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ENVIRONMENTAL MICROORGANISMS – A SHORT REVIEW
Sylwia Lew1*, Marcin Lew2, Józef Szarek3 and Tomasz Mieszczyński 3
1

University of Warmia and Mazury, Faculty of Biology, Department of Microbiology, Oczapowskiego St. 1a, 10-719 Olsztyn, Poland
University of Warmia and Mazury, Faculty of Veterinary Medicine, Department of Surgery, Oczapowskiego St. 14, 10-719 Olsztyn, Poland
3
University of Warmia and Mazury, Faculty of Veterinary Medicine, Chair of Pathophysiology, Forensic Veterinary Medicine and Administration,
Oczapowskiego St. 13, 10-719 Olsztyn, Poland
2

ABSTRACT
Extensive applications of pesticides in agriculture and
industry result in contamination of the natural environment,
thus exerting a negative impact on organisms inhabiting
various trophic levels, including humans. The article shows
that microorganisms are the first to respond to those synthetic compounds deposited in the environment with changes
in their both quantitative and qualitative composition. Withdrawn from use, yet remaining in the environment, the pesticides pose a severe and still unresolved ecotoxicological
problem. The publication presents an overview of available
knowledge on the effect of various pesticides on bacteria
of aquatic and soil ecosystems.

KEYWORDS: pesticide, aquatic microorganisms, soil bacteria,
microbial ecotoxicology.

INTRODUCTION
Modern agriculture and industry are dependent on a
variety of synthetic chemical compounds, including pesticides, e.g. zoocides, fungicides, herbicides and others.
Their extensive exploitation has resulted in the contamination of natural environment, e.g. natural aquifers which
are both major and intermediate receivers of the applied
pesticides. While pesticides elicit an acute or chronic toxic
effect upon microorganisms, the latter are capable of accumulating, detoxifying and metabolizing these compounds
and, additionally, use them as a source of carbon [1, 2].
The detrimental effect of pesticides on the species composition of microorganisms triggers changes in higher
trophic levels. This modification involves both qualitative
and quantitative changes [3]. It seems indispensable, therefore, to identify the impact of the mentioned xenobiotics on
soil and aquatic microorganisms, and thus on the process of primary production, nutrient circulation and decomposition of matter, in which bacteria serve an important function. In addition, due to the significant role of

bacteria in the degradation process of toxic compounds in
the natural environment, gaining knowledge on the decomposition of these compounds in pure and mixed cultures is also of key significance, as well as their effects on
natural populations of microorganisms.
In Stockholm, in 2001, over 100 countries signed a
convention on “Persistent Organic Pollutants” – POPs
(organic substances that permanently contaminate the natural environment). Its objective is to withdraw from worldwide production or exploitation, or to diminish the impact
on the environment, of twelve of the most deleterious toxic
substances with high stability in the natural environment,
e.g. active substances in plant protection, polychlorinated
biphenyls, dioxins and furans. The list of enumerated substances also includes DDT (pp’-dichloro-diphenyltrichloroethane).
DDT was applied all over the world as a modern chemical weapon in the fight against plant pests and contributed
to the eradication of a number of insects transmitting dangerous infectious diseases (malaria, typhoid fever, plague
and dysentery). However, despite small acute toxicity, it has
been demonstrated to exert a detrimental effect on physiological and biological functions. DDT is poorly metabolizable in nature with a half-life of 60 years. It is estimated
that over a million of tons of DDT are still spread worldwide [1]. Unfortunately, in developing countries, it is still
being exploited for agricultural control of pests and mosquitoes [4]. These facts indicate that the problems of environmental pollution with pesticides are still valid, and that
DDT and its metabolites are still being detected in a number of waters, bottom deposits and soils. The major source
of these toxic compounds in aquatic ecosystems is the
erosion of soils contaminated in the past and atmospheric
precipitation [5]. Pesticides are one of the most hazardous
groups of organic compounds contaminating the environment. Due to their toxicity, stability, capability for bioaccumulation and their widespread application, they are the
focus of interest of scientists working in this field. The isolation of microorganisms capable of pesticide decomposition or biotransformation from various ecosystems has also
become an important research problem in recent decades.
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Slightly better known are studies addressing the effect of
pesticides on soil microorganisms [6-13] than those referring to aquatic ecosystems [1, 2, 14] which are equally important to all activities aimed at protecting the natural environment against threats posed by advancing industrialization [15].
In order to protect the natural environment, including
the life and health of humans, actions should be undertaken
to eliminate from use toxic compounds that are stable in the
environment and capable of bioaccumulation in living organisms, thus posing a threat to the entire environment [1518]. Of utmost significance is also the monitoring of pesticide residues in the environment and of areas subjected to
reclamation after deposition of these compounds, as well as
analyses of waters and soils in which these toxic substances were detected in the past [19]. Effective protection
of the natural environment requires conducting research
that extends the currently insufficient knowledge of this
subject [1].
This manuscript is aimed at presenting world-wide
studies that have addressed the impact of pesticides on
soil and aquatic microorganisms.
THE EFFECT OF PESTICIDES ON SOIL BACTERIA
Studies on the effect of DDT on the population of soil
microorganisms cultivated on agar plates (inoculation techniques) indicate that irrespective of the nature and origin
of the microorganisms, the addition of DDT to growth media significantly affects their population numbers [20, 21].
Studies by Kahlom et al. [22], Kantachote et al. [21] and
Zmysłowska et al. [23] demonstrated a tendency amongst
the microorganisms for resistance to DDT. The most resistant appeared to be fungi, followed by slight-ly less resistant actinomycetes, and by the least-resistant bacteria.
It has also been proven that a population of bacteria originating from soil previously not contaminated with DDT is
comparable to that originating from the contaminated soil.
What is more, the soil contaminated with DDT for a long
period of time has been shown to be a good source of
DDT-resistant bacteria, which develop very well in such
an ecosystem.
Cultivation-dependent methods have also been applied
to examine the effect of other pesticides than DDT on
populations of bacterial groups with specific effects in the
soil. For instance, a fungicide mancozeb was shown to
exert a long-term inhibiting effect (3 months) on aerobic
dinitrogen fixers in natural soil as well as on an ammonium-oxidizing group of nitrifiers [24]. For this reason,
nitrifying bacteria – which play a key role in the nitrogen
cycle in the soil – may also, in part, be affected by the
application of pesticides [25]. However, a study by Tu [26]
suggests that nitrifying bacteria are capable of recovery,
and thus nitrification is continued routinely. These authors
tested 9 pesticides on soil bacteria in a concentration of
10 µg/ml for herbicides and 100 µg/ml for fumigants. Most

of them affected nitrification ammonium in the second week
of incubation, whereas their inhibiting effect was no longer
observed in the third week [17, 26]. In a 5-months experiment, Silva et al. [27] observed a reduction in the total
bacteria count of soil treated with paclobutrazol (growth
regulator of plants) by 58% compared to the unamended
soil. Sometimes, however, the utilization of pesticides as
a source of carbon, energy and other nutrients by bacteria
is manifested by an increase in the number of heterotrophic microorganisms in soils under the influence of
various pesticides, including: captan, diuron, diazinon, and
linuron [28]. Similar findings were reported by Taiwo and
Oso [29], who observed an increase in the numbers of bacteria and fungi upon the application of trazine, metobromuron, metachlorine and pyrethrin. Other studies of soil
microorganisms under the influence of pesticides have
demonstrated that the dose of the latter affected bacterial
count. An experiment by Omar and Abdel-Sater [30]
demonstrated that both brominal (a herbicide) as well as
selecron (an insecticide) elicited an increase in the population numbers of actinomycetes when applied at a low
dose, and led to a significant reduction once applied in a
high concentration. However, other studies have also
confirmed the fact that the increase in the number of heterotrophs is correlated with diminished biodiversity in the
soils that were affected by pesticides [31].
A convenient tool for measuring changes in the composition of a bacterial population in the natural environment
contaminated with toxic substances is FISH. The fluorescent in situ hybridization (FISH) technique enables the
detection of specific groups of bacteria in a bacterial community occurring in the soil with the use of oligonucleotide
probes labeled with fluorochrome [32, 33]. The results obtained with the application of this method have demonstrated that herbicides (e.g. simazine) affected changes in
the bacterial community in “enriched” soil. Other studies
have also confirmed that β-proteobacteria actively participate in the process of simazine biodegradation [32].
HERBICIDES VS MICROORGANISMS
OF AQUATIC ECOSYSTEMS
Considerably less information is available in scientific literature on the effect of pesticides on aquatic microflora communities. Several ecotoxicological surveys refer
to the effect of diuron (herbicide) on microorganisms of
aquatic ecosystems. They have demonstrated that diuron
affects the photosystem II of phototrophs and is very toxic
to algae [34, 35]. Molander and Blanck [36] showed that a
very low dose of diuron (below <1 µg/L) inhibits the photosynthesis of marine periphyton. Diuron also inhibits the
reproduction process of Asterionella and Oocistis, but its
strongest impact, i.e. contribution to complete decay, was
demonstrated against Cyclotella. Such a direct inhibition
of primate producers generates an indirect negative effect on
communities of microorganisms to which soluble organic
matter excreted by phytoplankton is an important source
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of carbon and enables the resumption of their activity [37].
Due to the fact that photosynthesizing bacteria and algae
are very susceptible to herbicides, Sumpono et al. [38] selected a non-photosynthetic organism for their experiment
which is common in fresh surface waters, Aeromonas
[39]. Aeromonads are gram-negative facultative anaerobes,
possessing a wide array of exoenzymes active in the biodegradation of organic components. Several researchers
consider these bacteria to be indicators of the hygienic
status of water [38, 40]. In addition, 14 species of Aeromonas are cultivable on Plate Count Agar, a nonselective medium recommended for the quantification of
water bacteria. Two weeks after its application, diuron
caused an increase in both the total bacteria count and the
number of microorganisms cultivated on the plates and
that of Aeromonas spp. [38]. However, in analyzing the
percentage contribution of cultivable bacteria and the
percentage of Aeromonas spp. in the total bacteria count,
it appears that an increase in the percentage contribution
was observed only in the case of cultivable bacteria. The
percentage of Aeromonas bacteria among all bacteria
cultivated on the plates decreased from 10 to 2%. It suggests that diuron facilitates the development of cultivable
bacteria directly through providing a new source of carbon
originating from decomposition of photosynthetic microorganisms, yet this does not affect Aeromonas spp. [38,
41]. The evaluation of the ecological hazard posed by the
application of another herbicide – diquant, demonstrated
that blue-green algae and chrysophytes were more susceptible to diquant than green algae [1]. In the examined
microcosms, this pesticide has been shown to substantially
change the concentration of algae and bacteria originating
from natural ecosystems, even at the concentration of
≥0.3 mg/L. Most of the structural and functional reactions
were sensitive in-dicators of stress. The analyzed population of microorganisms was predominated by green algae,
the concentration of which increased considerably at diquant doses of 10 and 30 mg/L, which was confirmed by
the blooming of Oocistis spp. The concentration of bacteria at a diquant dose of 1 mg/L was observed to noticeably increase after a week of pesticide application, yet
after 21 days of the experiment it dropped by 35% as
compared to the control value [42]. This was also confirmed by other studies using this pesticide, which demonstrated the maximum growth of bac-teria on day 7 of the
herbicide administration [43]. Nevertheless, all of these
observations were likely to result from a rapid supply of
nutrients elicited by the death of algae [42].
One of the herbicides most commonly and extensively
applied both in surface waters and underground waters of
agricultural drainage basins in the member states of the EU
and in the USA is atrazine and its metabolite deethylatrazine [44]. Atrazine is exploited as an inhibitor of
the photosynthesis process (it blocks the transport of
electrons during the Hill reaction of Photosystem II), as
well as for the control of broad-leaf plants and grassy
weeds [45]. In mesocosms, the response to atrazine activity was <50% reduction in phototrophic biovolume, in

respect of the control, which was observed to persist after
the 48th hour of the experiment. Changes were also noticed in the structure of algal assemblages. Diatom, dinoflagellate, chlo-rophyte and cryptophyte biovolume decreased with atrazine exposure, while cyanophyte biovolume increased [1, 46-48]. The reduction in the number of
phototrophic organisms leads to diminished availability of
feed to some grazers and to their attenuated competition
with bacteria for nutrients which, in turn, is manifested in
a considerable initial increase in their number. This was
confirmed by other studies, in which both atrazine and its
metabolite – deethylatrazine - increased cell abundance
by 30% [46]. These changes in the composition, as well
as reduction in biomass and productivity of phototrophic
organisms, affect the quantity and quality of nutrients which
circulate through the microbial food web to the higher
trophic levels [3]. Pesticide doses applied by DeLorenzo et
al. [47], i.e. 40 and 160 µg/L, had no significant effect on
small ciliates, but the numbers of large ciliates and small
flagellates increased after 48 h of the experiment which, in
turn, converged with a decrease in the number of bacteria
(that were most likely consumed). In addition, a general
tendency was observed toward diminishing sizes of cells
during exposure to atrazine, which is also unbeneficial to
the grazers. This is a survival strategy of the organisms. By
reducing their sizes, algae may be able to sustain their nutritional needs while photosynthesis is impaired. Decreasing
the cell surface area-to-volume ratio may also be advantageous in reducing adsorption of the herbicide [46].
Another herbicide – isoproturon – increases the biodiversity of the environment exposed to its action, yet no
effect of this herbicide has been demonstrated on the number of microorganisms. In turn, studies have shown the
capability for isoproturon degradation amongst a number of
bacteria and wide dissemination of the gene responsible
for this process in microorganisms originating from the
analyzed environment [49].
INSECTICIDES VS MICROORGANISMS
OF AQUATIC ECOSYSTEMS
Insecticides are one of the most commonly applied
groups of zoocides. Their use brings a number of benefits,
including: reduction by combating or eradication of multiple diseases transmitted by insects or improvement of
hygiene in poor countries (elimination of fleas, lice, cockroaches and ants) as well as an increase in crop yields and
forest protection [15]. The best known insecticide is DDT.
Its concentration below 10 µg/L inhibits photosynthesis of
planktonic marine algae, although Lal and Lal [50] showed
that blue-green alga Anabaena sp. is susceptible to 1 mg/L
DDT. In turn, endosulfan (chlorinated cyclodiene insecticide), belonging to the same chemical group as DDT, when
applied at a lower dose than DDT evoked high toxicity
against cyanobacteria [50]. This was confirmed by Mohapatra and Mohanty [51] who found that Anabaena appeared
to be even more susceptible than the green alga Chlorella
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sp. DeLorenzo et al. [47] also observed a reduction in
cyanophycean taxa, even at endosulfan doses of 1 and
10 µg/L, yet they did not demonstrate any significant
effect of this insecticide on population numbers of heterotrophic ciliata or flagellate. When applied in such doses,
endosulfan inhibited bacterial counts, but did not affect
heterptrophic bacterial productivity. This indicates that
amongst the community of these microorganisms there
were representatives capable of microbial degradation of
endosulfan utilizing this pesticide as a growth substrate
[47]. The percentage contribution of bacteria declined upon
the influence of this insecticide from 31% at a dose of
0.002 mg/L to 71% at 2 mg/L in a study of the population
of heterotrophic bacteria from samples of water and deposits of the Vellar Eustary, in southern India [52]. In turn,
the administration of another insecticide – aldrin – onto
aquatic microbial populations at doses of 10 and 50 mg/ml
resulted in an intensive growth of cultivable heterotrophic
bacteria, phosphate-solubilizing bacteria (which decompose proteins with liberation of H2S) and denitrification
activity. The denitrifying activity was found to decrease
only at an aldrin dose of 50 mg/ml, whereas the nitrifying population was shown to tolerate its concentration
applied in the study [53].
ORGANISMS CAPABLE OF
DEGRADING PESTICIDES IN WATER
Isolation of microorganisms capable of degradation
or biotransformation of pesticides in various ecosystems
has become a key research field in the last decade. Strains
of bacteria belonging to the genera Pseudomonas, Bacillus, Xanthomonas and Rhodococcus as well as some fungi
have been proven to display high degradation capacity of
a wide range of pesticides [2, 54-56]. The capability of
aquatic microorganisms to decompose pesticides was confirmed in a study by Edward et al. [57], who isolated such
bacteria from a small eutrophic lake. These were Gramnegative cylindrical forms belonging mainly to the genera
Pseudomonas (41%) and Aeromonas (31%). In contrast,
Lopez and co-workers [2] analyzed samples of water from
an oligotrophic lake (Laguna Grande) amended with 9 pesticides, including organochlorinated insecticides (aldrin,
lindane), herbicides (simazine, atrazine) and a fungicide
(captan). This experiment demonstrated the high capacity
for pesticide removal in the case of isolates of Exiguobacter aurantiacum, Pseudomonas pseudoalcaligenes, Microccocus luteus and Bacillus sp. Most of these organisms have previously been described as microorganisms
capable of xenobiotic biodegradation [55, 56].

of diseases and a rise in agricultural and forestry pests.
This, in turn, necessitated plant protection and the introduction of pesticides. The uncontrolled application of the
latter has also been substantiated by their significant role
in diminishing the incidents of insect-transmitted diseases
amongst humans. It was only much later, however, that
pesticides were acknowledged as toxic agents – also to
humans (organochlorides, in particular).
Despite their successive withdrawal in highly-developed
countries since the 1970s, pesticides are still in use in thirdworld countries [15]. Vast amounts of pesticide residues
and their metabolites still occur in the environment, e.g.
as deposited in pesticide tombs and/or waste dump areas, or
as accumulated in live organisms or in bottom deposits of
aquifers. Thus, investigations should not only address currently applied pesticides but also those used in the past and
still circulating in the natural environment [18, 19, 58, 59].
What is more, still unanswered questions about the toxicity
level of pesticides to soil and aquatic microorganisms
create the need for undertaking studies and seeking solutions in this research field.
Most of the available references address the effect of
pesticides exerted on microorganisms under laboratory
conditions [37, 60], while only a few focus on the effects
of toxic substances on communities of microorganisms in
natural ecosystems [23, 61]. It is of utmost significance,
therefore, to also carry out studies on the long-term effect
of these substances on microbial communities in order to
estimate the ecotoxicological threat of the long-term application of pesticides in the environment [61].
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ABSTRACT

INTRODUCTION

The assessment of data from the Fischereiamt Berlin
(FiA) concerning the load of fishes (here only eels) from
Berlin waters with PCHCs from 1984–2007 has led to the
following results. Partly extremely high were the contents
of sDDT, mainly in areas influenced by the former VEBC
which has produced DDT containing preparations until
1986. The compounds firstly deposited in soil sediments.
The prevailing equilibria have been disturbed by several
building activities, the constituents of sDDT were released
so that they are present until today in partially outstanding
amounts. In the vicinity of comparable chemical enterprises
at the river Hochrhein (Grenzach, km 160, chemical industry in Basel, CH) and Niederrhein (Hitdorf, km 705,
BAYER-Werke), the analogous data in 2000 were clearly
lower than at the Teltowkanal, Rudow, km 30, in Berlin.
Similar high sDDT loads were found at the tributaries of
the river Elbe, Bilina, at the outlet of SPOLCHEMIE, Ústí
n. L. (Aussig) and Mulde in the vicinity of the chemical
enterprise Bitterfeld. The isomers of HCH which was also
processed at the former VEBC are much less persistent and
only found in traces after 1995. The also very high concentrations of the PCB congeners mainly in the rivers Stadtand Unterspree have changed only marginally during the
time of observation.

KEYWORDS: PCHC values, Berlin waters, chemical industry,
river Spree, river Havel, Berlin Teltowkanal, Berlin lakes

At the beginning of the investigations concerned, in the
eighties, some parts of the spacious Berlin waters, their
inhabitants, and sediments were highly loaded with constituents of technical DDT, and HCH. The cause of these
partly strikingly high contaminations was the production
of DDT and/or lindane containing preparations in the former VEBC in Berlin-Adlershof/Grünau till 1986 and 1989,
resp. [1].
Sites in the vicinity of production at the Hochrhein,
km 160 (near chemical industry in Basel) and the Niederrhein, km 705 (near BAYER-Werke in Leverkusen) were
as well characterised by the presence mainly of DDT metabolites till the recent past. However, the production of
DDT, and lindane, resp., was stopped earlier. Compared with
locations remote from chemical industry, the data were
higher, but they continuously decreased from the start of
the investigations till the presence [2-4].
Extremely high sDDT and sHCH values have been
registered in the sediment of the Elbe tributaries Bilina (at
the outlet of the chemical enterprise SPOLCHEMIE in Ústí
n. L./Aussig) as late as 1999, and the river Mulde (in the
vicinity of the early chemical enterprise Bitterfeld) till 2004
[2].
Already in earlier publications [3, 5], it was reported
that the extremely high HCH loads in the areas influenced
from VEBC in the eighties had decreased to the end of the
century. Later than 2000, HCH was detectable – if any –
only in traces in all Berlin waters. Different observations
were made for the residues of the constituents of technical
DDT.
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In waters not influenced by the former VEBC, e. g. in
the north and northwest of Berlin (Niederneuendorfer See,
Heiligensee, Tegeler See, see map), and in the southeast
(Zeuthener See, Dämeritzsee), the constituents of sDDT
have continuously decreased since the beginning of the investigations in the eighties (northwest) and nineties (southeast), and the profiles of the findings showed a picture
familiar for such normal cases [2].
Completely different temporal developments for height
and composition of sDDT were initially observed for the
Teltowkanal (map) to Griebnitzsee and Kleiner Wannsee,
and later on also for the rivers Ober-, Stadt-, and Unterspree. Mainly in the Teltowkanal as late as in 1994 clear
declining curves were seen, which suddenly stopped in
1995, and then gave a completely discontinuous course on
a much higher level. There were no more any declines of
the loads. In the river Spree, this tendency started in 2000.
The causes for these sudden increases were no new immissions from outside but swirling up of the sediments by
various building activities. In the Teltowkanal, these were
mainly measures to a renewal of navigation in this waterway which was completely closed till 1990, later on followed by several repairs. At the borders of the river Spree,
very intensive building activities took place from Rummelsburger See to the Schleuse Charlottenburg, and mainly
in the new governmental area in Tiergarten, some parts of
the river bed were temporarily shifted. All these movements
disturbed the equilibrium of sorption and led to remobilisations of the so far stable fixed compounds.
Particularly clear, this process could be traced for
sDDT, as far as the constituents of sDDT, which were at
first sorbed and then released, corresponded in their profiles to the profiles in production wastewaters. Mainly the
low persistent chiral 2,4`-DDD was released in these desorption processes. After its reappearance, this indicator
compound was fastly degraded under the now prevailing
mainly aerobic conditions.
Much less clearly, the origin of the PCBs could be
elucidated which were mainly present in the waters of the
former West-Berlin in partly high amounts. There was no
production or processing of PCB in Berlin. The entirely
diffuse load of Berlin waters with PCBs was first mentioned by Gunkel and Mast [7] and Gunkel et al. [8].
Other PCHCs, as e. g. polychlorobenzenes and the insecticides of the dien group (aldrin, dieldrin, heptachlor,
chlordan), are being investigated from the responsible administrative authorities (Senatsverwaltung für Umweltschutz [10] and Fischereiamt, FiA [11]), but they could be
found never (drines) or in little amounts (HCB). That is why
they are not mentioned here.
The aim of the current paper is the evaluation of the
corresponding data material – PCHC contents in eels – till
the year 2007 to answer the following questions:

How does the load of areas especially affected by the
building activities, mainly the Teltowkanal and the river
Spree develop for the constituents of sDDT after the year
2000, compared with the rather uninfluenced lakes in the
southeast and northwest of Berlin?
Are the PCB loads also the results of releases from
the sediment or are there any extern emissions?
How may the further course of the loads with sDDT
and PCB in Berlin waters proceed?
MATERIALS AND METHODS
From the PCHC data of the FiA in the present paper,
the contents of the following compounds in eels (Anguilla
anguilla) were evaluated in µg/kg fresh weight:
• 2,4’- and 4,4’-isomers of DDT, DDE, DDD, and, in
some times, also 4,4’-DDMU, here referred to as sDDT,
in the literature sometimes as DDX
• α-, β-, δ-, ε-HCH („ballast isomers“), γ-HCH (lindane),
here referred to as sHCH
• PCB congeners 28, 52, 101 (low chlorinated congeners =
LPCBs), 138, 152, 180 (higher chlorinated congeners
= HPCBs)
Σ LPCB, HPCB = here referred to as sPCB, in the literature sometimes as IUPAC, DIN or Ballschmiter congeners.
From the data for the eels only individuals with > 10 %
fat were taken. Only PCHC in fresh weight were used because it is common in all PCHC monitoring works, and in
the conclusions comparison shall be made to PCHC data in
other waters. The analytics were made according to the official DFG methods [12].
The data material was documented, structured, statistically calculated, and presented in tables and graphs. While
doing so, spatial profiles were created e. g. for the rivers
Spree and Havel and the Teltowkanal. Furthermore, at certain sites, time series could be formed, e. g. at lake Griebnitzsee from 1984–2007. The spatial profiles as well as the
time series showed minimum and maximum values which
shall be demonstrated and interpreted here.
During the last twenty years of work, a system of differential diagnostic evaluation has been developed as a tool
for interpretation. With this procedure, not only a single
compound but always several data are combined to a profile for evaluating, e. g. the parent compound DDT and their
metabolites DDE, DDD and DDMU or the relation between
the slowly degradable higher chlorinated HPCBs to the
slightly degradable lower chlorinated LPCBs. This procedure has been already presented in detail [13].
In the Berlin waters investigated here, there were favorable conditions for the interpretation of the data:
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stagnant. Under certain directions of the wind, the Teltowkanal may even change its flowing direction. That
means that the conversion and degradation of the compounds could proceed relatively uninterrupted.

• The investigated area is comparatively small and areas
with a high density of industry and trade are followed
by recreational areas or parks .
• The flow velocity of the rivers Spree, Dahme and Havel
is slow, and in the lakes the waters may be regarded as

FIGURE 1 - Map of Berlin waters.

• The sampling mostly comprised >3 specimen, often
10 or more.
• What was disadvantageous was the necessity to shift
isolated sampling points, because due to the building
activities there were no eels. These changes are always
indicated.
RESULTS AND DISCUSSION
The data material provided from the FiA was processed like described above and recorded in tables [14].
According to the aim to depict the sources for the immissions, at first, the local centres for the load with the
mainly interesting sDDT and PCB were found out. The
results are shown in Figs. 2 and 3. For all areas mentioned
above, spatial profiles for the years 1998/2000 were compiled. The explanations to the sampling sites are given in
Figure 1.

It can be clearly seen that the absolute centres of immission of DDT are to be found in the TK, Altglienicker
Brücke, i. e. near the enterprise VEBC. That is very striking
in 1999, almost 15 years after the stop of the DDT processing. Also the highest shares of 2,4’-DDD are found in
the area of the Altglienicker Brücke to Massantebrücke.
Striking as well are the high 2,4’-DDD shares in the river
Spree at Rummelsburger See and Schloss Charlottenburg,
but on a much lower level of the sDDT values. These areas
were affected by building activities, so causal connections
may be obvious.
Figure 3 shows a completely different situation. In the
lakes in the southeast of Berlin, the sPCB values are as low
as expected, accompanied by extremely high HPCB shares
at the same time. The lowest HPCB values are to be found
in the Rummelsburger See and Unterspree. No explanation
can be given for the low HPCB shares at Altglienicker
Brücke and in the river Havel, Schildhorn/Jürgenlanke.
DDT
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The following Figs. 4–8 shall reflect the time course of
the heights of the sDDT contents, and the substance patterns in eels from Berlin waters. Locations were chosen in
the Teltowkanal and neighbouring waters from Massantebrücke to Griebnitzsee (Figs. 4, 5), in lakes in the
southeast of Berlin (Fig. 6), the river Spree from Rummels-

burger See to Kraftwerk Reuter (Fig. 7) and Havel waters
from Tegeler See to Moorlake (Fig. 8).
The causes of sDDT contents and the differences in
the patterns of the constituents are especially clearly reflected in the course at the location Rudow – Massantebrücke in Fig. 4.

TABLE 1 - Explanations to the locations in Figures 2 and 3.
Area Teltowkanal (km)
1 Altglienicker Brücke (35–35,8)
2 Wredebrücke (34)
3 Massantebrücke (32,2)
4 Barnackufer (16,5)
5 Kleiner Wannsee (3,3)
6 Griebnitzsee (3,1)
7 Jungfernsee

Lakes in the southeast (km)
8 Langer See (Dahme 41–42)
9 Zeuthener See, Jagen 5
10 Dämeritzsee, Einl. Gosener
Graben
11 Großer Müggelsee SW-Ufer

Area Spree (km)
12 Straßenbahnbrücke (32)
13 oh. Rummelsburger See (25,2)
14 uh. Rummelsburger See (23,2)
15 Bodemuseum (16,5)
16 Haus der Kulturen der Welt
(16,2–16,5)
17 Schloss Charlottenburg (7,4–3,1)
18 Schleuse Charlottenburg (6,2)
19 KW Reuter (2,5)
20 Einmündung Alte Spree, Kraftwerk (1,9)

Havel and neighbouring waters (km)
21 Tegeler See (3,3)
22 Schildhorn/Jürgenlanke (4,9–5,0)
23 Kleine Steinlake (9,5)
24 Havelhöhe/Tiefehorn (10,3–12,1)
25 Alter Hof/Schwemmhorn (13,0)
26 Moorlake (15,8–16)

FIGURE 2 - sDDT in eels from Berlin waters, spatial profiles 1998/2000 (Arithmetic
means of n specimen with >10% fat/year/location; according to primary data from FiA Berlin).
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FIGURE 3 - sPCB in eels from Berlin waters, spatial profiles 1998/2000 (arithmetic
means of n specimen with >10% fat/year/location; according to primary data from FiA Berlin).

• At the beginning of the time series, in 1984, at the
VEBC DDT preparations were still produced, the sDDT
contents are very high, as are the share of the parent
content DDT and, first of all, the share of 2,4’-DDD, the
little persistent constituent of the production
wastewaters.
• The following part of the curve which shows the decrease after the stop of the production is only very short;
in 1996 the building activities at the border Treptow/
Rudow become apparent; 2,4’-DDD is released and
also the sDDT contents strikingly rise.
• The absolute sDDT maximum can be seen in 2003; from
then on the sDDT contents and the 2,4’-DDD share
clearly decrease, although again markedly rising in
2007.

• In Fig. 5, the time series for the Teltowkanal km 16.5
Barnackufer is presented, containing a dense series of
data from 1986 till 2007. In the relevant literature, no
such a long time series has been described so far. Here
we also find firstly a decrease of the sDDT contents, at
the beginning of the measurements in 1986, even a high
share of the parent compound DDT could be registered.
From 1995 on, the values discontinuously rose and
reached their absolute maximum in 2002. From then
on, there was a changeable course of the series. In 2007,
the sDDT contents again rose, also in the time series
Griebnitzsee. Every increase of the sDDT values, from
1995 on at Barnackufer and from 2000 on at Griebnitzsee, are accompanied by increases in the 2,4’-DDD
shares.
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FIGURE 4 - Constituents of sDDT in eels from Berlin waters - Characteristic time series, TK Massantebrücke
(arithmetic means of n specimen with >10% fat/year/location. according to primary data from FiA Berlin).

FIGURE 5 - Constituents of sDDT in eels from Berlin waters - Characteristic time series, TK Barnackufer and
Griebnitzsee (arithmetic means of n specimen with >10% fat/year/location, according to primary data from FiA Berlin).

The corresponding time series for the lakes Zeuthener
See and Dämeritzsee (Fig. 6) diametrically opposed differ
from the previous graphs. They are characterised as follows:

• Altogether the time series clearly represents the course
of a process of metabolism of DDT following applications which are mainly undisturbed.

• The sDDT contents are about one order of magnitude
lower.

A different situation becomes visible by the course of
the sDDT time series in the river Spree (Fig. 7). The disturbances of the sorption conditions in the sediment are
manifest during the whole period of investigation. The following must be underlined:

• The parent compound DDT is present in clearly measurable values.
• A clearly decreasing tendency of the sDDT contents
can be observed for the whole time of investigation
from 1991–2007.
• The share of the main metabolite of sDDT, DDE, rises
and clearly exceeds corresponding DDD values.
• 2,4’-DDD is present only in traces, if any.

• The sDDT maximum values are to be found during
the period 2001–2003, but again in 2007, sDDT increases are becoming visible.
• The substance pattern shows the highest shares of
DDD within the sDDT.
• 2,4’-DDD is present in all samples.
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FIGURE 6 - Constituents of sDDT in eels from Berlin waters - Characteristic time series, Zeuthener See and
Dämeritzsee (arithmetic means of n specimen with >10% fat/year/location; according to primary data from FiA Berlin).

FIGURE 7 - Constituents of sDDT in eels from Berlin waters - Characteristic time series, Sampling points at the
river Spree (arithmetic means of n specimen with >10% fat/year/location, according to primary data from FiA Berlin).
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FIGURE 8 - Constituents of sDDT in eels from Berlin waters - Characteristic time series, Sampling points at the
river Havel (arithmetic means of n specimen with >10% fat/year/location, according to primary data from FiA Berlin).

In Fig. 8, the sDDT contents in eels from lake Tegeler
See as well as Schildhorn/Jürgenlanke are presented. Mainly striking are the values in Tegeler See, they are lower than
the analogous data in lakes in the southeast of Berlin
(Fig. 6), and the substance pattern marks the profiles
caused by application of the compounds. The DDE shares
clearly exceed those of DDD, and 2,4’-DDT is completely
lacking. The time series for the locations Schildhorn/ Jürgenlanke and Moorlake cannot be logically interpreted concerning their causes.
Polychlorinated Biphenyls

In Figs. 9–13, the results of the PCB measurements in
eels are given for the same locations and in the same time

periods like that presented in Figs. 4–8 for sDDT. The
comparisons sDDT/sPCB which were strived for to mark
possible concurrences in the maxima gave only little congruences. Altogether it can be said that
• from the time series no clear declining curves are visible, besides the extremely values 1984/85. At the Unterspree, Kraftwerk Reuter (Fig. 13), there is rather an increase from 1999–2007 to be seen.
• concurrences of the maximum values for sDDT and
sPCB, which could be regarded as a sign for common
releases from sediment are only seldom. That means
that for the increases of sPCB – different than for
sDDT – also externe causes must be taken into consideration.

FIGURE 9 - SPCB in eels from Berlin waters - Characteristic time series, TK Massantebrücke and Kleiner
Wannsee (arithmetic means of n specimen with >10% fat/year/location, according to primary data from FiA Berlin).
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FIGURE 10 - SPCB in eels from Berlin waters - Characteristic time series, TK Barnackufer and Griebnitzsee (arithmetic means of n specimen with >10% fat/year/location, according to primary data from FiA Berlin).

FIGURE 11 - SPCB in eels from Berlin waters - Characteristic time series, Dämeritzsee and Zeuthener See
(arithmetic means of n specimen with >10% fat/year/location, according to primary data from FiA Berlin).

FIGURE 12 - SPCB in eels from Berlin waters - Characteristic time series, Sampling points at the river
Spree (arithmetic means of n specimen with >10% fat/year/location, according to primary data from FiA Berlin).
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FIGURE 13 - SPCB in eels from Berlin waters - Characteristic time series, Sampling points at the river
Havel (arithmetic means of n specimen with >10% fat/year/location, according to primary data from FiA Berlin).

The HPCB shares within the sPCB may give hints for
interpretation. Figure 10 demonstrates up to 97 % HPCB
shares in eels from the lakes Dämeritzsee and Zeuthener
See, which means burdens from the past. A similar picture
shows the lake Tegeler See (Fig. 13). At TK Rudow, Kleiner Wannsee (Fig. 9), Barnackufer and Griebnitzsee (Fig.
10), there are almost continuous time series from 59–88 %
within the time of observation. The lowest HPCB shares of
38–79 % were measured in the river Spree near Schloss
Charlottenburg and at Kraftwerk Reuter. The rivers Stadtand Unterspree were mostly involved into the building
activities
CONCLUSIONS
An overview of the PCHC loads in eels of Berlin waters from the recent past shows that mainly the sDDT loads
are partly extraordinarily high. As cause for these extremely
high values, compared with other waters, can be surely regarded the production of DDT containing preparation in
the former VEBC till 1986. The constituents of sDDT, in-

cluding components of the production wastewaters, were
deposited in the sediment with its mainly anaerobic milieu.
This sorption equilibrium was disturbed by building
activities, at first, the measures of recanalization in the Teltowkanal which was closed till 1990 and then in the governmental quarter from 2000 on. So the compounds were
remobilised. Table 2 shows analogous data for sDDT in eels
from the rivers Elbe, Rhein and Bavarian as well as Brandenburg waters as a comparison for the Berlin waters.
Because there were partly only data till 2000, the years
1998/2000 had to be chosen as time of observation. The indicator substance 2,4’-DDD was mainly determined in Berlin and could, therefore, not be considered here.
It can easily be seen that the loads for Berlin waters,
first of all influenced by VEBC, are about five-fold as high
as the highest data in the river Elbe. The sampling location of the Elbe near Meißen is influenced by the DDT
imports with Elbe water from the Czech Republic. But also
the sDDT values from Hoch- and Oberrhein (Grenzach,
Sasbach) with their supposed late consequences of former
DDT productions in the area of Basel are about two orders
of magnitude lower than the analogs from the Teltowkanal.

TABLE 2 - sDDT contents in eels from Berlin waters and waters for
comparison 1998/2000 (arithmetic means (µg/kg fw) of all specimen with > 10 % fat).
y
99
00
00
00
99
00
00
00
98
00
98

n
4
5
6
5
3
5
2
5
2
4
2

water, location
TK Altglienicker Brücke
TKRudow, Massantebrücke
TK Barnackufer
Großer Wannsee
Elbe near Meißen
Stadtspree Schleuse Ch.bg.
Oberspree Bodemuseum
Unterspree, KW Reuter
Mouth. Havel into the Elbe
MUHAV/Schwanenwerder
Stolspesee/Fürstenberg

sDDT
55 840
21 765
6 800
1 295
1 185
1 005
815
705
695
645
545

ref.
11
11
11
11
15
11
11
11
16
11
16
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y
00
99
00
00
00
00
98
99
98
98

n
5
19
5
4
1
5
2
13
3
2

water, location
Jungfernsee, Berlin
Elbe, Kattwykhafen
Langer See
Dämeritzsee
Tauber near Röttingen
SOHAV Spand. See
Grenzach Rh. km 160
Elbe, Brunsbüttel
Sasbach, Rh-km 240
Seerhein, Konstanz

sDDT
520
490
450
355
245
230
210
135
95
50

ref.
6
15
11
11
17
11
18
15
18
18
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TABLE 3 - sPCB content and %HPCB from eels in Berlin and waters for
comparison 1995/98 (arithmetic means (µg/kg fw) of all samples with > 10 % fat).
y

n

95
98
98
95
98
95
95
95

3
Rhein km 705, Hitdorf
3 Unterspree km 6, Schleuse
3
Lahn, Lahnstein
4
Rhein km 160, Grenzach
5 Unterspree km 2, Kraftwerk
4 Rhein km 309. Gambsheim
5 Rhein km 408, Mainz-Kastel
8
Rhein km 440,
Lampertsheim
3
Baunach, Unterfr.
2
Fränkische Saale

96
98

water, location

sPCB

ref.

y

n

water, location

sPCB

2825
1625
1595
1355
1195
990
870
645

%
HPCB
76
69
86
83
71
86
88
83

21
11
22
18
11
18
23
22

98
98
96
97
96
96
98

11
30
5
5
3
3
2

Elbe km 4, Schmilka
Elbe km 492, Gorleben
Oder, km 595, Schwedt
Großer Müggelsee, Berlin
Seerhein, km 3, Konstanz
Oder. km 634, Hohenwutzen
Havel, mouth into the Elbe

265
230
205
160
145
100
20

505
270

71
83

17
17

Summarizing for DDT can be said that
• declining curves, as known from other waters, are here
at most visible in the lakes in the southeast – Seddinsee, Dämeritzsee, Zeuthener See – and the Tegeler
See,
• in the waters immediately influenced by the activities
of VEBC, mainly the Teltowkanal, till 2007, highly excessive DDT contents were measured,
• the discontinuous course of the time series in TK
Rudow, Barnackufer, Griebnitzsee, Kleiner Wannsee (Figs. 2, 4) shows that there are still huge releases
of sDDT due to the building activities.

%
HPCB
75
89
85
93
86
83
75

ref.
15
15
24
11
24
24
16

probably. It must be rather assumed that the PCBs
reach the waters from other sources, mainly in the Stadtand Unterspree.
Table 3 shows a comparison of the sPCB content of
eels from Berlin waters with analogous data from rivers in
the FRG in the years 1995/98. The highest PCB contents
are to be found in the vicinity of large chemical enterprises
on the Niederrhein (Hitdorf) and Hochrhein (Grenzach),
comparable to those from the Unterspree. Very low values like at Großer Müggelsee we find in the river Oder in
Brandenburg or the lake Bodensee near Konstanz.

Lindane was produced from technical HCH and processed at VEBC till 1989. This has led to very high HCH
loads till the nineties, extent and course have previously
been presented in detail [5, 19, 20]. The recent data are
given in Table 2 at [14]. They show that
• the ballast isomers of HCH and lindane are only detectable in small amounts already in the nineties, and
are now, if any, only present in traces.
From this, the conclusion may be drawn that the building activities have no influences on the release of HCH
reaching to the present times.
Similar can be said for hexachlorobenzene, HCB. The
present loads are summarised in Table 4 at [14]. They
were very low already in the nineties and give no room or
necessity for interpretations.
Another situation we have for the loads with sPCB,
given in Table 3 at [14]. Altogether can be said that

ABBREVIATIONS
ARGE Elbe: Arbeitsgemeinschaft für die Reinhaltung
der Elbe (Working group in keeping the river Elbe
clean)
FiA Berlin: Fischereiamt Berlin
VEBC: former VEB Berlin-Chemie
CKB: former Chemiekombinat Bitterfeld
TK: Teltowkanal (canal in Berlin)

REFERENCES
[1]

Anthofer P (1990): Erfassung und Bewertung eines Altlaststandortes am Beispiel des Hexachorcyclohexans (HCH) –
Produktion des VEB Berlin-Chemie. Diplomarbeit am Institut
für Technischen Umweltschutz der Technischen Universität

[2]

Heinisch E, Kettrup A, Bergheim W, Martens D, and Wenzel
S (2005): Persistent chlorinated hydrocarbons (PCHCs),
source-oriented mointoring in aquatic media. 2. The insecticide DDT, constituents, metabolites. Fresen Environ Bull 14,
No. 2, 69–85

[3]

Heinisch E, Kettrup A, Bergheim W, and Wenzel S (2005):
Persistent chlorinated hydrocarbons (PCHCs), source-oriented
mointoring in aquatic media. 3. The isomers of hexachlorcyclohexane. Fresen Environ Bull 14, No. 6, 444–462

[4]

Heinisch E, Kettrup A, Bergheim W, and Wenzel S (2007):
Persistent chlorinated hydrocarbons (PCHCs), source-oriented

• the sPCB show no clear declines since the eighties till
2007, neither in the Teltowkanal nor in the river Spree
• only in southeast lakes of Berlin, which are only low
contaminated with PCB, slightly declining curves can
be seen.
• Our aim to compare time series of sDDT and sPCB
at the same time with their maximum values only seldomly show parallels which make common releases

1406

© by PSP Volume 18 – No 8. 2009

Fresenius Environmental Bulletin

monitoring in aquatic media. 6. Strikingly high contaminated
sites. Fresen Environ Bull 16, No. 10, 1248–1273
[5]

[6]

[7]

Heinisch E, Kettrup A, Bergheim W and Wenzel S (2002):
Auswirkungen eines Chemiestandorts auf umliegende Gewässer dargestellt am Beispiel der chemischen Fabrik in Berlin-Adlershof-Grünau. GSF-Bericht 06/02
Heinisch E, and Kettrup A (2000): Freisetzung
schwerflüchtiger
chlorierter
Kohlenwasserstoffe
aus
aquatischen Se-dimenten durch Baumaßnahmen in Berlin.
UWSF – Z Umweltchem Ökotox 12 (6), 337–342
Gunkel G and Mast P-G (1990): Untersuchungen zum
Ökologischen Wirkungskataster. Biologisches Monitoring
und PCB-Belastungen Berliner Gewässer. Technische Universität Berlin, Forschungsbericht 3/90

[8]

Gunkel G, Mast P-G and Nolte C (1995): Pollution of aquatic
ecosystems by polychlorinated biphenyls (PCB). Limnologica 25, 321–331

[9]

Heinisch E, Kettrup A, Bergheim W, Holoubek I, and Wenzel S (2003): PCB in aquatic ecosystems of the Elbe and Berlin waters. Source-oriented monitoring. Fresenius Environ
Bull 12, No 7, 103–110

[20] Heinisch E and Wenzel S (2000): Ursachenorientiertes Monitoring auf schwerflüchtige chlorierte Kohlenwasserstoffe in
Berliner Gewässern, elaborated on behalf of –SENSTADTUM, not published
[21] LÖBF/LAfAO (Landesanstalt für Ökologie, Bodenordnung
und Forsten/Landesamt für Agrarordnung) NRW (2002):
personal communications, not published
[22] HLVA (Hessische Landesuntersuchungsanstalt)
(1996): personal communications, not published

[23] CUA (Chemisches Untersuchungsamt) Speyer, Annual reports FCKW in fishes from waters in Rhineland-Palatinate
[24] Landesumweltamt Brandenburg (1994): Untersuchungen der
Oder zur Belastung der Schwebstoff- und Sedimentphase und
angrenzender Bereiche. Studien und Tagungsberichte 20/21

[10] SenStadt, Senatsverwaltung für Stadtentwicklung und Umwelt in Berlin (2002): PCKW in Oberflächenwasser,
Schwebstoffen und Sediment von Berliner Gewässern 1989–
2002. primary data not published. personal communications
[11] FiA, Fischereiamt beim Senat von Berlin (2007): PCKW in
Fischen aus Berliner Gewässern 1983–2006. primary data not
published. personal communications
[12] Specht W and Tilkens M (1980): Methode zur Aufarbeitung
von Lebensmitteln und Futtermitteln pflanzlicher und tierischer Herkunft für die Multibestimmung von Belastungen
mit lipid- und wasserlöslichen Pflanzenbehandlungsmitteln.
Fresenius Z Anal Chem 303, 300–307
[13] Heinisch E, Kettrup A, Bergheim W and Wenzel S (2004):
Persistent chlorinated hydrocarbons (PCHC), source-oriented
monitoring in aquatic media. 1. Methods of data processing
and evaluation. Fresenius Environ Bull 13 (No 12b), 1451–
1473
[14] Heinisch E (2008): Persistente chlorierte Kohlenwasserstoffe
(PCKW) in Berliner Gewässern. Ursachen und zeitliche
Entwicklungen von 1984 bis zur Gegenwart. Report, elaborated with data from Fischereiamt Berlin. not published
[15] ARGE ELBE, Arbeitsgemeinschaft für die Reinhaltung der
Elbe (2004): Wassergütedaten für die Elbe 1980–2004
[16] SVLA (Staatliches Veterinär- und Lebensmitteluntersuchungsamt) Potsdam, personal communications, not published
1998/99
[17] LUA (Landesuntersuchungsanstalt für das Gesundheitswesen
in Nordbayern), Erlangen, personal communications, not
published 1995–2000

Received: January 30, 2009
Accepted: March 25, 2009

[18] CLUA (Chemische Landesuntersuchungsanstalt) Freiburg,
personal communications, not published 1995–2000

CORRESPONDING AUTHOR

[19] Heinisch E, Kettrup A, Bergheim A and Wenzel S (2005): –,
3. The isomers of hexachlorocyclohexane. Fresen Environ
Bull 14 (No 6) 442–462

Emanuel Heinisch
Bayreutherstraße 9
91301 Forchheim

1407

Kassel

© by PSP Volume 18 – No 8. 2009

Fresenius Environmental Bulletin

GERMANY
FEB/ Vol 18/ No 8/ 2009 – pages 1396 - 1406

Phone: +49 (09191)729864
toxicological research laboratories) - Interactions of toxic trace substances with biotic
and abiotic constituents of the environment

PROFILE

OTHER FUNCTIONS

Until 2003

Since 2004

Guest professor at the Institute for Ecological Chemistry of the GSF—Research
Center for Environment and Health, Neuherberg, Germany
Guest professor at the Institute for Ecological Chemistry and Environmental Analytics at the TU Munich-Weihenstephan,
Germany

PUBLICATIONS

Several projects about the intake, behaviour and effects
of persistent organic compounds in terrestrial and aquatic
ecosystems.

Emanuel HEINISCH
Specialist in chemical toxicology
PERSONAL DATA

Name: Emanuel Heinisch
Date of birth: 21st August 1929 in Kwassitz (former Czechoslovak Republic)
ACADEMIC BACKGROUND

1953
1956
1960
1968

Diploma of chemistry in Leipzig. Studied also
chemistry in Greifswald and Berlin
Doctorate of organic chemistry in Leipzig
Habilitation of chemical toxicology in Leipzig
Appointment as professor at Academy of Sciences

About 200 scientific publications, among them the
books:
• "Agrochemikalien in der Umwelt"—Gustav Fischer
Verlag, Jena 1975;
• "Agrochimikaty w okrushajushtsheij srede" - Verlag
Kolos, Moskau 1979;
• "Umweltbelastungen in Ostdeutschland"-Wissenschaftliche Buchgesellschaft Darmstadt 1992;
• "Schadstoffatlas Osteuropa" (Hrsg. E. Heinisch, A.
Kettrup, S. Wenzel) — ecomed verl., Landsberg/Lech
1994.
1991-2009: In 11 GSF Reports and till now 7 individual publications in Fresenius Environmental Bulletin results
of the source-oriented monitoring of persistent chlorinated
hydrocarbons in aquatic media of Central and Eastern
Europe have been published.

PROFESSIONAL EXPERIENCE

1953-1973

1961-1991

1970-1998
1973-1991

University of Leipzig (Institut für Bodenkunde) and Biologische Zentralanstalt Berlin in Kleinmachnow - Fields of activity in
research and teaching of environmental
Sciences: pesticides in soil, water and plant
harvest
Lecturer at the Humboldt University in Berlin, environmental toxicology for students
of agriculture, horticulture, human and veterinary medicine
Lecturer at the University of Leipzig in postgraduate study toxicology, ecological chemistry/ ecotoxicology
Academy of Sciences, Institute for Geography and Geoecology and Institute for Ecosystem Research (1990-1991 Head of the
Department Ecological-chemical and eco-

1408

© by PSP Volume 18 – No 8. 2009

Fresenius Environmental Bulletin

1407

© by PSP Volume 18 – No 8. 2009

Fresenius Environmental Bulletin

SURFACE MODIFICATION OF PYROPHYLLITE
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ABSTRACT

INTRODUCTION

The aim of this study is, at first, to show how the surface property of pyrophyllite can be changed by intercalating aluminium in order to boost the active sites at the
surface of pyrophyllite to achieve higher adsorption efficiency for metal cations in aqueous solutions. The treatment of pyrophyllite consists of working on two main factors, namely, the molar ratio OH/Al and the calcination
temperature. A series of modified clays were prepared by
changing these variables. The samples prepared were characterized by XRD, BET surface area, X-ray fluorescence,
TGA and DTG. It has been found that for OH/Al = 2,
aluminium exists tetrahedral-coordinated in the solution, in AlO 4 located in the centre of spherical polymer
(AlO4)Al12(OH)24(H2O)127+. After calcination at 500 °C of
the treated pyrophyllite, this polymer is transformed into
Al2O3 which is known to have a great capacity in fixing
the metal cations in an irreversible way. The second aim
is to prove that pyrophyllite can be used for removal of
Pb(II) ions from aqueous solutions, and it was examined
that aluminium-treated pyrophyllite is much more effective. The results of batch adsorption experiments investigating the effects of contact time, pH, amount of adsorbent
and initial solute concentration were discussed. The experiments have shown that the sorption capacities of treated
pyrophyllite were considerably enhanced, from 7.05 mg/g
for natural pyrophyllite to 18.65 mg/g for treated pyrophyllite.

KEYWORDS: Pyrophyllite, surface modification, characterisation,
aluminium, adsorption, Pb(II).

The removal of heavy metal ions from both natural
water supplies and wastewater streams is becoming increasingly important as legislative awareness of environmental impact of such pollutants has also raised [1, 2].
The most widely used methods for removing heavy
metal from wastewater systems include physicochemical
and chemical methods, such as neutralization–precipitation,
ultrafiltration, reverse osmosis, electro-deposition, solvent
extraction, ion flotation and adsorption [3]. Of the numerous techniques mentioned above, adsorption on solid substrates, such as clay or activated carbon, is an effective
process for removing heavy metals from water [4, 5].
Due to the relatively high cost of activated carbons there
has been an increasing interest in utilizing low-cost, naturally occurring adsorbents like zeolites [6], kaolinite [7],
montmorillonite [8], bentonite [9-11], sepiolite [12, 13],
pyrophyllite [14, 15], and perlite [16-18] for the removal
of toxic metals from aqueous solutions.
The technological application of clay minerals requires
their proper workability, which may be improved by an increase in the porosity and surface area. However, to improve the removal efficiency and adsorption capacity of
these naturally occurring adsorbents, modification of surfaces has been insistently recommended and investigated.
In a previous paper [19], natural pyrophyllite mineral
was used to design a new and efficient adsorbent modifying its surface with (AlO4)Al12(OH)24(H2O)127+ polymer
(Al13) as an intercalating agent and calcination at 500 °C.
The purpose of this work is to show the effect of
(AlO 4 )Al 12 (OH) 24 (H 2 O) 12 7+ polymer on pyrophyllite’s
properties, and to evaluate the effectiveness of the modified pyrophyllite mineral in removing Pb(II) ions from
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aqueous solutions over a range of experimental conditions.
The Al13 compound is a series of aluminium and oxygen
configured around a central aluminium oxide (Al(O)4) site.
The removal of lead is of major importance in environmental engineering, as a result of its acute toxicity to human beings when exposed to excessive amounts. Adsorption characteristics of modified pyrophyllite were examined by investigating the effect of some parameters; such
as contact time, pH, initial Pb(II) concentration and amount
of adsorbent to optimize the removal process. The experimental data points were also examined by Langmuir adsorption isotherm.
MATERIALS AND METHODS
Materials

The pyrophyllite samples used are of Moroccan
origin. The X-ray fluorescence analyses were performed on
a dispersion wavelength spectrometer SRS 200. The particle size distribution of both pyrophyllite and pyrophyllite-Al was measured using a Mastersizer X (Malvern
instruments). The specific surface areas were determined by BET Krypton adsorption method. The pH
measurements were performed using a Metrohm model
681, combined with an Orion Ross model 8102 pHelectrode filled with 3M KCl. Quantitative analysis of
Pb(II) in solution was made by atomic absorption spectrophotometry (Unicam 929 SOLAR).
27

Al NMR spectra experiments were performed on a
Brucker spectrometer at 300 MHz. The surface morphology of the powder samples, which were previously covered with a thin layer of gold, has been investigated using
a JEOL JSM- 6100 model Scanning Electron Microscope
(SEM). Differential thermal analysis and thermogravimetry
(DTA-TG) were carried out at a heating rate of 10 °C/min
upto 1000 °C.
XRD pattern of pyrophyllite was obtained on a
Philips PW-1700 diffractometer using CuKα radiation.
The stock Pb(II) solution (10-1 M) was prepared by
using Pb(NO3)3.9H2O (Merck). HNO3 and NaOH used to
adjust the pH of the suspension were obtained from Prolabo. AlCl3.6H2O for treatment of pyrophyllite was obtained from Merck. All solutions were prepared with high
purity water (18 MΩ cm) from a Milli-Q water purification
system.

The isotherms at different temperatures were examined in flasks immersed in thermostated water using magnetic stirrers.
The effects of contact time, amount of adsorbent, pH
and initial Pb(II) concentration conditions are summarized
in Table 1.
Modification of pyrophyllite surface

A solution of AlCl3 was prepared from AlCl3.6H2O
(Strem Chemicals). The solution was then adjusted to the
desired OH/Al ratio by the addition of NaOH solution. This
oligomeric solution was allowed to age for 24 h at room
temperature under constant agitation. The solution was then
aged and mixed until no precipitation was present and
appeared clear. The clay was added at an Al/clay ratio of
5 mmol Al/g of clay, pH was adjusted to 3.8, and the
mixture was shaken for 2 h at 353 °K. The resulting material was then filtered and washed until no chloride was
present in the wash-water (i.e. no AgCl precipitation upon
treatment with Ag+). The calcination was performed in air
at a heating rate of 10 °K/min to 773 °K, and held at this
temperature for 2 h. As a result, Al-treated pyrophyllite
(pyrophyllite-Al) in powder form was obtained.
NMR spectrum (Fig. 1) shows the 27Al MAS NMR
spectra for the intercalary 24-h old solutions of different
OH/Al ratios 1.3, 1.8, 2.0 and 2.2. The spectra provide
evidence of 2 bands:
- The first signal located at 0 ppm, allotted to various
aluminum in octahedral coordination like the Al(HO)63+
reference, existing monomeric and dimeric in solution:
Al(H2O)63+, [Al(OH)(H2O)5]2+, [Al2(OH)x(H2O)10-x](6-x)+.
This signal disappears with the increase of OH/Al ratio.
- The second signal located at 62.56 ppm, allotted to
aluminum of tetrahedral coordination, AlO4, located in the
centre of the spherical polymer (AlO4)Al12(OH)24(H2O)127+
which was identified for the first time by Johansson et al.
(1960) [20], confirmed by Akitt et al. (1972) [21], and
recently by Bottero et al. (1980) [22] and Khalaf et al.
(1997) [23]. We also noticed that the intensity of this signal
increased with increasing OH/Al ratio, but is the same one
for spectrum report 2 and 2.2.
It seems that with the increase of OH/Al ratio, the tetrahedral-coordinated aluminium increases reaching a maximum at OH/Al = 2, being a proof for the formation of the
maximum of (AlO4)Al12(OH)24(H2O)127+ polymer at this
OH/Al ratio.

TABLE 1 - The experimental conditions of batch adsorption tests and equilibrium adsorption isotherm tests (temperature = 21 ±1 ◦C).
Factor
Initial Pb(II) conc., mol/L (5.10-5- 10-2)a
Contact time, min (10 - 180)a
pH (2 - 9)a
Amount of adsorbent, g (3- 60)a
a
Factor was varied within this range.

Initial Pb(II) concentration
5.10-4
5.10-4
5.10-4
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Contact time
30
30
30

pH
5.5
5.5
5.5

Amount of adsorbent
10
10
10
-
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RESULTS AND DISCUSSION
Two variables in the treatment process were adjusted
to modify the micro-porosity of the resulting material. The
OH/Al molar ratio was varied from 1.3 to 2.2, the calcination temperature was chosen to be 80 or 500 °C.
Characterization of sorbents
X-ray fluorescence analysis

Table 2 gives the chemical analysis of pyrophyllite
and pyrophyllite-Al as determined by X-ray fluorescence
spectrometry (XRF).
TABLE 2 - The chemical composition (mass %)
of natural pyrophyllite and pyrophyllite-Al.
SiO2
Pyrophyllite
65.4
Pyrophyllite-Al 61.65

Al2O3 Fe2O3 Na2O
22.1
3.12
1.75
30.1
2.21
0.12

CaO
1.58
0.51

K2 O
6.04
5.41

MnO
0.01
<0.01

Silica and alumina are predominant, with respect
to other components (Table 2). On the other hand, the
SiO2/Al2O3 molar ratio is 1.5 times greater for pyrophyllite than pyrophyllite-Al, confirming the introduction of
Al in pyrophyllite structure.
FIGURE 1 - 27Al MAS NMR spectra for the
intercalary solutions of different OH/Al ratios: 1.3, 1.8, 2 and 2.2.

