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Abstract. Residues of potentially toxic non-orthe
chlorine substituted copianar 3.3°.,4.4'-tetra-,
3,3",4,4" 5-penta-, 3.3'.4,4’.5,5"-hexachlorobi-
phenyl and their mono- and di-ertho analogs
(2,3'.4.4" 5-penta-, 2,3,3" 4.4 -penta-, 2,3,3".44°5-
hexa- and 2,27.3,3" 4,4 -hexa-, 2.2°.3.4.4" . 53-hexa-
chiorobiphenyl) were determined in humans, dogs.
cats {terrestrial), a finless porpoise {(Neophocoena
phocoenoides—coastal), Dall’s porpoises (Pho-
coenoides dalli dalify, Baird's beaked whales (Ber-
arcius bairdiiy and killer whales {Orcinus orca—
open ocean). Among the coplanar polychlorinated
biphenyi (PCB) congeners, the concentration of the
di-orthe congeners was the highest and the non-
ortho congeners was the lowest. However, all three
coplanar PCBs occurred at significantly higher
levels than toxic polychlorinated dibenzo-p-dioxins
(PCDDs) and pelychlorinated dibenzofurans
{PCDFs). The relative bioconcentration and meta-
bolic capacity of terrestrial and marine mammals to
these chemicals, suggest that the toxic threat of co-
planar PCBs increases from land te ocean, but the
reverse is true for PCDDs and PCDFs. The toxic
threat of coplanar PCBs to higher aquatic predators
such as cetaceans was principally assessed by
2,3,7,8-T,CDD Toxic Eguivalent Analysis which is
hased on the induction of arvihydrocarbon hydrox-
ylase {AHH) and ethoxyresorufin O-deethylase
(EROD). Analysis indicates, in particular, that the
bioaccumulation of toxic 3.37.4,4’,5-penta- and
2.3.3" 4 4'-pentachlorobiphenyls in carnivorous
marine mammals is a cause for considerable con-
cern.

Polychlorinated biphenyls {PCBs) are a highly lipo-
phific group of global poliutants, consisting of 209
isomers and congeners which exhibit wide differ-
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ences in their toxic and biologic effects. Several
studies have indicated that the toxic nature of tech-
nical PCB mixtures may be associaled with the
presence of trace levels of particular toxic PCB
congeners having four or more chiorine atoms at
both para and meta positions in the biphenyl rings
but no chlorine atoms in orthe positions (Safe
1984}, Lateral substitution of chlorine in these con-
geners provides coplanarity and allows them 1o at-
lain isostereomerism with highly toxic 2.3.7,8-tetra-
chlorodibenzo-p-dioxin (T,CDD) and 2,3,4,7 . 8-pen-
tachlorodibenzofurans (P;CPF) (McKinney et al.
1985). Among the 20 possible coplanar PCB con-
geners 3,3°.4,4'-1etrachlorobiphenyi {T,CB),
3,37.4,4" 5-pentachlorobiphenyl (P;CB) and
3,3',4,47,5,5" -hexachlorobiphenyl (H,CB) were
found to be the most toxic (Yoshimura er af. 1981,
Safe 1984). These three coplanar PCB congeners in
common with other isostercomers of 2,3.7.8-
T,CDD elicit the following toxic and biologic ef-
fects in experimental animals: body weight loss,
thymic atrophy, dermal disorder, hepatic damage,
teratogenicity, reproductive toxicity, immunotox-
icity, high binding affinity to hepatic cytoselic re-
ceptor protein (AA receplor) and high induction po-
tency of 3-methylcholanthrene type (3-MC-type)
hepatic microsomal enzymes (Safe 1984).

With the understanding of this biological and tox-
icological potency of coplanar PCBs, our research
teamn: has recently demonstrated the relative cavi-
ronmental toxic significance of 3,3".4.4'-T,CB,
3,3,4,4",5-P;CB and 3,3".4,4°,5,5-H,CB by an
isomer-specific approach and determined those
toxic congeners in a wide variety of animal species
including terrestrial and marine mammals at much
higher levels than other stereoisomeric polychlort-
nated dibenzo-p-dioxias {PCDDs) and polychlort-
nated dibenzofurans (PCDFs) (Tanabe et al. 1987a,
1987b; Kannan et af. 1988). Further investigations
by this group alse pointed out that carnivorous ma-
rine mammals might be the target organisms for
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PCH toxicity. due to their very high bivaccumuia-
tion of PCBs and poor metabolic potency for these
toxic congeners (Tanabe er al. 1988; Tanabe 1988).
These toxic congeners were aiso guantified in sev-
eral commercial PCBs and identified as possibie
major factors responstbie for PCB toxicity (Kannan
et al. 1987a, 1987h),

