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Abstract

Couceutatives vl PCBs, DDTs (2 -DDE, p¢-DDD a1d pp-DDT), HCHs (-, f-, y-1omers); <hlordanes (frans-chlordane,
cis-chlordane, rans-ponachlor, cis-nonachlo; and oxychlordane) and HCR (hexachlorobenzene were: measured in fiver. Xidney
and brain tissues of aduk southem sea otters (Enhydra lutris nereds) found stranded along cosstal California, USA, during
1992-96. The sontamination pattern of orgamochloribes in sen olters from esveral locations wes in the orda of
DDTs>PCBa> > CHLs > HCHs > > HCB, whereas those from Monterey Harbor contained greater concentrations of PEBs than
of DDTs. Hepatc wucrniraticas of PCBs ard DDTs were in the ranges of S&-8700 and 280-5900 ngfg, wet weight, respectively,
which varied depending on the geographic location. Sea otters collected from Monterey Harbor contained the greatest concentra-
tions of PCBs and DDTs. [n general, accumulation of DDTs, CHLs and PCBs was greater in kidney than in liver, whereas thet of
HCHs was timilar in both the tissnes. The gender difference in organschlonne conceatrations wus less -han thoss reported in
cetaceans. The cemposition of DDTs, HCHs and CHLs compounds in sea otter tissues indicated no recent inputs of these com-
potuds i wastad Califurnia. Sca otters that died from Infectious dissases, neoplasia and emaciation contained higher concertra-

tions of DDTs than those that died from trauma. ©) 1958 Elscvier Scence Ltd Al tights reserved.

Kerworas: Sea otter; PC3s; DDTs: California. Organochlorines,

1. Introduction

QOrgznochlorne pesticides such as 1,1, -trichlevo-3,2.
bis( p-chlorophenyllethane (DDT), hexackloracyclo-
heranes (HUHs) and chlordanes ((CHLs) and poly-
chlorinated hiphenyls [PCBs) are ubiquitcus anthro
pogenic envircnmental contamwinants. Although the
production and use cf these chemicals bhave been
restricted or banned i most industrialized nations,
considerablke amounts of these persistenl compounds ae
still cycling in the ecosphere (Tarabe, 198%; Logarathun
and Kennan, 1994), The lipophilicity and persistence of
these compounds contribute to their bivaccumulaticn
and biomagnificativn ic the fuod chain. In partcular,
marine mammals, which ar¢ top predators of (he
marine food web, accumulate significant amounts of

- Corresponding author. Tel: +1-517432-632]; fax: 1 1-517-432-
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orgaroch.orines duc to their long life-span, to their low
biodegracation capacily and to the presence of lipid-
rich blubber (Tanabe ¢: al,, 1988; Kannan et al., 19934, b,
1994; Colborn and Smolen, 1996). Exposere to great
concentrations of organochiornes has been associated
with spizootics in marine marma’s that kegan in the
late 1980s (Addison, 1989), Elevated concentraions of
organochlorines ir the diets or bodies have been related
to reprodictive or imnmunologic dy:functions in harbor
scals (Phoca vitufing) in the North, Baltic and Wadden
Seas (Helle el al., 1976; Reijnders, 1986; Hall et al.,
1992; Hade-jorpensen et al. 1992), beluga whales
(Delphinapterus fewcas) in the St. Lawrence Estuary
(Martingau e al, I1987), stnped dolphins (Stemefia
coertieoulba) in the Mediterranean Sea (Kannan et al.,
1993u; Aguilar and Borrell, 1994), Califorria sca lions
(Zalophus callfornianus) o coastsl California, USA
{DeLong 2t al, 1973) and bottlanosc dolphins (Tursiops
truncatus) in the US Atlantic coast iKuehl et al., 1994).