Thermal study

Adsorption experiments

A stock solution of 10-1 M of Pb(II) ions was prepared
from analytical reagent-grade Pb(NO3) using bi-distilled
water. This stock solution was then diluted to the desired
Pb(II) concentration. Batch adsorption experiments were
conducted at ambient temperature using 50-ml beakers
equilibrated by shaking at 120 rpm. Solution aliquots (50 ml)
were placed in the beakers and equilibrated with 0.5 g of
solids. The pH of the suspension was adjusted, using either
nitric acid or sodium hydroxide to the desired values. After
equilibrium, the mixture was filtered (0.22 µm, Millipore),
and Pb(II) in supernatant was analyzed using a spectroflameICP apparatus with an inductively coupled plasma excitation source. The effect of contact time, pH, amount of adsorbent and initial concentration of Pb(II) was studied to
determine the optimum conditions for adsorption of Pb(II)
ions on pyrophyllite and pyrophyllite-Al. Isotherm studies were performed with constant amounts of adsorbent
and varying initial concentrations of Pb(II). The amount
of adsorption was calculated using the formula based on
the difference of Pb(II) level in aqueous solution before
and after the adsorption process, according to

Thermo-gravimetric analysis (TGA) and differential
thermo-gravimetric analysis (DTG) were carried out simultaneously in static air. Pyrophyllite samples of about 40
mg were packed loosely into a platinum holder and thermally treated at a heating rate of 10 °C /min. TGA and
DTG diagrams of pyrophyllite sample are shown in Figs.
2a and 2b, respectively.

where qe is the adsorption capacity or the amount of
Pb(II) adsorbed on the unit amount of adsorbent (mg/g),
C0 is the initial Pb(II) concentration (mg/L), Ce is the
final or equilibrium Pb(II) concentration (mg/L), V is the
solution volume (L), and W is the weight of the adsorbent
added to adsorption medium (g).
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FIGURE 2a - TGA curves of pyrophyllite sample.

FIGURE 2b - DTG curves of pyrophyllite sample.
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The weight loss of the samples (Fig. 2a) begins
around 500 °C and is over at 675 °C (region of thermal
dehydroxylation) [24], This is in agreement with previous
results [24, 25].

around 600 °C. This means that the loss of mass (7.15 %)
is due to two reactions occurring at 550 and 600 °C.

The DTG curve (Fig. 2b) shows two stages in the peak;
the first one appears around 550 °C and the second

The X-ray diffraction patterns of pyrophyllite, before
and after treatment, for different calcinations temperatures
are shown in Fig. 3.

Intensity

Intensity

Intensity

X-ray diffraction

2Theta, Degree
FIGURE 3 - XRD spectrum for untreated and treated pyrophyllite.
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The XRD pattern of pyrophyllite is characterized by
intense basal reflections at 9.20, 4.59 and 3.07 Å, corresponding to (001), (002) and (003) basal spacing reflections. Peaks detected at 7.15 and 3.34, 3.58 Å correspond
to kaolinite and quartz present in the sample as impurities.
Similar spectra were found in the characterization of a
Japanese [26] and Turkish pyrophyllite [27, 28].
The XRD diffraction patterns of pyrophyllite-Al dried
at 80 °C show a reduction in the intensity of the peaks due
to formation of an aluminum polymer layer on the surface
of material [28]
The purpose of pyrophyllite-Al calcination at 500 °C is
to transform the aluminum polycation into the oxide form
(Al2O3) at this temperature [29]. This oxide is known for its
high porosity and important capacity of adsorption, which
explains the enhancement of porosity from 146.5 m3/g for
pyrophyllite to 175.9 m3/g for pyrophyllite-Al at 500 °C.
In addition, the transformation (dehydroxylation) of the
kaolinite into meta-kaolinite (structure not well-organized,
amorphous) is shown by the disappearance of kaolinite
peak characteristics [30].
With respect to the quartz, the displacement of the
peak 3.58 Å to that in 4.32 Å is due to the variation in the
parameters of the crystalline mesh of this mineral.
The retention of the basal (001) reflection in our samples treated with aluminum and calcined at 500 °C suggests
that the basal reflection may be stable to treatment and that
alteration of the crystalline structure does not occur readily along the C-axis of the crystal structure.
In order to have more information about the extent of
pyrophyllite–Al calcined at 500 °C (crystallization), the
cell parameters were more square-refined with the U-FIT
program. The best refinement was obtained with a triclinic
pyrophyllite structure, wile for natural pyrophyllite and
pyrophyllite-Al calcined at 80 °C, the best refinement was
obtained with a monoclinic structure.
Scanning electron microscopy (SEM)

FIGURE 4. SEM photomicrographs (x1000) of untreated pyrophyllite (a); pyrophyllite-Al 80°C (b) and pyrophyllite-Al 500°C (c).
Adsorption of Pb(II)

An experiment was carried out systematically to prove
that pyrophyllite can fix some mineral molecules. Adsorption of Pb(II) on pyrophyllite-Al and also on natural pyrophyllite was studied by investigating factors, such as
contact time, pH, amount of adsorbent and initial Pb(II)
concentration.
Effect of initial Pb(II) concentration

The SEM microphotographs of pyrophyllite, pyrophyllite-Al 80 °C and pyrophyllite-Al 500 ° are shown in
Fig. 4.
It is clearly observed that the treatment of pyrophyllite with aluminum at 80 °C has, as a result, the formation
of flocks being dispersed after a treatment at 500 °C. The
flocculation is due to the presence of the aluminum polymer which played the part of a flocculating agent.
Stability of pyrophyllite in aqueous solution

It has to be noted that the released quantities of Al
ions and silicon are practically null in pH range 2-10, and
we can consider our material as being stable in the studied
range of pH.
This behavior correlates with what was shown in the
previous research about examining adsorption of Ni onto
pyrophyllite [31].

We studied the effects of initial Pb concentration for
the series of modified pyrophyllite samples prepared at
various conditions: OH-/Al ratio (1.3, 2) and calcination
temperature (80 °C, 500 °C).
The samples and analytical results are identified by the
following convention: the sample R2 T500°C represents
modified pyrophyllite prepared with an OH/Al ratio of 2
and calcined at 500 °C. For samples r2 T 80°C; r1.3 T
500°C and r1.3 T 80°C (Fig. 6), amount of adsorbent, pH
and contact time were fixed at 10g/L, 5.5 and 30 min, respectively.
Fig. 5 shows that:
• The calcined pyrophyllite at 500 °C has practically the
same capacity of adsorption as the natural one.
• The samples treated with aluminum have adsorption
capacities higher than those only calcined at 500 °C,
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bearing in mind that the aluminum polymer at 500 °C
is transformed into Al2O3 [29] with high capacity of
adsorption.

0.6

in the range of 10–180 min. The results are shown in Fig. 6.
The quantity of adsorbed lead in the pyrophyllite-Al is
twice that adsorbed in natural pyrophyllite. The maximum
adsorption (64%) is reached at 15 min for pyrophyllite-Al,
whereas for natural pyrophyllite the maximum of adsorption (28 %) is reached after 30 min of contact. In fact, the
surface modification of pyrophyllite by aluminum polymer
improves its physicochemical characteristics, such as specific surface and porous volume. Consequently the diameter
of the pores becomes larger, and this allows faster establishment of equilibrium. Therefore, a 30-min contact time
was found to be appropriate for maximum adsorption and
used in all subsequent experiments.

0.4

Effect of pH

• The optimum conditions for treatment are OH/Al ratio
2 and calcination at 500 °C.
r2 T500°C
r2 T80°C)
r1.3 T500°C
r1.3 T80°C)
pyrophyllite 500°C
natural pyrophyllite

1.0

adsorbed Pb(II), mmol/l

0.8

0.2

0.0

-1

0

1

2

3

4

5

6

7

8

9

10

11

initial Pb(II) concentration, mmol/l

The pH of the aqueous solutions is an important variable that controls the adsorption of the metal onto the solid–
water interface. Therefore, the effect of pH on the adsorption of Pb(II) on pyrophyllite and pyrophyllite-Al was examined in the pH range of 2–9. It is convenient to divide
the pH curve into three regions as shown in Fig. 7.

FIGURE 5 - Pb(II) adsorption onto
pyrophyllite samples treated under different conditions.

lead+ pyrophyllite
lead only
lead+ pyrophyllite-Al

0.5

0.4

lead removed, mmol/l

These results show that both variables aluminum and
calcination temperature are essential to enhance the adsorption capacity. This leads us to choose the ratio OH/Al as 2
and calcination temperature as 500°C, in agreement with a
preliminary study [19] which shows that specific surface
is twice more important for pyrophyllite treated (named
pyrophyllite-Al) under these conditions than for the natural one.

I

0.3

0.2

0.1

0.0

0.3

1

Adsorbed Pb(II), mmol/l

III

II

pyrophyllite-Al
pyrophyllite

2

3

4

5

6

7

8

9

10

pH
FIGURE 7 - Effect of pH on Pb(II) adsorption onto pyrophyllite
and pyrophyllite-Al (pulp density = 1%, [ Pb(II)] initial= 5.10-4M).

0.2

Kinetic of adsorption

In region I, where Pb2+ ions are considered as the major pillar containing species [32], they were not noticeably
adsorbed at the surface of modified pyrophyllite. As the
pH was increased from 3 to 5.5, in region II, the adsorption increased from 0 to 28% for pyrophyllite, and from
10.4 to 64% for pyrophyllite-Al. Regarding the lack of
adsorption in region I, it can be said that adsorption of H+
hinders the adsorption of Pb(II) ions, since H+ is more
acidic than Pb2 +. For this reason, adsorption of Pb(II) ions
increases with pH in region II. It was specified that Pb2+ is
the prevalent species existing at pH 5.5 in the range of
studied concentrations [33].

The time-dependent behavior of Pb(II) adsorption was
examined by varying the incubation time between Pb(II)
ions and the adsorbents pyrophyllite and pyrophyllite-Al,

With regard to pyrophyllite-Al, the presence of Al2O3,
which is a very good adsorbent, explains enhancement of
the adsorption of Pb(II) onto this treated clay.

0.1

0.0
0

20

40

60

80

100

120

140

160

180

200

contact time, mn

FIGURE 6 - Effect of shaking time on Pb(II)
adsorption onto pyrophyllite and pyrophyllite-Al
(pH =5.5; pulp density = 1%; [Pb(II)]initial = 5.10-4M).

1412

© by PSP Volume 18 – No 8. 2009

Fresenius Environmental Bulletin

The adsorption sharply decreased in region III, where
the pH is ranging between 5.5–9. In this pH region, the
polymeric hydroxocomplexes of lead(II), mainly Pb(OH)+
and Pb(OH) 2 , are predominant due to the hydrolysis
reactions. However, positively charged species, such as
Pb3(OH)42 +, Pb4(OH)44 + and Pb6(OH)84 +, are also present
in low concentrations in aqueous solution [34].
Huang and Fuerstenau (2001) [35] have explained that
the adsorption with relatively high value obtained at higher
pH values represents the removal of Pb(II) species from
solution either by adsorption or hydroxide precipitation.
However, it is clear that adsorption is the dominant process at the beginning of region II. This is the reason why
the optimum pH value was chosen at about 5.5 for further
experiments.
Effect of sorbent concentration

The dependency of Pb(II) adsorption on the amount
of pyrophyllite and pyrophyllite-Al is illustrated in Fig. 8.
The contact time was fixed at 30 min, while the amount of
sorbents was varied from 3 to 60 g.
0.6

The adsorption isotherms deal with the equilibrium of
the metal ions between the aqueous solution and the solid
phase. The Langmuir isotherm is one of the most-used isotherms because it is simple and has the ability to describe
experimental results in wide ranges of concentrations [36].
The Langmuir isotherm applies to adsorption on completely homogeneous surfaces with negligible interaction
between the adsorbed molecules [37].
For a single solute, it is given by:
qe = Q°bCe / 1+bCe
The linear form of the equation is written as:
Ce / qe = (Ce / Q°) + (1 / bQ°)
where qe is the amount of Pb(II) adsorbed per unit
weight of coated pyrophyllite (mg/g), Ce is the final or
equilibrium Pb(II) concentration (mg/L), Q° and b are the
Langmuir constants related to the capacity (mg/g) and
energy/intensity of adsorption (L/mg), respectively.
Figure 9 shows the effect of initial Pb(II) onto pyrophyllite and pyrophyllite-Al at different temperatures (25,
35, 45 and 60 °C). The most important quantity of adsorbed lead is observed at 60 °C.
3.5

0.4

25°C
35°C
45°C
60°C

3.0

0.3

Natural pyrophyllite

2.5

0.2

adsorbed Pb(II), mmol/l

Adsorbed Pb(II), mmol/l

0.5

Adsorption isotherms

Pyrophyllite-Al
Pyrophyllite

0.1
0.0

2.0
1.5
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0.5

-0.1
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0.0

amount of adsorbent, g/l

0

FIGURE 8 - Effect of sorbent concentration on
Pb(II) adsorption on pyrophyllite and pyrophyllite-Al
([Pb(II)]initial = 5.10-4 mol/L, pH = 5.5).
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25°C
35°C
45°C
60°C

5.0
4.5
4.0

Pyrophyllite-Al

3.5
adsorbed Pb(II), mmol/l

The removal of Pb(II) increased with added adsorbent. For pyrophyllite-Al, there was a substantial increase
in adsorption when the dose of adsorbent was increased
from 3 to 20 g/L. But the increase in removal efficiency
was not significant when adsorbent dose rose from 20 to
60 g/L. Similarly, in the case of pyrophyllite, a significant
increase in the uptake was observed when sorbent amount
increased from 3 to 50 g/L, and any additional amount of
adsorbent did not influence further removal of Pb(II).
This phenomenon can be attributed to the availability of
adsorption sites at higher concentrations of sorbent. The
percentage removal of Pb (II) ions was much higher in the
case of pyrophyllite-Al. The removal of Pb(II) ions sharply
increased from 26 to 96 % with a modified pyrophyllite
dose from 3 to 20 g/L, and 96 % removal could be reached
with 50 g/L of natural pyrophyllite.
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0.5
0.0
0
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FIGURE 9 - Effect of initial Pb(II) concentration onto
pyrophyllite and pyrophyllite-Al at different temperatures.
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The linear forms of adsorption isotherms for Pb(II)
sorption in the concentration range 5.10-5 to 10-2 mol/L at
pH 5.5 for natural pyrophyllite and pyrophyllite-Al at
different temperatures are given in Figs. 10a and 10b.
All the correlation coefficients R2 exceeded 0.99 indicating the adequacy of the Langmuir models in describing
isotherm data. The values of the parameters in Langmuir
isotherm are summarized in Table 3.
150

25°C
35°C
45°C
60°C

Ce/qe, g/l
0
0

Ce, mmol/l

FIGURE 10a - Langmuir plot for Pb(II)
adsorption on pyrophyllite at different temperatures.

The adsorption of Pb(II) was proved to be dependent
mainly on solution pH. Maximum adsorption of Pb(II) ions
on pyrophyllite and pyrophyllite-Al was at pH about 5.5 at
an initial concentration of 5.10-4mol/L.

25°C
35°C
45°C
60°C

100

Ce/qe, g/l

80

The amount of adsorbents` dependence is also evident
from these experimental results. The percentage of adsorption increases by increasing the amount of adsorbents. The
percent adsorption reaches 96% with 20 g/L pyrophylliteAl and 50 g/L pyrophyllite, respectively.

60

40

The kinetic study results indicate that the equilibrium
could be attained within 30 min for pyrophyllite and only
15 min for pyrophyllite-Al.

20

0
0

2

4

6

8

The study of the effect of initial Pb(II) concentration
onto pyrophyllite and pyrophyllite-Al at different temperatures (25, 35, 45, 60 °C) shows that the most important
quantity of adsorbed lead is observed at 60 °C for both
sorbents. The experimental data fit well in Langmuir
adsorption isotherm.

Ce, mmol/l

FIGURE 10b - Langmuir plot forPb(II)
adsorption on pyrophyllite-Al at different temperatures.
TABLE 3 - Isotherm characteristics for Pb(II)
removal using pyrophyllite and pyrophyllite-Al.

45°C
60°C

The modification of natural pyrophyllite mineral surface by aluminum has been studied, and the utility of the
modified pyrophyllite as an adsorbent has been investigated for the removal of Pb(II) ions from aqueous solutions.

The characterization studies show that pyrophylliteAl can be controlled by the specific conditions employed
in the clay treatment: the OH/Al ratio of interacting solution and calcination temperature. It has been shown that
calcination temperature 500 °C and the OH/Al ratio 2 are
the best conditions for the treatment. Under these conditions, the aluminum settles on the pyrophyllite surface in
form of (AlO4)Al12(OH)24(H2O)127+ which changes after
calcination at 500 °C into Al2O3 with high porosity and
important capacity of adsorption.

50

35°C

CONCLUSION

The following conclusions can be drawn from the experimental results:

100

25°C

three times larger than that of natural pyrophyllite. The
maximum adsorption capacities are observed at 60 °C,
which proves that adsorption reaction of Pb(II) onto pyrophyllite and pyrophyllite-Al is endothermic.

Pyrophyllite
Pyrophyllite-Al
Pyrophyllite
Pyrophyllite-Al
Pyrophyllite
Pyrophyllite-Al
Pyrophyllite
Pyrophyllite-Al

Q°
(mmol/g)
0.034
0.09
0.18
0.23
0.25
0.37
0.28
0.45

1/b
(mmol/L)
0.29
0.43
0.52
0.71
0.45
0.55
0.79
0.18

It was concluded that low adsorption capacity of natural clays would be enhanced by surface modification using
aluminum. Therefore, chemical modification of clay surfaces would be useful in preparing new adsorbents for
economic treatment of wastewater containing toxic heavy
metals.

R2
0.999
0.994
0.996
0.993
0.993
0.978
0.997
0.995

ACKNOWLEDGEMENTS

According to Table 3, we notice that the adsorption
capacity Q° of Pb(II) at 25 °C for pyrophyllite-Al is almost

The authors wish to thank the Moroccan/Spanish cooperation for providing financial support.

1414

© by PSP Volume 18 – No 8. 2009

Fresenius Environmental Bulletin

REFERENCES
[1]

SM Ross (1994) Toxic metals in soil plant systems. John
Wiley and sons, New York, USA, 469pp

[2]

O. Chadwick, L. A. Derry, P. M. Vitousek, B. J. Huebert and
L. O. Hedin (1999) Nature 397, 491

[3]

Yu B., Zhang Y., Shukla A., Shukla S.S. and Dorr K.L.
(2000) The removal of heavy metals from aqueous solutions
by saw dust adsorption-removal of copper. Journal of Hazardous Materials B80, 33– 42.

[4]

V. Meshko, L. Markovska, M. Mincheva and A.E. Rodrigues. (2001) Water Research 35 (14) 3357–3366

[5]

G.M.Walker and L.R.Weatherley. (2000) Separation Science
and Technology 35 (9) 1329–1341)

[6]

Sismanoglu T. and Pura S.. (2001) Adsorption of aqueous nitrophenols on clinoptilolite. Colloids and Surfaces. Physicochemical and Engineering Aspects 180, 1– 6.

[7]

Lee S.K. and Kim S.J. (2002) Adsorption of naphthalene by
HDTMA modified kaolinite and halloysite. Applied Clay
Science 22, 55– 63

[8]

[9]

Lin S.H. and Juang R.S. (2002) Heavy metal removal from
water by sorption using surfactant modified montmorillonite.
Journal of Hazardous Materials B92, 315– 326
Chakir A., Bessiere J., El Kacemi K. and Marouf B. (2002) A
comparative study of the removal of trivalent chromium from
aqueous solutions by bentonite and expanded perlite. Journal
of Hazardous Materials, 95, 29-46.

[10] Borisover M., Graber E.R., Bercovich F. and Gerstl, Z.
(2001) Suitability of dye-clay complexes for removal of nonionic organic compounds from aqueous solutions. Chemosphere (44), 1033–1040.
[11] 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.
[12] Rytwo G., Tropp 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
[13] Kara M., Yu Zer H., Sabah E. and Celik M.S. (2003) Adsorption of cobalt from aqueous solutions onto sepiolite. Water
Research 37, 224–232
[14] Saxena S., Prasad M., Ampritphale S.S. and Chandra N.
(2001). Adsorption of cyanide from chromium from aqueous
solutions onto expanded perlite. The I.J of Environmental
aqueous solutions at pyrophyllite surface. Separation and Purification Technology 24, 263– 270
[15] Rai K. and Maheshwari A. (2002). Removal of pollutants
from industrial effluents using plastic clay and pyrophyllite.
Asian Journal of Chemistry 14, 739– 745
[16] Chakir A., Bessiere J., El Kacemi K. and Marouf B. (2001)Adsorption of trivalent Studies, 4, 1097-1104
[17] T. Mathialagan and T. Viraraghavan (2002), Adsorption of
cadmium from aqueous solutions by perlite, Journal of Hazardous Materials B94 291–303

1415

[18] Mahir Alkan and Mehmet Dogany. (2001) Adsorption of
Copper (II) onto Perlite, Journal of Colloid and Interface Science 243, 280–291.
[19] Talidi A., Chakir A., EL Kacemi K., Benbrahim A., Alaoui
A. and Sirvent C.P. (2005)- Chromium (III) removal from
aqueous solutions by adsorption onto pyrophyllite and pyrophyllite-Al. Fresenius Environmental Bulletin, 14(11), 947953
[20] Johansson G., Lundergrun G., Sillen G. L. And Soderquist R.
(1960) The cristal structure of basic aluminum sulfate and the
correponding selenate, Acta Chem. Scand., 14, 769-771.
[21] Akitt J.W., Greenwood N.N., Khedenval B.L. And Lester
G.R. (1972) 27Al nuclear magnetic resonance studies of hydrolysis and polymerisation of the hexa-aquoaluminiumIII
cation, J. Chem. Soc., Dalton Trans, 5, 604-610.
[22] Bottero J.Y., Cases J.M., Fiessinger F. And Poirier J. E.
(1980), Studies of the hydrolysed aluminum chloride solution: Nature of aluminum species and composition of aqueous solutions, J. Phys. Chem., 84, 2933-2939.
[23] Khalaf H., Bouras O. And Perrichon V. (1997) Synthesis and
characterisation of Alpillared and cationic surfactant modified Algerian bentonite, Microporous Mater., 8, 141-150.
[24] Erdemoglu M. and Sarıkaya M. (2002) The effect of grinding
on pyrophyllite flotation, Turkey, Minerals Engineering 15.
723–725
[25] Luis A. Perez-Maquedaa, Olga M. Montesa, Eva M. Gonzalez-Maciasa, Francisco Francob, Juan Poyatoa and Jose L.
Perez-Rodrıgueza (2003). Thermal transformations of sonicated pyrophyllite. Applied Clay Science 24. 201– 207
[26] Temuujin J., Okada K., Jadambaa T.S., MacKenzie K.J.D.
and Amarsanaa J. (2003) Effect of grinding on the leaching
behaviour of pyrophyllite. Journal of the European Ceramic
Society, 23 ,1277 –1282.
[27] Caillére S., Hénin S. and Rautureu M. (1982) Minéralogie
des Argiles 2, Structure et Propriété Physico-Chimiques
[28] Sayilkan H., Erdemoglu S. ¸ Sener S., Sayilkan F., Akarsu M.
and Erdemoglu M. (2004) Surface modification of pyrophyllite with amino silane coupling agent for the removal of 4nitrophenol from aqueous solutions. Journal of Colloid and
Interface Science, 275, 530–538
[29] Lahav N., Shani U. And Shabtai J. (1978) Cross-linked smectites I. Synthesis and properties of hydroxy-aluminum montmorillonite, Clays Clay Miner., 26, 107-115.
[30] A.Lahsini, J. Bentama, A. Addaou and M. Rafiq. (1998) Caractérisation physico-chimique et étude du frittage d’une argile destinée à l’élaboration de membrane de filtration tangentielle, J. Chim. Phys. 95 1001.
[31] Andreas C. Scheinost, Robert G. Ford and Donald L.
SPARKS. (1999) The role of Al in the formation of secondary Ni precipitates on pyrophyllite, gibbsite, talc, and amorphous silica: A DRS study, Plant and Soil Sciences, 19717
USA.
[32] Snoeyink V.L. and Jenkins D. (1980) Water Chemistry
Wiley, NewYork

© by PSP Volume 18 – No 8. 2009

Fresenius Environmental Bulletin

[33] C.F. Baes and R.E Messmer. (1976) The hydrolysis of cations, Oak Ridge National Laboratory, Willey, New York,.
pp.358-368.
[34] M. Erdemoglu, S. Erdemoglu, F. Sayılkan, M. Akarsud,
S.Sener and H. Sayılkan (2004), Organo-functional modified
pyrophyllite: preparation, characterisation and Pb(II) ion adsorption property, Applied Clay Science 27 41– 52.
[35] Huang P. and Fuerstenau D.W. (2001). The effect of the adsorption of lead and cadmium ions on the interfacial behavior
of quartz and talc. Colloids and Surfaces. A, Physicochemical
and Engineering Aspects 177, 147–156
[36] Altın O., Ozbelge H.O and Dogu T. (1998). Use of general
purpose adsorption isotherms for heavy metal – clay mineral
interactions. Journal of Colloid and Interface Science 198,
130– 140.
[37] Atkins P.W. (1994). Physical Chemistry, 5th ed. Freeman,
New York.

Received: July 02, 2007
Revised: January 29, 2008
Accepted: February 25, 2008

CORRESPONDING AUTHOR
Kacem El Kacemi
Laboratoire d’Électrochimie et de Chimie Analytique
Département de Chimie
Université Med V
Faculté des Sciences
Rabat. BP 1014
Avenue IBN Batouta
10 000 Rabat
MOROCCO
E-mail: elkacemi@fsr.ac.ma
elkacemi2@yahoo.fr
FEB/ Vol 18/ No 8/ 2009 – pages 1407 - 1416

1416

© by PSP Volume 18 – No 8. 2009

Fresenius Environmental Bulletin

SUBCHRONIC TOXICITY AND NEUROBEHAVIOURAL
EFFECTS OF ALPHACYPERMETHRIN IN RATS
Oguzhan Yavuz1*, Hakan Kayir2, Ismail Yilmaz3, Gokhan Ulusoy2, Galip Cakir4, Enis Macit2 and I. Tayfun Uzbay2
2

1
Ondokuz Mayis University, Faculty of Veterinary Medicine, Department of Pharmacology-Toxicology, Samsun, Turkey
Gulhane Military Medical Academy, Department of Medical Pharmacology, Psychopharmacology Research Unit, Ankara, Turkey
3
Izmir Education and Research Hospital, Izmir, Turkey
4
University of Ankara, Faculty of Science and Literature, Department of Biology, Ankara, Turkey

ABSTRACT
Alphacypermethrin is a highly active pyrethroid insecticide effective against a wide range of pests in agriculture,
public health and animal husbandry. In this study, doses
of 4, 8, 16 and 32 mg/kg alphacypermethrin were prepared
in corn oil (10%) and orally administered to four experimental groups (n = 10; 5 male and 5 female in each group)
by gavage once daily for 90 days. Mortality and clinical
findings together with behavioural changes in rats were observed daily, weekly and monthly during the study period.
Death occurred in all experimental groups. No statistical difference was found in mean lifetimes between the
control and 4 mg/kg group for both genders (p>0.05). However, mean lifetimes of 8, 16 and 32 mg/kg groups were
statistically different from the control and 4 mg/kg groups
(p<0.05) for both gender. Also, mean lifetimes of 8 mg/kg
group were statistically different from the 16 and 32 mg/kg
groups for both gender (p<0.05). Similar as other Type II
pyrethroids, typical symptoms were seen in dead animals
approximately 3 hours after the last dose. Alphacypermethrin caused reduction of body weights and feed consumption. In addition, it caused catatonia in two male rats in the
4 mg/kg group. No significant changes were determined in
other observed behaviours. These findings indicate that the
vehicle (corn oil) has a great influence on the toxicity of
alphacypermethrin. Also, this research may be beneficial
for the risk analysis of alphacypermethrin as well as a base
for further research in this area.

KEYWORDS: Alphacypermethrin, subchronic toxicity, neurobehavioural changes, rat.

INTRODUCTION
Pyrethroids are structural derivatives of naturally occurring pyrethrins present in pyrethrum, an extract from
the flower Chrysanthemum cinerarifolium [1]. They have
high insecticidal potency, low mammalian toxicity due to

faster metabolic disposal and higher mammalian body temperature (pyrethroids show a negative temperature coefficient of action); and inherently low sensitivity to the analogous mammalian target sites (pyrethroids are >1000-fold
more potent on cockroach sodium channels than on rat
sodium channels) [2,3]. Because of these advantages, pyrethroids have been safely used in agriculture, veterinary
practice and home formulations for more than 30 years, and
they account for approximately one-fourth of the worldwide
insecticide market. However, the wider use of these compounds has been reported to have caused acute and chronic
toxicity in animals and humans [3-6]. Upon occupational
exposure, the primary adverse effect resulting from dermal
contact with pyrethroids is paresthesia in humans. Face is
the most commonly affected site, and paresthesiae may
exacerbate as a result of sensory stimulation by heat, sunlight, scratching, sweating or the application of water.
Pyrethroid ingestion may give rise to sore throat, nausea,
vomiting and abdominal pain within minutes of attack. There
may also be complaints of mouth ulceration, increased
secretions and/or dysphagia. Systemic effects occur within
4-48 hours of exposure, but most patients should recover
within 6 days [4, 7].
Alphacypermethrin consists of two most biologically
active cis-isomers from the eight isomers present in cypermethrin. It is a highly active pyrethroid insecticide effective
against a wide range of pests in agriculture, public health
and animal husbandry [8-10]. Pyrethroids act primarily on
the nervous system. The commonly accepted mechanism of
action of pyrethroids is the prolongation of the open state
of voltage-dependent sodium channels in nervous tissues
[2,6,11]. Two main classes of pyrethroids have been characterised based on their observed acute neurotoxicological
symptoms in mammals. In general, pyrethroids that induce
a tremor response are known as T-syndrome (Type I) pyrethroids, and those that induce choreoathetosis with salivation response are known as CS-syndrome (Type II) pyrethroids. The presence of α-cyano group is considered as
responsible for the effects of Type II pyrethroids [11, 12].
Alphacypermethrin is a Type II synthetic pyrethroid. It
causes a prolongation of the normally transient increase in
sodium permeability of the nerve membrane during exci-
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tation, resulting in long-lasting trains of repetitive firing.
Alphacypermethrin-induced clinical signs are typical of αcyano-containing (Type II) pyrethroid, characterised by
choreoathetosis and increased salivation [1,4,10,13]. The
acute toxicity of alphacypermethrin was variable and depended on factors such as solvent vehicle, administration
route and concentration of the substance in the vehicle [10,
14]. It has been reported that the vehicle has a great influence on LD50 probably by influencing absorption [15]. The
acute oral LD50 values were reported to be 79-400 mg/kg
body weight (bw) (in corn oil, value depending on concentration) in rats [16].
Neurobehavioural tests have been accepted as the first
step in neurotoxicity studies. Several international groups
have recommended the inclusion of neurobehavioural tests
in the initial stages of hazard identification. A procedurally
standardised functional observational battery (FOB) and
measurements of motor activity with an automated device
are helpful in the assessment of neurotoxicity of pyrethroids. Data on the neurobehavioural effects of pyrethroids can help guide policy decisions involving human
risk [1, 11, 17, 18].
Neurobehavioural effects of pyrethroids have been extensively evaluated in previous studies. However, newer
studies performed with specific pesticides in certain doses
provide further knowledge on dose-effect relationships and
risk assessments of pyrethroids individually. In this study,
the evaluation of subchronic toxicity and neurobehavioral
effects of orally-administrated alphacypermethrin in rats
was aimed.
MATERIALS AND METHODS

administered orally to the experimental groups by gavage
once daily for 90 days. Only corn oil was administered to
the control group.
Clinical and neurobehavioural changes were observed
daily, weekly and monthly. Mortality, degree of lacrimation
and salivation, changes in skin, presence or absence of piloerection and exophthalmos, abnormal posture, incidence
and severity of convulsions, tremors, abnormal motor
movements, and red or crusty deposits around the eyes,
nose or mouth were observed daily.
Locomotor activity, catatonia, body weight changes,
feed consumptions, counts of urination and defecation, agitation and stereotypies were observed weekly during open
field assessments. Also, measurements of motor coordination and pain sensitivity were performed monthly. All behavioural experiments were carried out during the light
period, and experimentally naive observers did all ratings.
At the end of the experiments, the animals were euthanized, gross necropsy was performed, and brain
weights were recorded.
Locomotor activity

Locomotor activities of rats were measured with an
open-field activity monitoring system (MAY 9908&0107
model - Activity Monitoring System - Commat, Ankara,
Turkey). This system had eight Plexiglas cages (42x42x
30 cm3) equipped with infrared photocells. Interruptions in
photocell beams were detected with software and the location of animals was spotted at 0.1 s sensitivity. Locomotor
activities of all animals were recorded for 5 min weekly and
calculated as the sum of horizontal, ambulatory and vertical activities [21,22].
Catatonia

Animals

Totally 50 young adult Wistar rats (25 male and 25 female) were used in the study. They were housed separately
in metal cages maintained at 22±2oC, 60±5 humidity and
12:12 h light-dark cycle. Feed and water were available ad
libitum. The animals were kept under experimental housing and feeding conditions for five days prior to the test. The
experimental protocol was approved by the Gulhane Military Medical Academy Ethical Committee of Animal Experiments.
Experimental design

The study was designed according to the EPA Health
Effect Test Guidelines, OPPTS 870.6200, Neurotoxicity
Screening Battery [19] and the European Community Toxicity Test Methods, Sub-Chronic Oral Toxicity Test, Repeated Dose 90-Day Toxicity Study in Rodents [20] with
some deviations.
Technical grade (95% pure) alphacypermethrin was purchased from Heranba Industries, India. The animals were
divided into five groups at random (n = 10, 5 female and
5 male in each group). Doses of 4, 8, 16 and 32 mg/kg
alphacypermethrin were prepared in corn oil (10%) and

Catatonia was evaluated by the vertical wire test. A
15 s immobilisation on the vertical wire was regarded as
catatonia [23].
Motor coordination

The motor performance of rats was evaluated with the
rotarod/accelerod apparatus (Rotamex V-EE/85, Columbus,
OH, USA). The apparatus contained a cylinder of 6.5 cm
diameter and was rotated in a pre-selected speed. Four
animals could be tested simultaneously with this device.
Before the experiment, the speed of rotation was stable and
set to 20 revolutions per minute (rpm). Rats remained on
the rod for 10 min and they fell down. When falling off the
rod, the rats came into contact with a metal grid kept beneath on a mild electrical voltage. No measurements were
taken on this day. As the experiment progressed, the speed
was linearly increased from 0 to 60 rpm within 10 min. A
built-in timer automatically measured the time the rats
remained on the rod (in s) [24,25].
Pain sensitivity

The hot-plate test was used for the determination of
pain sensitivity. Each rat was placed in a glass beaker on a
hot-plate analgesia meter (Commat, Ankara, Turkey). The
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hot-plate apparatus was maintained at 52oC, and latency
to flinch or raise hind paws was recorded. The cut-off time
of the experiment was 180 s [24].
Other open-field behavioural observations

Stereotypic behaviours, abnormal posture and agitation
were scored using a rating scale as previously described
[21, 24]. Also, counts of faecal bolus and urination were
scored (0-3) and recorded.
Data analysis

Statistical analysis was performed until animal number
reduced to less than three in each group. Due to high mortality ratio, statistical analysis was not performed in 16 and
32 mg/kg groups, and statistical evaluation was done in
other groups until week 8.
Locomotor activity was evaluated by a two-way analysis of variance (ANOVA) for repeated measures (group x
time) followed by Tukey’s test for post-hoc comparisons.
Pain sensitivity, motor coordination, catatonia, body weight
changes, feed consumptions, counts of urination and defecation, agitation and stereotypy values in each measurement or observation and relative brain weights were analysed by one-way ANOVA followed by Tukey’s and Dunnett’s tests. All data were expressed as mean ± S.E.M. Differences were considered significant when P values were
less than 0.05.
RESULTS AND DISCUSSION
Clinical observations and mortality

Typical symptoms were seen in dead animals approximately 3 hours after the last dose. Agitation, hind limb
extensor tone, and motor symptoms such as ataxia, whole
body tremor and choreoathetosis were observed in these
rats followed by central nervous system (CNS) depression.
Dyspnoea and death occurred at the terminal stage along
with slight salivation. Similar alphacypermethrin-induced
clinical signs including ataxia, abasia, gait abnormalities,
tiptoe walking, salivation, lacrimation, piloerection, tremor
and clonic convulsions were reported in previous studies
[1, 10, 13, 14]. However, in our study, salivation, a common
symptom of alphacypermethrin intoxication, occurred only
slightly at the terminal stage.
Mean lifetimes of male and female rats are shown in
Figure 1. Alphacypermethrin prepared in 10% corn oil and
administrated orally caused death of all animals in 16 and
32 mg/kg dose groups. The first case of death occurred in
24 hours in the 32 mg/kg group. All animals died at the end
of the first week, and mean lifetimes were 4.80±0.80 for
males and 4.20±0.80 for females in this group. However,
for the 16 mg/kg group, the first case of death was reported
on day 3, and five animals (2 male and 3 female) died at
the end of first week. The last animal died on day 19, and the
mean lifetimes were 7.40±1.44 for males and 9.40±2.55
for females in this group.

In the 8 mg/kg group, a male rat died first on day 17,
and only one male rat was alive at the end of the study. Mean
lifetimes of this group were 52.20±14.69 for males and
57.20±13.69 for females. In the lowest dose group (4 mg/
kg), the first cases of deaths were reported on day 59 (a
female) and day 61 (a male). Six animals died in this group,
and mean lifetimes were determined to be 76.40±5.82 for
males and 75.20±6.45 for females.
No animal died in the control group during the study.
Although six animals died in the 4 mg/kg group, there was
no statistical difference in mean lifetimes between the control and 4 mg/kg group for both male and female rats (p>
0.05). This was because the animals died in the last session
of the study. However, mean lifetimes of 8, 16 and 32 mg/kg
groups were determined to be statistically different from
the control and 4 mg/kg group (p<0.05) for both genders.
Also, mean lifetimes of the 8 mg/kg group were statistically different from the 16 and 32 mg/kg groups for male
and female rats (p<0.05) (Figure 1).
Similar as other pyrethroids, the solvent vehicle and
the concentration of the substance in the vehicle were important factors for oral toxicity of alphacypermethrin in
rodents [10,14,16]. The acute oral LD50 was 35 mg/kg bw
in mice when administered as a 5% solution in corn oil,
while it was 798 mg/kg bw when administered as a 50%
aqueous suspension. In Wistar rats, the acute oral LD50 was
in the range of 40-80 mg/kg bw when administered as a 10%
solution in corn oil, while it was greater than 5000 mg/kg
bw when administered as a 50% aqueous suspension [10].
Manna et al. [15] found that oral LD50 value of alphacypermethrin was 145 mg/kg in dimethyl sulfoxide (DMSO)
for rats. According to The Pesticide Manual [15], acute
oral LD50 of alphacypermethrin for rats is 79-400 mg/kg (in
corn oil, value depending on concentration) and 474 mg
tech./kg.
In addition, cumulative toxicity and acute, subacute or
subchronic behavioural neurotoxicity studies of cypermethrin and its isomers, including alphacypermethrin and other
Type II pyrethroids, were performed, and the No Observed
Effect Level (NOEL) was determined in various counts in
earlier studies. Alphacypermethrin was administered in
DMSO (0, 10, 20 or 40 mg/kg bw/day) over a period of
4 weeks (five times a week), and in the 10 mg/kg group, the
animals showed no clinical effects [9]. In another study,
Crl:CD:BR rats received a single dose of 0, 4, 20 or 40 mg
alphacypermethrin/kg bw in corn oil for 14 days. One male
rat each in the 20 and 40 mg/kg bw groups was found dead
the day after dosing. Clinical signs were seen in male rats
dosed with 20 and 40 mg/kg bw within 3 to 8 hours of
dosing but resolved in three days. The signs were less frequent in females. The NOEL was determined to be 4 mg/kg
bw in that study [10,14]. In another study, 10 rats/sex were
dosed with 37.5, 75 or 150 mg cypermethrin/kg bw/day in
DMSO or 10, 20 or 40 mg alphacypermethrin/kg bw/day
in DMSO for 5 days a week for 4 weeks, and the NOELs
were determined to be 37.5 mg/kg bw cypermethrin and
10 mg/kg bw alphacypermethrin [10,14].
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Repeat dose toxicity studies were carried out in rats
where alphacypermethrin was administered in diet at concentrations equivalent to 0, 1.25, 5, 10, 20 or 40 mg/kg
for 5 weeks; 0, 2.5, 10, 40 or 60 mg/kg for 6 weeks; or 0,
1, 3, 9 or 27 mg/kg for 13 weeks. A dosage of 40 mg/kg/day
or above caused severe toxicity. A NOEL of 3 mg/kg bw/day
was established in the 13-week study based on reduced body
weight in males [10].

of time [for males: F(4.40)=41,309; p=0.0001; for females:
F(4.40)=15.126; p=0.0001; Figure 2]. However, no significant difference was determined between the experimental
and control groups of both genders [for males: F(2.10)=
1.297; p=0.316 and for females: F(2.10)=0.859; p=0.452].
In addition, no significant interaction was found between
groups and time [for males: F(8.40)=2.104; p=0.058 and
for females: F(8.40)=3.547; p=0.30].

Death occurred in all the groups at the end of this study.
Alphacypermethrin administrated orally in 10% corn oil
caused death of all animals in the 16 and 32 mg/kg dose
groups. The first case of death occurred in 24 hours, and
all animals died at the end of first week in the 32 mg/kg
group. Only one animal was alive in the 8 mg/kg group
and four in the 4 mg/kg group at the end of the study.

Similar as many behavioural functions, motor activity
in both humans and laboratory animals can be altered by a
wide variety of drugs and toxicants. Changes in motor
activity can be used for risk assessment [6]. Generally, as
indicated by previous studies, orally administered pyrethroids (Type I: bifenthrin, S-bioallethrin, permethrin, resmethrin, tefluthrin; Type II: β-cyfluthrin, cyhalothrin λ-cy-
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FIGURE 1 - Mean lifetimes of (a) male (n = 5 for each
group) and (b) female (n = 5 for each group) rats. (a,b,c
Means with different superscript significantly differ, p<0.05).
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Locomotor activity

As revealed by the two-way ANOVA test, locomotor
activities of statistically evaluated groups (control, 4 and
8 mg/kg) of male and female rats decreased in the course

FIGURE 2 - Locomotor activities of (a) male and (b) female rats.
Control and 4 mg/kg group had 10 animals (5 males and 5 females)
and 8 mg/kg group had 8 animals (4 males and 4 females). Oral subchronic alphacypermethrin administration decreased locomotor activity in the evaluated groups, but no significant difference was determined between the groups (p> 0.05). (o: Control (vehicle); : 4 mg/kg;
∆: 8 mg/kg).
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In contrast, Husain et al. [26] reported that Decis, a
deltamethrin formulation, when administered to rats at a
dose of 7 mg/kg in corn oil for 15 days, caused significant
increase in spontaneous motor activity and aggressive behaviour on the day following the last dose. Also, other limited number of studies have demonstrated slight increases or
no effects on locomotor activity following pyrethroid exposure [1, 11]. In this study, the count of live rate after 8 weeks
of the study reflects unaltered locomotor activities in the
animals.

female Swiss mice decreased at doses of 25 mg/kg (1/2
LD50) and 10 mg/kg (1/5 LD50) alphacypermethrin.
TABLE 1 - Mean body weights (g) of
control, 4 and 8 mg/kg groups during 8 weeks.

Male

halothrin, cypermethrin, deltamethrin, esfenvalerate) decreased locomotor activity in rats, especially at dosages
producing typical pyrethroid signs (e.g., salivation, tremors and choreathetosis), and on average, α-cyano compounds
were determined to be about 10-fold more potent than noncyano compounds in decreasing motor activity [1,6,11,
26].

Time
(week)
0
1
2
4
8

Control
(n=10)
324.00±13.03
327.00±11.90
338.80±11.64
345.40±12.26
360.20±10.01

4 mg/kg
(n=10)
284.80±25.60
276.80±24.90
283.20±22.46
313.00±14.42
349.33±13.57

8 mg/kg
(n=8)
279.40±18.80
267.00±13.04*
270.20±9.49*
279.60±7.89*
272.00±4.57*

0
212.20±14.78
211.60±8.62
215.40±6.36
1
219.40±13.54
200.40±7.99
209.00±3.63
2
229.00±8.01
204.80±8.77
205.00±5.27
4
237.20±6.26
209.20±6.87*
204.75±12.32*
8
251.00±5.74
204.40±5.81*
228.33±6.49*
*Statistically different from the control group (p<0.05).

Female
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TABLE 2 - Mean feed consumptions 8(g) of
control, 4 and 8 mg/kg groups during 8 weeks.
Time
(week)
1
2
4
8

Control
(n=10)
155.40±4.43
156.00±4.59
156.20±3.97
153.80±3.43

4 mg/kg
(n=10)
135.00±5.68*
127.40±6.31*
139.80±5.24*
134.40±5.53*

8 mg/kg
(n=8)
136.40±9.14
129.60±7.98*
130.67±3.67*
134.00±7.81*

1
106.00±2.32
100.80±3.23
92.20±4.33*
2
107.60±3.03
95.80±4.34*
93.28±4.90*
4
109.40±2.40
99.00±2.37*
94.75±5.99*
8
110.00±5.01
98.00±5.59*
101.33±3.84*
*Statistically different from the control group (p<0.05).

Female

Catatonia is a state of immobility and a behavioural
sign indicating anti-dopaminergic activity [24]. Immobilisation (15 s) on the vertical wire was observed only in two
male rats in the 4 mg/kg group. Catatonia was determined
in one of them in weeks 4, 8 and 13, and this animal survived until the end of the study. Catatonia was also observed in another animal in weeks 4 and 8, and this animal
died on day 60. These findings show that alphacypermethrin may cause catatonia (not depending on the dose), and
this symptom was not directly related to the mortality in
rats.

Male

Catatonia

Body weights and feed consumptions

Motor coordination and pain sensitivity

As is generally the case, body weights of experimental
animals decrease during the study period. For our study,
mean body weights of control, 4 and 8 mg/kg groups during 8 weeks are shown in Table 1. Statistical differences
were determined for male rats in the 8 mg/kg group from
week 1 (p<0.05), and for female rats in the 4 and 8 mg/kg
groups in weeks 4 and 8 (p<0.05). Also, mean feed consumptions of the 4 and 8 mg/kg groups for both genders
were statistically different from the control group from
the first or second week (p<0.05) (Table 2).

The effects of oral subchronic alphacypermethrin administration on motor coordination and pain sensitivity in
the control, 4 and 8 mg/kg groups for two months are
shown in Tables 3 and 4, respectively. No statistical difference was determined in motor coordination and pain sensitivity of male and female rats from the rotarod/accelerod
and hot-plate tests performed at intervals in a month (p>
0.05).

TABLE 3 - Mean latency in the rotarod/accelerod
for animals exposed to oral alphacypermethrin.
8 mg/kg
(n=8)
131.80±13.90
78.00±8.08
54.00±16.17

0
176.40±11.32
186.00±18.02
1
103.20±18.60
102.80±22.31
2
86.40±14.47
77.00±29.60
No statistical difference was determined (p>0.05).

173.60±19.88
106.00±27.62
69.67±8.41

Male

4 mg/kg
(n=10)
184.20±15.41
64.40±9.88
53.40±14.79

Female

Reduction in body weights and feed consumptions was
used for evaluating the intoxication of pyrethroids. Like
other pyrethroids, alphacypermethrin generally decreases
body weights and feed consumptions at certain doses in
experimental animals [9, 10, 14]. The mean body weights
and feed intake of both male and female rats administered
with 400 or 800 mg/kg alphacypermethrin were significantly
lower than those of controls [14]. In another similar study,
reduced body weight and feed consumption was seen in
rats administered with 540 mg alphacypermethrin/kg for
90 days [14]. Farag et al. [5] found that 10 mg/kg cypermethrin administrated orally caused reduction in body
weights of female mice before mating. Also, same dose of
cypermethrin caused decrease in maternal body weight in
that study. Luty et al. [28] reported that the body mass of

Motor coordination and pain sensitivity are behaviours
dependent upon the coordinated movement and neuromuscular response of the animal [9,11,14]. In contrast with our
study, reduction in motor coordination and increase in tail
flick or hot-plate latency in rats following exposure to cy-
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Control
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ies of pyrethroids. Orally administered alphacypermethrin
caused increased relative organ weights at 400 and 800 mg/
kg in male rats [13]. Husain et al. [27] found that the administration of deltamethrin (7 mg/kg in corn oil orally for
15 days) markedly increased the wet weight of the hippocampus and pons medulla region without affecting the
weight of frontal cortex, corpus striatum, hypothalamus and
cerebellum in rats. In this study, although severe intoxication symptoms and high mortality, no significant changes
in brain weights were determined between male and female
rats (p>0.05).

TABLE 4 - Effects of oral subchronic alphacypermethrin administration on pain sensitivity in the
control, 4 and 8 mg/kg groups for two months.
4 mg/kg
(n=10)
70.12±11.04
79.28±19.85
52.66±44.64

8 mg/kg
(n=8)
63.90±9.32
73.67±15.61
62.13±12.45

0
71.70±23.51
75.26±21.18
1
78.40±6.52
57.68±13.55
2
110.96±26.84
126.95±60.01
No statistical difference was determined (p>0.05).

79.92±13.71
85.97±32.02
119.33±41.34

Control
(n=10)
64.04±5.11
58.60±7.93
52.28±8.04

Female

Male

Time
(month)
0
1
2

permethrin and its isomers at different doses were reported
elsewhere [1,11,14,29]. Mortality ratio could be the main
factor for our findings, again.
Brain weights

The relative brain weights [(absolute brain weight/ body
weight) x 100] are shown in Figure 3. Organ weights were
determined to have been increased in previous toxicity stud
a
S ex:	
  Male

2,50

R elative	
  brain	
  weig ht	
  (g )

No stereotypic behaviour or agitation was observed in
the control, 4 and 8 mg/kg groups of male and female rats.
No statistical difference was determined between stereotypic
and agitation scores of these groups for 8 weeks (p>0.05)
(data not shown). In contrast, oral administration of 800 mg/
kg alphacypermethrin mixed in feed produced increased
sensitivity to noise in both sexes [14]. Also, pyrethroids
generally decreased acoustic startle response in experimental animals, but cypermethrin increased this behavioural endpoint in some studies [1,11].
Also, no remarkable changes in the counts of urination
and defecation were detected in these groups (p>0.05) (data
not shown). In addition, no gross morphology changes in any
internal organ were observed during necropsy in this study.

2,00

1,50

CONCLUSIONS
1,00

This study demonstrates that subchronic orally administered alphacypermethrin prepared in corn oil caused high
mortality even in small doses (4 and 8 mg/kg) in rats.
Intoxication symptoms were similar to other Type II pyrethroids, but salivation was seen slightly. Alphacypermethrin caused reduction in body weights and feed consumption in 4 and 8 mg/kg groups. In addition, alphacypermethrin caused catatonia (not related to dose and mortality)
in two male rats. No significant changes in other observed
behaviours were determined.
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Other findings

Several studies have shown that the solvent vehicle is
a very important factor for oral toxicity of alphacypermethrin in rodents [10,14,16]. Manna et al. [15] reported that
the vehicle has a great influence on LD50 of pyrethroids.
The acute oral LD50 of alphacypermethrin was in the range
of 40-80 mg/kg bw when administered as a 10% solution in
corn oil but was greater than 5000 mg/kg bw when administered as a 50% aqueous suspension in Wistar rats [10].
This study also indicates that the vehicle has a great influence on the toxicity of alphacypermethrin. In addition, these
data may be beneficial for the risk analysis of alphacypermethrin as well as a base for further studies in this area.
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FIGURE 3 - Relative brain weights (g) [(absolute brain weight
(g)/body weight (g)) x 100] of (a) male (n=5 in each group) and (b)
female (n=5 in each group) rats. No statistical difference was determined (p>0.05).

1422

© by PSP Volume 18 – No 8. 2009

Fresenius Environmental Bulletin

[18] Tilson, H.A. (1993) Neurobehavioural methods used in neurotoxicological research. Toxicol Lett 68 (1-2), 231-240.

ACKNOWLEDGEMENT
The authors thank Mr. Selami Alan for his technical
assistance.

[20] EUROPEAN COMMISSION (2001) EU Method B.26. Subchronic oral toxicity test, repeated dose 90-day oral toxicity study
in rodents, Dir. 2001/59/EC; O.J. L225.

REFERENCES
[1]

Wolansky, M.J. and Harrill, J.A. (2007) Neurobehavioral toxicology of pyrethroid insecticides in adult animals: A critical review. Neurotoxicol Teratol. Doi: 10.1016/j.ntt.2007.10.005.

[2]

Narahashi, T. Zhao, X. Ikeda, T. Nagata, K. and Yeh J.Z. (2007)
Differential actions of insecticides on target sites: basis for selective toxicity. Hum Exp Toxicol 26 (4), 361-366.

[3]

Ray, D.E. and Fry, J.R. (2006) A reassessment of neurotoxicity
of pyrethroid insecticides. Pharmacology&Therapeutics 111,
174-193.

[4]

Costa, L.G. Giordano, G. Guizzetti, M. and Vitalone, A. (2008)
Neurotoxicity of pesticides: a brief review. Frontiers in Bioscience 13, 1240-1249.

[5]

[19] EPA. (1998) Health Effect Test Guidelines, OPPTS 870.6200,
Neurotoxicity Screening Battery. United States Environmental
Protection Agency, 712-C-98-238.

Farag, A.T. Goda, N.F. Shaaban, N.A. and Mansee, A.H. (2007)
Effects of oral exposure of synthetic pyrethroid, cypermethrin on
the behavior of F1-progeny in mice. Reproductive Toxicology 23,
560-567.

[6]

Wolansky, M.J. Gennings, C. and Crofton, K.M. (2006) Relative
potencies for acute effects of pyrethroids on motor function in
rats. Toxicological Sciences 89 (1), 271-277.

[7]

Bradberry, S.M. Cage, S.A. Proudfoot, A.T. and Vale, J.A.
(2005) Poisoning due to pyrethroids. Toxicol Rev 24 (2), 93-106.

[8]

Luty, S. Latuszynska, J. Halliop, J. Tochman, A. Obuchowska, D.
Przylepa, E. and Korczak, E. (1998) Toxicity of dermally applied
alpha-cypermethrin in rats. Ann Agric Environ Med 5, 109-115.

[9]

WHO. (1992) Environmental Health Criteria 142: Alphacypermethrin. World Health Organization, Geneva.

[10] EMEA. (1998) Alphacypermethrin, Summary Report (1). Committee For Veterinary Medicinal Products, EME/MRL/402/98FINAL. http/www.emea.eu.int, Accessed 12 Dec 2007.

[21] Uzbay, I.T. Erden, B.F. Tapanyigit, E.E. and Kayaalp S.O.
(1997) Nitric oxide synthase inhibition attenuates signs of ethanol
withdrawal in rats. Life Sci 61, 2197-2209.
[22] Kayir, H. Ceyhan, M. Yavuz, O. and Uzbay, I.T. (2007) Lack of
effect of N-Nitro-L-Arginine Methyl Ester on BromocriptineInduced Locomotor Sensitization in Mice. Synapse 61, 869-874.
[23] Uzbay, I.T. (2001) L-NAME precipitates catatonia during ethanol
withdrawal in rats. Behavioural Brain Research 119, 71-76.
[24] Uzbay, I.T. (2004) Psikofarmakolojinin Temelleri ve Deneysel
Araştırma Teknikleri. Çizgi Tıp Yayınevi, Ankara.
[25] Dursun, I. Jakubowska-Dogru, E. and Uzbay, I.T. (2006) Effects
of prenatal exposure to alcohol on avtivity, anxiety, motor coordination, and memory in young adult Wistar rats. Pharmacology,
Biochemistry and Behaviour 85, 345-355.
[26] Latuzynska, J. Luty, S. Raszewski, G. Tokarska-Rodak, M. Przebirowska, D. Przylepa, E. and Haratym-Maj, A. (2001) Neurotoxic effect of dermally-applied chlorpyrifos and cypermethrin in
Wistar rats. Ann Agric Environ Med 8, 163-170.
[27] Husain, R. Husain, R. Adhami, V.M. and Seth, P.K. (1996) Behavioral, neurochemical, and neuromorphological effects of deltamethrin in adult rats. J Toxicol Environ Health 48 (5), 515-526.
[28] Luty, S. Latuszynska, J. Obuchowska-Przebirowska, D. Tokarska, M. and Haratym-Maj, A. (2000) Subacute toxicity of
orally applied alpha-cypermethrin in Swiss mice. Ann Agric Environ Med 7, 33-41.
[29] Manna, S. Bhattacharyya, D. Mandal, T.K. and Dey, S. (2005)
Neuropharmacological effects of alpha-cypermethrin in rats. Indian J Pharmacol 37 (1), 18-20.

[11] Soderlund, D.M. Clark, J.M. Sheets, L.P. Mullin, L.S. Piccirillo,
V.J. Sargent, D. Stevens, J.T. and Weiner, M.L. (2002) Mechanisms of pyrethroid neurotoxicity: implications for cumulative
risk assessment. Toxicology 171, 3-59.
[12] Clark, J.M. and Symington, S.B. (2007) Pyrethroid action on calcium channels: neurotoxicological implications. Invert Neurosci
7, 3-16.

Received: June 10, 2008
Revised: October 29,2008
Accepted: January 19, 2009

[13] Righi, D.A. and Palermo-Neto, J. (2003) Behavioral effects of
type II pyrethroid cyhalothrin in rats. Toxicology and Applied
Pharmacology 191, 167-176.

CORRESPONDING AUTHOR

[14] WHO. (1998) Technical Report Series 879: Cypermethrin & Alpha-cypermethrin. World Health Organization, Geneva.
[15] Manna, S. Bhattacharyya, D. Mandal, T.K. and Das, S. (2004)
Repeated dose toxicity of alpha-cypermethrin in rats. J Vet Sci 5
(3), 241-245.
[16] Tomlin, C.D.S. (Ed) (1997) The Pesticide Manual, 2nd Ed. British Crop. Protection Council, UK.
[17] Rossi, J. Ritchie, G.D. Macys, D.A. and Still, K.R. (1996) An
overview of the development, validation, and application of neurobehavioral and neuromolecular toxicity assessment batteries:
potential applications to combustion toxicology. Toxicology 115
(1-3), 107-17.

1423

Oguzhan Yavuz
Ondokuz Mayis University
Faculty of Veterinary Medicine
Department of Pharmacology - Toxicology
55139 Kurupelit, Samsun
TURKEY
Phone: +90 362 312 19 19-ext. 2830
E-mail: oguzhany@omu.edu.tr

© by PSP Volume 18 – No 8. 2009

Fresenius Environmental Bulletin

FEB/ Vol 18/ No 8/ 2009 – pages 1417 - 1423

1424

© by PSP Volume 18 – No 8. 2009

Fresenius Environmental Bulletin

ADVANCED OXIDATION OF TEXTILE DYEING EFFLUENTS:
COMPARISON OF Fe+2/H2O2, Fe+3/H2O2, O3 AND CHEMICAL
COAGULATION PROCESSES
Seval K. Akal Solmaz, Gökhan E. Üstün, Aşkın Birgül and Taner Yonar*
Uludag University, Engineering and Architecture Faculty, Environmental Engineering Department, Görükle, Bursa 16059, Turkey

ABSTRACT
In this study, the treatment efficiency of different advanced oxidation (Fe+2/H2O2, Fe+3/H2O2, O3) and chemical
coagulation processes were investigated. Wastewater samples were taken from two different textile industries. Optimum efficiencies in color and COD removal were determined based on the applications of different chemical species
and pH. 150 mg/L FeSO 4 at pH 12 has provided the
maximum color and COD removal efficiency in chemical
coagulation experiments for textile industry 1. For textile
industry 2, maximum color and COD removal efficiencies
were obtained with Fe +2/H 2O 2 (Fenton) process at pH 3
(FeSO 4 200 mg/L and H 2 O 2 200 mg/L dosages). The
operating costs of all proposed treatment systems were also
evaluated in this study.
+2

+3

KEYWORDS: Textile industry; Fe /H2O2, Fe /H2O2, ozonation,
chemical coagulation, treatment costs.

