the results of the physicochemical parameters.
The biomonitoring protocol applied integrates elements
of taxa richness, abundance and diversity in order to estimate ecological quality. It was very easy to apply since all
organisms were identified up to the family level. This is
in accordance to Rosenberg [23] who quotes that the use
of lower organization levels in taxonomy is not recommended as different species within the same genera may
show great discrepancies in tolerance. Moreover identification of species is not only a matter of skilful taxonomists, it is laborious and tedious; thus it is expensive [23].
The concept of taxonomic sufficiency must be applied if
benthic indices are to be used at low cost by people who
are not experts in taxonomy [24]. Moreover applying taxonomic sufficiency decreases the cost of implementation by

TABLE 4 - Physicochemical parameters.
SPRING 2005
Depth (cm)
Mean Temperature (ºC)
Dissolved Oxygen (mg/l)
Salinity (‰)
TDS
NH3 (µmol/L)
NO3 (µmol/L)
PO4 (µmol/L)
SUMMER 2005
Depth (cm)
Mean Temperature (ºC)
Dissolved Oxygen (mg/l)
Salinity (‰)
TDS
NH3 (µmol/L)
NO3 (µmol/L)
PO4 (µmol/L)
AUTUMN 2005
Depth (cm)
Mean Temperature (ºC)
Dissolved Oxygen (mg/l)
Salinity (‰)
TDS
NH3 (µmol/L)
NO3 (µmol/L)
PO4 (µmol/L)
WINTER 2006
Depth (cm)
Mean Temperature (ºC)
Dissolved Oxygen (mg/l)
Salinity (‰)
TDS
NH3 (µmol/L)
NO3 (µmol/L)
PO4 (µmol/L)

ALFEIOS

PINEIOS

REFERENCE

48
21.2
5.4
26.2
59.4
48
110
12

51
22.4
5.1
25.6
67.2
39
90
8

50
22.1
7.9
30.3
40.3
8
25
1.5

46
19.2
8.7
30.6
40.8
84
140
9

49
19.6
8.3
34.2
39.6
8
40
1.4

49
19.7
9.6
31.1
40.9
5
30
1.2

41
14.8
8.1
29.7
41.2
32
84
6

44
13.8
8.6
29.2
40.7
12
11
1.3

43
13.7
8.7
29.5
41.1
9
9
1.1

56
15
8.4
32.3
39.6
34
72
5

55
14.1
8.2
33.4
40.8
31
51
3.5

53
15.1
7.9
31.5
41.1
2
30
0.9
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TABLE 5 - List of the taxa collected.
Class Crustacea
Order Amphipods
Talitroidae
Gammaridae
Eusiridae
Gammaridae
Oediceratidae
Leucothoidae
Alpheidae
Corophiidae
Caprellidae
Order Isopoda
Cirolanidae
Order Decapoda
Penaeidae
Order Mysidacea
Mysidae
Brachyura
Ocypodidae

Class Gastropoda
Order Archaeogastropoda
Trochidae
Turbinidae
Columbellidae
Order Mesogastropoda
Naticidae
Rissoidae
Littorinidae
Potamididae
Architectonicidae
Cerithiidae
Turritellidae
Order Neogastropoda
Turridae
Muricidae
Fasciolaridae
Order Monotocardia
Bittidae
Order Diotocardia
Calliostomatidae

Class Bivalvia
Order Mytiloidea
Mytilidae

Class Polychaeta

Class Insecta
Order Coleoptera
Melyridae
Order Ephemeroptera
Baetidae
Order Diptera
Chironomidae

TABLE 6 - Metrics and Indices in spring 2005.
SPRING 2005
METRIC / INDEX
Taxa Richness
% Predators
% Contribution Dominant Taxonomic Group
% Contribution Dominant Trophic Group
% Abundant
% Rare
% Freshwater Aquatic Invertebrates
ICI
BIOASSESSMENT

ALFEIOS
14
22
24
62
9
54
4
30
71

PINEIOS
16
22
23
50
4
48
3
32
76

REFERENCE
28
19
20
52
13
34
0
REFERENCE
REFERENCE

TABLE 7 - Metrics and Indices in summer 2005.
SUMMER 2005
METRIC / INDEX
Taxa Richness
% Predators
% Contribution Dominant Taxonomic Group
% Contribution Dominant Trophic Group
% Abundant
% Rare
% Freshwater Aquatic Invertebrates
ICI
BIOASSESSMENT

ALFEIOS
22
14
21
61
9
50
1
32
76

PINEIOS
24
20
20
55
8
52
2
36
85

REFERENCE
30
19
14
39
6
40
2
REFERENCE
REFERENCE

TABLE 8 - Metrics and Indices in autumn 2005.
AUTUMN 2005
METRIC / INDEX
Taxa Richness
% Predators
% Contribution Dominant Taxonomic Group
% Contribution Dominant Trophic Group
% Abundant
% Rare
% Freshwater Aquatic Invertebrates
ICI
BIOASSESSMENT
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ALFEIOS
23
20
34
68
4
60
1
28
66

PINEIOS
27
26
28
59
11
52
1
34
81

REFERENCE
32
24
23
45
9
31
0
REFERENCE
REFERENCE
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TABLE 9 - Metrics and Indices in winter 2006.
WINTER 2006
METRIC / INDEX
Taxa Richness
% Predators
% Contribution Dominant Taxonomic Group
% Contribution Dominant Trophic Group
% Abundant
% Rare
% Freshwater Aquatic Invertebrates
ICI
BIOASSESSMENT

allowing identification to be done with only a minimum
knowledge of macrobenthic species and minimizes the
number of identification errors [25]. The use of abundance
in the estimation of ecological quality is also proposed by
Warwick [26] who quotes that species ranked order according to their abundance may be useful for determining the
ecological status of an area. The ICI index complies with
the main terms to be addressed by a benthic invertebrate’s
classification scheme for WFD which are ‘the level of diversity and abundance’ of invertebrate taxa [27]. Moreover
the biomonitoring protocol used meets with the requirements
of the ideal adopted framework for ecological assessment
which according to Diaz [28] should be of high relevance,
communicable, robust from an analytical and statistical
standpoint, and be able to meet environmental legislative
criteria [29].

ALFEIOS
23
20
28
63
1
60
1
32
76

PINEIOS
23
27
26
54
4
56
2
32
76

REFERENCE
34
26
19
39
7
32
1
REFERENCE
REFERENCE

ever it is recommended that a qualified marine entomologist or ecologist acts as a group leader or technical advisor.
Although the results obtained lie close to those obtained by
the measurements of the physicochemical parameters, this
approach should be intercalibrated with other proposed
methodologies, within the European member states, in order
to obtain an accurate application.
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BIOCHEMICAL EVIDENCE OF FREE RADICAL-INDUCED
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ABSTRACT
This paper documents the findings of a research aimed
at determining the levels of malondialdehyde (MDA) used
for measuring the oxidative damages in liver, kidney and
gonadal tissues in rats due to high doses of endosulfan and
malathion. Evidence on the following results are presented:
there are chronic effects of sublethal doses of endosulfan
and malathion on tissue MDA levels. Oxidative stress is important in the mode of action of these insecticides. There are
important and significant increases in the levels of MDA in
all organs in relation to the applied dose. Also, MDA values are higher in experimental groups administered endosulfan than the groups administered malathion. These
results suggest that endosulfan may cause more oxidative
damages than malathion.

KEYWORDS:
endosulfan, malathion, malondialdehyde, lipid peroxidation, rat.

INTRODUCTION
Over the past decade there has been increasing focus
on the effects of pesticides on human health. Pesticides are
a group of environmental pollutants that pose a significant
risk to non-target animal and human health. Due to their
constant use and chemical stability, these toxic pollutants
are widespread and may persist as contaminants in the ambient environment. Endosulfan and malathion are organochlorine and organophosphate insecticides, respectively.
Endosulfan is extremely toxic to fish and aquatic invertebrates and has been implicated in mammalian gonadal toxicity [1], genotoxicity [2, 3] and neurotoxicity [4]. In some
studies, it was noted that endosulfan has adverse effects on
human endocrine system [5-7]. Some studies note that endosulfan, an insecticide of the cyclodiene group, is extensively used as an insecticide mainly in agriculture and in

some countries in public health [8]. These health and environmental concerns have raised interest on the detoxification of endosulfan in the environment. Malathion is an organophosphorous pesticide widely used to control mosquitoes in urban areas and pests, such as boll weevils, in
agricultural areas. Malathion is used to control sucking and
chewing insects on fruits and vegetables, mosquitoes, other
household pests, and animal parasites [9, 10].
Most of the chemicals, which are used as pesticides,
are not highly selective. However, they are generally toxic
to many non-target species, including man and other animals. Many insecticides were completely banned in Turkey
beginning from the 1990’s. However, in spite of the banning total pesticide usage in 1995 was 37.000 tons in Turkey and this usage shows a steady increase year by year.
Endosulfan is an organochlorine insecticide and currently
used as an insecticide all over the world and its residues
are posing a serious environmental threat. This group of insecticides draws major health concern due prolonged persistence in the body [5, 11]. Endosulfan, however, has low
residual persistence and hence had been preferred over other
insecticides in this group [12, 13]. Malathion has been reported that in vitro exposure of human bone marrow cells
by metabolities of pesticides with organic phosphorus,
erythroid and myeloid cells are suppressed, however if they
are administered in high doses bone marrow cells become
normal again. Blood accurately and completely reflects all
physical and chemical changes in organisms [14]. Therefore blood analysis has an extended area of application in
fish and mammalians with metabolic disorders and septicemia. These analyses are significant because physiological changes due to the immunostimulants can be easily
evaluated. The objectives of this research are to determine
the levels of MDA used for measuring the oxidative damages in liver, kidney and gonadal tissues in rats due to high
and low doses of endosulfan and malathion. Evidence on
the chronic effects of sublethal doses of endosulfan and
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malathion on MDA levels in tissue are presented. Moreover, it is documented that oxidative stress plays an important role in the mode of action of insecticides.
MATERIALS AND METHODS
Animals and Experimental groups: All experimental protocols were approved by the Marmara University School
of Medicine Animal Care and Use Committee. Wistar
albino rats of both sexes (n=50) weighing 200-250 g were
divided at random into five groups of 10 animals each. They
were maintained under a well regulated light and dark
(12h:12h) schedule at 24ºC±3ºC, and were allowed free
access to laboratory chow and tap water. The experimental
groups in this study were as follows: Low dose of endosulfan (E1), high dose of endosulfan (E2), low dose
of malathion (M1), high dose of malathion (M2) and
Control group (C). 15 doses (15 days) were administered
via intra-peritoneally way to 50 rats in each treatment
group at the following levels: 11 mg/kg (10% of LD50)
endosulfan and malathion for E1 and M1 and 33 mg/kg
(30% of LD50) endosulfan and malathion for E2 and M2,
respectively. An equal amount of physiologic saline was
also given to control (C) rats. The rats in all treatment
groups were killed by cervical dislocation after 15 days for
cronical effects. The tissue samples (liver, kidney, ovary
and testis) of rats were taken by using appropriate techniques for biochemical examination. The level of
malondialdehyde was determined in liver, kidney, ovary
and testis tissue samples of rats. These protocols were
approved by the Animal Ethical Committee, University of
Marmara, Faculty of Medicine, Haydarpaşa, İstanbul.
Chemicals: All fine chemicals used in this study were
purchased from Merck (Darmstadt, Germany). Commercially available endosulfan and malathion (Hektaş, Turkey)
was used in this research.
Malondialdehyde (MDA) determination: The assay of lipid
peroxide was performed according to a modified version of
the method of Masugi and Nakamura [15]. The measurement of liver, kidney and gonad tissue peroxide by colorimetric reaction with thiobarbituric acid is described in

detail below, and the determined lipid peroxide is referred
to as MDA. Results were expressed as nmol/g MDA tissue.
After decapitation, the liver, kidney and gonad tissue samples were immediately taken using appropriate techniques
for biochemical examinations and stored in deep-freeze at
-20ºC. After thawing the frozen tissues, 2 ml of 0.05 mol/l
phosphate buffer (pH 7.4) was added to 1 g tissue. The
resulting mixture was homogenized using a teflon-pestled
homogenizer. The homogenate was used for experiments.
To 0.5 ml tissue homogenate in teflon-stoppered test tube,
2.5 ml of 20% trichloroacetic acid solution was added. The
color of thiobarbituruic acid pigment was developed in a
water bath at 100ºC for 30 min. After cooling with tap water
to room temperature, 4 ml n-butanol was added and shaken
vigorously. After centrifugation, the color of butanol layer
was measured at 535 nm. 1,1,3,3-tetraethoxypropane was
used as a standard of MDA.
Statistics: Statistical analysis was performed using
Student’s t-test. P<0.05 was considered statistically significant. Results are presented as mean ± standard deviation.

