
Avian liver organochlorine and PCB from South coast
of the Caspian Sea, Iran

Fateme Rajaei • Abbas Esmaili-Sari •

Nader Bahramifar • Mahmood Ghasempouri •

Mozhgan Savabieasfahani

Accepted: 11 September 2009 / Published online: 6 October 2009

� Springer Science+Business Media, LLC 2009

Abstract Liver samples (n = 43) of 9 avian species rep-

resenting the families Phalacrocoracidae, Podicipedidae,

Laridae, and Anatidae, were collected from the Iranian coast

of the Caspian Sea. Samples were analyzed for organo-

chlorine pesticides (OCPs), such as dichlorodiphenyltri-

chloroethane (DDT) and its metabolites, hexachlorobenzene

(HCB), hexachlorocyclohexane isomers (HCHs), and seven

PCB congeners. p,p0-DDE was predominantly found in all

species, at concentrations ranging from the limit of quanti-

fication (LOQ) to 340 ng/g ww. Most frequently encoun-

tered PCB congeners, in all samples, were 118, 153 and 138;

and birds in Phalacrocoracidae had the highest liver PCB

(mean 90 ± 32; ranging from \LOQ to 106 ng/g ww)

whereas Podicipedidae had the highest OCP (mean

147 ± 49; ranging from\LOQ to 340 ng/g ww) (P \ 0.05).

Differences in the diet, and migratory routes, were important

species-specific factors that affected hepatic concentration

of OCP and PCB in the species we studied. Range of OCP

and PCB concentrations in the present study was lower than

those reported for birds in other regions of the world. Hepatic

PCB concentration found in our avian species was below

toxic effect levels that have been previously reported in

birds. To our knowledge this is the first report of persistent

organochlorine pollutants in liver of birds from Iran.
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Introduction

Organochlorine pesticides (OCPs) and polychlorinated

biphenyls (PCBs) constitute some of the most challenging

environmental issues because of their bioaccumulative

nature and their serious chronic adverse effects on human

health and wildlife. These persistent chlorinated organics

are lipophilic and ubiquitous in the environmental; they

accumulate in the fatty tissue and biomagnify in the food

web (Newton 1988; Choi et al. 2001) such that the species

that occupy higher trophic levels tend to accumulate more

of these compounds in their bodies than species that are in

lower trophic levels. These pollutants are also known to

exert toxic effects on wildlife and humans. Reproductive

failure due to eggshell thinning, high embryo mortality and

chick malformation, abnormal reproductive behavior,

immunotoxicity and teratogenesis has been reported in

birds (Yamashita et al. 1993; Van den Berg et al. 1994).

Population decline or collapse of several aquatic organisms

and birds from around the world has been attributed to

toxic effects of OCP and PCBs (Elliot and Norstrom 1998;

Harris et al. 2003; Murata et al. 2003). In particular, egg-

shell thinning is attributed to exposure to p,p0-DDE, that

leads to breaking of eggs during incubation in a variety of

avian species (Blus et al. 1971; Faber and Hickey 1973).

Birds are desirable organisms for bioaccumulation

studies on OCP and PCBs because they are highly sensitive

to pollution, have a large geographic distribution range,

and many birds often occupy positions that are relatively

high in the food chain, (Furness 1993). Several factors

including habitat and species-specific differences seem to
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influence bioaccumulation in birds (Jaspers et al. 2007).

Diet and the corresponding trophic level also play a sig-

nificant role in OCP and PCB bioaccumulation in birds

(Jaspers et al. 2007). Furthermore, evidence indicates that

aquatic predators accumulate higher levels of these toxi-

cants than terrestrial predators (Provini and Galassi 1999).