Recent Quantitative Structure-Activity Relation-
ship {QSAR) studies indicate that not only non-
ortho chiorine substituted PCBs but afso a few
mono- and di-ertho analogs of coplanar PCBs pos-
sexs comparable toxic potential because of their
ability to induce 3-MC-type hepatic drug metabo-
lizing enzymes (Parkinson er al. 1983: Safe er al.
19854). For example Harns er al. {1985} have sug-
gested that reproductive fulure of Forster’s terns
on Green Bay is due to residues of mono-orthio co-
planar PCBs as well as non-ortho coplanar PCBs.
toxic PCDFs and PCDDs in the eggs of this
specics. A re-evaluation of PCRB toxicity in snap-
ping turtles from upper Hudson River using 2,3.7 8-
T,CDD toxic equivalent factors analysis revealed
that mono-ortho coplanar PCBs (2.3.3' 4.4'-P,CB
and 2.3.3°.4.4° 5-H,CB) constituted more than 99%%
of total texicity in cggs and 2.3.3° .4 4-P,CB was
selectively dispositioned in the testes, suggesting
that population decline might occur as a result of
cryptic reproductive effects {Bryvan et al. 1987:
Olafsson er al. 1987). These recent observations
clearly indicate the need for understanding the
comprehensive toxic significance of these persis-
teat chemicals, including not only PCDDs, PCDFs
and non-griha coplanar PCBs but also other PCBs
found in high concentrations in {ree-ranging
SPECICS.

The present study reports the occurrence of toxic
non-ortho coplanar PCBs and their mono- and di-
artho analogs 1n scveral marine and terrestria
mammals and discuss their significant ecotoxicity
from a globai point of view, Fhe specific tsomers of
PCBs, PUDFs and PCDDs chosen for analysis are
ubiguitous poflutants that are known to be bicaccu-
mulative with potentisl induction of 3-MC-type en-
zymes (Safe er al. 1985h; Tanabe ¢ al. 1987¢: Ono
et af. 1986, 1987 Boon er al. 1987).

Materials and Methods

Sumpling

Muammabs sumpled were three species of terrestrial mammads
[henwin, dog, and cat]. one species of coastal marine mammal
[finless porpoise - Neophocoena phocoenoides) and three
species of open oceans mammals |Dall’s porpoise — Fhocoe-
neides dedli, detli, Buird's beaked whale — Berarding bairdii and
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kilter whale — Qreinns orca]. Sample sizes, localities and dates
of captare are shown in Table |, Marine mammal samplies were
either coliected Fram Seto-lnkand Sea and Pacific Ocean during
studies of population strecture and ecology or obtained by acei-
dental catch during commercial lshing. Stray dops and cats
were captured in Matsuyama city, japan. The human adipose
tissue samples were obtained from i local hospital in the same
city. Specimens of all species were full grown sdults and their fal
tissues were analysed inall cases.

Isomer-specific Analvsis of PCBs, PCDFs
and PCDDy

The following toxic isomers {Figure 1} were specifically taken
into consideration for analysis in the presemt study lor the
ressons menlioned earlier {HTUPAC numbers for PCBs in paren-
thesish: Di-ortho coplanar POBs - 2.2 33" 5 4°-H,CB
(1283, 227344 5 -H B (1381 Mono-ortie coplunar
PCBs 23" 44" 5-P,C8 {118y, 2,33 4. 4°-PCB (05},
233 4.4 8-, CB 0156); Non-orthe coplanar PCBs— 3,37 4.4'-
TLO8 (771 3.3 4.4 5-P08 (1263, 3,344 5.5 -H U8 {1691
PODEs—2 37 8- T,C0F, 2347 8-PONDE 123,487 8-H,CDF,
23678 -HCDF. PODDs—2 3. 7.8- T, DD, £.2.3.7.4%
FLDD, 12347 8-H,ODD, 12,3046 7.8.9-0,0 010,