RESULTS
According to the results obtained from this study, increase in MDA levels might be accepted as an indicator of
lipid peroxidation due to free radicals. In our study, this
increase observed in MDA levels related to endosulfan and
malathion in liver, kidney and gonadal tissues indicates the
presence of free radicals and their lipid peroxidative damages during insecticide metabolism. It was demonstrated
that there is an oxidative tissue damage in liver, kidney and
gonadal tissues in rats due to endosulfan and malathion. In
comparison of experimental groups which were administered endosulfan (E1 and E2) with controls, the increase of
MDA levels in liver was statistically significant in E1 and
E2 (p<0.05 and p<0.01). Also statisticaly significant increase in MDA levels due to the doses of endosulfan was
observed in kidney tissues. On the other hand, MDA levels
in E1 and E2 groups were increased related to higher doses
in both ovary and testis tissues (p<0.05 and p<0.01, respectively).

TABLE 1 - Mean malondialdehyde (MDA) levels (nmol/g tissue MDA) in liver, kidney and gonadal tissues of Wistar albino rats.

Experimental
groups*
(n=50)
E1
E2
M1
M2
C

Liver
♀

♂

198±24.2
225±15.1
127±11
146±37
98±11

190±18.2
220±16.0
115±20
141±21
79±23

Malondialdehyde (MDA) Levels in tissues
(nmol/g MDA)
Kidney
♀
♂
87±12
105±22
89±15
93±10
52±17

88±54
97±21
80±21
90±32
50±00

Ovary
♀

Testis
♂

114±11
133±21
106±43
140±32
46±11

110±33
122±32
100±25
120±55
44±52

*E1: Low dose Endosulfan, E2: High dose Endosulfan, M1: Low dose Malathion, M2: High dose Malathion, C: Control group
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It was established that MDA levels in liver tissues were
statistically increased in groups administered malathion
(M1 and M2 groups) when compared to controls (p<0.05
and p<0.01, respectively). Also statistically significant increase in MDA levels due to the doses of malathion was
observed in kidney tissues. On the other hand MDA levels
in M1 and M2 groups were increased related to higher doses
in both ovary and testis tissues (p<0.05 and p<0.01, respectively). Furthermore, in the groups which were administered
endosulfan, MDA values were higher than the malathion
groups. Taking into consideration these results, it might
be concluded that endosulfan causes more oxidative damages than malathion. Considering all of the detected MDA
levels, it was observed that statistically significant MDA
levels were higher in liver, kidney and gonadal tissues in
experimental groups than controls. In conclusion, endosulfan
and malathion leads to oxidative stress in liver, kidney and
gonadal tissues in rats and MDA, one of the final products
of lipid peroxidation, increases accordingly (Table 1).
DISCUSSION AND CONCLUSION
When insecticides are used commonly in agricultural
areas, they have adverse effects on the natural environment.
Insecticides cause non-degradable residues on soil, water
and foods for years. They threaten both human and animal
health via food chain [16]. Endosulfan and malathion can
induce enhanced lipid peroxidation on rats, and the oxidative stress plays an important role in the mechanism of toxicity and hepatotoxicity. Numerous studies were performed by investigators examining the adverse and acute,
subacute and chronic effects of insecticides in different
animal species. In test animals, administered endosulfan,
hyperplasia in seconder parathyroid gland, congestion and
sinusoidal enlargement in liver were reported in literature
[17]. In line with these results, this research supports the
oxidative damages in tissue due to high MDA levels in
liver.
Previous studies [18, 19] indicate that malathion and
degradation products have inhibitory effects on enzyme
activities. This finding is based on the observation of inhibition in alkaline phosphatase in small intestine and liver of
rats as a response to malathion injection. Malathion reaches
to liver via blood and it is metabolized by oxidases with
mixed functions bounded to smooth endoplasmic reticulum and then it is transformed into degradation products.
Also several other studies [20, 21] demonstrate similar inhibitory effects for degradation products of other some
pesticides. When various doses of malathion are given by
oral route, hepatic enzyme activities are decreased. Moreover, cell damage is observed and glycogen and glycose
levels in liver are decreased [19, 22, 23].

fan administration, it has been reported that there are
markedly increases in thiobarbituric acid reactive substances (TBARS) in liver and kidney tissues of rats
[25]. In our study in liver, kidney and gonadal tissues of
all groups, which were administered both endosulfan and
MDA, significant increases were observed when compared to controls. As a result it can be noted that oxidative
stress and lipid peroxidation occurs in all tissues and organs, and similar results are obtained. In other studies
examining pecticides, mononuclear cell infiltration and
damages in proximal tubule cells in kidney tissues of test
animals were detected [1, 26-28]. Rauber [29] reported
that endosulfan causes hyperplasia in paratyroid glands
especially in male rats. Various researches [30-33] report
degenerations in ovaries related to dose in rats as a result
of certain pesticide administrations. In our study, in line
with these findings, the increase observed in MDA levels
related to endosulfan and malathion in gonadal tissues
indicates the presence of free radicals and their lipid
peroxidative damages during insecticide metabolism.
This study aimed to determine the MDA levels from
low and high doses of endosulfan and malathion in liver,
kidney and gonadal tissues of rats. In conclusion, considerable and statistically significant increases in MDA
levels were observed in all organs related to dose. Furthermore, in experimental groups which were administered
endosulfan, malondialdeyhe levels were higher than in the
malathion groups. It can be considered that endosulfan
causes more oxidative damages than malathion. Thus,
chronic effects of sublethal doses of endosulfan and malathion on MDA levels in tissue have been established and it
is suggested that the oxidative stress plays an important role
in the mode of action of insecticides.
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Our results show that increase in MDA levels in test
groups can be an indicator of lipid peroxidation due to
free radicals. Hıncal [24] examined the effect of endosulfan on oxidative stress. In a study of single dose endosul-
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SPATIAL DISTRIBUTION OF WATER INPUTS IN
FOREST SOILS UNDER Pinus radiata, IN Galicia (NW SPAIN)
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ABSTRACT
Samples of rainfall, infiltration and drainage water
were collected between 1997 and 1999 in three Pinus radiata D. Don plots, with similar climate and site conditions
(physiography, plantation spacing, age and height of the
trees), located in NW Spain. Sampling followed events of
rainfall, and throughfall data were obtained at different
locations with the aim of establishing the spatial variability in water inputs to the forest system.
The results show the important role played by some
tree species in areas with high annual precipitation
(>1500 L m-2), particularly when the height of the trees is
higher than 20 m. Under these conditions, concentric microsystems of soil development are generated, with effective flux intensities ranging from 1000 to 150000 L m-2 yr-1,
increasing from the edge of the area covered by the crown
to the tree trunk. In comparison with unforested soils, the
systems described here are subject to highly heterogeneous spatial and temporal rates of evolution, which are affected by harvest rotations and thus by the location of the
trees in each new plantation. The influence of tree cover on
soil evolution is expected to increase considerably in the
presence of atmospheric pollutants, taking into account the
concentrating effect of the solutions derived from the leaching of intercepted rainfall.

KEYWORDS:
water cycle, forest soils, Pinus radiata

The effect of different forest species on the hydrological cycle and, therefore on the physical and chemical properties of soils has been demonstrated in several studies [17]. Most studies provide mean data corresponding to the
annual inputs and outputs of water in the systems, and
highlight the importance of the tree species such as the
age, the height, the plantation spacing and the variability
associated with the type of climatic environment (intensity
and distribution of rainfall, wind speed, etc.). References
are often made to the concentrating effect of the trunk, particularly in species in which the branches emerge at a particular angle from the stem, which becomes even more important as more intense and continuous the rainfall [8-11].
Galicia is characterized as a region of high and intense rainfall (>1500 L m-2 yr-1), with more than 80% of
the annual rainfall occurring in the period between October and May. The total area of land under forest cover is
more than one million ha (i.e., almost 1/3 of the region),
with conifers being the main type of tree planted (in 30%
of the forested land as pure stands and in 50% as mixed
plantations, [12]). The area occupied by pure stands of
Pinus radiata is approximately 80000 ha. Some data on
hydrological parameters in both conifer and broadleaf forest soils have been reported [13, 14] and budgets have been
calculated for catchments [15-17]. The aim of the present
study was to improve methods of quantification of inputs
and outputs of water in P. radiata plantations, by comparison of two different methods (simple and heterogeneous distribution model) in three plots of similar characteristics situated in different parts of the region. In addition
to determining the mean input/output balances, a further aim
was to establish the spatial variation in these balances in
forest soils.

INTRODUCTION
In regions subject to high rainfall, the flow of water
in and out of the soil is essential for maintaining the quality of the systems, as it governs the intensity of the geochemical evolution of the edaphic environment and affects the properties of surface waters, in terms of the time
of contact and achievement of equilibrium with the soils.

MATERIAL AND METHODS
The study was carried out in three forest plots in the
central-western and northern regions of Galicia, in forest
areas at altitudes of 500-600 m, with similar soil conditions and structural characteristics in the plantations (Ta-
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ble 1). The temperature regime is mesic (mean temperature of approximately 12ºC) and the moisture regime,
udic [18], with mean levels of precipitation between
1300 and 1800 L m-2 yr-1.
To characterize the water inputs, samples were collected weekly (during the wet period) or monthly (during
the dry period), and the precipitation was measured with
pluviometers located in unforested areas close to the plots.
Throughfall was measured with 18 pluviometers placed
under the crowns, in different positions. Stemflow was
measured in 14 representative trees in the plantations, with
open (longitudinally) collection tubes positioned in a spiral
from a height of 1.5 m on each tree to a collector positioned
at the base.
Gravitational water was sampled with zero-tension lysimeters. Duplicate lysimeters, which were made of methacrylate, wedge-shaped and of rectangular base 38x29 cm,
were placed in the soil under different horizons: O+Ah1,
at 20 cm from the surface; O+Ah1+Ah2, at 40 cm from the
surface; and O+Ah1+Ah2+C (Bw in the Muras plantation)
at between 80 and 100 cm from the surface. The exit tubes
were channelled towards a well situated at 15 m from the
lysimeters, in which the collectors were placed. Once the
lysimeters were installed, the soil pits were sealed with the
piles of soil material that had previously been removed. As
temporal imbalances were observed in the lysimeters a few
months after the start of the experiment and there were indications of possible losses of water by subsurface flow,
calculation of the water flow was carried out by chemical

analysis of the solutions collected, and application of the
Cl mass balance method in Martelo and Goente. It was not
possible to use the Cl mass balance approach in the other
plot because of interference by non forest soils in the
catchment area. Standard filled-in lysimeters, constructed
of polypropylene and with mesh (2cm) walls and a base of
size 51 x 38 cm were filled with soil material from the Ah1
and Ah2 horizons. The lysimeters were inserted in the hole
from which the soil was removed, avoiding as far as possible the presence of zones of preferential circulation. These
lysimeters were used to obtain a further estimate of the
drainage characteristics in the surface horizons of the soils,
without the effect of roots, and as they were installed in an
identical way in the three plots (same amount of soil, degree of packing, etc.), they provide useful data for comparing the patterns observed in the three different soils.
Finally, during 1998, samples of water outputs from the
systems (streamflow and subsurface flow), were collected
at monthly intervals, and Cl mass balances were used for
better description of the overall water inputs/outputs.
RESULTS AND DISCUSSION
The mean values obtained for the crown balance, precipitation, throughfall, stemflow and interception, in the
three plots during the two years of the experiment are
shown in Table 2. In general the throughfall represented
approximately 70% of the precipitation, and as there was