Despite the fact that production and use of organochl-

orines, including DDTs and PCBs, were banned in the

West during 1970s, these compounds are still sold to the

Eastern countries where they are used to maintain public

health standards and to deal with problems associated with

rapid population increase (Kunisue et al. 2003). Caspian

Sea is an invaluable land-locked aquatic ecosystem which

receives persistent organochlorines that originate from

agricultural and industrial activities in the region. High

concentrations of PCBs and OCPs have been found in liver

and blubber of the Caspian Seal and fish from this area

(Watanabe et al. 1999; Hosseini et al. 2008). Even though

compositions of organochlorine pesticides in seals sug-

gested that the contamination status in the Caspian Sea is

improving, concerns over the general health of the Caspian

Sea ecosystems and birds of this region remains. To protect

and preserve the Caspian Sea ecosystems from further

degradation, its eco-toxicological status must be investi-

gated and the extent of OCP and PCB contamination must

be elucidated. We set out to determine the extent of PCB

and OCP pollution in birds of this region in an effort to

help environmental assessment projects and eventual clean

up of this area. Clarification of the extent of pollution in the

Caspian birds would constitute an important step towards

protection of these ecosystems and will guide us in pro-

moting sustainable development in this area.

Our goal was to describe persistent organochlorine

concentrations in liver of different species of birds from the

Iranian coast of the Caspian Sea. We tested the following

hypotheses: (1) birds at higher trophic levels would have

higher concentrations of persistent organochlorine in their

livers than those at lower trophic levels; and (2) persistent

organochlorine levels in liver of birds will be similar to

levels associated with behavioral deficits and reduced

reproductive success.

Materials and methods

Sample collection and preparation

In the winter of 2008, we obtained nine species of aquatic

birds (n = 43) from the Southern coast of the Caspian Sea

in the Iranian province of Mazandaran (Fig. 1). Freshly

injured or killed bird carcasses had been confiscated from

poachers by the Environmental Protection Agency guards

in charge of bird conservation in the area. Samples were

brought to the laboratory right away, birds were dissected

immediately, and livers were removed, and then homoge-

nized using a mixer. We used a net to trap 10 additional

birds; after killing them, we took fresh livers and similarly

homogenized them. Homogenized tissue was wrapped

in aluminum foil, put in clean plastic bags, and stored at

-20�C until analysis. Birds were identified and placed in

four families: Phalacrocoracidae, Podicipedidae, Laridae,

and Anatidae (Table 1).

Chemical analysis

Organochlorine pesticides including HCHs (a-HCH,

b-HCH, c-HCH), hexachlorobenzene (HCB), o,p0-DDT,

p,p0-DDT, o,p0-DDE, p,p0-DDE, p,p0-DDD, and target

congeners of PCB (IUPAC Nos. PCB 28, 52, 101, 118, 138,

153 and 180) were analyzed. Standards were obtained from

Ehrenstorfer Inc. (Augsburg, Germany) and chemicals were

purchased from Merck Inc. (Darmastadt, Germany). Sample

treatment and analysis followed Jaspers et al. (2006) with

minor modifications. Briefly, approximately 2–4 g of liver

was homogenized then truly desiccated by blending it with

anhydrous sodium sulfate. Samples were spiked with inter-

nal standard (PCB 143 and e-HCH) for analysis.

Further, extraction was carried out with 100 ml hexane/

acetone (3:1, v/v) in Soxtec 2050 (Foss) for 2 h. The

extract was treated with concentrated sulfuric acid for lipid

purification and further cleanup was accomplished on a

column filled with 8 g acidified silica gel and desiccated

sodium sulfate. The column was eluted with 15 ml hexane

and 10 ml dichloromethane, respectively. The eluate was

concentrated to 100 ll under a gentle nitrogen stream. One

micro liter of extract was injected into a gas chromato-

graphic (GC) system. GC analysis was performed using a

Dani 1000 gas chromatograph (Monza, Italy) equipped

with 63Ni electron capture detector and a DB-5 capillary

column (60 m 9 0.25 mm i.d., 0.25 lm film thickness,

Macherey-Nagel). Helium was used as the carrier gas at a

flow rate of 2 ml/min. The operating conditions were split

(1:1) injection mode. Temperature program was as follows:

100�C (1 min), 10�C/min to 240�C (1 min), 3�C/min to

260�C (1 min), 20�C/min to 300�C (10 min). The injection

port temperature and detector temperature were 250 and

300�C, respectively. Multiple-level calibration curves were

created for the quantification. Good linearity (r2 [ 0.99)

was achieved for tested intervals that included the whole

concentration range found in the samples. Each analyte was

identified by a comparison of its relative retention time to

the peaks from the calibration standards. Quantification

was based on a comparison with calibration curves in the

concentration range of 0.01, 0.05, 0.1, 0.3, 0.5 ppm.

