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Abstract. Persistent organochlorines, such as polychlorinated The Caspian Sea, the biggest landlocked body of salt water,
biphenyls (PCBs) including coplanar congeners, DDTs, HCHshorders the Russia, Kazakhstan, Azerbaijan, Turkmenistan, and
chlordanes (CHLs), and HCB, were determined in the blubbefran. Environmental pollution due to fuel leakage from offshore
of Caspian seal$hoca caspicpand their fish dietRutilussp.) ol wells and waste water effluents from industrial and human
collected in 1993 from the northern Caspian Sea, Russiaactivities from the river basin and coastal urban areas of the
values of 19 and 1.3 ug/g on wet-weight basis in adult malecontamination by organochlorines has also been reported as
seals, respectively. PCB pollution in Caspian seals was not sgne of the significant environmental problems in this area
considerable compared with those of seals that suffered magg ) ischmiteret al. 1983; Hoopeet al. 1997). In this context,
mortality. Less gender difference of organochlorine residueCaspian sealRhoca caspichhas been noted as one of the

levels in adult animals implies less excretion oforganochIorine%om(,jlmina,[ed biota by organochlorines (Anderssbal. 1988;
from the body of adult females through lactation and gEESt"’ItionVetteret al. 1995). This seal is phocinerelict inhabitiﬁg onlyyl

probably due to the higher rate of pregnancy failure. Immatur . . .
seals had a wide range of organochlorine concentrations, whic € Casph_em Sea _and absolutely isolated from ot_her s_,eals in the
ther marine environments. As the top predator in this ecosys-

decreased as body length increased, suggesting dilution. ca¥t . . d
pian seals can be considered to have higher degradatiotﬁm and a migratory habitat that extends from northern Caspian

capacity for coplanar PCBs. Mean TEQs (2,3,7,8-TCDD toxicsea in Wi'n’Fer 7[0 southern waters inlsummer, the Cgspian seaI. is
equivalents) for non-, mono- and ditho coplanar PCBs was @ gpod b|0|nd_|cator for ur_]derstandmg organochlorine contami-
51 pg/g on wet-weight basis, which was lower than those innation status in the Caspian Sea.

seals that have suffered mass mortality, but comparable to thoseMarine mammals have been known to be highly contami-
found in Arctic seals. nated by organochlorines and have been greatly affected by
these toxic compounds. In fact, occurrence of reproductive
impairment, immune suppression, cancer, and so on in some
species of marine mammals were linked to accumulation of
levated levels of organochlorines (Hetleal. 1976; de Swart
995; Colborn and Smolen 1996). Although the causative factor

Persistent organochlorines, such as PCBs (polychlorinateﬁ
biphenyls), DDTs (dichlrodiphenyltrichloroethane and its me-_"~ "~ L : .
tabolites), HCHs (hexachlorocyclohexane isomers), CHL s still unclear, the declining population of Caspian seals has
(chlordane related compounds), and HCB (hexachloroben-een suspected partly due to low pregnancy rates (Krylow
zene), have been of a great concern due to their toxic effects gh?20): @nd an unusually large number of corpses (several
humans and wildlife. These contaminants have been detected fousands) was found washed off the middle coast of the
a wide range of environmental media and biota not only inCaspian Sea in 1997 (Eybatov 1997). Notwithstanding these
developed nations but also in some developing countriesconcems regarding Caspian seals, very few studies have
particu|ar|y in Asia and Oceani@.@_Jwataet a|1993’ :|_995Y been conducted on the toxic contaminant residues in their
Kannanet al. 1997; Prudentet al. 1997). However, environ- bodies.
mental contamination by organochlorines in the former USSR The present study aims at elucidating the status of contamina-
and Middle East countries have been scarcely surveyed. tion, specific accumulation with age and sex, and metabolic
capacity of organochlorines in Caspian seals. In this study,
chemical analysis and assessment of toxic potential of coplanar
Correspondence td. Tanabe PCBs are also examined.
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Materials and Methods The quantification of organochlorine residues was performed using a
gas chromatograph (Hewlett-Packard 5890 series Il) equipped with
ECD (electron capture detector) and a moving needle-type injection

Samples port (splitless and solvent cut mode, Shimazu Co. Ltd., Kyoto, Japan).
The GC column used was a fused silica capillary (DB-1; J&W

The biometry of Caspian seals and their fish diet (ro&jlussp.) Scientific, 0.25mm ID and 30 m length). The concentration of

used in this study are shown in Table 1. Sixteen male and 28 femaladividual organochlorines was quantified from the peak area on the

Caspian seals and three diet fishes were collected at Pearl Island &mples to that of the corresponding external standard.

45°00, E 48°17), northern Caspian Sea, Russia, in November 1993.

The blubber samples of seals and the whole body homogenate of fish

were employed for chemical analysis. Age of the seal was determineﬁzesuhs and Discussion

by counting the growth layer groups in the dentine following the

procedure of Kasuyat al. (1976). Popov (1982) reported that sexual

maturity of male and female animals is at 6—7 and 7-8 yearsStatus of Contamination

respectively. Roach is the common diet of Caspian seal in northern

Caspian Sea (Popov 1982). Organochlorine contaminants were detected in all the samples
of Caspian seal and fish examined (Table 1). DDTs in seals were
Chemical Analysis the dominant contaminants with concentrations ranging from

5.6 to 88 pg/g (wet weight), followed by PCBs (2.2—-23 ug/g),

Chemical analysis of PCBs including nontho coplanar congeners HCHS (9-13—2-0 Ho/g), CH!-S (63-500 ng/g), ar‘d HCB (2.4-77
followed the methods of Wakimotet al. (1971) and Tanabet al. ~ ng/g). Fish samples contained PCBs at the highest concentra-
(1987b). About 5 g of seal blubber and 20 g of the fish homogenatdion of 33 ng/g, followed by DDTs at half of the concentrations
were refluxed with 250 ml of 1 N KOH-ethanol solution for 1 h. PCBs of PCBs.