INTRODUCTION
In the scope of volume and the chemical composition
of the discharged effluent, the textile dyeing and finishing
industry is one of the major polluters among industrial
sectors. Textile industry dyes are intentionally designed to
remain photolytically, chemically and biochemically stable,
and thus are usually not amenable to biodegradation [1].
Like many other industrial effluents, textile industry wastewater varies significantly in quantity, but additionally in
composition [2]. Textile wastewater is strongly colored
which creates an environmental as well as aesthetic problem. As regulations are becoming ever more stringent, the
need for technically and economically more efficient means
of decolorization and mineralization is obvious. Effluents
from the dyeing and finishing processes in the textile industry are known to contain strong color, high amounts of surfactants, dissolved solids, fluctuating temperature, high
pH and possibly heavy metals (e.g. Cu, Cr, Ni) [3]. Existing
physicochemical technologies, such as membrane filtration

or activated carbon adsorption, are expensive and commercially unattractive. Furthermore, these processes just transfer pollutants from one phase to another rather than eliminating them from the water matrix. Recovery and reuse of
certain chemical compounds present in dye bath effluents is
currently under investigation [4]. At present, so called ''integrated processes'' involving various combinations of biological, physical and chemical treatment methods are used
for decolorization of textile effluents but with limited success [5-7]. The chemical limitations of conventional chemical oxidation techniques can be overcome by development
of so-called advanced oxidation processes (AOPs) which
use strong oxidizing agents (O3, H2O2) and/or catalysts (Fe+2,
Fe+3, Mn, TiO2) in the presence or absence of an irradiation
source [8]. Homogenous (Fenton's reagent, light-assisted
Fenton's oxidation, H2O2/UV treatment, ozonation at high
pH etc.) and heterogeneous (semiconductor-mediated photocatalysis) advanced oxidation systems have been thoroughly and comparatively evaluated for a variety of organic
compounds and wastewaters in the past. Also several investigations have demonstrated that AOPs are effectively removing color and partially organic content of dyestuffs [9,
10]. The oxidation system based on the Fenton’s reagent
(hydrogen peroxide in the presence of a ferrous salt) has
been used for the treatment of both organic and inorganic
substances under laboratory conditions as well as real effluents from different resources like chemical manufacturers,
refinery and fuel terminals, engine and metal cleaning etc.
[11]. Also, the oxidation system can be effectively used for
the destruction of toxic wastes and non-biodegradable effluents to render them more suitable for a secondary biological treatment [12]. Fenton process can be useful with regard
to both higher color and COD removal efficiencies, even
at lower concentrations and simple treatment plant modifications [13, 14]. It should again be noted that the importance of Fenton’s reagent as an oxidation system cannot
be underestimated and the oxidation degree can be substantially increased when used in combination with other
advanced oxidation techniques, such as photocatalysis
and/or ultrasonic irradiation. Most importantly, it is also
applicable to the solar-driven photocatalytic methods and,
hence, this combination (photo–Fenton oxidation) can be
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relatively cheaper than the other advanced oxidation processes [15]. Ozone is a very powerful oxidizing agent (E°=
2.07 V) that can react with most species containing multiple
bonds (such as C=C, C=N, N=N, etc.), but not with singly
bonded functionality, such as C–C, C–O, O–H, at high
rates. This is mainly due to the fact that there is no easy
chemical path-way for the oxidation to take place. Ozone
can be used for treatment of effluents from various industries relating to pulp and paper production (bleaching and
secondary effluents), shale oil processing, production and
usage of pesticides, dye manufacture, textile dyeing, production of anti-oxidants for rubber, pharmaceutical production etc [16]. Among the variety of the chemical oxidation process in-vestigated for the treatment of the dyes
and dye-house effluent, ozonation at alkaline pH offers
several advantages [17-20], ozone decomposes quickly
to free radicals and reacts with dye molecules at diffusion-controlled rates [21, 22]. In this manner, ozone can be
effectively applied at the natural alkaline pH of most dyehouse effluents eliminating cost associated with pH adjustment [23]. However, inorganic salts present in dyehouse effluents (Na2SO4, Na2CO3 or NaCl) at high concentrations (25-100 g/L Na2SO4 or NaCl, and 2-50 g/L
Na2CO3) [24] could principally inhibit the effective decolorization and mineralization of actual dye-house wastewater
by acting as free radical scavengers. A major limitation of
ozonation process is the relatively high cost of ozone generation coupled with the very short half-life period of
ozone. Thus, ozone needs to be generated always at site.
However, maximum concentration of ozone produced in
air or oxygen is approximately 4-8%, respectively [25]
which coupled with very low (5-10%) energy efficiency
of the production [26, 27] and requirement of absolutely
dry input (oxygen or air with low dew point of approximately -52 to -58 °C) may result in an uneconomical
operation for the use of ozone alone in large-scale
wastewater treatment applications.
The aim of this study is to compare the performance
of chemical coagulation, Fenton’s oxidation (Fe+2/H2O2,
Fe+3/H2O2) and ozonation for the removal of COD and
color from two different textile effluents.
MATERIALS AND METHODS

is the production rate in this dyeing plant. The effluent
characteristics of WWTP 1 and 2 are given in Table 1.
TABLE 1 - Characterization of wastewater samples.
WWTP1
Effluent
pH
7.76
COD
mg/L
78
SS
mg/L
10
TDS
mg/L
3200
Alkalinity
mg/L CaCO3
750
Hardness
mg/L CaCO3
500
Chloride
mg/L
990
Conductivity
µS/cm
5570
Absorbance (600 nm) 1/cm
0.085
SS = suspended solids, TDS = total dissolved solids.
Parameter

Unit

The WWTP 1 and 2 meet the discharge criteria enforced by the Turkish Water Pollution Control Legislation
(WPCL), and these treatment plants have shown appropriate
treatment performances.
Treatment performances of plants are appropriate for
existing discharge regulations. Chemicals used in the experiments were H2O2 (hydrogen peroxide, 35% w/w; Merck,
Darmstadt, Germany), FeSO4.7H2O (Merck), FeCl3.6H2O
(Merck), NaOH (Merck), and H2SO4 (Merck). The experiments were undertaken at room temperature (20±2 °C) on
the wastewater samples, in order to remove color and COD.
Experiments were carried out on the effluent samples by
applying chemical precipitation, Fenton, Fenton-like processes and ozonation.
Coagulation Experiments

In chemical coagulation experiments, Jar test apparatus (Velp Scientifica FC6S), FeSO4.7H2O (Merck) and
FeCl3.6H2O (Merck) were used at different dosages between 50-300 mg/L. Optimum pH and reagent dosages that
provide best color and COD removal were determined. Each
chemical (different dosages) was examined separately in 1 L
wastewater samples. The wastewater samples were left to
precipitation for 1 h, after 5 min of rapid mixing at 100 rpm
and 30 min of slow mixing at 30 rpm were applied, respectively. At the end of the 1 h precipitation, supernatants were
analyzed for COD and color removal.
+2

Composite wastewater samples were taken at different time periods from the discharge point of a wastewater
treatment plant of two different textile factories in Bursa,
Turkey. Existing wastewater treatment plants have physical, chemical and biological treatment units on site.
Wastewater treatment plant 1 (WWTP 1) is one of the
biggest towel producers in Turkey and making yarn dyeing using only reactive dyes. Consequently, single-type
wastewater originated from this plant. Wastewater treatment plant 2 (WWTP 2) is also using reactive dyes and
disperses them for dyeing wastewater originating from this
plant. 120 tons of yarn/day (75% cotton and 25% polyester)

WWTP2
Effluent
7.83
160
37
3566
700
170
820
6140
0.241

+3

Fenton (Fe /H2O2) and Fenton-like (Fe /H2O2) Experiments

Fenton and Fenton-like experiments were conducted
using different FeSO4 and H2O2 dosages and pHs. The pH
values were manually adjusted to desired range (2-7) using
1N H2SO4 and/or NaOH before starting the experiments.
During determination of optimum pH value, FeSO 4 and
H 2 O 2 dosages were fixed for WWTP effluent 1 (E1)
150 mg/L and for WWTP effluent 2 (E2) 200 mg/L. After
the optimum pH was determined, FeSO4 and H2O2 dosages were changed between 50-300 mg/L for E1 and 100-500
mg/L for E2, respectively. Two hour sedimentation was
applied following the pH adjustment (7.5-8) after 2 min
of rapid mixing at 100 rpm and 20 min of slow mixing at
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30 rpm in Jar-test setup. After 2 h precipitation, 50 ml supernatant was taken for COD and color analyses.
Ozonation Experiments

The ozonation experiments were performed in a 2 L
capacity cylindrical column made of Pyrex glass. An Opal
OG3 model ozone generator with a production rate of 3 g/h
produces the ozone needed in the reaction. The ozone produced by using oxygen with a purity of 99.5% was bubbled into the reactor by means of a sintered glass plate
diffuser. Teflon tubing line was used for the connection between ozone generator and reactor. All experiments were
performed using 1.5 L wastewater samples. Inlet and outlet
of ozone were directed to gas washing bottles filled with
2% KI solutions for the determination of ozone concentration. Ozone concentration was measured by iodometric
method purposed by IOA (International Ozone Association) [28]. The experiments with ozone alone were carried
out at varying pH values 3-12 at 20 °C. COD and color
analyses were undertaken on samples collected at specific
times.
Analytical Procedure

Due to interferences of ferrous ions and H2O2 with the
analytical measurements, pH of supernatant increased with
the addition of NaOH around >11 for the precipitation of
ferrous ions as Fe (OH)3 and MnO2 powder was added to
destroy residual H2O2 in the treated solution [29, 30]. The
concentration of residual H2O2 in the test solution was
controlled by use of test strips (Merck Merckoquant Peroxide Test). Before each analysis, wastewater samples were
filtered on 0.45 µm Millipore membranes (Millipore, Billerica, MA, USA) to remove Fe(OH)3 and MnO2. Color values
of samples were determined with UV-VIS spectrophotometer (Jenway, Model 6105, Barloword Scientific, Jenway, UK) according to the Method 2120 C in Standard
Methods (SM). COD (SM 5220C), SS (SM 2540B), TDS
(SM 2540C), alkalinity (SM 2320B), hardness (SM 2340C),

C OD 	
  remova l,	
  %

F eS O4	
  E 1

and chloride (SM 4500-Cl--B) were measured in accordance with Standard Methods [31].
RESULTS AND DISCUSSIONS
Coagulation Processes

Coagulation processes have been used intensively for
the treatment of textile effluents, in general with limited
COD and color removal efficiencies [32, 33]. In chemical
precipitation, FeSO4.7H2O (Merck) and FeCl3.6H2O (Merck)
coagulants were used with varying dosages under varying
pH conditions. During the experiments to determine optimum pH value, FeSO4 and FeCl3 dosages were fixed at
200 mg/L for E1 and 400 mg/L for E2, respectively. The
results are shown in Figs. 1 (a) and (b).
The optimum COD and color removal efficiencies were
obtained at pH 12. At this pH value, COD and color removals were obtained for E1 as 57 and 83%, respectively,
when FeSO4 was used as coagulant, and 53 and 80% for
FeCl3, respectively. In the same way, results for E2 were
58 and 79%, respectively, with FeSO4 as coagulant, but 52
and 76% for FeCl3, respectively.
After optimum pH was determined as 12 for FeSO4 and
FeCl3, varying coagulant dosages between 50-300 mg/L for
E1 and E2 were applied. COD and color removal efficiencies obtained at different dosages of FeSO4 and FeCl3 are
given in Figs. 2 (a) and (b).
Optimum color and COD removal efficiencies were
determined when FeSO4 and FeCl3 were used for E1 (150
mg/L) and for E2 (250 mg/L), respectively. At these dosages for FeSO4, COD removal efficiency was found to be
48% for E1 and 71% for E2, and those of color removal
were found to be 94% for E1 and 97% for E2, respectively. At these dosages for FeCl3, COD removal efficiency was
found to be 71% for E1 and 56% for E2, color removal
efficiencies were found to be 89% for E1 and 88% for E2,
respectively.
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FIGURE 1a - COD removal efficiencies fixed FeSO4 and FeCl3 dosages at different pH values
(for E1 FeSO4=200 mg/L and FeCl3=200 mg/L, for E2 FeSO4=400 mg/L and FeCl3=400 mg/L).
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FIGURE 1b - Color removal efficiencies fixed FeSO4 and FeCl3 dosages at different pH values
(for E1 FeSO4=200 mg/L and FeCl3=200 mg/L, for E2 FeSO4=400 mg/L and FeCl3=400 mg/L).
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FIGURE 2a - COD removal efficiencies obtained at varied dosages of FeSO4 and FeCl3.
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FIGURE 2b - Color removal efficiencies obtained at varied dosages of FeSO4 and FeCl3.
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Akal Solmaz et al. [34] reported optimum dosages of
1500 mg/L FeCl3, 750 mg/L for FeSO4 and 500 mg/L for
Al2(SO4)3.18H2O in wastewater containing mostly textile
Organized Industrial District (OID) effluent. At these dosages, COD removal efficiencies were determined to be
56%, 42% and 54%, respectively. Ciner et al. [35] studied
treatability of textile dyeing wastewater and found optimum
dosages of 400 mg/L FeCl3, 400 mg/L for FeSO4 and
Al2(SO4)3.18H2O. COD removal efficiencies were 87%,
75% and 62%, respectively. In another study, conducted
with textile effluent, at pH 12, optimum dosages were
determined to be 450 mg/L for FeSO4 and 350 mg/L for
FeCl3 in chemical coagulation processes. At these dosages,
COD and color removal efficiencies of 62 and 99% were
observed for FeSO4, but 64 and 91% for FeCl3, respectively [36]. In this study, COD and color removal results of
chemical coagulation studies are shown parallel to literature.
Fenton and Fenton-like Processes

R emoval,%

Affecting parameters the Fenton process are operating pH and dosages of FeSO4 and H2O2. Operating pH of
the system has been observed to significantly affect the
degradation of pollutants [12,37]. The optimum pH has
been observed to be 3 in the majority of the cases [38,
39], and hence is recommended as the operating pH. At
operating pH of >4, the decomposition rate decreases
because of the decrease of the free iron species in the
solution, probably due to the precipitation of ferric oxyhydroxides which inhibit the regeneration of ferrous ions.
Also, the oxidation potential of hydroxyl radicals (·OH) is
known to decrease with an increase in pH [40]. Usually,
the rate of degradation increases with an increase in concentration of ferrous ions [41,42] though the extent of the
increase is sometimes observed to be marginal above a certain concentration as reported [43,44]. Also an enormous
increase in the ferrous ions will lead to an increase in
unutilized quantity of iron salts, which will contribute to

an increase in TDS content of the effluent stream, and
this is not permitted. Concentration of hydrogen peroxide
plays a more crucial role in deciding the overall efficacy
of the degradation process. Usually, it has been observed
that the percentage degradation of the pollutant increases
with an increase in hydrogen peroxide dosage [38, 39, 41,
43-45]. For many chemicals, ideal pH for the Fenton reaction is between 3-4, and the optimum catalyst to peroxide
ratio is usually 1:5 wt/wt [16].
During the determination of optimum FeSO4 and FeCl3
dosages, studies were conducted at constant H2O2 dosages
of 100 mg/L for E1 and 200 mg/L for E2, respectively,
at pH 3. Different dosages of FeSO4 and FeCl3 from 50300 mg/L were applied. Removal efficiencies of color and
COD at different dosages of FeSO4 and FeCl3 and constant
concentration of H2O2 are illustrated in Figs. 3a and 3b.
As seen from Fig. 3a for E1, maximum COD and color
removal efficiencies were obtained at 150 mg/L FeSO4 for
Fenton process and 200 mg/L FeCl3 for Fenton-like
process, respectively. For E2, maximum COD and color
removal efficiencies were obtained at 200 mg/L FeSO4 and
FeCl3 for Fenton and Fenton-like process (Fig. 3b).
During the determination of optimum H2O2 dose, studies were carried out at constant FeSO4 and FeCl3 dosages
(150 mg/L and 200 mg/L for E1, and 200 mg/L FeSO4 and
FeCl3 for E2). Different dosages of H2O2 from 50-300 mg/L
were applied. Efficiencies of color and COD removal at
various dosages of H2O2 and constant concentrations of
FeSO4 and FeCl3 are illustrated in Fig. 4a for E1, and 4b for
E2.
As seen from Figs. 4a and 4b, maximum COD and
color removal efficiencies for constant FeSO4 and FeCl3
were obtained at 150 mg/L H2O2 for E1 and 200 mg/L H2O2
for E2. COD and color removal efficiencies were determined to be 49 and 94% for Fenton process, as well as
45 and 94% for Fenton-like process, respectively.
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FIGURE 3a - Efficiencies of COD and color removal due to the varied concentrations of FeSO4 and FeCl3 at Fenton
process for E1 (pH=3, H2O2=100 mg/L, t=20 °C, 2 min of 100 rpm rapid mixing, 20 min of 30 rpm slow mixing).
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FIGURE 3b - Efficiencies of COD and color removal due to the varied concentrations of FeSO4 and FeCl3 at
Fenton process for E2 (pH=3, H2O2=200 mg/L, t=20 °C, 2 min of 100 rpm rapid mixing, 20 min of 30 rpm slow mixing).
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FIGURE 4a - Efficiencies of COD and color removal due to the varied concentrations of H2O2 at Fenton process for
E1 (pH=3, FeSO4=150 mg/l, FeCl3=200 mg/l, t=20 °C, 2 min of 100 rpm rapid mixing, 20 min of 30 rpm slow mixing).
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FIGURE 4b - Efficiencies of COD and color removal due to the varied concentrations of H2O2 at Fenton process for
E2 (pH=3, FeSO4=200 mg/L, FeCl3=200 mg/L, t=20 °C, 2 min of 100 rpm rapid mixing, 20 min of 30 rpm slow mixing).
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The optimal ratios of chemicals in the Fenton process
recommended in the literature are ratios of H2O2/catalyst
from 10:1 to 40:1 [46-49]. In this study, ferrous sulphate
dosage was based on initial molar ratio H2O2/Fe+2 of 8/1
for both effluents, respectively. However, initial COD and
color pollutant parameter values of E2 are being higher
than that of E1 because in Fenton process Fe and H2O2
concentrations are getting higher.
Many authors have worked with Fenton’s reagent and
found different COD and color removal. For example, Lin et
al. [43] found optimum concentrations of FeSO4 and H2O2 as
90 and 60 mg/L, at pH 3. Meric et al. [50] found optimum
ratio of H2O2/Fe+2 = 0.055, and at this dosage, COD and
color removal efficiencies were determined to be 70.6 and
99%, respectively. Akal Solmaz et al. [36] found optimum
dosages of 400 mg/L for FeSO4 and 200 mg/L for H2O2,
respectively, as well as corresponding COD and color removal rates of 78 and 95%, respectively.
Macro and/or micro pollutants present in the reaction
medium may trap .OH. Therefore, inorganic compounds in
medium, such as Cl-, HCO3-, CO3-2, and S-2, act as effective radical scavengers during the application of AOPs [51].
According to Figs. 3a and 4a, there is almost no difference
between Fe2+ and Fe3+ by COD removal, although the
OH-radicals could be produced much more effectively by
using Fe2+ ions rather than Fe3+ by Fenton-like process,
characterized by much less effective production of ·OH
radicals. Since the ·OH radical production by Fenton process
is much more effective that of Fenton-like processes, and
since decolorization depends on the reaction between
chemical double-bonds in dye substance and ·OH radicals,
the color removal by Fenton process must be more effective than Fenton-like process, as it can be seen in both Figs.
3 and 4.

Ozonation

Some of the specific examples of ozone use for treatment of wastewaters can be cited as textile effluent treatment in terms of color removal [50] or degradation of effluent from dyes industry etc [7,52,53].
In ozonation process, main operating parameters are
pH and contact time. In order to determine the optimum
pH, which gives better efficiencies of COD and color removal in ozone oxidation studies, pHs of wastewater samples were adjusted to 3, 5, 7, 9, and 11 applying 23 mg/min
ozone to the samples for 10 min. COD and color removal
efficiencies for E1 and E2, obtained after this period, due
to the varied pH values are shown in Fig. 5.
As seen from Fig. 5, maximum COD and color removal
efficiencies were obtained at pH 9 for E1 and E2. COD and
color removal efficiencies for E1 and E2, obtained at pH
9, due to the varied contact times, are illustrated in Fig. 6.
The highest removal efficiencies were obtained at pH 9
for COD and color (Fig. 6). COD and color removal efficiencies were also examined for varied contact times and
ozone dosages at this pH. During this examination, 90%
of color removal was provided in the first 5 min for both
effluents of ozonation, whereas just 13 and 30% of COD for
E1 and E2 were removed within the same period. At the
end of 1 h ozonation, 70 and 54% efficiencies of COD for
E1 and E2 were reached, respectively. At the same time,
96 and 99% color removal efficiencies were observed for
E1 and E2, respectively.
Azbar et al. [30] studied textile effluents and obtained
92% COD and 90% color removal efficiencies at pH 9 and
C O3 2 g/h. Akal Solmaz et al. [36] applied ozonation to
textile wastewaters and found 43% COD and 97% color
removal efficiencies at pH 9 and CO3 1.4 g/h.
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FIGURE 5 - COD and color removal due to the constant dosage of ozone and varied values of pH (CO3= 240 mg, t=20 °C).
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FIGURE 6 - COD and color removal due to the varied contact times (pH=9, CO3= 2160 mg, t=20 °C).

.
TABLE 2 - Operating costs for the studied processes*
Reagents

Basis

Cost ($)

Treatment Cost ($/m3)
E1
E2
0.18
0.20
0.16
0.19
4.21
4.94
0.39
0.59
0.48
0.57

Process

FeSO4.7H2O
kg
0.35
FeCl3.6H2O
kg
0.43
O3
$ /kg
2.42
H2 O2
kg
0.51
Electricity
kW/h
0.0629
H2SO4
kg
0.2
NaOH
kg
0.2
*Costs of laboratory and sludge disposal not included

Coagulation with FeSO4
Coagulation with FeCl3
Ozonation
Fenton
Fenton-like

Cost Evaluation

Different AOP and chemical coagulation processes were
applied to 2 different WWTP effluents. To estimate the costs
of the different treatment methods, separate consideration of
treatment units is necessary. A cost profile was performed
considering the operational costs (chemical and electricity) and is summarized in Table 2.
The calculated costs could be considerably high but
when wastewater quantity and quality of treated water were
considered, it should not be neglected that these systems

would be necessary in the future for Turkey to advance in
European Union progress. Therefore, this study can be
approved as feasibility work, in this respect.
CONCLUSIONS
In this study, removal efficiencies of COD and color
were examined by applying different AOPs and coagulation processes to compare 2 different textile effluents, and
their performances are summarized in Table 3.

TABLE 3 - Optimum dosages and removal efficiencies of studied processes.
Optimum dosages, mg/L
Process
Chemical
Coagulation
Fenton Process
Fenton-like
Process
Ozonation

Removal (%)

pH

FeSO4

E1
FeCl3

12

150

-

-

-

12

250

3

150

-

150

-

3

200

-

200

-

49

58

94

97

3

-

200

200

-

3

-

200

100

-

43

54

92

92

9

-

-

-

9

-

-

-

1380

70

54

96

99

H2 O2

O3

pH

1380

FeSO4

E2
FeCl3

H2 O2

O3

E1

E2

E1

E2

-

-

-

71

56

94

88
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The following results were obtained and summarized
below:
(a) In chemical coagulation process, for E1 at 150 mg/L
FeSO4 dosages, COD and color removal efficiencies of
71 and 94% were obtained, respectively. For E2 at
150 mg/L FeSO4 dosages, COD and color removal efficiencies were 56 and 88%, respectively. Removal efficiencies for both coagulants used in chemical coagulation, were rather close the each other. COD and color
removal rates were 62 and 92%, respectively, when
using FeSO4, but 64 and 91% when using FeCl3.
(b) Removal efficiency obtained from Fenton process is
better than that from Fenton-like processes. Removal
efficiencies of COD and color were 49 and 94% (E1)
and 58 and 97% (E2) for doses of 150 mg/L FeSO4 and
150 mg/L H2O2 in Fenton process for E1, 200 mg/L
FeSO4 and 200 mg/L H2O2 for E2.
(c) In Fenton-like processes, color removal efficiencies were
at same levels (92%). COD removal efficiencies were
43% for E1 and 54% for E2.
(d) COD and color removal rates of 70 and 96% were obtained for E1, as well as 54 and 99% for E2, at 23 mg
O3/L. min ozone dosage during 1 h ozonation, respectively.
(e) When the costs of processes were compared for E1,
the coagulation gives better results (costs 0.18 $/m3).
For E2, the best removal efficiencies were obtained in
Fenton process (costs 0.59 $/ m3).
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TOWARDS A GREEN PRODUCTION OF CHLORINE
DIOXIDE BY CONVERGENT PAIRED ELECTROSYNTHESIS
Rodrigo Mena-Brito, Sebastian Terrazas-Moreno and Jorge G. Ibanez*
Centro Mexicano de Quimica Verde y Microescala, Depto. de Ing. y Ciencias Quimicas
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ABSTRACT
As a proof-of-concept, we show that the clean, potent
bleaching and disinfecting agent ClO2 can be produced simultaneously at both electrodes of an electrochemical cell
by the anodic oxidation of ClO2- ions and the cathodic reduction of ClO3- ions in a convergent paired electrosynthesis. This novel approach may lead to important savings in
the economy and energy of its production and byproduct
reduction.

KEYWORDS: Chlorine dioxide, simultaneous electrosynthesis,
paired electrosynthesis, paired electrochemical processes

b) Simultaneous production of high-purity H2 gas and
solid S from H2S either through a direct or an indirect process [7-17]
c) Removal of SO2 by anodic oxidation and the simultaneous water reduction producing H2SO4 and H2, respectively [18, 19]
d) Simultaneous production of O3 and H2O2 in a flow
reactor equipped with a proton exchange membrane. This
avoids the need for two separate cells to produce these
chemicals, whereby O3 and waste H2 would be produced
in the first one, and H2O2 and waste O2 in the second [20].
e) The production of Fe2+ at the anode and reduction of
O2 at the cathode of a cell to produce H2O2. A mixture of
Fe2+ and H2O2 is known as Fenton’s reagent which yields
OH radicals (known to be very powerful oxidizers) and
OH- ions. These ions produce iron hydroxides that form a
three-dimensional gel capable of adsorbing a plethora of
pollutants, thus producing a decontamination effect [21].
•

INTRODUCTION
In the vast majority of electrochemical processes, the
desired reaction occurs at one of the electrodes, yet the
complementary reaction is not productive. The products of
the latter should not interfere with the starting materials,
intermediates or products [1]. In fact, the current at the
counter electrode is most frequently used to decompose
the solvent. In some cases, this last reaction serves the purpose of producing a desired pH in the solution by decomposition of water (production of H+ or OH- and the concomitant formation of O2 or H2, respectively), although this
may translate into energy waste. Several organic and inorganic synthetic processes have been designed to avoid
such a waste [2-4]. Besides savings in the economy and
energy, benefits of designing and using simultaneous processes also include a reduced use of fossil fuels for producing electricity combined with decrease in pollution.
The production of useful substances also avoids the need
for waste disposal.
Selected examples of simultaneous processes for environmentally oriented applications are summarized below:
a) Simultaneous removal of copper and chemical oxygen demand [5], as well as reduction of Cu, Ag or Cd ions
and oxidation of CN- ions [6]

f) An interesting variation of the above process involves the use of boron-doped diamond electrodes whereby
hydroxyl radicals can be generated simultaneously by anodic and cathodic processes in order to destroy persistent
organics [22, 23].
With this background in mind, we tested the possibility of electrochemically producing a disinfecting agent in a
simultaneous fashion. Useful chemical disinfectants have
one or more of the following characteristics [24]:
• Deactivate microorganisms strongly, and are also relatively toxic to humans and animals
• Undergo active interaction (normally oxidation or addition) with organic matter and inorganic reducing agents
• Dissolve adequately in aqueous media (except the dihalogens due to their non-polar nature)
• Can penetrate surfaces and cell membranes
• Deodorize well or moderately well
Since chlorine dioxide (ClO2) has most of these characteristics, we tested it for the purpose of the present study.
It can act as an extremely effective biocide, disinfectant and
oxidizer under appropriate conditions, and its oxidizing and
disinfecting properties remain essentially constant over a
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wide pH range [25]. The paper and pulp industry utilize it
as a bleaching agent and alternative to chlorine for water
treatment because it does not undergo hydrolysis in water,
but is active, even against some chlorine-resistant pathogens,
and does not react with ammonia. In addition, ClO2 disinfection by-products (DBPs) are substantially fewer than
those produced by chlorine. In fact, contrary to Cl2, the ClO2
does not react with humic substances to generate toxic species, such as carcinogenic trihalomethane compounds during water disinfection processes. ClO2 is unable to react
with unsaturated bonds in natural organic matter (NOM)
on account of its different reaction mechanism (i.e., ClO2
directly oxidizes organic matter by electrophilic abstraction
rather than by the substitution and oxidation pathway of
chlorine) [24]. It is also used for taste and odor reduction,
algal growth control, as well as for iron and manganese
removal by oxidizing them to produce insoluble compounds
that can be eliminated easily from an aqueous medium. ClO2
has been used to disinfect public buildings in the US after
terrorist attacks involving liberation of anthrax spores.
Many of the chemical reactions utilized in producing
ClO2 have been discussed and illustrated in our publications
elsewhere [24-27]. The main strategies involving electrochemical steps can be grouped as shown below.
1. Anodic processes:
1.1 Electrolysis of a Cl- solution to produce:
1.1.1 ClO2 [28]
1.1.2 ClO2 + Cl2 [29, 30]
1.1.3 ClO3-, followed by chemical comproportionation
with Cl- to produce ClO2 [31-35]
1.1.4 Cl2, followed by chemical comproportionation with
ClO3- to produce ClO2 [36-38]
1.1.5 Cl2, followed by chemical disproportionation with
ClO- to produce ClO2 [39]
1.1.6 Cl2 that oxidizes ClO2- to produce ClO2 [40]

2.2. Electrolysis of H2O to produce H2 that reacts with Cl2
to yield HCl. Then, this HCl comproportionates with ClO3to produce ClO2 [48, 49].
For our present purpose, we built on the above concepts - namely that ClO2 can be obtained separately from
the cathodic reduction of Cl(V) and the anodic oxidation
of Cl(III). Thus, the aim of the present study was to show
a proof-of-concept that ClO2 can be produced simultaneously at both electrodes. This novel, unusual type of process is also termed convergent paired electrosynthesis [1].
To the best of our knowledge, this approach has not been
attempted before.
Experimental procedure

The strategy for the simultaneous electrochemical production of ClO2 firstly focused on finding the appropriate
experimental conditions to oxidize ClO2- ions, to reduce
ClO3- ions individually, and then to combine both processes.
The individual production reactions were performed in a cell
composed of two 10-ml vial compartments separated by a
cation exchange membrane, CEM (see Fig. 1). The simultaneous production was carried out in a cell composed of two
10-ml glass beakers connected through an ion exchange
bridge (as discussed below). The potential for each individual process was selected on the basis of earlier reports and
standard potential tables [50, 51], and undesirable reactions
(e.g., the reduction of ClO3- to Cl-) can thus be minimized
[52]. Regulated potentials and currents were applied with
an AMEL potentiostat/galvanostat (model 2049). All the
potentials in the present study were referred to Ag/AgCl,
and all experiments were run in duplicate or triplicate.

+
C EM

-

1.2 Electrolysis of a ClO2 solution to produce ClO2 using
a cation exchange membrane (CEM) [41]
1.3 Electrolysis of H2O to produce:
1.3.1 H+ ions that are fed through a CEM (cation exchange
membrane) into an ion exchange compartment to acidify a
ClO2- solution to produce ClO2 [42]
1.3.2 H+ ions that are fed through a solid electrolyte to
acidify a ClO2- solution to produce ClO2 [43]
1.3.3 H+ ions that are fed through a CEM into a compartment containing Cl-. This acidified solution is sent to
a non-electrochemical step to comproportionate with
ClO3- and produce ClO2 [44].

An o lyte

C a th o lyte

FIGURE 1 - Experimental set-up (reference electrode (not shown)
can be placed at either side depending on the specific requirements).

2. Cathodic processes:
2.1 Electrolysis of a ClO3- solution to produce ClO2 [45,
46]. The H+ produced at the anode can be fed through a
CEM into the catholyte to acidify the ClO3- solution in order
to facilitate its reduction to ClO2. The Cl2 byproduct is separated and re-fed into the cathode to provide more Cl- for
the reaction [47].

Reagents and Materials

NaCl (J.T. Baker, analytical reagent), NaClO2 (Aldrich,
80% pure), NaClO3 (Sigma, analytical reagent), concentrated H2SO4 (J.T. Baker, 96% pure), cation exchange resin,
CER (Rohm and Haas, Amberlite Irrono), cation exchange
membrane, CEM (Nafion 417, Aldrich), anion exchange
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membrane (The Electrosynthesis Co.), graphite rods (Steadtler Mars HB, 2 mm in diameter, used as working and
counter electrodes), Ag/AgCl reference electrode (BAS,
Bioanalytical Systems), phosphate buffer pH 7 (Aldrich).
Specific conditions are indicated below:
a) Individual process for the anodic production of ClO2

Anolyte: 5 ml of 0.1 M NaClO2
Catholyte: 5 ml of a saturated NaCl solution
The reaction was performed under a potential of 0.7–
0.9 V vs. Ag/AgCl, measured at the working electrode. Reaction times varied from 10 to 65 min. The solution was
stirred at 5-min intervals.
b) Individual process for the cathodic production of ClO2

Anolyte: 5 ml of a saturated NaCl solution
Catholyte: 1.5 ml of 3 M NaClO3, 0.1 ml of 0.1 M
NaCl, 2 ml of concentrated H2SO4, and 3 ml of a 0.0010.003 M ClO2 solution, prepared chemically in advance by
acidification of a ClO2- solution [25]
The reaction was performed under a potential of 0.5 V
vs. Ag/AgCl, measured at the working electrode. Reaction
times varied from 20 to 120 min.
c) Simultaneous electrochemical production of ClO2

Anolyte: 6 ml of 3 M NaClO2, 2 ml of a saturated
phosphate buffer (pH = 7).
Catholyte: 1.5 mL of 3 M NaClO3, 0.1 ml of 0.1 M
NaCl, 4.4 ml of a 0.001-0.003 M ClO2 solution, prepared
chemically in advance by acidification of a ClO2- solution
(see above), 2 ml of concentrated H2SO4.
The reaction was performed under a potential of 0.5 V
vs. Ag/AgCl, measured at the cathode. Reaction times
varied between 60-120 min. Two 10-ml glass beakers were
used (instead of the 10-ml vials employed in the individual
ClO2 preparations). They were connected through a 7 cm
tall, 0.4 mm ID glass U-tube packed with Amberlite CER,
and they had both ends covered with anion exchange membranes (held in place by small rubber bands). This U-tube/
ion exchange system was designed to prevent migration
of H+ from the inherently acidic catholyte towards the anode. Such H+ ions are known to facilitate the generation of
HClO2, which can then decompose to produce ClO2. This
situation would produce erroneous (i.e., high) yields compared to those obtained from a purely electrochemical production, and was thus avoided. Furthermore, to prevent the
pH in the anolyte from being drastically affected by this or
other unexpected phenomena, we added a small amount of
phosphate buffer as described above.

and the response current is monitored as a function of the
concentration of specific redox species. Successive titrations
permit the selective analysis of each chlorinated species. In
spite of its time-consuming characteristics, the high selectiveness of the method warrants its use for the present
application. Due to the possible co-production of chlorine
gas, the analytes of interest for our present purposes were
Cl2 and ClO2 (see below).
RESULTS AND DISCUSSION
Using the parameters for the individual productions
as described above, we obtained the following ClO2 chemical yields after 1 h of reaction. These are calculated on the
basis of the amount of ClO2 achieved as compared to the
initial amount of reagent at the anode or cathode (i.e.,
ClO2- or ClO3-, respectively; a) anodic: 12% (at 0.73 V), 9%
(at 0.90 V), and b) cathodic: 0.3%). Once we succeeded in
producing ClO2 with each individual process, we proceeded
to test the simultaneous process. The ClO2 yields thus obtained are given in Table 1. Also listed are the results of a
blank test performed in the absence of an applied potential so as to evaluate a possible parasitic parallel chemical
pathway for the production of ClO2 that could alter the
electrochemical results. These results clearly indicate that
ClO2 was electrochemically obtained at both sides of the
electrochemical cell.
TABLE 1 - Experimental results of the simultaneous process (chemical yield is calculated as moles of product/moles of reagent x 100).

Analytical technique

The quantification of aqueous ClO2 may be a complicated task since other possible chlorinated species present
(e.g., Cl2, ClO-, ClO2-, and ClO3-) can mask some of its
analytically useful properties (e.g., redox potential, oxidizing ability, and optical absorbance) [53]. Therefore, we
selected the standard method of amperometric titration [54].
Here, a fixed potential is applied between two electrodes
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Medium
Anolyte
Cl2
60 min
100 min
120 min
ClO2
60 min
100 min
120 min
Catholyte
Cl2
60 min
100 min
120 min
ClO2
60 min
100 min
120 min
Blank test
Cl2
60 min
100 min
120 min
ClO2
60 min
100 min
120 min

g/L
(average)

mmol
(average)

Chemical
yield (%)

0.04
11
0.2

0.0045
1.3
0.02

0.03
7.1
0.1

5
9
11

0.6
1.0
1.3

3.3
5.8
7.0

0.2
0.09
0.02

0.02
0.008
0.002

0.45
0.2
0.05

0.3
0.45
0.5

0.03
0.04
0.05

0.6
0.95
1.1

0.3
0.06
0.06

0.04
0.007
0.006

0.8
0.15
0.1

0.04
0.08
0.03

0.004
0.01
0.003

0.1
0.2
0.07
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The yield of the blank test, albeit measurable, was not
of significance so as to mask the electrochemical yields.
Hydrogen ions are inherently produced at the anode and as discussed earlier - are known to produce chlorous acid
(HClO2) that can disproportionate to yield ClO2. Further
efforts would be required in order to separate this contribution from the pure electron-transfer phenomenon.
We have initiated experiments to take advantage of
LeChatelier´s principle by removing the ClO2 product from
the final solution with the aid of an inert gas stream. Preliminary results using this approach in a commercial filter
press-type cell are promising.
CONCLUSIONS
We have demonstrated for the first time that ClO2 can
be produced simultaneously at the anode and cathode of an
electrochemical cell by the respective oxidation or reduction of ClO2- and ClO3- ions in a simultaneous, convergent
paired electrosynthesis. Even though small yields were obtained under our experimental conditions (ca. 8%), higher
yields can undoubtedly be achieved by parameter optimization (e.g., temperature, time, volume per unit area, electrode materials and separation, and flow/mass transfer conditions).
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ABSTRACT

KEYWOORDS: Gamma radiation, heavy metal toxicity, pathology, serum biochemistry.

The present study was carried out to evaluate the effects
of Pb and Hg ions, as well as (γ)-radiation on serum parameters in Swiss albino mice. For this purpose, we determined the concentrations of albumin (ALB), total bilirubin
(TB), as well as the levels of aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP) and gamma-glutamyl transferase (GGT) enzymes
which are, especially, markers of liver injury.
The study was carried out on 80 male mice. The animals were randomly divided into 4 groups. The control
group (group I) mice were treated with tap water, whereas
mice in group II 20 ppm Pb and those in group III 20 ppm
Hg was orally given, and mice in group IV were treated
with 10 Gy γ-radiation for consecutive 14 days. The blood
samples were collected from the mice at the end of the 7th
and 14th day to determine the effect of exposure time on
serum parameters. The AST, ALT, ALP and GGT levels,
and the ALB and TB concentrations were determined by
using an autoanalyzer.
Serum analysis results indicated that there was an alteration in enzyme levels and concentrations of ALB and
TB depending on exposure time in all treated groups when
compared to controls. The levels of AST, ALT, ALP and
GGT significantly increased in serum of mice in all treatment groups at the end of 7 days, but enzyme levels showed
a decrease at the end of 14th day. Even so, this decrease was
still higher when compared to that of control and 7th day.
Moreover, enzyme levels were higher in mice exposed to
γ-radiation than in Hg and Pb-treated ones, and difference
was statistically significant (P<0.05). Besides, an increase
in the concentration of TB and a decrease in the concentration of ALB were observed during exposure. All these
findings were also supported by histopathology of liver and
kidney tissues. These results indicated that AST, ALT,
ALP, GGT, ALB and TB parameters are very sensitive and
useful biomarkers for the evaluation of the harmful effects
of various agents, such as heavy metal ions and γ-radiation.

INTRODUCTION
As a result of rapid industrial development, many
chemical substances have been released to the environment during the last decade and caused considerable environmental pollution [1]. Especially, Pb and Hg ions are
chemical substance possessing a high toxicity. They occur
naturally in the earth, but spread through the environment
by human activities. For many years, they are used in various industries (medicine, dentistry, batteries, science, military applications and gasoline). Hence, people are exposed
to acute amounts of Pb and Hg in the environment. As a
result, they may be accumulated in the target organs, such
as liver and kidney, which may lead to poisoning or even
death in acute cases [2−4].
Similarly, the radiation has many applications in different fields (medicine, communication and domestic life).
Therefore, the biological effects of radiation have been investigated for a long time by scientists. The common biological effects of radiation are changes in cell function, cell
death, delayed mitosis, disruptions in cell growth, permeability changes, tissue damage, genotoxicity and lethality
[5, 6]. These effects of radiation are basically similar for
different types and doses of ionizing radiation [7, 8].
Moreover, radiation and heavy metal ions inhibit enzyme synthesis, bind tightly to them and disturb their functions [9, 10]. Enzymes are a highly specialized class of
proteins. Some organs in the body have their own enzymes,
and nominal amounts in the blood may be found and
measured there. When the cells are injured, enzymes are
spilled into the blood and their levels in serum may be
increased. The AST, ALT, ALP and GGT are tissue-private
enzymes as pointed out above [11]. GGT and ALP are produced by bile duct epithelial cells [12−14]. GGT is located
at the outer surfaces of the plasma membranes. Although
it is present at a high level in the kidney, it is also found in
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other tissues, such as liver and mammary gland [15, 16].
ALP is mainly derived from the liver and bones. However, it is found in other organs and tissues, such as the
placenta, kidney, leukocyte and the intestinal tract [17]. AST
and ALT are synthesized by hepatocytes [13]. They are
sensitive and specific enzymes for liver disease. Rising AST
and ALT levels in serum may be commented as indicative
of liver disease. Although these enzymes are expressed at a
high level in the liver, they are also found in other tissues,
such as kidney, muscle and heart [18]. In humans, AST,
ALT, ALP and GGT levels may be increased during chronic
alcoholism, as well as hepatocellular carcinoma and tissue
damage [17].
All these observations caused a significant increase of
attention on these enzymes monitoring and determining
cell and tissue damages induced by radiation and chemical
agents. The investigation of the molecular-effect mechanisms of radiation and heavy metals on humans is rather
difficult and can be hazardous. These disadvantages can be
eliminated by using experimental animals, such as mouse,
rat and rabbit. The aim of this study was to investigate the
effects of radiation and heavy metals (lead and mercury) on
serum parameters, such as AST, ALT, ALP, GGT, ALB
and TB which are special markers of liver and kidney
tissue damage in mice.
MATERIALS AND METHODS
Chemicals

Lead(II) citrate and mercury(II) chloride (Sigma, Fluka)
were purchased from Interlab A.S., Istanbul, Turkey, and
NaCl (0.9%; Baxter, Mediflex, Eczacibasi Istanbul, Turkey) from local pharmacies.
Animals

The experiments were carried out on 80 male Mus
musculus var. albinos. Eight-weeks-old mice were used for
analyses of serum parameters. Healthy mice were obtained
from the Animal Research Center of Refik Saydam
Hifzissiha Institute (Ankara, Turkey). Their mean body
weight was 33.64±1.34 g. During experiment, control and
treatment group mice were kept under the same conditions in metal cages with 5 albino mice per cage at 22 °C
(±3 °C) and under alternating 12-h light (07:00-19:00h)
and dark (19:00-07:00h) cycles. The mice were acclimatized 1 week prior to planned experiments and fed ad libitum with standard pellet diet (Samsun Food Industry –
Samsun, Turkey). In this study, all the methods and techniques applied to mice were carried out favorably to ethical
standards of Kırıkkale University - Faculty of Veterinary
Medicine and the guidelines set by the World Health Organisation (Geneva, Switzerland).

II with 20 ppm Pb, Group III with 20 ppm Hg, and Group
IV with 10 Gy γ-radiation. The control mice were fed
standard pellet diet and tap water. The Pb and Hg treatment mice were fed standard pellet diet, and were given
20 ppm of solutions prepared from Pb(II) citrate and
Hg(II) chloride, orally with catheter and daily for 14 days.
Radiation Exposure

Radiation procedure was carried out using an “ATC
Cobalt 60” instrument (Cirus, Cis-Bio Int - FRANCE). The
mice were treated with 10 Gy γ-radiation dose twice (at 1st
and 7th day of treatment) during 14 days. Five animals were
γ-irradiated at the same time, applied on a single peak wholebody to a depth of 3 cm during 15 min as described elsewhere [19]. The dose of γ–radiation in this study was selected as 10 Gy, because it induced an increase in frequency
of pathological liver and kidney injuries which was essential to investigate the effect of radiation on the selected biochemical parameters [20].
Biochemical Analysis

The blood samples were collected at the end of the 7th
and 14th day for biochemical analysis. Blood samples (approximately 1-1.5 ml) were collected from the heart via
cardiac puncture under ether anaesthesia into plain tubes.
They were centrifuged at 1200g and 4 ºC for 10 min, and
serum was kept at -25 ºC until analysis [4]. Serum biochemical parameters were measured with an “Olympus
AU600” model autoanalyzer using commercial diagnostic
kits. Animals were sacrificed by decapitation after exposure
to ether in a desiccator kept in a well-functioning hood. The
livers and kidneys were immediately removed and washed
in saline solution (0.9% NaCl).
Pathologic Examinations

During necropsy, liver and kidney samples of the mice
in each group were collected and fixed in 2.5% glutaraldehyde for 48 h. After 15 times washing in cacodylate buffer,
the tissues were fixated in osmic acid (osmium tetroxide)
for 2 h. After routine histologic tissue preparing procedure
in alcohol and xylene series, tissue samples were embedded
in paraffin and sectioned at a thickness of 4-5 µm. Hematoxylin and eosin-stained sections were evaluated in a
binocular light microscope.
Statistical Analysis

For the statistical analysis, differences between the
groups were tested by “Paired Samples and Independent TTests” using SPSS for Windows version 10.0. The data were
displayed as mean ± SE, and P values less than 0.05 were
considered to be significant.
RESULTS

Experimental Design

Serum Parameters

Albino mice were divided into 4 groups each consisting of 20 animals. Group I was treated with tap water, Group

The data related with AST, ALT, ALP, GGT, ALB
and TB are given in Tables 1-4. These results showed that
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selected biochemical parameters in all mice, exposed to γradiation as well as Hg and Pb metal ions, were significantly different from the control group. It was seen that the
AST, ALT, ALP and GGT levels significantly increased in
all treatment groups at the end of 7th day. In all mice, the
highest increase in enzyme levels was observed at 10 Gy γradiation dose, and the least one in Pb-treatment group. The
AST, ALT, ALP and GGT levels alternated about 565.20±
59.90, 308.30± 32.50, 135.80±15.65, and 18.50±4.03 U/L in
serum of radiation group mice, but about 334.50±36.47,
176.80± 21.82, 104.10±10.56, and 10.89±3.78 U/L in serum of Pb-treatment mice when compared to control, respectively, and differences were statistically significant (P<
0.05). The levels of all these enzymes showed a decrease
on 14th day. Even so, this decrease was still higher when
compared to control and 7th day-levels. Moreover, a con-

tinuous increase in the concentration of TB and a decrease
in that of ALB were observed at the end of 7th and 14th
days. The alteration ratio in concentrations of ALB and TB
was higher in mice exposed to γ-radiation than in Hg and
Pb-treated ones, and difference was again statistically significant (P<0.05). The lowest and highest concentrations of
ALB and TB were observed at 10 Gy γ-radiation dose at the
end of the 14th day. Serum ALB concentration decreased
about 1.20±0.23 g/dL and TB concentration increased about
0.27±0.04 mg/100 ml in serum of mice exposed to γ-radiation. Besides, the Hg-treated group showed a higher increase of TB and a lower decrease of ALB than the Pbtreated one. Concentrations of ALB were significantly reduced in serum of Hg treatment group with regard to to Pbtreated mice. On the contrary, serum TB concentrations
were increased and reached a peak level after 14 days.

TABLE 1 - Mean serum enzyme levels (U/L) in mice exposed to Pb, Hg and γ-radiation.
AST
ALT
ALP
GGT
7th day
14 th day
7th day
14th day
7th day
14th day
7th day
14th day
Group I
241.90±21.95
239.80±13.45
115.30±14.62
118.45±11.23
83.30±4.52
80.45±2.09
7.20±2.44
7.55±1.89
Group II
440.90±62.50
334.50±36.47
274.80±29.68
176.80±21.82 134.40±15.95 104.10±10.56 15.70±2.06 10.89±3.78
Group III
783.50±71.77
556.00±66.61
402.20±40.91
271.00±35.99 218.90±25.57 155.80±31.37 24.90±2.88 18.20±2.57
Group IV
1220.20±83.47
807.10±69.86
593.00±57.59
423.60±33.29 411.50±54.97 219.10±18.20 35.80±2.66 25.70±2.71
*Group I: control, Group II: Pb treatment group (20 ppm), Group III: Hg treatment group (20 ppm), Group IV: radiation group (10 Gy)
TABLE 2 - Statistical analysis of serum parameters measured at 7th day.
Group I

Group II

Group III

Group IV

Parameters
Mean
Mean
P
Mean
P
Mean
AST
241.90±21.9
440.90±62.5
++
783.50±71.7
++
1220.20±83.4
ALT
115.30±14.6
274.80±29.6
++
402.20±40.9
++
593.00±57.59
ALP
83.30±4.52
134.40±15.9
++
218.90±25.57
++
411.50±54.9
GGT
7.20±2.44
15.70±2.06
++
24.90±2.88
++
35.80±2.66
ALB
2.78±0.13
2.42±0.18
++
1.85±0.16
++
1.42±0.18
TB
0.07±0.03
0.11±0.01
+
0.16±0.01
++
0.20±0.03
*Group I: control, Group II: Pb treatment group (20 ppm), Group III: Hg treatment group (20 ppm), Group IV: radiation group (10 Gy).
**(Independent Samples T-Test); (+) : 0.05 > p > 0.001 significant; (++) : 0.001 > p more significant; (–) : p > 0.05 insignificant.

P
++
++
++
++
++
++

TABLE 3 - Statistical analysis of serum parameters measured at 14th day.
Group I

Group II
Group III
Group IV
Mean of
Mean of differMean of differP
Mean
P
Mean
differences
ences
ences
AST
239.80±13.45 334.50±36.47 92.60±24.06
++ 556.00±66.61 314.10±59.81
++ 807.10±69.86 565.20±59.90
ALT
118.45±11.23 176.80±21.82
61.50±26.76 ++ 271.00±35.99 155.70±41.01 ++ 423.60±33.29 308.30±32.50
ALP
80.45±2.09 104.10±10.56
20.80±10.74 ++ 155.80±31.37 72.50±30.89
++ 219.10±18.21 135.80±15.65
GGT
7.55±1.89
10.89±3.78
3.69±4.30
+
18.20±2.57
11.00±4.00
++
25.70±2.71
18.50±4.03
ALB
3.01±0.85
1.98±0.19
0.80±0.13
++
1.50±0.19
1.28±0.27
++
1.20±0.23
1.58±0.23
TB
0.05±0.09
0.14±0.02
0.07±0.03
++
0.20±0.02
0.14±0.04
++
0.27±0.04
0.21±0.05
*Group I: control, Group II: Pb treatment group (20 ppm), Group III: Hg treatment group (20 ppm), Group IV: radiation group (10 Gy).
** (Independent Samples T-Test): (+)
: 0.05 > p > 0.001 significant; (++): 0.001 > p more significant; (–): p > 0.05 insignificant
Parameter

Mean

Mean

TABLE 4 - Mean albumin (g/100 ml) and bilirubin (mg100 ml) concentrations in mice.
ALB
TB
7th day
14 th day
7th day
14th day
Group I
2.78±0.13
3.01±0.85
0.07±0.03
0.05±0.09
Group II
2.42±0.18
1.98±0.19
0.11±0.01
0.14±0.02
Group III
1.85±0.16
1.50±0.19
0.16±0.01
0.20±0.02
Group IV
1.42±0.18
1.20±0.23
0.20±0.03
0.27±0.04
*Group I: control, Group II: Pb treatment group (20 ppm), Group III: Hg treatment group (20 ppm), Group IV: radiation group (10 Gy).
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Pathology

In radiation group, macroscopically, multi-focal to
diffuse gray-yellowish foci were prominent in the liver
(Fig. 1). Histopathologically, multi-focal coalescent coagulation necroses, and severe hemorrhages were observed.
Regenerative hepatocytes with twin nuclei and giant hyperchromatic nucleus were determined (Fig. 2). In the kidney,
hydropic and vacuolar degenerations in the epithelial cells
lining the proximal convoluted tubules, hyperemia of some
cortical vessels and focal hemorrhages were seen. In chemical group, hepatic dystrophy characterized by severe-diffuse
hydropic degenerations and single cell necrosis of the
hepatocytes were detected (Fig. 3). In the kidney; epithelial
cells lining the tubules had eosinophilic cytoplasm and
picnotic nuclei, and some tubules contained desquamated
epithelial debris (Fig. 4). Disseminated calcifications in the
distal tubules were also present.

FIGURE 1− Gray to yellowish necrotic foci, especially
located in the border of the liver in radiation group.

FIGURE 3− Diffuse vacuolar and hydropic degenerations
in the cytoplasm of the hepatocytes in chemical group.

FIGURE 4− Parenchymatous degeneration in the epithelial cells
of the tubules and tubular calcifications in kidney (chemical group).

DISCUSSION AND CONCLUSION

FIGURE 2− In addition to necrosis of the hepatocytes,
hyperchromatic and giant nuclei of cell lines in radiation group.