0269-7491;945— see frort marter @ 1998 Elsevier Science Lic, All rights resarved.
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Mustelids such as atters and mink are aguafic mam-
mals thal ar* particularly sensitive to chemical con-
amination. Although a great deal of controversy exsts
in relating contaminant exposires ro populatior. decline
(Kruuk et al, 1991), PCBs have heen implcated in the
declize in populahons ol European oters (Lutra lutra;
Smit et ¢1, 1994 Scuthern sea otters (Erhpdra futris
rereis) are the largest of mustelids and distributed
throughout the central coast of California w.th ton-
centrations in Monterey Bay. Sea oters are carnivores
and close relatives of nver otters. The pooulation
growth rale cf sea oters is ~3% per year in Calilurnia,
compared with 17-20% per year in southcast Alaska
and the Aleutian [slands (Estes, 1990). The reduced rate
of increase in the Califoinia sca otver population has
been attributed to emigration, habitat desiruction and
mcreased mortality due to discases, possibly caused by
exposure to toxic contamunants (Estcs, 1990). Pre- and
post-weaning mortalty has been considered as an
important csuse for the reduced population growth
(Ricdman ct al., 1994]. Pravalence of infectious diseases
in southern sea otters found dead along the coastal
waters of California has raised concern about immune
suppression caused by exposure (o chemical con-
taminants (Thomas and Cole, 1996). Although the
concentrations of PCBs and DDTs have been reparted
in various marine mammil species since the 1950¢, im.
ited dats s availablt regarding crganochlorine con-
centrations in sea otters from coastal California, USA
(Shaw, 1971; Jarman et al, 1996; Estes et al., 1997). Sea
otters ard their principal prey items (benthic inverte-
prates) are relatively sedentary and, therefore, are good
‘ndicators of local contaminztion by organochlorines.
in this study, PCBs, DDTs (pp-DDE, p,p-DDD, pp™
DDT), HCHs (u-, p- and v-isomers), CHLs (rrans-
chlordane, rischlordane, trans-nonachlor, cis-nona-
chlor and oxychlordane) and HCB werc measured in
tiver, kidney aml brain tissucs of seca otters found
stranded along the coastal waters of Califomia during
1992 -96. Accumulation of organochlonines by sea otters
und its relationship te their health was alsc cxamined.

Z. Materials and mcthods
2.1. Samples

Adult sea otters that died along the coast of Cali-
fornia were collected through a stranding setwork
coordinated by (he US Fish and Wildlife Service and
California Department of Fish and Game with the
cooperation of other federal agencies, academuc and
ptivate institutions. The sampling Incatinos arc shown
in Fig. 1. Among these locaticns, Hall Moon Bay, Moss
Landing, Monterey Harbor, and Morro Bay have shel-
tered fishing and plkasure boat moormgs. The four

Fig. 1. Map of Calfornia showing sampling locations of sea ctiers.

atters listed as Monterey Harbor (Table 1) were found
within or near the mouth of Moaoterey Harbar. Fsiern
Bay has oil tanker traffic and off-shore moonings. Saa
Simeon is a relatively less polluted jocation than the
nther sites and Diablo Canyon is a more open sea.

Otter carcasses in good postmortem condition were
rapidly chilled or frozen and shipped overnight to the
National Wildlife Health Center, Madison, W1, for
necropsy. Causes of death, collection date, location, sex,
length and weight of animals anulyzs] ar: preseaied o
Table 1. The ofters in this group died from infectious
diseases (#=8), trauma (z=>5), unknown causes {n=4)
of miscclracous prublems (r—3) such as neoplasia,
emaciatton and esophageal impaction. The otters died
from trauma due te sherk bite or gun shots. The dis-
cased otters were fatally infecicd by bacteria (c.g. pnou-
monia). protozoa {(¢.g. encephalitis), acanthocephalan
pamasites and fungi (e.g. coccidioidomycosis). All the
animaly were ndults. The adult age designation. wae
bated on dentition and total length measurements and
based on cementum amnuki couats (Mcrejobn et al,
1975). Generally, adults bad ne deciduous teeth and
indications of &t least early wear on (heir permanent
teeth. Adult ferrales werc those > 103 cm in total length
(atout 4-5 years of age or more) and males > 115 em
(akout 5 years or more). The brain, liver and kidney
were collected Irom the ecarcasses at the time of
necropty, wrapned in aluminum foil or whirlpae hags
and stored frozen at —20°C until analysis. Additional
defails about samples and sampling locations have been
reparted elsewhere (Kannan et al., 1998).