in the extract were transferred to 100 ml of hexane in a separatory Relatively higher concentrations of DDTs and HCHs were
funnel. Hexane layer was concentrated and passed through activatggnd in male Caspian seals, compared with those in other
j”'ca'gel (le‘kg'ge' S'}: WakoIPure CPhCeEr:ncaI Indulst?eds Lt,?ﬁ’ Cz)cs)gka pecies of seals from various regions of the world (Table 2).

apan) packed in a glass column. s were eluted wi ean DDTs concentrations were 14 pg/g and 19 ug/g (wet

hexane. After concentration up to 6 ml by a KD concentrator, 25-ml_ "~ h) in i t d ¢ le C . |
aliquot of this solution was used for the analysis of mothocoplanar ~ WEIGNY) in immature and mature male Caspian seals, respec-

PCBs (IUPAC 77, 126, and 169). The remaining 1 ml was cleaned UF;|vely. These ob;erved concentratl.ons in Caspian seals were
with 5% fuming sulfuric acid in concentrated sulfuric acid and then comparable or higher than those in seals that suffered from
washed with water. This extract was used for analyzing PCB congener®ass mortality in Europe, but several times lower than the
other than norertho coplanar PCBs. concentrations found in seals from Lake Baikal and the Baltic
For nonertho coplanar PCBs, 5 ml of extract through 125 mg of Sea. In the former USSR, technical DDT application was
activated carbon column to separate motho coplanar PCBs fromthe  regulated for agricultural purpose in 1970, and its production
o_ther PCB congeners. First frac_tion eluted with 100 ml _of 20% was terminated in the 1980s (Barme al. 1992). In spite of
dl_chloromethane |n0hexane was dlscar_ded. The second fraction elmeé’arlier restriction on DDT production and usage, relatively high
\(’j‘”th 100 ml of 50% of ethylacetate in benzene was collected for .o nirations of DDTs have been detected in fish, aquatic
etermining norertho coplanar congeners. This fraction was concen-
trated nearly to dryness using a rotary evaporator and then reconstitutéﬂammals’ and human from the former USSR (Nalettal.
with hexane. The extract was cleaned up with 5% fuming sulfuric acidt 992, 1998; Tanabet al. 1997; Hooperet al. 1997; AMAP
in concentrated sulfuric acid and then washed with water. 1998). These observations may suggest continuous usage
Identification and quantification of PCB congeners was performedof DDT and/or its slower degradation rate in such colder
using a HRGC-MSD (Hewlett-Packard, DE, 5980 series Il and 5792regions.
mass selective detector) in selective ion monitoring (SIM) mode. Male Caspian seals retained notably higher concentrations of
Separation was accomplished with capillary column coated withHCHs (mean concentrations in immature and mature seals were
DB-1701 and DB-1 (J&W Scientific, CA, 0.25 mm ID and 30 m 1 g and 1.3 pg/g wet weight, respectively) compared to those in
length) for nonertho coplanar PCBs andrtho-substituted congeners, other seals (Table 2). According to Barrig al. (1992),

respectively. An eguwalent mixture of Kanechtd300, 400, 500, and echnical HCH mixture was used extensively in the former
600 (Kanegafuchi, Japan) was used as an external standard. Cluster

ions were monitored at m/z 256, 290, 324, 358, 392, and 428 t S,SR until '_ts restriction in 1986, but Ilndang-HCH) is still

determine the concentration of tri-, tetra-, penta-, hexa-, hepta-, an@€iNg used in recent years. &t al. (1996) estimated that the

octachlorobiphenyls, respectively. usage of this insecticide in 1980 was concentrated in Azerbai-
Besides PCBs, other organochlorines, such as DDTs, HCHs, CHL4an, which borders the western coast of Caspian Sea. In

and HCB, were analyzed following the method of Tanabal.(1994).  Kazakhstan, which borders the northeastern coast of Caspian

Four grams of seal blubber and 10 g of fish homogenate were groun8ea, considerably higher concentrationspeHCH were re-

with anhydrous sodium sulfate and extracted in a Soxhlet apparatugorded in human breast milk, at concentrations comparable to

with a mixture of diethyl ether and hexane. The extract was added t0 ¢hgse found in China and India in the early 1980s (Ho@pexl.

20 g florisil packed glass column and then dried by passing nitroge 997). These observations suggest notable contamination of

gas. Organochlorines adsorbed onto florisil were eluted with 150 ml o CHs in Caspian seals from extensive usage of this insecticide
20% water in acetonitrile to a separatory funnel containing hexane and P 9

water. After partitioning, a hexane layer was concentrated and thefi‘round the Casp|ar! Seain the pa_st gnd present.
passed throty8 g ofactivated florisil for separation. The first fraction _ Mean concentrations of PCBs in immature and mature male

eluted with hexane contained PCRgp’-DDE, trans-nonachlor, and C_Iaspian seals were 7.4 Ug/g and 9.7 pg/g wet weight, respec-
HCB; the second fraction eluted with 20% dichloromethane in hexandively (Table 2). Concentrations of PCBs were lower than those
contained other organochlorines. in seals inhabiting industrial areas, but higher than those in the
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Table 1. Biometry and organochlorine concentrations in the blubber of Caspian seals and their fish diet from Northern Caspian Sea

Concentrations (pg/g wet weight)