In the present study, the selected serum parameters
were clearly alternated in mice treated with γ-radiation or
Hg and Pb ions depending on exposure time when compared
with the controls, and the differences were found to be statistically significant. The AST, ALT, ALP and GGT levels
were higher in mice exposed to γ-radiation than in mice
treated with heavy metal ions. This difference can be explained by higher damage of enzyme-stored tissues during
radiation exposure. As well-known, γ-radiation causes some
morphologic damages, such as vacuolization, membrane
defect, cell injury and cell death [21]. These damages may
occur by direct exposure of cells to radiation or free radicals
generated by γ-radiation. Hence, tissues may be released by
enzymes into blood, in the case of damage [20]. In this
regard, it can be thought that tissue and cell damages in
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liver and kidney caused by γ–radiation may be connected
with increasing of AST, ALT, ALP and GGT levels in
serum at the end of 7-days period. Our results on AST,
ALT, ALP and GGT levels showed similarity with the results of previous studies. For example, El-Missiry et al. [22]
investigated alteration of AST, ALT, ALP and GGT enzyme
levels in serum of rats after exposure to various doses of
γ-radiation. As a result, they reported a significant increase
in serum enzyme levels in mice exposed to γ-radiation. In
a similar study, Ramadan et al. [23] observed a significant
increase in the AST, ALP and GGT activities after wholebody γ-radiation (3 and 6 Gy) in mice.
At the same time, results from our study showed that
there were increasing levels of AST, ALT, ALP and GGT
enzymes Hg and Pb-treated mice after 7 days. The reason
of this increase may be related to liver damage. Namely,
Pb is rather a toxic metal when entering the body, and it is
transported to membrane sites of soft tissues (i.e. liver) via
blood and located in these regions. Pb may interact with
tissues directly, and this interaction may cause tissue injury
and mucosal tissue damage resulting in death or pathological changes [24]. Lead also interacts with essential cations,
such as Ca, Fe and Zn. As a result, it interferes with the
function of the Na+/K+-ATP pump, and alters fragility and
permeability of cellular membranes [25]. Cumulative effect
of these alterations is that enzymes stored in tissues may be
released into blood. Besides, Hg possesses similar effects
as Pb, especially a poisonous effect on rapidly growing
tissues. Hg breaks down barriers in the capillaries and caused
edema in the body. It is also creating toxic damages in liver
and kidney which caused mucosal degeneration [26, 27].
As a result, these enzymes may pass into blood rapidly from
cells belonging to liver and kidney. It has been reported that
some of the urea cycle enzymes leaked into serum from
hepatocytes when a liver damage occurred [28]. Our results
agreed with previous studies which have demonstrated the
involvement of the AST, ALT, ALP and GGT levels in
heavy metal-induced hepatoxicity. For example, Jagadeesan and Sankarsami-Pillai [4], Chougule et al. [3] and
Uyanik et al. [29] also observed an increase in serum
AST, ALT, ALP and GGT levels as a result of heavy metal
toxicity.
In the present study, levels of all these enzymes showed
a visible decrease at the end of 14th day in all treatment
groups. This result may be related to damage organic compounds of radiation and heavy metal ions. As is known,
structures of organic compounds, such as proteins and enzymes, are composed of hydroxyl, carboxyl and sulphydryl
groups of amino acids.
It is well-established that heavy metals can combine
with a large variety of organic molecules by interaction with
these groups [30, 31]. We think that, because of these interactions, Pb and Hg may behave as inhibitors of AST,
ALT, ALP and GGT enzymes. Kark [32] reported that Hg
has a strong affinity for sulfur, and inhibits the enzyme function and protein synthesis by binding to sulphydryl
groups. It is known that direct damage of γ-radiation on

nucleic acids, carbohydrates, lipids and proteins resulted in
change of target molecule structure. The radiation also
produces free radicals, such as hydrogen and hydroxyl,
which interact with macromolecules [33]. As cumulative effects of radiation and heavy metals on enzymes
and proteins, their activity may be reduced, or levels may
be dropped in serum. In this study, the levels of AST,
ALT, ALP and GGT enzymes were decreased in serum at
the end of 14 days due to the reasons mentioned above.
Pathologic changes detected in radiation and chemical
groups are good representatives of experimentally induced
liver and kidney damages. So, the methodology used in this
study has been confirmed by histopathological examinations. Additionally, diffuse necroses of the hepatocytes
and severe liver damage in radiation group showed accordance with the biochemical changes, such as increase in levels of the serum enzymes and TB, and decrease
in levels of the serum ALB. In radiation group, the severity of the liver lesions was lower than that detected in chemical group, but prominent kidney lesions were present. In
this case, serum biochemical result seems to be consistent
with the pathologic findings. When the biochemical and
pathologic findings are compared, liver damage has a
major role in increasing or decreasing levels of such
enzymes (ALT, AST, GGT, ALP), excretion (TB) or secretion (ALB). Secondly, kidney damage can also be related from alteration of serum levels of these biochemical
substances in the secretion (ALP and GGT), conjugation
(TB) and filtration (ALB) stages, but there were no prominent differences between the radiation and chemical groups
in the present study.
We have also observed a continuous increase in TB but
a continuous decrease in that of ALB, at the end of 7th and
14th days. This result may be explained with degradation of
protein structure by γ-radiation and heavy metal ions. When
proteins are exposed to radiation, disulfide groups of ALB
may be broken and the secondary structure of ALB may be
changed. Radiation also causes breakages in covalent bonds
of polypeptide chain, resulting in the formation of degraded
low-molecular-weight molecules. The heavy metal ions
possess effects parallel to that of radiation. The heavy metal
ions bind to hydroxyl, carboxyl and sulphydryl groups in
protein structure, and their activities may be decreased, inactivated or alternated. As a result of these effects, serum
ALB concentrations may be decreased after exposure period.
Gaber [34] reported a decrease in the molecular weight of
bovine serum ALB after exposure to γ-radiation. He showed
that γ-radiation caused disruptions, such as degradation,
cross-linking and aggregation in molecular structure of ALB.
One of the important roles of ALB is transport of bilirubin in blood. Bilirubin-binding ability of ALB may be decreased in case of damaged structure. In other words, the
bilirubin-binding site of ALB may be denatured by
radiation and heavy metals. As a result, concentration of
bilirubin may be increased in serum. Pedersen et al. [35]
reported a decrease of bilirubin-binding affinity due to
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conformational alteration in structure after photooxidation
of human serum ALB.
Our results are almost in accordance with the previous studies available so far. In fact, radiation and heavy
metal ions have been shown to have similar effects, in most
of the studies. However, this study is one of the pioneer
ones which focused on the relative effects of heavy metal
ions and γ-radiation influencing biochemical parameters.
Besides, it has been reported either a decrease or increase
in levels of serum AST, ALT, ALP and GGT by radiation
and chemical agents so far. But, this study is also one of
the rare ones showing an increase after the initial exposure, and a decrease in serum parameters after final exposure to radiation and heavy metal ions.
In conclusion, the present findings indicate that γ-radiation as well as Pb and Hg metal ions have serious effects on biochemical parameters of albino mice, and selected AST, ALT, ALP, GGT, ALB and TB parameters
are very sensitive and useful biomarkers for the determination of these effects.
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ABSTRACT
Species composition, abundance, and monthly distribution of mollusk fauna as well as physical and chemical
variables of Aksu River were investigated from February
2003 to July 2004. Mollusk fauna in Aksu River was represented by 10 taxa of Gastropoda and 3 taxa of Bivalvia.
Aksu River contains four different water quality regions
among the stations as unpolluted (E1), slightly polluted (E2,
Ç1, Ç2, A1, Ak1, Ak2), moderately polluted (Ç3, Ak3),
and highly polluted (I1, I2). Only Pisidium sp. was found
at the unpolluted station E1. Ancylus fluviatilis (O. F. Müller,
1774), Pisidium sp., Oxyloma elegans (Risso, 1826), and
Melanopsis praemorsa (Linnaeus, 1758) were found to be
dominant at slightly polluted stations. Valvata piscinalis
(O. F. Müller, 1774) and Physa acuta (Draparnaud, 1805)
predominated at moderately polluted stations. Only Physa
acuta was found at highly polluted station I2. No mollusk
specimens were observed at highly polluted station I1. It
was also observed that Physa acuta and Radix labiata (Rossmässler, 1835) can tolerate high levels of BOD5, NH3-N,
NH4-N, Cl and PO4-P but low DO levels.

between organisms and environment [2]. Mollusks constitute a large group in lotic systems with regular regimes; and
their distributions are in correlation with water quality
classes [3]. Mollusks are characteristic of streams with gradients and greater water hardness, nutrients, and suspended
solids associated with sedimentation and organic enrichment in streams affected by livestock grazing [4]. The distribution of gastropod species in rivers is specific, in spite of
the fact that many of them are tolerant to most physicochemical water parameters; and their occurrence is affected
by the quality of bottom sediments and vegetation abundance [5]. The distributions of freshwater snails depend on
water quality, e.g. pH, DO, calcium etc. and temperature. It
has been reported that the toxicity of most substances is influenced by such factors as temperature, turbidity, DO, pH,
CO2 and water hardness [6, 7]. Mollusks do not equally
responding to the physical-chemical parameters as physical and chemical changes in water are effective on growth
and distribution of aquatic gastropods [8, 9]. Mollusks
are basic indicator organisms commonly used in Biotic
indices in many countries; for example; Saprobic Index
[10] and Biotic Index for Pampean rivers [11].
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MATERIALS AND METHODS
Study area

INTRODUCTION
Urbanization and increasing industrial and agricultural activities expose most hydrographic basins to heavy
and rising environmental impacts, especially to the pollution by domestic and industrial waste residues. Recognizing that biodiversity as well as the functions and services
provided by aquatic ecosystems have changed markedly
over the years, in the last decade, limnological studies received more attention. The quality of running waters should
be assessed by the use of physical, chemical and biological parameters in order to provide a complete spectrum of
information [1]. Gastropoda and Bivalvia are likely to be a
common group of macrobenthic fauna in aquatic ecosystems. Mollusks react strongly to environmental changes.
This makes them suitable for studies of the relationship

Aksu River is one of the longest rivers (200 km) in
Southern Turkey. Isparta stream is the most important source
of Aksu River. Darıören, Ağlasun and Çukurca streams
constitute Isparta stream and connect to outflow of Kovada
Lake. This stream flows into Karacaören Dam-Lake I and
Karacaören Dam-Lake II. The whole river system with dam
lakes is named as Aksu River. The river is connected to the
sea in Aksu (Antalya). Apart from the wastes of Isparta
town, the major sources of waste are various inflowing
streams carrying wastes from surrounding settlements. The
river and dam-lakes are used for irrigation and fishery
(Fig. 1).
Gastropoda samples

Samples were collected per site (by checking all types
of substrates) monthly (February 2003 to July 2004) from
11 main stations on study area. The gastropods and bivalves
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FIGURE 1 - Sampling stations

were gathered by hand alive and dead plants, stones and
submerged objects and the sediments were sieved using a
sieve-mesh of 0.5 mm. Two or three random hauls of
bottom sediment were taken from each sampling site with
a grab sampler, which covered a surface area of 1 m2 and
penetrated to a depth of 5 cm. Materials were sampled from
11 study sites per 1 m2 area. Only living specimens were
considered. The samples were transferred to 75% ethanol.
The dissections and measurements of the genital organs and
shell were carried out using a stereo-microscope. Gastropod samples were identified to species level using taxonomic keys [12-18]. All collected materials were kept in
the Zoology Laboratory of Süleyman Demirel University
Science Faculty as collection material. Dominance was
used for the numerical analysis. Correlations between environmental parameters and mollusks were determined by
Pearson’s correlation coefficients.
Physical and chemical parameters

Water samples for chemical analyses were collected
monthly from 11 main stations, using pre-washed polyethylene bottles. All samples were analyzed within 12 hours
after collection. Water temperature, pH, dissolved oxygen
(DO) and conductivity were measured during sampling.
The levels of NO3-N, NH4-N, PO4-P, Cl and BOD5 were

determined in the laboratory according to the standard
methods [19]. Classification of water quality was performed
according to Klee [20].
RESULTS AND DISCUSSION
A total of 11 mollusk taxa, 8 belonging to Gastropoda
and 3 belonging to Bivalvia classes, were identified in the
present study on Aksu River. In addition to these, Physa
fontinalis (Linnaeus, 1758) and Galba truncatula (O. F.
Müller, 1774) were also determined in small springs in the
study area, but not in Aksu River system, so they were not
evaluated in relation to water quality. Of the gastropods,
Melanopsis praemorsa, Theodoxus heldreichi fluvicola
Schütt and Şeşen 1992, and Valvata piscinalis are belonging to Prosobranchia, but Ancylus fluviatilis, Gyraulus albus
(O. F. Müller, 1774), Physa acuta, Radix labiata, and Oxyloma elegans, to Pulmonata (Table 3). Dreissena polymorpha (Pallas, 1771) and Pisidium sp. belong to Veneroida
order and Unio crassus (Philipsson, 1788) to Unionoida
order of Bivalvia. A total of 4578 gastropod and 572 bivalve specimens were collected in the present study.
According to physical and chemical parameters, four
different water quality levels were observed on Aksu River
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system. E1 was unpolluted spring station and oligosaprobic. Slightly polluted stations, E2, Ç1, Ç2, A1, Ak1 and
Ak2, were oligosaprobic/betamesosaprobic, moderately
polluted stations Ç3 and Ak3 were betamesosaprobic and
highly polluted stations I1 and I2 polysaprobic, according
to Klee [20]. Station I1, on which no mollusk specimens

were observed, was under pressure of organic and inorganic
pollution of wastewaters from Isparta City, so all physical
and chemical parameters were recorded to be extremely
high, except DO, and a half step increase was observed at
I2 (Table 1).

TABLE 1 - Average values of water quality parameters and classes corresponding to levels.
Station

E1

E2
I1

I2

Ç1

Ç2

Ç3

A1

Ak1

Ak2

Ak3

Max.
Min.
Average
Max.
Min.
Average
Max.
Min.
Average
Max.
Min.
Average
Max.
Min.
Average
Max.
Min.
Average
Max.
Min.
Average
Max.
Min.
Average
Max.
Min.
Average
Max.
Min.
Average
Max.
Min.
Average
Max.
Min.
Average

Temp.
(ºC)

pH

15
5.7
9.82
22
6.6
14.52
25.6
7.7
17.46
25.5
9.5
18.42
18.5
8.6
14.66
18.5
8.6
14.66
25
8.7
17.72
23.6
9.1
17.11
17
6
12.21
23
9
16
35
11
21.2

8.7
7.6
8.18
8
7.1
7.62
8.2
6.9
7.83
8.7
6.9
8.02
8
7
7.54
8
7
7.54
8
7
7.62
7.9
7
7.57
8.5
7.8
8.25
8.4
7.9
8.16
8.4
7.9
8.15

DO
BOD5 PO4-P
NH4 -N NO3-N (mg
(mg/L) (mg/L) O /L) (mg/L) (mg/L)
2
0.26
2.5
10.9
1.9
0.28
0
0
8.7
1
0
0.06
1.23
9.55
1.4
0.01
0.33
1.16
8.89
6
1.51
0
0
5.26
1
0
0.06
0.25
6.96
2.8
0.39
5.55
2.725
7.32
49
10.65
0.17
0.479
4.3
3.5
1.5
2.83
1.52
5.3
15.77
3.24
4.86
2.605
7.31
55
7.87
0.79
0.415
4.8
3
1.3
2.75
1.23
5.37
15.44
2.69
0.153
3.14
8.4
6
0.152
0
0.06
5.91
2
0
0.01
0.55
6.67
3.13
0.04
0.15
3.14
8.4
6
0.15
0
0.06
5.91
2
0
0.01
0.55
6.37
3.13
0.04
0.68
2.49
8.4
3.5
2
0
0.28
6.1
2
0
0.0706
0.76
6.87
2.66
0.3
1.7
1.77
9.32
14
0.166
0
0.335
6.09
2
0
0.12
0.78
7.22
4.61
0.04
4.01
5.2
11.4
2.5
1.2
0
0
9.2
1.2
0
1.624
1.5
10.07
1.9
0.34
1.3
2.3
9.8
2.5
0.8
0.4
0.11
7.8
1.7
0
0.91
1.27
8.74
2
0.4
1.6
4.5
9
2.52
0.4
0
0
7.6
1.2
0
0.85
2.14
8.32
1.94
0.13

EC
Chloride
(µmhos/cm) (mg/L)
260
110
175.5
460
344
386.11
765
400
605.78
690
430
555.11
670
349
477.17
670
349
477.17
446
350
394.17
462
366
406.39
427
165
258.77
414
210
284.5
680
295
429.55

4.61
2.6
3.17
7.8
3.9
5.3
62.5
8.5
34.36
54.9
9.2
29.03
10.6
4.25
6.85
10.6
4.25
6.85
7.8
4.2
5.92
8.5
4.2
6.21
9.98
4.6
7.99
80.8
6.9
14.63
34.3
8.76
20.55

Water quality Classes
(Klee. 1990) [20]
oligosaprob
I

I-II

oligosaprobic/
betamesosaprobic
polysaprobic

IV
polysaprobic
IV

I-II

oligosaprobic/
betamesosaprobic

I-II

oligosaprobic/
betamesosaprobic

I-II

oligosaprobic/
betamesosaprobic
betamesosaprobic

II

I-II

oligosaprobic/
betamesosaprobic

I-II

oligosaprobic/
betamesosaprobic
betamesosaprobic

II

Bivalvia

Gastropoda

TABLE 2 - Dominancy of gastropod species in stations.
Dominancy levels for each station (%)
Ç2
Ç3
A1

Taxa
Prosobranchia
M. praemorsa
T. h. fluvicola
V. piscinalis
Pulmonata
A. fluviatilis
G. albus
P. acuta
R. labiata
O. elegans
Veneroida

E1

E2

I2

Ç1

-

-

-

-

-

100

-

100
-

100
-

81.61
-

40.76
-

D. polymorpha
Pisidium sp
Unionoida
U. crassus

100

-

-

18.39

-

-

-

-

Ak1

Ak2

Ak3

-

-

70.65
-

2.88
-

-

16
84

44.45
17.06
14.64
16.81

7.2
7.58
10.19

16.93
42.88
37.29

59.24

-

-

6.06
1.4

-

-

-

-

-

-

4.43

-

1452

© by PSP Volume 18 – No 8. 2009

Fresenius Environmental Bulletin

The most pollution tolerant species was Physa acuta
and found in I2 station which is polysabrobic. Physa acuta,
Gyraulus albus and Radix labiata were found in Ak1, Ak2
and Ak3. Ancylus fluviatilis was the most abundant species in Ç1 and Ak1. In Ak2, Melanopsis praemorsa was
found to be most abundant, but not found in any other
station. Pisidium sp. was the most abundant and dominant
taxon in Ç2., while Valvata piscinalis was found in Ç3,
Oxyloma elegans in A1, Dreissena polymorpha and U.
crassus in Ak2, and Theodoxus heldreichi fluvicola in Ak3,
respectively (Table 2).
Ancylus fluviatilis and Pisidium sp. were found consistently in Ç1 and Ç2, Valvata piscinalis in Ç3, while
Gyraulus albus, Physa acuta, Radix labiata and Ancylus
fluviatilis in Ak1, Gyraulus albus, Physa acuta, Radix
labiata and Melanopsis preamorsa in Ak2, Gyraulus albus,
Physa acuta and Radix labiata in Ak3, respectively (Table 3).
In Aksu River, temperature ranged between 5.7-37 °C,
and negative significant correlation with Ancylus fluviatilis
and Dreissena polymorpha as well as a positive one with
Oxyloma elegans was determined (p<0.01). Melanopsis
praemorsa, Gyraulus albus, Physa acuta, Radix labiata and
Dreissena polymorpha were positively correlated with pH
values (p<0.01), while a negative correlation was observed
for Pisidium sp. (p<0.01) and Oxyloma elegans (p<0.05).
EC values ranged between 110-765 µmhos/cm. All taxa,
except Pisidium sp., Theodoxus heldreichi fluvicola and
Oxyloma elegans, evidenced negative correlations with
conductivity. Chloride showed a significant positive correlation with Physa acuta (p<0.01), and a significant negative correlation with Ancylus fluviatilis (p<0.05). A positive
correlation with Physa acuta (p<0.01) and NH4-N was observed while it was negative with Pisidium sp. (p<0.01).
NO3-N showed a significant positive correlation with Radix
labiata, followed by Gyraulus albus and Theodoxus heldreichi fluvicola. Also a negative correlation was observed
between Pisidium sp. and NO3-N. Pisidium sp. was characteristic for spring waters or nearby unpolluted waters
which have rich oxygen content [10]. DO showed a high

significant positive correlation with Gyraulus albus (p<
0.01), but a high negative one with Oxyloma elegans (p
0.05), followed by Valvata piscinalis. Significant correlations with BOD5 were found for Radix labiata, Gyraulus
albus and Ancylus fluviatilis, respectively.
E1, Ç1, Ç2 and Ak1 were the stations with the highest
DO levels and the least pollution parameters. The most
dominant taxon in Ç1 was Ancylus fluviatilis, generally
found in clean and well-oxygenated waters, in contrast to
many pulmonates [18], and able to live in classes’ I-II and
II [3]. Its occurrence is usually limited to rocky and lotic
habitats, or to the stony bottom [21]. Dillon [22] characterized it is a litophilous rather than rheophilous species.
In the Warta river, Ancylus fluviatilis was collected both
from the localities with high flow (1.5 m s−1) and low flow
of 0.5 m s−1 [5]. It inhabited the sides of stones covered
with algae, as in other habitats [21]. Gyraulus albus was
found in A1, Ak1, Ak2 and Ak3 stations which were
slightly and moderately polluted. Gyraulus albus is
known to be a widespread and euryoecious species [2325]. Çabuk et al. [8] and Gallardo et al. [26] determined
Gyraulus albus in polluted waters. However, the species
was found in I-II level classes on Aksu Rivers system.
According to Capitulo et al. [11], the family Physidae
is very tolerant to pollution. Physa acuta in most studies
has been shown to be an indicator of organic pollution to
critical degrees [3, 8, 23]. In this study, although it was
found in other quality classes (I-II and II), the highest
abundance was in critically polluted parts (station I2). Radix
labiata, which was to be found in Ak1, Ak2 and Ak3, is
common in Europe, northern Africa, as well as central,
northern and eastern Asia [27-30], and in Turkey, except
SE of Turkey [25]. Radix labiata was determined in slightly
polluted sites (I-II quality level) and showed a significant
correlation with DO values (Table 4). Oxyloma elegans was
also found in slightly polluted sites. Melanopsis praemorsa
is a common psorobranch snail in Turkey [18], as well as
in Mediterranean countries from Italy to Syria and Mesopotamia [31], it was found only in Ak2 station which was
slightly polluted.

Bivalvia

Gastropoda

TABLE 3 - Frequency of species in stations.
Taxa
Prosobranchia
M. praemorsa
T. h. fluvicola
V. piscinalis
Pulmonata
A. fluviatilis
G. albus
P. acuta
R. labiata
O. elegans
Veneroida
D. polymorpha
Pisidium sp
Unionoida
U. crassus

Frequency levels for each station (%)
Ç2
Ç3
A1

E1

E2

I2

Ç1

-

-

-

-

-

-

38.9
-

38.9
-

100
-

66.6

-

-

-

-

-

Ak1

Ak2

Ak3

-

-

-

100
-

22.2
-

100
-

-

38.9
55.55

100
94.4
100
100

94.4
100
94.4

88.9
88.9
88.9

100

100

-

-

44.4
44.4

-

-

-

-

-

-

-

77.8

-
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TABLE 4 - Correlation between gastropod species and water quality parameters.
Taksonlar
M. praemorsa

Temp
-.004

PH
.212(**)

E.C.

Cl

-.250(**)

NH4 -N

.019

NO3 -N

.012

.055

DO

BOD5

PO4 –P

.207(**)

-.109

-.056

T.h. fluvicola

.048

.082

.084

.077

.007

.154(*)

.047

-.053

-.042

V. piscinalis

-.003

-.077

-.035

-.083

-.118

.005

-.144(*)

-.060

-.041

A. fluviatilis

-.203(**)

.023

-.088

-.173(*)

-.067

-.043

.227(**)

-.142(*)

-.154(*)

G. albus

.019

.351(**)

-.324(**)

.003

.090

.177(*)

.442(**)

-.164(*)

-.099

P. acuta

.060

.352(**)

-.026

.252(**)

.329(**)

.130

.318(**)

.128

.231(**)

.046

.336(**)

-.281(**)

.039

.097

.208(**)

.408(**)

-.170(*)

-.106

.224(**)

-.207(**)

.031

-.092

-.101

-.031

-.180(*)

.027

-.088

R. labiata
O. elegans
D. polymorpha

-.194(**)

.201(**)

-.238(**)

-.086

.169(*)

.026

.356(**)

-.088

-.039

Pisidium sp.

-.071

-.289(**)

.152(*)

-.167(*)

-.227(**)

-.173(*)

.169(*)

-.091

-.152(*)

Unio crassus

.080

.148(*)

-.158(*)

.016

.004

.054

.114

-.074

-.039

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed).

Theodoxus heldreichi fluvicola was positively correlated (p<0.05) with NO3-N (Table 4). Yıldırım [18] reported
Theodoxus heldreichi fluvicola in several springs and their
extensions from Burdur City. Yıldırım and Karaşahin [32]
evaluated the physio-chemical features of localities where
Theodoxus heldreichi fluvicola was found around Eğirdir,
and stated that it is a stenoecious sub-species distributed
generally in unpolluted springs with high oxygen concentration. It was that Theodoxus heldreichi fluvicola inhabits
the littoral of slow-flowing streams rich in epilytic algae,
together with clean springs [9]. Generally, Valvata piscinalis lives in stagnant and slow-flowing waters with moderate pollution (quality level II) [2], and was negatively
correlated with physicochemical parameters, especially with
DO (p<0.05). The water-flow at the Ç3 station was rather
slow and water quality level was I-II. This species presence
has been associated with oligotrophic near-shore zones [33].
Valvata piscinalis tolerates varying calcium concentrations,
and generally does not require very high temperatures to
survive [33, 34]. Dreissena polymorpha can be encountered generally in lakes, and it was found to be abundant in
station Ak1. Ak1 was downstream of the dam-lake where
regulators were found, Convenient conditions for Dreissena polymorpha were negatively correlated with temperature and EC (p<0.01, and positively with pH, DO (p<0.01)
and NH4-N (p<0.05) (Table 4).

River system mostly live in water quality classes I, I-II and
II, except Physa acuta as the most tolerant taxon and found
in all determined water quality classes of Aksu River system.
Freshwater mollusks can be used to determine the water quality levels. An increase of freshwater studies in Turkey could be observed in recent years [8, 9, 35-38], but still
the present knowledge is far from being sufficient; especially
that concerning physico-chemical studies in comparison to
faunistic or taxonomic ones.

Pisidium sp., was determined at stations E1, Ç1 and
Ç2, and correlated with pH, NH4-N (p<0.01), Cl, NO3-N,
EC and PO4-P (p<0.05) negatively, but with DO (p<0.05)
positively (Table 4). U. crassus showed a negative correlation with EC, but a positive correlation with all the other
parameters (Table 4).
According to Çabuk et al. [8], Gyraulus albus, Physa
acuta and Oxyloma elegans can tolerate a high level of
NO3-N while Valvata piscinalis distributed in unpolluted
regions. However, in this study, it was found that Physa
acuta was tolerant to high levels of Cl-, EC, NO3-N, NH4N and PO4-P. It was found that mollusks inhabiting Aksu
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ABSTRACT
This paper reports the first occurrence of yessotoxin
(YTX) in the shellfish Mytilus galloprovincialis (Lamarck,
1819), collected from a localized site in the Trogir bay, in
the costal area of the eastern-mid Adriatic Sea (Croatia).
Mussel samples were collected in the summer of 2006 from
July to October, twice a month. Analysis of shellfish toxicity was performed by mouse bioassay, HPLC and ELISA.
The obtained results demonstrate the predominant presence
of YTX. Phytoplankton analysis of sea water samples,
collected in the investigated area, showed the occurrence
of two potential sources of YTX, Lingulodinium polyedrum
and Gonyaulax spinifera.

KEY WORDS: Eastern-mid Adriatic Sea, ELISA, G. spinifera, L.
polyedrum, mouse bioassay, Yessotoxin.

INTRODUCTION
Red tide blooms are a phenomenon that has frequently
been recorded in the central Adriatic Sea for several past
decades. The presence of toxic phytoplankton species could
lead to mass mortality of wild and farmed fish and shellfish, but also to human poisoning by consumption of intoxicated seafood. Toxicity in the eastern-mid Adriatic is
usually ascribed to the diarrheic group of toxins, which include okadaic acid (OA), dinophysistoxin derivates (DTXs),
and pectenotoxins (PTXs) [1-4].
Accumulation of these toxic substances in shellfish
digestive glands could cause diarrheic shellfish poisoning
(DSP) in humans. Intoxication is characterized by several
gastrointestinal disturbances. In the past, yessotoxin (YTX)
was associated with DSP too. It often accompanies DSP
toxins, such as OA, DTX-1 and PTXs, and gives positive
results when tested by the conventional mouse bioassay
used for detecting DSP toxins [5]. YTX and its derivatives
are lipophilic disulphated polyether compounds [6]. YTX

is different from other DSP toxins as being non- diarrhaegenic. Contrary to OA, YTX does not inhibit protein phosphatases 2A, and the mechanism of its action is different
from that of diarrhaegenic toxins [7]. Mouse lethality
of YTX by intraperitoneal injection (0.1 mg/kg) is highest
among all DSP toxins [8]. The toxicological risk of YTX to
humans is still relatively unknown [9], although some cardiotoxic and neurological effects have been recorded [10].
YTX is produced by the dinoflagellates Protoceratium
reticulatum (Claparède and Lachmann, 1885), Lingulodinium polyedrum (Stein, 1883), and Gonyaulax spinifera
(Claparède and Lachmann, 1859) [11, 12, 13]. It was originally isolated from scallops in Japan [6]. Also, it has been
found in shellfish from Norway, Chile, Italy, New Zealand, and the Russian White Sea [14].
In this paper, we provide first data on the occurrence
of yessotoxin in the coastal area of the eastern-mid Adriatic Sea (Croatian territorial waters) (Fig. 1). The investigated area is characterized by very developed tourism and
a high population density (around 10% of the population
of the Republic of Croatia inhabiting that area). In the
nearby area, there is large fishery activity and aquaculture
production, and, therefore, consumption of seafood is very
significant. Hence, these results could have an important
role in prevention from human health disorders, as well as
for the economic stability of the local community.
MATERIALS AND METHODS
Sampling

Samples of the mussel Mytilus galloprovincialis were
collected from the Trogir bay (44°30.6’N; 16°13.8’E) in
the costal waters of the eastern-mid Adriatic. Sampling was
conducted in the summer of 2006 from July to October,
twice a month. The mussels were collected at a depth of
0.5 m, and stored at –20 °C.
Phytoplankton analysis

Composition of the phytoplankton community in waters surrounding the sampling site was determined accord-
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FIGURE 1 - Location of sampling station in the coastal waters of the Eastern Adriatic Sea.

ing to Utermöhl [15]. Seawater samples were taken twice
a month at the surface, and preserved in 0.5% glutaraldehyde solution. Counting and identification of the organisms
was conducted in 25-ml aliquots using an Olympus IX 50
inverted microscope.
Mouse Bioassay

Analysis of DSP toxins by mouse bioassay was preformed according to Yasumoto et al. [16]. This method is
sensitive for DSP and YTX toxicity. Toxins were extracted
from mussel hepatopancreas using acetone. After evaporation, the residue was partitioned between diethyl ether and
water. The organic fraction was evaporated to dryness, and
the residue was dissolved in 4 ml 1% (v/v) Tween 60.
Aliquots (1 ml) of this solution were administered to the
mice (strain BALB/C, weight limits 18-20 g) intraperitoneally. Three parallel tests were preformed and the reaction of
the mice was observed during 24 h after treatment or until
death. The median death time is reported.
High-performance Liquid Chromatography

HPLC analysis was performed according to Quilliam
et al. [17]. Homogenized shellfish hepatopancreas (2 g) was
extracted with 8 ml MeOH/H20 (8/2, v/v). Following centrifugation (3 min, 6000-10000 rpm), an aliquot (2.5 ml) of
the supernatant was mixed with MeOH/H 2 0 (8/2, v/v)
(2.5 ml) and extracted twice with 5 ml n-hexane. After
rejection of the hexane layers, 1 ml 0.2% HAc was added
to the aqueous phase. Following two extractions with chloroform (6 ml), the combined organic fractions were evapo-

rated to dryness. The precipitate was reconstituted with
100 µl deoxycholic acid (DCA) and 400 µl methanol.
Derivatization was carried out using 9-anthryldiazomethane (ADAM) in methanol, followed by separation on
HPLC using fluorometric detection at λex= 365 nm and
λem= 412 nm. The occurrence of OA was examined by
comparison with standard samples of OA.
Enzyme-linked Immunosorbent Assay Method (ELISA)
for the determination of Yessotoxin (YTX)

Shellfish hepatopancreas (2 g) was homogenized, using a Polytron homogenizer (2 min, 10000 rpm), in 18 ml
90% methanol. The homogenate was centrifuged at 3000 g
for 10 min at room temperature. The supernatant was retained for analysis.
Analysis is based on a competitive binding assay
where free yessotoxin and yessotoxin analogues in the sample are competing with a plate-coated YTX-conjugated protein for binding to specific anti-YTX antibodies. The antibodies are labeled with horseradish peroxidase (HRP), and
the amount of anti-YTX-HRP conjugate bound in the wells
is measured after addition of substrate, which upon reaction with the HRP enzyme gives a blue product. The product turns yellow when the enzymatic reaction is stopped by
addition of acid. The color intensity is measured spectrophotometrically, and is inversely proportional to the concentration of YTX and YTX analogues in the sample. The
assay is calibrated using a standard solution of YTX supplied in the ELISA kit from Biosense laboratories (Bergen, Norway).
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RESULTS AND DISCUSSION
Samples of the mussel M. galloprovincialis were collected during the summer of 2006 at a localized site in the
Trogir bay (eastern-mid Adriatic Sea). This area is under
high influence of nearby settlements and industries. The
mouse bioassay for DSP detection revealed intoxication
of shellfish samples collected on the 22 July, 21 August,
31 August and 21 September 2006, based on a survival
time less then 24 h (Table 1).
HPLC analysis confirmed the absence of the common
DSP compound, OA. Considering the short mouse survival time of less than 1 h obtained in samples from July
and August 2006, the toxicity data obtained by mouse
bioassay were checked using an ELISA test for YTX. The
results obtained by ELISA (Table 1) demonstrate the presence of YTX at concentrations ranging from 247-1870 µg/kg
of hepatopancreas. The obtained results are in accordance
with those of other authors where a lethal intraperitoneal
YTX dose of 100 µg/kg hepatopancreas was found [8],

while Ogino et al. [7] reported values ranging from 0.089 to
0.286 µg/kg hepatopancreas. Although other authors have
found YTX in the northern Adriatic [18], these results
report the first occurrence of YTX in the eastern-mid Adriatic area (Croatian territorial waters).
Phytoplankton analysis of seawater collected in the
investigated area showed two potential sources of YTX,
L. polyedrum and G. spinifera. Both species are known as
producers of YTX. Toxicity events at the end of August
have been most likely caused by high concentrations of G.
spinifera recorded at the beginning of August (Table 1).
Accumulation of cells in shellfish after the determined period
most likely caused an increase in toxicity on the 31 August
(1123 µg/kg) compared to the 21 August (418 µg/kg). Toxicity events in July and September could be attributed to the
occurrence of L. polyedrum (Table 1).
These results contribute to the general knowledge on
shellfish toxicity and phytoplankton composition in the
Adriatic Sea.

TABLE 1 - Mouse bioassay yessotoxin concentration (ELISA) in correlation with phytoplankton composition
and cell abundance (Monitoring was conducted in the Trogir bay, central Adriatic, during the summer of 2006).

Prorocentrum micans
Prorocentrum rostratum
Gonyaulax sp.

Cell abundance
(cell/dm3)
160 x 103
80 x 103
160 x 103

L. polyedrum

80 x 103

01 August

Prorocentrum micans
Prorocentrum rostratum
Gonyaulax spinifera
Gonyaulax sp.

2800 x 103
400 x 103
1040 x 103
80 x 103

11 August

Prorocentrum micans
Gonyaulax spinifera

240 x 103
160 x 103

Date of sampling

Median mouse survival time
(hours)

Concentration of YTX
(µg/kg hepatopancreas)

13 July
22 July

<1

1870

Phytoplankton composition

21 August

<1

418

Dinophysis sacculus
Prorocentrum micans
Gonyaulax spinifera

80 x 103
80 x 103
80 x 103

31 August

<1

1123

Gonyaulax spinifera

80 x 103

Prorocentrum micans
Prorocentrum minimum

80 x 103
240 x 103

Prorocentrum micans
Gonyaulax sp.
L. polyedrum

80 x 103
160 x 103
240 x 103

Gonyaulax sp.

80 x 103

11 September

21 September

< 24

247

02 October

CONCLUSION
The analyzed data have shown that in the eastern-mid
Adriatic YTX occurs at concentrations that can cause a positive mouse bioassay. Species-associated with these toxici-

ty events are L. polyedrum and G. spinifera. The occurrence of YTX and the possibility of its recurrence in shellfish samples could represent a serious threat to human health
as well as a damage to the shellfish farming industry. Therefore, in further studies, it is recommended to monitor the
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abundance and the distribution of the phytoplankton species which are responsible for the production of YTX, and
to measure the toxin concentration in phytoplankton cells
to verify their role as the source organisms of toxin production.
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EFFECT OF SALINITY ON EXTRACELLULAR POLYMERIC SUBSTANCES (EPS) AND SOLUBLE MICROBIAL
PRODUCTS (SMP) IN ANAEROBIC SLUDGE SYSTEMS
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ABSTRACT
This paper investigated the effect of salinity on EPS,
SMP in an anaerobic sludge system, and compared the effects of different salts (NaCl, KCl, CaCl2 and MgCl2) on
EPS and SMP at salt shocking conditions (0 to 30 g L-1).
Results indicate that high salinity greatly affects EPS and
SMP production. EPS accumulation suggested a protective
response by bacteria. However, enough high salinity would
make microorganisms loose their ability to produce EPS.
There were no significant changes in SMP production at
salt (NaCl, KCl, CaCl2 and MgCl2) concentrations below
5 g L-1, while SMP accumulation was observed at salt concentrations above 5 g L-1. The carbohydrates played a more
crucial role in both EPS and SMP production than the
proteins in resisting the salt shocking in the anaerobic
sludge system. A significant correlation was observed
between the SMP concentration and the specific COD
degradation rate for different salts.

KEYWORDS: Salinity, anaerobic sludge, EPS, SMP, COD.

INTRODUCTION
Extracellular polymeric substances (EPS) are highmolecular polymeric compounds (Mw>10,000), which originate from excretion of bacteria, cell lysis, and the adsorption of wastewater organic matter [1]. Soluble microbial
products (SMP) are regarded as soluble EPS, an important
contribution to the effluent COD in biological treatment
systems [2]. EPS also have an important effect on the performance of biological wastewater treatment systems [3].
EPS can protect microorganisms from the unfavorable external environment [4-5], supply carbon and energy under
the conditions of nutrient deficiency [6-7], and absorb nutrients, organic pollutants and heavy metals [6, 8-9].
As is well-known, high salinity has inhibitory or toxic
effects on bacteria in biological wastewater treatment systems. Salt concentrations (>1%) in wastewater cause plas-

molysis and loss of activity of cells [10-11], thereby resulting in lower removal efficiencies of organic matters.
High salinity can cause disintegration of flocs and granules,
and affect physicochemical properties of sludge [12-13].
Salinity changes would cause a microbial shift, thereby
resulting in changes of EPS/SMP production and composition [14]. Therefore, the investigation of the regularity of
EPS and SMP production with changes of salinity is very
necessary for the purpose of improving the stability and
the efficiency of salinity wastewater treatment systems.
Numerous studies have reported about salinity wastewater treatment by biological systems, including the effect of salinity on the COD removal [10], nitrification [15,
16], denitrification [17, 18], biological phosphorus removal
[19], refractory compounds degradation [20, 21], and the
settling properties of sludge [22, 23], the effect of operating conditions, such as hydraulic residence time (HRT), the
sludge age (SRT), C/N or C/N/P on the efficiency of salinity wastewater treatment systems [24-27], changing salinity
or shocks of NaCl on the reactor performance [28, 29], utilization of salt-tolerant microorganisms to improve the removal efficiencies of organic matters from saline
wastewater [11, 30], and microbial community analysis [31,
32]. But there are only a handful of papers mentioning the
effect of salinity on EPS and SMP in biological wastewater
treatment systems, and most of them focused the effects of
NaCl on EPS and SMP in aerobic systems. However, there
was a lack of information about the effects of other salts
(KCl, CaCl2 and MgCl2) on EPS and SMP, particularly for
anaerobic systems. Therefore, the aim of this paper was to
investigate the effect of different salts (NaCl, KCl, CaCl2
and MgCl2) on EPS and SMP at salt concentrations ranging from 0 to 30 g L-1 in the anaerobic sludge system.
Moreover, the correlations between SMP, EPS and COD
removal at salt shocking conditions were studied.
MATERIALS AND METHODS
Wastewater composition

The synthetic wastewater used throughout this study
was composed of 2 g L-1 glucose, 0.1 g L-1 NH4Cl, 0.03 g L-1
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KH2PO4, 0.1 g L-1 CaCl2·2H2O, 1 g L-1 MgSO4·H2O (1
ml of trace mineral solution [33] was added to 1 L of
synthetic wastewater). NaHCO3 was used as a buffer to
adjust the mixed solution pH to about 7.0 at the beginning. Different salts (NaCl, KCl, CaCl2 and MgCl2) were
added to the synthetic wastewater at concentrations of 1,
5, 10, 20, and 30 g L-1.
Sludge

The anaerobic sludge was sampled from Jiangxing Continent Municipal Wastewater Treatment Plant (Nanjing,
China) where the A/O process was used, and then cultivated in an UASB (upflow anaerobic sludge blanket) reactor with a working volume of 3 L.

NaCl was below 10 g L-1. The EPS level increased slowly
when NaCl further increased from 10 to 20 g L-1, and then
decreased sharply when NaCl exceeded 20 g L-1. EPS
reached a maximum value at 20 g L-1 NaCl. This result is
in accordance with Zhao et al. [37] who showed that 20 g
NaCl L-1 led to the maximum EPS production at NaCl
levels ranging from 0 to 30 g L-1 in the biological aerated
filter. SMP was found to increase slightly when NaCl
increased from 0 to 5 g L-1, and increased rapidly when
NaCl was between 5-30 g L-1. Reid et al. [38] studied the
effect of NaCl concentration ranging from 0 to 4 g L-1 on
SMP, and also found that SMP increased with increasing
salt concentration in activated sludge. Therefore, 30 g NaCl
L-1 could lead to the maximum SMP production in the
study.

The continuous treatment of synthetic wastewater was
performed in the UASB reactor at an organic loading rate
of 0.5 kg COD/m3·day. The operating temperature and pH
were kept constant at 35±2 ºC and 7.0±0.2. The UASB
reactor was continuously operated at zero salinity concentration for more than one month to reach a steady state.
In order to study the effect of salinity on EPS and
SMP, batch tests were performed in serum bottles. Every
bottle was filled with the anaerobic sludge inoculated from
the UASB and the synthetic wastewater including various
salt concentrations, which was subsequently operated for
24 h under anaerobic conditions at 35±2 ºC.
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Fig. 1 shows the effect of NaCl concentrations on EPS
and SMP. EPS was found to increase rapidly when NaCl
increased from 0 to 10 g L-1, indicating that more EPS
were produced by bacteria against the salt shocking when
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Fig. 2 shows that EPS increased rapidly when KCl
increased from 0 to 1 g L-1. This result is similar to that of
Kara et al. [39] who found that EPS increased from 28.2
to 44.4 mg/g VSS when KCl increased from 0 to 0.78 g L1
in activated sludge. Then, EPS increased slowly when
KCl increased from 1 to 30 g L-1, up to 54.3 mg/g VSS at
30 g L-1 KCl. SMP was found to change little when KCl
increased from 0 to 5 g L-1, but increased rapidly when
KCl was between 5-30 g L-1. The maximum level of SMP
was 2.34 mg/g VSS at 30 g L-1 KCl.
EPS concentration(mg/gVSS)

EPS and SMP were extracted using a cation exchange
resin (CER) (Dowex Marathon C, sodium form, 20-50
mesh). The exchange resin (70 g CER/g VSS) was added
to a 50-ml sample and mixed at 600 rpm for 2 h at 4 ºC.
Then the mixture was centrifuged at 10,000 g for 20 min to
remove mixed liquor suspended solids (MLSS), and the
centrifuged supernatant was collected as a sum EPS and
SMP sample. Untreated sludge was centrifuged at 10,000 g
for 20 min, and the centrifuged supernatant was collected
as SMP sample (even though some portion of SMP came
from the influent). The difference between these two measurements was the EPS concentration. Carbohydrates were
determined according to the anthrone method using glucose as standard [34]. Proteins were determined according
to the Lowry method using bovine serum albumin as
standard [35]. The levels of chemical oxygen demand
(COD), MLSS and mixed liquor volatile suspended solids
(MLVSS) were determined using Standard Methods [36].
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FIGURE 2 - Effect of KCl concentrations on EPS and SMP.
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Effect of CaCl2 concentrations on EPS and SMP
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was a maximum concentration of EPSC (carbohydrate) at
2 g L-1 MgCl2. However, the results from Fig. 4 show that
EPS and EPSC levels reached a maximum value at 10 g L-1
MgCl2. The different conclusions might be due to different
microorganism groups, sludge concentrations and cultivating conditions of microorganisms. The SMP level remained
almost unchanged when MgCl2 increased from 0 to 5 g L-1,
and then increased rapidly when MgCl2 increased from 5
to 30 g L-1. The maximum concentration of SMP was 7.94
mg/g VSS at 30 g L-1 MgCl2.
SMP and the specific COD degradation rate

Fig. 5 shows the relationship between SMP concentration and specific COD degradation rate. SMP increase would
result in the decrease of specific COD degradation rate,
and SMP concentration had a significant negative correlation with the specific COD degradation rate for different
salts. However, no clear correlation of EPS concentration
with the specific COD degradation rate was found in the
current study (data not shown). This revealed that SMP
concentration, rather than that of EPS, is an important factor that affects specific COD degradation rate.
180

the specific COD degradation rate
(gCOD/(gVSS·d))

70

SMP concentration(mg/gVSS)

EPS concentration(mg/gVSS)

Divalent cations, such as calcium and magnesium, have
a major role in binding EPS which help to aggregate and
stabilize the biopolymer and microbes matrix [40]. Fig. 3
shows the effect of CaCl2 concentrations on EPS and SMP.
EPS increased rapidly when CaCl2 increased from 0 to 5 g
L-1, but increased slightly at CaCl2 levels between 5- 20 g
L-1, and then decreased when CaCl2 exceeded 20 g L-1.
Sheng et al. [7] found that the EPS concentration of the
photosynthetic bacterium Rhodopseudomonas acidophila
changed slightly when CaCl2 increased from 0 to 5 g L-1.
The different conclusions might be due to be related to microorganism groups or sludge concentration. The SMP level
was found to change little when CaCl2 was varied from 0
to 5 g L-1, and then increased rapidly when CaCl2 increased from 5 to 30 g L-1. The maximum concentration of
SMP was found to be 0.76 mg/g VSS at 30 g L-1 CaCl2.

30

EPS(carbohydrate)
SMP(total)
SMP(protein)

FIGURE 3 - Effect of CaCl2 concentrations on EPS and SMP.

2

R = 0.7770(CaCl2 )

160

NaCl
KCl
CaCl2
MgCl2

140
120
100
2

80

R = 0.9021(NaCl)

60
2

40

R = 0.8642(MgCl2 )

20

2

R = 0.9478(KCl)

70

9

60

8
7

50

6

40

5

30

4
3

20

2

10

1

0

0
0

5

10

15
20
MgCl 2 （g/L）

EPS(total)
EPS(protein)
SMP(carbohydrate)

25

0

SMP concentration(mg/gVSS)

EPS concentration(mg/gVSS)

0
2

4

6

8

10

SMP(mg/gVSS)

FIGURE 5 - Relationship between SMP and the
specific COD degradation rate for different salts
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FIGURE 4 - Effect of MgCl2 concentrations on EPS and SMP.
Effect of MgCl2 concentrations on EPS and SMP

Fig. 4 shows that EPS increased rapidly when MgCl2
increased from 0 to 1 g L-1, increased only slightly when
MgCl2 increased from 1 to 10 g L-1, and finally decreased
rapidly when MgCl2 increased from 10 to 30 g L-1. Li et
al. [41] studied the effect of MgCl2 concentrations from
0.05 to 3 g L-1 on Dunaliella salin, and found that there

High salinity could cause EPS and SMP accumulation
(Figs. 1-4). Microorganisms aggregate individual cells, accelerate endogenous respiration, and release EPS and SMP
from secretion by bacteria and cell lysis in order to resist the
salt shocking [38]. EPS accumulation suggested a protective response by bacteria. This might be due to the fact that
the EPS layer formed a small space around the cell wall
that could alleviate the osmotic disequilibrium on cells and
prevent cell damage from high osmotic pressure [42]. However, enough high salinity could inhibit strongly microbial
activity, resulting in the loss of the ability to produce EPS
for microorganisms.
From Figs. 1-4, it can be seen that there were no significant changes in SMP production at salt (NaCl, KCl,
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CaCl2, MgCl2) concentrations below 5 g L-1. However, SMP
accumulation was observed at salt levels above 5 g L-1,
and higher SMP values were obtained at higher salt concentrations. Cell lysis is the main factor that contributes to
SMP accumulation in the presence of toxicants in anaerobic biological wastewater treatment systems [43]. In the
study, high salt concentrations (above 5 g L-1) had an adverse
effect on microbial metabolism and activity resulting in
more cell lysis which exerted a greater impact on enhancing SMP production. It can be seen that MgCl2 seemed to
have more beneficial effect on enhancing SMP production
than the other salts at the same concentrations, whereas it
was contrary for CaCl2 (Figs. 1-4). This might suggest
that the inhibitory effect of MgCl2 on microbial activity
was more than that of the other salts, but lower for CaCl2.
It was also found that NaCl and KCl had similar effects
on enhancing SMP production at the same salt concentrations (Figs. 1-2), possibly indicating that the degree of
inhibition of both salts on microbial activity was similar.

CONCLUSIONS
From the findings above, the following conclusions can
be drawn:
EPS accumulation suggested a protective response by
bacteria against salt-shocking. However, enough high salinity would make microorganisms loose their ability to produce EPS. A maximum EPS production was obtained at
20 g NaCl L-1, 30 g KCl L-1, 20 g CaCl2 L-1 and 10 g
MgCl2 L-1, respectively. There were no significant changes
in SMP production at the salt concentration below 5 g L-1,
but SMP accumulation was observed at salt levels above
5 g L-1. MgCl2 had more and CaCl2 had less beneficial
effects on enhancing SMP production than the other salts
at the same concentrations.
Carbohydrate was the main contributor to accumulate
EPS and SMP production, indicating that it plays a crucial
role in resisting salt-shocking in anaerobic sludge systems.

From Fig. 5, it can be seen that higher SMP production could cause lower COD degradation rates for different salts in anaerobic sludge system. This might be due to
the fact that SMP production had a toxic effect on microorganisms resulting in reducing the efficiency of
wastewater treatment system [44]. In anaerobic
wastewater treatment systems, by controlling SMP production, the COD removal efficiency could be improved.

A significant negative correlation was observed between the SMP concentration and the specific COD degradation rate for the different salts, demonstrating that SMP
level is important in affecting the specific COD degradation rate.

From Figs. 1-4, results clearly showed that carbohydrate concentration was higher than that of protein in both
EPS and SMP. This agrees with results reported by Sutherland et al. [45] and Zhang et al. [46]. Gram-positive bacteria contain a large amount of polysaccharides compared
with Gram-negative ones [47]. Higher carbohydrate levels
in anaerobic sludge might be due to the predominance of
Gram-positive bacteria in sludge flocs. The EPS composition mainly depended on wastewater type and operating
conditions of the wastewater treatment plant. In addition,
the type of organic substances (sucrose was used as carbon source in our study) had an important influence on
EPS and SMP composition.
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Carbohydrate was the main contributor to EPS and
SMP production, indicating it played a crucial role in
resisting the salt shocking in the anaerobic sludge system
used. However, the protein in both EPS and SMP changed
slightly in our study. This suggested that the salt shocking
had no obvious influence on protein in both EPS and SMP
of anaerobic sludge. This agrees with results reported by
Sheng et al. [7] who found that the protein in EPS changed
little for the photosynthetic bacteria when CaCl2 increased
from 0 to 5 g L-1. Instead of that, Reid et al. [38] found
that the protein in both EPS and SMP increased when NaCl
increased from 0 to 4 g L -1 in activated sludge. These
different conclusions might be related to different topics,
such as microorganism groups, sludge concentration, cultivating conditions of microorganisms and the composition
of wastewater.
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ABSTRACT

INTRODUCTION

Mineralogical, geochemical and contamination status
of stream sediments of the rivers Drini i Bardhë, Morava
e Binçës, Lepenc and Sitnica, which are of supra-regional
interest, are presented for the first time. From the results obtained by X-ray fluorescence spectroscopy (XRF), it was
concluded that the sediments of Drini i Bardhë River are
weathering products of sandstones; the sediments of Morava e Binçës, Sitnica and of the upper course of Lepenc
are weathering products of magmatic rocks and sandstones;
the sediments of the lower stretch of Lepenc are weathering
products of magmatic rocks, sandstones and carbonates. The
concentration of major and minor elements was determined
by inductively coupled plasma mass spectroscopy (ICPMS), the amounts of P and S by inductively coupled plasma
in combination with optical emission spectrophotometry
(ICP-OES), and the amounts of Hg by cold vapor in combination with adsorption atomic spectroscopy (CV-AAS).
Assessment of sediment contamination with toxic elements
was performed by comparison with the existing criteria for
sediment quality. Results obtained by the box plot method
showed the regions with determined anomalous element
concentration values in stream sediments of Kosovo. Two
locations in Sitnica River at Fushë Kosova (Kosovo Polje)
and Mitrovica are significantly polluted as a result of Zn
and Pb ore processing and Zn electrolysis. In the lower
course of Morava River, sediments are contaminated with
Cd. Increased concentrations of Mn were observed near
the source of Drini i Bardhë River, suggesting natural
origin. Continuation of sediment monitoring is recommended, particularly on Sitnica and Morava rivers,
which flow through Serbia to enter ultimately the Black
Sea.

KEYWORDS: Rivers of Kosovo, stream sediments, chemical
composition, geochemical anomalies, pollution assessment

Overexploitation of nature and uncontrolled use of
natural resources, including inadequate processing of industrial wastes have caused large contamination of world ecosystems by toxic metals (Hg, Pb, Cd, Cu, Zn, Ni, Mn) which
generally show considerable accumulation in river sediments. Decomposition of organic matter and pollution due
to anthropogenic activity are the main sources of pollution
of water and stream sediments [1]. Sediments (silt and clay)
containing toxic heavy metals, inorganic and organic substances are important for studying water pollution [2]. Therefore, a multidisciplinary collaborative research is essential
for understanding the processes of mechanical and chemical
weathering of rocks, their products, the manner of release
and consumption of CO2, and other natural processes to
better understand the geochemical cycles associated with
various trace elements. Based on the results of such studies, it will be possible in the future to propose protection
and detoxification measures of affected sediments and river
waters and general protection and remediation of ecosystems. Considering more-lasting pollution in sediments in
comparison to river water pollution, as well as adsorption
of toxic elements, during last decades the interest for morphological and geochemical analysis of river sediments considerably increased, which is evident from increasing number of publications of this scope in many journals. This
work is a continuation of earlier studies of sediments in the
area of nearby countries of Croatia and Slovenia [3- 10].
We could claim that the most polluted areas in the world
are those with the densest population. It should therefore be
the foremost goal of environmentalists to prevent such
pollution, and to educate the population towards proper
management of ecosystems [11].
The aim of the current work is to perform, for the first
time, a research on mineralogical, geochemical and contamination status of the stream sediments (fraction <63 µm)
of the rivers Drini i Bardhë, Morava e Binçës, Lepenc and
Sitnica. These rivers, which belong to different watersheds,
have drainage basins that cover a large area of Kosovo, being as well of supra-regional interest. The sampling sites in
Kosovo Rivers are, for the first time, geographically posi-

1466

© by PSP Volume 18 – No 8. 2009

Fresenius Environmental Bulletin

tioned using GIS (Geographic Information System). The
results were interpreted using modern statistical methods
that can be used to locate pollution sources. Locations at
which anomalous element concentration values have been
determined, and where certain toxic elements should be
monitored and sediments possibly remediated, were highlighted.

the river banks to avoid possible contamination from the
bank material. About 3-5 kg of sediment was collected at
each sampling site to provide enough material of fraction
<63 µm for mineralogical and geochemical analysis. The
material was transported in plastic bags. Samples were dried
in air at 20-25º C for 3 weeks. Coarse material was separated using a sieve of 40 mesh, and afterwards with the
standard sieve of 63 µm, Fritsch (Germany).

MATERIALS AND METHODS
Study Area

In terms of geotectonic setting, Kosovo is located within the Dinaric Mountains. All three divisions of rocks,
namely magmatic, sedimentary and methamorphic, of Precambrian to Quaternary ages are present in the territory of
Kosovo [12]. The sediments of the rivers in Kosovo are
composed of alluvial deposits containing largely varying
proportions of unconsolidated to semi consolidated sand
and gravel materials [13]. The study area with the sampling locations is shown in Fig. 1. Details about all sampling sites are presented in Table 1. The area covers all four
main drainage basins of Kosovo: the rivers Drini i Bardhë,
Morava e Binçës, Lepenc and Sitnica. Kosovo is located
between 41°51’ - 43°16’ N and 20°01’ - 21°48’ E. It is
mainly situated on two plains, surrounded by mountains;
the Dukagjin (Metohija) Plain at 330-550 m and the Kosovo Plain at 500-600 m above the sea level.
Sampling and sample preparation

Sampling of stream sediments within the drainage basins of Drini i Bardhë, Morava e Binçës, Lepenc and
Sitnica was performed between 23rd and 30th September
2004. The weather was relatively warm and dry, with low
water levels, which was very suitable for sampling. The
sediments which were in contact with running water were
sampled manually, using a metal bucket of the dimensions
25 x 8 x 3 cm. Sampling was performed at distance from

FIGURE 1 - Study area with sampling stations.

TABLE 1 - Sampling stations at the rivers in Kosovo with detailed locality description.
Sample
D1
D2
D3
D4
D5
M1
M2
M3
M4
M5
L1
L2
L3
L4
L5
S1
S2
S3
S4
S5

River
Drini i Bardhë
Drini i Bardhë
Drini i Bardhë
Drini i Bardhë
Drini i Bardhë
Morava e Binçës
Morava e Binçës
Morava e Binçës
Morava e Binçës
Morava e Binçës
Lepenc
Lepenc
Lepenc
Lepenc
Lepenc
Sitnicë
Sitnicë
Sitnicë
Sitnicë
Sitnicë

Locality
Radavc
Katundi i ri
Klina
Bridg Fsheji Gjakovë
Nashec, Prizren
Binçë
Kllokot
Partesh
Dobërçan
Kormini i ulët
Brod
Kovaçec
Kaqanik
Elez Han
Elez Han
Lipjan
Fushë Kosovë
Obiliq
Vuqiternë
Mitrovicë

Flowing to river
Fierza (Albania)
Fierza (Albania)
Fierza (Albania)
Fierza (Albania)
Fierza (Albania)
J. Morava (Serbia)
J. Morava (Serbia)
J.Morava (Serbia)
J.Morava (Serbia)
J.Morava (Serbia)
Vardar (Macedonia)
Vardar (Macedonia)
Vardar (Macedonia)
Vardar (Macedonia)
Vardar (Macedonia))
Ibri (Kosovo)
Ibri (Kosovo)
Ibri (Kosovo)
Ibri (Kosovo)
Ibri (Kosovo)

Watershed of
Adriatic Sea
Adriatic Sea
Adriatic Sea
Adriatic Sea
Adriatic Sea
Black Sea
Black Sea
Black Sea
Black Sea
Black Sea
Aegean Sea
Aegean Sea
Aegean Sea
Aegean Sea
Aegean Sea
Black Sea
Black Sea
Black Sea
Black Sea
Black Sea

Determination of mineralogical composition
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Coordinates
42º44’12” N; 20º18’19” E
42º34’36” N;20º19’37” E
42º42’36” N; 20º34’26” E
42º22’08” N; 20º32’50” E
42º14’21” N; 20º38’52” E
42º17’01” N; 21º21’44” E
42º22’15” N; 21º24’14” E
42º23’58” N; 21º28’03” E
42º28’02” N; 21º34’56” E
42º29’41” N; 21º35’39” E
42º16’17” N; 21º07’51” E
42º14’25” N; 21º14’24” E
42º12’59” N; 21º15’12” E
42º09’07” N; 21º17’34” E
42º08’27” N; 21º17’49” E
42º31’23” N; 21º06’09” E
42º37’14” N; 21º04’11” E
42º46’00” N; 21º00’23” E
42º50’15” N; 20º55’35” E
42º53’48” N; 20º52’58” E

Height above sea level (m)
734
487
348
319
287
538
477
471
450
421
646
478
466
399
361
535
528
510
492
480
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Mineralogical composition was determined by the XRD
method, using a Philips PW 1050 X-ray diffractometer with
a proportional counter and Cu-Kα irradiation at the Faculty of Mining and Geology in Sofia, Bulgaria. For interpretation, Powder Diffraction File [14] was used. Mineralogical composition was determined semi-quantitatively as
described by Boldrin et al. [15].
Geochemical characterization

Determination of major elements in stream sediments
(fraction <63 µm) was performed in commercial laboratory
ACTLABS, Ontario, Canada, using FUS-XRF method and
equipment for irradiation beam (WDS, XRF, ARL 8410)
as well as program 4C. Concentrations are expressed as percentages of the corresponding oxides. Following standards
were used: DNC-1, W2, SY-3, SGR-1 and BE-N.
Multielemental analysis of the samples (<63 µm) by
ICP-MS was carried out by ACTLABS laboratory with the
program “Ultratrace 2”. The procedure was as follows: 0.5 g
of sample was dissolved in aqua regia at 90 ºC in a microwave digestion unit. The solution was diluted and analyzed
with a Perkin Elmer SCIEX ELAN 6100 ICP-MS instrument. For analysis, the following reference materials were
used: USGS GXR-1, GXR-2, GXR-4 and GXR-6, which
were analyzed at the beginning and after each series of
samples. Elements Ti, P and S were analyzed with ICP-OES
(Inductively Coupled Plasma Optical Emission Spectrometry) using a Perkin Elmer OPTIMA 3000 ICP spectrophotometer.
Although this digestion is not total, its use is justified
because the international standard methods for determining action limits are based on aqua regia leach [16].
Mercury was determined also in ACTLABS, using the
same solution as prepared from the sediment fraction
<63 µm for ICP-MS analysis. The program 1G-Hg-CV was
used as well as international standards SO-2, GXR-4, GXR2 and GXR-1. Determination was performed using CVAAS method (Cold Vapor Atomic Adsorption Spectrometry). Hg was oxidized in the solution till the state of stable
divalent ions has been reached. Their concentration was
determined using Hg vapor, which is adsorbed at the wavelength of 253.7 nm, along with the reducing of Hg (II) in
evaporating state (Hg0), using SnCl2. Argon was run through
the mixture of the sample and the reducing solution, which
transported Hg atoms into adsorption cell situated in beam
of atomic adsorption spectrophotometer. According to

Beer’s law, adsorbed emission intensity is proportional
to the concentration of Hg atoms in emission beam of
λ = 253.7 nm.
Statistical methods

Program Statistica 6.0 [17] has been used for all statistical calculations in this work: cluster analysis of Qmodality, determination of basic statistical parameters and
anomalies (extremes and outliers).
RESULTS
Mineralogical composition

Results of semi-quantitative mineralogical analysis of
the selected sediment samples (fraction <63 µm) are presented in Table 2. Quartz is the most abundant mineral,
followed by different minerals from feldspar group (albite,
microcline, plagioclase), mica group (muscovite, biotite),
chlorite group, calcite group and hornblende group (amphibole).
XRF analysis of major components

Results of XRF analysis of major components, expressed as percentages of the corresponding oxides, are
presented in Table 3. In all samples prevail SiO2 (36.38 –
82.58 %), Al2O3 (5.12 – 13.87 %), CaO (1.28 – 22.69 %)
and Fe2O3 (2.18 – 8.32 %). Other oxides are less abundant. In Table 3 are also presented the data for Loss of
Ignition (LOI, ω / %). For better comparison, Fig. 2 (a-d)
presents the distribution of major component oxides and
LOI in each river.
ICP-MS and ICP-OES analyses of major and trace elements

Table 4 presents concentrations of major and trace
elements in stream sediments (fraction <63 µm). The results
represent the first database of stream sediment analysis in
Kosovo. The database will be used in statistical calculation
and in physico-chemical assessment of sediment quality.
CV-AAS analysis of Hg

Table 4 includes also the concentrations of Hg (ppm) in
sediments (fraction <63 µm) at all sampling stations. Concentrations range from 0.247 ppm in Lepenc River (station
L3) to the highest concentration of 11.900 ppm observed
in Sitnica River (station S5). Fig. 3 shows Hg concentrations in the region for all sampling sites.