2.2. Chemcal analysis
Organochlorine pesticides and PCBs were analyzed

according w methods described clsewbeie (Kanuan ot
al. 1995; Nakata el al., 1995). The method consists of
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Table |

47

Concenteations of organochlonne pesticides and polychicrinated biphenyls (ng/g, wel wiy in liver, kidnzy and bruin tissues of sea olters found

stranded along coastal Caifarnia

Samphke Sex  Date location Cause of death Ape Langth Weight Fal PCBs DDTs HCHs Clils HCB
D collecred (years) (cm) (kg (%)
Liver
13313001 m 11 fan 95 Hal' Moon HBay  traumm ND 7 23 L P 140 470 17 14 46
13677001 m L5 Apr 95 Mo Landing Irauma NI ND 253 3 £80 3100 10 53 1.1
11533001 [ 15 May 92 Monterey Harbor undetermined ND 12 13.1 5.5 2100 2900 130 9l 24
12826001 [ 12 Jan 84 Monterey Harbor disrac 1% 1% 148 *4 RN 260 50 SN R
133150001 F RJ:n 95 Monterey Hachor discuss ND 116 137 1.7 7200 1700 s 2E0 1.7
11245001 £ 14 Jan 93 Montcrey Hacbor ncoplama 11 118 188 35 Ooa 90 15 m 1.4
13712000 ™ 26 Jin 95 San Simeon raunx 10 128 293 4.7 X HED 1% k4 1.6
14361001 m 20 Jul 96 Esiero Bay undetermiped 2 125 231 26 Is0 &40 iR 24 -22
14387001 m 25 Jul ¥ Eswro Bay undetermined 7 125 255 L] 130 S0 4.6 50 45
11937001 18 Nov 93 Estero Bay traumzs 3 1% 1% 3.2 (R ]] 1600 2t 5 19
11740001 m™ 16 Aug 93 Estero Bay v L 124 3035 08 38 280 5.3 41 094
11323001 § 11 Feb 91 Estero Bay disease 11 120 148 19 1200 2500 76 26) 1.4
11631000 § 27 Jun 93 Bstero Bay disease ND U7 187 1.7 470 2% 87 1.1
11510001 f 5 May 93 Bstero Bay undetermined 7 13 164 k6 79 360 24 pc I
1101900} f 5S=p 92 Estero Bay emacintion ND I 1% T4 "o 1200 6% n ?
14373001 m |11 Jul 9% Moo Bay diseax 10 13 203 E2 00 1200 58 2l 13
13227001 m 3 Doc™ Moo Bay caophigeal 2 12 2.7 12 220 1200 11 3 3
mpaction
13791001 m 30 Jul 93 Momo Bay discux 12 12 94 14 %80 "800 8 ] 2.5
13479001 f 20 Mar 95 Diadlo Canyon  diseas 8 14 164 26 430 1900 2% 23 2t°
14063001 1§ 21 Dec 95 Diaxo Canyon  diseasm W 135 3.5 5.4 Py ) A100 17 3 -0.74.
Meaz + 5D 123261 0 £5344+18 16002600 18001500 31x31 93214023216
13318001 m 1] Jan 95 Hal’ Moon Bay (rauma ND n 23 19 180 - 1400 L5 3 L9
13677001 m 15 Ape 95 Moss Landing  traurma ND ND 251 13 1400 ®OD v &4 110 048
12526001 { 12 Jan %4 Moanterey Harbor diseasc 13 1% 148 LT - 400 P00 . 8 -1 16
13712001 m 26 Jon 95 San Simeon trauma 10 12 9.3 16 14O 2800 65 A0 8
14387001 m 25 Jul % Esimo Bay undetermmed 7 125 25.5 47 50 700 67 35 03838
11019001 € 5 S8cp 92 Estmro Bay smacilion ND 18 15 1.9 150 500 17 (D] 0.93
14373-001 m 1] kil % Morro Bay disease 0 123 203 1 1400 8600 19 130 1.6
13791001 m 30 hl 95 Morro Bay diseas 12 LE- S X 13 S0 500 12 B o5
10901001 m 29 Mar 92 Momo Bay intestinal ND It L5 3.9 120 290 38 14 028
perforation
Mean +8SD 308 W£5755+45 9804340C 3000+ 2900 15+ 18 61=63 ]2+08
Rraia
13313001 m 11 Jen 9§ Hallf Moon Bay  wauma NDOO2? 23 g8 9 300 33 26 064
13677-001 m 15 Apr 25 Mow Landing wrguma ND ND 353 £.7 130 1400 g1 W 0.5
13713001 m 26 Jun 9§ San Simeon rauma 10 128 253 3 44 120 a5 24 072
14387001 m 24 Jul 96 Esiero Bay andetermired 7 125 23.5 11 35 L&D 47 Tl 0.5¢
13791001 m 30 Jul 95 Moo Bay disean 12 13 294 7l 39 350 53 14 0.
Mean £ 5D L4 2r2T2B.0E1.4 1UEILY  4/0£40 dexib (U=18 Uo£U.]