Sample Age BL** BW** Lipid

No. Sex*  (years) (cm) (kg) (%) PCBs DDTs HCHs CHLs HCB

Caspian seaRhoca caspica
CsSo01 m 0.5 77.0 14.0 80 8.7 22 1.0 0.29 0.0092
CS02 m 0.5 94.5 19.6 87 5.0 11 1.2 0.20 0.0069
Cs03 m 0.5 81.0 15.0 84 7.2 20 1.2 0.29 0.019
CSo04 m 0.5 85.0 14.2 84 4.4 11 0.90 0.14 0.014
CS05 m 0.5 80.5 11.6 75 9.5 11 11 0.21 0.010
CS06 m 0.5 86.5 19.2 84 6.5 14 1.0 0.22 0.014
Cso7 m 45 104.0 29.5 89 3.2 11 0.90 0.23 0.010
Cs08 m 45 111.0 38.6 86 3.8 7.2 0.56 0.15 0.0091
CS09 m 45 97.0 22.3 89 4.0 11 1.0 0.17 0.013
Cs10 m 45 99.5 23.0 90 6.0 17 1.3 0.22 0.032
Cs11 m 6.5 110.0 325 71 4.2 8.6 1.0 0.15 0.014
Cs12 m 8.5 111.0 49.0 89 7.9 13 1.3 0.25 0.020
Cs13 m 195 115.0 38.0 88 14 25 1.7 0.31 0.0030
Cs14 m 21.5 122.0 58.0 89 9.8 21 1.9 0.26 0.0069
CS15 m 225 117.0 58.5 91 7.7 17 0.91 0.24 0.010
CsS16 m un 116.0 46.6 86 15 30 0.86 0.34 0.014
Cs17 f 0.5 85.0 16.2 85 4.1 15 0.93 0.17 0.013
Cs18 f 0.5 72.0 9.7 76 11 45 1.7 0.46 0.016
Cs19 f 0.5 82.0 18.0 87 45 27 1.2 0.32 0.0062
CS20 f 15 90.0 18.9 87 3.9 15 0.83 0.15 0.027
Cs21 f 25 86.0 15.0 94 7.0 23 14 0.35 0.012
Cs22 f 25 91.0 16.7 87 45 20 0.88 0.19 0.0049
CSs23 f 25 93.0 23.2 88 2.2 8.7 0.81 0.12 0.010
Cs24 f 35 103.0 29.0 82 25 5.6 0.65 0.10 0.0083
CS25 f 45 104.5 38.7 88 3.4 11 0.66 0.16 0.0076
CS26 f 45 102.0 30.0 87 4.9 7.7 0.67 0.12 0.0057
CS27 f 7.5 111.0 39.0 91 5.6 11 0.57 0.14 0.015
CS28 f 7.5 126.0 55.5 82 47 18 0.51 0.22 0.011
CS30 p 9.5 104.5 55.9 73 2.8 7.5 0.54 0.09 0.0091
CS31 p 125 112.0 58.0 90 45 11 0.71 0.063 0.0093
CS32 f 145 113.0 46.5 88 7.4 7.1 0.13 0.093 0.0086
CS33 f 16.5 106.5 31.8 90 8.7 23 1.0 0.33 0.010
CS34 p 175 123.0 59.5 74 5.1 10 0.36 0.085 0.011
CS35 f 20.5 114.0 34.3 91 15 43 15 0.49 0.010
CS36 f 235 1115 41.2 91 7.3 25 0.98 0.24 0.011
CS37 p 25.5 112.5 455 75 2.2 7.2 0.25 0.084 0.015
CS38 f 26.5 111.0 34.3 93 13 38 14 0.40 0.013
CS39 f 26.5 110.5 26.5 91 23 88 2.0 0.50 0.0036
CS40 p 28.5 118.0 58.5 85 10 18 0.58 0.26 0.0045
Cs41 f 29.5 117.5 53.8 90 45 16 0.42 0.20 0.077
Cs42 f 315 120.0 47.0 97 4.3 19 0.59 0.10 0.0046
Cs43 f 41.5 117.5 45.2 81 2.8 6.9 0.30 0.10 0.0024
Cs44 p un 122.0 55.0 93 5.3 14 0.70 0.13 0.0081

Diet Fish (RoachRutilussp.)
Flo1 un un 16.7 0.096 7.9 0.033*** 0.024 0.010 0.0016 0.0016
Fl02 un un 11.7 0.032 2.6 0.011 0.0027 0.0008 0.0003
Fl03 un un 12.8 0.041 4.8 0.017 0.0037 0.0008 0.0005

*m: male; f: female; p: pregnant female, un: unknown
** BL: body length, BW: body weight
*** Three animals were pooled and analyzed

Arctic and Antarctic, indicating that PCB pollution in the (mean concentration in males were reported at 0.46 pg/g wet
Caspian Sea is not so considerable, compared with those imeight), which is a relatively pristine area (Mwet al. 1988),
developed nations such as Europe and North America. implying relatively smaller usage of this pesticide around the
The mean concentrations of CHLs and HCB were 0.25 pg/dCaspian Sea. The mean concentration of HCB in adult male
and 0.011 pg/g, respectively, in mature male Caspian seals. Tl@aspian seals was 11 ng/g on wet-weight basis. This level was
mean CHLs levels found in this species was comparable tsimilar to those in ringed seals from Norwegian or Russian
those in ringed seaPhoca hispidafrom the Canadian Arctic  Arctic (Luckaset al. 1990; Nakateet al. 1998). Remote cold
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Table 2. Comparison of organochlorine concentrations (mean and range in parentheses, pg/g wet weight) in the blubber of male Caspian seals with
those in other seals collected in 1980s and 1990s from various areas