TABLE 1 - General characteristics of the study plots.
Martelo
42º49’42”N
8º46’18”W
490
1770
(1955-97)
12.9
25-30
625
20
86
Haplic umbrisol
Two-mica granite

Latitude
Longitude
Altitude
Mean annual precipitation
Mean temperature (ºC)
Age of plantation (year)
Stocking density (trees ha-1)
Mean height (m)
Diameter at breast height
Soil classification [19]
Parent material

Goente
43º24’55”N
7º58’58”W
520
1573
(1961-97)
11.8
25-30
625
18
78
Gleyic umbrisol
Ollo de sapo gneiss

Muras
43º31’33”N
7º38’53”W
530
1222
(1970-97)
13.5
25-30
625
15
63
Haplic umbrisol
Two-mica granite

TABLE 2 - Mean values of the parameters of water input into the system.
----- Martelo----

-------Goente-------

-------Muras-----

Mean
values

1997
1998
1997
1998
1997
1998
L m-2
2315.0
1715.0
2136.7
1785.1
1710.5
1530.5
1865.5
L m-2
1639.3
1323.7
1621.5
1435.0
739.7
765.2
1254.3
(%PR)
(70.8)
(77.2)
(75.9)
(80.4)
(43.2)
(50.5)
(67.2)
ST
L stem-1
1518.2
1100.7
3655.9
3069.1
526.6
436.2
1717.8
L ha-1
948875
827938
2286269
1918188
329125
272625
1073625
L m-2 (eq)
94.9
68.8
228.5
191.8
32.9
27.3
107.4
(%PR)
(4.07)
(4.01)
(10.7)
(10.7)
(1.9)
(1.8)
(5.8)
INT
L m-2
580.1
321.5
286.7
158.3
937.7
738.0
503.8
(%PR)
(25.1)
(18.8)
(13.4)
(8.9)
(54.8)
(48.2)
(27.0)
PR: precipitation; TH: throughfall; ST: stemflow; L m-2(eq): L m-2equivalent; INT: interception; *Martelo and Goente.
PR
TH
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Mean
values *
1988.0
1504.9
(75.7)
2336.0
1459984
146.0
(7.3)
337.1
(17.0)
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TABLE 3 - Some previously reported data on hydrological budgets in Pinus radiata forest systems
Site

Data

Age
(year)

Stocking
PR
TH
ST
Interceptation Reference
density
(L m-2) (% de PR) (% de PR)
(% de PR)
(trees ha-1)
Martelo*
1997-98 25-30
625
2015
74
4
26
This study
Goente*
25-30
625
1961
78
11
22
This study
Muras*
25-30
625
1621
46
2
54
This study
A Coruña
1975
15
820
1358
63
8
29
[13]
A Coruña*
1991-93
1000
1637
46
[17]
País Vasco* 1993-94
15
1750
1426
63
37
[20]
15
1025
1071
74
26
Australia
1976-78
1149
74
1
25
[21]
Australia
1978-81
16
1708
798
73
11
[22]
New Zealand 1998-00
900
20
[23]
Chile
1982-88
25
733
1969
74
11
15
[11]
Greece**
2002-03
50
632
76
[24]
*Spain, ** Pinus halepensis

a close correlation between the two parameters, an equation was developed for predicting the mean inputs to each
forest soil (Fig. 1) and therefore, other soils in the region,
for this type of system and climatic year. The stemflow
varied with precipitation; it was negligible in dry periods
and very intense in periods of heavy rainfall (Fig. 2).
Overall, the annual interception by the tree crowns ranged
between 17 and 27% of the precipitation, with the highest
values corresponding to the plot with the lowest rainfall
and most intense winds (Muras). These results are not significantly different from those obtained in other studies
with P. radiata, in areas with a similar volume of precipitation (Table 3).
However, although the mean values are useful for
carrying out an overall evaluation of the water cycle in P.
radiata forest systems in the region (of the same age,
plantation spacing, etc. as in those under study), the mean
data do not provide an accurate representation of the spatial variability in the water inputs/outputs in the soils in
the system. Cumulative precipitation obtained in the three
plots is shown in Fig. 3. In all cases the collectors situated
at the extremes of the canopy revealed a high degree of
interception of the precipitation (even higher than 50%),
which is divided into two components, evaporation of the
intercepted water and vertical translocation and displacement towards the centre of the tree, largely due to
stemflow.

FIGURE 1 - Correlation between precipitation and mean throughfall in the P. radiata forest systems studied (data from 1997-1999).

The data were taken into account to develop a heterogeneous distribution model for water input to the soils in
these systems, considering areas of variation of 10 cm
width and weighed amount of crown throughfall (∑THc),
stemflow (STc) and “free” infiltration (no interception)
between crowns (Pll) (Table 4). The results were plotted by
taking the plantation spacing into account (Fig. 4), to enable recognition of the high spatial variability in the effective intensity of water inputs to these soils, in accordance
with particular concentric microsystems, with inputs gradients that varied between 1000 L m-2 (at the extremes of
the crowns) and 15000 L m-2 (mean intensity of flow in the
areas nearest to the trunk). Furthermore, between the
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FIGURE 2 - Correlation between stemflow and precipitation
(in both cases accumulative). (a): dry period (June-September);
(b): wet period (September-May). Equations for the three plots
are shown. (FIE: flow intensity effective).
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FIGURE 3 - Cumulative precipitation (Pr) and throughfall (TH) data recorded
in collectors situated at different distances from tree trunks in the three study plots.

TABLE 4 - Gradient of water infiltration and effective flow intensity under
tree cover (a gradual distribution was assumed in concentric areas of 10 cm diameter)
--------------- Martelo ----------------------------- Goente ----------------------------- Muras --------------EFI
1997
1998
1997
1998
1997
1998
L m-2
Subsector
SAF
FIE
LT
EFI
LT
EFI
LT
EFI
LT
EFI
LT
EFI
LT
(mean
(cm2)
L m-2
L m-2
L m-2
L m-2
L m-2
L m-2
values)
STC
(1)
1174
1292
1518
9373
1325
1101
3656
2613
3069
4484
527
3714
436
14628
THC
(2)
1802
2158(4)
389
1598(4)
288
2244(3)
404
1874(3)
338
1256(4)
226
1123(4)
202
1708
*
*
*
*
*
*
(3)
2430
2126
517
1577
383
2191
532
1830
445
1232
299
1101
268
1675
*
*
*
*
*
*
(4)
3058
2095
641
1551
474
2139
654
1786
546
1208
369
1080
330
1643
*
*
*
*
*
*
(5)
3686
2064
761
1528
563
2086
769
1742
642
1184
437
1059
390
1611
(6)
4314
2032 *
877
1505*
649
2034*
878
1699*
733
1161*
501
1038*
448
1578
(7)
4942
2001*
989
1482*
732
1981*
979
1655*
818
1137*
562
1017*
502
1545
*
*
*
*
*
*
(8)
5570
1970
1097
1459
812
1929
1074
1611
897
1113
620
996
554
1513
*
*
*
*
*
*
(9)
6198
1939
1202
1435
890
1876
1163
1567
971
1090
675
974
604
1480
*
*
*
*
*
*
(10)
6826
1907
1302
1412
964
1824
1245
1524
1040
1066
728
953
650
1448
*
*
*
*
*
*
(11)
7454
1876
1398
1389
1035
1771
1320
1480
1103
1042
777
932
695
1415
*
*
*
*
*
*
(12)
8082
1845
1491
1366
1104
1719
1389
1436
1160
1019
823
911
736
1382
(13·
8710
1813*
1579
1343*
1169
1666*
1452
1392*
1213
995*
867
890*
777
1350
(14)
9338
1782*
1664
1319*
1232
1614*
1507
1348*
1259
971*
907
868*
811
1317
*
*
*
*
*
*
(15)
9966
1751
1745
1296
1292
1562
1556
1304
1300
948
944
847
844
1285
*
*
*
*
*
*
(16)
10594
1719
1822
1273
1349
1509
1599
1260
1336
924
979
826
875
1252
*
*
*
*
*
*
(17)
11222
1688
1894
1250
1403
1457
1635
1216
1366
900
1010
805
903
1220
*
*
*
*
*
*
(18)
11850
1657
1963
1226
1453
1404
1664
1173
1390
877
1039
784
929
1187
(3)
(3)
(1)
(1)
(5)
(5)
(19)
7782
1626
1265
1203
937
1352
1052
1129
879
853
664
763
593
1133
∑THC
22596
16730
20874
17436
12428
11111
ST+ThC
125600
24114
17830
24529
20505
12954
11547
THF
2315
1715
2136
1785
1710
1530
1865
STC: stemflow/crown; THC: Throughfall/crown; THF: Free throughfall; SAF: surface affected of the circunference calculated by application of the model used (from the tree trunk) FIE:
Flow intensity effective (TH(4) and TH(3): values calculated considering equation obtained in pluviometers located closer and further from the trunk, respectively (Martelo); TH(3) and
TH(1): idem Goente; TH(4) and TH(5): idem Muras; (*): estimated values considering a gradual distribution between extreme values (radius mean stem:13.7 cm). TH(4)=0.93PR-3.08;
TH(3)=0.70PR-3.10; TH(3)=1.05PR-3.67; TH(1)=0.63PR; TH(4)=0.74PR-8.6; TH(5)=0.50PR-5.37
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FIGURE 4 - Spatial variability in the effective flow intensity (FIE) of water inputs to the soil in P. radiata
forest systems in Galicia (calculated from the data corresponding to the Martelo and Goente plots, 1997-1999).

crowns, the soil received a volume of water equal in magnitude to the precipitation, with a mean value of 1866 L m-2.
In forest soils, the existence of microsystems of different degree or intensity of evolution has often been mentioned in referring to flows of both water and elements,
particularly when the inputs of organic acids leached from
plant cover and tree stems are taken into account. Obviously it is not only the intrinsic parameters of plant species (foliar cover, hydrophobicity, form and inclination of
the branches, [19]) or those related to climate that are
important, as parameters associated with soil management,
especially the plantation spacing and productivity (which
determine, amongst other things the harvest rotation), are
also very important. Given that in Galicia, the mean rate
of growth of Pinus radiata often exceeds 13 m3 ha-1 yr-1, a
tree of 20 years may reach a height of more than 20m, and
will therefore have an important effect on the input of
water to the soil. Furthermore, as the forests are destined
for timber production, with harvest rotations of between
20 and 25 years, the parameters of the hydrological cycle
will temporarily modify the configuration of the pattern of
spatial distribution in the same periods, depending on the
position of the individual trees in successive plantations.
These considerations are important in terms of the evolution of forest soils in conditions where there is no or very
little atmospheric contamination, and are even more important in areas affected by wet and/or dry deposition.