TABLE 2 - Minerological composition of stream sediments (fraction <63 µm) of the
rivers of Kosovo, estimated according to Boldrin et al. [15] from X-ray diffraction patterns.
Sampling locations
D2
M2
L2
S1
S2
S3
S4
S5
Explanations: +++ (> 30 %); ++

Quartz
+++
+++
+++
+++
+++
+++
+++
+++
( 10 - 30 %); +

Feldspar group
++
++
++
++
++
++
++
+
( 5 – 10 %); (+)

Mica group
(+)
++
++
(+)
(+)
+
+
+

(< 5 %); - not detected
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Chlorite group
(+)
+
+
(+)
(+)
(+)
+
+

Calcite group
++
(+)
+
(+)
(+)
(+)

Hornblende group
(+)
-
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TABLE 3 - Results of XRF analysis of major components of sediments (fraction <µm) of
the rivers Drini i Bardhë, Morava e Binçës, Lepenc and Sitnica, expressed as weight % of oxides.
Station

SiO2
%
64.43
58.11
62.03
56.27
70.53
65.95
61.04
58.52
63.64
58.51
59.57
58.86
82.58
41.32
36.38
61.13
64.08
62.21
63.67
61.37

D1
D2
D3
D4
D5
M1
M2
M3
M4
M5
L1
L2
L3
L4
L5
S1
S2
S3
S4
S5

Al2O3
%
11.19
11.59
10.05
9.10
9.31
11.86
12.78
13.37
12.80
13.87
12.52
12.35
5.12
6.98
6.74
12.34
9.35
11.80
12.03
11.47

Fe2O3
%
4.57
4.85
4.27
4.66
4.25
4.73
5.31
6.15
4.46
5.55
7.90
6.99
2.18
3.42
3.60
6.44
5.79
5.13
5.12
8.32

MnO
%
0.556
0.280
0.133
0.141
0.147
0.107
0.164
0.162
0.121
0.154
0.152
0.187
0.048
0.078
0.088
0.289
0.384
0.217
0.191
0.285

MgO
%
1.89
1.92
1.40
2.77
1.65
1.98
1.80
2.34
1.47
1.88
3.49
4.00
0.76
2.12
2.56
1.77
2.49
2.05
1.73
1.49

CaO
%
4.45
4.79
6.27
9.80
2.99
2.54
2.84
3.35
4.07
4.10
3.45
3.80
1.28
21.12
22.69
2.21
2.73
3.33
2.66
2.79

Na2O
%
0.81
0.95
1.20
1.72
2.07
1.67
1.78
2.06
2.85
2.38
2.31
1.74
0.87
0.85
0.82
1.14
1.09
1.26
1.45
0.86

K2 O
%
2.11
1.97
1.50
1.14
1.11
1.93
2.45
2.14
2.26
2.30
1.66
1.66
0.83
0.92
0.92
1.81
1.37
1.70
1.75
1.92

TiO2
%
0.58
0.67
0.67
0.64
0.71
0.87
0.91
1.03
0.89
1.01
1.40
0.96
0.70
0.63
0.62
0.77
0.76
0.76
0.82
0.67

P2 O5
%
0.13
0.16
0.11
0.17
0.17
0.13
0.24
0.23
0.23
0.24
0.26
0.16
0.06
0.13
0.16
0.30
0.27
0.17
0.19
0.27

Cr2O3
%
0.03
0.02
0.07
0.21
0.08
0.04
0.04
0.04
0.02
0.02
0.18
0.10
0.04
0.03
0.04
0.04
0.27
0.06
0.06
0.05

LOI*
%
7.340
11.770
10.420
11.480
5.096
7.569
8.482
8.804
4.926
7.506
5.306
7.729
2.901
20.010
21.830
9.780
8.414
9.304
8.042
8.394

Total
%
98.09
97.08
98.12
98.11
98.11
99.38
97.85
98.20
97.74
97.52
98.20
98.54
97.37
97.61
96.45
98.02
97.00
97.99
97.71
7.75

* LOI - loss upon ignition at 900° C

80

70

D1
70

M1

D2

60

M3

50

D4
50

M4

D5

Weight / %

Weight / %
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D3

60

40
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M5

30
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0

0
SiO2

Al2O3

Fe2O3

MnO

MgO

CaO
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K2O
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P2O5

Cr2O3

LOI*

SiO2

(c)

Al2O3 Fe2O3

MnO
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CaO
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K2O
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P2O5

Cr2O3

LOI*
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FIGURE 2 - Distribution of oxides and of LOI (in %) in stream sediments
of rivers Drini i Bardhë (a), Morava e Binçës (b), Lepenc (c) and Sitnica (d).

STATISTICAL ANALYSIS
Determination of basic statistical parameters

minimal and maximal concentration, variance, standard
deviation, skewness and curtosis.

Table 5 presents basic statistical parameters for 56 elements in 20 samples of stream sediments (fraction <63 µm)
which can be considered as preliminary values until a larger dataset has been collected. For each element, the values are given as arithmetic mean, geometric mean, median,

Determination of anomalies (extremes and outliers)

Table 6 presents the identified anomalous geochemical data (extremes and outliers) both for the toxic and
lithogenic elements, using experimental data from Table 4
and box plot approach [18].
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Cluster analysis of Q-modality

of 3 clusters, clusters 1 and 3 remain the same, with only
2 locations, and cluster 2 is composed of 16 locations.
Samples L 4 and L 5 show strong anomaly of lithogenic
elements Ca and Sr. Samples D3 and D4 show strong
anomaly of Sr.

Cluster analysis of Q-modality was performed on the
total set of geochemical data from Table 4. Sampling stations were grouped in 3 and 4 clusters. In Table 7 are pre
sented the results of Q-modality cluster analysis, with the
distances given in parenthesis, using 4 clusters. In the case

TABLE 4 - Concentrations of 63 elements (ppm) in stream sediments (fraction
<63 µm) of the rivers of Kosovo (Drini i Bardhë, Morava e Binçës, Lepenc and Sitnica).
Station

Element
(ppm)
D1
Ca
Fe
Al
Mg
Mn
K
P
S
Na
Zn
Ni
Pb
Ba
Cr
Sr
Cu
Ce
Co
V
La
Ti
Li
Y
Nd
Au
Th
Ga
As
Sc
Dy
Sn
Sm
Rb
Gd
Pr
Sb
Cs
Er
Zr
Cd
Be
B
Hg
Mo
Nb
Ho
Se
Eu
Tb
Yb
Tl
U
Bi
Lu
Hf
W
Tm
Ge
In
Ag
Te
Ta
Re

D2

D3

D4

D5

29500 33100 46600 64400 17800
25600 28500 24700 25100 23700
15700 17500 17600 12600 12300
7300 8300
6100 12100
6600
3790 2050
1040
977
1040
1300 1500
1800
1300
1300
380
480
330
510
550
210
380
180
210
270
90
100
140
120
120
75.50
88
58.9
55.1
49.7
84.00
85
137
163
82.4
44.90
51.3
23.4
19.3
18.4
109.00
93.3
98.2
74
81.8
45.00
73
81.4
84
58.3
24.70
35.9
85.5
121
43.3
91.20
63.5
71.9
42.5
22.3
35.80
20.7
39.8
28.2
42.5
26.40
20.4
19.4
19.7
16.6
27.00
35
39
40
34
13.80
8.8
17.1
12.8
18.7
100.00
200
100
1000
800
26.30
30.2
22.4
14.3
13.4
9.53
8.99
10.3
10.8
91.2
16.30
10.6
18.7
13.9
18.6
0.0276
0.0174 0.0005 0.0005 0.0005
2.60
2.1
4.1
3.3
3.9
4.60
5.21
4.3
3.96
3.58
6.30
7.4
6.8
4.5
6
2.40
3.4
4.1
3.8
2.8
2.27
2.06
2.42
2.38
2.22
6.94
2.22
5.37
3.45
1.77
3.80
3.1
4.3
3.3
4
12.00
13.4
20.3
10.8
11.4
3.30
2.9
3.5
2.9
3.4
4.00
2.5
4.8
3.5
4.8
0.52
0.76
0.36
0.32
0.28
1.44
1.5
1.34
0.82
0.73
0.90
0.9
1.1
1.2
1
0.60
0.5
0.6
0.7
0.9
0.65
0.49
0.2
0.19
0.14
0.90
1
0.8
0.6
0.6
<1.00
<1
<1
<1
<1
0.94 0.557 0.502 0.799 0.598
0.68
0.61
0.25
0.2
0.41
0.30
0.4
0.3
0.5
0.6
0.40
0.4
0.4
0.4
0.4
0.40
0.7
0.4
0.5
0.3
0.80
0.7
0.8
0.6
0.8
0.40
0.4
0.4
0.4
0.4
0.50
0.6
0.6
0.8
0.7
0.18
0.14
0.17
0.1
0.12
0.40
0.4
0.4
0.4
0.4
0.37
0.26
0.19
0.14
0.11
<0.10
<0.1
<0.1
<0.1
<0.1
<0.10
<0.1
<0.1
<0.1
<0.1
<0.10
<0.1
<0.1
<0.1
<0.1
0.10
0.1
0.1
0.1
0.1
<0.10
<0.1
<0.1
<0.1
<0.1
0.04
0.03
0.03
0.02 <0.02
0.08 0.123 0.055 0.199 0.041
0.26
0.15
0.06
0.04
0.06
<0.05 <0.05 <0.05 <0.05 <0.05
<0.0010 <0.001 0.001 0.001 0.001

M1

M2

14900 16500
26100 31200
12500 15200
8300
8000
765
1180
1100
2100
360
770
200
430
70
130
136
102
109
91.5
188
57.8
96.10
137
72.40
70.9
26.40
50.1
39.50
38.5
31.60
49
15.30
17.3
29.00
42
14.50
23.9
200.00
400
23.80
25.1
7.87
11.4
15.10
23.6
0.0166 0.0159
3.10
6
3.81
4.5
17.20
12.1
2.60
3.4
1.82
2.64
2.57
2.01
3.10
4.7
10.50
20.6
2.70
4
4.00
6.1
1.80
0.82
0.81
2.8
0.80
1.2
0.50
1.2
0.26
0.27
0.60
1
<1.00
<1
0.665 0.629
0.29
0.43
0.40
0.8
0.30
0.5
0.30
0.4
0.60
0.9
0.30
0.5
0.60
0.8
0.12
0.19
0.40
0.8
0.49
0.24
<0.10
<0.1
<0.10
<0.1
<0.10
<0.1
0.10
0.1
< 0.10
< 0.1
0.05
0.03
0.168
0.14
0.05
0.07
<0.05 <0.05
<0.001 <0.001

M3

M4

M5

15300
34500
18800
8300
1010
2200
730
400
160
91.9
80.6
46.6
128
76.6
48.5
34.3
44.8
18.6
73
21.4
900
21.3
12.9
20.7
0.463
6.3
5.67
9.2
6.2
2.8
1.92
4.3
23.3
3.8
5.3
0.56
3.01
1.4
3
0.3
1.1
<1
0.749
0.37
0.7
0.5
0.6
0.9
0.5
1
0.23
0.9
0.23
0.1
<0.1
<0.1
0.2
< 0.1
0.03
0.258
0.04
<0.05
0.001

20400 19900
15200 20200
7500 161000 160000
22400 28700
35800 33600
11700 20600 17800
11100 18900
14400 18800
6300 10000
8000
5200
7100
14600 15600
3400 11000 11400
603
899
707
1190
246
428
479
1800
2900
1000
1400
800
1600
1200
800
750
800
480
190
410
480
240
340
550
160
90
230
310
160
160
210
210
110
130
80
78.7
142
79.70
72.1
32
40.6
41.1
40.6
66.4 107.00
220
41.3
83
102
136
102
72.50
37.8
11.5
16.1
19.2
71.4
111
80.30
76.1
31.7
55.6
66
39.1
61.5
75.30
152
35.7
60.2
58.7
43
47.4
30.70
42.7
12
93.6
98.3
31.8
34.3
41.40
43.4
11.6
21
23.1
42.4
51.7
47.70
38.9
26.1
25.2
17.8
10.7
15.5
19.80
25.8
6.3
11.7
12.1
41
60
48.00
54
17
32
24
20.3
25
22.70
18.2
12.8
12.9
9.1
900
1000 1200.00
1100
400
500
300
10.1
17.9
17.70
19.4
5.1
10.7
9
14.9
16.5
9.70
10.5
4.55
8.77
7.52
19.5
23.6
21.60
17.8
11.9
12.1
8.59
0.0012 0.0048 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005
6.4
7.5
5.20
4.7
2.5
3.2
2.4
3.67
5.91
4.71
5.47
1.94
6.28
2.47
12.2
16.3
8.10
9.6
2.3
4.2
4.7
3.3
5.4
3.60
6.2
1.3
2.8
1.9
3.07
3.62
2.44
2.38
1.12
1.72
1.44
3.66
2.86
2.55
1.28
0.61
0.83
1.1
4.1
4.9
4.40
3.9
2.3
2.5
1.9
18.7
27.2
8.40
12.5
7.7
14.9
10.9
3.6
4.3
3.60
3.2
1.8
2.2
1.8
5.2
6.3
5.70
4.7
3.2
3.1
2.3
5.76
1.17
0.40
0.4
0.15
0.24
0.29
1.93
3.07
0.72
0.9
0.61
1.12
0.85
1.6
1.8
1.10
1.2
0.5
0.9
0.8
1.5
1.6
0.60
1.3
0.8
0.7
0.6
4.24
21.3
0.25
0.14
<0.01
0.27
0.29
0.7
1.1
0.40
0.6
0.2
0.5
0.3
<1
<1
<1.00
<1
<1
<1
<1
0.812
1.26
0.441
0.471
0.247
0.269
0.423
0.44
0.41
0.49
0.39
0.11
0.24
0.24
0.6
0.8
0.50
0.3
0.3
0.5
0.3
0.6
0.6
0.40
0.4
0.2
0.3
0.3
0.3
0.5
0.40
0.3
<0.1
0.6
0.3
0.7
0.9
0.90
0.8
0.4
0.5
0.4
0.5
0.6
0.40
0.4
0.2
0.3
0.2
1.2
1.5
0.80
0.9
0.4
0.7
0.6
0.19
0.29
0.08
0.13
0.09
0.13
0.1
1.1
1.2
0.70
0.5
0.4
0.5
0.4
23
33
0.15
0.14
0.07
0.11
0.13
0.2
0.2
<0.10
0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.10
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.10
<0.1
0.2
0.1
0.1
0.2
0.2
0.10
0.2
< 0.1
0.1
< 0.1
< 0.1 < 0.1
0.10
0.1
< 0.1
< 0.1
< 0.1
0.03
0.06
0.02
0.02
<0.02
<0.02
<0.02
0.16 0.212
0.107
0.085
0.047
0.046
0.047
0.06
0.06
0.08
0.05
0.04
0.05
0.06
<0.05 <0.05
<0.05
<0.05
<0.05
<0.05
<0.05
0.001 <0.001 <0.001 <0.001 <0.001
0.001 <0.001
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L1

L2

L3

L4

L5

S1

S2

13800 16800
41900 33000
23500 15100
8400 11000
2200
2990
3100
1800
950
840
400
920
180
150
136
548
181
329
210
576
203
258
104
154
46
46.1
50.20
57.4
71.20
54.9
33.20
49.4
63.00
47
31.10
22.8
300.00
300
26.10
16.4
16.70
12.5
29.60
22.1
0.0157 0.0066
5.90
4.5
6.43
4.4
27.10
113
5.30
3.7
3.92
3.01
2.16
3.17
5.90
4.7
32.80
17.8
5.10
4.1
7.70
5.8
1.32
4.4
3.28
1.88
1.70
1.4
1.60
1
0.38
1.82
1.60
1
<1.00
<1
1.96
2.65
0.50
0.48
0.80
0.5
0.70
0.5
0.60
0.6
1.20
0.9
0.70
0.5
1.30
0.9
0.54
0.34
0.60
0.6
0.53
0.69
0.10
<0.1
<0.10
<0.1
<0.10
0.8
0.20
0.2
0.10
0.1
0.05
0.13
0.586 0.413
0.12
0.12
<0.05 <0.05
<0.001 0.001

S3

S4

S5

20400 14200 18000
27300 30300 45700
17000 16200 11700
8800
7900
7400
1660
1400
2120
1800
1700
1200
510
580
710
300
370
3300
150
150
130
113
172
2280
204
170
108
75.6
132
2210
133
149
112
133
114
58.5
55.9
52.7
53.1
53.9
57.7
1930
44.8
45.3
24.1
24.5
21.6
22.6
40
43
30
19.9
21.3
9.8
200
300
100
20.3
17.4
23.3
10.5
11
7.91
18.9
19.5
11
0.0029 0.0059 0.0323
4.6
5.2
4
4.4
4.38
3.46
15.4
18.1
252
4
4.1
2.2
2.31
2.47
1.78
4.92
3.83
8.24
4
4.1
2.7
17.4
17.6
106
3.5
3.5
2.7
5.2
5.2
2.7
0.97
1.29
31.8
2
2.36
1.68
1.1
1.1
0.9
0.8
1
1.1
0.51
0.58
96.2
0.8
0.9
0.7
<1
<1
<1
2.09
1.43
11.9
0.47
0.39
1.15
0.4
0.3
0.3
0.4
0.4
0.3
0.3
0.2
0.6
0.8
0.8
0.6
0.4
0.4
0.3
0.8
0.9
0.6
0.21
0.28
0.38
0.6
0.8
0.9
0.32
0.42
8.5
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.2
0.2
1.3
0.1
0.2
0.1
<0.1
<0.1
<0.1
0.03
0.05
0.86
0.268 0.315
4.35
0.08
0.08
0.27
<0.05 <0.05 <0.05
<0.001 <0.001 0.002
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FIGURE 3 - Concentrations of Hg (ppm) in samples of stream sediments of
the rivers of Kosovo: Drini i Bardhë, Morava e Binçës, Lepenc and Sitnica.
TABLE 5 - Basic statistical parameters for 9 major and 47 minor elements
in 20 samples of stream sediments (fraction <63 µm) of the rivers of Kosovo.

Ca
Fe
Al
Mg
Mn
K
P
S
Na
Zn
Ni
Pb
Ba
Cr
Sr
Cu
Ce
Co
V
La
Ti
Li
Y
Nd
Au
Th
Ga
As
Sc
Dy
Sn
Sm
Rb
Gd
Pr
Sb
Cs
Er
Zr
Cd
Be
Hg
Mo
Nb
Ho
Se
Eu
Tb
Yb
Tl
U
Bi
Tm
In
Ag
Te

Mean
36275.00
28410.00
14660.00
8840.00
1338.65
1645.00
580.50
474.50
137.50
219.61
124.24
202.42
108.73
80.38
52.85
138.98
39.17
20.34
40.90
17.85
465.50
18.51
10.60
17.68
0.03
4.38
4.31
27.63
3.62
2.39
3.07
3.80
15.94
3.29
4.61
2.68
1.64
1.13
1.03
6.42
0.77
1.47
0.43
0.48
0.42
0.42
0.75
0.41
0.82
0.20
0.62
0.68
0.14
0.08
0.39
0.20

Geometric
24425.22
27283.16
14032.28
8358.76
1089.54
1556.14
542.82
325.11
132.29
102.21
108.62
67.17
98.56
74.17
46.76
48.59
36.97
18.61
38.70
16.85
340.68
17.12
10.18
16.89
0.00
4.11
4.16
11.74
3.38
2.30
2.51
3.67
14.81
3.19
4.38
0.84
1.43
1.08
0.92
0.52
0.70
0.85
0.38
0.45
0.40
0.38
0.72
0.39
0.78
0.18
0.58
0.27
0.13
0.04
0.16
0.18

Median
18950.00
27900.00
15150.00
8300.00
1040.00
1550.00
530.00
305.00
135.00
83.85
104.50
54.55
97.15
72.70
46.75
41.95
41.10
19.55
40.00
18.45
300.00
18.65
10.40
18.65
0.00
4.30
4.39
9.40
3.50
2.38
2.56
4.00
14.15
3.45
4.80
0.66
1.47
1.10
0.85
0.29
0.75
0.71
0.41
0.45
0.40
0.40
0.80
0.40
0.80
0.17
0.55
0.23
0.10
0.03
0.15
0.17

Descriptive Statistics
Minimum
Maximum
7500.00
161000.0
11700.00
45700.0
6300.00
23500.0
3400.00
15600.0
245.00
3790.0
800.00
3100.0
190.00
950.0
90.00
3300.0
70.00
210.0
32.00
2280.0
40.60
329.0
11.50
2210.0
31.70
258.0
35.70
154.0
12.00
121.0
11.60
1930.0
17.80
71.2
6.30
49.4
17.00
73.0
8.80
31.1
100.00
1200.0
5.10
30.2
4.55
16.7
8.59
29.6
0.00
0.5
2.10
7.5
1.94
6.4
2.30
252.0
1.30
6.2
1.12
3.9
0.61
8.2
1.90
5.9
7.70
32.8
1.80
5.1
2.30
7.7
0.15
31.8
0.61
3.3
0.50
1.8
0.50
3.0
0.01
96.2
0.20
1.6
0.25
11.9
0.11
1.2
0.30
0.8
0.20
0.7
0.10
0.7
0.40
1.2
0.20
0.7
0.40
1.5
0.08
0.5
0.40
1.2
0.07
8.5
0.10
0.2
0.02
0.9
0.04
4.4
0.08
0.5
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Variance
1.971339E+09
6.222937E+07
1.728779E+07
8.994105E+06
8.101519E+05
3.457632E+05
4.096289E+04
4.737629E+05
1.440789E+03
2.472091E+05
4.870201E+03
2.393024E+05
2.653451E+03
1.180037E+03
7.276152E+02
1.781137E+05
1.747959E+02
8.471945E+01
1.908316E+02
3.546471E+01
1.293839E+05
4.361884E+01
9.011796E+00
2.794670E+01
1.060515E-02
2.337763E+00
1.234830E+00
3.350027E+03
1.809342E+00
4.610892E-01
3.994927E+00
9.663158E-01
4.274147E+01
6.678684E-01
2.026816E+00
4.903478E+01
7.598197E-01
1.053684E-01
3.422105E-01
4.687318E+02
1.043158E-01
6.447837E+00
4.805132E-02
3.326316E-02
1.431579E-02
2.589474E-02
3.736842E-02
1.463158E-02
7.326316E-02
1.354184E-02
6.378947E-02
3.412125E+00
2.394737E-03
3.451158E-02
8.904732E-01
1.354184E-02

Std.Dev.
44399.76
7888.56
4157.86
2999.02
900.08
588.02
202.39
688.30
37.96
497.20
69.79
489.19
51.51
34.35
26.97
422.04
13.22
9.20
13.81
5.96
359.70
6.60
3.00
5.29
0.10
1.53
1.11
57.88
1.35
0.68
2.00
0.98
6.54
0.82
1.42
7.00
0.87
0.32
0.58
21.65
0.32
2.54
0.22
0.18
0.12
0.16
0.19
0.12
0.27
0.12
0.25
1.85
0.05
0.19
0.94
0.12

Skewness
2.498057
0.206890
-0.088528
0.686579
1.361514
1.146582
0.024572
4.021336
0.201698
4.153524
1.470977
4.037021
1.465576
1.025951
1.146029
4.455558
0.379573
1.643727
0.627564
0.236001
0.800348
-0.289013
0.489622
0.176770
4.438727
0.297481
-0.143408
3.557489
0.481103
0.429657
1.234850
-0.122266
1.058957
-0.060071
0.109427
4.184749
0.617410
0.439890
2.170546
4.166766
0.529255
4.019696
1.858310
0.675543
0.598157
-0.023577
-0.024287
0.384610
0.985911
1.548997
0.991366
4.415446
0.681161
4.343530
4.315059
1.548997

Kurtosis
5.37483
0.65138
0.04435
0.51685
1.74861
1.29398
-0.82324
17.00767
-0.09793
17.78716
2.62240
16.99005
2.93629
0.32022
1.09987
19.89581
0.29638
4.53070
0.34067
-0.35921
-0.83978
-0.52334
0.50256
-0.11391
19.78218
-0.77020
0.14803
13.13403
-0.17743
0.53631
1.30962
-0.02258
0.90749
0.36670
-0.35781
18.07650
-0.88634
0.09992
6.11568
17.84224
1.03523
17.05039
5.67155
-0.81751
0.52934
-0.78658
0.54896
0.83646
1.04092
2.57397
0.00855
19.64050
-1.71946
19.14970
18.98710
2.57397
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TABLE 6 - Samples of stream sediments of the rivers of
Kosovo (fraction < 63 µm) with anomalous values (extremes
and outliers) of concentrations for particular elements (ppm).
Sample
D1
D2
D3
D4
D5
M1
M2
M3
M4
M5

Extremes of elements (¤) (ppm)
Sr (121.0 )
Au ( 0.463 )
Cd ( 4.24 )
Sb ( 5.76 )
Cd ( 21.3 )
-

L1
L2

-

L3
L4
L5
S1

Ca (161000.0 )
Ca (160000.0 )
-

S2

Co (49.4 )
As ( 113.0)
Cd ( 1.82 )
Pb (576.0 )
Zn ( 548.0)
Sb (4.4 )
Au ( 0.0323 )
Ag ( 4.35 )
In ( 0.86 )
As (252.0 )
Sb ( 31.8 )
Cd ( 96.2 )
Cu (1930.0 )
Pb ( 2210.0 )
Zn ( 2280.0 )
Hg ( 11.9 )
S ( 3300.0 )
Bi ( 8.5 )
Mo ( 1.15 )

S3
S4
S5

TABLE 8 - Weathering indices A and B and compositional
maturity index (M), calculated from XRF data from Table 3.

Outliers of elements (o) (ppm)
Mn ( 3790.0 )
Sn ( 6.94 )
Te (0.26 )
Sr ( 85.5 )
Ca (64400.0 )
V ( 73.0 )
Sc ( 6.2 )
Zr (3.0)
K ( 2900.0 )
Y (18.5 )
Yb (1.5 )
Sc ( 6.2 )
Cr ( 152.0 )
Sr ( 93.6 )
Sr ( 98.3 )
Y (16.7 )
Dy ( 3.91 )
Rb ( 32.8 )
Gd ( 5.1 )
Tl ( 0.54 )
K ( 3100.0 )
Ni ( 329.0 )
Ba (258.0 )
Cr ( 154.0 )
Hg (2.65 )
S ( 920.0 )
In ( 0.13 )
Sn ( 8.24 )
Te ( 0.27 )
-

TABLE 7 - Grouping of 20 samples of sediments
from the rivers of Kosovo by cluster analysis of Q-modality.
Clusters
Cluster 1

Cluster 2

Cluster 3

Cluster 4

Samples
L4 (242.9091)*
L5 (242.9091)
D1 (1291.178)
D2 1860.526)
D5 (427.5001)
M1 (832.6213)
M4 (518.9352)
M5 (919.9263)
L3 (2662.329)
S3 (637.7465)
D3 (1300.929)
D4 (1300.929)
M2 (712.0915)
M3 (452.0736)
L1 (715.4406)
L2 (996.2620)
S1 (1305.292)
S2 (487.3896)
S4 (842.3110)
S5 (1642.505)

Location
D1
D2
D3
D4
D5
M1
M2
M3
M4
M5
L1
L2
L3
L4
L5
S1
S2
S3
S4
S5

Index A
0.8651645
0.8502777
0.8760025
0.8833782
0.8917568
0.8587254
0.8420077
0.8316969
0.8505022
0.8291030
0.8425355
0.8424946
0.9435377
0.9019525
0.9002221
0.8430624
0.8810735
0.8530511
0.8525012
0.8537176

Index B
0.3970905
0.3994819
0.4716088
0.5818015
0.3985788
0.3411111
0.3561713
0.3608987
0.4176524
0.387638
0.3721163
0.3682864
0.3679012
0.7663207
0.7837664
0.2948571
0.3569464
0.3477059
0.3275573
0.3268779

M
4.9259259
4.7247387
4.4423077
2.2806236
2.8010753
3.7780822
4.2541899
3.5250000
3.4861111
3.7957746
2.4448276
2.4407666
3.6503067
2.6599327
2.2662722
4.8625430
2.9944134
4.0785498
4.3333333
5.6978723

DISCUSSION
Discussion of mineralogical composition

Mineralogical analysis has shown that the most abundant mineral is quartz (>30%), followed by the minerals
from feldspar group (10 – 30 %), except for the station S5
(5 – 10 %). Mica group, chlorite group and calcite group
are less abundant (5 – 10%), except at stations M2 and L2
(10 – 30 %). Hornblende group was detected at the station
L2 (<5 %). However, due to the limitation of XRD method,
this hornblende group is less certain. Other sediments from
Lepenc River have not been studied by XRD method. Mineral composition of stream sediments is similar to the results
obtained for sediments of Hugli River, northeast India [19].
From Table 2, one can get an idea about mineralogical maturity, which is commonly expressed by the quartz /
feldspar ratio [20]. The high content of feldspars in all cases,
except for S5, suggests mineralogical immaturity. Only the
sediment in S5 can be considered to be submature, because
lower feldspar concentrations give higher ratio of quartz
to feldspar (stable to unstable mineral).
Discussion of XRF analysis

* In parenthesis is the distance of a cluster member (sample) from the centre of the respective
cluster group.

Results of XRF analysis presented in Table 3 can be
used for comparison of sediment composition with average
values of different rock types using the plot log (SiO2/
Al2O3) vs. log (CaO+Na2O)/K2O, which is shown in Fig. 4,
a modified figure 10-2 in Prohić [21]. Samples D1–D5 plot
in the region of sandstones. It has recently been reported
by Bilinski [10] that Kupa River stream sediments were the
weathering products of sandstones. To make comparison
with the present work, data from Kupa River are presented
as triangles in Fig. 4. Samples M1 – M5, L1 – L3 and S1 –
S5 plot in the region between magmatic rocks and sandstones. Samples L4 and L5 plot in the region between average magmatic rocks, sandstones and carbonates.
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FIGURE 4 - Composition of stream sediments from this work and from Kupa River, Croatia (fraction <63 µm) in
comparison with the composition of sandstones, shales and carbonates (Average values of each rock type are presented by dots).

The data in Table 3 were used to calculate weathering
indices after Kronberg and Nesbitt [22], using the following equations:
Index A = (SiO2+CaO+K2O+Na2O)/
(Al2O3+SiO2+CaO+K2O+Na2O)
Index B = (CaO+K2O+Na2O) / (Al2O3+CaO+K2O+Na2O)
Indices A and B reflect the degree of silicate hydrolysis and accumulation of Al-/Si-oxides with simultaneous
release of alkali and earth alkali cations. The lowest range
of weathering was observed in samples L4 and L5. Sediments of Drini i Bardhë River (D1-D5) plot close to the
locations of basalt, terrestrial crust and granite, similarly
as observed for the Kupa River by Bilinski [10]. Other
sediments plot close to the less developed towards highly
developed soils in Nepal. The highest degree of weathering was observed in sediments of Sitnica River.
The data in Table 3 were also used to calculate compositional maturity index, defined by Björlykke [23]:
M = (Al2O3+K2O) / (MgO+Na2O)
Compositional maturity is basically a reflection of
mineralogical maturity. It is a type of sedimentary maturity in which sediment approaches the textural end product.
The results indicate the highest degree of weathering in
Sitnica River at location S2, which is in agreement with
the conclusion obtained from weathering indices after
Kronberg and Nesbitt [22]. In Table 8 are presented calculated weathering and compositional maturity indices.

Discussion of ICP analyses and toxicity

Geochemical data (Table 4) can be used for the assessment of sediments` contamination by toxic elements. Chemical analyses were used to compare the obtained amounts
of the selected toxic elements (As, Cd, Cr, Cu, Pb, Zn, Mn,
Hg, Ni, P and Ag) with the existing criteria for sediment
quality by SMSP, Falconbridge NC, SAS [24], referred in
further discussion.
Concentrations of As above those causing significant
toxic effects (33 ppm) were found in sediment samples at
locations S2 and S5. The concentrations below 6 ppm, causing the lowest toxic effects, were found at locations D4, L3,
L4 and L5. Other stations are moderately contaminated with
As.
The concentrations of Cd above those causing significant toxic effects (10 ppm) were found only at locations M5
and S5. In most stations, the concentrations are below the
value causing the lowest toxic effects (0.6 ppm).
The concentrations of Cr above 110 ppm, causing significant toxic effects, were found at stations L2, S2, S3 and
S4. At all other locations, the concentrations were above
the level of the lowest toxic effects (26 ppm), representing
moderately contaminated sediments. Besides the total concentration, the valence state of Cr and its bioavailability
should be studied as well in future experiments.
The concentration of Cu above the value causing significant toxic effects (110 ppm) was determined only at
station S5. The concentrations below the value causing
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minimal toxic effects (28 ppm) were found at stations D5,
L3, L4 and L5. All other locations are moderately contaminated.
The concentrations of Pb above the value of significant
toxic effects (250 ppm) were present only at stations S2 and
S5. Very clean environment, where the concentrations of Pb
were below the value of minimal toxic effect (31 ppm), was
found at locations D3, D4, D5, L3, L4 and L5. All other locations are moderately contaminated with Pb.
Zn levels above the value causing significant toxic effects (200 ppm) were found at stations S2 and S5. Concentrations of Zn below 90 ppm, representing non-contaminated sediments, were found at M4 and at all stations of
Lepenc and of Drini i Bardhë rivers.
The concentrations of Mn above 1100 ppm, possibly
causing significant toxic effects, were found at stations
D1, D2, L2, M2 and in S1-S5. The highest concentration
was found at station D1 (3790 ppm), which is significantly
higher than the concentration present in average earth crust
(1000 ppm) or in basalt (1700 ppm). Concentration of Mn
measured at D1 is higher than that found in the eastern part
of the Kupa River drainage basin by Frančišković-Bilinski
[5, 7], where the influence of mining was observed. This
highest value of Mn at D1 is supposed to come from ore
mineralization. The concentrations below the lowest toxic
effects (460 ppm) were found only at stations L3 and L4.
In future studies, determination of valence states of manganese and its bioavailability are recommended.
Sediments contaminated with Hg in which the values
are exceeding 2 ppm were found only at locations S2 and
S5. All other sediments are moderately contaminated with
Hg, because the concentrations are above 0.2 ppm, which
is the limit for the lowest toxic effects.
The concentrations of Ni are above 75 ppm, causing
significant toxic effects, and were found at most of the
stations: D1-D5, M1-M3, L1, L2, L4, L5, S1-S5. The highest
value was obtained at S2 (329 ppm). All Ni values are higher
than those found in the Kupa River drainage basin by
Frančišković-Bilinski [7], and at most locations of the upper
Sava River drainage basin by Frančišković-Bilinski [8].
The concentrations of P slightly above 600 ppm, indicating minimal toxic effects, were found at locations M2M 5, L 1, S1, S2 and S5. The highest value (950 ppm) was
found at S1. These values are below those in average earth
crust (1100 ppm) and are far from 2000 ppm, which causes
significant toxic effects.
Elevated concentrations of Ag were found at two locations. At S1 the concentration is slightly above 0.5 ppm,
indicating minimal toxic effects. It is significantly higher at
S5 (4.35 ppm), almost double than maximal concentrations
reported for the polluted sites of the upper Sava River [8].

sovo. The most contaminated, with a number of toxic
elements, is Sitnica River at the locations S2 and S5, as the
result of anthropogenic pollution due to the industrial processes in the adjacent Kishnica and in Mitrovica towns.
Locations M4 and M5 are contaminated with Cd. Location
D1 shows increased concentration of Mn, and location M3
of Au. They deserve further investigation and looking for
possible Mn and Au ores in the vicinity.
CONCLUSIONS
Mineralogical, geochemical and statistical investigation of the stream sediments of main rivers in Kosovo have
been described for the first time. Their drainage basins are
of supra-regional interest, because in the lower courses these
rivers flow through Albania (Drini i Bardhë), Serbia (Morava e Binçës and Sitnica) and Macedonia (Lepenc).
Mineralogical analysis has shown that the most abundant minerals are quartz and feldspars, less abundant are
mica, chlorite and calcite. Mineralogical maturity, expressed
by the quartz/feldspar ratio, suggests mineralogical immaturity of all sediments, with the exception of sediment S5
(from Sitnica River), considered to be submature.
For better understanding of sediments as weathering
products, XRF analysis results were used for the comparison with average rock types from the literature. All sediments from Drini i Bardhë plot in the region of sandstones.
All sediments of Morava e Binçës and Sitnica and three
sediments of the upper course of Lepenc plot in the region
between magmatic rocks and sandstones. Sediments from
the lower course of Lepenc plot between average magmatic
rock, sandstones and carbonates, and show the lowest degree of weathering. The highest degree of weathering shows
the sediment from Sitnica River. Compositional maturity
shows the highest degree of weathering in Sitnica River,
which is in agreement with calculated weathering indices.
By comparing the concentrations of toxic elements
with the existing criteria for sediment quality, it was found
that two sites in Sitnica River are significantly polluted.
These are the locations in Fushë Kosova (Kosovo Polje)
(S2) and in Mitrovica (S5). Near location S2, there is ore
(containing Zn, Pb) processing by flotation. Near location
S5, there is a factory for Zn electrolysis. In Morava e
Binçës River, two sites are polluted with Cd: Dobrqan
(M4) and Kormini i ulët (M5). Locations with increased Mn
(D1) and Au (M3) concentrations can be suggested for
future investigations with regard of ore deposits.
The authors of this paper suggest future monitoring of
sediments and possibly remediation of Sitnica and Morava
e Binçës rivers, which ultimately flow into the Black Sea.

Discussion of anomalies

Results of the box plot detection of anomalies, presented in Table 5, show several contaminated areas in Ko-
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HISTOPATHOLOGICAL ALTERATIONS AND CADMIUM
ACCUMULATION IN THE LIVER AND GILLS OF Aphanius chantrei
(Gaillard, 1895) (CYPRINODONTIFORMES: CYPRINODONTIDAE)
Mehtap Kutlu and Volkan Kılıç*
Anadolu University, Faculty of Science, Department of Biology, 26470 Eskişehir, Turkey

ABSTRACT
The aim of the present study was to investigate the
toxic effects of cadmium (Cd) in the liver and gills of
Aphanius chantrei at the histopathological level. Fish were
exposed to the acute concentration of Cd (5.5 mg/L) for 96 h,
and the tissues were processed for light and electron microscopic analysis. Cd was highly accumulated in liver
rather than gill. There were necrotic areas in the liver parenchyma and deformations in the shape of hepatocytes.
Accumulation of dark granules, disintegration of the endothelial cells and Kupffer cell hyperplasia were observed.
Mitochondria displayed lysis, endoplasmic reticulum (ER)
cisternae were dilated and lipid inclusions observed inside
the hepatocytes. Secondary lamellas were observed to be
the primary target of Cd intoxication in gills. There were
blood congestions in some regions. Fusion, epithelium lifting
and hyperplasia were also observed in the gills of treated
fish.

KEYWORDS:
cadmium, liver, gill, histopathology, Aphanius chantrei

Specific lesions occurring in organs of fish exposed to
toxic substances under laboratory conditions help to identify biomarkers of exposure. As an important organ involved in metabolic processes and in detoxification of xenobiotics, the ultrastructure of fish livers has proven to be
valuable as a sensitive indicator of toxicant-induced injury.
Gills also represent a useful tool for the impact assessment
of environmental pollutants on fish [6, 7].
The killifish, Aphanius chantrei (Gaillard, 1895) (Cyprinodontiformes:Cyprinodontidae) [8], is a freshwater
organism which is endemic in streams, rivers and lakes in
Turkey [9]. Several populations of Aphanius spp. are now
considered extinct or endangered due to environmental
pollution [10]. Some species of killifish have been studied
in relation with Cd toxicity due to their ability to accumulate high levels of Cd in their body [11].
The purpose of this work was to describe the acute
histopathological effects of Cd in the liver and gills of A.
chantrei by using electron and light microscopy to evaluate histological modifications. Cd accumulations in the liver
and gills were also determined. The results obtained are discussed in view of better estimating the direct consequences
of high-level cadmium load in the environment.

MATERIALS AND METHODS

INTRODUCTION
Cadmium (Cd) is a heavy metal and highly toxic element. Roughly 13,000 tons of Cd is produced worldwide
each year for nickel-cadmium batteries, pigments, chemical stabilizers, metal coatings and alloys [1]. It is commonly
used in ecotoxicological studies because of its potential
for uncontrolled widespread introduction to the environment. As a non-degradable cumulative pollutant, Cd is a
large and ecologically significant problem due to its accumulation ability in living organisms [2, 3]. Aquatic organisms are directly exposed to industrial and agricultural
releases of Cd, and considered to be one of the main targets for Cd exposure [4]. The important food sources of
fishes, phytoplanktons or invertebrates accumulate Cd
through the food-chain [5].

Animals and holding conditions

Specimens of A. chantrei were collected from a branch
of the Sakarya River basin in Yeşilhan region, located on
the 36th km of Eskişehir-Ankara main road in Turkey. Animals were acclimatized under laboratory conditions for
7 days prior to use. The fish were maintained in a glass tank,
refilled daily with UV sterilized and aerated tap water, under a neutral photoperiod 12h:12h light:dark cycle. They
were fed every second day with commercial bait, and starved
24 h before and during the experiment.
Chemicals

A stock solution of cadmium (1000 mg/L Cd) was prepared in deionized water from CdCl2.2H2O (Fluka).
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RESULTS

Acute dissolved inorganic Cd contamination (96 h)

The study consisted of 2 groups (control and experimental) with 5 animals in each group. Three replicates were
performed for experimental and control groups. Healthy
animals with an average body weight of 3.72 ± 0.28 g were
selected and transferred from the stock tank into the glass
aquariums containing 1 L of water with dissolved oxygen
5.6 ± 0.2 mg/L, pH 7.2 ± 0.2 and temperature 20.0 ± 0 °C.
Experimental group was exposed to 5.5 mg/L Cd as
CdCl2.2H2O. Control fish were placed in aquariums containing uncontaminated water. The water quality parameters were the means of measurements during the experimental period in all bioassays. At the end of 96-h exposure, animals were immediately euthanized; their livers and
gills were dissected out and processed for histological examination.
Histological preparation

The livers and gills were dissected out and fixed in
glutaraldehyde fixative (4.5%) in 0.1 M phosphate buffer
pH 7.2-7.3 for 24 h. The samples were taken into 0.1 M
phosphate buffer pH 7.4 for 15 min, treated with OsO4 2 %
for 2 h, and then washed twice for 15 min in sodium phosphate buffer. Afterwards, the samples were dehydrated in
a graded series of alcohols. In order to harden the tissues,
they were treated with propylene oxide, twice for 30 min.
The samples were then embedded in araldite/prophylene
oxide (1:1) for 1 h. Finally, tissues were embedded into
Araldite CY-212 resin, sectioned at 800 nm thickness and
stained with toluidine blue. Semi-thin sections were observed using an Olympus light microscope. For electron
microscopic study, ultrathin sections were cut with a Leica
Ultracut R ultra-microtome using a glass knife, and stained
with uranylacetate 2 % and lead citrate 4 %. They were
examined under a JEOL JEM-1220 transmission electron
microscope [12].
Semiquantitative scoring

Liver and gill lesions were observed in all the animals
of experimental group. Histological alterations were assessed
using a score ranging from “+” to “+++” depending on the
degree and extent of the alteration: (+) mild occurrence,
(++) moderate occurrence, (+++) severe occurrence [2].
Determination of tissue Cd contents

The liver and gill samples were weighed and ovendried at 50 oC for 1 week. The samples were then added to
5 ml of 16 M HNO3 in a wide-bore test tube and digested
in a waterbath at 60 oC until the digestion mixture became
clear. The volume of the digestion mixture was recorded, and
digestion mixture was diluted 1:1 with double-distilled
water before measuring Cd content of the sample with an
Inductively Coupled Plasma Optical Emmission Spectrometer (ICP-OES). The results were compared to control and
each other (liver and gill) by using SPSS Student-t test.

During the course of these experiments, no fish deaths
were registered in acute exposition indicating that the Cd
concentration used was sufficient to cause physiological
damages described hereafter, but were not harmful to fish,
which showed no apparent disturbance in their normal behaviour.
Histopathological effects of acute Cd exposure (96 h)
Liver

In light microscopic analysis, every hepatocyte in control fish was always normal. Central round nucleus was
observed with a single nucleolus. Lipids were seen as small
droplets inside of the cells. Sinusoids were lined with reticuloendothelial cells which are, in turn, surrounded by
hepatocytes (Fig. 1 A). Necrotic areas were observed in the
parenchyma in experimental group livers (Fig.1 B, D). There
were slight accumulations of dark granules (Fig. 1 B). Disintegration of the endothelial cells was observed. There
were deformations in the shape of the hepatocytes, Kupffer
cells and erythrocytes (Fig. 1C). Kupffer cell hyperplasia
was also observed (Fig. 1D).
In electron microscopic analysis, hepatocytes in control fish were characterized by a central rounded nucleus
with a very distinct single nucleolus showing high electron
density and a small amount of heterochromatin. The rough
endoplasmic reticulum (RER) was arranged in parallel stacks
of cisternae, usually adjacent to the nucleus and cell membrane. Spherical ovoid mitochondria were preferentially
found around the nuclei. A variable amount of glycogen
was randomly located throughout the cytoplasm (Fig. 2A).
Both outer and inner membranes of mitochondria were
swollen and displayed lysis. Destruction in hepatocytes of
A. chantrei, in the experimental group was observed. ER
cisternae were also observed to be dilated. Inclusions and
glycogen particles showed dramatic accumulation (Fig.
2B). Variable sizes of lipid inclusions were also observed (Fig. 2C). Nucleus showed significant shrinkage
and deformation. Dilation of nuclear pores and large expansion of heterochromatin field were observed on the
nuclear margin (Fig. 2D). Ultrastructural alterations of
hepatocytes were observed in treated fish.
Gills

The typical histological pattern of A. chantrei gill is
shown in Figs. 3A and 3C. Secondary lamellas are lined up
along both sides of primary lamella. Both primary and
secondary lamellas were covered with the epithelial cells.
Epithelium lifting was observed in both secondary lamella of experimental group exposed for 96 h to Cd. Basal
hyperplasia was also observed in secondary lamella (Fig.
3B). In some regions, epithelium tissue of the secondary
lamella was thickened at the very tip of lamella, giving
the appearance of a club, and fusion was also observed
(Fig. 3D).
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Electron microscopic analysis of the gill showed the
serious injuries of secondary lamella in ultra-structural level.
There were disintegrations in the epithelial cells, and epithelial layer was separated from the secondary lamella in some
regions (Fig. 4 C). Fusion of the secondary lamella was observed (Fig. 4 A). Shape of the nucleated erythrocytes was
changed (Fig.4 D).

Accumulation of Cd in the liver and gill

The accumulations of Cd in control fish were analyzed at the end of the experimental period and compared
with the experimental fish. Cd concentrations determined
in the liver and gills of control group were the result of
accumulation in their natural water system. Cd accumulations were significantly higher than that of the control
both in the liver and gill. The liver was found to accumulate relatively higher amounts of Cd at the end of the 96-h
experimental period.

FIGURE 1 - Light micrographs of A. chantrei liver in control and experimental groups A) Control group showing normal hepatocytes (h).
B) Area of necrosis (N) and slight accumulation of dark granules (arrows) inside the hepatocytes. C) Dilation of endothelial cells (arrowhead), deformation of the Kupffer cells (k) and change in the shape of nucleated erytrocytes (e). D) Kupffer cell hyperplasia (arrows)
and necrosis (N), numerous lipid accumulations inside of the hepatocytes.
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FIGURE 2 - Electron micrographs of A. chantrei liver in control and experimental groups A) Control liver; each hepatocyte has a normal
central, round nucleus (N) with small heterochromatin fields. (B) Liver exposed for 96 h; damaged membranes (arrowhead) of swollen
mitochondria (M) and dilation of endoplasmic reticulum cisternae (ER); accumulation of glycogen particles. (C) Liver exposed for 96 h;
large lipid droplets (L) inside the hepatocytes. D) Liver exposed for 96 h, large heterochromatin aggregates adjacent to the nuclear membrane (arrowhead).
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FIGURE 3 -Light micrographs of A. chantrei gill in control and experimental groups A) Control material; secondary lamella (SL) and nucleated erythrocytes (e). B) Exposed gill after 96 h; epithelium lifting at secondary lamella in experimental group (arrowhead). Basal hyperplasia (H) and blood congestion (bc). C) Control group in lower magnification. D) Clubbing (arrowhead) and fusion (f) of the secondary lamella.
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FIGURE 4 Electron micrographs of A. chantrei gill in experimental groups A) Fusion and degeneration of the secondary lamella (arrowhead). B) Deformation and heterochromatin fields in cell nuclei. C) Disintegration and separation of epithelial layer. D) Changes in the shape
of nucleated erytrocytes.

TABLE 1 – Semi-quantitative scoring of liver and gill lesions in A. chantrei.
Liver
Lesions

Score

Gill
Lesions

Score

Lipid droplets
Dark granules
Glycogen content
Necrosis
Hydropic swelling of organelles

+++
++
++
+
+++

Epithelium lifting
Hyperplasia
Blood congestion
Fusion of secondary lamella
Clubbing of secondary lamella

+++
+++
+
+
+
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TABLE 2 - Cd concentrations in the liver and gill of control and experimental group animals.

Cd (µg/g dry weight)

Control
Liver

Control
Gill

Liver

Gill

1.275± 0.055

1.005 ± 0.065

18.7 ± 0.463

12.9 ± 0.444

Note: The values were statistically significant at p < 0.05.

DISCUSSION
Aquatic organisms that are directly exposed to industrial and agricultural releases of Cd are considered targets
for exposure. As they are reported to be the suitable indicators of prior exposure to environmental stressors, alterations in liver and gills have been investigated in previous
studies. The results of the present study were in parallel with
those investigating the effects of heavy metals on different marine and freshwater fishes [2, 6, 7, 13, 14]. Histopathological effects of Cd toxicity were observed in the
hepatocytes of A. chantrei, such as mitochondrial swelling, ER dilation and nuclear chromatin condensation.
Lipid accumulations in liver were remarkable. Increase in
the number and size of glycogen particles were observed.
There were heterochromatin condensations adjacent to
the nuclear membrane. From an enzymatic viewpoint, Cd
directly in-hibits enzymes involved in hepatic steroid
metabolism in fish [15]. Hepatocellular injury is characterized by elevations of serum trans-aminases [16]. AlAttar [17] reported that cadmium exposure causes elevation in the activity of blood GPT, GOT and ALP enzymes, due to the leakage of these enzymes from damaged
hepatic parenchyma cells. In-crease in liver glycogen was
reported to be related to the decreased activity of lactate
dehydrogenase, pyruvate de-hydrogenase and succinate
dehydrogenase in the liver [2]. Cd also damages cells by
impairing the osmoregulatory processes. It possesses
ability to produce reactive radicals, resulting in DNA
damage, lipid peroxidation and depletion of protein sulfhydryls [1]. In many cases, Cd was shown to be accumulated
mainly in the liver [18]. Cd is also mainly found to be
bound to metallothionein in the liver, and, thus, it has a
long half-life in fish [2].
Vinodhini and Narayanan (2008) [19] studied the accumulation of heavy metals in different organs of the freshwater fish Cyprinus carpio. They showed that Cd accumulation was 1.883 ± 0.015 µg/g dry weight (dw) in gills
and 1.693 ± 0.015 in liver of the control fish which were
collected from their natural water system and adapted to the
laboratory conditions. The accumulation in fish exposed to
sublethal concentrations of Cd for a period of 32 days was
also analyzed and Cd concentrations were found in the range
6.23±0.041–6.938±0.025 µg/g dw in gills and 4.816±0.015–
5.643 ± 0.012 µg/g dw in liver. Hunter and Johnson [20]
monitored small mammals near to an industrial works complex and found that Cd accumulated particularly in the
liver and kidney. Cadmium levels in the liver ranged from
1.5 to 280 mg/kg dw. Small mammals from unpolluted

sites contained liver levels ranging between 0.5 to 25
mg/kg dw. We found that Cd levels in A. chantrei were
significantly higher than the control both in the liver and
gill. The results also indicated that Cd highly accumulated
in liver rather than gill.
The gills of fish in experimental group showed progressive architectural distortion. Cd intake in fish mostly
occurs via the gills. Exposure of the lamella to dissolved Cd
causes an osmoregulatory imbalance in the tissue and results
in significant deformation of the gill epithelium [20]. Epithelium of the secondary lamella lifted away, and hyperplasia was observed. Lifting, swelling, and hyperplasia of
the lamellar epithelium could serve as a defense function,
because these histological changes could increase the distance across, which waterborne irritants must diffuse to
reach the bloodstream [21]. Blood congestion and fusion in
secondary lamella were also observed. Respiratory distress
caused by the degeneration of gills is a sign of reduction in
total surface area of the gill. Insufficient gaseous exchange
causes the death of most of the fingerlings and death of the
lamellar capillary. This leads to pooling of blood, as well as
thromboses, eventually fibroses and fuses, with adjacent
lamellae [13].
Cd poisoning increases the demand for ATP, and as a
physiological adaptation the organism responds by increased
oxidative phosphorylation. But the second phase of intoxication, characterized by a reduction in respiration, infers the
organisms’ incapability to an increased demand in ATP.
Lack of ATP causes hydropic swelling of organelles and
necrosis of tissues. It is a true intoxication which at the
end may cause death [14].
According to the results of the present study, Cd accumulations in the liver and gills of A. chantrei were
high enough to induce serious damage in these organs. The
metal may consequently inhibit the physiological functions
of these organs. Although this organism is not consumed
by humans, concentrations of heavy metals in A. chantrei
could be amplified up through the food-chain to man. Current efforts for monitoring the effects of heavy metal contaminants on fish by means of biological indicators are fully
justified, and essential to a better understanding of the fate
of organisms in freshwater ecosystems.
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SENSITIVE ACUTE TOXICITY TESTING
IN TWO MARINE SHRIMP SPECIES: COLLECTION
AND REARING OF LARVAE, AND CHANGES OF ACUTE
TOXICITY VALUES DURING LARVAL DEVELOPMENT
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2
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ABSTRACT
Many toxicity data are necessary to precisely evaluate
the ecological risk of hazardous chemicals. Data on toxicities to the early life stages of marine organisms are especially needed to elucidate the impacts of chemicals on the
reproduction of those organisms, due to their highest sensitivity among growth stages. Therefore, we investigated the
collection and rearing of larvae of two shrimps (Heptacarpus futilirostris and Palaemon serrifer), their starvation
resistance, and changes of their sensitivity on acute toxicity
of chemicals during development of larvae, and we propose
a sensitive acute toxicity testing method for larvae of these
shrimps. The larvae of H. futilirostris have higher sensitivities than other crustaceans to tributyltin chloride (TBTCl),
whereas the acute toxicity of TBTCl to P. serrifer and of
hexavalent chromium Cr(VI) to both species was intermediate, compared with that to other crustaceans. The acute
toxicities to larvae of these species were higher than those
to juveniles. However, obvious differences in toxicities to
larvae were not recognized among developmental stages
(0-, 1-, and 5-day-old larvae) in P. serrifer. Heptacarpus
futilirostris had higher sensitivity to TBTCl and Cr(VI) than
P. serrifer, and difference of their sensitivities on chemicals was especially marked when immobilization was used
as the end-point. Zero-day-old P. serrifer larvae molted
during the acute toxicity test, and sensitivity of the molted
individuals notably increased. The 0-day-old larvae constituted a population at a uniform developmental stage;
therefore, the use of 0-day-old larvae of H. futilirostris and
P. serrifer is recommended for acute toxicity testing of
early-life-stage crustaceans. Forty-eight-hour acute toxicity testing can be successfully performed in 0-day-old larvae
of the two species, because 0-day-old larvae can survive
normally for 48 h without feeding. Methods for collection
and rearing of the larvae are also described.