Age Fat
Species Location Year n (years) (%) PCBs DDTs HCHs Reference
Caspian seal Caspian Sea 1993 10 0.5-45 84 5.7 14 1.0 This study
(80-90) (3.2-9.5) (7.2-22) (0.56-1.3)
Caspian seal Caspian Sea 1993 6 6.5-23 85 9.7 19 1.3 This study
(71-91) (4.2-15) (8.6-30) (0.86-1.9)
Baikal seal Lake Baikal 1992 16 8.5-36 87 27 55 0.077 Na&htd 1995
(81-94) (9.4-56) (14-140) (0.033-0.13)
Ringed seal Barrow Strait, Canadian 1984 19 10 90 0.57 0.71 0.27 dtlalir1988
Arctic (NA)  (NA) (NA) (NA)
Ringed seal Kara Sea, Russian 1995 29 1.9-95 89 4.2 3.6 0.18 N khthO98
Arctic (73-93) (1.9-11) (1.1-14) (0.066-0.37)
Grey seal Baltic Sea 1982-88 5 9-20 90 110* 33* NA Rebal. 1992;
(87-92) (66-180)* (11-54)* Blomkvigt al. 1992
Ringed seal Baltic Sea 1981-86 5 20-40 89 320* 340 NA Rbas. 1992;
(87-92) (150-770)*  (160-820)* Blomkvist al. 1992
Harbor seal Skagerrak 1988 4 50-70 86 47* 8.4* NA Reftoal. 1992;
(80-89) (28-82)* (7.0-10)* Blomkvistt al. 1992
Harbor seal Skagerrak 1988 4 10-22 84 84* 7.0* NA Rebal. 1992;
(81-87) (47-110)* (4.3-11)* Blomkvistt al. 1992
Harbor seal Wadden Sea 1988 3 5 70 29 2.1% NA Storr-Hansen and Spliid
(64-79) (24-35) (1.3-2.5) 1993b
Monk seal ~ Mediterranean Sea 1990 1+6 87 15 17 0.027*** Mencheret al. 1994
Largaseal  Western coast of North1994 1 Adult 74 12 19 0.73 Watanabeal. 1999
Japan
Largaseal  Western coast of North  1992-94 3 Immature 76 7.4 7.9 11 WatetrelbE999
Japan (71-80) (3.2-12) (3.4-13) (0.58-1.6)
Largaseal Sea of Okhotsk, Japan 1996 8 Adult 83 3.2 2.8 0.33 Nekala 998
(67-89) (1.4-6.5) (1.5-5.0) (0.21-0.66)
Weddel seal Showa Station, Ant- 1981 1 13o0r14 88 0.043 0.19 NA Hidakéal. 1984
arctic
Ross seal Queen Maud Land, Ant- 1981/82 3 NA NA 0.039 0.088 NA McClurg 1984
arctic (0.005-0.095) (0.047-0.12)

NA: No data available

* Lipid weight basis

** p,p’-DDE only

*** - andy-isomers only

waters have been reported to be contaminated by HCB, due tetained lower concentrations of organochlorines than males in
the dispersible nature of HCB through long-range atmospherigarious aquatic mammals, such as Dall’'s porpoRegocoenoi-
transport (Calamaret al. 1991). HCB concentrations in ceta- des dall), short-finned pilot whaleGlobicephala macrorhyn-
ceans from cold waters were noted to be comparable or slightlghug, Baikal seal Phoca sibiricg, and ringed seal, due
higher than those from temperate and tropical regions (Prudente the transfer of organochlorine residues from mothers to
et al. 1997; Aonoet al. 1998). The contamination pattern of their pups during lactatione(g., Subramaniaret al. 1987;
HCB found in Caspian seals is likewise reflective of this globalTanabeet al. 1987a; Nakataet al. 1995, 1998). The lac-
distribution trend. tation period of Caspian seals (4-5 weeks), which is a domi-
nant factor determining the male-female difference of
organochlorine residue levels (Subramangral. 1987), was
Age- and Sex-Dependent Accumulation comparable to some other species such as ringed seal
(57 weeks) and larga sed@toca largha:4 weeks) (Bonner
Figure 1 shows the variations in organochlorine concentration§984).
with age in Caspian seals. Except HCB, organochlorine concen- An alternative explanation for the comparable concentrations
trations in male animals slightly increased with age. Theof oragnochlorine residues in male and females may be the
decreasing trend of HCB residues might have been due to itsigher pregnancy failure rate in Caspian seal. Khuraskin
biodegradability and less persistent nature of this chemical irand Pochtoyeva (1997) reported that the annual pregnancy
Caspian seals. failure rate in adult female Caspian seals was from 47
Interestingly, differences in organochlorine concentrationgo 71%. In the present study, 65% of mature females collected
between adult males and females of Caspian seal were lesgere not pregnant (Table 1), which was higher than in
(Figure 1). Several studies have reported that female animaBaikal seal (12%), beard sedtrignathus barbatus> 25%),
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harp seal Phoca groenlandica: > 20%), and ringed (TeCBs) andx-HCH to total PCBs and HCHSs increased with
seal & 30%) from Russian waters (Popov 1982). Hence,growth inimmature animals (Figure 2). These results imply that
these observations imply that lesser gender difference imrganochlorine concentrations and their compositions in the
organochlorine concentrations found in Caspian seals reflectslubber of immature Caspian seals were affected by high
lesser lactational and gestational excretion of organochlorinesoncentrations of organochlorines in their mothers and by their
from the body of adult females due to the high rates ofgrowth due to high feeding rate. As previously mentioned, some
pregnancy failure. adult female Caspian seals retained higher concentrations of
The ranges of organochlorine concentrations in immaturerganochlorine residues similar to or higher than adult males
Caspian seals were wide with the higher levels similar to thoséFigure 1), which is probably due to the high rate of unsuccess-
of adult males (Figure 1), which decreased with body lengthful pregnancy. Such high levels of organochlorines in the body
(Figure 2). Furthermore, compositions of tetrachlorobiphenylsof adult females would consequently elevate organochlorine
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concentrations in the body of their pups through gestation andompounds (such as penta-CBs;HCH, trans and cis-
lactation, when adult females successfully reproduce. Therebghlordane), which constitute a larger proportions in commercial
high residue levels of organochlorines are likely to be reflectegreparations. Percentages of persistent congeners and com-
in the weaning pups. Due to the high feeding rate in postnatgbounds of PCBs, HCHs, and CHLs were smaller in immature
animals, the rapid growth could increase the dilution ofseals than adults (Figure 3). This is due to the greater influence
organochlorine residue levels in the body of immature Caspiamf compositions in diet fish to immature animals, because fish
seals, resulting in a change in the composition of isomers suctetained considerable amounts of less persistent congeners and
as TeCBs and-HCH, which were predominant in their fish diet compounds and the body burdens of organochlorines in imma-
(Figure 3). ture Caspian seals are lower than those in mature ones.
Interestingly, percentage op,p’-DDE was comparable in
immature and mature seals and their diet fish (Figure 3).
Although the reason for this is yet unclear, this may be
suggestive of the decline in recent input of DDT in Caspian
Compositions of PCB congeners, HCH isomers, DDT com-Sea.