PCBs, polychlonnated bphenyls; DS, 1,1,1-trichlare-2 2-58(p-chiorophemytjethanes; HUHs, hexachlorosyclobexanss, CHLS chlordanes,

ND, not determingd.

exteaction of sample tissues {2—6 g) with mixec solvents
of dwethyl ether (300 ml} ard hexane (IW ml) using
Soxhlet apparatus for 7 h. Fat content wes determined
from the K-D (Kuderna-Danish) concentrated abi-
Quots Of these exrracrs. The remaining extracts were
then transferred to a glass column packed with 20 g
Florisil, followed by zlution with a mixture of 150 ml
of 80% awioniinle and 20% hexunc-washed waler,
The eluate from the Flonsil column was collected in &
separatary funnel containing 100 ml of herane and

600 ml of hexane-washed water. After partitioning,
the hexane laysr was comcenirzigd, pudfied with sul-
furic acid, and passed through a 12-g Florisil packed
plass colomn for sgparation, The first ‘maction eluted
with hexape contsined HCB, PCBs, pp-DDE and
trans-nonachlor. The second fraction eluted with 20%
dichloromethane in hexane contained HCH isomers
{(m-, [ wod +-HCH), CTHLs (freas<hlondans, ci-
chlordane, cis-nonachlor and oxychlordane) and pp™-
DDD and p,p-DDT.
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COrrgunochlonine concentrations {ng/y, wel wit) and their ratios between Liverkaduey, liver,brain and kidney /brain, in sea clier basues®

Tahle 2
Tieae foonssn irating mta Fal (%) T Rs
Liver 17407 30 225
Kidney 62455 10 1 640
Bran $6416 110 =120
Cvacerttration ration
Wel weight busis
Liver/kidney Llx09
Liver krain WOx06
Kidney/brain HT=149
Lipid weight basis
Liver/kidney 161413
Liver/teain 6ExL3
Kidney/brain A4S

NNTs HOHs CHls TR
790+ 610 B2 2222 19416
3000 £ 26 0125 42 4C 13105
470+ 530 S6+19 12 - 1€ 0.5+0.2
0.43x 0.3 16138 @504 KR E R
3528 46149 29:15 57112
90Kt 16£38 T4=65 22114
06104 L8 +36 07201 36117
11x4.7 104 10 67133 14483
17+2.5 46+l 1+83 174 1.9

PCRs, polychlarinaiesd biphenyle, DTy, | T 1-trichinm=2 2-his! pchinraphenyljethases: HOHR hexachlnroeyeloharanss; CHT & chlordans Va'ies

are mean+ 5D,

* Five suimals for which liver, kidney and brin consonirstions wvaibble were wed for caculation

cholestercl, while Iipids in the liver and kidoey are
unally compased of triacylglycernls in additien In
phosphoglycerides, sphivgolipids and cholesterol (Long,
1961). Phosphoglycerides, sphingollpids and cholesterol
are polar lipids to which organochlerines, particularly
PC8s, have less affinity than to triacylglycerols. Rela-
dvely lower PCB concentrations in brain than in other
tissues have also been found in cetaceans (Tanabe et al,
19€1; Duinker et al.. }989; Bernhoft and Skaare, 1994),