Compared with non forested soils the process of interception involves an additional input of pollutants to the soil,
which is distributed with the same spatial variability as
the water flow, and therefore with different intensity, time
of contact, and probably possibility of being buffered in
the soil.
The water collected in the standard filled-in lysimeters
placed under the surface horizons represented between 50
and 60% of the annual precipitation, in the period with
heaviest rainfall and approximately 30% of the annual precipitation in the plot with the least rainfall (Table 5). The
mean drainage in the whole forest soil was close to 60%
of the precipitation in the Martelo and Goente plots. This
value was somewhat higher than that obtained in the upper horizons, which demonstrates the importance of the
stemflow, which is not considered in the filled-in lysimeters.
A summary of the hydrological budget resulting from
application of the distribution model is shown in Table 5.
Estimation of the absolute inputs from weighted amounts
provides different values from those obtained from the
pluviometer data. Thus, taking as an example the data corresponding to the sites with the highest precipitation (Martelo and Goente), the mean annual infiltration obtained by
weighting increases 90% of the precipitation (61% as a
sum of the crown throughfall, 22% as direct “free” infiltration and 7% as stemflow). The conventional model pro-
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vides a mean annual infiltration that is 83 % of the precipitation (Fig. 5). As a result of these differences, the value of
interception by the forest cover was smaller in the first
case (10% of precipitation) than in the second (17% of

precipitation) and likewise, the evapotranspiration, calculated as the difference between the inputs and outputs to the
whole soils, differed (28% or 21%) depending on the method used.

TABLE 5 - Summary of the hydrological cycle parameters calculated by application of the heterogeneous distribution
model (radiuscrown: 2m; surface crown:12.56 m2; surface ∑crowns:7850 m2 ha-1 (78.5%); surface free:2150 m2 ha-1 (21.5%)
--------- Martelo---------

---------Goente---------

---------Muras---------

Mean
values

Mean
Values*

1997
1998
1997
1998
1997
1998
L ha-1
23150000
17150000
21367000
17851000
17105000
15305000
18654667
19880000
L/crown
29076
21540
26838
22421
21484
19223
23430
24969
L/crown
22596
16730
20874
17436
12427
11111
16863
19409
(%PRC)
(77.7)
(77.7)
(77.8)
(77.8)
(57.8)
(57.8)
(72.0)
(77.7)
-1
L ha
14122438
10461500
13055237
10897688
7767188
6944625
10539063
12130641
(%PRT)
(61.0)
(61.0)
(61.1)
(61.1)
(45.3)
(45.4)
(56.4)
(61.0)
THF
L ha-1
4977250
3687250
4593905
3837965
3677575
3290575
4010754
4274094
(%PRT)
(21.5)
(21.5)
(21.5)
(21.5)
(21.5)
(21.5)
(21.5)
(21.5)
ST
L/stem
1518
1101
3656
3069
527
436
1720
2339
(%PRC)
(5.2)
(5.1)
(13.6)
(13.7)
(2.5)
(2.3)
(7.3)
(9.4)
-1
L ha
948875
687938
2286269
1918188
329125
272625
1074688
1461625
(%PRT)
(4.1)
(4.0)
(10.7)
(10.8)
(1.9)
(1.8)
(5.8)
(7.3)
INTC
L/crown
4962
3710
2307
1916
8530
7676
4850
3224
(%PRC)
(17.1)
(17.2)
(8.6)
(8.5)
(39.7)
(39.9)
(20.7)
(12.9)
INTO
L ha-1
3102100
2313312
1431589
1196017
5336760
4797188
3029494
2010755
(%PRT)
(13.4)
(13.4)
(6.7)
(6.7)
(31.2)
(31.3)
(16.2)
(10.1)
DRA
L ha-1
10630190
10306080
10416500
10142580
4868880
5160950
8587530
10373838
(%PRT)
(45.9)
(60.1)
(48.8)
(56.8)
(28.5)
(33.7)
(46.0)
(52.2)
DRWS
L ha-1
10885690
10630160
14764230
13071390
12337868
(%PRT)
(47.0)
(62.0)
(69.1)
(73.2)
(62.1)
ET
L ha-1
9162873
4206528
5171181
3582451
5530758
(%PRT)
(39.6)
(24.5)
(24.2)
(20.1)
(27.8)
PRT: Total precipitation; PRC:Precipitation/crown; THC: Throughfall/crown; THF: Free throughfall; INTC:interception/crown; INTO:overall interception; DRA: Drainage Ah
horizon; DRWS: Drainage whole soil; ET: evapotranspiration (THF+THC+TH-DRWS); * Martelo and Goente
PRT
PRC
THC
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FIGURE 5 - Hydrological budgets calculated for the Martelo and Goente forest plots (1997-1999). (A) obtained from the
mean values of throughfall recorded. (B) weighted values obtained by application of the heterogeneous distribution model

CONCLUSIONS
The water input/output data obtained over two years
in three Pinus radiata plantations in Galicia were used to
establish the water balances in the system by application
of two different methods of calculation. The first method
involved a simple model, which incorporated the mean
values of precipitation, throughfall, stemflow and drainage,
and the second a heterogeneous distribution model, in
which a weighted calculation of the inputs was established,
and the spatial distribution was taken into account. The
overall balances obtained with both models were somewhat
different as the calculated net input to the soils differed (83
and 90% of the precipitation depending on whether the
conventional or the weighted model was applied).
The absolute values of stemflow were rather insignificant (7% of the precipitation). However, if the importance of this volume on the small area of soil affected
and the different flow between this and other adjacent
zones under cover are considered, a more realistic evaluation of this factor is obtained, which results from successive vertical translocation and movement of excess precipitation towards the interior. During periods of intermittent, light showers, the dense foliar cover of Pinus
radiata displayed a high rate of capture and evaporation,
and the stemflow was not produced or was irrelevant.
During the rainy period (October-May) the intensity of
the equivalent flow around the trunks was more than
15000 L m-2 yr-1, which is between 13 and 20 times that
observed in other areas of the soil. So, the dynamics of
evolution in forest soils in the regions must be strongly
affected by this pattern of behaviour, which is very different from that in areas close to pasture or crops.
In addition to the intense rainfall in the region, the
productivity is high (compared with that in other colder
areas) and the rate of evolution of forest soils in timber
plantations is determined by the relatively short rotation (20-25 years), so that the pattern is not only spatially,
but also temporally heterogeneous.
The previous considerations are of special relevance
when extrapolated to areas subject to processes of atmospheric contamination (wet and dry), given the high rate
of up-take of deposition by the crown in conifer plantations. The high heterogeneity of the distribution of contaminated solutions will be reflected by different times of
contact and buffering in different areas of the soil.
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ABSTRACT
The relationship between existence of microbes and
early corrosion behavior of mild steel in fresh waters was
studied using immersion tests, electrochemical measurements and surface analysis techniques. In the field immersion test at Dan Jiangkou reservoir in China, mild steel had
less corrosion weight loss in the upper layer of water, where
more microbes existed. The accumulation of microbes on
the surface of coupons was thought to slow down the corrosion rate by restricting the oxygen diffusion and other
factors. This hypothesis was confirmed by the electrochemical measurements and immersion test in natural freshwater. The results of the Scanning Electron Microscopy (SEM)
and Fourier Transform Infra-red (FT-IR) spectra further
confirmed that the existence of microbes could affect the
formation of the corrosion products. Furthermore, the surface film formed in microbes-contained freshwater was
thicker and with more complex corrosion products.

KEYWORDS:
Corrosion, freshwater, eutrophication, microbes, mild steel.

INTRODUCTION
The deterioration of infrastructure exposed to the actual
water environments is a growing issue because of its huge
cost loss of metal structures. In the world scale, among all
of corrosion types, the biological corrosion attracted much
more attention, and the economic impact as the annual cost
of this corrosion was estimated at 20% of all damage [13]. There are many studies on the biological corrosion of
the mild steel in saline water. The most widely involved
bacteria are sulfate/thiosulfate-reducing bacteria. These
microorganisms can participate in the biocorrosion process by consuming cathodic hydrogen on the steel or by
producing corrosive metabolic products [4]. The research

about the effect of the microbial groups on the corrosion
behavior of mild steel reported that Enterobacteriaceae
(members of the gamma-proteobacteria) were involved in
biocorrosion of metallic material in marine conditions. In
biofilms, Enterobacteriaceae may initiate metal corrosion
[5]. Relationship between iron and re-growth of bacterial
in the bulk water has also been reported. Levels of phosphorus released from corroding iron were significant relative to that necessary to sustain high levels of biofilm bacteria [6]. In natural freshwater, the research on the efforts
of the biocorrosion of mild steel are limited [7, 8], particularly for the early corrosion period [9, 10].
As for the natural freshwater in the world, one of the
most common ecological problems is eutrophication. Due
to human activities and industrial pollution, water quality
is diminished by spurring the excessive algae and increasing suspended organic material. The microorganisms associated with eutrophication may result in health risks to consumers, and will produce serious environmental issue [11].
In this special water condition, massive microbes (bacteria
and algae) exist in natural freshwater and there is still very
little knowledge about their effects on the corrosion behavior of mild steel [8]. The purpose of this work is to
study the relationship between existence of microbes and
early corrosion behavior of mild steel in fresh waters.
MATERIALS AND METHODS
Field Test

Field test was conducted in Dan Jiangkou Reservoir,
Hubei province, which is a watershed of the South-toNorth Water Transfer Project in China. Preliminary results
indicated that at different depths of this water, the microbial activity was different while other water parameters
were similar. Therefore, coupons were immersed at 1.5m,
3.5m and 5.5m underneath the water surface to investigate
the effect of microbial activity on corrosion. Nine coupons
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were used in this test, and at each test site, there are triplet
in parallel.
Mild steel is composed of 0.16% C, 0.24% Si, 0.45%
Mn, 0.035% S, ≤ 0.045% P, and 99.07% Fe at a mass ratio
base. Before the test, the rectangular coupons (100 mm ×
200 mm ×3.8 mm) were polished with 600-grit emery paper, rinsed with acetone, degreased with ethanol, and finally dried and weighted. All coupons were exposed to Dan
Jiangkou reservoir at different water depths for 180 day
with plastic ropes from the baluster of pontoon. The morphology of coupon surfaces was observed using light
microscope (OLYMPUS CX31) at test site. The adherent
corrosion products were stripped by acid solution. Caution was practiced so that this treatment had negligible
effect on the corrosion of mild steel.
Lab Test

The microbes-contained freshwater used for the lad test
was eutrophic freshwater from East Lake, Wuhan, China.
This lake is a typical hypereutrophic subtropical lake. The
water quality parameters of the East Lake are shown in
Table 1. The microbes-cleaned freshwater was prepared
by sterilizing the eutrophic freshwater and removing the
algae by using UV radiation (254 nm). Total bacteria count
and chlorophyll measurements were used to verify the effectiveness of sterilization, according to the sanitary regulation of drinking water [12] and specifications of Eutrophic Lake survey [13]. The sterilized freshwater was
stored in sterile cabinet before the test. The water quality
parameters of microbes-cleaned water are shown in Table
2.
Electrochemical methods

Electrochemical measurements were performed by the
electrochemical working station (PARSTAT® 2273) with the
conventional three-electrode cell at 22±1℃. The working
electrode was a mild steel disk with an area of 0.5024 cm2;
counter electrode was a rectangular platinum foil and the
reference electrode was saturated calomel electrode (SCE).
Before the electrochemical measurement, the working electrode was polished with abrasive emery paper to obtain a
mirror-like surface, washed with distilled water, rinsed with
pure ethanol, degreased with acetone and dried in a desiccator. The corrosion potential was measured every other day

and the linear polarization was conducted from a cathodic
potential of -0.06V to an anodic potential of +0.06V with
respect to the corrosion potential at a sweep rate of 0.5 mV/s;
three-points method [14] was used for the calculation of
the corrosion current.
Immersion test