pounds, and CHL compounds in immature and mature Caspian For understanding the degradation capacity of organochlo-
seals and their diet fish are shown in Figure 3. Except for DDTsrines in Caspian seals, Metabolic Indices (Ml) of PCB isomers
relatively persistent congeners or derivatives (such as heptand congeners in Caspian seals were examined following the
and octa-CBsB-HCH, and oxychlordane) dominated in Cas- method of Tanabet al. (1988). In this context, PCB isomers
pian seals, whereas diet fish retained relatively less persisteand congeners were classified into the three groups as follows

Composition and Metabolic Capacity
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(Figure 4); Group I: no vicinal H-atoms in botheta-paraand  of congeners similar to those with other marine mammals
ortho-meta;Group Il: unsubstituted Cl-atoms in vicinal posi- (Tanabeet al. 1988; Booret al. 1994; Kannaret al. 1995; Muir
tion(s) of meta-para;and Group Ill: more than one area which et al.1996). Ml values of Group Il in Caspian seals were higher
has unsubstituted Cl-atoms in vicinal position(spagho-meta.  than those of Group |, which reflects the action of CYP2B
Group Il was further classified into three subgroups accordingsozymes in this seal. Compared with other aquatic mammals,
to the number of Cl-atoms iortho position of biphenyls. Group Ml values of Group Il in Caspian seals (mean and range 2

I1I-1 have congeners with no Cl-atomsantho position. Group  and 0.91-1.6) were higher than those of cetaceans (0.076 and
I1I-2 and Group IlI-3 have one and two Cl-atoms artho —0.25-1.0: Tanabet al. 1988), but similar to those of Baikal
position, respectively. Earlier studies have pointed out thaseals (1.0 and 0.20-1.9: Nakata al. 1995). These results
Group | is the persistent congener in the body of animals, anduggest that Caspian seals have higher capacity to degrade
Group Il and Group Il are metabolized by CYP2B and CYP1A Group Il congeners than cetaceans, but similar capacity to
isozymes, respectively (Tanaké al. 1988; Boonet al. 1994;  Baikal seal, a closely related species. Ml values of Group Il
Kannanet al. 1995). In Caspian seals, Group | congenersdecreased with increasing number of Cl-atoms artho-
revealed much lower values of MI, indicating less degradabilitypositions of biphenyl rings. From these observations, it is
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Fig. 4. Metabolic Indices (M) of PCB congeners in
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noteworthy that Caspian seals have higher capacity to degrade Following the methods employed by Tanadkeal. (1988),

non- and monartho coplanar PCBs, which are known to CYP2B and CYP1A isozyme activities in Caspian seals
exhibit the dioxin-like toxicity. Interestingly, as seen in Figure were estimated by Ml values of IUPAC 52 and 66, respectively,
4, this capacity was comparable or higher than the degradatioand their values were compared with those in other
of Group Il congeners, which were metabolized by higher animals (Figure 5). Apart from high CYP2B isozyme
CYP2B isozymes. It has been pointed out that some cetaactivity in Baikal seal, both CYP2B and CYP1A isozyme
ceans and seals could not degrade Group IlI-3 congeners (Boattivities in Caspian seal were the highest among marine
et al. 1994; Kannaret al. 1995; Muir et al. 1996). However, mammals. Surprisingly, CYP1A isozyme activity in Caspian
Caspian seals showed significantly higher MI values ofseals was found to be comparable with those in terrestrial
Group 111-3 congeners than Group | ones (Figure 4), whichmammals. Muiret al. (1996) reported that beluga whale from
means that Caspian seals have a capacity to degrade Group 11IS3. Lawrence estuary have greater capacity to degrade PCB
PCBs. Diortho coplanar PCBs (IUPAC 170 and 180) showed congeners than those from Arctic region, resulting from enzyme
lower MI values as compared with non- and matho induction due to greater PCB exposure in St. Lawrence beluga
coplanar PCBs (Figure 4), indicating that attho coplanar  whales. However, PCB residue levels in Caspian seals were not
congeners have extremely less biodegradable nature in Caspian high as compared with these of beluga whal@sghinap-
seals. terus leucay from the St. Lawrence estuary and other seals
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Table 3. Comparison of mean and range values of TEQs* (pg/g wet weight) in the blubber of Caspian seal with other seals from various waters

Species Caspian Seal Caspian Seal** Baikal Seal Harbor Seal Ringed Seal Ringed Seal Harp Seal
n 43 1 40 40 7 4 10
Location Caspian Sea Caspian Sea  Lake Baikal*** Denmark*** Hudson Bay, Hudson Bay, Greenland Sea
Canada Canada
Ref. This study This study Nakataet al. Storr-Hansen Muir et al. Muir et al. Oehmeet al.
(1997) and Spliid (1995) (1995) (1994)
(1993a)
non-ortho
IUPAC
77 041+ 0.24 1.7 6.8 47 0.012+ 0.005 0.026+ 0.015 0.027= 0.015 0.085- 0.018
(0.11-1.2) (1.3-20) (0.0060-0.027) (0.012-0.053) (0.014-0.045) (0.065-0.11)
126 16 =* 6.6 66 310 +190 43  *+10 18 + 20 26 +27 14 +138
(6.2-33) (61-900) (16-55) (4.4-57) (7.8-65) (13-17)
169 0.60+ 0.24 1.7 2.9+ 17 0.35 £ 0.25 0.18 = 0.12 0.34 = 0.22 0.94 * 0.86
(0.20-1.1) (0.20-7.8) (0.10-0.90) <0.01-0.32) (0.082-0.57) (0.24-2.1)
mono-ortho
IUPAC
105 33+ 14 15 49 = 51 53 * 23 33 = 3.7 31 = 14 0.82 £0.22
(0.9-7.1) (6.5-270) (2.0-9.1) (0.54-11) (1.7-4.9) (0.58-1.1)
118 9.0 = 37 52 120 £120 14 + 6.0 65 = 6.5 59 =+ 27 26 =*=0.97
(3.0-19) (6.1-580) (5.7-25) (1.3-21) (3.6-9.6) (1.6-3.6)
156 18 =*= 85 130 75 = 55 37 +22 43 *= 97 47 = NA 15 =07
(4.7-49) (13-310) (9.3-100) (0.75-14) (1.5-7.5) (0.85-2.4)
di-ortho
IUPAC
170 28 = 16 11 NA 44  *+34 18 + 1.7 20 * 14 NA
(0.63-7.5) (8.6-140) (0.48-4.6) (0.60-3.8)
180 1.2 = 0.84 5.3 7.6 8.0 9.3 * 6.9 NA NA 0.22 +0.073
(0.3-3.5) (0.53-42) (1.1-29) (0.13-0.31)
3TEQs 51 =20 280 570 = 350 140 =*76 34  +42 42 + NA 21 +29
(18-140) (160-1800) (46-360) (7.5-110) (15-91) (17-24)