£ -DDE acwunied o gieata than 95% of thy tutal
DDT concentrations in liver and kidney (Fig. 2). Brain
contained a higher percentage of pp-DDD and pp'-
DDT compared to thox of liver and kidney. Among
HCHs, B-HCH constituted greater ithan 90% of total
HCHs :n liver and kidney. Particularly, the propertion
of -HCH was greater in females than in males, which :s
different frem those reported in cther manne mammals.
This may indicate that the lactational transfer of these
compounds to pups has been lower in sea otters, Con
siderable enrichment of x-HCH (22%) was also [ocund
in brain. Occurrenes of a noticeable proportion of e-
HCH ia brain hae been reported in birds and marine
mammals {Tanabe et al, 198]; Everaarts et al., 1991).
Th:s has been sagpested to be due to increased polarity
of »-HCH enabling it ta cross the b.ood-bram barrier
Among CHLs, trans-nonachlor was the major com-
pound, tollowed by oxychlordane and c¢is-nonachlor.
The proportions of trans- and efs-chlordanes in brain
were greater than those in other tissues. Especially, cii-
chiordance and cis-nonachlor were greater in brain than
n other tissues, which may be due to the specific affinity
of brain lipids to these compouads. The compositions
of DDT, HCH and CHL compounds ir. sta oller lis-
sues are indicative of the lack of fresh mputs of these
compounds in coastal Califormia. A greater hio-

transformation capacity could also lead (0 the pre-
dominance of metaholites rather. than the parens
compounds in tissues,

W

DDTs
PP -DOE £ -DOD
. . 4

liver - male W“DOT
Liver - frmale
Kidney - male
Kidney - female
Erain - male

o 20 40 a0 L] e

« HCHs 0,
~

Livcre - male
Liver - frrnale
Kidney - male [

Kidoey - fomale [

Erain - male |

LIVES - make
Liver - ‘amale
Kxdney - male

Kideey - female

Brain - male

0 22 a0 60 W00
Composition (%)

Fig. 2. Compositon (%) of 1L1,)-trichloro:2,2-vis{ p-chloropheryl}-
etaane (DDT), hauwchbroowclohexane (HOH) and chlbrdane (CHL)
compounds m liver, kidney and hin tesues of sea olters.
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3.3, Geographical variatian

Comparison of organochlernnes in sea otters from
different campling locatinns revealed the presence of
significantly greater concentrations of PCEs and DDTs
(p <005 m Montcrey Harbor anmals { Jable 3). Con-
rentratinns of PCRs n livers and kidneys of sea otters
collected from Montercy Harbor were 4-fole greater
than the overall mezn 600+ 2600 ng/g in liver and
880 + 1400 ng/g in kidoney . The concentrations of DDTs
were great in severil locations includirg Maonterey
Har>or, Moss Landing, Morro Bay and Estero Bay,
where the input of DDT from agricultural and urban
drainages could have contributed to high concentra-
tuus. HCHs and CHLs concentrations were preater in
sea otters from Monterey Harbor { p < 0.03) than thosc
from otber locations, These results indicate the presence
of local sources of MCBs in Montercy Harbor,

3.4. Gender variation

Gender differeaces in organochlorine conceatrations
(ipid weight basis) were examined besed on ammals

collstex]l from Fstera Ray 39 onder o avaid the loce.
tion-specific infloence on this parameter. No grnder
dhtlerences in organochlonne concentralions were found
in Exicro Bay animals (2<005; Table 4). This 1s differ-
ent from the observations in cetaceans and pirnipeds, in
which adult females usually conutin sign.ficantly lower
concentrations than males, probably due to the lacta-
tional -ransfer of these compounds from mothers to
olspritg (Tanabe ot a1, 1394, Nagata et al, 1995;
Salata =t al, 1995), Even when the overall mean con-
centrations of orgatoch.orines were compared beiween
sexes, [emndles contaned siguilicandy greasn (p<0.03)
concentrations of PCBs, DDTs and CHLs tran males.
Greater concentrations of organochlorines in females
could ¢ due to the contibution of samples from
Monterey Harkor, which were all females, Exclusion
of Moanterey Harbor females from this comparison
resulted in amiler concentrations in females and males.
Greater corcentrations of organochlarines in females or
less gender equality in organochlorine concentrations
may be due to less trancfer of organochlorines through
lactation or lower lipid content of milk in sea otters
than it cetaceans. Fat content in four milk samples