KEYWORDS:
Tributyltin, Hexavalent chromium, Heptacarpus futilirostris,
Palaemon serrifer, Acute toxicity, Larva, Early life stage

INTRODUCTION
To assess the impacts of hazardous chemicals on marine ecosystems and manage their ecological risks, many
toxicity data for various kinds of marine organisms are
needed. Freshwater and marine crustaceans comprise about
4000 species, making them a major biological group in
aquatic ecosystems. Moreover, they include Marsupenaeus
japonicus and other species important in fisheries. Therefore, toxicities of hazardous chemicals to various crustacean
species submit important information for considering the impacts of these chemicals on aquatic ecosystems. Several
toxicity methods using juvenile shrimp were developed by
several organizations, such as American Society for Tests
and Materials (ASTM) [1], and American Public Health
Association, American Water Works Association, Water
Environment Federation (APHA/AWWA/WEF) [2]. U.S.
Environmental Protection Agency (EPA) [3] established a
sensitive method using mysid shrimps, on the other hand,
the sensitive method using Japanese native shrimp species
should be developed for considering the risks in Japanese
waters. Hori et al. [4] also reported an acute toxicity testing
method using juveniles of M. japonicus and H. futilirostris.
However, because cannibalism and molting during tests
cause changes in the acute toxicity sensitivities of these
species, it is necessary to isolate individuals in separate test
containers and to use a large number of individuals to obtain accurate toxicity data. Therefore, a disadvantage is that
as the scale of acute toxicity becomes large, the test procedure becomes more complicated and laborious. It is de-
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sired to establish a sensitive toxicity method to resolve these
problems.
Sensitivity to hazardous chemicals is generally higher
in early-life-stage organisms than in adults [5]. To determine the impacts of hazardous chemicals on the breeding
and reproduction of organisms, it is important to understand the harmful impacts of these chemicals on organisms
in their early life stages. Therefore, it is very significant to
establish a sensitive acute toxicity test in the environmental
risk assessment of hazardous chemicals.
The purposes of this research were to obtain basic information on collection and rearing of shrimp larvae, larval
resistance to starvation, and changes in their acute toxicity
sensitivity during larval development, information which is
required to establish an acute toxicity testing method using
shrimp larvae. We selected larvae of H. futilirostris and P.
serrifer as test organisms, because H. futilirostris juvenile is
suitable as the test organism of the acute toxicity test [4],
and P. serrifer is a shrimp that belongs to Palaemonidae
selected as test organism by The Standard Methods for the
Examination of Water and Wastewater [2]. We selected
tributyltin chloride (TBTCl) and hexavalent chromium
(Cr(VI)) as the model hazardous chemicals by the following reasons. As TBTCl was used mainly as a biocide of
antifouling paints and exerts impacts on marine ecosystem. Therefore, we determined sensitive acute toxicities of
TBTCl by using shrimp larvae. Cr(VI) was used as a reference toxicants by EPA [3] and International Organization
for Standardization (ISO) [6], we can obtain many acute
toxicity data for comparing the sensitivity of the present
species with those of other aquatic organisms.
MATERIALS AND METHODS
Test seawater

Natural seawater, after filtration through activated carbon, UV irradiation, and filtration through a 1-µm pore size
polypropylene filter (TCP-1-D1FS; Toyo Roshi Kaisha,
Tokyo, Japan), was used in this research.
Test organisms
Heptacarpus futilirostris

Mature H. futilirostris shrimp were collected from a
population that had been raised for multiple generations in
an aquarium of the Thermal Aquaculture Development
Society (Tokai, Ibaraki, Japan). The shrimps were transported to the Kobe Laboratory of the Japan Frozen Foods
Inspection Corporation, and then reared in a 200-L container equipped with a circulating-water filtration apparatus [7]. The water temperature was maintained at 20 °C,
and the shrimps were fed M. japonicus formula (Kyowa
Hakko Kogyo, Tokyo, Japan) every morning.
Heptacarpus futilirostris are very commonly found,
mainly in Zostera beds, in coastal areas of southwestern
Japan and North China [8, 9]. The biological minimum size

of the male is larger than that of the female. These shrimp
spawn in the spring when the water temperature is comparatively low [10, 11]. Newly hatched H. futilirostris larvae
are zoeae, and after nine zoeal stages they metamorphose
into megalopae [10]. This species was confused with
the hippolytid shrimp Heptacarpus rectirostris for a long
time [10], but the differences between them have been
clarified by examination of type specimens preserved in
the Natural History Museum, London [9].
Hori et al. [4] performed acute toxicity testing on juveniles of this species and found these 96-h LC50 values:
3.6 µg/L for TBTCl, 3.8-4.2 µg/L for triphenyltin chloride, 1.7-2.1 µg/L for γ-hexachlorocyclohexane, 0.96-1.1
µg/L for fenitrothion, 6.8-7.6 µg/L for carbaryl, 140 µg/L
for pentachlorophenol, and 17,000 µg/L for Cr(VI). They
reported that H. futilirostris is sensitive to hazardous chemicals, and is a suitable organism for acute toxicity testing.
Newly hatched larvae were collected as follows. From
a population of mature shrimps, we separated a female with
mature embryo of which the yolks had been completely
absorbed, and put her in a 1-L beaker, because our preliminary observations had shown that eggs from which the yolks
have been completely absorbed hatch the following day.
We kept the female overnight in the beaker without feeding
and collected the hatched larvae the next day. We then used
these just-hatched, 0-day-old larvae in our acute toxicity
tests. Unfortunately, larvae fed with Artemia salina nauplii
were not able to survive longer than 48 h after hatching.
Palaemon serrifer

Palaemon serrifer adults were collected along the coast
of Miura Peninsula, Kanagawa Prefecture, Japan. The adult
shrimps, from which larvae were collected, were transported
to the Kobe Laboratory of the Japan Frozen Foods Inspection Corporation and reared in a 200-L container equipped
with a circulating-water filtration apparatus [7]. The water
temperature was maintained at 25 °C, and the shrimps were
fed M. japonicus formula (Kyowa Hakko Kogyo, Tokyo,
Japan) every morning.
These shrimps inhabit coastal waters around Japan, the
Yellow Sea, the East China Sea, and the Indian Ocean, and
they are usually collected from tidal pools along rocky
shores and from Zostera beds [13]. Unlike H. futilirostris,
which spawns in relatively cold-water [11], P. serrifer
breeds during the warm-water period from spring to autumn [14, 15], spawning several times each season [16].
Newly hatched P. serrifer larvae are zoeae, and they metamorphose into megalopae after seven zoeal stages [11].
Zoeae can be raised easily to megalopae with A. salina nauplii, and more than 80% survive. The Standard Methods
for the Examination of Water and Wastewater [2] call for
the use of Palaemonidae shrimps as test organisms, representative of the Decapoda in acute toxicity tests. Thus, the
use of this species is advantageous for making comparisons with toxicity information from other countries.
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The seawater discharged from the container, in which
the adult shrimps were reared, was filtered through a plankton net immediately after introduction of the shrimps into
the container, to collect the hatched zoeae. We used 0-, 1-,
and 5-day-old larvae in the tests. The just-hatched larvae
were used immediately after collection in the tests as 0-dayold larvae. The 1-day-old larvae used were those transferred
to a plastic tray containing seawater, and kept those for one
day without feeding. The 5-day-old larvae used were transferred to a plastic tray containing seawater, and kept fed on
sufficient of A. salina nauplii for 4 days. The shrimps were
not fed on the 5th day, which was the day before acute
toxicity testing began.
The juvenile shrimps used in the acute toxicity tests
were supplied by the Thermal Aquaculture Development
Society. Table 1 shows age and weight of the juvenile
shrimps used.
TABLE 1 - Age, total length, and body weight of
Palaemon serrifer juveniles at the start of the acute toxicity testing.
Chemical
TBTCl
Cr(VI)
* Mean ± SD, n = 10

Age (days)
84
56

Total length
(mm)*
21.4 ± 1.0
20.3 ± 1.3

Body weight
(g)*
0.088 ± 0.013
0.077 ± 0.015

Rearing experiment using P. serrifer larvae

We investigated variations in the larval molting period and growth rate of P. serrifer to develop an acute toxicity
test method for larvae. The rearing experiment was conducted in 12-well plates: one larva was reared in each well,
which contained 5 ml of seawater, for 20 days. Twentyfour individuals were used in this experiment. We changed
one-third of the water and fed A. salina nauplii every day.
Water temperature was kept at 25 °C. We observed the
molting of each larva daily, and recorded the instar phases
of each individual. We used the method of Kurata [11] to
determine larval age, assigning first instar to just-hatched
larvae and adding 1 for each molting. The following equation was used to calculate the percentage of individuals of
the dominant instar (called the “percentage of dominant
zoeal instar”), which was checked daily during the experiment.
Percentage of dominant zoeal instar = ([number of
individuals in dominant instar]/[total number of individuals (24)]) × 100
Larval starvation resistance

We investigated the starvation resistance of the larvae
to determine appropriate durations of acute toxicity tests
in larvae. Ten 0-day-old larvae of H. futilirostris or P. serrifer were used in the test, and one larva was separately
placed in one glass cup (15 ml capacity, 28 mm diameter,
45 mm height), containing 10 ml of filtered seawater, and
left for either 72 or 96 h without feeding. For H. futilirostris,
which spawns during the low-temperature season, the water

temperature was 20 °C, and for P. serrifer, which spawns
during the high-temperature season, it was 25 °C. The experiments using 0-day-old larvae were repeated three times.
Similar experiments with 5-day-old P. serrifer larvae, keeping them at 25 °C without feeding for 72 h, were repeated
five times.
Hazardous chemicals

TBTCl and potassium dichromate were used as the
hazardous chemicals. TBTCl (95% purity; Tokyo Chemical Industry, Tokyo, Japan) was dissolved in dimethyl sulfoxide (DMSO) to make a 1000 mg/L stock solution. Potassium dichromate (special grade reagent, 99.5% purity)
was dissolved in distilled water to make a 1000 mg/L stock
solution. Potassium dichromate was quantified and expressed as Cr(VI).
Acute toxicity testing

For acute toxicity testing, we used 0-day-old H. futilirostris larvae and 0-, 1-, and 5-day-old P. serrifer larvae.
The tests on larvae were performed basically according to
“202 Daphnia sp. Acute Immobilization Test in Organization for Economic Co-operation and Development (OECD)
Guidelines for Testing of Chemicals” [17], with the following modifications: We used glass cups (15 ml capacity;
28 mm in diameter, 45 mm high) for the experimental containers, each containing 10 ml of test seawater, and with one
individual larva per cup. Ten larvae were used in each test
concentration and control experiments. The test duration
was 48 h for 0-day-old larvae and 24 h for 1- and 5-day-old
larvae. The acute toxicity testing was carried out in a static
water system; that is, the test seawater was not changed
during the experiment. The water temperature was 20 °C
for H. futilirostris and 25 °C for P. serrifer in all experiments. Practical salinity was 34. Nominal concentrations of
hazardous chemicals were as follows: TBTCl, 0.56-5.6 µg/L
or 3.2-32 µg/L for H. futilirostris and 3.2-32 µg/L for
P. serrifer; and Cr(VI), 5.6-56 mg/L or 1.0-10 mg/L for
H. futilirostris, and 5.6-56 mg/L for P. serrifer. In all experiments, we used five concentrations in a geometrical
series, and the ratio of adjoining test concentration was
made to be 1.8. All acute toxicity testing was performed
with a simultaneous control; a solvent control was also used
for the TBTCl tests. The control cups contained only seawater, whereas the solvent control cups contained DMSO
equivalent to the maximum amount in test seawater used
in the TBTCl tests. Larvae were observed under a stereoscopic microscope to examine immobilization and mortality. Larvae were judged to be immobilized if individuals
could not swim in the seawater when the container was
moved slightly. Individuals were judged to be dead when
their hearts had stopped beating. Because immobilization
and mortality did not occur at the same hazardous chemical concentration, the H. futilirostris tests were carried out
twice with different concentrations of TBTCl and Cr(VI),
and the P. serrifer tests were carried out three times.
Acute toxicity for P. serrifer juveniles were compared
to the acute toxicity for larvae. The acute toxicity tests using
P. serrifer juveniles were performed according to 8740
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Decapods in the Standard Methods [2] and Hori et al. [4].
Nominal concentrations of TBTCl were 10-100 µg/L, and of
Cr(VI), 5.6-56 mg/L. Water temperature and practical salinity of the test seawater were 25 °C and 34, respectively.
The tests of TBTCl and Cr(VI) toxicity to P. serrifer juveniles were carried out only once.
The relationship between the percentages of immobilization or mortality and the measured or nominal concentrations of the hazardous chemicals during the test period
was analyzed by using a PC program (Ecotox ver. 2.2, The
Japanese Society of Environmental Toxicology) based on
the probit method to find the median immobilization concentration (EC50), or the median lethal concentration (LC50)
and the 95% confidence limits.

percentage of individuals of the dominant zoeal instar during the
Palaemon serrifer culture experiment.

Most larvae molted roughly every 2 days, but some
individuals, especially older ones, sometimes molted every
3 days. These intervals are close to those reported by
Kurata [11]. Until the 8th day, the percentage of dominant
zoeal instars was about 80%, but on the 9th day it fell to
52.2%, and then remained mostly constant. The difference
in age among the larvae increased with the duration of the
rearing period, reaching its maximum—a 5-instar difference— on the 17th day. The results of this rearing experiment suggest that P. serrifer larvae are generally of the
almost same instar up to the 8th day.
Starvation resistance

Measuring TBTCl and Cr(VI) in test solutions

After n-hexane extraction, followed by propyl or ethyl
derivatization, the TBTCl concentration in test seawater
was measured with a gas chromatograph (Agilent 6890N;
Agilent Technologies, Santa Clara, CA, USA) equipped
with a flame photometric detector (using a Sn filter). The
Cr(VI) concentration in test seawater was measured with
a graphite furnace atomic absorption spectrophotometer
(AAnalyst 600; Perkin Elmer, Wellesley, MA, USA) or an
inductively coupled plasma optical emission analyzer (Optima 5300DV; Perkin Elmer) after appropriate dilution.

When 0-day-old larvae of H. futilirostris were reared
without feeding, at least 90% of the larvae were swimming
normally for the first 48 h, but by 72 h none was swimming normally and 30-40% had died. Likewise, 0-day-old
P. serrifer larvae were normal to 48 h, but after 72 h all
had stopped swimming and more than 10% were dead.
In all 5 tests with 5-day-old P. serrifer larvae, the
immobilization rate and mortality were below 10% after
24 h. However, in only one test, the immobilization rate
and mortality were below 10% after 48 h; but in the other
four tests, they were at least 20% after 48 h.
TBTCl and Cr(VI) concentrations in test solutions

RESULTS
Collection and rearing of P. serrifer larvae

We were able to obtain larvae of P. serrifer in excellent condition by the procedure described in the section of
“Materials and Methods”. The 24 larvae were reared for
20 days. The dominant zoeal instar, the instar range, and
the percentage of dominant zoeal instars were determined
daily during this period (Fig. 1).

We determined the TBTCl concentrations in the seawater used in tests with H. futilirostris larvae at the start of
the tests and found that the measured concentrations were
80-120% of the nominal concentrations. The measured concentrations were used for the calculations of the EC50 and
LC50 values.
The TBTCl concentrations of the test seawater at the
start of the tests of P. serrifer larvae were determined for
one of the three tests. The measured concentrations were
80-120% of the nominal concentrations. As measured and
nominal concentrations were quite similar, EC50 and LC50
values were calculated by the nominal concentrations in
the tests using P. serrifer larvae.
We determined the Cr(VI) concentrations in the seawater used in tests with larvae of both H. futilirostris and
P. serrifer at the start of all tests, and also at the end of
some of the tests. The measured concentration of Cr(VI)
was slightly below 80% of the nominal one in only one
experiment. In the rest, the measured concentrations were
80-120% of the nominal value. EC50 and LC50 values were
calculated by using the measured concentrations.

FIGURE 1 - Changes in dominant zoeal instar, range of instars, and

In the acute toxicity tests with P. serrifer juveniles, we
determined the average concentrations of TBTCl and Cr(VI)
in the test seawater at both the start and end of the tests,
which were 80-120% of the nominal levels. The LC50
value for both TBTCl and Cr(VI) was calculated by using
the measured concentrations.
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Mean ± SD

Acute toxicity of TBTCl and Cr(VI)
H. futilirostris larvae

Table 2 shows the acute toxicities of TBTCl and
Cr(VI) to 0-day-old H. futilirostris larvae. Both the control and the solvent control showed immobilization rates
and mortalities of less than 10%. No molting individuals
were found in any experimental group during the test
period; therefore, the values shown in Table 2 are acute
toxicities to non-molting individuals. The 24-h EC50 and
24-h LC50 of TBTCl were 1.2 and 10 µg/L, respectively,
and the EC50 and LC50 had decreased to 0.73 and 3.1 µg/L,
respectively, at the end of the 48-h test period. For Cr(VI),
the 24-h EC50, 48-h EC50, 24-h LC50, and 48-h LC50 values were 19, 3.1, 43, and 19 mg/L, respectively. In the
tests of both TBTCl and Cr(VI), acute toxicity values declined as the test period became longer. In particular, the
48-h EC50 of Cr(VI) was about one-sixth that of the 24-h
test period.
TABLE 2 - Acute toxicities1 of TBTCl and
Cr(VI) to 0-day-old Heptacarpus futilirostris larvae.
24-h
48-h
EC50
LC50
EC50
LC50
TBTCl
1.2
10
0.73
3.1
(µg/L)
(1.1–1.5) 2
(—) 3
(0.19–2.9)
(0.5–4.8)
Cr(VI)
19
43
3.1
19
(mg/L)
(14–28)
(14–130)
(2.1–4.4)
(16–52)
1
Calculations were based on measured concentrations; 2 95% confidence
intervals; 3 Could not be calculated
P. serrifer larvae

The acute toxicities of TBTCl and Cr(VI) to P. serrifer larvae are shown in Tables 3 and 4. Both control and
solvent control showed immobilization rates and mortalities of less than 10%. Because more than 50% of 0-dayold larvae swam normally and survived for 24 h over the
entire range of TBTCl concentrations in test seawater, the
24-h EC50 and 24-h LC50 values could not be determined.
On the other hand, the 48-h EC50 and 48-h LC50 of TBTCl
to 0-day-old larvae were 7.6 ± 1.2 and 12 ± 3.2 µg/L
(average ± standard deviation, n = 3), respectively. The
24-h EC 50 and 24-h LC 50 of TBTCl to 1-day-old larvae
TABLE 3 - Acute toxicities 1 of TBTCl to Palaemon serrifer larvae.
24-h

48-h

(µg/L)

EC50

LC50

0 days old

> 32

> 32

> 32

> 32

> 32

> 32

—
12
(8.2–19)
7.1
(5.3–9.5)
5.9
(4.5–14)

—
20
(14–38)
13
(9.7–18)
9.2
(6.2–13)

Mean ± SD
1 day old

EC50
7.1
(5.3–9.6) 2
6.7
(5.0–8.9)
8.9
(6.7–12)
7.6 ± 1.2

LC50
14
(11–18)
8.4
(6.4–11)
14
(10–20)
12 ± 3.2

8.3 ± 3.2
14 ± 5.5
18
5 days old
> 32
(14–25)
14
> 32
(10–23)
14
> 32
(11–19)
Mean ± SD
15 ± 2.1
—
1
Calculations were based on nominal concentrations; 2 95% confidence
intervals
TABLE 4 - Acute toxicities 1 of Cr(VI) to Palaemon serrifer larvae.
24-h
48-h
EC50
LC50
EC50
LC50
17
34
7.3
13
0 days old
(13–22) 2
(21–54)
(5.4–9.3)
(11–17)
14
28
10
15
(11–18)
(22–35)
(7.9–14)
(12–19)
13
18
9.1
14
(8.4–19)
(13–25)
(6.7–12)
(9.5–21)
Mean ± SD
15 ± 2.1
26 ± 8.1
8.8 ± 1.4
14 ± 1.0
16
32
1 day old
(12–22)
(26–40)
15
32
(10–21)
(27–38)
19
38
（15–26）
(29–51)
Mean ± SD
17 ± 2.4
34 ± 3.3
28
44
5 days old
(21–40)
(32–85)
24
42
(18–32)
(32–56)
19
25
(13–26)
(18–38)
Mean ± SD
23 ± 4.6
37 ± 10
1
Calculations were based on measured concentrations; 2 95% confidence
intervals
(mg/L)

were 8.3 ± 3.2 and 14 ± 5.5 µg/L, respectively. The 24-h
EC50 of TBTCl to 5-day-old larvae was 15 ± 2.1 µg/L, but
the 24-h LC50 of TBTCl to 5-day-old larvae could not be
determined because the mortality did not exceed 50% at
any concentration of TBTCl in the test seawater.
The 24-h EC50 and 24-h LC50 values of Cr(VI) to 0day-old larvae were 15 ± 2.1 and 26 ± 8.1 mg/L, respectively, and these acute toxicity values decreased to 8.8 ±
1.4 mg/L (EC50) and 14 ± 1.0 mg/L (LC50) at the end of the
48-h experimental period. The 24-h EC50 and 24-h LC50
of Cr(VI) to 1-day-old larvae were 17 ± 2.4 and 34 ± 3.3
mg/L, respectively. Similarly, the 24-h EC50 and 24-h LC50
to 5-day-old larvae were 23 ± 4.6 and 37 ± 10 mg/L, respectively.
In the P. serrifer population used in the TBTCl tests
of 0- and 1-day-old larvae, we found that almost all individuals, except those exposed to the highest concentration
(TBTCl; 32 µg/L nominal concentration), molted during
the tests: the 0-day-old individuals molted between 24 and
48 h, and the 1-day-old individuals molted within 24 h after
the start of test. In the population used in the Cr(VI) tests
of 0- and 1-day-old larvae, almost all 0-day-old individuals,
except those exposed to the highest concentration (Cr(VI);
56 mg/L nominal concentration), molted after 24 h, and 020% of the 1-day-old individuals in all experimental groups
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molted during the acute toxicity tests. In the tests with 5day-old larvae, no molting individuals were observed during the 24-h test period for either TBTCl or Cr(VI). The
first molting almost always occurred on the first day of the
rearing experiment with P. serrifer larvae (Fig. 1). However, the molting time during the acute toxicity testing of
TBTCl was delayed by 1 day compared with that during the
rearing experiment. Kurata [11] reported that the course of
larval development in P. serrifer is highly variable. Therefore, the 1-day molting delay during TBTCl testing might
be attributable to the biological characteristics of the P.
serrifer individuals used for the testing and not to TBTCl
exposure.
P. serrifer juveniles

Table 5 shows the acute toxicities of TBTCl and
Cr(VI) to P. serrifer juveniles. We distinguished molting
and non-molting individuals during the test, and recorded
individuals that died at specific exposure concentrations

(Fig. 2). The results showed that sensitivity to TBTCl
tended to be heightened by molting. Accurate calculation
of the LC50 in molted individuals was impossible because
of their small numbers (1-4 individuals in each test group).
For that reason, the mortality of non-molting individuals
was used to calculate the LC50 of TBTCl.
TABLE 5 - LC50 of TBTCl and Cr(VI) to Palaemon serrifer juveniles.
LC50 1
24-h
48-h
72-h
96-h
TBTCl 2
83
70
48
> 100
(µg/L)
(64–110) 3
(49–130)
(32–69)
Cr(VI) 4
64
27
20
17
(mg/L)
(32–51)
(19–33)
(16–27)
(14–23)
1
Calculations were based on measured concentrations; 2 LC50 values
were determined by using the mortalities of individuals that did not molt
during the test period. 3 95% confidence intervals; 4 LC50 values were
determined by using the mortalities of all individuals (molted and not
molted) during the test period.
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FIGURE 2 - Relationships between mortality of Palaemon serrifer
juveniles and concentrations of TBTCl and Cr(VI) in the acute toxicity tests.
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Palaemon serrifer did not molt in some acute toxicity
tests with higher Cr(VI) concentrations. Hori et al. [4]
reported that the toxicity of Cr(VI) to H. futilirostris was
not significantly changed by molting. Therefore, the mortalities of all individuals were used to calculate the LC50
of Cr(VI).
The 24-h LC50 values of TBTCl could not be calculated
because the mortality did not exceed 50% for the range of
TBTCl concentrations used. The 48-, 72-, and 96-h LC50
values of TBTCl were 83, 70, and 48 µg/L, respectively.
The 24-h LC50 of Cr(VI) was 64 mg/L, and the 48-h and
96-h values were 27 and 17 mg/L, respectively. Acute toxicities to juveniles tended to be lower than those to larvae.

DISCUSSION
Recommended procedure for the acute toxicity test

To obtain accurate toxicity data, it is important to conduct acute toxicity testing with larvae, all of the same instar. Our results suggest that if the test period is set at 24 h,
larvae younger than 7 days after hatching should be used.
According to OECD Guidelines for Testing of Chemicals [17], the immobilization rate or mortality should be
maintained below 10% in the control during acute toxicity
testing. Therefore, the present results indicate that the period of acute toxicity testing with 0- and 5-day-old P.
serrifer larvae should be restricted to 48 and 24 h, respectively. In acute toxicity tests of 1-day-old larvae, 0-day-old
larvae are reared for 1 day without feeding and then used.
For that reason, this test period is also restricted to 24 h.
Cannibalism was observed in larvae of all ages (0-, 1-,
and 5-day-old) when many larvae of different ages were
reared in the same container without feeding. Therefore,
larvae must be isolated from one another during acute
toxicity testing.
Acute toxicity differences according
to molting and developmental stage

Hori et al. [4] reported that the 48-h LC50 of TBTCl
to H. futilirostris juveniles is 6.3 µg/L. The 48-h LC50
value (3.1 µg/L) of TBTCl to 0-day-old larvae was about
half that to juveniles. Thus, larvae tended to show higher
sensitivity than juveniles.
Hori et al. [4] reported that the 48-h LC50 of Cr(VI) to
H. futilirostris juveniles is 23 mg/L. The 48-h LC50 of
Cr(VI) to 0-day-old larvae (19 mg/L) was almost the
same as that to juveniles. Thus, we could not discern any
difference in sensitivity to Cr(IV) during development.
We compared the acute toxicity of TBTCl to three
different ages of P. serrifer larvae (Table 3) and found
that the 24-h EC50 in 0-, 1-, and 5-day-old larvae was >32,
5.9–12, and 14–18 µg/L, respectively. On the other hand,

the 24-h LC50 was >32 µg/L in 0-day-old larvae, 9.2–20
µg/L in 1-day-old larvae, and >32 µg/L in 5-day-old larvae. These data give the impression that 1-day-old larvae
have higher sensitivity than 0- or 5-day-old larvae. However, because almost all 0-day-old individuals in the TBTCl
tests had not molted by 24 h, whereas the 1-day-old larvae
had molted by 24 h, toxicity values seemed to be significantly influenced by physiological changes induced by
molting. In other words, the acute toxicities found in the
present research were apparently influenced by molting.
Shrimps and other crustaceans have developmental characteristics, such as molting and metamorphosis, that differ
from those of fish. An increase in sensitivity to hazardous
chemicals as a result of molting and metamorphosis has
been demonstrated previously: namely, a precipitous drop
in resistance of Neptunus trituberculatus to inorganic nitrogen [18], reduced resistance of M. japonicus to cadmium
after metamorphosis from mysis to postlarva [19], and
strong expression of acute toxicity of organotin compounds
and sodium pentachlorophenol to M. japonicus in response
to molting [4]. We similarly observed an increase in sensitivity of P. serrifer as a result of molting.
The 24-h EC50 of TBTCl to 5-day-old larvae was significantly larger (t-test, p < 0.05) than that to 1-day-old
larvae. Since the 1-day-old larvae molted during the test
period, it was considered that the physiological state of 1day-old larvae differed from that of 5-day-old larvae, and
that sensitivity of 1-day-old larvae was increased by the
molting. Therefore, it is not appropriate to compare directly
acute toxicities between 1- and 5-day-old larvae. However, since 0- and 5-day old larvae did not molt within 24 h
after the start of the acute toxicity tests, there is no problem
in comparing acute toxicities between these larvae of different ages. The 24-h EC50 of TBTCl to 0- and 5-day-old
larvae was >32 and 15 ± 2.1 µg/L, respectively. These
results clearly show that sensitivity to TBTCl was higher
in 5-day-old larvae than in 0-day-old larvae.
The 48-h LC50 of TBTCl to 0-day-old larvae and juveniles was 12 ± 3.2 µg/L (Table 3) and 83 µg/L (Table 5),
respectively. Because the 0-day-old larvae molted during
the test period from 24 to 48 h, the 48-h LC50 value in
larvae was determined for molting individuals, whereas
the value in the juveniles was determined for non-molting
individuals. The results of our previous paper indicate that
sensitivity increases by molting, and the LC50 in molted individuals is equivalent to a third or a half that determined
in non-molted individuals (Fig. 2) [4]. The present results
suggest that the sensitivity of P. serrifer to TBTCl is higher
in larval stage individuals than in juveniles.
With regard to Cr(VI) tests with P. serrifer, it is possible to compare the sensitivity among the three different
age groups because, unlike in TBTCl testing, there was no
change in sensitivity caused by molting. Comparison of the
acute toxicities of Cr(VI) among P. serrifer larvae of three
different ages showed that the 24-h EC50 and 24-h LC50
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values were both larger in the 5-day-old larvae (24-h EC50,
23 mg/L; 24-h LC50, 37 mg/L) than in larvae of the other
two age groups (Tukey test, p < 0.05), but less than twofold. These results suggest that the difference in sensitivity by developmental stages was arguably small. In comparing the acute toxicities of Cr(VI) of 0-day-old larvae
and juveniles, it was obvious that the 48-h LC50 for juveniles (27 mg/L) was about twice that of 0-day-old larvae
(14 ± 1.0 ng/L), and that larvae tended to have higher sensitivity than juveniles.
Several researchers have reported that the acute toxicity values (EC50 and LC50) of tributyltin (TBT) compounds to shrimps increase when they grow. According to
Lignot et al. [20], the 48-h LC50 of bis(tributyltin)oxide
(TBTO) to M. japonicus nauplii is 0.88 µg/L, whereas that
to juveniles is much larger (370 µg/L). The 48-h LC50 of
TBTO to Crangon crangon adults is about 10 times that
to larvae [21]. The LC50 of TBTCl to Mysidopsis bahia
tends to in-crease with increasing age: the 96-h LC50 of
TBTCl to 0-, 5-, and 10-day-old M. bahia are 1.1, 2.0, and
2.2 µg/L, respectively [22]. Larvae of H. futilirostris and
P. serrifer tended to have higher sensitivity than juveniles
of those species. On the other hand, no obvious differences in toxicities to larvae were recognized among developmental stages (0-, 1-, and 5-days-old) in P. serrifer.
However, the sensitivity of M. japonicus to organophosphorus pesticides increases with increasing larval stage,
especially after meta-morphosis to the postlarval stage [23].
Therefore, to demonstrate differences in sensitivity in relation to larval development, it would appear necessary to
study the toxicities of additional hazardous chemicals.

Differences in the sensitivities
of H. futilirostris and P. serrifer

We used 0-day-old larvae and juveniles to compare
the sensitivities of H. futilirostris and P. serrifer to TBTCl
and Cr(VI). First, we compared the sensitivities of 0-dayold larvae between the two species. The 48-h EC 50 of
TBTCl in P. serrifer was about 10 times (7.6 µg/L) that in
H. futilirostris (0.73 µg/L), and the 48-h LC50 in P. serrifer
was about 4 times (12 µg/L) that in H. futilirostris (3.1 µg/
L). H. futilirostris clearly showed higher sensitivity than P.
serrifer.
The 48-h EC50 of Cr(VI) in P. serrifer (8.8 mg/L) was
about three times that in H. futilirostris (3.1 mg/L), suggesting that H. futilirostris has higher sensitivity than P. serrifer, when immobilization was used as the endpoint. However H. futilirostris showed a larger 24-h LC50 value (43
mg/L) than P. serrifer (26 mg/L), the difference was less
than two- fold. Further, because there was hardly any difference between the 48-h LC50 values in H. futilirostris (19
mg/L) and P. serrifer (14 mg/L), both species had about
the same sensitivity when mortality was used as the endpoint.
Comparison of the sensitivity of juveniles to both
chemicals showed that the 96-h LC50 of TBTCl was 3.6
µg/L in H. futilirostris [4] and 48 µg/L in P. serrifer. The
LC50 value in H. futilirostris was one-tenth that in P. serrifer. Thus, the present results clearly showed that H. futilirostris was more sensitive to TBTCl than P. serrifer. On
the other hand, the two species showed about the same
sensitivity to Cr(VI), because the 96-h LC50 values were 17
mg/L (H. futilirostris) [4] and 17 mg/L (P. serrifer).

TABLE 6 - 48-h LC50 of tributyltin to various marine crustaceans.
Organism

Life stage

Temperature
(°C)

Salinity

Compound

Concentration
(µg/L)

Copepoda
Acartia tonsa
A. tonsa
Eurytemora affinis

adult
subadult
subadult

17.5
20
20

28
10
10

TBTCl
TBTCl
TBTCl

0.24
1.1
1.4–2.5

26
27
27

immature young
adult

20
20
20
20

n.a.3
n.a.
10
10

TBTCl
TBTCl
TBTCl
TBTCl

1.2–6.6
17.8–23.1
12.5
20.2

28
28
27
27

TBTO
TBTO
TBTO
TBTO
TBTCl
TBTCl
TBTCl
TBTCl
TBTCl
TBTCl

6.5
73
110
0.7–1.4
5.8
60
3.1
6.3
12
83

Amphipoda
Caprellidea 1
Gammaridea 2
Gammarus sp.
Gammarus sp.

Decapoda
Crangon crangon
larvae
n.a.
n.a.
C. crangon
adult
n.a.
n.a.
Carcinus maenas
larvae
n.a.
n.a.
Marsupenaeus japonicus
larvae (mysis 1-mysis 3)
28
33–38
M. japonicus
postlarvae (molted)
25
34
M. japonicus
postlarvae (not-molted)
25
34
Heptacarpus futilirostris
larvae (zoeae, 0 days old)
20
34
H. futilirostris
juveniles (not-molted)
25
34
Palaemon serrifer
larvae (zoeae, 0 days old)
25
34
P. serrifer
juveniles (not-molted)
25
34
1
Caprella equilibra, C. penantis R-type, C. verrucosa, C. subinermis, C. danilevskii
2
Jassa slatteryi, Cerapus erae, Eohaustorioides sp.
3
n.a.: No data available
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20
4
4
This study
4
This study
This study
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TABLE 7 - 48-h LC50 of chromium to various marine crustaceans.
Life stage

Temperature
(°C)

Salinity

Compound

Concentrations
(mg/L)

adult
adult
adult
adult

18
22
20
20

n.a. *
n.a.
18
n.a.

Cr(VI)
Cr(VI)
K2Cr2O7
K2Cr2O7

11.47
8.83
16
9

29
29
30
31

larvae (zoeae, 0 days old)
juveniles
larvae (zoeae, 0 days old)
juveniles

n.a.
n.a.
20
20
25
25

n.a.
n.a.
34
34
34
34

Cr
Cr
Cr(VI)
Cr(VI)
Cr(VI)
Cr(VI)

1.01
100
19
23
14
27

32
33
This study
4
This study
This study

Organism
Copepoda
Acartia clausi
A. clausi
Acartia tonsa
Tisbe longicornis
Decapoda
Penaeus indicus
Crangon crangon
Heptacarpus futilirostris
H. futilirostris
Palaemon serrifer
P. serrifer
* n.a.: No data available

to be highly sensitive to several hazardous chemicals, including organotin compounds. On the other hand, Walsh
[24] reported that Palaemonetes pugio, which belongs to
the same family as P. serrifer, is not as sensitive as other
marine organisms to TBT. Our results support these findings, but it is still necessary to compare the sensitivities of
these two shrimp species to other hazardous chemicals,
and determine the toxicity differences of other chemicals.

100
90

% 	
  A ffec ted	
  s pec ies

80
70
60

0-day-old	
 P.  serrifer 	
 larvae

50
40
30

Reference

0-day-old	
 H.  futilirostris 	
 larvae

20

Comparison with toxicities to other crustaceans

10

In the previous sections, we compared the sensitivities of H. futilirostris and P. serrifer. In this section, we
compare the acute toxicities of TBT and Cr(VI) to larvae
of H. futilirostris and P. serrifer with those to other marine crustacean species (Tables 6 and 7). The comparisons
based on data exhibited in Tables 6 and 7 are shown in
Figs. 3 and 4 according to Leung et al. [25].
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FIGURE 3 - Comparison of sensitivity of two shrimp
species to tributyltin among marine crustacean species.
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FIGURE 4 - Comparison of sensitivity of two shrimp
species to chromium among marine crustacean species.

The differences in the sensitivities of the two shrimp
species to TBTCl and Cr(VI) can be summarized as follows. Heptacarpus futilirostris had higher sensitivity than
P. serrifer to TBTCl. When mortality was selected as the
end-point, H. futilirostris and P. serrifer showed about the
same sensitivity to Cr(VI). However, when acute toxicity
was evaluated as immobilization, larvae of H. futilirostris
tended to have higher sensitivity to Cr(VI) than larvae of
P. serrifer. Hori et al. [4] reported that H. futilirostris tends

Because few toxicity values have been reported for
crustacean species in the larval stage, we also compared
toxicities in marine crustaceans without limiting the comparison to any particular developmental stage. The toxicity value of TBTCl to 0-day-old H. futilirostris larvae was
smaller than that to Copepoda [26, 27], Caprellidae [28],
or Gammaridea [27, 28] (Table 6 and Fig. 3). The LC50 of
Cr(VI) for H. futilirostris was an intermediate level
among those shown in Fig. 4, and larger than Penaeus
indicus [32]. The LC50 of TBTCl to 0-day-old larvae of
P. serrifer was an intermediate level among those shown
in Fig. 3, and about the same as those of Gammaridea [27,
28]. The LC50 of Cr(VI) to P. serrifer was about the same
as that to H. futilirostris - that is, an intermediate level
among those shown in Fig. 4.

CONCLUSIONS
(1) Larvae of H. futilirostris showed higher sensitivities
than other crustaceans to TBTCl. Acute toxicities of
TBTCl to P. serrifer and of Cr(VI) to both species were
intermediate in relation to those to other crustaceans.
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(2) The sensitivities of larvae of these species were higher
than those of juveniles. However, obvious differences
in toxicities to larvae were not recognized among developmental stages (0-, 1-, and 5-day-old) in P. serrifer.
(3) Heptacarpus futilirostris generally showed higher sensitivity than P. serrifer, and the difference was especially marked when immobilization was used as the
end-point. Moreover, because 0-day-old P. serrifer
larvae molted from 24-48 h during the acute toxicity
testing, this species can be effectively used to investigate changes in sensitivity to hazardous chemicals
caused by molting. In addition, the 0-day-old larvae
constitute a population at a uniform developmental
stage. Therefore, the use of 0-day-old larvae of H. futilirostris and P. serrifer is appropriate for investigating acute toxicities of hazardous chemicals to crustaceans.
(4) Zero-day-old larvae of the two species survived normally for 48 h without feeding. Forty-eight-hour acute
toxicity testing can thus be successfully performed by
using 0-day-old larvae of these two shrimp species.
We established the acute toxicity testing method using 0-day-old larvae of H. futillirostris and P. serrifer.
We can obtain the highly sensitive acute toxicity by the
method described in this paper. This method is small
scale, the test procedures become easier than the former
method.
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ABSTRACT

TABLE 1 - Permissible quantities of heavy
metals the body can take up per week by nutrition.

After several scientific studies on different specimens
of water and salt produced from Al Jabboul Saline, performed consecutively in 1993, 1994, 1995, 1996, and, as
well as recently, in 2006 and 2007, in order to specify some
organic and inorganic contaminants, it was demonstrated
by this work that the concentrations of some heavy metals,
such as lead (Pb), cadmium (Cd) and arsenic (As), expressed
in ppm, all exceeded the internationally permissible concentrations in food stuffs. The concentration of aluminum (Al)
reached 30.09 ppm in 1995, and that of sulfur 6860 ppm
in 1994. Concentrations of some chlorinated organic compounds have increased in the last 10 years up to 75 and 100
times, while those of some poly-aromatic hydrocarbons
(PAHs) did not exceed 1.4 ppm. From the above, we may
conclude a health risk to be expected for consumers of Al
Jabboul Saline salt in the next decades, due to increasing
accumulation of contaminants in the human body, in addition to other contaminants contained in this salt.

Heavy metals
Lead (Pb)
Cadmium (Cd)
Mercury (Hg)
Arsenic (As)

Quantity
in mg/kg of
body weight
0.040
0.007
0.0003
0.015

Male adults
70 kg body
weight (mg)
2.800
0.490
0.021
1.050

Female adults
58 kg body weight
(mg)
2.320
0.406
0.017
0.870

Researchers found that most of the food substances of
botanic origin were contaminated with heavy metals, and
that Cd is accumulated in some root and leaf vegetables
(e.g. celery and spinach, respectively), while Pb accumulates in other leaf vegetables, such as cabbage, cauliflower
and lettuce [16]. Since table salt is considered as food stuff
that is greatly important for the diet, it has to be supplied
to the people free of dangerous contaminants. In case of the
presence of such contaminants, their concentrations should
not exceed the maximum limit that is internationally permitted, as shown in Table 2.
TABLE 2 - Concentrations of heavy metals permissible in
table salt (Codex Standard for Food-Grade Salt 150–1985).

KEYWORDS: Saline salt, wastewater, contamination, chlorinated
organic compounds, PAHs, heavy metals

Heavy metals
Arsenic (As)
Copper (Cu)
Lead (Pb)
Cadmium (Cd)
Mercury (Hg)

INTRODUCTION
In living society, it has become an obligation to focus
on all types of contaminants, particularly with respect to
improving food production and providing food to the consumer free from all contaminants [1–12]. To investigate
contaminants in food for the sake of human safety, researchers calculated the average daily consumption of such
substances and specified the quantity permissible in food,
which has been established as the acceptable daily intake
(ADI) [13]. It has further been specified the quantity of
heavy metals permissible in weekly nutritional meals for
both males and females [14] (Table 1).

Concentration in Salt (mg/kg)
0.5
1.0
0.5
0.1
0.1

Since Al Jabboul Saline, which is 40 km south-east
of Aleppo city (Fig. 1), was and still is producing about
13,000 tons annually, covering a large part of the household and industrial needs of salt of Aleppo city, and receives, since 1975, the surplus waters of the lands adjacent
to the Euphrates river dam (through 12 small tributaries
pouring into the saline body), the aim of this research was
to perform the necessary study on water and salt of this
saline and to clarify the Al Jabboul salt’s level of contamination with various contaminants, as well as to compare the
findings with previous examinations in order to observe
the contamination pattern.
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FIGURE 1 - Map of Syria showing the Al Jabboul Saline area in the south east of Aleppo city.

MATERIALS AND METHODS
We attempted to specify the concentrations of the following 3 different sets of organic compounds contaminating Al Jabboul:
-

Some light and heavy metals

-

Some chlorinated organic compounds

-

Some poly-aromatic hydrocarbons (PAHs)

To achieve this target, we have taken specimens of Al
Jabboul Saline waters in dim glass bottles at the beginning of each summer season for 4 successive years, after
measuring the degree of acidity and salinity in the place
and adding a few drops of diluted nitric acid to each bottle

until the hydric status reached pH 3–4. Solid salt specimens have been directly collected from the basins and also
from vendors at the end of each summer.
Determination of light and heavy metals

In this regard, we have adopted the method of inductive coupled plasma atomic emission spectroscopy (ICPAES) [16–19]. For this, we have dissolved 1 g of dry salt in
10 ml of distilled water, added 2 ml of concentrated nitric
acid, and left the solution for 2 h in the lab. We heated the
solution to the boiling point for 2 h in a small-sized distillation apparatus equipped with a 40 cm long cooler. After the
solution was cooled and filtrated, washing out of residues
was performed with diluted nitric acid solution (2N). The
solution was then transferred to a 100-ml flask and the vol-

TABLE 3 - Concentrations of some heavy and light metals present in Al Jabboul salt and water between 1993-1996 and 2006-2007.
Metal
Al
B
Ba
Ca
Cd
Cu
Fe
Hg
K
Mg
Mn
Pb
S
Se
Sr
As
Mo
Ni
V
Zn

1993
12.6000
7.8600
0.5770
665.0000
0.0090
0.5110
1.9000
0.0013
1720.0000
1050.0000
0.7790
0.1670
3400.0000
0.0890
29.8000
-

1994
10.5000
11.3000
0.6620
1240.0000
0.0149
0.5020
10.6000
0.0048
2060.0000
1880.0000
1.8500
0.4790
6860.0000
0.1700
63.5000
-

Saline salt (mg/kg)
1995
30.9000
20.4000
0.7180
4240.0000
0.0443
0.5090
19.6000
0.0126
3340.0000
3160.0000
1.9800
0.8750
4300.0000
0.2160
99.9000
-
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2006
25.591
80.940
0.940
503.900
0.880
39.500
164.000
1407.000
17010.000
2.210
1.710
1.503
33.110
12.000
9.070
30.520
6.480
28.530

2007
29.917
144.500
3.860
534.100
1.480
56.730
326.400
678.800
26660.000
8.100
5.570
15.137
12.180
15.930
95.970
62.800
14.050
21.960

Saline water (mg/L)
1996
2007
0.6967
0.777
8.65
34.825
0.045
0.6334
417
677.7
0.0207
0.3235
0.012
0.0656
0.066
2.47
0.00085
229
689.2
1382
3818
0.005
0.1275
0.094
0.1101
2546
0.0032
19.8
23.86
1.236
0.9348
0.7825
0.0155
1.737
0.0629
0.0787
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ume was completed to mark with distilled water. We prepared diluted specimens (up to 40-fold), and injected 10 µl
of it into the ICP apparatus. Saline waters have been prepared by taking 100 ml of each specimen and treating them
in the same manner with half the quantities of salt specimen solutions. Table 3 provides for the quality and concentrations of Al Jabboul Saline exposed to heavy and light
metals, in comparison to previous years (mean of 2 measurements, analyzed by ICP spectroscopy).
Determination of chlorinated organic compounds

For this, 10 L of Al Jabboul Saline water were extracted, by adding 50 ml n-hexane to 500-ml aliquots of Al
Jabboul Saline water in 1-L flasks on a magnetic heater,
and by stirring without heating for 24 h. The organic layer
was separated from the hydraulic one by means of a suitable separation funnel, and the extraction process was again
repeated on the hydraulic layer in the same manner. The organic layers were collected in a volumetric flask and rotaevaporated to 5 ml volume. Then, we continued evaporation
for chlorinated organic compounds using a modified evaporation apparatus (Kuderna-Danish), until a volume of 2 ml
(Fig. 2).

of the real samples into the GC/ECD, and were able to determine herbicide, insecticide and PCB concentrations using
the received standard (calibration) curves.
Specifications of the GC/ECD analysis were as follows:
Quartz capillaries with solid phase DB 1701, l = 30 m,
i.d. = 0.32 mm, film thickness = 0.25 µm and DB 5, l =
30 m, i.d. = 0.32 mm, film thickness = 0.25 µm; carrier gas:
H2 (4 ml/min, linear gas velocity: 82 cm/s at 25 °C), temperature program: 60-120 °C with 8 °C/min, after 3 min up
to 260 °C with 5 °C/min, then up to 280 °C with 10 °C/min;
sample application: 1 µl, split/split-less; injector temperature: 280 °C, ECD temperature 300 °C, make-up gas (N2)
50 ml/min.
Standard solution (I) consisted of HCB, β-HCH, o,pDDT, p,p-DDT, p,p-DDE, o,p-DDD, p,p-DDD, dieldrin,
chlordane, endrin, heptachlor, t-heptachlorperoxide, and βendosulfan, and standard solution (II) of 2,4,4’-trichlor; 2,2,
5,5’-tetrachlor; 2,2’,4,5,5’-pentachlor; 2,2/,3,4,4’,5’-hexachlor; 2,2’,4,4’,5,5’-hexachlor and 2,2’,3,4,4’,5,5’-heptachlor biphenyls.
To specify the chlorinated organic compounds in the
solid salt specimens, 1 g of each was weighed, dissolved
in 250 ml of distilled water, and 25 ml n-hexane was added.
These solutions were treated in the same manner as described for water specimens. Tables 4 and 5 show the concentrations of some chlorinated organic compounds detected
in each of the Al Jabboul Saline water and salt samples.
TABLE 4 - Concentrations of some chlorinated
organic compounds in saline water (1996 and 2007).
Compounds
HCB
α-HCH
β-HCH

FIGURE 2 - Evaporation apparatus
used for chlorinated organic compounds.

We purified the extracted specimens by high pressure
liquid chromatography (HPLC) [20–22]. To specify herbicides and insecticides (standard solution I) as well as PCBs
(standard solution II) in the chosen specimens, we prepared
7 dilutions of both standards to obtain 4, 5, 12.5, 25, 50,
100, and 200 pg/µl of reference compounds for calibration,
respectively [23]. We injected 2 µl of the dilutions and 1 µl

1996
(ng/L)
0.0115
0.0295
0.0615
0.5660

γ-HCH
Heptachlor
0.0060
2,4-DDT
0.0330
o.p-DDT
p,p-DDT
p,p-DDE
o,p-DD D
p,p-DDD
Dieldrin
Chlordane
Chlordene
Endrin
t-Heptachlorepoxide
β-Endosulfan
PCBs
#28
#52
#101
#138
0.0315
#153
#180
n.d. = not determined, n.a. = not analyzed
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2007

(ng/L)
0.862
n.d.
1.497
26.547
n.a.
n.d.
n.d.
n.a.
n.d.
n.d.
n.a.
n.d.
n.a.
0.211
0.952
n.d.
0.242
0.367
2.126
3.253
4.661
5.419
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the solution to a 750-ml volumetric flask. We added 5 ml
of concentrated sulfuric acid (H2SO4) and 15 ml of dichloromethane, and stirred the mixture with the magnetic stirrer
for 1 h. After separating the organic layers from that of
water, we collected the organic ones, cleared them from
water residues by adding 1 g of anhydrous sodium sulfate,
and left the mixture for about 30 min. After filtration, we
transferred the organic solution to a small volumetric flask
and reduced its total volume to 2 ml by rotaevaporation. We
transferred the evaporated specimen onto a small (1 cm diameter) and 8 cm long chromatographic separation column,
filled with 2 g siliceous gelatin (40 microns particle diameter).

TABLE 5 - Concentrations of some chlorinated
organic compounds in saline salt (2006 to 2007).
Compounds
HCB
α-HCH
β-HCH
γ-HCH
Heptachlorine
2,4-DDT
o.p-DDT
p,p-DDT
p,p-DDE
o,p-DDD
p,p-DDD
Dieldrin
Chlordane
Chlordene
Endrin
t-Heptachlorepoxide
β-Endosulfan
PCBs
# 28

2006
(ng/g)
0.299
n.d.
n.d.
4.3710
n.a.
n.d.
n.d.
0.304
Sp.
n.d.
5.5
n.d.
n.d.
0.38
n.d.
n.d.

2007
(ng/g)
0.234
n.d.
n.d.
4.222
n.a.
n.d.
n.d.
0.873
n.d.
n.d.
19
n.d.
n.d.
0.886
n.d.
n.d.

0.365

1.304

Afterwards, we added 10 ml of the movable phase
mixture, which consists of dichloromethane and cyclohexane (1:1). We gathered the extracts in a small-volume
flask and evaporated it under a gentle stream of N2 gas till
dryness. Then, we added 500 µl of acetonitrile to the dry
specimen. To determine PAH concentrations in water samples, we again prepared 7 dilutions of standard solution III
as already described above, to receive the calibration curves
for PAH-GC/MS analysis [24, 25].

#52
0.287
1.120
#101
0.851
2.905
#138
0.565
2.038
#153
0.673
2.315
#180
0.240
0.786
n.d. = not determined, n.a. = not analysed, Sp. = Impurities
Identification of poly-aromatic hydrocarbons (PAHs)

For the identification of PAHs, we diluted 1 g of each
solid salt sample in 250 ml distilled water and transferred

Standardized solution (III) consisted of acenaphthene,
acenaphthylene, anthracene, benzo(a)anthracene, benzo(b)
fluoranthene, benzo(k)fluoanthene, benzo(g,h,i)perylene,
benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene, fluoranthene, fluorene, indeno(1,2,3-c,d)pyrene, naphthalene,
phenanthrene, and pyrene. The concentrations of some
PAHs present in Al Jabboul Saline salt are shown in Table 6.

TABLE 6 - Concentrations of PAHs in Al Jabboul Saline salt (ng/L).
Year
1996
2006
2007
∑
n.a. = not analysed

Chrysene
0.0014
n.a.
n.a.
0.0014

Pyrene
0.0061
n.a.
n.a.
0.0061

Anthracene
0.0026
n.a.
n.a.
0.0026

Phenanthrene
0.0482
n.a.
n.a.
0.0482

GC/MS analysis of PAHs: Column DB5, l = 30 m,
i.d. = 0.25 mm, carrier gas He, 10 psi. For column temperature program (Table 7).
TABLE 7 - Column temperature
program of GC/MS for PAH analysis.
Start temperature
(°C)
90
90
270

End temperature
(° C)
90
270
270

Rate
(°C/min)
0.0
5.0
5.0

Time
(min)
1.0
36.0
15.0

RESULTS AND DISCUSSION
According to Table 3, which includes concentrations
of some heavy and light metals present in Al Jabboul Sa-

Flourene
0.0220
n.a.
n.a.
0.0220

Acenaphthene
0.0081
n.a.
n.a.
0.0081

Naphthalene
0.6210
n.a.
n.a.
0.6210

line waters and salt, the following conclusions can be made:
At first, the increase of a large number of heavy and light
metals within the last 10 years in Al Jabboul salt, such as
aluminum (Al), calcium (Ca), copper (Cu), iron (Fe), lead
(Pb), mercury (Hg), selenium (Se), and arsenic (As), can be
related to the increase in pouring discharge water of the
12 tributaries into the saline body. Secondly, the highest
concentrations of heavy metal elements in Al Jabboul Saline pertain to lead with 5.570 ppm, and to arsenic which
reached 5.930 ppm in 2007.
Based on the person’s average daily consumption of
20 g of Al Jabboul salt, we conclude that each person consumes 0.111 mg Pb/day, which equals 0.7798 mg/week,
0.3186 mg As/day, which equals 2.2302 mg/week, as well
as 0.2072 mg Cd/week and 0.0025 mg Hg/week. When
compared with Table 1, we notice that the arsenic quantity
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of Al Jabboul salt consumers exceeds the weekly quantity
permitted under the weekly households` diet.
The concentrations of HCB, β-HCH and γ-HCH of Al
Jabboul salt increased significantly (Table 4). The same
trend was observed for PCB 138, and values in Table 5
indicate that PCB compounds Nos. 28 and 52, 101, 138,
153, and 180 have increased 3 to 4 times in Al Jabboul
salt from 2006 to 2007. From these results, we may conclude that a distinct health risk for Al Jabboul salt consumers can be expected in the next years. This risk not
only lies in accumulation of this salt inside the human
body, but also in the additional accumulation of contaminants from other various nutritional materials.
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DISPERSION MODEL PREDICTIONS OF NOX EMISSIONS:
CASE STUDY FROM KOCAELI, TURKEY
Şenay Çetin Doğruparmak*, Aykan Karademir, Savaş Ayberk
Department of Environmental Engineering, Kocaeli University, 41380 Kocaeli, Turkey

ABSTRACT
In this study, the ambient air NOx pollution was assessed in details in a pilot area, with a length of 26 km in
east-west direction and a width of 10.5 km in north-south
direction, within the area of Kocaeli province, the most industrialized region of Turkey. The area was chosen according to distribution of population, use of motor vehicles, distribution and types of industrial institutions and the meteorological conditions. Dispersion modelling approach was
applied for the determination of contributions of the different source types to NOx pollution in the ambient air. In the
modelling studies, an USEPA-approved Gaussian dispersion model, namely, the Industrial Source Complex Short
Term (ISCST3) Model was used. The contributions of the
point sources (industrial plants), area sources (residences)
and line sources (motor vehicles) were estimated to be 88 %,
6 % and 6 %, respectively, by the model. On the other hand,
the maximum concentration point (56.08 µg/m3 annual
average) was predicted to be in the western area of Kocaeli,
where a huge petrochemical plant and a refinery are placed.

Keywords: Air quality, air dispersion modelling, ISCST3, NOX
emissions, Kocaeli.

The Air Quality Assessment and Management Act
enacted in 2006 in Turkey proposes the reduction of the
ambient air NOX limit values by 50 % up to 2012, and
also further gradual decrease to zero up to 2021 although
this does not seem to be possible. This item denotes the
importance of NOX emissions in air pollution studies.
Kocaeli, as the most industrial area of Turkey, has
undergone an irregular industrialization and urbanization
since 1960s due to its proximity to large cities of Turkey,
such as Istanbul and Bursa. Since natural gas is used for
residential heating at the present, there is a considerable
NOX emission in the city arising from the area sources,
i.e., natural gas combustion in the residences and the line
sources, i.e., motor vehicles. For this reason, evaluation of
NOX emissions becomes obligatory. In this investigation,
transport and concentration of NOX emissions are determined by using modeling method.
The study was conducted in the pilot area with a length
of 26 km in east-west direction and a width of 10.5 km in
north-south direction within the area of Kocaeli province
(see Fig.1). The area was determined according to distribution of population, busy traffic roads, distribution and
types of industrial plants and the meteorological conditions.
MATERIAL AND METHODS

INTRODUCTION
Environmental Protection Agency (EPA) defines sulfur
dioxide (SO 2), particulate matter (PM), nitrogen oxides
(NOX), carbon monoxide (CO), ozone (O3) and lead (Pb) as
the primary pollutants causing air pollution [1]. The emissions of those pollutants have reduced significantly since
1970 when the Clean Air Act was enacted, with the exception of NOX emissions which were increased by 10 % in
this period [2, 3]. Therefore, the NOX pollution and the related subjects including the health effects, contribution to the
ground-level ozone concentrations and role in the formation of acid rains are of great concern in the industrialized countries, at the present. There are a number of scientific studies and legislative regulations to reduce the NOX
emissions in these countries [4].

A Gaussian-plume air dispersion model (Industrial
Source Complex Short Term - ISCST3, Lakes Environmental Software) was used for the modeling of NOX emissions from different sources in the study. EPA’s ISCST3
was identified as an appropriate model for air quality predictions [5, 6]. The model provides different alternatives for
the emissions from different sources including point, area
and line sources. It is based on the Gaussian dispersion
equations defining the horizontal and vertical distributions
of the pollutants by turbulence [7]. The major advantages of
ISCST3 over other dispersion models are its relative simplicity of use and its robust predictions. The amount of meteorological input data required by ISCST3 is relatively
small, and the model can be run for a single meteorological condition concerning a pollutant. The disadvantages
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10.5 km

26 km

STUDY AREA
T H E

B L A C K S E A

THE AEGEAN SEA

KOCAELİ

T U R K E Y
THE MEDİTERRANEAN SEA

FIGURE 1 - Study area.

of ISCST3 are largely associated with the fact that an
improved knowledge of the atmospheric boundary layer
structure and resulting estimations of turbulent dispersion
processes cannot be accommodated in the model [8]. The
input data used in the study for ISCST3 are summarized
in Table 1.

wind rose depicting the frequency of wind speeds and
wind directions is shown in Fig. 2.

TABLE 1 - Summary of input data for ISCST3 modeling system.
Input Data
Map
Meteorological
data
Site-specific
parameters

Source data

Topoghrapic map with
a scale of 1/25 000
Hourly surface meteorological data (annual)
-Site-specific climatic
parameters
-Receptor data
-Dispersion coefficient
-Exponential decay
-Terrain calculation
algorithms
-Averaging time options
-Point sources
-Area sources
-Line sources

WIND SPEED
m/s

Source
General Command
of Mapping
Kocaeli Meteorology Station
[12]

≥ 11.1
8.8-11.1
5.7-8.8
3.6-5.7
2.1-3.6

[9]
[10]
-

0.5-2.1

Average wind speed: 1.70 m/s; Calms: 36.60 %

-

FIGURE 2 - Wind rose in study.

[13]

Meteorological conditions play a vital role in
transport and dispersion of pollutants in the atmosphere
[11]. The data used in the model were obtained from
Kocaeli meteorology station (station no. 17066; latitude
29.50; longitude 40.41; height above sea-level 76 m), as
hourly surface meteorological data for the year 2002. The
data include surface temperature, wind speed and direction, pressure, ceiling height, opaque and total cloud covers and precipitation data. Mixing heights were calculated by AERMET Meteorological Data Preprocessor by a
procedure given in AERMET User’s Guide [12]. The

Other site-specific parameters required by the preprocessor, which are mainly dependent on the site characteristics, such as vegetation, land-use, etc., were determined according to the characteristics of the study area
and the typical values given in PCRAMMET User’s
Guide [12] (Table 2.
TABLE 2 - Site-specific climatic parameters used in the study.
Parameters
Anemometer height
Minimum Monin-Obukhov length
Surface roughness length (measurement site)
Surface roughness length (application site)
Noon-time Albedo
Bowen ratio
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Values
10 m
13.5 m
1m
0.53 m
0.22
0.9
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Anthropogenic heat flux
Fraction of net radiation absorbed at the ground

19 W/m2
0.21

The grid size was selected as [260m x 210m] to give
5000 receptor points with uniform Cartesian distribution
in the whole pilot area. Since the population density is about
2230 persons per km2 in the area, urban distribution coefficient was selected in the study. The half-life of the NOX
gases was taken as 2 days in the exponential decay due to
the fact that the atmospheric life of these gases is about a
few days [10]. The options selected for terrain height, terrain calculation algorithms and averaging time were flat,
simple + complex terrain, and annual, respectively.
Emission sources were broadly categorized as point,
line and area sources. Point sources included 39 industrial
plants in various sectors, with a thermal capacity higher
than 1 MW. Another 145 plants with lower thermal capacity together with 17,6491 residences were defined as area
sources in the pilot area. Finally, three busy traffic roads
with a total length of 84.7 km were determined as line
sources for NOX emissions. The input data related to these
sources are listed in Table 3.
TABLE 3 - The input data types for the sources.
Sources
Point
sources

Area
sources

Line
sources

-the plants with
thermal capacity
higher than 1 MW (39
plants)
-the plants with
thermal capacity
lower than 1 MW
(145 plants)
-176491 residences
-motor vehicles on the
three main traffic
roads with a length of
84.7 km

Input Data
Coordinates (m), stack height
(m), flue gas temperature
(K), flue gas velocity (m/s),
stack inside diameter (m),
emission rate (g/s)*
Coordinates (m), stack height
(m), emission rate (g/s-m2)*

Coordinates (m), road length
(m), road width (m), emission rates of the different
vehicles (g/s)*

*Emission rates are values calculated by using emission factors with data
(fuel type, fuel consumption, etc.) gained from emission sources. Further
information about the source data used in the study could be found in a recent
study [14].

Then, the model was run in concentration mode for
the source types separately to predict the contribution of
the source types to the total NOX pollution, and together
to predict the total ambient air NOX pollution in the pilot
area.
RESULTS AND DISCUSSION
Concentrations chosen in ISCST3 model can be used
for exposure ways like inhalation. Model was run separately
for determining distribution of pollutants coming from industrial plants, residences, motor vehicles as well as pollutants coming from all sources. Study results are summarized in Table 4, and also annual distribution graphics of
these emissions are given in Figs. 3-6. According to Fig. 3,
where the total effects of all sources were considered, the
model predicts the maximum ambient air NOX concentra-

tion (as annual average) to be 56.08 µg/m3 in Körfez where
a huge petrochemical plant with the largest refinery of
Turkey was placed. There, NOX emission rate was about
8000 tons per year (value determined from emission inventory study). More information can be found in a recent study
[14]), and this has a significant negative effect on the ambient air quality in Kocaeli. The NOX pollution map produced by the model indicates an obvious difference in the
ambient air NOX levels between the eastern and western
parts of study area, due to the presence of such highlypolluted industrial sectors in the west. NOX concentrations
in the western part were predicted to be two times higher
than those in the eastern part.
Assessment of individual source types, on the other
hand, shows that the point sources, i.e., the industrial plants
have the highest contribution to the ambient air NOX pollution. The maximum concentration as annual average for
these sources was predicted as 54.59 µg/m3 at the same
point with the highest concentration point given in Fig. 3
for all sources (Fig. 4). Therefore, based on the model results, it could be concluded clearly that the industrial plants
are the dominant sources as compared to the other sources
for NOX pollution. The pollution from the area and line
sources is much lower, as indicated in Figs. 5 and 6, respectively. The model showed that the NOX pollution from
the residential heating concentrates in Derince district in
the north part of Izmit Bay, and computed the highest NOX
concentration as 3.83 µg/m3. Motor vehicles, however,
showed the highest contribution to NOX pollution in the
central area of the city, with a maximum ambient air concentration of 3.91 µg/m3 (Fig. 6).
By taking into account the average ambient air concentrations (in annual base) of the whole pilot area including 5000 receptor points for the different sources, it could
be said that the average contributions of point, area and
line sources to the total NOX pollution in the pilot area are
88, 6 and 6 %, respectively. These results agreed with the
previous emission inventory study conducted in Kocaeli,
giving a contribution of 73 % from the industrial plants to
total NOX emission rate [14]. Therefore, it could be concluded that the industrial sector is the most NOX-pollutant
one in Kocaeli evidently, although there are some studies
showing the traffic as main source for NOX pollution [4,
15, 16]. A lot of industrial plants in various sources using
natural gas as fuel makes the industry the main source of
NOX pollution in Kocaeli, from the total NOX loading
point of view.
TABLE 4 - Model values.
Cymax -Maximum concentration (µg/m3) for
Averaging
point sources
line sources
all emission
area sources
time
(industrial
(motor
sources
(residences)
plants)
vehicles)
1 hour
632.15
631.93
37.96
248.48
3 hours
587.74
587.42
25.06
103.08
6 hours
488.66
484.74
25.27
66.94
12 hours
325.72
319.14
18.12
36.87
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24 hours
Month
Annual

267.13
65.18
56.08

263.25
62.80
54.79
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14.49
7.69
3.83

31.42
5.07
3.91
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FIGURE 3 - Modeled NOX concentrations on annual average basis for all emission sources.