NA: No data available

* Data indicate meart SD and (range)

** This seal (CS39) retained PCBs with extraordinarily high concentrations
*** Mass mortality of seals was recorded

from highly polluted areas (Table 2). Thus, higher degra-mortality has taken place in the past (Table 3). Further-
dation capacity found in Caspian seals is unlikely to be inducednore, range and mean &ETEQs in Caspian seals were

by PCB exposure. Engelhardt (1982, 1983) reported thagomparable to those noted in seals from the Canadian Arctic
drug-metabolizing enzymes, especially CYP1A, were in-and in larga seal from the Sea of Okhotsk (mean TEQs
duced in oil-exposed marine mammals including sealsyere reported on 42 pg/g on lipid weight) (Nakatzal. 1998).
Considering the extensive oil production and its increasingriese observations might be attributable to the lesser exposure
accidental leakage in Caspian Sea (Karphinsky 1992), thg, pcgs and high degradation capacity for coplanar PCBs in
enzyme induction by petroleum chemicals such as PAHS Might 55ian seals as discussed earlier. Lower TEQs in Caspian seals

be related 1o the higher capacity to degrade PCBs in Caspia]-%ply that the effect of coplanar PCBs is not a prominent factor

seals. for the abnormal mortality that took place in 1997 in Caspian
Sea.

In Caspian seal, TEQs of non- and mooxho co-
planar PCBs occupied 33% and 59% XTEQs, whereas

Table 3 shows mean and range of TEQ values for non-, monot10se of diertho coplanar PCBs were only 7.8% (Table 3).
and diortho coplanar PCBs in Caspian seals and other sealémong non- and monertho coplanar PCBs, TEQs of
from various waters. TEQs were estimated using TEF ofl_UPAC 12_6 and 156 were comparable with the highest contribu-
Ahlborg et al. (1994). Mean and range &TEQs in Caspian tion in this seal, followed by IUPAC 118, 105, 169 and 77
seals were 51 pg/g and 18-140 pg/g (wet weight), except for &igure 6). Compared to TEQ contribution in other seals, the
seal of CS39.3TEQs in CS39 were extraordinarily high lowest percentage of nawrtho coplanar PCBs, but higher
compared with those in other Caspian seals. Except for thigroportion of IUPAC 156 in Caspian seals was observed
animal, XTEQs in Caspian seals were apparently lower than(Figure 6). This pattern was rather close by similar to those in
those in Baikal seals from the Lake Baikal and immature harcetaceans. Such a unique pattern of TEQ composition found in
bor seals Phoca vituling from the North Sea, where mass Caspian seals seems to have risen from high activity of CYP1A

Toxic Assessment
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TEQ composition (%) Fig. 6. Comparison of TEQ compositions of hon-

and monoertho coplanar PCBs in Caspian seal
and those in other higher trophic animals. Data
cited from (1) Kannart al. (1989); (2) Kannaret
CB-7 CB-126 .‘ CB-169 al. (1993); (3) Corsolinet al. (1995); (4) Nakata
D 7 et al.(1997); (5) Storr-Hansen and Spliid
(1993a); (6) Muiret al. (1995); (7) Oehmet al.

CB-105 CB-118 W CB-156 (1994)
isozymes, which have a potency to degrade aghe coplanar Schlatter C, Waern F, Younes M, Yrjanheikki E (1994) Toxic
PCBs. equivalency factors for dioxin-like PCBs. Chemosphere 28:1049—
1067
AMAP (1998) AMAP assessment report: Arctic pollution issues. Arctic
Acknowledgments. The authors wish to express their gratitude to Dr. Monitoring and Assessment Programme (AMAP), Olso, Norway,

M. Grachev (Limnological Institute of the Siberian Division of the 859 pp

Academy of Sciences of Russia) for directing a part of the presenAndersson O, Linder CE, Olsson M, Reutergardh L, Uvemo UB,

project supported by BICER (Baikal International Centre for Ecologi- Wideqvist U (1988) Spatial differences and temporal trends of

cal Research) and JABIRP (Japan Association of Baikal International  organochlorine compounds in biota from the Northwestern Hemi-

Research Program). We are indebted to Dr. H. lwata (Hokkaido sphere. Arch Environ Contam Toxicol 17:755-765

University, Japan), Dr. H. Nakata (Kumamoto University, Japan), Ms.Aono S, Tanabe S, Fujise Y, Kato H, Tatsukawa R (1998) Persistent

S. Aono (Shimazu Techno-Research Inc., Japan), and Mr. R. Iwakiri  organochlorines in minke whal8élaenoptera acutorostrajand

(Miura Manufacturing Co., Japan) for their advice and to Dr. K. their prey species from the Antarctic and the North Pacific.