Table 2 .ot
Concenstrations of organodhlorines (ng/g. wel wi. medn and range) in livess of »» otiery from variows locations aleng coasial Califomia
Locsiion Sex n Fat (%) PLHs DULs HCHs c4LHLs HCB
Half Moon Bay m 1 3) 140 470 17 ‘ 14 4.6
Moss Landing m | 3 480 2500 0 5 il
Monierey Harbor f 4 3.0 6300 4000 bt 3 34
(210¢-8700) {1600-5900) (15-130) (91 -%00) (1.4-8)
San Simeon m 1 4.7 120 860 18 ] L&
Estern Bay m 4 4.7 150 820 14 2 24
[58-1400; {280-_600) (3.6-2T) (4.1-53) 10.94-4.5)
F 4 49 i 11m 41 70 I £
(79-12001 {250-2500) (8.3-76) (7.2-160) (1.1 2)
Moreo Bar m 3 6.3 100 1400 1k 27 FAY
(28C 320 {.200-1800) (5.5-68) (21933 (1,315
14abio Canyon £ 1 4.0 350 1500 iz 2 1
(2704301 (. 100-1900) {17-26) (23-28) 0.74-2.1)
PCR, polychlorinated biphenyls, DOTs, L1, 1-tichloco-2. -bis{p<chlcrophenyl)ethancs: HCHs, hexacalocoryelobexancs, CHLs, chlordanes
' Mein.
Tabbke 4
Gender dlferences in (he concentradans of organochlorings (ng g; mean and range) in the liver: of sea auers
Sex Tae (%) PCHs DDTs HCHs CHLs HCP
Overall {wot wi basial
Male {n =0} 486 ) 1300 1R 24 23
[ 5H-140K0) (180 3300) i4.6 €B) (4.1-53) {0.94 4.¢)
Female (#=10) 397 2300 2400 45 160 23
(79 §700) (29039000 (5.7-130) (7,3=300) (0.74-4)
Esterv Buy snimals (ipid wi ixads)
Male (s —4) 47 110N = 12000 20000 4 | 4000 350+ 300 540+ 510 62 #45
Femile (n=4) 49 150600 £ 12000 28000 4 2E000 1.00 4970 2000 4 3100 617

PCBs, POIl-'Chlotinatcd biprenyh; DDTs, 1,1,1-tnchlore-2,2-bis(p-chleruphbenylkthanes, HCHs, aeaachlorecyclobexanes, CHLs, chlordanes,

" Mean.
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taken from California sea otter ranged from 21 > 26%
(Jemness et al., 1981). Many phocid seals and cetaceans
have higher averape conceniratians af melle far than sea
oters, exceeding 0% in some stages of lactation
{ Ricddman, 1997). However, further studies with larger
numbers of samples are needed 1o examine this specific
patiern of less gender differences in organochlorine
concentrations in sea otters.

3.5. Impact on the poplation

Studies have examined tie assocation between ele-
vated accumulation ol erganochlorines and impairment
of inmnune function, discase development or adverse
heaith effects in marine mammals (Reijnders, 1986;
Martirean et al, 1987, Kannan et al., 1993a; Kuehl
¢t al., 1994; Kuiken ot ul, 1994; Swart et al, 1964,
Corsolini et al., 1995; Colborn and Smolen, 1996). Sca
otlers may be sensitive to chemizal coptamination since
studics with closcly related mustelids such as otters and
mink have shown that these animals sre sensitive to
PCB contamination (Smit ct al., 1994). A critical body
residue (ECso) for PCBs of 1.2 pg/g, wet weight, bas
been proposed for effects on htter size in mink
{Leonsards et al., 1995). Hepatic concentrations of PCBs
in adult sra otters collected from Moatersy Harbar
were 2- to 3-fold greater than the critical residues esti-
mated for mink.