Spiking was done at two levels 0.2 and 0.4 ppm. Recov-

eries of spiked PCBs and OCPs into samples which passed
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Fig. 1 Sampling sites along the South coast of the Caspian Sea

Table 1 Body weight (g) and feeding habits of birds collected from the South coast of the Caspian Sea arranged from highest to lowest trophic

level

Family Common/scientific name Weight (g) mean ±

SEM and range

N Feeding habit

Phalacrocoracidae Great Cormorant

(Phalacrocorax carbo)

1800 ± 112 (1500–2300) 8 Mainly piscivorous, especially flatfish and eels,

insects and frogs

Podicipedidae Great Crested Grebe

(Podiceps cristatus)

1060 ± 34 (985–1145) 6 Fish, mollusks and crustaceans

Black-necked Grebe

(Podiceps nigricollis)

260 ± 14 (225–325) 3 Chiefly insects and larvae, mollusks, crustaceans,

amphibian larvae, and small fish

Laridae Black-headed Gull

(Larus ridibundus)

250 ± 16 (185–305) 8 Omnivorous: fish, crustaceans, annelids, mollusks,

insect, larva, rats, seed, algae

Little Gull (Larus minutus) 100 ± 30 (90–115) 5 Mainly insects in summer; marine invertebrates and

fish in winter and occasionally seaweed and grains

Common Gull (Larus canus) 440 ± 30 (405–500) 3 Omnivorous: fish, egg, crustaceans, annelids, mollusks,

insects, small birds, carrion, algae, seeds and fruit

Anatidae Pintail (Anas acuta) 770 ± 30 (745–840) 3 Variety of plants and animals

Common Teal (Anas creaca) 255 ± 15 (230–300) 4 Plant material and some invertebrates

Mallard (Anas platyhynchos) 920 ± 11 (900–940) 3 Mainly weed seeds, and insects, mollusk and worms

Avian liver organochlorine and PCB from South coast of the Caspian Sea, Iran 331
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through the analytical procedure were between 91 and

105%. Limit of quantification (LOQ) for OCPs ranged

between 0.1 and 0.6 ng/g ww; and LOQ for PCBs ranged

between 0.1 and 0.8 ng/g ww (RSD B 13).

Statistical analysis

Data were tested for normality using a Kolmogorov–

Smirnov test. Differences in concentration of OCPs and

total PCBs among different species and families were

evaluated by one-way analysis of variance (ANOVA).

When significant differences were observed among the

different species and families, the Tukey–Kramer multiple-

comparison test was applied to determine which means

were significantly different. Samples that had frequencies

of lower than three were removed from statistical analysis.

Compounds in which over 50% of the measurements were

below the LOQ were excluded from our statistical analysis

to ensure accuracy. SPSS software (Version 11.5) was

utilized for Statistical analysis and P \ 0.05 was set to

indicate significance.

Results and discussion

Toxicant patterns and contamination levels

Organochlorines: Table one describes information about

the species we studied. Concentrations of OCPs, as well as

PCBs, in the liver samples are shown in Tables 2 and 3.

OCPs concentration varied widely in our samples since our

birds belonged to different families and occupied varying

trophic levels. In all species the following pattern:

DDTs [ HCHs [ HCB emerged. Ninety percent of the

livers we tested contained p,p0-DDE with a mean of

43 ± 10 ng/g ww it was highest of all other OCPs. Fur-

thermore, p,p0-DDE contributed over 60% of the total

DDTs in most of the samples (Fig. 2). These finding are

similar to studies in Caspian Sturgeon and feathers of birds

from South-West Iran that were found to have p-p0 DDE

(Hosseini et al. 2008; Dahmardeh Behrooz et al. 2009a, b).