tat tissues {30 o 5 g were homogenmized and reflused in IN
KOH-ethanol solution for | ke for PCR aralvsis following the
method of Wakimolo ez af. (19711 PCBs extracted into ethan]
were transferred to B mi of hexane by shaking in a separatory
funncl. The concentrated hexane laver was cleaned up on LS ¢
of silica gel (Wako-gel S-1) packed on a glass colummn (19 mm f.d.
®* 20 m length). PCBs were cluted with 200 mi of hexane al an
elution rate of | drop/sec. The ehluate way concentrated to 6 ml in
a4 Kuderna-Danish concentrator. Five mi of this extract was
passed through o glass column 35 mm 7. ) packed with 33 mm of
carbon for coplanar 3,34 4. T,CB, 3.3 4.4 55 .P,CB and
33445 5HO8 analysis according 1o Tanabe o1 of. 119870)
and ehuted initiadly with 106G mi of 20¢% dichloromethane in
hexane. This fraction conttinming PCl3s with orrho-chlonines. xeno-
biolics and biogenic interferences. was discurded. A sevond
fraction eluted with 50050 benzene:ethylacetate. containing nos-
ortho chiorine substituted coplanar PUBs was microconcen-
trated and the residues were transferred in 5 ml of hesane. This
hexane extract was cleaned wp with 5 ml of 1067 fuming sulfuric
acil, rinsed in distiled water and microconcentrated tor high
resolution gas chromutography HR-GOY and gas chromatog-
raphy-mass spectrometry (GO-M S determinations.

The remaining | ml from the 6 ml hexiane extract concentrated
after silica gel column clean-up was used for the anabysis of
artho-chiorine substituted POBs incleding not only meno- and
di-orthe coplanar PCHBs as shown in Figure | but also other
isemers and congeners as follows: 5 ml of 1095 fuming subfuric
acid was added and shaken to remove interfering bivgenic sub-
stunces. Atter rinsing in distiled water. this hesane Tayer was
microconcentraled G necessary} Tor GO-ME gquaatiftcation.

lsomer-specific determinations of pon-arifie chiorine substi-
tuted coplanar PCOBs woere performed in high resolation gas chro-
matography with clectron caplure detector (HR-GC-ECRH and
equipped with 0.25 mm .. = 25 m fased sitica capillary column
with chemicatly boaded OVAIT01 and WCOT silicone OV-108
plass capillary column (0,23 mm Ld. =« 30 my Clanebe er of.
198Tah. Mass frugmentographic determinations, using Shimadzu
GO-MS-0P 1000 with above mentioned cupillary columas, were
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Table 1. Biological samples emploved in the analysis of coplanar PCBs

Sample n

Tissue anafyvzed

Sammpling date sampling location

Terrestrial mammals

Human i2 adipose
Dog 2 adipose
Cat 3 intestinal fat

Marine mammals
Finiess porpoise

[ Neophoooena phocoenaides) l blubber
[3all’s porpoise

(Phocoenoides dulli, dalli} 3 blubber
Baird’s beaked whale

{Berarding bairdii) 3 blizbber
Killer whale

{Orcinug orea)l 3 biubber

June—Dec. 1985
Feb. 1986
Mar.~May 1986

Matsuyamu. Japan
Matsuvama, Jupan
Matsuyama, Japan

July (U85S Seto-inland Sea. Japan

May-June 198G, 1985 Northern North Pacific
July 1985 Pacific couast of Japaa

Dec. 1986 mcific coast of Japan

also carried out Lo confirm the coplanar PCBs in the samples by
sefective monitoring of M and (M + 237 cluster of 1ons at mic
290, 292 (F,CB); 324, 326 (P, OB 358, 360 (HLCBY Non-orthe
chiorine substituted coplunar 3.3' 4.4-T,CB, 3.3 44" 3-P,CR
and 3.3°.4.4° 5,5 -FH OB were identified and geantified in botk
HR-GC-ECD and GC-MS$ against authentic standards of high
purity {>-98%2).

PCBs
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Muass fragmentogruphy was performed for the quantification
of other PCB somers, using a Shimadzu GC-MS 9020 DF
equipped with an electron impact iop-source and SCAP-11213
data systen A W m WCOT OV-101 glass capillary column (.23
mt 7. ) was used 1o sepurate individual PCB somers and con-
geners. These PCB compenents in biological samples were de-
termined by selective son monitoring at 222, 256, 292 326, 360,
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Cl  Fig. 1. Structures of toxic chlorinated
aromatic compounds investigated in the
present study
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