Measnrad concentrations of arganochlorines in livers
of sea otters were compared with those reported for
marint mammals from other locations in North Amer-
ica. Mean concentration of PCBs in liver was 1.6-fcld
less than those found in the liver of beluga whales
(£. leucas) from 1he 5t. Lawrence Estuary, Canada
(Martineau «t al _ 1987). The concentrations of PCBs in
Monterey Harbor amimals were 2- tc 3-fold greater than
thuse of beluga whales. Mean canceniration of DDTs
the livers of sea otiers was similar to that reporied for
beluga whales (1.3 pg/g, wet wi; Martineau e: al,, 1987),
DDT comventiations in sca otter livers were 3- to 10-
fold less than those reporied for Califormia sea lions
(Z. cafiforaiamus) with premature parturitioa (DeLong

et al.. 1973), Similarly, the concentrations of PCRBs and
DIDTs n the liver of sea ouers were abow 2 to 3-fold
less than those reporied for harbor seals (P. rituling)
collected in 1990 92 from the nortacastern USA (Lake
e al., 1993).

3.6, Health status

In our previous study, we examincd the relasionship
ketween butyltim concentrations in cissues and the
health of sea otters and found that otters that died from
diseases contsined greate: concentratons than those
that died rapidly from trauma and werz otherwise rela-
tively healthy (Kannan ot al, 1998). -Although the
number of sampies analyzed is sma’l, the concentrations
cf organochlorines measured in sea olters were Com-
pared in relaton o their health status (Table 5). Otters
that died from infectious diseases and miscellaneous
causes such as nezoplasia, emaciation and esophageal
impaction contained greater concentrations of PCBs
and DDTs (Table 5. The ranges of concentrations
observed o different mortality groups were wide and
there were no significant differences {p>0.05) in the
PCB concentrations emong different groups based on
the bealth status, Nevertacless, DDT concentrations

were sigrificantly greater (p<0.05) in se2 otters that -

cied of infectious discases than those that died from
trauma and unknown causes. Examination of a larger
number of samples is necessasy to evaluate the canse-
cffect linkage with the slow growth of the Califcrmia sea
otter population as compared with the nornthem popu-
lations. _

Few studies have reperted the concextratons of
yiganochioning L sea oters and this study shows the
presence of mnoticeable concent:ations of organo-
chlorines in sea otter tissues, Since sea otters lack blub-
ber, organochlorines tend to accumulate In target
organs such as liver and kidney, which deserves atten-
tion from a health stand point. Coacentrations of orga-
nochlorires, especially PCBs and DDTa, 0 Monterey
Hartor animals are similar or greater than those of
beiuga whales with poor recruitment in 8¢, Lawrence

Table 5 -

Concenirations of orgasochlonines {ngfg, we1 wi: mean and range) in Iiwers af sca atters in relation to their health stans

Cause of deah n Fat (%) FUBs DDTs HCHsS CHLs HCH

In'ectivas disease 5 4.0 2400 2000 36 L) 24
{270 3700) { 290—170)) (S8-76) {10-3500° (0.74-%

Trauma 5 46 R 1400 L5 26 2.0
(58— 400) {120 RB0D) (53 27, (41-5%) {944 6}

E'nknown caises 4 47 6% 1200 £ 2 27
{79-2100) CIR0-2900) (4.5-130) (5.1-91) (1,7-4.5)

Miscllznecus i 47 2600 2800 30 | 540 1%
{320-7000) {1200 3900} {t &5 (33 370" (e-23

PCBs, polyctlorinated diphenyls; 1M3¥T, 1,1 1-irichlara 2 2-kisd p-ehinrophenyhethanes; HCEs, hewachlotocyilohesunes: CHs. ctlordancs.

& Mean.
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Estiary, Canada {Martineau et al, 1987). Examination
of a larger number of arimals would provide informa-
tion on -he effect of arganochlorines on recruitment of
sea otters in California.
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