The similarity between our observations is probably due to

high chemical stability in living tissue and persistence of

p,p0-DDE in the environment (Naso et al. 2003; Sakella-

rides et al. 2006). Mean concentration of p,p0-DDD and

p,p0-DDT were 9.5 ± 3 and 9 ± 2 ng/g ww and they were

detected in 78 and 87% of the analyzed samples,

respectively.

In this study, mean levels of p,p0 DDE ranged from 92 to

7.5 ng/g wet weight; while levels of much less common

o,p0 DDE varied from 2 to 0.5 ng/g wet weight (Table 2).

In marine mammals, p,p0-DDE/p,p0-DDTs (p,p0-DDTs =

p,p0-DDE ? -DDT ? -DDD) ratios lower than 0.6 T
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constitute fresh DDT exposure (Aguilar 1984). In our sam-

ples DDE/DDT was between 0.5 and 0.8, indicating that

despite severe restrictions on the use of these compounds in

Iran, they are still in use. A study of organochlorines content

of women’s milk and fish from the area indicates similar

recent exposure to these toxicants (Hosseini et al. 2008;

Dahmardeh Behrooz et al. 2009c). In HCH family, the

b-HCH isomer occurred at a high frequency (89% of sam-

ples) and with an average concentration of 12 ± 9 ng/g ww,

while c-HCH isomer (70% of samples) and a-HCH (75%)

average concentration was 6.5 ± 1.5 and 1 ± 0.2 ng/g ww,

respectively. It is known that HCH isomers are created by

photochemical chlorination of benzene and produce a sub-

stance called technical-HCH. Technical-HCH contains

mainly five isomers: a-HCH (53–70%), b-HCH (3–14%),

c-HCH (11–18%), delta-HCH (6–10%) and e-HCH (3-5%).

Despite the fact that b-HCH is resistant to enzymatic action

and should therefore bioaccumulate at a faster rate, in this

study, b-HCH contributed less than c- and a-HCH to tech-

nical HCH. Currently in Iran, technical HCH is produced,

mostly as lindane (c-HCH), and is available in the market. It

is conceivable that this technical HCH has contributed to the

residues we report in our birds. In agreement with our data,

current literature indicates that sea birds readily metabolize

c-HCH and a-HCH isomers, but b-HCH, which is more

recalcitrant, biomagnifies in the food web (Braune et al.

2007; Willett et al. 1998). Nevertheless, in our study, over

50% of HCH in Great Cormorant, Black-necked Grebe was

c-HCH; and in Great Crested Grebe, Black-headed Gull and

Mallards, c-HCH was as high as 40% (Fig. 3) of all HCH we

studied. Nazari et al. (2001) studied 18 rivers in the costal

provinces neighboring the Caspian Sea and found significant

lindane contamination in the area. The high lindane (c-HCH)

concentrations we report here corroborate with Nazari’s

findings and indicate a recent use of this organochlorine

pesticide. HCB was detected in almost all samples up to

105 ng/g ww. The high concentration of HCB in this study

may be due to the fact that it is a by-product in the manu-

facturing of various chlorine-containing chemicals and an

impurity in several pesticides (Naso et al. 2003).T
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Polychlorinated biphenyls: PCBs were found in all bird

species, and their concentrations ranged from \LOQ to

106.0 ng/g ww. Congeners with highest concentrations in

all species were 138, 153 and 118 but PCB 52 and 101

were below the detection limit in most our samples as have

been reported elsewhere (Malcolm et al. 2003; Bouwman

et al. 2008). This may be due to lack of un-substituted

adjacent meta and para positions on the biphenyl rings,

hexa-, and penta- chlorinated congeners 138, 153 and 118

are refractory to metabolic attack mediated by cytochrome

P450 (Walker 2001). But PCB 52 and 101 are more rapidly

metabolized and excreted, especially by species at the

higher trophic levels (Oliver and Niimi 1988).