The pretreatment method of the experimental coupons
was the same as the aforementioned. The size of coupon
was 100 mm × 50 mm × 1.5 mm; the volume of experimental waters was 50L; samples were collected at 10 d,
20 d, 30 d, 40 d and 50 d respectively. The adherent corrosion products were stripped by acid solution.
Surface analysis

The morphology of films formed on the coupon surface was monitored with SEM (Quanta 200, FEI Corporation); the composition of films was examined by FT-IR
(NicoLET 5700).
RESULTS AND DISCUSSION
Field test results

Preliminary results indicated that the total water depth
at the test site was about 140m. When water depth varied
from near water surface to a maximum value of -5.5m, the
microbial activity was different, especially for the density
of algae. While the water temperature only decreased by
0.3℃, the dissolved oxygen (DO) concentration changed
from 8.3 mg/L to 7.0 mg/L. There was nearly no change
in concentrations of ions such as SO42-, NO3-, Cl-, Ca2+,
K+, Na+. Therefore, it can be considered that except for
DO, the water parameters were relatively homogeneous
among 0-5.5m underneath the surface.
A low level of DO will decrease the early corrosion
rate of the mild steel and affect the rate at which oxygen
can diffuse through the corrosion products during the later
corrosion stages [15]. In this test, the changing of the DO
concentration (from 8.3 to 7.0 mg/L) can result in the decrease of the coupon corrosion rate. However, the actual
weight-loss result was inconsistent to the theoretical analysis result aforementioned. It can be seen from Figure 1 that

TABLE 1 - Water quality parameters of microbes-contained freshwater (Eutrophic freshwater).
DO
(mg/L)
6.57

TN
(mg/L)
0.695

TP
(mg/L)
0.265

COD
(mg/L)
30.27

Conductivity
(µs/cm)
0.44×103

Chlorophyll a
(µg/L)
63.04

SS
(g/L)
0.127

pH
7.60

TABLE 2 - Water quality parameters of microbes-cleaned freshwater
DO

TN

TP

COD

Conductivity
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Chlorophyll a

Total number

SS

pH
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(mg/L)
6.68

(mg/L)
0.642
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(mg/L)
0.239

(mg/L)
28.94

(µs/cm)
0.47×103

the corrosion loss of the mild steel increased along with
the increased immersion depth. After further analysis, it is
conjectured that the microbes in the freshwater play a key
role in the corrosion process of coupons.

(µg/L)
undetected

of bacteria
undetected

(g/L)
0.120

7.58

It started with the attachment of the bacteria to the coupon
surface, which was influenced by the surface roughness. As
bacterial film developed, a number of organic by-products
were produced at the liquid–solid interface. Then microbiological consortia followed bacterial colonization quickly,
and a higher order flora and fauna established eventually.

9.6

Corrosion Loss (g)

9.5
9.4
9.3
9.2
9.1
9.0
1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

Water Depth (m)

FIGURE 1 - Corrosion loss-water depth histogram for mild steel
coupons after exposure in Dan Jiangkou Reservoir for 180 days

In freshwater, the microbiological corrosion process
might be similar with that in marine environment [16-20]:

In this test, many phytoplankton and algae lived in
the top layer of the reservoir, which can carry out photosynthesis. The coupon surface immersed at -1.5m depth was
more likely to be covered with thicker attachment films
(Figure 2a). This thick film was composed of large darkgreen materials. Light microscope results (shown in Fig. 2b
and 2c) indicated that the dark-green materials were attaching organism, such as Euglena and chlorella. They
formed a dense fiber film on the coupon surface by adsorption and other combined behaviors [21]. As water depth
increased, the microbe density decreased slightly of incident sunlight, so does the thickness of microbial film on
coupon surface. Surface morphology of the coupon was
immersed in -5.5m depth (Figure 3a). There were little
dark-green materials and large orange corrosion products
on the coupon surface. Light microscope results (Figure
3b and 3c) indicated that the dark-green materials were also
attaching organism such as diatom, and the orange mate-

Euglena

(b)

Chlorella
(c)
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(a)
FIGURE 2 - Morphology of mild steel coupon (immersed in -1.5m) after exposure in
Dan Jiangkou Reservoir for 180 days (2a); and morphologies of microbes on surface (2b and 2c, magnification 400)

Diatom

(b)

Corrosion
product
(a)

(c)

FIGURE 3 - Morphology of mild steel coupon (immersed in -5.5m) after exposure in Dan Jiangkou Reservoir
for 180 days (3a); and morphologies of microbes and corrosion products on surface (3b and 3c, magnification 400)

rials were particles of the iron oxides. The reason was that
without protection of the large-area biofilm on the surface,
the DO concentration played a key role in the corrosion rate
of the coupon. The concentration of DO (7.0mg/L) is high
enough to accelerate the corrosion rate of the coupon, and
then larger iron oxides appeared on surface.
From this test, the preliminary result was that in the initial immersion stage, the existence of microbes in natural
freshwater could form biofilm on the coupon surface against
corrosion.

sulted from the adherence and the growth of the microbes
on the surface of the electrode [22]. As the micro-population
amount grew slowly (beginning with 26 day), it became
relatively stable. However, in microbes-cleaned water, the
corrosion potential increased slowly after 8 days. Fig. 5 indicated a similarly small difference in corrosion currenttime curves for mild steel electrodes in two experimental
waters, with lower corrosion current in the microbe contained freshwater (eutrophic freshwater).

Test results in lab
Electrochemical measurements

The corrosion potentials of mild steel electrodes as a
function of exposure period in two experimental waters were
shown in Fig. 4. In the first 7 days, the corrosion potentials of the electrodes in all the test waters decreased at
the beginning and then increased. From the 8th day, the
potential of the electrode in the microbes-contained freshwater was a little higher than that in the microbes-cleaned
freshwater. This higher potential was suspected to be re-
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FIGURE 6 - Corrosion loss-time curves of mild
steel coupons exposed in two experimental waters
Surface analysis
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FIGURE 4 - Corrosion potential-time curves of
mild steel electrodes exposed in two experimental waters.
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FIGURE 5 - Corrosion current-time curves of mild
steel electrodes exposed in two experimental waters
Immersion test

The corrosion loss-time curves for the mild steel in
two experimental waters were shown in Fig. 6. The corrosion loss of coupons in microbes-contained freshwater
was lower. Furthermore, the corrosion loss-time curves in
two experimental waters both submit to negative expo-

The SEM image in Fig. 7 displayed the attachment film
over the corroding surface of coupon from microbes-contained freshwater. It was a dark yellow and dense film. This
attachment film was mainly composed of δ hydrated ferric
oxide (δ-FeOOH, 463cm-1, 1157cm-1), magnetic iron ore
(Fe 3 O 4 , 515 cm -1 ), γ hydrated ferric oxide (γ-FeOOH,
746cm -1, 1025cm-1), α hydrated ferric oxide (α-FeOOH,
1419cm-1) and β hydrated ferric oxide (β-FeOOH, 871cm-1)
(shown in Figure 8). According to the absorptive peak values of the products, the relative concentration ratio was
C(δ-FeOOH):C(Fe3O4):C(γ-FeOOH):C(α-FeOOH):C(βFeOOH)=1:0.314:1.003:0.634:0.654. The SEM image in
Fig. 9 displayed that over the corroding surface of coupon
from the microbes-cleaned freshwater, corrosion products
layer was a light orange, fluffy and three-dimensional porous layer, where there was crystal structure of iron oxides.
It was shown in Fig.10 that compositions of this corrosion
products layer mainly were α hydrated ferric oxide (αFeOOH, 475cm-1, 745cm-1, 1385cm-1) and γ hydrated ferric
oxide (γ-FeOOH, 1022cm-1, 1151cm-1). The relative concentration ratio was C (α-FeOOH): C (γ-FeOOH) = 1:1.215.

Y = Y0 + Ae − t B , where Y is the
value of corrosion loss, t is time, A and B are connential distribution:

stants. This formula indicated that the corrosion rate of
mild steel in freshwaters with and without microbes is
both fast to slow processes. Because microbes that took
part in the corrosion process of coupon in the natural eutrophic freshwater were overtaken by a higher-than-usual
level of calcite deposition in the corrosion products [21].
There-by the transport of oxygen was reduced to certain
extent, and the corrosion rate decreased.
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FIGURE 10 - The infrared spectrum of corrosion products
layer on coupon surface from microbes-cleaned freshwater
FIGURE 7 - Attachment film on coupon
surface from microbes-contained freshwater.

According to the comparative analysis above, it can be
concluded that the existence of the microbes played a key
role in the formation process of the corrosion products.
Compared with the three-dimensional porous structure and
composition of corrosion products layer formed in the microbes-cleaned freshwater, the attachment film formed in
the microbes-contained freshwater was relatively denser
with more complex composition (Figure 8). Such film was
disadvantageous for DO diffusion and other water constituents’ intrusion. Therefore, the coupons were protected
against corrosion effectively.
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FIGURE 8 - The infrared spectrum of attachment film
on coupon surface from natural microbes-contained freshwater

The results of the field immersion test carried out in
the Dan Jiangkou reservoir demonstrated that the corrosion loss of the mild steel increased as the immersion
depth increased. This is possibly due to the decrease of
the microbial density. Laboratory experiments also verified that the existence of the microbes in freshwater could
decrease the corrosion rate. The weight loss in the microbecontained freshwater was lower and the corrosion potential of coupon was higher. The SEM and FT-IR spectra
results indicated that the microbes could form a denser film
with a more complex composition on the coupon surface,
and protect coupon against corrosion.
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FIGURE 9 - Corrosion products layer on
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HIGH SPEED MULTI-LAYER COIL COUNTER CURRENT CHROMATOGRAPHY (HSMLCCC) AS A POWERFUL CLEAN-UP STEP
DURING MULTIRESIDUE ANALYSIS OF PESTICIDES IN SPICES
Ifeanyi Kingsley Amajuoyi, Albrecht Friess and Harun Parlar*
Department for Chemical-Technical Analysis and Chemical Food Technology; Research Center Weihenstephan for
Brewing and Food Quality, Technische Universitaet Muenchen, Weihenstephaner Steig 23, 85354 Freising-Weihenstephan, Germany

ABSTRACT
The capacity of high speed multi-layer coil counter current chromatography (HSMLCCC) as an alternative cleanup procedure in residue analysis of spices has been proven
valuable after analyzing 39 different pesticides, such as representative organohalogens, triazine herbicides, organophosphates, and pyrethroid insecticides. The best results were
obtained using a solvent mixture comprised of acetonitrile/petroleum ether (40–60 °C)/H2O. To confirm the results obtained from standard experiments, real lipophilic
substances, 39 highly contaminated species extracts, were
analyzed. The recovery rates obtained from HSMLCCC
analysis were between 85 and 100, which pointed out that
HSMLCCC is a powerful technique for the rapid and efficient clean-up procedure in pesticide residue analysis.

KEYWORDS: Counter current chromatography, multiresidue
analysis, clean-up, pesticides, spices.

INTRODUCTION
During residue analysis of pesticides and their metabolites, the problem often occurs that these substances exist
in food commodities generally with trace concentrations of
0.01 mg/kg in magnitude. Substances need to be identified
and quantified that not only occur in trace amounts but
also are present in mixture with enormous amounts of other
natural components, which emphasizes particularly the need
for an efficient cleanup step to be performed in order to
obtain high quality analytical results. In many cases, it is
necessary to perform additional cleanup steps, especially
if the polarity of, e.g., spice components contained in a
complex mixture does not allow for certain cleanup processes, such as gel permeation chromatography (GPS) or
HRGC analysis with no interferences. The consistency of
many spice extracts is modified by waxes and other unpolar substances with high masses, and additionally by compounds with low molecular weight (e.g., terpenes), which
interfere negatively during residue analysis.