µg/m3

FIGURE 4 - Modeled NOX concentrations on annual average basis for point sources (industrial plants).

µg/m3

FIGURE 5 - Modeled NOX concentrations on annual average basis for area sources (residences).
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FIGURE 6 - Modeled NOX concentrations on annual average basis for line sources (motor vehicles).

(µg/m 3 )

800
700
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500
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300
200
100
0

Cymax = a . e b (ln t), where Cymax = maximum concentration (µg/m3), t = averaging time (h), and a,b = coefficients (unmodule) - a coefficients were calculated to be
759.29, 756.91, 37.205, 175.66; and b coffecients were
obtained as -0.31119, -0.3152, -0.2499, -0.4693 for Figs.
7, 8, 9, and 10, respectively.

max

y = 759.29e-0.3119x
2
R = 0.9348

Cy

Cy

max

(µg/m 3 )

As seen from Table 4, maximum concentrations in air
reduce exponential with averaging time. If we define time
(t) in term of hours (h), maximum concentration graphics
(Cymax) with respect to time (ln t) are obtained as seen in
Figs. 7-10. Concentration was formulated with respect to
averaging time:
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FIGURE 9 - Graphic of maximum concentration (Cymax) with respect to averaging time t (h) for residential sources.
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FIGURE 7 - Graphic of maximum concentration (Cymax) with respect to averaging time t (h) for all pollutant sources.
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FIGURE 8 - Graphic of maximum concentration (Cymax) with respect to averaging time t (h) for industrial sources.

FIGURE 10 - Graphic of maximum concentration (Cymax) with
respect to averaging time t (h) for vehicles.
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[9]

CONCLUSION
Evaluating the pollutant sources with modeling study
in research area, industrial plants are those with the highest pollution activity and a contribution ratio of 88 %, although, in this region, traffic was defined as the main source
of NOx in literature. Generally, the high number of industrial plants consumes natural gas, and it was found that more
than 95% of total 10,698 tons/year NOx emission came
from natural gas consumption.
In modeling study, maximum concentration graphics
were drawn with respect to time. The following regression
models were developed: Cymax = 759.29e-3119 (ln t) (R2=
0.9348) for all pollutant source groups, Cymax = 756.91e3152 (ln t)
(R2=0.9327) for industrial plants, Cymax = 37.205e0,2499 (ln t)
(R2=0.9865) for residences and Cymax = 175.66e0,4693 (ln t)
(R2=0.934) for vehicles.
Modeling studies are appropriate guides to determine
pollution reducing strategies for short, medium and long
periods, but they have some limitations. Dispersion models accuracy depends on many factors, including the accuracy of the source emissions data, the quality of meteorological data in the area, and the assumptions about physical and chemical processes in the atmosphere involving
the transport and transformation of pollutants [11, 17, 18].
Estimations of model can be developed when obtaining
real data as input parameters. For this reason, preparation
of data which constitutes the basis for modeling studies
should be carefully considered.
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ABSTRACT
A bioconcentration study of 4-n-nonylphenol in the
common carp, Cyprinus carpio, was carried out, based on
OECD Guidelines for Testing of Chemicals 305, Bioconcentration: Flow-through Fish Test (adopted June 14, 1996).
The bioconcentration factors in the steady state (BCFss) at
two different exposure levels (0.005 and 0.0005 mg L-1)
were 339 and 371 in whole bodies, respectively. The results
of body part tests in the steady state revealed that 4-nnonylphenol was bioconcentrated in the brain, with BCFss
values of 1252 and 958, which were higher than in other
body parts. Because 4-n-nonylphenol has been reported to
be an endocrine-disrupting chemical with hormonal effects, the results of the present study suggest that careful
risk management is necessary.
KEYWORDS: Brain, 4-n-nonylphenol, bioconcentration factor,
accumulation in body parts

parts of the fish (brain, internal organs, edible portions,
outer skin, bones, viscera, exterior of the head) were determined. We also established in the study reproducible and
sensitive analytical methods using high-performance liquid
chromatography (HPLC).
MATERIALS AND METHODS
4-n-Nonylphenol was purchased from Wako Pure
Chemical Co., Ltd. (Osaka, Japan); purity 100 % (Assay:
capillary GC), water solubility 7.0 mg L-1 (25 °C).
Test fish. The carp, Cyprinus carpio, was supplied by
the Kitamura Carp Breeding Farm in Kumamoto. After
arrival, the fish was treated with 4-[2-(5-nitro-2-furanyl)
ethenyl]benzoic acid sodium (Ueno Fine Chemicals Industry, Ltd., Osaka, Japan) and rock salt, followed by
acclimatization at 25 ± 2 °C for 7 days.

INTRODUCTION

CH CH
O2N

Nonylphenols have been widely used for diverse purposes, including cleansers and detergents, industrial surfactants, pesticides, etc. The history of problems associated
with nonylphenols as endocrine-disrupting agents started
with the identification of abnormal proliferation of breast
cancer cells due to nonylphenol eluted from test instruments [1]. 1995, hermaphroditic fish were discovered in
the River Lee, UK, and the phenomenon was attributed to
the nonylphenol concentrations in river water [2]. Subsequently, nonylphenol was monitored in rivers of various
countries, and regulated independently in each. In Japan,
monitoring studies have been conducted by the Ministry
of Environment since 2001 to measure endocrine-disrupting
chemicals including nonylphenol (branched form) in major
Japanese rivers.
We carried out a bioconcentration study of 4-n-nonylphenol in carp Cyprinus carpio based on the OECD Guidelines for Testing of Chemicals 305 [3], focusing on concentrations in the brain. After the bioconcentration factor
reached a steady state (BCFss), concentrations in different

COONa

O
4-[2-(5-nitro-2-furanyl) ethenyl]benzoic acid sodium

Test performance. Water from the Saitama prefecture
public supply was dechlorinated before used as test water.
The test substance stock solution (aqueous DMSO solution) was continuously diluted and poured into 100 L glass
aquariums. The flow-rate was adjusted to 300 ml min-1
(432 L day-1). Three test aquariums were used: one for the
high-concentration group (4-n-nonylphenol 0.005 mg L-1,
n = 60 fish); one for the low-concentration group (4-nnonylphenol 0.0005 mg L-1, n = 60 fish); and one for the
control group (DMSO 0.095 mg L-1, n = 20 fish) (Table 1).
Illumination was provided by a UV–ray cut fluorescent lamp
for 10 h/daily.
Analysis of fish bodies. Two fish were paired for use as
one sample on the day of analysis. After measuring total
length and body weight, the fish were chopped finely and
placed in a homogenizer cup. After the addition of 10 g
anhydrous sodium sulfate and 60 ml acetonitrile, the mix-
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TABLE 1 - Test concentrations.
Highconcentration
group
Test substance
concentration
Solvent (DMSO)
concentration

Lowconcentration
group

HPLC calibration. For quantitative analysis, a standard
solution of 4-n-nonylphenol was prepared and its linearity
and quantity were calculated (Calibration curve: Y =
34716.762 X – 466.845 r = 1.000). For quantitative calculation, test substance standard solution and 2-point calibration method were used (absolute calibration method).

Control
group

0.005 mg L-1

0.0005 mg L-1

–

8.3 mg L-1

0.83 mg L-1

8.3 mg L-1

ture was homogenized at 7000 rpm for 4 min. The homogenate was separated by centrifugation (9000g, 10 min,
10 °C), and the supernatant filtered to a separation funnel
using a glass filter GC50 (Advantec MFS, Inc., Tokyo,
Japan). Then, 40 ml n-hexane was added to the solution,
and the mixture was shaken for 5 min. After separation,
the lower acetonitrile phase was taken into a 100-ml measuring flask. Acetonitrile (20 ml) was added to the separation funnel and shaken again. The acetonitrile extracts were
combined and adjusted to 100 ml with acetonitrile. A 40ml portion of this solution was evaporated to dryness in
vacuo (Büchi Rotavapor R200, Flawil, Switzerland). The
dry extract was dissolved in 3 ml n-hexane and poured into a
Sep-Pak Florisil column (Waters, Milford, MA, USA). The
column was developed with n-hexane/acetone (99:1), nhexane/acetone (95:5) and n-hexane/acetone (90:10). The
eluates were collected in 50-ml round-bottom flasks (flowrate: 3 ml min-1) and again evaporated to dryness in vacuo.
The residue was dissolved in acetonitrile (1 ml), and used
for HPLC analysis.
Analysis of test water. Water specimens of approximately 200 ml (0.005 mg L-1) and approximately 1000 ml
(0.0005 mg L-1) were collected from the center of the test
aquariums and decanted into separate Erlenmeyer flasks.
The samples were left standing until any dirt particles
precipitated. The resultant supernatants comprised 160 ml
and 800 ml, respectively. Hydrochloric acid was added to
all samples until pH 1 was reached. After the addition of
30 g sodium chloride and 100 ml n-hexane, the mixture
was shaken (Strong Shaker SR-IIw Taitec Co., Ltd.,
Saitama, Japan) for 5 min. The mixture was allowed to
stand until the n-hexane phase (upper layer) separated. To
n-hexane extract, 10 g anhydrous sodium sulfate was
added, left standing for 30 min or longer, and filtered
(glass filter GC 50). The filtrate was evaporated to dryness in vacuo. The residue was dissolved in acetonitrile
in 2- or 1-ml measuring flasks for the high- and lowconcentration groups. These constant-volume samples
were used for HPLC analysis.

Recovery of 4-n-nonylphenol from fish bodies. Sample
fish bodies (2 fish per sample) were ground in a blender
cup. After adding 4-n-nonylphenol (0.511 µg), an analytical
sample was prepared as described before and HPLCanalyzed. The recovery rate of the test substance was 93.7%
(n = 3). When fish pretreatment was carried out in the
control group, no background peak was observed. The
quantitative analysis of the test fish was corrected based
on the recovery rate.
Recovery of 4-n-nonylphenol from test water. The water
in which the fish were maintained was sampled, and for
0.005 mg L-1 or 0.0005 mg L-1 aqueous solutions, 0.9 or
0.4 µg 4-n-nonylphenol were added. Analytical samples
were prepared as described before and HPLC-analysed.
The 4-n-nonylphenol recovery rate was on average 90.9 ±
1.3% (n = 3) in the high-concentration group but 87.0 ±
1.5% (n = 3) in the low-concentration group. The concentration of 4-n-nonylphenol in the test water was corrected
based on the recovery rate. As a control, water samples
containing 66 or 33 µg DMSO for 0.005 mg L-1 or 0.0005
mg L-1 aqueous solutions were prepared according to the
method above. No background signals were observed.
Test Schedule
Exposure. The test water during exposure to 4-nnonylphenol was analyzed on days 0, 7, 14, 21, 26, 28,
and 31. The test fish were analyzed on days 7, 14, 21, 26,
and 28, and, for low-concentration group, additionally on
day 31, as BCF-value did not reach steady state.
Analysis of different body parts. For the determination
of 4-n-nonylphenol in different body parts, test fish showing BCFss were analyzed. The test fish in both concentration groups were divided into 4 body parts (brain, internal
organs, edible portion, and remaining carcass, i.e., head
exterior, bone, and external skin) (Fig. 1). For the test of
different parts, 2 samples (10 fish each) were used per group.

Measurement methods. Analytical samples of test fish
and test water were subjected to HPLC analyses (LC-10A,
Shimadzu Co., Ltd., Kyoto, Japan). The analytical conditions were as follows: column, Inertsil ODS-3 (4.6 mm
i.d. × 250 mm, G.L. Sciences, Inc., Tokyo, Japan); mobile
phase, acetonitrile/water (8:2); flow-rate, 1.0 ml min-1; detector, UV 228 nm; temperature, 40 °C; and injection volume, 20 µl.
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for 4-n-nonylphenol concentrations.
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Depuration. The carp showing a steady state BCF in
high-concentration group during the exposure were subjected
to depuration test. The fish were sampled on days 2 and 4
of depuration, and divided into the 4 body parts shown in
Fig. 1. The concentrations of 4-n-nonylphenol in the brain
were measured in 2 test fish samples (4 fish each).

RESULTS

water, exposed fish bodies, but also BCF values calculated as follows:
BCF =

Concentration of the test substance in test fish (µg g-1)
Concentration of the test substance in test water (mg L-

1

)

The average concentrations of test water and standard
deviations during the test period were for the high-concentration group, 0.00429 ± 0.000376 mg L-1, and low-concentration group, 0.000486 ± 0.0000459 mg L-1.

Bioconcentation factor (BCF) in exposure period. Table 2 shows the concentrations of 4-n-nonylphenol in test
TABLE 2 - 4-n-Nonylphenol concentrations in test water, test fish and BCF in the high- and low-concentration groups.

Highconcentration
group (n = 2)

Concentration in
test water (mg L-1)
Concentration in
test fish (µg g-1)
BCF

Lowconcentration
group (n = 2)

Concentration in
test water (mg L-1)
Concentration in
test fish (µg g-1)
BCF

Day 0

Day 7

Day 14

Day 21

Day 26

Day 28

0.00507

0.00444

0.00412

0.00401

0.00411

0.00401

Day 31

–

1.11;
0.789

0.790; 0.728

1.41;
1.60

1.41;
1.28

1.40;
1.14

–

250; 178

192; 177

352; 399

343; 311

349; 284

0.000513

0.000504

0.000420

0.000415

0.000488

0.000540

0.000523

–

0.0588;
0.0340

0.0392;
0.0469

0.0713;
0.0832

0.180; 0.201

0.203; 0.224

0.180; 0.163

–

117; 67

93; 112

172; 200

369; 412

376; 415

344; 312

Control group: 4-n-nonylphenol was not detected in the analysis of fish and water.

The bioconcentration factor in the steady state
(BCFss) was 399 for the high-concentration group (0.005
mg L-1) and 371 for the low-concentration one (0.0005
mg L-1), and calculated as follows:
BCFss =
Average concentration (n = 3) in test fish in a steady state (µg g-1)
Average concentration (n = 3) in test water (mg L-1)

In the high-concentration group, the results on days
21, 26, and 28, and in the low-concentration group, that
on days 26, 28, and 31 were used. The average body
weight of the test fish used in the exposure test was 3.69 ±
0.43 g and the average overall length was 7.0 ± 0.3 cm.
The body fat content of the test fish during the exposure
period was 5.2% (n = 2) and 4.7% (n = 2) before and after
4-n-nonylphenol exposure, respectively.

Bioconcentation factor (BCFss each part) of different
body parts. Two samples (10 fish per sample), in both
high- and low-concentration groups in which the BCFss
was confirmed, were used to determine 4-n-nonlphenol
concentrations in different body parts. Brains were separated anatomically. BCFss each part was calculated using the
following equation:
BCF ss each part =
Concentration in test fish (different parts) (µg g-1)
Average concentration (in the steady state) in test water (mg L-1)

The BCF values of each of the body parts are summarized in Table 3.

TABLE 3 - Bioconcentration factors (BCFs) at various sites.
BCF

High-concentration group Weight at sites (g)
(0.005 mg L-1)
Concentration at sites (µg g-1)
(n = 2)
BCF ss each part
Low-concentration group Weight at sites (g)
(0.0005 mg L-1)
Concentration at sites (µg g-1)
(n = 2)
BCF ss each part
a

Edible portion

Internal organs

Brain

10.74; 9.24
0.998; 1.18
243; 285
(264) a
11.2; 8.22
0.100; 0.101
193; 195
(194)a

2.77; 2.63
3.01; 3.41
746; 844
(795) a
2.89; 2.03
0.338; 0.343
654; 663
(658) a

0.61; 0.53
4.89; 5.23
1210; 1295
(1252) a
0.58; 0.51
0.477; 0.514
923; 994
(958)a

mean value
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Exterior parts (head,
bone, exterior skin)
18.51; 15.68
2.10; 2.26
520; 559
(540)a
18.48; 15.31
0.214; 0.177
414; 342
(378) a
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Depuration. Based on the results of the depuration test
from brains in the high-concentration group, the residual
concentration of 4-n-nonlphenol on day 2 was 0.585µg g-1
and 0.757 µg g-1 (n = 2), indicating 87% residual excretion. On day 4, 4-n-nonylphenol was non-detectable. (n =
2). The excretion rate constants of 4-n-nonylphenol were
calculated: the half-life was 0.7 days (18 h).

DISCUSSION
The effect of 4-n-nonylphenol as an endocrine-disrupting chemical in the ecosystem has been of concern.
Jobling et al. [4] confirmed induction of vitellogenin in the
plasma of adult male rainbow trout exposed to branchedtype 4-nonylphenol. Kusunoki et al. [5] also confirmed that
4-nonylphenol accelerates apoptosis in neuronally differentiated PC12 cells. Furthermore, as molecular biological
studies for confirming endocrine-disrupting actions, ecological effects were evaluated by in vitro analyses, such as
binding tests by estrogen receptor binding and reporter
gene assays.
In 2000, Arukwe et al. [6] investigated uptake of nonylphenols into fish brains and analyzed bioconcentrations
in salmons using labeled 3H-4-n-nonylphenol. It was suggested that the substance was incorporated according to the
results of autoradiography. In 2006, Smith et al. [7] conducted a 4-days exposure test of 14C-nonylphenol polyethoxylate (NPEO) using the loach, and investigated concentrations with respect to different organs by radio-HPLC.
In the case of NP3avEO, the highest concentration was in
the bile. According to Lewis Lech [8] in 1996, in the depuration study from the bodies of rainbow trouts exposed to
nonlyphenol labeled with 14C for 8 h, the half- life was
reported to be 19-20 h.
The concentrations of nonylphenols in river water were
reported by the Ministry of Environment in Japan (2001):
N.D. (not detected) - 7.1 µgL-1. The risks should be evaluated based on the test data when exposed to the actual concentrations. In the present study, Cyprinus carpio carps
were exposed to two concentrations: 0.005 mg L-1 and
0.0005 mg L-1, possible levels in river waters of Japan.
The BCFss (whole body) were 339 and 371, respectively.
When BCFs were determined in different body parts, that
in the brain was 1252 at the 0.005 mg L-1 exposure level,
but 958 at the 0.0005 mg L-1 level. From depuration study
is known that 4-n-nonylphenol had been excreted from
the brain rapidly, and half-life was calculated to be 18 h.
Based on the present results, there may be a risk of 4-nnonylphenol entering the fetal brain via the placenta,
although 4-n-nonylphenol is eliminated rapidly from the
brain.
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ABSTRACT
Renewable forestry and agricultural resources collected
from various locations of Turkey were subjected to evaluation as potential phytochemicals. Antioxidant activities of
4 pine bark extracts (Pinus brutia, Pinus sylvestris, Pinus
nigra and Pinus pinea), a commercial product (Pycnogenol®), and 3 industrial extracts of olive leaves (olive leaf
extract, olive leaf juice and olive mill wastewater pulp)
were determined using in vitro antioxidant activity, radical scavenging assays and β-carotene bleaching method.
P. brutia extract revealed the highest activity (936.6 mg
GAE/g extract; EC50: 8.1 µg/ml), whereas pine bark extracts showed higher activities than the industrial extracts
of olive leaf. Additionally, extent of lipid peroxidation in
cooked turkey meat was the lowest in P. brutia extract
(0.92 to 3.78 mg MDA/kg) during 7 days of storage. Results presented here indicate that bark of Pinus species other
than P. maritima and olive leaves offer the prospects of
new bio-resources to be utilized in the industry.

KEYWORDS: Pinus; Pycnogenol®; pine bark extract; olive leaf
extract; antioxidant activity; 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
radical; β-carotene bleaching; meat; oxidation

INTRODUCTION
Availability and future use of existing natural resources
has become imperative in modern societies subsequent to
global concerns for environmental protection, public health
and energy conservation, thus utilization of renewable resources is gaining more emphasis. Large quantities of solid
wastes are produced by the forestry and agricultural industry. The waste loads can be significantly reduced through
the development of new processes aiming at converting the
waste materials into value added bio-products. Over the
past few years, forestry and agricultural wastes attracted
considerable attention as potential sources of bioactive com-

pounds, which can be used for various purposes as dietary
supplements, food additives and ingredients for cosmetic
industry. However, there is a significant lack of exploitation of such wastes on an industrial scale and, as a result,
their utilization is still in its infancy.
In regards to renewable forestry resources, approximately 4 million tons of pine bark are annually available in
Turkey [1], with a high potential to be utilized in various
industries. With a global perspective, this figure increases
tremendously. Although utilization of pine barks dates back
to ancient times [2], the most common commercially available pine bark extract is Pycnogenol® (Pinus maritima) containing naturally occurring active substances called proanthocyanidins. Pycnogenol® has been reported to have excellent radical scavenger properties [3], accelerate wound
healing processes and to be a potent active ingredient for
the treatment of minor injuries [4]. There is comparably less
research available in literature with regards to different pine
bark species that may possess a similar capacity to that of
Pycnogenol®. In vitro antioxidant activities of a commercial
P. radiata bark extract [5], and fractions of ethanolic extracts
of P. radiata [6] have been studied. Other projects focused
on antioxidant efficacies of 6 pine species (P. pinea, P.
brutia, P. radiata, P. halepensis, P. attenuata, P. nigra) [7],
and a commercial P. sylvestris bark extract which was analyzed by a modified lipid peroxidation inhibition assay [8].
Renewable resources from olive trees are also gaining
importance. Olive trees are lopped between December and
March, and all the lopped branches are used as fuel, likewise the remainings of cuttings for plantation. But these
unutilized bio-materials are rich sources of olive leaves
which have been used as a folk remedy for combating fevers and diseases, such as malaria throughout the ages.
Oleuropein which possesses antiviral [9], anticarcinogenic
[10] properties is the most abundant secoiridoid in olive
leaves. It also prevents cardiac diseases by protecting membrane lipid oxidation and improves the lipid metabolism
[11]. Other biophenols present in olive leaves in high
amounts are rutin, verbacoside, vanillin, vanillic acid and
the glycosides of apigenin and luteolin [12]. Several authors studied different extraction methods, such as super-
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critical CO2 extraction [13], superheated liquid [14], dynamic ultrasound [15] and solvent extractions [16], in order
to obtain olive leaf extracts. Recently, AIDS patients have
begun to use olive leaf extract to strengthen the immune
system, relieve chronic fatigue and boost the effects of
anti-HIV medications [9].
The aim of this study was to identify the potential usage
of extracts obtained from waste bio-resources from various parts of Turkey, determine their antioxidant capacities
and radical scavenging activities using different in vitro
assays and, finally, evaluate the extent of oxidation in a
model meat system.

Description of Olive Leaf Extracts

Industrial extracts of olive leaves (olive leaf extract
(OLE), olive leaf juice (OLJ) and olive mill wastewater
pulp (OMWP) were kindly donated by Kale Natural
Products. Olive leaves were subjected to drying process at
5-10 °C under vacuum which, in turn, yields OLJ comprising approximately 50% of the loaded material. Dried leaves
were extracted with ethanol at 70 °C, and subsequently transferred to a spray-dryer in order to obtain fine powder extract of olive leaf. During oil processing, olive mill wastewater was received under nitrogen and directly transferred
to the drying unit where OMWP was obtained as an output.
Antioxidant Assays
Total phenol assay

MATERIALS AND METHODS
Chemicals

Folin-Ciocalteu’s reagent, 2,2-diphenyl-1-picrylhydrazyl
hydrate (DPPH), and sodium carbonate were obtained from
Sigma, linoleic acid, gallic acid, and β-carotene from
Fluka. Pycnogenol® was kindly donated by Horphag Research Ltd., UK. Tween 20, 2-thiobarbituric acid, HCl, chloroform, ethyl acetate, as well as HPLC-grade organic solvents methanol and acetonitrile were purchased from Merck.
All other chemicals were of analytical grade purity.
Plant Material

Pine bark specimens were collected from 4 different
locations in Turkey, P. nigra from Bursa (N: 40° 29’ 44.7”,
E: 29° 08’ 15.6”, altitude: 570 m), P. pinea from AydınCine (N: 37° 32’ 30.1”, E: 28° 08’ 35.6”, altitude: 520 m),
P. brutia from Izmir-Deliomer (N: 38° 10’ 17.0”, E: 27°
03’ 46.7”, altitude: 120 m) and P. sylvestris from Eskisehir-Musaozu (N: 39° 41’ 46.2”, E: 30° 19’ 22.4”, altitude:
920 m). The samples were collected between June and
August 2006. The specimens were dried at room temperature, ground by using a conventional grinder and
stored at +4 °C.
Preparation of Pine Bark Extracts

Pine bark extract was obtained by the method of
Masquelier [17]. A 100 g portion of pine bark was further
ground for 1 min, using a blender (Waring, USA) at a speed
setting of 2, to obtain coarse powder and extracted with
600 ml of boiling water, then cooled down to 20 °C. 250 ml
of liquid was collected after filtration and sodium chloride
was added up to saturation, and the precipitate formed was
removed by filtration. Subsequently, the filtrate was extracted three times with ethyl acetate (10 ml filtrate/1 ml
ethyl acetate (v/v)). The ethyl acetate phase was collected
and dried using anhydrous sodium sulphate and reduced
to 1/5 of its volume by rotary vacuum evaporator. The
extract was then poured into three volumes of chloroform,
while stirring mechanically. The proanthocyadins were precipitated and collected by filtration. The light beige colour
powder extract obtained was stored at -20 °C.

The total phenols in the extracts were determined by
Folin-Ciocalteu method. Briefly, 10 µl aliquot of the
extract was added into a tube containing Milli-Q water
(final volume 10 ml). Then 500 µl of Folin-Ciocalteu’s
reagent was added, and the solution was stirred vigorously by using a vortex mixer, and left to stand for 5 min.
Finally, 1.5 ml of saturated sodium carbonate solution
was added, stirred vigorously for the last time, and left to
stand at room temperature for 1 h. Absorbance was determined spectrophotometrically at 760 nm using a Unicam Helios-alfa spectrophotometer. Gallic acid was used
as a standard, determination of total phenols was carried
out in duplicate, the results are mean values and given as
gallic acid equivalents (GAE) per g extract.
DPPH radical scavenging activity (RSA) assay

The antioxidant property was measured in terms of
amount of methanolic extract necessary to reduce the initial
DPPH concentration by 50 % (EC50). An aliquot of methanol solution (4 ml) containing different concentrations of
extracts was added to 1 mM methanolic solution of DPPH
(final volume 4.5 ml). The contents were stirred vigorously
for 15 sec, and then left to stand at room temperature for
30 min. Decrease in colorization was measured spectrophotometrically at 517 nm using a Unicam Helios-alfa spectrophotometer.
•

•

β-Carotene bleaching method

The antioxidant activities of the extracts were evaluated by the β-carotene-linoleate model system [18] with
slight modifications. β-Carotene (0.2 mg) dissolved in 1 ml
of chloroform were mixed with 20 µl of linoleic acid and
200 µl of Tween 20. Chloroform was removed at 40 °C
under vacuum using a rotary evaporator. The resulting mixture was immediately diluted with 10 ml of distilled water, mixed well for 1 min and made up to 50 ml with distilled water. Aliquots (5 ml) of this emulsion and 0.2 ml
of test samples in ethanol were transferred into test tubes.
A control, containing 5 ml of the above emulsion and 0.2 ml
of ethanol, was prepared. The tubes were placed at 50 °C
in a water-bath. Another emulsion was prepared without
β-carotene to be used as a blank and absorbances of all the
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samples at 470 nm were taken at zero time (t = 0). Measurement of absorbance at 15-min intervals was continued
until the color of β-carotene disappeared in the control reaction (t = 120 min). All determinations were carried out in
duplicate. The antioxidant activity of extracts was based
upon three different parameters, namely, antioxidant activity (AA), the oxidation rate ratio (ROR) and antioxidant activity coefficient (CAA).
Oxidation analysis of cooked meat
Sample preparation

Turkey breast meat was obtained from a local retailer,
minced in a meat grinder and transported to the laboratory
within half an hour. Breast meat divided into 10 g pieces
were placed in jars and P. brutia bark extract, Pycnogenol
and olive leaf extract were added to meat at concentrations
of 200 ppm. Following adequate mixing again, all samples were cooked in an oven until the internal temperature
reached 75 °C. The cooked meat samples were cooled
down in the refrigerator and stored at 4 °C.


TBA Analysis

Total phenols present in the extract of P. radiata was reported to be 1610 mg/g which is higher than the values obtained for the tested samples, whereas total phenol content
of P. brutia (936.6 mg/g) was higher than P. pinaster
(890 mg/g), which is the source of commercially trademarked Pycnogenol®. Wood and coworkers [5] also worked
with P. radiata bark extract, but a commercial form, Enzogenol® supplied by Enzo Nutraceuticals Ltd., and reported a total phenol value of 9.6 µg/ml which was also
higher than the value obtained for P. brutia (4.7 µg/ml) and
other samples tested in this study. Additionally, Guri and
coworkers [7] studied dry needles and bark extracts of
6 different pine species. Two organic fractions of both bark
and needle extracts were compared. Out of 6 species, total
phenol values of bark extracts were provided only for P.
pinea (F1, 3.2 mg/100 g bark; F2, 1.1 mg/100 g bark) and
P. brutia (F1, 2.8 mg/100 g bark; F2, 1.1 mg/100 g bark).
In this study, much higher values were attained for P. pinea
(49.4 mg/100 g bark) and P. brutia (124.6 mg/100 g bark).
These differences can be explained on the basis of kind of
species, climate, stress conditions [21], and different extraction methods used.

The 2-thiobarbituric acid (TBA) test according to
Tarladgis et al. [19], as modified by Shahidi et al. [20],
was used to determine the extent of oxidation in cooked
turkey meat on days 0, 2, 5 and 7 of storage. Analyses
were conducted in duplicate.

1000
900

mg GAE/g extract

800

Statistical Analysis

Statistical analyses of the data were performed by Student’s t-test. A probability value of P≤0.05 was considered
to denote a statistically significant difference, and P≤0.01
was also used to show the power of significance. Data are
presented as mean values ± S.E.M. (standard error of the
mean).
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FIGURE 1 - Total phenol assay results for pine bark extracts, Pycnogenol® and olive leaf extracts (B: P. brutia; S; P. sylvestris; N: P.
nigra; P: P. pinea; Pyc: Pycnogenol®; OLE: olive leaf extract; OLJ:
olive leaf juice; OMWP: olive mill wastewater pulp). Data points
represent mean values of treatments (n=2) ± SEM.

RESULTS AND DISCUSSION
Total Phenol Content

Total phenols determined by the Folin-Ciocalteu method
varied from 936.6 to 567.3 mg GAE/g extract for pine bark
samples, whereas the values obtained from olive leaves were
between 134.2 to 1.4 mg/g extract (Fig. 1). The highest total
phenol content was attained for the extract of P. brutia
(936.6 mg/g) which was 1.3-fold that of commercial Pycnogenol® (710.5 mg/g), followed by P. nigra (706.1 mg/g)
possessing higher levels of total phenols compared to P.
sylvestris (609.9 mg/g) and P. pinea (567.3 mg/g).
Several authors studied in vitro antioxidant activity of
pine bark and olive leaf extracts but total phenol values
were expressed by using different units, such as µg/ml and
mg/g dry matter. Therefore, total phenol values were converted to related units in order to compare the results with
various studies. Jerez and coworkers [6] studied the composition and antiradical activity of two pine bark extracts,
namely, P. pinaster and P. radiata and their two fractions.

Considering the extracts obtained from olive leaves,
OLE had a value of 134.2 mg/g extract, whereas total phenol contents of OMWP (17.3 mg/g) and OLJ (1.4 mg/g)
were very low. Skerget et al. [22] studied antioxidant activities of methanolic extracts from 5 plant materials, among
them was OLE with a total phenol content of 144 mg/g
which is in good agreement with the value reported in this
study. But, on the other hand, Le Floch and coworkers [13]
reported total phenol values of 7.60 mg/g for supercritical
fluid extract (SFE) with 10 % co-solvent (methanol) and
16.8 mg/g for the methanolic extract of olive leaf. It is apparent that the low value attained for the SFE extract is
associated with the polarity of the compounds in the extraction matrix, however, comparably lower value of the methanolic extract can be related to drying of olive leaves at
100 °C which is a high temperature, and/or to the extraction conditions (sonicated for 75 min).
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Antioxidant Efficiency

0.8

TABLE 1 - Antioxidant activity index (AA), oxidation rate ratio (ROR)
and antioxidant activity coefficient (C AA ) of pine bark extracts,
Pycnogenol® and olive leaf extracts by the β-carotene bleaching method
and EC50 values by DPPH assay.
A A (%)

R OR

C AA

E C 50 	
  value	
  (µg /ml)

P. brutia

83.3	
  ±	
  1.6

0.167

871

8.1	
  ±	
  0.9

P. pinea

90.7	
  ±	
  2.8

0.093

958

8.7	
  ±	
  0.4

P. nigra

89.8	
  ±	
  0.7

0.102

918

9.8	
  ±	
  0.1

P. sylvestris

77.3	
  ±	
  0.0

0.227

790

10.9	
  ±	
  1.5

Pycnogenol®

74.8	
  ±	
  5.0

0.252

751

8.4	
  ±	
  1.2

O live	
  leaf	
  extract

78.7	
  ±	
  5.8

0.213

777

23.0	
  ±	
  1.8

O live	
  leaf	
  juice

81.1	
  ±	
  2.2

0.189

776

>	
  8100 a

340

83.5	
  ±	
  0.6

Samples

O live	
  mill	
  was tewater	
  pulp

35.1 ± 0.5
0.649
a
s howed	
  15.9% 	
  radical	
  s cavenging	
  activity	
  at	
  8153	
  µg/ml

0.6
A bs orbanc e	
  at	
  470	
  nm

The antioxidant efficiency was measured by determining EC50 values of the extracts by DPPH assay. The lowest value, and, therefore, the highest radical scavenging
activity was attained with P. brutia, Pycnogenol® and P.
pinea bark extracts, followed by P. nigra, P. sylvestris and
OLE, whereas OMWP showed the highest EC50 value, but
on the other hand, OLJ showed only 15.9 % radical scavenging activity at a concentration of 8153 µg/ml (Table 1).
The antioxidant activity of the samples at 200 ppm concentration was also measured by β-carotene bleaching method
in which β-carotene was oxidized in the presence of linoleic acid (Fig. 2). Antioxidant activity index is directly
proportional to antioxidant activity coefficient whereas oxidation rate ratio is inversely correlated to the antioxidant
activity index. P. pinea and P. nigra had the highest antioxidant activity showing 90.7 % and 89.8 % inhibition,
respectively, the lowest oxidation rate ratios (0.093, 0.102),
and also the highest activity coefficients (958, 918). Although, total phenol (1.4 mg GAE/g) and EC50 (>8100µg/
ml) values of OLJ indicated poor antioxidant activity, the
activity index of OLJ (81.1%) was surprisingly higher than
those of OLE, P. sylvestris and Pycnogenol® (78.7, 77.3
and 74.8, respectively) (Table 1). Porter et al. [23] postulated the so-called “polar paradox” to describe the observation that polar antioxidants are more effective in bulk oil
systems, whereas non-polar antioxidants are more active in
lipids suspended in aqueous systems. It was worth investigating the polarity of OLJ in order to be able to explain
its high antioxidant activity, particularly in β-carotene linoleic acid model emulsified with Tween 20. Therefore, a
thin layer chromatography (TLC) was conducted to examine the profile of OLJ and make a comparison with OLE.
The plate was developed with a mixture of chloroform,
methanol and water in the proportion of 61:32:7 (v/v/v). The
TLC profile indicated that OLJ had both polar and nonpolar UV active phenolic compounds (Fig. 3). So OLJ was
extracted with ethyl acetate twice in 1:1 (v/v) ratio. Vacuum-evaporated extract was subjected to TLC analysis and
only non-polar compounds were extracted. The non-polar
fraction and OLJ were analyzed by β-carotene bleaching
assay again and antioxidant activity of the non-polar fraction was 1.2-fold higher than the activity of OLJ confirming that high antioxidant activity of OLJ was associated
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FIGURE 2 - Antioxidant activities of pine bark extracts, Pycnogenol®
and olive leaf extracts by the β-carotene bleaching method. Data
points represent mean values of measurements (n=2) ± SEM.

OLE
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FIGURE 3 - TLC profiles of OLE, OLJ and OLJE (OLE: olive leaf
extract; OLJ: olive leaf juice; OLJE: olive leaf juice extract, nonpolar fraction)

with the non-polar compounds, most probably owing to
formation of mixed micelles of linoleic acid and Tween 20.
Effects of Natural Extracts on Lipid Oxidation

The shelf-life of precooked meat is relatively short
and generally depends on the degree of lipid oxidation.
Thiobarbituric acid-reactive substances were measured as
an indicator of lipid peroxidation in cooked turkey meat
during storage for 7 days at 4 °C (Fig. 4). TBA values for
the control rapidly increased with increasing storage time.
On day 0, TBA values for all treatments were lower than
those for the control indicating that lipid oxidation was
effectively retarded by all natural extracts both during and
immediately after cooking. Although, all treatments had
lower TBA values than the control at each day of analysis
throughout storage period, the lowest oxidation was attained with P. brutia bark extract treatment indicating the
inhibition of unsaturated fatty acids oxidation in the cooked
turkey breast meat. Tang and Cronin [24] studied the effects of different concentrations of brined onion extracts on
lipid oxidation in cooked turkey breast rolls for 7 days at
5 °C. Meat enriched with the highest concentration of onion
juice (50 %) showed the lowest oxidation (around 6.3 mg
MDA/kg), whereas all 3 extracts tested in this study had
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much lower TBA values. Mielnik et al. [25] fortified cooked
turkey meat with different concentrations of grape seed
extract and reported a TBA value around 4.9 mg MDA/kg
at 400 ppm concentration on day 6. Similar TBA values
were attained with OLE and Pycnogenol® treated samples
on day 7, but with half the concentration of the grape seed
extract. Antony et al. [26] investigated the effect of different honey levels on oxidation in cooked turkey breast meat.
Oxidation of the meat sample supplemented with 50 mg/g
honey was 60.9% lower compared to the control at the end
of 48 h, whereas a similar level of protection was attained
(62.2 %) with a P. brutia bark extract-supplemented sample
on the second day of analysis, but the concentration tested
was 250-fold lower indicating the superiority of P. brutia
bark extract.
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FIGURE 4 - Effect of selected extracts (C: Control; B: P. brutia; Pyc:
Pycnogenol®; OLE: Olive leaf extract) on MDA formation in cooked
turkey meat during storage for 7 days at 4°C. Data points represent
mean values of treatments (n=2) ± SEM.

Frankel and Meyer [27] discussed that natural antioxidants derived from plant extracts and phytochemicals were
multifunctional and indicated that the so called one-dimensional methods were sometimes insufficient to evaluate the
activities. Therefore, the extracts should be tested in food
substrates. Indeed, although one would have expected a
better protection of Pycnogenol® in cooked turkey meat
compared to OLE, as its EC50 value was 2.7-fold lower
and TFA value was 5.3-fold higher than OLE, both extracts showed similar effectiveness in reducing the lipid
peroxidation.
CONCLUSION
Antioxidant capacities and radical scavenging activities of Pinus and olive leaf extracts together with lipid
peroxidation in cooked turkey breast meat have been studied. Results clearly demonstrate high utilization potential
of these bio-resources. Particularly, P. brutia bark extract
possesses the highest antioxidant activity and is a good functional supplement to precooked turkey meat products, both
inhibiting the oxidation of fatty acids and enhancing the
meat’s quality in terms of health-promoting proanthocyanidins. Additionally, OLJ can be utilized in a food emulsion, such as mayonnaise, due to its high activity in oil-inwater emulsion systems.
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ABSTRACT
This study has been prepared to determine the importance of existing historical, cultural and natural resource
values and outdoor recreation areas in the City of Bartın
and its environs. Besides, it has been prepared to expose
the ecologic and economic potential values of existing recreation resources. Also computer software, which determines the potential of outdoor recreation areas, has been
developed to assist the healthy improvement of the city
from the recreational point of view. The study takes place
within the jurisdiction border of the Bartın Municipality.
The study provides information about the definition,
classification, etc of the recreation. After natural and cultural characteristics of recreation areas in the city limits have
been inspected, existing and potential recreation resources
have been determined. Depending on the results of survey, in the frame of protection and usage principles, the
recreation resources have been evaluated in order to maintain their best usage, and usage values of these resources
have been determined by using the method of Kiemstedt
(1967) [27] that has been developed by Altan (1976) [28]
and Gülez (1980) [8] for Turkish conditions. Furthermore,
computer software has been created in this study, and this
developed software puts into practice the method and
determines the significance of outdoor recreation potential
values quickly and accurately.

KEYWORDS: Outdoor recreation potential, leisure time, computer
software, City of Bartın.

INTRODUCTION
Since the incidents in industrial and technologic fields,
unplanned and unhealthy urbanization revealed the physical, psychological and socio-cultural diversities and problems of people. With the existence of unplanned urbanization, rapid and intense changes are experienced in natural
structure and landscape, some environmental problems, such
as partially or thoroughly devastation of fauna and flora,

come into happening. Nowadays, as an assist to these types
of danger, the protection of nature and its sources and having the necessary precautions against physical and psychological welfare of people, supplying the necessity of movement and recreation of individuals have become essential.
This urbanization in recent years has also revealed the importance of forming new lands in order to answer the recreation necessity in the frame of a planning theme.
Recreation

Leisure time and the theme “recreation” do not correspond in the same meaning though they show similarities
each other. Leisure time is the span of time that people
have the opportunity of living the time so as to reach an
acceptable life standard beside their own activities [1, 2].
However, Balcı [3] advocated that recreation is evaluating
the leisure time with various trenchancies.
The phrasal meaning of recreation utilizing the word
by applying an affix “re” to itself enables obtaining a new
correspondence as having the opportunity of re-evaluating
the word “create,” “coming into existence again” [4-6]. Several researchers (e.g. [4, 7-11]) put forth various definitions on recreation up to their fields of studies.
According to Corbin [7], recreation is refreshing and
regeneration by affording energy and power with an output of mental and psychological renewal. This utterance by
Köseoğlu [4] was progressed as an activity with which everyone who has all classification of ages, gets pleasure in his
leisure time about resting, having joy and self-progression,
in addition to affording the spare energy or being refreshed
from the daily life’s toughness to renew himself psychologically and physically, and to find an alternative way for
refreshing his energy and being wedded to life.
Recreation is the total of activities that aims the physical and mental renewal of the individual with his own will
in leisure time with a frame which consists of the social,
economical, cultural opportunities of the individual by having a connection with the structure of society [5, 10].
In recent years, recreation experienced a phase of transition from being a demand into requirement. According to
Karaküçük [12], after realizing the necessity of recreation,
the studies on appraising of the decreasing green-lands in
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urban area and the ones round the city have begun. Primarily, the protection and progression of the inner urban greenlands are obligatory.
Beside physical landscape features, some outdoor recreation activities require for resources, such as historical
values, location, attainability, progression opportunities and
transportation capacity. For this reason, an area that is in
frame of its natural and cultural features gains value by
being used for various recreational activities.
Recreation is accepted both as an individual and social
need. Therefore, recreation resources are an important subject. This importance shows itself with the carriage capacity of resources, its evaluation and progression through
protection and usage principles [6, 9, 13]. With the industrialization after the Industrial Revolution, the occurring
damages to natural resources by means of the rapid urbanization theme became the major reason of the devastation of ecological balance. Therefore, the recreation needs
of society will be able to be accomplished and progressed
in accordance with the protection and usage principles of
resources.
Especially, these observed negative outputs round the
large accommodation areas, increased the importance of
outdoor green-land necessity and recreation planning that
help having a steady balance on human and environment
relations [14].
Generally, it is a known fact that there is discordance
with the life conditions of urban areas and the environment
which the people look for natural beauty, fresh air, fresh
water, comfort, tranquility, freedom etc. In order to protect this balance, the individuals need recreational activities
related with nature. At this point, it should be stated that
the recreation activities are to be fulfilled by the leisure time
but every leisure time cannot be used for recreation activities. The aim of recreation is having rest and gaining energy [5].
Outdoor Recreation

Since the unavailable conditions in urban areas and inadequacy of resources, the urban people direct themselves
to recreational areas that exist in interior and exterior lands
of cities. According to Bell [13], the outdoor recreation generally refers to all recreational usages which can be fulfilled
outdoor. The key elements of this are forests, mountains
and wetlands. These types of lands enable people to get
rid of mental tension in modern urban life and, additionally, to provide psychological and mental needs in terms of
relaxation and experience the freedom [12, 15-16].
According to Akten [17], the forest lands that have
natural, cultural and visual values are the primary outdoor
recreational resources which are mostly preferred. Moreover, they can serve the crucial percent of natural sources
for various recreational usages and make physical and mental contributions.
Gülez [5] stated samples about outdoor recreation activities, such as camping (e.g. outdoor, with tent or station-

ary camping complexes), accommodation facilities, having
picnic, excursions (e.g. pedestrian, by bicycle, motorcycle
and vehicle), hunting on land (e.g. bird hunting, wild animal hunting), sportive fishing, shooting, horseback riding,
mountaineering, winter sports (e.g. sledge, skiing), swimming, having rest in sea coasts, excursion and resting opportunities in parks and greenlands that exist in exterior or
interior sides of cities.
Classification of Outdoor Recreation Resources

The recreational resources that have natural and cultural features are classified according to attainability,
development, resource features, resource demand of recreation activities, density of users, state of ownership, etc.
One of the classification systems about recreation resources was fulfilled by United States Outdoor Recreation
Resources Review Commission (ORRRC). According to
ORRRC [18], the commission divided the outdoor recreation resources with emphasize on the physical resource character and need of public recreation, with the aim of declaring general principles and ministries as an effective device.
In this classification system, the usage of resources for a
particular recreation activity or relation with the other applications is aimed. Since lots of lands give way to various
recreational activities, each classification is determined so
as to maintain the opportunities. These classifications from
densely used recreation lands to rarely used primitive ones
were stated in a detailed and broader perspective [18, 19]:
• High-density Recreation Areas: These areas include lots
of various recreation usage types that require crucial
progressions (e.g. beaches).
• Outdoor Recreation Areas: These areas are progressed
for various recreation usages and the selection of resources should be done carefully (e.g. hillside parachute)
• Areas having Consistent Natural Features: These areas
are convenient for recreational activities that have particular environmental will and related with other usages (e.g. picnic areas)
• Unique Natural Areas: They are lands that have scientific importance, unique landscape features, natural resources or scientifically important areas. At this point,
observing and perceiving the environment is a recreational activity having priority (e.g. national parks).
• Primitive Areas: They are lands that are not distorted,
untouched, pathless, natural and savage characterized.
• Historical and Cultural Protected Areas: Areas that
have historical and cultural values (historical urban texture: mosques, Moslem seminary, etc.).
However, obtaining the natural features by the user and
physical characteristic of recreation resource in terms of this
macro-scale classification is not determined as adequate for
some researches’ recreation resources. Because, some essential points as unvalued settlement and accessibility will
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affect the interest towards the recreation resource by contributing the feature of resource [20]. This condition has
given way to a new classification system that unifies some
features based on resource and user, such as distance to
residential units and recreational necessity. By the assist of
this classification system, not only the physical character
and potential of resource is classified but also its types of
usage. In the USA, by given attention to these points, so
as to classify and use the resources effectively social factors, such as Time, Income and Mobility (TIM) zones have
been determined with natural resource factors [19-22].
These zones are given as mentioned [19, 21]:
• Zone 1: Recreation areas with a distance away from
3-3.5 km to the residential units

B. Areas based on resource: Areas where the resource
characteristic maintains the usage style and having a
low development density.
C. Subdivisions
According to Sözen [23] and Pigram and Jenkins [20],
some recreation resources which take part in this classification system are as follows:
•

Recreation Areas and Facilities Based on Users: Playgrounds, neighborhood parks, quarter parks, trekking
areas, café-houses, outdoor sport complexes, zoos, arboretums, amusement parks, fairs, outdoor museums,
amphitheatres, exhibition areas etc.

•

Recreation Areas and Facilities Based on Resources:
Resting areas nearby highways, dam lake and park
recreation complexes, beaches, picnic areas, camping
areas, winter sports areas, thermal areas and facilities,
national parks, archaeological areas, historical monuments and areas, natural and cultural valued areas etc.

• Zone 2: Areas with a daily distance of 60-65 km to
the residential units
• Zone 3: 1 to 3 nights long tourism accommodation
areas till the distance of 200 km away from the residential units
• Zone 4: 4 to 9 nights long tourism accommodation
areas
• Zone 5: Areas that are out of third zone border or
with the aim of more night accommodation
As stated by Clawson [21], the recreation resources have
been classified into three divisions as given in Table 1.

Densest Primary Activi- Location
usage time
ty Type

TABLE 1- Recreation resources [21].
Areas based on Areas based
users
on resources

Subdivisions

Each resource
that existed
nearby the user

Areas that have the
crucial resources

The best areas
that have a
constant distance
to the user

Golf, tennis,
horse back
riding, outdoor
games

Seeing essential landscape and historical
features, trekking,
mountaineering, camping, fishing, wild animal
hunting

Camping, having
picnic, long
trekking, hunting,

Leisure time
during the day,
off time after
work

Long holiday

Off time during
day or weekend

A. Areas based on users: Areas both nearby the city center and affected by dense developments.

According to Bromley [16] and Pigram and Jenkins
[20], in the frame of definitions about recreation resource,
though the areas that have natural and cultural features in
terms of recreation take the first place, it is important to
supply the will of users’ for the value gaining of an area as
a recreation resource. Since, thanks to recreational usage of
an area, it gains value by the contribution of user. According to Sertkaya [11] and Karadağ [19], Table 2 indicates
the factors that affect the recreational value of an area.
While the natural features maintain the value of recreation
resource, socio-cultural factors and usage of environmental
quality resource and demand take an important part in development.
In the study, recreational behavior types of Bartın urban residents, determined existing recreation potential of
some recreation areas belonging to the City of Bartın with
its environs, and whether the expected functions are fulfilled have been set. Furthermore, the developed software
has been introduced by screen captures. The software has
been created in Delphi® 2006 programming language.
The minimum requirements for the software are Pentium
(or above) processor, 512 MB of memory and Windows
XP (or higher) operating system. The software is Windows Vista-compatible and the data to be used can be
transformed into various formats.

TABLE 2- The factors affecting recreation resource value [11].
Natural Features
Topography
Geological Structures
Water sources
Soil Structures
Climate Condition
Flora
Fauna

Socio-cultural Factors
Historical and Archeological Values
Population
Economy
Existing Land Use
Access
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Environmental Quality
Air Pollution
Water Pollution
Soil Pollution
Visual Pollution
Noise
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MATERIALS AND METHODS
Materials

The study takes place within jurisdiction border of the
Bartın Municipality which is located in the Western Black
Sea Region.
The City of Bartın, located in the Black Sea Region of
Turkey, and the center of Bartın Province, is on 41o53'
north latitude, 32o22' east longitude, whereas the city center
is 12 km away from the coast. Bartın Province is surrounded
by Zonguldak on the West, Kastamonu on the East, Karabük
on the East and South and its 59 km coast line (Fig. 1). The
altitude of the city is 25 m with 2143 sq m covering 0.3%
of total state lands. The district of Bartın is totally 1151 sq
m with its towns, Arıt and Kozcağız [24].
Bartın is one of the Turkish provinces having tendency
to be newly urbanized, and total population within jurisdiction border of the Bartın Municipality is 42,932 [26].
Especially, since the establishment of Bartın Faculty of
Forestry in 1993 and Bartın Vocational School in 1994,
the social, economical and cultural structures of the city
have changed thoroughly. Collaterally, the needs for the
urban recreational areas have been attracting an immense
demand.
The City of Bartın, generally, has existing outdoor rec-

reation areas (e.g. picnic areas, neighborhood parks, playgrounds, sport fields) that are scattered and not having
integrity. In these areas, existing vegetation and structural
equipments are in adequate to maintain the necessities of
residents and visitors in terms of aesthetic and functional
features.
Bartın Province has enriched natural and cultural values, such as Kastamonu-Bartın Küre Mountains National
Park, Bartın River, plateaus, waterfalls, beaches and archeological structures.
In the study of determining recreational potential of
the city and its environs, the recreation areas greater than
0.5 ha of jurisdiction border of the Bartın Municipality
form the essential materials (Table 3, Fig. 2).
Natural and cultural values affecting the existence and
development of outdoor recreation areas are other research
materials. Literature about recreation issue, values depending on it and revealing the relationships about various recreation areas, the studies on the city and its environs, information about the city, visual and statistical databases, the
survey results among the Bartın residents and the taken
photographs as an output of case area observation have been
used as assisting materials. In the light of these data, determinations and evaluations among the case areas and recommendations have been put forth.

Black Sea

Mediterranean Sea

FIGURE 1- Location of Bartın Province [25].

TABLE 3- Areas included in the study.
1
2
3
4
5
6
7

Outdoor Recreation Areas
İnkumu Coastal Area
Balamba Recreation Area
Çağlayan Picnic Area
Karaçay Picnic Area
Halatçıyaması Picnic Area
Gazhane Park
Municipal Park

Location
13 km away from north of city center
3 km away from northeast of city center
3 km away from east of city
5 km away from northeast of city center
City center
City center
City center
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Type
B-C
C
C
C
A-C
A
A
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FIGURE 2- Location of outdoor recreation areas greater than 0.5 ha of jurisdiction border of the Bartın Municipality.

Methods

part, the demographic study has been given.

The study has been accomplished by four stages. At
the first stage, by the determination of natural and cultural
features of recreation areas in jurisdiction border of the
Bartın Municipality, the existing recreation resources have
been determined. At the second stage, depending on the
surveys’ results, in the frame of protection and usage
principles, user’s will, consideration and recommendations
have been inspected. At the third stage, the recreation
resources have been evaluated in order to maintain the
best usage of the recreation resources, and usage values of
these resources have been determined by using the method of Kiemstedt [27] that has been developed by Altan
[28] and Gülez [8] for Turkish conditions. At the final
stage, computer software controlling the confidence has
been created in this study. This developed software puts
into practice the method and determines the significance
of outdoor recreation potential values that have been
calculated and presented.

The Determination of Potential of Outdoor Recreation Areas

In order to determine the outdoor recreation potential
of a region, the method of Kiemstedt [27] developed by
Altan [28] and Gülez [8] for Turkish condition has been
used. This method, which brings out a practical calculation and a simple mathematical formula as mentioned below, has been determined with five choices and a system
formed with thirty-five criterion and prescribed with formula (1) below.
L+C+A+R+N= RP (%)
(1)
The meanings of symbols in this formula with a constant rate and maximum rate distribution are explained in
Table 4 [8].
TABLE 4 - Meaning of symbols and maximum rate distribution.
Abbreviation
L
C
A
R
N
RP

Local Survey

In the study, a local survey about recreation areas of
the City of Bartın and its environs has been put into practice. The findings and the results of the survey have been
further guided from Babbie [29]. Participants have been
selected according to “Simple Random Sampling.” The
number of participants has been determined with an average of 140 that means greater than 0.3% of total population of case area. In this study, the possible existence of the
wanted specialty in mass has been accepted as 95%. The
results have been evaluated by SPSS 11 computer software.
The survey questionnaires have been prescribed as four
parts in a limited manner. In the first part, preferences of
user, in the second part, usages, inadequacy and potential
of areas, in the third part, the protection, development and
expansion of areas have been emphasized and in the fourth

Meaning
Landscape Value
Climate Condition
Accessibility
Recreative Possibilities
Negative Factors
Recreation Potential

Max. Point (%)
35
25
20
20
0 (Minimum –10)
100

The total points that components can get, reveal the outdoor recreation area potential in terms of percentage rate.
According to the results obtained from the method, the
evaluation is recommended as following:
“L” Landscape Value: The important feature while the
evaluation of recreation area is the landscape potential.
Therefore, landscape value gets the priority in evaluation
with 35% rate.
“C” Climate Conditions: By considering the climate
having immense effects on recreation activities, climate
effect has been seen as convenient to be evaluated with 25%.
The particular climate components, such as temperature,
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precipitation, sunniness, windiness have taken their own
places in climate value with particular rates. At this point,
climate condition is calculated as following (2):
Climate Condition = Temperature + Precipitation + Sunniness + Windiness
25 = 10 + 8 + 5 + 2

(2)

how many individuals get profit from that region and do
not confront with an important accessibility problem, the
recreational availability of there increases thoroughly. For
this reason, accessibility component adds 20% rate to evaluation method. This addition is given in Table 4.
TABLE 5 - Classification of recreation potential.

The average temperature of summer months (June, July
and August) has been determined according to recreation
activities mostly taking part. For example, the average temperature in June is 21 C°, July 26 C° and August 28 C°,
and average temperature of summer months is 25 C°. The
distribution of 10 points for temperature is given in Table 4.
According to Table 4, since 25 C° is the most suitable temperature for recreational activities gets the grade 10. However, 16 and 34 C° get the grade 1.
Precipitation being the second important component of
recreation activities on climate has been evaluated conveniently by getting the grade 8. Considering the negative effect of precipitation on recreation, the grade 8 is given for
the regions which rain amount is lower in terms of summer rainfall being 50 mm and lower. Then, the grades are
being decreased in accordance with the increase of rainfall (Table 4).
The effect of sunniness component on recreation has
been evaluated with the grade 5. As known, the sky being
clear or cloudy, in other words cloudiness is determined
with the grades 0 - 10. At this point, 0 corresponds with
clear sky, 10 with cloudy sky, and sub-components symbolize the cloudy sky in various grades.
The state of whether being windy as another component
of climate condition can be an effect on recreation activities. Therefore, grade 1 for the regions that have the average wind speed 2-3 m/sec, grade 2 for the ones that have
the average wind speed below 1 m/sec.
“A” Accessibility: The recreation potential of a region
gains value when the accessibility exists. In other words,

Classification
1. Very Low Recreation Potential
2. Low Recreation Potential
3. Medium Recreation Potential
4. High Recreation Potential
5. Very High Recreation Potential

Percentage
(lower than 30%)
(30-45%)
(46-60%)
(61-75%)
(higher than 75%)

“R” Recreative Possibilities: In determining recreation
potential, the existing recreative possibilities have a positive impact on increasing the potential. Additionally, wood
lands and a place that has well quality vista, picnic tables,
fountains, restrooms, and other facilities will enable attraction of more constant visitors; therefore, the increasing
potential of recreation. Under these conditions, it is widely
accepted that the recreative possibilities have been evaluated with a rate of 20%.
“N” Negative Factors: In accordance with calculating
the recreation potential of a region, concentrating on the
negative factors is obligatory. The best case without any
suspect is that negative factors or negative grades of a recreation area do not exist. Moreover, the existing factors
that will lead getting maximum grade -10. The grades of
negative factors are accepted as minus (-) and omitted from
the total evaluation.
According to the outputs of this method, the following
evaluation has been stated (Table 5).
As stated in the study of Gülez [30], since the evaluations have been fulfilled by specialists, the differences
between the found results are on a normal level. In Table 6,
the prepared form exists so as to evaluate the recreational
potential of an area according to Gülez studies [8, 30].