The ratio of ROCPs/RPCBs was [1 in all species,

except Phalacrocorax carbo, indicating dominance of

agro-chemical sources of persistent organic compounds in

the region in comparison to industrial sources (Fig. 4). This

can simply be attributed to the intensive agricultural

activities and increasing use of pesticides in provinces that

border the Caspian Sea in Iran. From the year 2000 to

2001, over 27,000 tonnes of pesticides were used nation-

ally; 60% of which was applied to the land under

cultivation in the three Northern provinces neighboring the

Caspian Sea (Heidari 2003).

Effects of diet and migration route

Significant differences in PCB and OCPs levels were

detected between families we examined in this study.

PCBs, from highest to lowest, were found in Phalacroco-

racidae [ Podicipedidae [ Laridae [ Anatidae (Fig. 5).

OCPs, from highest to lowest, were found in Podicipedi-

dae [ Laridae [ Phalacrocoracidae [ Anatidae (Fig. 6).

Significant differences in mean concentrations of OCPs

were detected among species. For example, concentrations

of OCPs were significantly greater in Black-headed Gull

than in Common Teal. The highest concentration of PCBs
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Fig. 3 Composition of HCH isomers in liver of birds from the South

coast of the Caspian Sea
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was found in the Great Cormorant while OCPs highest

levels were found in Great Crested Grebe and Black-

headed Gull, it is now well established that feeding habits

could explain most of the variation found in pollutant

levels in birds (Fang et al. 2007; Bouwman et al. 2008;

Drooge et al. 2008). Black-headed Gull which forages on

agricultural lands and near drainage channels exhibit high

concentration of OCPs (Naso et al. 2003). A recent pub-

lication by Jaspers et al. (2007) describes how the oppor-

tunistic Gulls can alter their nutrient source. In Iran a

similar phenomenon was reported on; where Black-headed

Gulls were found feeding on human garbage in landfills

and near drainage pipes consuming a variety of items

(Mansoori 1999). Scavenging habit of Black-headed Gulls

may have contributed significantly to their exposure to

various xenobiotics via ingestion of contaminated food

items. Other feeding habits, as in the Great Crested Grebe

and Great Cormorant, that primarily consume fish facilitate

an extraordinary tendency to concentrate and bioaccumu-

late OCs (Cid et al. 2007).

Fish accumulate highly lipophilic compounds from their

environment both by direct absorption from water through

the gills, and by ingestion of food items. In general,

piscivorous birds are excellent bioaccumulators of lipo-

philic pollutant (Naso et al. 2003). We found that even

though Great Cormorant and Great Crested Grebe are both

fish-eating birds, the order of OC concentration was reverse

in the two birds. Great Cormorant had PCBs [ DDTs

while Great Crested Grebe had DDT [ PCBs. Their dif-

fering migratory routs may explain this discrepancy in the

two birds. Great Crested Grebe winters exclusively in the

Caspian while Great Cormorant winters partly in the Cas-

pian and travels down to the Persian Gulf area for some of

the winter. Dahmardeh Behrooz et al. (2009b) report sim-

ilar levels in birds wintering in Khuzestan province in

south western Iran, where PCB [ DDT. In migratory birds,

accumulation of organochlorines depends not only on the

degree of pollution in the area of collection, but pollution

in stopover sites and breeding grounds. We know that

many birds that winter in Iran have their breeding ground

in Russia, where high levels of DDTs have been reported in

Ringed Seal from the Russian Arctic; suggesting that DDTs

are widely distributed in this region (Nakata et al. 1998). It

should be noted that wintering areas can vary from year to

year, making comparisons between birds more difficult.

Different diet composition in different areas can offer

another source of variability in OC pollution levels in bird

species. Anatidae family, which feed on lower trophic

levels, had lowest OCPs and PCBs; these birds consume

variable proportions of animal and plant material (Fang

et al. 2007) hence the lowest intake of organic pollutants

and little accumulation of these toxins compared to other

birds in this study.