Pesticide analysis by means of analytical supercritical
fluid extraction (SFE) instead of organic solvents uses CO2
and other gases at high pressure and moderate temperatures.
Supercritical fluids exhibit higher diffusivity and lower viscosity properties than normal liquids, which therefore contribute to their superior extraction and separation characteristics. In application for organochlorine insecticides,
several SFE methods, ranging from selective extraction,
inline cleanup (separating insecticides from fat) and postcleanup, have been used [1]. SFE, however, needs special
equipment and has high demands on personnel, although
the accelerated extraction time (in min) and the possibility
of online conduction with supercritical fluid chromatography (SFC), or gas chromatography system, compensate
these obstacles. The extraction of relatively polar compounds containing amines, amides, imides and similar structures that can easily be charged can become a problem
during SFE. It should further be noted that all crop matrices employed for fluid extraction possess only a negligible amount of water, which however seems to play a role
in the extraction of polar fungicides [2–4].
Counter current chromatography (CCC) is a well known
separation method that is based on different partition coefficients of molecules between two immiscible phases. It
integrates tow forms of clinical partition methods, i.e.
counter current distribution (CCD) and the liquid-liquid
chromatography (LC). At the same time, it possesses
characteristics such as a good sample recovery, excellent
reproducibility and high purity of fractions that are inherent to CCD.
The advantage of this separation technique during residue analysis of pesticides is that undesirable compounds
are eliminated and that a possible irreversible adsorption of
trace substances on the solid support matrix (GPC and silica
gel column) occurs. As a highly selective method, it can be
used to separate molecules that are similar in their chemical
characteristics by harnessing the different partition coefficients of the molecules in immiscible phases. The selectivity can be enhanced by varying either the phase composition
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or the temperature. The selectivity can be enhanced by
varying either the phase composition or the temperature.
CCC is similar to separation methods such as paper chromatography, high-resolution column chromatography, high
performance liquid chromatography (HPLC) in the sense
that the separation principle is based on liquid-liquid partitioning but with the difference that it uses no solid support
to retain the stationary liquid phase in the column. The advantages thereby include the elimination of irreversible adsorption of the analyte on the solid support matrix, the use
in the preparative (mg to g) range, especially for polar organic compounds and biparticulate materials such as cell
and cell fragments, and the suitability for pre-concentration of trace substances, for example in pesticide residues analysis. Almost any two-phase systems, no matter
if aqueous or non-aqueous, can be employed. Problems
such as the loss of samples by an irreversible adsorption
on the solid phase and chemical degradation of compounds are minimal or non-existent [5–11].
In current pesticide residue analysis mainly the DFG
S 19 Method is used as a cleanup procedure in food inspection and control [12–18]. Spices, however, contain
besides of fat also essential oils, which can be a problem
in residue analysis as these have a negative influence on
the analytical determination of residues. The DFG method
in this respect poses the disadvantage that essential oils
are additionally extracted, which hampers the elimination
of the substances under investigation, especially when it

comes to the analysis of pesticide residues that are highly
incorporated in the sample matrix [19–22]. We therefore
aimed to evaluate the efficiency of high speed multi-layer
coil counter current chromatography (HSMLCCC) methodology for the determination of pesticides in spice samples by comparison to the DFG S 19 method. Coupled with
HSMLCCC analysis, we further analyzed selected spice
samples by high resolution gas chromatography (HRGC) to
have available an additional source for comparison.
Experimental part

All chemicals and solvents used were of p.a. quality.
The pesticides as standards were supplied from Dr. Ehrenstorfer Analytical Standards (Augsburg, Germany). The
spices were kindly provided from the Raps Research Center (Weihenstephan, Germany). The contamination with
pesticides was already investigated in a former study at
our laboratory using DFG S 19 methods [23]. In Table 1,
an overview on the liquid spice extracts used for this investigation is given, including their contamination levels of
pesticides determined according to DFG S 19.
HRGC-ECD/NPD analysis

Chrompack CP-9002 GC; temperature program: 100 °C
(1 min), 15°C min–1 to 150 °C (1 min), ramped at 2 °C
min–1 to 250 °C (10 min); injector temperature: 250 °C;
ECD temperature: 280 °C; column: CP-Sil-8 CB; 25 m ×
0.32 mm × 0.42 µm; carrier gas: H2, 45 kPa; split ratio: 1:10.

TABLE 1 - Spice extracts and their contamination levels with pesticides (in µg/kg), determined by
HRGC-ECD and HRGC-LRMS-SIM analysis (3 experiments, values in parenthesis) according to DFG S 19 method.
Samples
1. White pepper
(Muntok.
Indonesia)
2. Paprika
(Negev. Israel)
3. Rosemary
(Morocco)
4. Paprika
(Spain)

5.White pepper
(Malaysia)

6. Mace (India)
7. Coriander
(Hungary)
8. Black Pepper
(Vietnam)

9. Chili (India)

Organochloro pesticides
p,p’-DDT
15.02 ± 2.2
γ-HCH
25.00 ± 3.0
cis-Heptachlorepoxide
12.00 ± 2.0
α-Endosulfane
90.00 ± 10.2 (82.3 ± 2.6)
β-Endosulfane
150.05 ± 12.4 (142.0 ± 3.0)
p,p-DDE
0.4 ± 0.1
Dieldrin
0.9 ± 0.2
α-Endosulfane
230.55 ± 19.25 (210.0 ± 4.5)
β-Endosulfane

360.17 ± 24.19 (340.0 ± 6.2)

p,p’-DDT
HCB
o,p’-DDE
p,p’-DDE
p,p’-DDE
p,p’-DDT
Heptachlor
γ-HCH
p,p’-DDT
HCB
p,p’-DDE
β-Endosulfane
α-HCH
β-HCH
o,p’-DDE
p,p’-DDE
o,p’-DDT
p,p’-DDT
α-Endosulfane
β-Endosulfane

10.00 ± 2.4
1.50 ± 0.5
4.05 ± 1.25
7.42 ± 2.30
1.00 ± 0.1
3.00 ± 0.5
0.50 ± 0.1
0.70 ± 0.1
1.00 ± 0.5
1.00 ± 0.5
6.25 ± 2.0
10.30 ± 3.8
75.00 ± 9.5
292.05 ± 14.5
16.05 ± 2.3
26.27 ± 3.9
18.41 ± 2.2
8.21 ± 1.7
17.00 ± 2.4
25.42 ± 4.0

Organophosphates
n. d.

Chlorpyriphos-ethyl

Pyrethroids
n. d.

40.00 ± 5.0

n. d.

n. d.
Chlorpyriphos-ethyl
Aziniphos-ethyl
n. d.

n. d.

Deltamethrin

130.57 ± 12.0

Cypermetrin
Permethrin

20.00 ± 4.0
18.40 ± 4.2

Simazin

6.00 ± 1.0

n. d.

n.d.

n.d.

n. d.

n. d.

n.d.

n. d.

n. d.

n. d.

1.00 ± 0.1

Chlorphyriphos-ethyl

1371

30.25
± 6.5

n. d.

Malathine

n.d., not detected

Metribuzin

n. d.
900.05 ± 110.5
(890.0 ± 12.0)
16.70 ± 2.4

Triazines
n. d.

100.40
± 12.6

Cypermethrin
Fenvalerate

3.50 ± 0.5
185.2 ± 15.0

n.d.
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HRGC-MS and HPLC analysis

For HRGC-MS, a gas chromatograph from Hewlett
Packard was used, coupled with a gas chromatograph (5890
series II), and a mass spectrometer from Finnigan 8200. A
MASPEC data system (MSS, Manchester), Version 2.11
(Nist-Library), was used for data evaluation. Methods and
programmes were as follows: For the Finnigan coupled with
GC: 70 ev, cathode 2 A, emission 1 mA, 3 kV accelerating
voltage, 1.8 kV multiplier voltage; mass range 33-400 amu
(1 s/decade, 0.2 s inter scan delay), calibration with FC43;
temperatures, injector: 230 °C, transferline: 230°C, ion
source: 250 °C; Capillary column: fused silica, cross-linked
SE54; 30 m × 0.25 mm × 0.25 µm; temperature program:
initial 50 °C, 1 °C min–1 to 70 °C, 5 °C min–1 to 150 °C,
10 °C min–1 to 260 °C, 60 min hold. For the HPLC analysis,
a Beckman 166 double pump HPLC system with UV detection came to application (data system: IBM-System-Gold).
High speed multilayer coil countercurrent chromatography
(HSMLCCC)

The CCC-System as applied for the experiments is
shown schematically in Figure 1. An Ito multi-layer coil
separator-extractor (P. C. Inc., Potomac) was used – column1: PTFE coil (1.6 mm ID) for acetonitrile-petroleum
ether partitioning; column 2: self-made metal coil (1.6 mm
ID); solvent capacity: 130 and 400 mL, speed: 800 rpm,
mode: normal/reverse.

subjected to a multiple mixing and re-mixing that culminates in a hydrodynamic equilibrium. Under equilibrium,
over 80% of the total column space is covered by the stationary phase and the mobile phase could be pumped at a
high flow rate without having any effect on the retention
level of the stationary phase [24].
The column was filled with the stationary aqueous acetonitrile phase by pumping through to the tail end. 500 mg
of the spice extract, dissolved in 10 ml of petroleum ether
(40–60 °C), were loaded onto the equipment by means of
a four-way Rheodyne injection valve. A second six-way
valve was installed for a possible reversed mode of operation. The column was rotated at 800 r.p.m for 5 min; thereafter the mobile petroleum ether phase was pumped into the
column with 5 ml/min and rotated for 10 min before the
sample was injected by switching the Rheodyne valve to
the injection position. The lipid eluent was UV-monitored
at 230 nm. The partitioning was completed after the mobile phase was entirely pumped through the column. The
stationary phase was then pressured out of the column with
nitrogen gas (0.5 bar). An equal volume of methylene chloride was poured into the collected aqueous acetonitrile
phase. Water originating from aqueous acetonitrile and insoluble in the new mixture was separated by drying with
anhydrous sodium sulfate. The remaining organic phase was
evaporated to 2 ml, gently dried with nitrogen and finally
collected in 1 ml of hexane.
Determination of water and total fat content

The water content of the paprika samples was determined by means of an azeotropic distillation. The results
are in line with the values determined by Vesper [25] according to the Karl Fischer method [23]. The total fat
content was determined using the German Food and Drug
Administration official standardized method No. 35 according to Weibull-Stoldt [26].
RESULTS AND DISCUSSION
The applicability of HSMLCCC as a cleanup step in
multiresidue analysis of pesticides in spices has been tested
firstly by determining to what extent petroleum ether and
spice extracts are miscible with acetonitrile containing water
in variable amounts at room temperature. Table 2 summarizes the obtained results.

FIGURE 1 - Scheme of the HSMLCCC configuration.

The CCC device belongs to the family of coil planet
centrifuges. It consists of multiple layers of coiled PTFE
tubing coaxially coiled around a spool-shaped holder with
15 cm ID. The coil column rotated around its axis and at
the same time revolved around the central axis of the device. This resulted in a synchronous planetary motion where
the two solvent phases employed are subjected to a rapid
countercurrent flow along the length of the coil with the
upper phase travelling towards the innermost head-end and
the lower phase towards the outermost tail-end of the
column. During the flow towards both ends, the phases are

It is shown that petroleum ether is soluble up to 17%
and spice extracts up to 5% in acetonitrile at 25 °C. The
distribution of 1 g of extract in this solvent system means
that up to 50 mg of lipid is partitioned into the acetonitrile
phase together with pesticides. Without further cleanup, this
sample solution with this amount of lipid proved unsuitable
for HRGC-ECD or HRGC-LRMS analysis. To raise insolubility of petroleum ether and spice extracts in acetonitrile,
the surface tension between the two solvents was increased
by increasing their polarity differences, which was achieved
by introducing water to the system as a polar third-com-
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ponent solvent. The addition of water (5%) decreased the
solubility of petroleum ether (40–60 °C) in acetonitrile from
17.0 down to 13.2%. However, only ca. 1% reduction in
solubility of spice extracts in acetonitrile was recognized.