TABLE 6- Recreation potential evaluation form (from the studies of Gülez [8, 30]).
Components in Formula

Features of Components

Maximal Points

Area

4

Vegetation

8

Vista Point (water)

8

Slope

5

Landscape Value (L)
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Explanations
Greater than 10 ha
5-10 ha
1-5 ha
0.5-1 ha
Woods, bushes, meadows
Woods and meadows
Bushes, meadows and few trees
Meadows and few trees
Bushes and meadows
Bushes and few trees
Meadows and few bushes
Meadows only
Sea coast
Lake coast
River coast
Stream line
1-2%
2-5%
5-10%
10-20%

4
3
2
1
7-8
6-7
5-6
4-5
3-4
3-4
2-3
1-2
7-8
6-7
4-5
1-4
5
4
3
2
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>20%

1

Panoramic view
Well quality vistas
Aesthetic quality (general)
Aesthetic quality (local)
Nature monuments, waterfalls,
caves, historical and cultural features, wild life, birds etc.
Summer months (June, July, Aug)
average
16-17-18-19-20-21-22-23-24-25
34-33-32-31-30-29-28-27-26-25
Points: 1, 2, 3, 4, 5,6, 7, 8, 9, 10
Summer months totals (mm)
-50-100-10-200-250-300-350-400
Points: 8,7, 6, 5, 4, 3, 2, 1
Summer months cloudiness average
Cloudiness: 0-2, 2-4, 4-6, 6-8, 8-9
Points: 5, 4, 3, 2, 1
Summer months average wind speed
lower than 1 m/sec
1-3 m/sec
Mediterranean, Aegean, Marmara
Coastal Region
Black Sea Coastal Region
Important Road Directions
Primary Tourism Region
Far away 20 km
Far away 50 km
Far away 100 km
Far away 200 km and more
1 hr walking distance or 0- ½ hr by
vehicle
½-1 hr by vehicle
1-2 hr by vehicle
2-3 hr by vehicle
Access on foot or supplying instant
vehicle
Supplying vehicle in particular time
e.g. cable car existence, access by
water based vehicle
Picnic tables, grills and the like,
(acc. to properties)
Possibility of drinks and water
consume (acc. to properties)
Permanent accommodation facilities
Opportunities of camping with or
without tent
According to properties
According to properties
According to properties
Permanent Watchman / Staff
Watchman for weekend
e.g. beach, cabinet and shower
facilities, renting boats, sport fields
(acc. to properties)

4
3
2
1

TABLE 6- continued

Climate
Condition (C)

Scenic Quality

4

Other Features

6

Temperature

10

Precipitation

8

Sunniness

5

Windiness

2

Touristic importance of region

4

Population of the city at least
100,000

5

Accessed time period (Population of city nearby, at least
5000)

4

Access (except taxi or private
vehicle)

4

Other possibilities on accessibility

3

Picnic facilities

4

Supply of water

3

Accommodation facilities

2

Restrooms
Parking lots
Cafeteria, Kiosk

2
2
2

Watchman and Staff

2

Other Possibilities

3

Air Pollution

-3

According to pollution rate

Unsafe

-2

According to safe conditions

Water Pollution
Lack of Care
Noise

-1
-1
-1

For sea, lake and river
Lack of care in the area
Traffic, crowd and similar noises

Other Negative Factors

-2

Mining fields, construction etc.

Accessibility (A)

Recreative Possibilities
(R)

Negative
Factors (N)

1-6

2
1
4
3
2
1
4-5
3-4
2-3
1-2
4
3
2
1
3-4
1-3
1-3
1-4
1-3
2
1
1-2
1-2
1-2
2 -1
1-3
-1
-3
-1
-2
-1
-1
-1
-1
-2

General Total Point or Outdoor Recreation Potential (%):

RESULTS AND DISCUSSION
Findings of Survey Results
Demographic Features of Participant

There are 140 returned surveys that were from 65%
male and 35% female. The mean age of the respondents was

36.3 years. 37% of all respondents were between 18-25 years
old, 45% between 26-45 years old, and 18% of them ≥46
years old. 51% of all respondents have high school degree,
36% of them at least, a bachelor degree, and 13% have
primary school degree.
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Tendency of Participants on Recreation Activities

While having picnic with a rate of 51%, it took the first
place in types of recreational activities, whereas swimming
(32%), trekking (17%), sport training (6%), reading a book,
riding a bicycle, etc. (5%), and scientific-purposed researches and observations (3%) had the following consequences.
Time Distribution of Participants’ Recreation Activities

While primarily preferred months are summer months
(June, July and August) with 67%, spring ones (March, April
and May) with 25%, autumn ones (September, October and
November) with 6% and, finally, winter ones (December,
January and February) with 2% took the following consequences. 40% of total respondents prefer recreation activities mostly on Sundays, 23% of them on Saturdays, consequently, 16% on Fridays, 6% on Tuesdays, 4% on Mondays and Wednesdays, but only 1% on Thursdays. The
frequency participation percentage of recreation is determined as once a month with 38%, once per six months
25%, once a week 20%, once per three months 12%, and
several times a week with 5%.
Consideration of Participants about Bartın Recreation Areas

85% of all respondents state that they participate in recreation activities, and 11% rarely take part; on the other
hand, 4% are able to be involved sparsely. The areas that
the respondents prefer to participate in recreation activities
are with 62% on the sea coasts, 28% in forest lands, 8% in
parks and 2% at river banks. The primarily examined feature of recreation activity areas is landscape design (66%).
Consequently, the possession of historical areas with 12%,
the existence of social activity areas with 10%, being nearby the city 8%, as well as other features (e.g. having traditional architecture) 4% are following each other in the above
order. Respondents prefer the recreation areas for the reason
of: 38% well vista, 27% easy access, 16% facility and area
adequacy, and 4% being clean. The negative factors seen by
respondents are: 38% over usage, 18% noise, 12% water
pollution, 10% air pollution, 9% traffic, 7% environmental
pollution and 6% other reasons. The respondents widely
prefer (34%) İnkumu Coastal Area, (30%) Gazhane Park,
(12%) Balamba Recreation Area, (9%) Yalıboyu and Boğaz
areas, (8%) Çağlayan Picnic Area, (4%) Karaçay Picnic
Area and (3%) Halatçıyaması Picnic Area in the jurisdiction border of Bartın Municipality’s recreation areas.
Briefly the accessed information by the survey can be
summarized as follows:
• The most usual recreational behavior type of Bartın
residents in their leisure time is having a picnic.
Though, the recreational behavior type illustrates differences in terms of socio-cultural structure of the
city, and it indicates as the past similar studies (e.g. [8,
17, 30-31]) that this type of recreational behavior reflects the common value of residents.
• Residents widely fulfill recreation activities in order to
have rest.

• The most commonly preferred months are June, July
and August and the days are Saturday and Sunday.
These results are the same as in previous studies (e.g.
[17, 32-33]).
• As the users come up with the usage of recreation
areas in summer and at weekends, a higher user density
than carrying capacity occurs. Therefore, critical distortions take place in the environmental balance of recreation areas. By this way, in the frame of planning and
management studies, the recreational demand on area,
the availability of suitable recreation activities, the exact time and area planning about recreation activities,
the possible impacts on natural environment and the
methods and frameworks related with potential negative factors should be known.
• One of the most common complaints of users is the
over-usage density owing to the lack of recreation areas.
The air and water pollution are considered as being the
most negative components. The study of Gülez [30] indicates that recreative possibilities increase the potential of those areas.
• The majority of survey participants consider recreation
areas as insufficient, and development as well as renewal
studies inadequate.
• Another complaint of participants is about some deficiencies and negatives in the recreation areas. The inadequacy and lack of care of recreation areas, such as
playgrounds, parking lots, sport fields, cafeterias, etc. decreases the preference ratio of users. Therefore, each
facility should be in harmony with natural features and
aesthetics of recreation areas. Especially, construction
techniques, external appearance, etc. of accommodation units are to be utterly correlated with the characteristic architectural feature of the region.
• The survey participants generally have stated the inadequacy of urban recreation areas. Especially, it is widely
accepted that inadequacies exist in indoor areas (shopping centers, folkloric houses, tourism facilities, museums, etc.). Moreover, the absence of recreation areas,
such as a city park, exhibition, fair ground, etc. is generally a subject of users’ complaints.
Determining the Recreation Potential of Case Areas and Application of Computer Software

In the study, computer software has been created in order to determine recreation potential. The software has been
written in Delphi® 2006 programming language. The software has maintained user-friendly application with its modular structure and interfaces (Fig. 3); therefore, it is so easyto-use.
After running the programme by clicking on “Add
New” button, a new user space can be possessed. Clicking
on “Delete” button, the user can omit the selected area in
the table. “See Details” button enables the user to see a
window related with recreation activities in the selected
area. “Calculate” button reflects the averagely calculated
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recreation potential of all areas on the screen. “Print” button sends the calculated recreation potential and details as
an output. “Exit” button makes the program finished and
directs the user to Windows operating system.
When the user clicks on “See Detail” button, the window in Fig. 4 comes up. This window includes 5 tab segments. These segments are “Landscape Value,” “Climate
Condition,” “Accessibility,” “Recreative Possibilities” and
“Negative Factors.” In order to reach these segments by
clicking the mouse or pressing the capital letter of components using “Alt” will be adequate. In the segments,
sub-selections belonging to elements will be determined
by users’ mouse guiding to the recreation potential marking up. After completing the selections in all segments by
clicking on “Save” button, the inserted selections will be
saved. The saved data can be accessible anytime. Besides,
both the change and re-evaluation of data are so easy. The
saved data can be directed to calculate recreation potential
by clicking on “Calculate” button. By converting the inserted alpha-numeric values into numeric values, the outdoor recreation potential is calculated. It reflects the final
value that comes up by calculating according to Fig. 5. As
seen in Fig. 5, the outdoor recreation potential of İnkumu
Coastal Area is calculated to be 78%.

FIGURE 4- Data entrance section of the software used.

FIGURE 5- Visualization of the result table by the software.

CONCLUSIONS
It is observed that the City of Bartın’s quantity and
property of outdoor recreation resources are not adequate,
and cannot supply the recreational needs of urban residents.
Nowadays, in order to maintain a modern and healthy city,
primarily, it is obligatory that with a rational, sustainable,
user-acceptable and permanent conception, the trinity of
planning, application and monitoring processes can be fulfilled integrally.

FIGURE 3- Print screen of computer software for
obtaining calculation of outdoor recreation potential value.

Though the City of Bartın and its environs have an
important recreation potential, it is not thoroughly got
efficiency among these recreation areas. In order to maintain the permanent efficiency of resources, it is vital to
make the supply and demand relation set on a balance.
Determining the recreational tendencies and needs of the
City of Bartın’s residents in a detailed manner will play
an important role in maintaining existing recreation areas
or potential ones.
In terms of rational usage of natural resources, it should
be aimed that existing recreation areas included in urban
area and its environs are to be developed in the frame of
infrastructure and facilities; additionally, diversification and
increasing of recreation activities. By this way, the existing
potential of recreation areas will be increased and supply
the service that it should bring out.
According to findings of survey’s results, the majority of
residents around the City of Bartın and its environs are not
aware of alternative recreation areas. In this context, the
collaborative studies, such as publishing brochures and
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booklets, organizing promotion campaign on local TV, etc.
will promote essential profit with the management and coordination of Bartın Governorship, Bartın Municipality,
Bartın Directorate of Culture and Tourism, Bartın Directorate of Environment and Forestry, University of Bartın,
and non- government organizations. Therefore, public
awareness of recreation areas coming by local promotion
campaign on TV and newspapers will bring out a great
contribution on realizing the rational usage of resources
and public psychology. Moreover, supplying guiding and
directing signboards on roadways will provide great profit.
Having the natural and visual values of recreation resources is the prime concern of being preferred. Therefore,
the existence of not distorting and badly affecting features
of infrastructure and facilities are so essential for the purpose of fulfilling the upcoming recreation activities. Additionally, with a detailed oral and verbal warning, sign studies in recreation areas, all types of pollution (e.g. water, air,
noise) during the users’ usage of area should be prevented.
In order to determine subjectively the outdoor recreation
potential value in the jurisdiction border of Bartın Municipality, the method of Kiemstedt [27] developed by Altan
[28] and Gülez [8] has been used according to 5 choices
and 35 components with a result of obtaining an average
of 62%. In Table 7, according to the method of Gülez [8;
30], outdoor recreation potential has been determined.
The application of this method to the İnkumu Coastal
Area results in the outdoor recreation potential value of 78%
which is classified as “very high.” This result is in ac-

cordance with the previous study [31]. It can be stated that
İnkumu Coastal Area’s landscape value is recreative and
suitable with various recreative activities (e.g. swimming,
fishing, camping, picnicking, trekking); additionally, hot
and sunny in summer months (especially July and August)
with its climate conditions. Considering accessibility, recreative possibilities and negative factors, the year-long
working users having their 2-months summer holidays,
however, for the rest want to put forth the reality that recreation potential is very high.
The outdoor recreation potential value of Gazhane Park
with the applied method was determined as 69%. Since the
location of the park exists in the city center surrounded by
natural beauties (e.g. connection point of Kocanaz and
Kocaçay streams), it can be said that it has “high” recreation potential and recreative possibilities, though dominated by negative factors.
Outdoor recreation potential of Çağlayan Picnic Area
with a ratio of 67% has also been determined to be “high.”
The area is preferred due to the distance from city center
and compatibility with water-based recreation activities (i.e.
fishing). The landscape value is very high with the existing
historical water mill and waterfall. The area also serves activities such as wrestling feasts per year, trekking, observing
nature, having picnic, taking photographs besides natural
features. The high recreation potential of the area comes up
when determining the common point between positive
values, such as accessibility, landscape value, recreative
possibilities, etc. with the negative ones.

Karaçay

Halatçıya…

Gazhane

Municipal

Area
Vegetation
Vista point (water)
Scenic quality
Slope
Other features
Temperature
Precipitation
Sunniness
Windiness
Population of city nearby, at least 5,000
Permanent access opportunity
Accessed time period
Distance to main road
Property of the road
Other possibilities on accessibility
Picnic facilities
Supply of water
Accommodation facilities
Restrooms
Watchman and Staff

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

3
7
4
3
2
3
6
7
3
2
5
2
3
2
2
1
4
3
0
2
1

2
6
4
3
4
5
6
7
3
2
5
3
3
2
2
2
4
3
0
2
0

2
6
4
1
4
2
6
7
3
2
5
3
3
3
2
1
4
0
0
0
0

1
6
0
4
4
0
6
7
3
1
5
3
3
3
2
1
4
3
0
1
1

1
6
5
4
5
4
6
7
3
2
5
4
3
3
2
2
0
3
0
2
2

1
4
0
0
1
0
6
7
3
2
5
4
3
1
2
1
0
3
0
2
2
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Bartın

Çağlayan

4
8
8
4
5
6
10
8
5
2
5
4
3
3
2
3
4
3
2
2
2

Features of Components

Balamba

Max.
Points

İnkumu

Possibilities

Accessibility

Climate
Condition

Landscape
Value

Components in
Formula

TABLE 7- Recreation potential evaluation form.

2,0
5,9
3,6
2,7
3,4
2,6
6,0
7,0
3,0
1,7
5,0
3,1
3,0
2,1
1,9
1,4
2,9
2,6
0,3
1,6
1,1

Negative Factors
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2
2
3
-3

Parking lots
Cafeteria, Kiosk
Other possibilities
Air pollution

2
2
3
0

2
0
1
0

2
0
1
-1

1
0
1
-1

1
1
0
-2

1
2
1
-2

0
2
0
-3

1,3
1,0
1,0
-1,3

-1
-2
-1

Lack of care
Unsafe
Water Pollution

-1
0
0

-1
0
-1

-1
-1
-1

-1
-1
-1

-1
-1
0

0
0
-1

0
0
0

-0,7
-0,4
-0,6

-1
-2

Noise
Other negative factors

-1
-2
78

0
0
66

0
0
67

0
0
56

-1
0
55

-1
0
69

-1
0
45

-0,6
-0,3
62

Total point
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Outdoor recreation potential value (66%) of Balamba
Recreation Area is being in a “high” manner. The area is
the unique one used as forest land in the study. For natural
features of the area, the following recreation activity opportunities are possible in this area possible (trekking, observing nature, having picnics, taking photographs, etc).
When considering the positive components (landscape value,
recreative possibilities, existing security and monitoring,
having private company service, etc.) and negative components, the high recreation potential of this area comes up.
Both the outdoor recreation potential of Karaçay Picnic Area (56%) and Halatçıyaması Picnic Area (55%) are
determined as having the common medium potential value.
Karaçay Picnic Area with its natural beauties has recreational opportunities, such as having picnics, trekking, fishing, etc. On the other hand, Halatçıyaması Picnic Area has
features such as accessibility to the city center and having
vista points to the city. However, in both areas, scarcity of
recreative possibilities and negative factors with “medium” recreation potential are mentioned.
Applying this method to the Municipal Park with the
outdoor recreation potential 45% shows that the ratio is in
a “low” manner. The park is an area not offering natural
features, but the daily resting opportunity of users and taking care of municipality. The recreational activity possibilities are really restricted.
As a result, in determining the existing recreation areas in jurisdiction border of Bartın Municipality, the insufficient evaluation of resources and inadequate recreation
areas for users have come up. Moreover, other than that
mentioned scarcity of recreational areas in the city and its
environs, the over-usage of existing areas, the insufficient
serving of opportunities and existence of problems due
to recreational usage or problems depending on management have come up. In this context, in the planning and
management applications of existing and potential recreational resources and areas, the development and application
of functional, aesthetic and management features of new
evaluations that will take place in a short span of time, in
terms of the public participation serve a great importance
for the City of Bartın and, particularly, for Turkey.
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ABSTRACT

INTRODUCTION

The planning of land resources without integrated decisions, in other words, to use a piece of land other than
according to its ecosystem process can cause the land to
loose its natural features and it does not provide the expected benefits. In this context, ecosystem integrity to organize land-use, and even more going forward, the system
hierarchy on the ecosystem in terms of the integrity of the
landscape and giving way to the potential of usage of integrity, have become necessities. In physical planning studies, when considering the landscape main objectives, this
potential offered us the protection of vital resources which
could be transferred to the next generation. Porsuk Dam
Lake and its environs have been the case of this study because of the danger of unplanned land-use, although it has
natural and cultural landscape values. Land and climate
characteristics, according to the plastic development of the
vegetation and hydrological structures for wildlife habitat
diversity and its rich possibilities of life, have formed the
potential of this natural landscape area. On the other hand,
Phrygia Valley, having a rich cultural history by being the
landlord of different cultures, has comprised the cultural
landscape values that need to be protected. To calculate the
inventory of natural and cultural landscape elements of the
lake and its environs is the first phase of the study. The
results of the inventory work will determine a base to the
synthesis phase to protect the valuable landscape. Finally,
land-use plans for the case area have been developed to be
used for protecting the landscape potential and, thus, to be
able to leave the existing conditions to future generations.
The holistic approach, which is a guideline for this study,
has been aimed as a comprehensive reference source for
the future implementations and other similar studies.

KEYWORDS: Landscape analysis, landscape potential, landscape assessment and management, land-use planning, Porsuk
Dam Lake, Phrygia Valley.

The usage of natural and cultural landscape resources
with many angle and high density depending on communication and transport development illustrates that these resources have always been more in need of protection and,
thus, they need to renew themselves [1-3]. The habitat which
has been shaped by topography, climate, geomorphology,
hydrology and soil is described as natural landscape, whereas the social and economic activities that take their resources
from natural landscape have revealed the cultural landscape
[4]. These aspects with regard to the landscape, natural and
cultural forms of the different elements, occur in the scientific analysis. On the contrary, as a whole planning to work
with that form must be submitted and should be known as a
basis [1, 5-7].
The rural landscape of Kütahya and Eskişehir provinces, which are located in the Aegean and Central Anatolian regions of Turkey having hosted many civilizations
since Phrygians between 900 and 600 B.C., has earned a new
meaning with Porsuk Dam Lake, nowadays [8]. Natural and
historic features of the region are added to the installation
of the dam lake, relating to the emergence of new types of
land-use that have occurred. Previously the case area was
utilized passively in the name of natural and historical tourism, but today it happens to be used for daily or long-period
recreational activities, such as water related sports (fishing, canoeing, etc.). Possible changes in land-use types, using
the region's potential is to increase the intensity. Therefore,
the necessity of preparing landscape inventory in the case
area and to make decisions according to that inventory have
been occurred to protect the existing natural and historical
texture from the danger of intensive usage, and to be able
to restore landscape resources.
The Porsuk Dam Lake, which also creates an artificial
wetland system, has been examined according to the balance of protection and usage to protect natural and historical values. In a sustainable manner, the recommendations to
transfer these values to future generations have been aimed.
CASE AREA
Geographical location and land-use

The case area, Porsuk Dam Lake, is located in the Aegean and Central Anatolia Region of Turkey, west of the
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FIGURE 1- Map of Turkey, region, case area and its environs.

FIGURE 2- 3D view of the Porsuk Dam Lake and its environs with Phrygia Valley.

merger in the sector 30o02'53" and 30o22'42" east longitude and 39o33'24" and 39o42'45" north latitude, and is fed
by Porsuk River. Total length of the river is 448 km, and
it has been formed by the combining of water from the
Bayatçık Stream at the north slopes of the Ahir Mountain
and Kızıltaş Spring from the north slopes of Murat Mountain in Kütahya. The river comes from southwest of
Eskişehir, passes through the Kütahya Plain and Porsuk
Dam Lake reaching to the Sakarya River, the thirdlongest river of Turkey [3, 9-10] (Fig. 1).

The Porsuk Dam Lake was built on the Porsuk River between 1966-1971 to protect the region from flooding and
to supply irrigation, drinking and service water. The lake
basin that forms Porsuk Dam Lake is naturally formed with
the lava of volcanic Turkmen Mountain [11]. Normal water
volume of the lake is 43x108 m3 [9]. The area supplies water
for irrigation for 41,020 ha and 206 x 106 m3 drinking and
service water per year. Minimum and maximum water levels
of the lake are 845.5 and 868 m, respectively, and, at normal water level, the lake area is 23,400 ha. Approximately
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11,400 ha area of the lake is within the borders of Kütahya
Province and approximately 30 km away from the city center. The remaining lake area is located within the borders
of Eskişehir Province and about 25 km away from the city;
also Phrygia Valley is located in this section [3, 9, 11-12]
(Fig. 2).
The most extensive land-cover of the lake and its environs is forest-land (46%), followed by agricultural land
covering 35%, as well as pasture (12%) and residential areas
(7%), respectively.
Natural structure

The case area is located in warm temperate climate of
Aegean and Marmara regions constituting a gateway to the
terrestrial climate of the Central Anatolian Region. Although
winters are hard, long and snowy, summers are hot and dry
in the region. Generally, precipitation regime is dominated
in Central Anatolia. According to TSMS (Turkish State
Meteorological Service) [13] and Şensoy et al. [14], 34% of
precipitation is in winter months and 31% in spring months.
Snow can be seen between November and April. According to the last 70-years data, annual average temperature is
11.02 °C in the area. The hottest month is July with average temperature 21.6 °C, and the coldest one is January with
average 0.5 °C [13]. In the area, the most suitable periods
for tourism and recreation activities to observe natural and
cultural values are between May and September. According
to MTA (Directorate of Mineral Research and Exploration,
Ankara) [15], the geological structure of the area has been
constituted by old paleozoic, mesozoic and cenozoic units.
The old paleozoic units are represented by metamorphic rocks. At the bottom, metamorphic and ophiolites, and
at the top, carbonate and bicarbonate rock formations are
due to the mesozoic system. Sedimentary units dominated
at the top of cenozoic system, as well as carbonated and
volcanic rocks are being seen in this system. All these units
are covered with precipitate in river valleys, plains and hills.
It is possible to see volcanic lava and magmatic granite structures, developed during different phases, in the region [9,
15]. According to the study of Özmen et al. [16], the case
area is in the risk of second-degree earthquake zones in
Turkey.
The case area is commonly surrounded by high hills.
Phrygia Valley is the most important component in the appearance of hills. The south and west sections are more steep
and rugged from north and east sections with a height of
almost 1190 m. The most important flats on the area are
sandy lands with 50 m altitude which show wide disseminations. In the area, the group with 5-10% gradient of lightwave land is dominant. With between 0-5% slopes, extreme
flats were usually seen on the sand dunes nearby the lake
basin, whereas steep areas with a slope of 30-45% were
rarely seen in south and southeast of the case area (Fig. 2).
The 3 rd class lands represent the largest surface with
98.16 ha, when the land capability classes of the region
have been examined. The 3rd class lands are followed by
the 4th ones with 85.14 ha. The 4th and 3rd class lands with

the widest surfaces were located on the north and south
parts of the case area. Severe erosion is to be seen in the
7th class of lands. On the other hand, 3rd, 4th and 6th class
lands are classified in the secondary-degree erosion category. Also, the 1st class lands with alluvial soil which are
nearby the rivers and streams were also often seen in the
lake basin [17].
Because of the geographical position, the area which
takes place in a transition zone between Turkey’s Central
Anatolian and Aegean regions has a rich and variable flora.
Forests, dominating the region, mostly consist of broadleaved and coniferous tree species such as black pine (Pinus
nigra), junipers (Juniperus sp.), beeches (Fagus sp.), oak
trees (Quercus sp.), chestnuts (Castanea sp.), willows (Salix
sp.), linden trees (Tilia sp.) and sycamores (Platanus sp.).
These forests which host many ancient trees reveal a wealth
of floristic direction. For example, it has been found out that
a Pinus nigra in the Phrygia Valley is 3500 years old [18].
The sandy lands of the Porsuk Dam Lake with narrowspread endemic and endangered species are so important in
the European wide. Verbascum degenii, Silene sangaria,
Linum tauricum subsp. Bosphori, Himantoglossum caprinum, Centaurea hermannii and relative species can be
given as examples. Shallow waters of the lake and swamps
at the lake coast host species, such as Ceratophyllum demersum, Hydrocharis morsus-rana, Myriophyllum spicatum,
Potamogeton crispus, P. lucens, Stratiotes aloides, Trapa
natans and Vallisneria spirallis. These include S. aloides
and V. spirallis spread on a very narrow field in Turkey [9,
18]. Schoenoplectus lacustris, Phragmites australis and
Thypha sp. communities predominantly grow in large parts
of the lake coast, and on the valleys of water spring branches
that bring water to the lake. Rare species, such as Equisetum hyemale, Cladium mariscus, Thelypteris palustris, etc.
have been seen in this flora. The geographic location, climate and vegetation characteristics of the case area have
provided a rich wildlife for living creatures. The undulating lands that are dominant in the area (forests, coastal dunes
and swamps) provide a rich habitat for mammals, reptiles
and some predatory wild species [9, 11]. The Porsuk Dam
Lake and its environs is not only one of the main migration routes for some bird species that pass twice a year, but
also offers accommodations for some species that provide
nutrition (Fig. 3).
Historical values

The Phrygia Valley, which comprises the historical
value of the case area with an approximately length of
17.28 km, had been occurred from the hallowed soft rocks
formed by the tuff of Turkmen Mountain which is an extinct volcano. Because of this feature, the Phrygia Valley
is called as "The Second Cappadocia", inspired from Cappadocia that has been declared as a national park in
Nevşehir Province of Turkey. The volcanic structure that
plays an active role in extinction of the Phrygia Valley also
creates a natural-set lake for Porsuk Dam Lake [8, 19]. In
this respect, it is possible to say that area’s volcanic structure plays an important role in its main characteristics.
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FIGURE 3 - Map of flora and fauna of Porsuk Dam Lake.

One of the ancient nations of the region, Phrygians,
giving the valley its name, lived between 9-6th centuries
BC. They have built open-air temples dedicated to Goddess
Kybele and castles for defense by engraving and cutting
through the soft rocks. In the area, there are various rock
shelters, burial chambers, places used for sheep barns and
sheepfolds, cisterns, warehouses, etc. and buildings from the
Roman period between 133 BC to 395 AD. Churches and
chapels belonging to Byzantine period between 395-1230
AD are located on the case area’s historical site. Today,
most of these historical places and structures have not been
taken into protection and used by local people as animal
shelters, barns or warehouses [3, 8, 19-20].
MATERIALS AND METHODS
This study has been carried out to determine landscape planning and management policy within the scope
of protection and management of the Porsuk Dam Lake and
its environs’ landscape values. The approach adopted in
this context is to determine the landscape potential of the
land according to totalitarian perspective and to bring up the
principles to conserve and develop this potential according to current tendency. Therefore, to achieve these goals,
it has been focused on to determine the landscape potential by establishing especially the borders of the case area,
from the genuine point of view. The subject of area usage
trends has been included to the study in order to maintain
the participation of people who are the real landowners
and users of the area.

In determining the boundaries of the case area, the ecological boundaries have given high importance to evaluate
the landscape as a whole, and also the visual analysis has
to be used as an element to support this approach. Management boundaries have been also taken into consideration in order to provide the practicability of the case area’s
landscape planning and management principles legally.
As indicated by Cengiz [21], ecologic boundaries have
the priority in determining the boundaries of the case area,
and he has also emphasized that it is necessary to investigate the flood zone and erosion area. The flood limit of all
natural and cultural landscapes, which might be affected
by the water regime of the river, is of 886 m height, which
is exactly the altitude of the Porsuk Dam Lake’s maximum water level. Erosion areas have been described as
zones that are affecting the water quality of rivers, for example, the hilly regions which overlook the lake and affect
quality and quantity of the river by their erosion. However,
the erosion areas contain also the hills that have the vista
points to the dam lake. From this point of view, the potential
erosion areas have been extended at the same parallel as the
visual effect boundaries that have been determined. In Fig.
4, the visual effect and administrative boundaries are given
by associating the erosion area and flood zone of the dam
lake.
In determining the landscape potential, the inventory of
natural and cultural features has been taken as base. The
data related to features of natural landscape have been
classified in 8 categories: soil features, geologic structure,
topography, climate, hydrologic structure, flora, fauna and
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land-use. Data for socio-cultural landscape features have
been classified in 3 groups: population, history, cultural
values and infrastructure. In addition to these classifications, geomorphologic and hydrologic structures of the area
have been determined. All data obtained from inventory
have been transferred to the GIS environment, and maps
have been created for each given group. The maps, by which
the landscape potential map has been obtained, have been

conflicted in computer environment. Then, this map has
been examined by a zoning process, and classified into
3 levels: high, medium and low landscape potential (to be
able to put forward the priority of landscape protection).
In Table 1, the factors, which have been taken as basis in
bringing up natural and cultural landscape values of the
area, are summarized.

FIGURE 4- Flood zone, erosion area, visual effect and administrative boundaries of Porsuk Dam Lake.

TABLE 1- Factors taken as basis in bringing up natural and cultural landscape values.
CULTURAL
STRUCTURE

NATURAL STRUCTURE
Soil
Features
Soil
structure

Geologic
structure
Geological
formations

Slope

Large soil
groups

Geomorphologic structure

Hydrologic
structure
Basins, water
collection
basins
Groundwater
potential

Humidity

Land shape

Geotectonic
structure

Surface water
potential

Wind

Direction

Land
capability
classes
Erosion

Climate

Topography

Precipitation

Elevation

Temperature

Rocks
Earthquake
condition
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Flora

Fauna

Population

Endemic
species

Rare species

Historical and
cultural values

Vegetation
species and
distribution
Forest potential

Wildlife

Infrastructure

Birds

Tourism

Biodiversity
Species diversity
Flora structure
Agricultural
lands and other
cultivated
plants
Exhausted,
depleted risky
species

Reptiles
Fish species

Existing land-use

Mammals
Exhausted,
depleted risky
species
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The goal of a local survey was to analyze the attitudes
of the people in the research area about the landscape planning and management policy. This study has also been intended to identify cultural features of the 20 villages of the
area. The class notes and the literature (e.g. [22-24]) of the
courses of Survey Research Design and Research Methods at the SUNY-ESF (College of Environmental Science
and Forestry) were used to guide the design of the survey
questions. The findings and results of the survey were further guided from the work of Çıngı [25]. The respondents
representative of the villages in the area were randomly
selected. In order to be able to reflect the reality of the
survey studies, and for healthy results, 357 surveys have
been prepared based on 10% of the total population of the
villages in the case area. Survey questions have been designed to aim at ecological values, the existing water resources, cultural structure, historic structure of the area,
public awareness for the environment, construction status,
education, local people’s community work and land-use,
and also to identify the problems related to these issues.
RESULTS
Natural landscape values, such as topographic structure,
climate, soil, geology, hydrology, flora and fauna with cultural landscape values, such as population, history, cultural
values, economic and infrastructure services, all have been

determined as existing landscape potential of Porsuk Dam
Lake. In this context, landscape potential map has been created by the result of colliding with natural and cultural landscape values. Areas of the lake and its environs have been
classified as 3 parts which are high, medium and low potential areas (Fig. 5).
High potential areas should be needed to have rich historical and cultural values, high potential hydrologic values, endemic species depending on flora and fauna, proportional distribution of population, high potential infrastructure services, high potential geologic structure, 1st and
2nd class productive lands, alluvial and colluvial soils, as
well as areas that do not have erosion and have less than
10% gradient.
Medium potential areas, at least, should be needed to
have proportional distribution of settlement and population, suitable infrastructure services, 3rd and 4th class agriculture lands, elevations between 10-30 %, forest lands,
forest soils including limy brown or brown forest and orange-brown podzolic soils, sufficient hydrologic potential,
enough flora and fauna potentials, and do not have any earthquake fault line.
Low potential areas have low historic and cultural values, insufficient infrastructure, less water conditions, earthquake fault line, 6th and 7th class lands, strong erosion, bare
rocks, elevations between 30-45 %, low flora and fauna
potentials, and do not have any settlement.

FIGURE 5- Landscape potential map.
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When calculated in the GIS environment, high potential areas represent 43% of the total lands (149.27 ha).
These areas are mostly located in the west and south directions with a southeast part of the lake. Medium potential
areas cover 137.84 ha (39% of the entire case area). These
areas are mostly located in the east and northwest directions. Low potential ones, having the lowest spread, occupy
61.43 ha land (18% of the whole area). These areas are
commonly 6th and 7th class lands that are densely located
in the west and northwest directions of the dam lake.
In the survey with volunteers representative of Porsuk
Dam Lake, it has been aimed to determine their expectations and tendencies on using the areas of the dam lake
and its environs. Representatives’ expectations and anxieties have been guided to development and protection of
landscape potential of this area.
In the settlements of 20 villages around the Porsuk
Dam Lake and its environs, it was observed that population is ≥40 years old, and only 10% of the general population is younger than 15 years old. The volunteers have
some anxieties about the protection and development of
cultural and natural resources of the lake and its environs.
Besides, 28% of the total representatives felt uncomfortable about the insignificant being and possible extinction
of Phrygia Valley. The participants have anxieties about the
land entireness. 25% of participants have anxieties about
insufficient security, 21% about the extinction of wetlands,
and 19% of them have worried about insufficient infrastructure.

preferred staying there with a percentage of 22%. For picnic areas, 21% of participants preferred to go to the
lakesides and 17% to forest lands. Favoring the lakesides
(being and having great pleasure in natural and cultural
atmosphere) resulted in the unity of historical values
and recreational activities which come into being. Only
7% of the total participants preferred meadows and 6%
sea-sides and surrounding areas, but, moreover, 16% the
riversides for recreational activities.
The places where the participants visited fests and celebrations for purpose of recreational activities have mostly
the feature of socio-cultural base (41%), whereas 31% were
keen on traditional handcrafts, 21% on historical statues
or places, and 5% on sides of traditional architecture. The
participants put forth the announcement of the unique features of fests and celebrations in terms of that particular
region. When the historical and natural sides are held, the
preference rate increases (for instance, Phrygia Valley Fest
for the valley near the side of Porsuk Dam Lake). In this
way, it is thought about the public awareness and its improvement for natural and cultural values.
According to site analyses of the area and classification of landscape potential in order to improve that of the
dam lake, a study flow diagram has been set up under the
title of “objective and implementation.” Additionally, “the
limitations and supports” are illustrated in Table 2 to support Fig. 6.

29% of participants considered the Phrygia Valley having a major importance in terms of increasing the interest
on tourism and the environs in Porsuk Dam Lake, while
20% emphasized the necessity of forming neat and clean
picnic areas, 19% considered the increasing of camping
zones, 18% of green-lands and 14% of sailing opportunities. Porsuk Dam Lake is attractive with its both natural
and cultural values. The lack of areas that enable men to
have tranquility is one of the major deficiencies, but also
lack of paths as walking, riding, wandering and recreation
zones were mentioned. In order to reduce this inadequacy,
94% of participants think to increase these zones but 6%
do not.
When the residents around the Porsuk Dam Lake and
its environs were investigated about their historical background, 92% of lack of information was detected. This information has been gathered from parents (32%), neighbors
(20 %), mukhtars which means head of villages (16%),
schools (13%), and books (11%).
The participation of all volunteers in the frame of recreation and touristic activities was only about 71%,
and29% did not take place in these activities. 21% of the
participants generally existed in picnicking, 15% in fishing, 13% in fests and celebrations held on plateaus, 11%
on the side of hunting, and 10% in searching for historic
texture. With the advantage of having information about the
thermal spring’s tourism in cities, the participants usually
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IMPORTANCE OF AREA
•
•
•
•

To be integrated with Phrygia Valley and to
have rich historical and cultural features
To have rich flora and fauna; especially to
have many rare bird and plant species
To give opportunities for many recreational
activities such as water sports
To have easy accessibility

OBJECTIVE

Advertisement, protection and development of
Porsuk Dam Lake with Phrygia Valley which is
called “The Second Cappadocia of Turkey”

Limitations and
Supports

IMPLEMENTATION
•
•

To protect and develop natural, historical
and socio-cultural values
To develop recreation activities

FIGURE 6- Objective and implementations
for the Porsuk Dam Lake and its environs.
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TABLE 2 - Limitations and supports against the objective and implementations of the Porsuk Dam Lake and its environs.
LIMITATIONS

SUPPORTS

not to grasp the importance of Porsuk Dam Lake and Phrygia
Valley
not to be known by local residents
to have administrative gaps among the local governors,
municipalities and village communities
the loss of lands
the arise of conflicts during the stages of infrastructure,
maintenance, repair and construction
to have maintenance and repair difficulties for the picnic and
recreation areas
to have legal conflicts in water sports (sailing, canoeing,
rowing, etc)
not to organize regular fests, concerts and kermises

to have natural, historical and socio-cultural lands
to have wetlands
to have rich flora and fauna
to have picnic or recreation areas and relative ones
to give opportunities to the water sports such as sailing
and canoeing
to give educational information about the area and its
historical structure with fests, concerts and kermises
to organize mountain bike tours
to organize motorcycle racing and tours

not to provide a tour guide for mountain bike tours
to have advertisement gaps during the fests

to organize cave tourism, nature walks and trekking
to give opportunities for thermal tourism

Porsuk Dam Lake Management Plan

Physical
Planning

Ecological
Planning

Landscape
Planning

Protection and
Development
Planning

Implementation Project

FIGURE 7- Planning strategies for the Porsuk Dam Lake and the Phrygia Valley.

“The objectives and implementations” and “limitations and supports” have been prepared in the direction of
research aims as being the main concern. A management
plan has been set up for building the protection and development strategy of Porsuk Dam Lake. The management
plan should be the main one maintaining sub-planning decisions. According to the potential of the area, the implementation projects are fulfilled by physical, ecological, landscape and protection-development plannings. In this context, a many years-long protection section took place with
the protection and usage balance of Porsuk Dam Lake and
Phrygia Valley in the frame of well-situated implementation projects (Fig. 7).
CONCLUSIONS
In this study, the protection and improvement of water resources existing in people’s life, as well as the corelated functions concerning natural and cultural components have been bound and emphasized by the undivided

coordination requirements themselves. Water resources,
the contents of an ecosystem and its aims of sustainability
bring about the implementations of landscape potential
related to protecting and improving natural and cultural
environment. Two aims are stated as the preservation of
genetic variety of landscape potential and improvement of
re-sources of areas and water. In this context, one of the
major aims is the sustainable management technique of
water resources.
Assuming equivalence of need for natural and cultural resources, both must be used and fulfill the life-long
needs of human visitors. The sustainability of natural and
cultural resources can only be able to survive by preservation of the sustainability of served functions. Sustainable
ecological and economical values have gained in importance, and can survive only by a coordinating subdevice. The preservation of ecological structure is possible with the whole implementation method based on selfdealing. For the solution of detected problems in the period
of physical environment formation, some strategic sugges-
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tions for the purpose of protecting and preserving natural
and cultural resources of Porsuk Dam Lake for a better
usage balance have been put forth.
As the lake and its environs have the risks of being
devastated in the frame of natural and cultural characteristics, in the balance of protection and usage of existing
values and that of sustainability of landscape potential,
more concrete decision-making and more efficient management have been held.
By enabling the progression of area usages for longtime spans about natural and cultural values of landscape
with its potentials, the importance of landscape planning
has been emphasized once more. Since unplanned progression and usage out of control, solution suggestions have
been revealed for the ongoing devastation of existing natural and cultural landscape values. Additionally, for a more
convenient implementation, with more diversified content
and brainstorming, the preservation, improvement and
sustainability of natural and cultural landscape values can
be brought out in longer periods. In implementation projects, the diversified information source is aimed to be revealed as a demonstrative sample for similar areas and
their implementation techniques.
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THE CHANGES IN BLOOD LEUKOCYTE
PROFILE OF COMMON CARP INDUCED BY
ACUTE EXPOSURES TO COPPER AND CADMIUM
Małgorzata Witeska*, Elżbieta Kondera, Justyna Lipionoga and Renata Nienałtowska
Department of Animal Physiology, University of Podlasie, Siedlce, Poland

ABSTRACT
A comparison of the effects of Cu and Cd on leukocyte
absolute and differential counts, thrombocyte counts, and
oxidative burst of phagocytes over 16 days of depuration
period after 3-hours exposure of juvenile common carp to
2 mg/L of Cu, or 6.5 mg/L of Cd (96hLC50) were performed.
Copper induced a significant but only transient leukopenia in fish, while after cadmium exposure leukocyte count
remained significantly reduced until the end of the experiment. In both cases, percentage of neutrophils only slightly
increased which was more pronounced in Cd-ex-posed fish.
An increase in phagocyte oxidative burst also occurred in
metal-exposed fish. Copper but not cadmium exposure resulted in a significant increase in thrombocyte count.
The results show that Cu and Cd under similar exposure conditions caused similar changes in white blood cell
systems of carp, however, cadmium-induced disturbances
were deeper and more persistent which might have resulted from different transport and distribution of metals
within the organism, different tissue affinity, and different
elimination rate.
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INTRODUCTION
Hematological and immunological changes are among
the first detectable responses of fish to heavy metals, even
after short-term exposures [1]. Copper is an essential element, while cadmium does not play any known metabolic
role, but both are highly toxic to fish. The effects of heavy
metals on immune system of fish include both suppression
or activation of non-specific and specific mechanisms.
Copper exposure frequently brings about a decrease in
leukocyte count but also very often an increase occurs (Table 1). Copper was also reported to reduce immunoglobu-

lin level [37], and spleen macrophage activity [38] but the
same metal may also stimulate immune functions in fish,
such as cellular immunity, ceruloplasmin activity [39], or
oxidative activity of phagocytes [38-40].
Cadmium intoxication of fish usually results in leukopenia but sometimes leukocytosis may be observed (Table 1). In most cases, cadmium impairs cellular functions,
like oxidative burst of phagocytes [41], cytotoxic leukocyte activity [29, 42], as well as humoral immune response
like immunoglobulin titer [43, 44] or lysozyme level [44].
However, sometimes immune stimulation is observed as increased antibody level or higher phagocyte activity [29, 45].
Both metals may induce very similar changes in proportions of various types of leukocytes (Table 1). Contribution of lymphocytes almost always decreases, and reduction concerns mainly small (mature resting) lymphocytes that
predominate among fish circulating leukocytes, while the
percentage of large (activated or juvenile) lymphocytes often
increases. In most cases, granulocyte level grows, mainly of
neutrophils, but sometimes an increase in eosinophil percentage may be observed.
The data concerning the effects of copper and cadmium on fish thrombocytes are very scarce, and also show
that these metals may induce either an increase [11, 31], or
a decrease [11, 18] in number of these cells.
Comparison of data obtained by various authors indicate that the effects of cadmium and copper on fish immune system may be different and depend on various factors – probably on metal dose, time of exposure (however,
no clear relationship between metal concentration or exposure time and the effect is shown by the data in Table 1),
time of depuration, water quality parameters, as well as on
fish species, age, etc. It also seems that various cells and
immune response endpoints show different sensitivity to
metal action.
The aim of the present study was a comparison of the
effects of cadmium and copper on blood leukocyte absolute and differential counts, thrombocyte counts, and oxidative burst of phagocytes over 16 days of depuration period
after a short-term exposure of juvenile common carp to
96hLC50 concentrations of both metals.
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TABLE 1 - The effects of copper and cadmium on fish leukocytes (WBC – white blood cell count, LYM - lymphocytes,
S – small, L – large, GRAN – granulocytes, N – neutrophils, E – eosinophils) (↑ increase, ↓ decrease, - no change)..
Metal

Species
Acipenser baeri
Clarias gariepinus
Cyprinus carpio
Cyprinus carpio
Cyprinus carpio
Cyprinus carpio
Heteropneustes fossilis
Heteropneustes fossilis
Saccobranchus fossilis
Oncorhynchus mykiss

Cu

Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Oreochromis mossambicus

Cd

a

Sarotherodon mossambicus
Acipenser baeri
Anguilla rostrata
Carassius auratus
Cyprinus carpio
Cyprinus carpio
Cyprinus carpio
Cyprinus carpio
Cyprinus carpio
Heteropneustes fossilis
Ictalurus nebulosus
Oncorhynchus mykiss
Fundulus heteroclitus
Perca fluviatilis
Colisa fasciatus
Oreochromis aureus
Oreochromis mossambicus
Tilapia zilli
Anabas testudineus

Concentration
[mg/L]
0.015
0.055, 0.085
1.4-2.7 b
0.4
1.5

Exposure
[days]
60
4
2
2
a

5
5
10.5
0.064
0.1-0.32
0.3
0.118
0.5
0.5
0.2
0.03
0.014
0.01
0.5
0.1
0.2
0.1
0.16, 0.4
0.4
1
0.03
0.15
0.09-0.445
13.2
0.01
0.02
5, 10
10
0.2
61.3
0.001, 0.005
50
0. 0001-0. 0002
100
0.1, 10
0.1-10
10.6-24.8
0.62

3
3a
3
30
28
1
112
5, 10
4
30-90
21
21
all life
10
10
180
180
4
28
30, 60
60
56
21
2
20, 40
67
21
3a
14
2 a
84
2
all life
4
1-7
1-45
1-4
30-60

WBC
↑
↓
↓
↓
↓
↓
↑↓
↑
↓
↓
↓

↑
↑
↑
↑
↓
↓
↑↓
↓
↓
↓
↑
↑
↑
↓
↑

LYM

GRAN

Author

↓-

↑

S↓L↑

N↑E↑

[2]
[3]
[4]
[5]

↓
S↓L↑

↑
↑

↓
↓
↓
↓
↓
↓
↓
↓
↓
↓
↑
↑

↓
↑

↓S↓L↑
↓
S↓L↑

E↑↓
↑
N↑E↑

↑↓

↓↑

↓
-

N↑
E↑
-

↑
S↑L↑
S↓L↑
↓

N↑
N↑
N↑
-

[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[1]
[17]

N↓E↑
N↑E↑

N↑
↓

[18]
[19]
[2]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]

hours, b concentration of Kuprikol 50

MATERIALS AND METHODS
The experiments were carried out in Nov.-Dec. 2005
(Cu), and Nov.-Dec. 2006 (Cd) with laboratory-reared,
six months old common carps of 6.78 ± 1.64 g (Cu), or
20.60 ± 7.73 g (Cd) obtained from the hatchery of the Inland Fisheries Institute in Żabieniec (the differences in
body mass of fish resulted from different rearing intensity). After transport, the fish were stocked to the flowthrough tank supplied with dechlorinated tap-water, and
constant aeration. They stayed there for 2 weeks before
the experiments at 20-22°C and dissolved oxygen saturation 70-80%, and were fed once a day with carp starter.

Then, the fish were exposed for 3 h to 2 mg/L of Cu
(as CuSO4*5H2O) or 6.5 mg/L of Cd (as CdCl2*2,5H2O)
which was equal to 96hLC50 calculated using the Probit
method from the results of acute toxicity tests performed
before the experiment. For metal exposures, the fish were
placed individually in aerated 2.3-L aquaria (the exact number of fish in each group is shown in Tables 2 and 3). Dechlorinated tap-water was used of total hardness 178 mg/L
as CaCO3, background Cu and Cd concentrations 0.0059
mg/L, and 0.0005 mg/L, respectively, and 21°C. After the
exposure, all fish of each group were transferred to 30-L
tanks with metal-free water in which they stayed until
blood analyses, at 21 °C. Two thirds of water was changed
daily, and the fish were fed once a day carp starter feed.
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Blood was sampled immediately after the exposures
(Cu0, Cd0), and then every two days until the 16 day post
exposures (Cu2-Cu16, Cd2-Cd16). Control groups were
subjected to the same manipulations as the metal-exposed
fish (kept for 3 h in 2.3-L aquaria, and then transferred to
30-L tanks), but all the time in clean water.
Blood was collected from alive fish by heart puncture
using chilled heparinized needles into chilled heparinized
Eppendorf tubes, each fish was used only once. White blood
cell count (WBC), and spontaneous phagocyte metabolic
activity (NBT) were measured in fresh blood. For WBC
calculation, the cells were counted in a Burker chamber, at
100 times dilution with Hayem liquid (non-stained leukocytes are well visible in the chamber, and easily distinguishable from the other cells). Phagocyte activity was evaluated
spectrophotometrically at 546 nm using nitrotetrazolium
blue (NBT) reduction to formasan by the cells [46]. Blood
smears were also made, and stained with May-Grunwald
and Giemsa solutions, in order to evaluate percentage of
various types of leukocytes, and to estimate the number
of thrombocytes (from the number of thrombocytes per
100 leukocytes in the smear, and WBC). The smears were
analyzed under a Nikon Eclipse 300 microscope (1000x
magnification), and 100 leukocytes were viewed in each
smear.
The results were subjected to the non-parametric U
Mann-Whitney test to evaluate the significance of differences between the controls and metal-exposed groups, at
the significance level p≤0.05.

RESULTS
Following copper exposure, a significant but transient
leukopenia was observed in 2- and 4-days post treatment
(Table 2), and was not accompanied by any significant
differences in lymphocyte and neutrophil proportion. However, immediately after the end of exposure (Cu0), a slight
shift towards neutrophils took place. No monocytes were
found in blood of these carps. Among lymphocytes, some
abnormal cells occurred: deformed or showing nucleus division. Such cells comprised from 3.2% in control to 9.3%
in Cu0 (significantly more than in control). Among neutrophils, in all groups immature cells predominated (myelocytes and metamyelocytes), while band and segmented
neutrophils were scarce.
Phagocyte activity measured as respiratory burst was
usually low, only in Cu0, and Cu4 significantly increased
with regard to control (in Cu2 only one sample was analyzed). An increase took place also in Cu16, but it was insignificant due to high individual variability.
Thrombocyte counts were elevated in all copper-exposed fish but the increase was non-linear: significant increase took place in Cu0, followed by an apparent recovery
(Cu2, Cu4), and then thrombocyte count increased again,
reaching a maximum after 8-days post-exposure. Among
these cells, oval and elongated forms predominated (42-69%,
and 20-41%, respectively), while the spindle cells were the
least abundant (9-19%). In Cu-exposed fish, a shift towards
the oval cells occurred on the expense of elongated and

TABLE 2 - The effects of 3-hours exposure to 2 mg/L Cu (96hLC50) on white blood indices, and thrombocyte count of
common carp (Cu0 – immediately after the end of exposure, Cu2-Cu16 – in 2-16 days post exposure, number of fish given in parentheses).
Group
WBC [103/µl]
Lymphocytes [%] Neutrophils [%]
Phagocyte activity [g/L of formazan]
Control (13)
47.4±24.0
98.4±1.3
1.2±1.3
0.42±0.34
Cu0 (10)
41.3±14.8
95.9±5.1
3.9±4.7
1.04±0.06*
Cu2 (8)
15.1±7.6*
98.3±1.7
0.6±1.4
2.72±0.001
Cu4 (10)
15.7±6.0*
98.4±1.9
1.4±1.7
1.33±0.23*
Cu6 (9)
55.7±30.8
99.0±1.8
0.9±1.5
0.43±0.23
Cu8 (6)
77.6±28.8
97.3±2.0
2.0±1.9
0.39±0.25
Cu10 (10)
45.1±17.2
98.9±1.4
0.9±1.0
0.46±0.06
Cu12 (9)
47.0±16.1
98.9±1.5
0.9±1.4
1.06±0.88
Cu16 (6)
44.5±23.7
97.5±2.9
2.2±2.4
1.75±0.57
* Significantly different from the control (mean±S.D., U test, p<0.05), 1 only one sample

Thrombocytes [103/µl]
9.8±8.4
27.2±17.7*
16.8±12.4
10.1±6.2
54.6±23.2*
86.3±41.7*
43.3±18.1*
31.5±20.2*
46.7±30.0*

TABLE 3 - The effects of 3-hours exposure to 6.5 mg/L Cd (96hLC50) on white blood indices, and thrombocyte count of
common carp (Cd0 – immediately after the end of exposure, Cd2-Cd16 – in 2-16 days post exposure, number of fish given in parentheses).
Group
WBC [103/µl]
Lymphocytes [%]
Neutrophils[%]
Control (10)
23.3±6.3
85.4±12.7
11.1±10.7
Cd0 (10)
12.5±8.1*
88.0±8.0
6.7±4.5
Cd2 (10)
19.0±8.2
76.0±15.0
17.0±13.4
Cd4 (9)
14.1±6.8*
no data
no data
Cd6 (10)
12.2±3.9*
69.6±13.3*
16.7±7.4
Cd8 (8)
14.8±5.5*
70.9±20.9
23.1±17.7
Cd10 (8)
14.7±6.9*
86.7±9.3
9.3±5.8
Cd12 (8)
16.3±5.0*
91.9±4.5
4.9±3.5
Cd14 (7)
19.9±13.4
89.1±5.5
7.3±5.1
Cd16 (8)
9.5±4.0*
88.9±6.5
7.7±6.9
* Significantly different from the control (mean±S.D.,U test, p<0.05)
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Phagocyte activity [g/L of formazan]
0.60±0.26
1.11±0.20*
0.73±0.21
0.91±0.20*
1.24±0.13*
0.69±0.16
0.94±0.26*
1.23±0.49*
0.66±0.27
1.31±0.24*

Thrombocytes [103/µl]
40.9±29.8
40.6±31.8
57.4±24.0
no data
30.1±23.1
44.4±28.8
32.4±36.5
25.7±21.0
46.3±32.2
22.8±29.8
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spindle ones (in the control: 42%, 41, and 17%, respectively,
and in Cu8: 69%, 20%, and 10%, respectively).
The fish used in the Cd experiment (including control) showed lower total leukocyte counts than those in Cu
experiment (Table 3). After metal exposure, a deep and persistent leukopenia occurred, and no recovery was observed
until the end of the experiment. A shift towards neutrophils occurred from 2- to 8-days post-exposure. Small and
variable percentages of monocytes, basophils, and blast cells
were observed (0.1-1.8%, 0.1-1.2%, and 0.2-0.8%, respectively), and did not show any significant difference between
control and Cd-exposed groups. Phagocyte activity was significantly elevated in Cd0, Cd4, Cd6, Cd10, Cd12, and
Cd16, with respect to control. The average thrombocyte
count considerably fluctuated but did not show significant
differences due to very high individual variability within
the groups. Similarly as in the Cu experiment, oval thrombocytes predominated (52.4-92.3%), while elongated and
spindle forms comprised 3.3-11.6%, and 2.3-9.6%, respectively.
DISCUSSION AND CONCLUSION
The obtained results indicate that both cadmium and
copper caused leukopenia, and an increase in oxidative burst
of phagocytes. However, the changes induced by cadmium
were deeper and more persistent comparing to those observed after copper exposure, and included more pronounced
shift towards neutrophils. On the contrary, copper caused a
strong increase in thrombocyte count which did not occur
in cadmium-exposed fish.
The changes in white blood cell system of copper and
cadmium-intoxicated fish observed by other authors show
a wide variety of reactions.
The results obtained by Shah, Altindag [47] for Cdexposed tench show that the changes in WBC may be different at various metal concentrations and times of exposure but not necessarily proportional to their values. Karuppasamy et al. [48] observed a significant cadmium-induced leukocytosis in Channa punctatus. On the other hand,
very strong leukopenia was reported by Pravda et al. [23]
in common carps subjected to waterborne cadmium. Ghazaly
[35] observed a reduction in WBC in cadmium-treated Tilapia zillii, accompanied by a considerable lymphopenia.
Lym-phopenia with a shift from small towards large lymphocytes occurred in Cd-exposed American eels [20].
Long-term exposure of Heteropneustes fossilis to copper resulted in a gradual WBC increase beginning from
5 days of treatment, and remained elevated for 5 days of
recovery [9]. According to Mazon et al. [49], acute copper
exposure resulted in a WBC increase in Prochilodus scrofa,
accompanied by a lymphocyte-neutrophil shift. Nussey et
al. [18] reported a significant leukocytosis, lymphocytosis, and eosinophilia accompanied by a monocytopenia in
Oreochromis mossambicus subjected to a short-term and

long-term copper exposure. However, Dethloff et al. [1]
reported that Oncorhynchus mykiss from a copper-polluted
creek showed leukocrit about 2/3 lower comparing to the
fish from a non-contaminated site, which indicates strong
leukopenia.
Svobodova, Pecena [22] reported a significant shift in
leukocyte proportions in cadmium-intoxicated common carp:
a significant decrease in lymphocyte percentage accompanied by a strong increase in share of neutrophils and monocytes. Similar changes were observed in cadmium-exposed
Clarias batrachus [50].
According to Dethloff et al. [16], experimental exposure of Oncorhynchus mykiss to sublethal level of copper
for 3 weeks resulted in a significant shift from lymphocytes to phagocytes: percentage of neutrophils and monocytes increased, and so did their production of reactive oxygen species (ROS). However, Oncorhynchus mykiss from a
copper-contaminated creek showed no change in reactive
oxygen species production, despite the shift towards neutrophils [1]. According to Sanchez-Dardon et al. [51], cadmium inhibited phagocytosis and respiratory burst in Oncorhynchus mykiss. Bennani et al. [52] reported a reduced
phagocytosis, and ROS production by phagocytes of Dicentrarchus labrax sublethally intoxicated with Cu and Cd.
Hutchinson, Manning [41] observed reduced respiratory
burst of Limanda limanda kidney phagocytes after a 6-week
exposure to Cd, and a 3-week depuration. According to
Lemaire-Gony et al. [53], cadmium significantly reduced
yeast ingestion by European sea bass spleen phagocytes,
but did not affect their respiratory burst. According to Shariff et al. [37], copper tended to stimulate oxidative burst of
Javanese carp phagocytes, however, higher level of metal
caused a suppression. The results of in vitro studies showed,
however, that at 50 and 100 µM of Cd, respiratory burst of
carp phagocytes was reduced, while Cu produced no significant effect [54].
Tawari-Fufeyin et al. [55] observed a Cd level-related
increase in thrombocyte count of Parachanna obscura.
Similar reaction occurred in Cd-exposed Colisa fasciatus [32].
Metal-induced leukopenia and lymphopenia are often
explained as stress-related, and caused by pro-apoptotic
action of cortisol [11, 14, 34, 56]. However, the results of
this study and our previous in vitro experiments [54] suggest that, under similar conditions of exposure, the mechanisms of Cd and Cu action may be different. Cadmium
probably exerts a direct toxic effect upon lymphocytes,
while copper most likely causes lymphopenia via the stress
mechanism. Moreover, it seems that the Cu level (which is
an essential element) is probably more readily buffered by
binding to ceruloplasmin, and storage mainly in the liver
[57]. Induction of ceruloplasmin synthesis in liver and kidney of Cu-exposed common carp was reported by Dautrempuits et al. [39]. Cadmium shows particularly strong
affinity to the kidney [58] which is the main hemopoietic

1544

© by PSP Volume 18 – No 8. 2009

Fresenius Environmental Bulletin

site in fish, and, therefore, persistent leukopenia might
have resulted from destruction of developing cells.
To explain the mechanisms of copper and cadmium
toxicity to the white blood cell system in fish, further studies should be undertaken, including evaluation of metal
transport within the organism, and the analysis of hemopoietic tissue.
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