Metabolism and biotransformation

Ability of organisms to biotransform environmental toxi-

cants varies and plays an important role in tissue accu-

mulation and distribution of compounds (Furness 1993;

Fossi et al. 1995). In general, omnivorous birds with high

Mixed Function Oxidase (MFO) activities are better

adapted and/or more adaptable to life in polluted envi-

ronments. Omnivorous and opportunistic species of birds

like Gulls are known to have a high adaptive capacity

under varying environmental conditions. They seem to be

able to modulate enzyme activities in response to the

quantity and nature of the chemical insult they receive

(Fossi et al. 1991); and their success, in living with pol-

lution, is thought to have risen from their ability to respond

according to the level of environmental need for biotrans-

formation of toxicants. Then again, Naso et al. (2003) has

shown that small number of cytochrome P450-associated

enzyme and resulting low capacity for OC biotransforma-

tion of his gulls contributed to large accumulation of OCs

(Table 2). Specialized predators like the Cormorants with

low MFO activity, bioaccumulate lipophilic organochlo-

rine compound readily (Fossi et al. 1995). Birds in our

study, in general, had lower OCP and PCB levels than

similar birds in other parts of the world. For example, Great

Cormorants in our study had lower OCP and PCB in their

liver than those reported from Japan (Guruge et al. 2000);

and similar levels to those from Greece (Sakellarides et al.

2006). Gulls in the present study had less OCPs and PCBs

in their liver than those reported from Denmark (Cleemann

et al. 2000a, b), and Italy (Naso et al. 2003). Knowledge

and understanding of the different ‘species-specific’

detoxification abilities is a useful tool for determining

which species are at higher risk in polluted areas, and can

help in prioritizing conservation efforts that are needed to

protect birds of this region.

Reproductive impairments

Organochlorines have been linked to severe and serious

reproductive impairments in birds including: decreased fer-

tility, abnormal reproductive behavior, skewed sex ratios,

differential sex related mortalities and de-feminization of

male embryos (Wiemeyer et al. 1989; Peakall et al. 1990;

Colborn et al. 1993). In birds of prey,[100 lg/g p,p0-DDE in

liver can cause acute poisoning (Cook et al. 1982). More-

over, 16 lg/g of RPCBs ww has been associated with dis-

ruption of growth, reproduction, metabolism, and behavior

(Eisler 1986). No observed effect (NOE) concentrations of

RPCB for mallard were found to be at 29.5 lg/g ww (Barron

et al. 1995). The lowest observed effect concentration

(LOEC) of liver RPCBs which resulted in mortality of

Common Cormorant (Phalacrocoracidae carbo) was found
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to be 319 lg/g ww (Koeman et al. 1973). Moreover, it has

been reported that concentrations higher than 15–29 lg/g

ww of RPCBs can elicit immunosuppressive effects and

possibly an increased susceptibility to parasites in Glaucous

Gull (Naso et al. 2003). Maximum concentration of

p,p0-DDE and PCBs, for all birds in the present study, were

340 ng/g ww and 106.5 ng/g ww, respectively. Levels of

PCBs and OCPs in the present study are lower than what has

been associated with adverse effects, however; scarcity of

studies that accurately investigate effects of exposure to

mixture of toxicants warrants more serious protection of

coastal birds. We know for example, that PCBs increase

effects of p,p0-DDE (Provini and Galassi 1999). It has also

been suggested that OCs and food stress may have a syner-

gistic relationship; effects of which, on susceptibility to

toxicants, is not yet know (Walker 2001; Cid et al. 2007).

Conclusions

We investigated liver OCPs and PCBs in water birds from

the Southern coast of the Caspian Sea. In general, OC

levels were higher in birds that ate higher on the trophic

level. PCB congeners including 118, 138, and 153 were

detected at higher concentrations than other congeners.

p,p0-DDE dominated pesticides burden in the great

majority of the samples, and although strict regulations

against use of these compounds have been in effect in Iran,

recent exposure of birds to p,p0-DDE was detected in this

study. Diet and differing migratory route could explain

most of the differences we observed in bird contamination

with OC. Maximum p,p0-DDE and PCBs were not asso-

ciated with hatching failure or embryonic deformities or

mortality at this time, limited information is available

about mixture toxicity in birds, or synergistic effects of diet

and toxicant; two compelling reasons to air on the side of

caution in wildlife protection.
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