With 30% water content, there was only 4% solubility of
petroleum ether (40–60 °C) and 2.0–2.8% spice extracts in
aqueous acetonitrile.

TABLE 2 - The solubility of petroleum ether (PE) 40-60 °C and paprika extract in acetonitrile with variable water content at 25 °C.
Solvent
system
No.

Solvent
composition

1
2
3
4
5
6
7

100 : 100 : 0
100 : 100 : 5
100 : 100 : 10
100 : 100 : 15
100 : 100 : 20
100 : 100 : 25
100 : 100 : 30

Solubility of paprika extract (%)
White pepper
Paprika
Rosemary
Mace
Coriander
(2.9)1 – No. 1 (5.0) 1 – No. 4 (2.1) 1 –No. 3 (2.6) 1 – No. 6 (2.8) 1 – No. 7
5.1 ± 0.2
4.2 ± 0.2
3.8 ± 0.3
3.5 ± 0.1
3.0 ± 0.1
2.2 ± 0.2
2.0 ± 0.2

5.3 ± 0.3
4.0 ± 0.2
4.1 ± 0.3
3.9 ± 0.5
3.2 ± 0.1
2.0 ± 0.2
2.0 ± 0.2

6.2 ± 0.4
5.2 ± 0.2
5.0 ± 0.4
4.0 ± 0.4
4.0 ± 0.2
3.2 ± 0.4
2.8 ± 0.4

5.4 ± 0.2
5.2 ± 0.2
4.9 ± 0.5
4.4 ± 0.4
3.8 ± 0.2
3.0 ± 0.4
2.4 ± 0.4

Black pepper
(3.2) 1 – No. 8

Chilli
(4.8)1 – No. 9

5.2 ± 0.5
4.4 ± 0.4
4.0 ± 0.4
3.7 ± 0.3
3.3 ± 0.3
2.7 ± 0.3
2.0 ± 0.2

5.0 ± 0.7
4.1 ± 0.5
3.6 ± 0.4
3.3 ± 0.3
3.0 ± 0.2
2.0 ± 0.2
2.0 ± 0.2

4.9 ± 0.1
4.0 ± 0.2
3.4 ± 0.4
3.0 ± 0.4
2.9 ± 0.3
2.5 ± 0.2
2.0 ± 0.2

Fat content (%)

TABLE 3 - Partitioning of pesticide standards (a = 32.0 µg/kg, b = 128.3 µg/kg) into a mixture of acetonitrile/water (5%)
after HSMLCCC (3 experiments), determined by HRGC-ECD and HRGC-LRMS-SIM (values in paranthesis)
at 25 °C; used SIM-masses: 235.08 for α-Endosulfane, 234.84 for β-Endosulfane, 196.92 for Chlorpyriphos-ethyl.

Organophosphates

Triazine
Herbicides

Organohalogens

Substances

Pyrethroid
insecticides

1

Solubility
of
petroleum
ether (%)
17.0 ± 0.2
13.2 ± 0.2
10.0 ± 0.1
9.2 ± 0.1
5.3 ± 0.1
4.2 ± 0.2
4.0 ± 0.2

Aldrine
Dieldrine
o,p’-DDD
p,p’-DDE
o,p’-DDT
p,p’-DDT
o,p’-DDE
Endrin
α-Endosulfane
β-Endosulfane
Hexachlorobenzine
α-Hexachlorohexane
trans-Nonachlor
β-Hexachlorohexane
Isodrine
Heptachlor
cis-Heptachlorepoxide
trans-Heptachlorepoxide
Lindane (γ-HCH)
Methoxychlor
cis-Nonachlor
Atrazine
Desethylatrazine
Isopropylatrazine
Metribuzine
Terbutylatrazine
Azinophos-ethyl
Azinophos-methyl
Bromophos-methyl
Chloropyriphos-ethyl
Chloropyriphos-methyl
Diazinone
Parathion-ethyl
Parathion-methyl

Concentrations after HSMLCCC (µg/kg)
a
b
20.6 ± 2.0
93.0 ± 11.0
28.8 ± 2.6
107.4 ± 10.2
27.5 ± 2.3
110.0 ± 10.2
20.1 ± 2.1
62.7 ± 7.4
21.0 ± 2.0
63.4 ± 6.4
26.2 ± 2.8
80.1 ± 8.8
27.0 ± 3.0
82.0 ± 9.0
26.2 ± 2.8
104.3 ± 8.7
20.2 ± 1.8 (19.2 ± 1.6)
65.4 ± 6.0(70.2 ± 6.7)
20.8 ± 1.8 (20.4 ± 1.8)
66.2 ± 7.2 (68.4 ± 6.5)
19.2 ± 2.1
61.5 ± 7.2
22.7 ± 3.1
64.7 ± 8.0
21.8 ± 3.0
66.2 ± 8.6
20.7 ± 2.8
116.0 ± 8.8
20.8 ± 2.8
68.2 ± 8.6
19.0 ± 3.0
80.3 ± 12.0
28.6 ± 2.2
68.0 ± 9.0
28.0 ± 2.5
66.4 ± 8.6
19.0 ± 2.2
63.7 ± 8.6
31.8 ± 4.0
128.0 ± 12.0
20.8 ± 3.6
89.4 ± 10.8
31.2 ± 2.2
126.7 ± 11.0
30.8 ± 2.0
125.4 ± 10.6
33.4 ± 2.4
127.5 ± 10.7
34.0 ± 2.5
132.0 ± 11.2
34.0 ± 2.5
134.2 ± 11.4
36.2 ± 3.0
130.0 ± 12.0
33.0 ± 2.8
128.2 ± 12.2
32.0 ± 2.8
126.7 ± 13.8
26.4 ± 2.6 (28.0 ± 3.0)
80.7 ± 8.2
19.3 ± 2.7
66.2 ± 8.4
19.0 ± 2.9
60.9 ± 6.2
18.5 ± 3.0
62.0 ± 6.0
25.2 ± 2.6
85.7 ± 7.3

Recovery rate (%)
a
b
64.38
72.48
90.00
87.71
85.94
85.73
62.81
48.86
65.62
99.41
81.88
62.43
84.37
63.91
81.87
81.06
63.92
50.97
65.00
51.59
60.00
47.93
70.93
50.42
68.12
51.59
64.69
90.41
65.00
53.16
59.37
62.59
89.37
53.00
87.50
51.75
59.37
49.64
99.37
99.77
65.00
98.68
97.50
98.75
96.25
97.37
104.37
99.37
106.25
102.88
106.25
104.60
103.12
101.22
103.12
99.92
103.12
98.75
82.50
62.90
60.31
51.60
59.37
47.47
57.81
48.32
78.75
66.80

Cypermethrine

35.0 ± 32.2

128.0 ± 9.5

109.37

99.77

Deltamethrin
Fenvalerate
cis-Permethrin
trans-Permethrine

32.2 ± 3.2
34.7 ± 4.0
30.9 ± 3.2
32.1 ± 3.6

130.2 ± 10.2
130.8 ± 10.4
125.6 ± 10.2
128.8 ± 11.6

100.62
108.93
96.56
100.31

101.48
101.94
97.89
100.38
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In total 39 pesticide standards from various substance
classes (PCBs, triazine herbicides, pyrethroids, organochlorines and organophosphates) were used as model substances.
They were added with two different concentrations (a =

32.0 and b = 128.3 µg/kg) to the mobile phase and examined with regard to their partitioning into the acetonitrile
phase (Table 3).

TABLE 4 - Concentration of pesticides in different spices after HSMLCCC clean-up,
determined with HRGC-ECD (three experiments) and HRGC-LRMS-SIM (values in parenthesis);
used SIM-masses: 235.08 for α-Endosulfane, 234.84 for β-Endosulfane, 196.92 for Chlorpyriphos-ethyl.
Sample-No.
1. White pepper (Muntok. Indonesia)

2. Paprika (Negev, Israel)

3. Rosemary (Morocco)
4. Paprika (Spain)

5. White pepper (Malaysia)

6. Mace (India)

7. Coriander (Hungary)

8. Black Pepper (Vietnam)

9. Chili (India)

Detected pesticide
p,p’-DDT
Dieldrin
γ-HCH
cis-heptachlor epoxide
o,p’-DDE
p,p’-DDE
Dieldrin
α-Endosulfane
β-Endosulfane
Chlorpyriphos ethyl
Metribuzin
γ-HCH
Dieldrin
Dieldrin
α-Endosulfane
β-Endosulfane
Chlorpyriphos-ethyl
Azinophos-ethyl
Deltamethrin
Cypermethrin
cis-Permethrin
p,p’-DDT
HCB
o,p’-DDE
p,p’-DDE
p,p’-DDE
p,p’-DDT
Deltamethrin
Fenvalerate
Cypermethrin
Malathion
Heptachlor
Cypermethrin
cis-Heptachlorepoxide
trans-Heptachlorepoxide
Fenvalerate
Metribuzin
p,p’-DDT
HCB
p,p’-DDE
α-Endosulfane
β-Endosulfane
Deltamethrin
α-HCH
β-HCH
o,p’-DDE
p,p’-DDE
α-Endosulfane
β-Endosulfane
o,p’-DDT
p,p’-DDT
Cypermethrin
Fenvalerate
Chlorpyriphos-ethyl
Deltamethrin
cis-Permethrin
trans-Permethrin
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Concentration (µg/kg)
21.0 ± 1.5
2.3 ± 0.2
18.4 ± 1.0
14.1 ± 0.9
2.0 ± 0.2
3.8 ± 0.4
3.0 ± 0.4
82.0 ± 2.0 (81.2 ± 2.0)
120.8 ± 2.8 (117.3 ± 3.2)
43.6 ± 3.0 (41.0 ± 1.8)
38.4 ± 2.2
0.8 ± 0.1
1.2 ± 0.2
1.7 ± 0.3
210.0 ± 3.8 (200.0 ± 4.0)
355.6 ± 4.2 (3515 ± 5.7)
1100.0 ± 10.0 (1027 ± 9.8)
21.0 ± 1.5
130.0 ± 2.8
28.5 ± 1.8
26.8 ± 1.6
9.2 ± 0.6
0.5 ± 0.1
3.1 ± 0.3
5.9 ± 0.6
1.0 ± 0.1
3.2 ± 0.4
1.5 ± 0.3
1.2 ± 0.2
2.0 ± 0.2
2.7 ± 0.5
0.8 ± 0.1
1.0 ± 0.1
1.2 ± 0.2
1.6 ± 0.2
2.1 ± 0.3
1.9 ± 0.3
1.0 ± 0.1
1.5 ± 0.1
5.0 ± 0.4
5.6 ± 0.2 (4.9 ± 0.3)
9.7 ± 0.3 (8.9 ± 0.5)
1.5 ± 0.1 (1.5 ± 0.1)
5.8 ± 0.2
2.0 ± 0.1
15.8 ± 0.4
22.7 ± 0.3
16.0 ± 0.2 (14.8 ± 0.2)
21.8 ± 1.0 (20.0 ± 1.2)
17.6 ± 0.6
6.9 ± 0.3
5.6 ± 0.2
199.0 ± 4.0
110.0 ± 2.0 (105.8 ± 2.4)
2.6 ± 0.2
4.0 ± 0.6
1.5 ± 0.3
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FIGURE 2 - Pesticide concentrations determined in selected spices, comparing to each other the DFG S 19 and HSMLCCC clean-up methods.
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FIGURE 2 – continued.