Kannan (Michigan State University, USA) and Dr. M. Prudente (De La Environ Pollut 98:81-89

Salle University System, Philippines) for the critical reading of the Ballschmiter K, Buchert H, Scholz C, Zell M (1983) Baseline studies

manuscript. This study was supported by a grant-in-aid from the  of the global pollution: 5. The pattern of pollution by chlorinated

Scientific Research Programs (Project Nos. 09041149, 09460086 and hydrocarbons in the Caspian Sea. Fres Z Anal Chem 316:242—

09306021) of the Ministry of Education, Science and Culture of Japan, 246

and the 2nd Toyota High-tech Research Grant Program. Barrie LA, Gregor D, Hargrave B, Lake R, Muir DCG, Shearer R,
Tracey B, Bidleman T (1992) Arctic contaminants: sources,
occurrence and pathways. Sci Total Environ 122:1-74

References Blomkvist G, Roos A, Jensen S, Bignert A, Oisson M (1992)
Concentrations of sDDT and PCB in seals from Swedish and
Ahlborg UG, Becking GC, Birnbaum LS, Brouwer A, Derks HIGM, Scottish waters. AMBIO 21:539-545

Feeley M, Color G, Hanberg A, Larsen JC, Liem AKD, Safe SH, Bonner WN (1984) Lactation strategies in pinnipeds: problems



406 M. Watanabeet al.

for a marine mammalian group. Symp Zool Soc Lond 51:253—Khuraskin LS, Pochtoyeva NA (1997) Status of the Caspian seal

272 population. In: Dumont H, Wilson S, Wazniewicz B (eds) Caspian
Boon JP, Oostingh I, Meer JVD, Hillebrand MTJ (1994) A model for environment program (Proceedings from the Frist Bio-network

the bioaccumulation of chlorobiphenyl congeners in marine mam-  Workship). World Bank, Bordeaux, pp 86—-94

mals. Eur J Pharmacol 270:237-251 Krylow VI (1990) Ecology of the Caspian seal. Fin Game Res
Calamari D, Bacci E, Focardi S, Gaggi C, Morosini M, Vighi M (1991) 47:32-36

Role of plant biomass in the global environmental partitioning of Li YF, Mcmillan A, Scholtz MT (1996) Global HCH usage with 1*1

chlorinated hydrocarbons. Environ Sci Technol 25:1489-1495 longitude/latitude resolution. Environ Sci Technol 30:3525-3533
Colborn T, Smolen MJ (1996) Epidemiological analysis of persistentLuckas B, Vetter W, Fischer P, Heidemann G, Plotz J (1990)

organochlorine contaminants in cetaceans. Rev Environ Contam Characteristic chlorinated hydrocarbon patterns in the blubber of

Toxicol 146:92-172 seals from deferent marine regions. Chemosphere 21:13-19
Corsolini S, Focardi S, Kannan K, Tanabe S, Borrell A, Tatsukawa RMcClurg TP (1984) Trace metals and chlorinated hydrocarbons in Ross

(1995) Congener profile and toxicity assessment of polychlori-  seals from Antarctica. Mar Pollut Bull 15:384-389

nated biphenyls in dolphins, sharks and tuna collected from ItaliarMenchero DC, Gregoriades EG, Kalogeropoulos N, Giouranovits RP

coastal waters. Mar Environ Res 40:33-53 (1994) Organochlorine levels in a Mediterranean monk seal
Engelhardt FR (1982) Hydrocarbon metabolism and cortisol balance in ~ (Monachus monachisMar Pollut Bull 28:181-183

oil-exposed ringed seal®hoca hispidaComp Biochem Phystol Muir DCG, Norstrom RJ, Simon M (1988) Organochlorine contami-

72C:133-136 nants in Arctic marine food chains: accumulation of specific
Engelhardt FR (1983) Petroleum effects on marine mammals. Aquat  polychlorinated biphenyls and chlordane-related compounds. Envi-
Toxicol 4:199-217 ron Sci Technol 22:1071-1079

Eybatov TM (1997) Caspian seal mortality in Azerbaijan. In: Dumont Muir DCG, Segstro MD, Hobson KA, Ford CA, Stewart REA,
H, Wilson S, Wazniewicz B (eds) Caspian environment program  Olpinski S (1995) Can seal eating explain elevated levels of PCBs

(Proceedings from the Frist Bionetwork Workship). World Bank, and organochlorine pesticides in walrus blubber from Eastern
Bordeaux, pp 95-100 Hudson Bay (Canada)? Environ Pollut 90:335-348

Helle E, Olsson M, Jensen S (1976) PCB levels correlated withMuir DCG, Ford CA, Rosenberg B, Norstrom RJ, Simon M, Beland P
pathological changes in saateri. AMBIO 5:261-263 (1996) Persistent organochlorines in beluga whalzslghinap-

Hidaka H, Tanabe S, Tatsukawa R (1984) DDT compounds and PCB terus leucalfrom the St. Lawrence estuary—|. Concentrations and
isomers and congeners in Weddel seal and their fate in the patterns of specific PCBs, chlorinated pesticides and polychlori-
Antarctic marine ecosystem. Agr Bio Chem 47:2009-2017 nated dibenz@-dioxins and dibenzofurans. Environ Pollut 93:219—

Hooper K, Peteas MX, She J, Visita P, Winkler J, Mckinney M, Mok M, 234
Sy F, Garcha J, Gill M, Stephens RD, Semenova G, Sharmanov TNakata H, Tanabe S, Tatsukawa R, Amano M, Miyazaki N, Petrov EA
Chuvakova T (1997) Analysis of breast milk to assess exposure to  (1995) Persistent organochlorine residues and their accumulation
chlorinated contaminants in Kazakstan: PCBs and organochlorine  kinetics in Baikal sealRhoca sibiricg from Lake Baikal, Russia.
pesticides in southern Kazakstan. Environ Health Perspect 105: Environ Sci Technol 29:2877-2885
1250-1254 Nakata H, Tanabe S, Tatsukawa R, Amano M, Miyazaki N, Petrov EA

Iwata H, Tanabe S, Sakai N, Tatsukawa R (1993) Distribution of (1997) Bioaccumulation profiles of polychlorinated biphenyls
persistent organochlorines in the oceanic air and surface seawater including coplanar congeners and possible toxicological implica-
and the role of ocean on their global transport and fate. Environ Sci  tions in Baikal sealhoca sibiricg. Environ Pollut 95:57—65
Technol 27:1080-1098 Nakata H, Tanabe S, Tatsukawa R, Koyama Y, Miyazaki N, Belikov S,

Iwata H, Tanabe S, Ueda K, Tatsukawa R (1995) Persistent organochlo- Boltunov A (1998) Persistent organochlorine contaminants in
rine residues in air, water, sediments and soils from the Lake ringed sealPhoca hispidafrom the Kara Sea, the Russian Arctic.