The obtained results show that triazineinsecticides, organophosphates, pyrothroids, heptachloroepoxides and
methoxychlor insecticides, and some organohalogen compounds (e.g., dieldrin and o,p’-DDD) can be extracted nearly quantitatively by the acetonitrile/water phase. In contrast,
unpolar pesticides such as aldrine, HCP, β- and γ-HCM,
heptachlor, etc. can be enriched only by 60–80% in the
same phase, which is acceptable for regular residue analysis.
The experiments using spice extracts (Table 4) point
out that the results deriving from the HSMLCCC clean-up
are comparable with those obtained from by applying the
DFG S 19 method (Table 1). In this respect, some important
differences between these two methods are noticeable:
Recoveries of unpolar pesticides are slightly higher after
using the DFG method. On the other hand, concentrations of
semipolar pesticides are slightly smaller than residue levels
using the HSMLCCC cleanup. Thereafter, a great number
of semipolar pesticides (e.g., dieldrine, cis- and transheptachloroepoxides, pyrothiod insecticides, and organophosphates) could be additionally quantified in some spice
samples that could not be detected using the DFG S 19
method, which can best be pointed out upon plotting sideby-side the results obtained from both methods, including
those from the HRGC-analysis (Figure 2). It seems that the
clean-up with HSMLCCC is much more suitable for semipolar pesticides and their conversion products, which could
be demonstrated on the hand of the chili cone.
CONCLUSION
The results demonstrated that the two applied clean-up
methods exhibit both advantages and disadvantages. The
tow methods provide acceptable and reproducible results
for residue levels. However, compared to the DFG S 19
method, the HSMLCCC clean-up can be applied continuously and great amounts of spice extracts can be separated
by using this system.
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ABSTRACT
The aim of this study is to investigate organochlorine
compound (OC) residues in muscle and liver tissues of Atlantic bluefin tuna (Thunnus thynnus L., 1758). The OC
residues were analysed in fish liver and muscle tissues by
GC-ECD and confirmed by GC-MS. OC residue levels were
compared to reported values from similar studies conducted
in the other Mediterranean countries. The OC levels in the
tissues of Atlantic bluefin tuna were lower than the level
limited by Turkish Food Codes. The analysed OC residues
were found in all samples at mean concentrations under the
permissible limits proposed by FAO/WHO. As a result,
there was no serious hazard in the samples in terms of the
OC residues analysed from the Gulf of Antalya, the Mediterranean Sea, Turkey.

KEYWORDS: Ecotoxicology, marine pollution, Mediterranean
Sea, organochlorine.

INTRODUCTION
The Mediterranean Sea is heavily polluted with chemicals and petroleum from agricultural, industrial, shipping
and domestic wastes. Another serious cause of pollution
is chemical and petroleum wastes poured to the sea. The
Mediterranean Sea, itself constitutes of only 1 % of the
seas of the world. Nevertheless, it constitutes 9 % of biodiversity in marine life of the world seas. It is also noted
that 30 % of sea trading occurs in this sea, which is a very
popular tourism region at the same time. Atlantic bluefin
tuna (Thunnus thynnus L., 1758) farming is a new subject
for Turkey. The young fish are caught from the natural
stocks for tuna farming. Their cage system is different from
the sea bream (Sparus aurata Linnaeus, 1758) and sea bass
(Dicentrarchus labrax L.) culture which have been success

fully carried out for many years in Turkish Seas [1]. OC
compounds have two important toxic effects on the biota;
one is their high environmental persistence and the other is
their chemical and thermal stability [2]. Many OC compounds such as p,p'DDT, p,p'DDE and p,p'DDD, aldrin and
dieldrin were completely banned in Turkey since the beginning of 1990’s. However, in spite of the banning total pesticide usage in 1995 was 37.000 tons in Turkey and this
usage shows a steady increase year by year. OC compounds
are ubiquitous and persistent pollutants due to bioaccumulation in the food chain, either as such or as their metabolites, thus causing concern on animals at the top of the food
chain [3]. This compounds and related chemicals originating from human activity or agricultural farming are discharged directly or indirectly into the receiving waters. The
presence of these chemicals in the marine environment has
become a global issue [4]. The Mediterranean Sea is especially exposed to this type of pollution because it has limited exchange with the open ocean [5]. The increased use of
various types of pesticides has led to concerns regarding
the potential for contamination of environmental media
(i.e., water, sediment and biota) and associated effects on
human health and wildlife [6]. The aim of this study is to
investigate OC residues levels in the muscle and liver tissues of Atlantic bluefin tuna from the Gulf of Antalya, Turkey.

MATERIALS AND METHODS
Sampling: A total of 20 mature Atlantic bluefin tuna
(mean ± SD weight: 51.2 ± 5.2 kg) were collected from the
tuna farm in the Gulf of Antalya, Turkey, East Mediterranean on October 20, 2006 after five months fattening. Following capture, each fish was immediately killed and eviscerated. Subsequently, samples were weighed, labeled and
wrapped in aluminum foil. Tissue samples were stored at
-20 ºC until the analyses.
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Analyses: The liver and muscle tissues were homogenized separately in high-speed blender. After preparing
homogenate, 20 g of the sample was taken and mixed with
20 g of anhydrous sodium sulphate (Na2SO4). This mixture
was then ground in a mortar until it achieved the consistency of a free flowing powder. The powder was transferred to paper thimble and extracted in a Sohxlet apparatus
using 250 ml of solvent for six hours at 250 ºC [double
distilled (DD) Hexane: DD. Dichloromethane, 1:1]. The
extract was then evaporated to dryness to calculate the fat
content. Then, 0.3 g of fat was taken and cleaned up
through glass column chromatography with deactivated
florisil and the extract was eluted through glass column
with 100 ml eluting mixture. The extract was then evaporated to dryness and made final volume (5 ml) with hexane for gas-chromato-graphyic analysis [7]. All fractions
were further concentrated to about 1 ml and analysed by
gas chromatography (Perkin Elmer-Autosystem XL)
equipped with an electron capture detector (ECD 800) and
a capillary column (DB-5, 30 m long, 0.32 mm id, coated

with 0.245 µm film). The injector temperature was 250ºC,
the detector at 300ºC and the oven programmed from 70ºC
for 2 min up to 260ºC with a range of 3ºC per min. The
carrier gas was nitrogen with a flow of 2 ml/min and the
make-up gas was helium with a flow of 20 ml/min. Added
standards included aldrin, dieldrin, pp’-DDE, pp’-DDD and
pp’-DDT. Blanks were included at the rate of one for every
five samples and were treated in exactly the same manner
as the samples. Detection limits were 24 pg/g and 0.2 pg/ml
for fish [7].
RESULTS
In this study, levels of OC residues were measured in
the bluefin tuna samples from the Gulf of Antalya. Levels
of OC residues were detected in all the samples but their
concentrations were much lower than the accepted human
consumption levels (Table 1).

TABLE 1 - Mean levels (±SD) of OC residues (ng/g w.w) in the muscle and liver
tissues of Atlantic bluefin tuna from the Gulf of Antalya, Mediterranean, Turkey.
Tissues (n:20)
p,p’ DDT
p,p’ DDD
p,p’ DDE
Aldrin
Dieldrin
______________________________________________________________________________________
Liver
0.20±0.1
0.13±0.3
0.11±0.1
0.45±0.4
0.16±0.3
______________________________________________________________________________________
Muscle
0.15±0.1
0.11±0.4
0.05±0.1
0.03±0.1
0.05±0.3

the FAO recommends a level of 300 ng/g as maximum
acceptable limit for DDT [8]. The FDA (2001) limits are
5000 µg/g-1 for DDT and 300µg/g-1 for aldrin, dieldrin in
the edible portion of fish, while the USA National Academy of Sciences [9] and the US National Academy of Engineering (NAS/NAE [10]) recommends a limit of 1000 µg/g
for dieldrin. From a public health point, residue levels of
organochlorines in all fish samples analysed in this study
are considerably lower than these recommended levels.

C onc entrations 	
   ng/g	
   w.w.

Mean	
  levels 	
  o f	
  O C 	
  c om pounds 	
  in	
  the	
  liver	
  
tis s ues 	
  for	
  a ll	
  s am ples .
0,5
0,45

S eri	
   1

0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05
0

p,p'	
  DDT

p,p'	
  DDD

p,p'	
  DDE

A ldrin

Dieldrin

DISCUSSION AND CONCLUSIONS

C onc entrations 	
   ng/g	
   w.w.

Mean	
  levels 	
  o f	
  O C 	
  c om pounds 	
  in	
  the	
  
m us c le	
  tis s ues 	
  for	
  a ll	
  s am ples .
0,16
0,14

S eri	
   1

0,12
0,1
0,08
0,06
0,04
0,02
0

p,p'	
  DDT

p,p'	
  DDD

p,p'	
  DDE

A ldrin

Dieldrin

OC compounds pose potential health hazard and therefore maximum residual limit has been recommended for
human consumption by various agencies. For example,

All these contaminants, in consequence of their persistence, lipophilicity and tendency to bioaccumulate, are
found at high concentrations in animals at higher levels of
the food chain [11]. Since most OC compounds in the environment stay active for a long period of time and bioaccumulate, they cause environmental pollution and effect biological equilibrium dramatically. Sea water circulation in
the Mediterranean Sea is relatively stronger than other
closed seas. This situation plays an important role in the
dilution of pollutants. The OC residues show variation depending on the place, age of fish, size of fish, and season
when sample is taken [12].
The main food of fish is other little fish, molluscs,
worms and planktons. Prey take pollutants by digestion and
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respiration. Since they feed in the coastal area, they are
constantly affected by agricultural pesticides that come from
the land. Glooschenko et al. showed that there was less OC
contamination in the tissue of fish living in the deep sea
[13]. The OC residues in the fish in our study were almost
same as those reported in other studies. Ueno et al. [14] determined specific accumulation of persistent OC residues
in bluefin tuna (Thunnus thynnus) collected from the Japanese coastal waters. They found that the concentrations of
DDTs in bluefin tuna increased significantly with body
length (30- 190 cm). Their results suggested significance
of dietary uptake of DDTs compared to the intake via the
gill [14]. According to De Brito [15], fish and shellfish
serve as important indicators of the water ecosystem where
there is a vertical transport of OC compounds leading to
accumulation in the benthic organisms. Stefanelli et al. [16]
investigated OC residues in swordfish (Xiphias gladius)
from the Mediterranean Sea and Azore Islands. They looked
for 27 types of OC residues in tissue of gonad, muscle,
liver, and blubber of the fish. They found OC compounds,
DDE, DDT and DDD, predominated with an overall range
of 2.37-4734.56 ng-1 w.w. As a result of their analyses,
the highest value in fatty tissues, such as blubber and
liver, of Azores Island swordfishes lower levels of ΣDDTs
<0.01-217.44 ng/g were determined [16].

[6]

Das, B., Khan, Y.S.A., Das, P. and Shaheen, S.M. (2002) Organochlorine pesticide residues in catfish, Tachysurus thalassinus
from the South Patches of the Bay of Bengal. Environmental Pollution, 120,255-259.

[7]

Masnado, R.G. (1987) Polychlorinated biphenyl concentrations
of eight Salmoid species from the Wisconsin waters of Lake
Michigan, Wisconsin. Department of Natural Resources. Fish
Management Rep. 55-132.

[8]

FAO/WHO (1993) Food Standards Programme. Codex Alimentarus Commission, 9(4), 149-158.

[9]

FDA (2001) Fish and Fisheries Products Hazards and Controls
Guidance, third ed. Center for Food Safety and Applied Nutrition, US Food and Drug Administration.

In this study, the OC residue levels in the tissues of
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limited by the Turkish Food Codex [17]. The levels of OC
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