Baikal region, Russia. Environ Sci Technol 29:792-801 Environ Toxic Chem 17:1745-1755
Kannan N, Tanabe S, Ono M, Tatsukawa R (1989) Critical evaluatiorOehme M, Schlabach M, Hummert K, Luckas B, Nordoy ES (1994)
of polychlorinated biphenyl toxicity in terrestrial and marine Levels of polychlorinateg-dioxins, dibenzofurans, biphenyls and
mammals; impact of nonfthoand monoertho coplanar polychlo- pesticides in harp seals from the Greenland Sea. Organohal Comp
rinated biphenyls from land to ocean. Arch Environ Contam 20:517-522
Toxicol 18:850-857 Popov LA (1982) Status of the main ice-living seals inhabiting inland
Kannan K, Tanabe S, Borrell A, Aguilar A, Focardi S, Tatsukawa R waters and coastal marine areas of the USSR. In: Mammals in the
(1993) Isomer-specific analysis and toxic evaluation of polychlori- seas, vol 4, Small cetaceans, seals, sirenians and otters. FAO

nated biphenyls in striped dolphins affected by an epizootic in the  Fisheris Servies 5:361-381

western Mediterranean Sea. Arch Environ Contam Toxicol 25:227-Prudente M, Tanabe S, Watanabe M, Subramnian A, Miyazaki N,

233 Suarez P, Tatsukawa R (1997) Organochlorine contamination in
Kannan N, Reusch TBH, Schulz-Bull DE, Petrick G, Duinker JC someOdontocetspecies from the North Pacific and Indian Ocean.

(1995) Chlorobiphenyls; model compounds for metabolism in Mar Environ Res 44:415-427

food chain organisms and their potential use as ecotoxicologicaRoos A, Blomkvist G, Jensen S, Olsson M, Bergman A, Harkonen T

stress indicators by application of the metabolic slope concept. (1992) Sample selection and preparation procedures for analyses

Environ Sci Technol 29:1851-1859 of metals and organohalogen compounds in Swedish seals. AMBIO
Kannan K, Tanabe S, Giesy JP, Tatsukawa R (1997) Organochlorine 21:525-528

pesticides and polychlorinated biphenyls in foodstuffs from Asian Storr-Hansen E, Spliid H (1993a) Coplanar polychlorinated biphenyl

and Oceanic countries. Rev Environ Contam 152:1-55 congener levels and patterns and the identification of separate
Karphinsky MG (1992) Aspects of the Caspian Sea banthic ecosystem. populations of harbor seal®ljoca vituling in Denmark. Arch
Mar Pollut Bull 24:384-389 Environ Contam Toxicol 24:44-58

Kasuya T (1976) Reconsideration of life history parameters of theStorr-Hansen E, Spliid H (1993b) Distribution patterns of polychlori-
spotted and striped dolphins based on cemental layers. Sci Rep nated biphenyl congeners in harbor sdthd@ca vituling tissues:
Whales Res Inst 28:73-106 statistical analysis. Arch Environ Contam Toxicol 25:328—-345



Organochlorines in Caspian Seals 407

Subramanian A, Tanabe S, Tatsukawa R (1987) Age and size trends and Tatsukawa R (1994) Persistent organochlorine residues in northern

male-female differences of PCBs and DDEDwlli-type Dall's fur seal from the Pacific coast of Japan since 1971. Environ Pollut
porpoisesPhocoenoides dalbf northwestern North Pacific. Proc 85:305-314
NIPR Symp Polar Biol 1:205-216 Tanabe S, Madhusree B, Amaha A, Tatsukawa R, Miyazaki N,

de Swart RL (1995) Impaired immunity in seals exposed to bioaccumu-  Ozdamar E, Aral O, Samsun O, Onurk B (1997) Persistent
lated environmental contaminants. Erasmus University, Rotter-  organochlorine residues in harbour porpois€hdcoena pho-
dam, The Netherlands, 140 pp coeng from the Black Sea. Mar Pollut Bull 34:338-347

Tanabe S, Loganathan BG, Subramanian AN, Tatsukawa R (1987ajetter W, Natzeck C, Luckas B, Heidemann G, Kiabi B, Karami M
Organochlorine residues in short-finned pilot whale; possible  (1995) Chlorinated hydrocarbons in the blubber of a seabta
use as tracers of biological parameters. Mar Pollut Bull 18:561—  caspicg from the Caspian Sea. Chemosphere 30:1685-1696

563 Wakimoto T, Tatsukawa R, Ogawa T (1971) Analysis for residues of
Tanabe S, Kannan N, Wakimoto T, Tatsukawa R (1987b) Method for  polychlorinated biphenyls in waters, soils and biological materials.

the determination of three toxic namwtho chlorine substituted J Environ Pollut Control 7:517-522

coplanar PCBs in environmental samples at part per-trillion levels Watanabe M, Tanabe S, Miyazaki N, Petrov EA, Jarman WM (1999)

Inter J Environ Anal Chem 29:199-213 Contamination ofris (4-chlorophenyl) methane ats (4-chloro-
Tanabe S, Watanabe S, Kan H (1988) Capacity and mode of PCB phenyl) methanol in marine mammals from Russia and Japan:

metabolism in small cetaceans. Mar Mam Sci 4:103-124 body distribution, bioaccumulation and contamination status. Mar

Tanabe S, Sung JK, Choi DY, Baba N, Kiyota M, Yoshida K, Pollut Bull (in press)



