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High Levels of PCB and p,p'-
DDE Found in the Blubber of
Killer Whales (Orcinus orca)

DAVID L. HAYTEAS* and DEBORAH
A. DUFFIELD

Department of Biology, Portland State University,
Portland, OR 97207, USA

Organochlorine pollutants in the marine environment
represent a threat to marine organisms in general, but
especially to marine mammals (Tanabe et al., 1994). The
homogeneity of the ocean environment, coupled with
the potential of long-range transport, allows for wide-
spread effects from sources that are often small and lo-
calized (Tatton and Ruzicka, 1967, Loganathan and
Kannan, 1991; Norstrom and Muir, 1994). Because they
are usually highly persistent as well as lipophilic, orga-
nochlorines tend to accumulate in the fat deposits of
animals, especially those with poor metabolic and ex-
cretory capabilities for these pollutants, such as marine
mammals (Brooks, 1974; Hutzinger et al., 1974; Tanabe
et al., 1988). In addition, the greatest accumulations will
be found in those animals at the top of the food chain,
which is also the case for many species of marine
mammals (Tanabe er al, 1984; Loganathan and
Kannan, 1994).
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The most prevalent of the organochlorines currently
identified in marine mammals are the polychlorinated
biphenyls (PCBs) and p,p’-DDE, the major metabolite
of insecticide DDT (Calambokidis and Francis, 1994;
O’Shea and Brownell, 1994; Jarman et al., 1996). Al-
though its use is banned in most countries, DDT is still
utilized in some areas of the world (Goldberg, 1991).
Production of PCBs has declined worldwide, but entry
of substantial amounts into the marine environment is
probably still occurring (Tanabe, 1988; Peterle, 1991).

The killer whale (Orcinus orca) represents the top of
many marine food webs. This species, which feeds pri-
marily on fish and/or other marine mammals, is found
in many of the world’s oceans in either localized resident
populations, or in highly migratory groups (Matkin and
Leatherwood, 1986). As with other cetaceans, these
animals possess thick blubber layers and accumulate
PCBs and p,p’-DDE in these fat deposits (Calambokidis
et al., 1984; Ono et al., 1987; Kemper et al., 1994; Jar-
man et al., 1996). Although killer whales have been
harvested and utilized by humans in the past, they are
now rarely killed intentionally (Kirkevold, 1986; Oien,
1988). Blubber residue determination in wild specimens
has, therefore, depended largely on dead stranded ani-
mals. We report here the residue levels of total PCBs
and p,p'-DDE for five killer whales stranded on the
Oregon coast from 1988 to 1997. These levels were de-
termined by high performance liquid chromatography
(HPLC) using the method of Hayteas and Dulffield
(1998). Contaminant levels are given in Table 1, and all
data are quoted here as pg g~! wet weight.

All but one of the stranded animals were carrying
high levels of PCBs and/or p,p’—~DDE. The adult female
(length, 622 cm) exhibited concentrations of 276 pug g~
of PCBs and 494 ug g=!' of p,p/-DDE. In the juvenile
male (length, 385 cm), the levels were also quite high,
415 pg g7! of PCBs and 368 pg g~! of p,p’-DDE. In one
of the calves (length, 212 cm), the level of p,p’-DDE was
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TABLE 1

Levels of PCBs and p,p’-DDE (ug g~' wet weight) found in the blubber
of killer whales (Orcinus orca) stranded on the Oregon coast.

Date Location Length (cm)  Sex PCBs p.p-DDE
2/08/88 Central OR 385 M 415 368
7/24/93 Central OR 235 M 19.5 151
5/13/95 Central OR 212 F 117 519
4/13/96 North OR 622 F 276 494
4/25/97 North OR 256 M 39 44

519 pg g=', the highest seen in this study. In this same
calf, the level of PCBs was somewhat lower, 117 pg g~!.
An additional calf (Iength, 235 cm) exhibited a relatively
high concentration of p,p’-DDE, 151 pg g~', but a much
lower level of PCBs, 19.5 pg g~!. In contrast, the calf
stranded in 1997 (length, 256 cm) carried very low levels
of both pollutants, 3.9 pg g=' of PCBs and 4.4 pg g~! of
p.p-DDE.

Comparison of these results with those previously
reported for killer whales reveals that all but one of the
stranded Oregon animals exhibited PCB and DDE levels
at the high to extremely high end of the reported range
for both pollutants. Kemper et al. (1994) reported a
concentration of 28.4 ug g=! of total DDT for a killer
whale stranded in Australia, while Calambokidis et al.
(1984) found levels of 38 pg g=! of PCBs and 59 pg g~!
of DDE in an animal stranded in Puget Sound. The
levels reported by Jarman et al. (1996) for killer whales
stranded in British Columbia from 1986 to 1989 were
relatively low, 22 pg g=! (geometric mean) for total
PCBs and 28 pg g7! (geometric mean) for p,p-DDE. At
the other end of the range, Ono et al. (1987) reported
PCB concentrations of 350410 pg g~! in three adult
killer whales caught off the coast of Japan, while Ca-
lambokidis et al. (1984) reported levels of 250 pg g
PCBs and 640 pg ¢! DDE in a male killer whale
stranded in British Columbia in 1979.

Occurrence of the high levels found in most of the
stranded Oregon Kkiller whales may be due to different
factors. One possibility is that these whales were mem-
bers of migratory populations ranging along the west
coast of North America, distinct from resident popula-
tions that have a more localized range (Heimlich-Boran,
1986; Matkin and Leatherwood, 1986). With an exten-
sive range, migrant killer whales would feed in a variety
of areas. Some of these areas may have experienced high
contaminant inputs in the past, such as the waters of
southern California, which were heavily impacted by
both DDT and PCB pollution (MacGregor, 1974; Ca-
lambokidis and Francis, 1994), compared with other
feeding areas that seem to have experienced lower con-
tamination, such as waters off the Oregon coast (Hay-
teas and Duflield, 1997). Three of the Oregon-stranded
killer whales may represent individuals from groups
with feeding ranges that are concentrated off southern
California, as indicated by the higher levels of p,p’-DDE
relative to PCBs (Calambokidis and Barlow, 1991). A
fourth exhibited elevated PCB concentrations relative to

p,p'-DDE, perhaps indicating a different primary feed-
ing area (Calambokidis and Barlow, 1991).

Another factor contributing to these observed high
levels of organochlorines may relate to the observation
that transient (migratory) killer whales feed primarily on
other marine mammals, in contrast to resident individ-
uals which feed mostly on fish (Bigg et al., 1987; Baird et
al., 1992; Barrett-Lennard et al., 1996). Transient whales
are, therefore, one trophic level higher on the food
chain, leading to the potential for greater organochlo-
rine accumulation through biomagnification. It has been
determined that transient killer whales do strand on the
Oregon coast (Stevens et al., 1989). This would be
consistent with the high levels of pollutants found in the
killer whales reported here, as opposed to the much
lower levels previously reported for killer whales pre-
sumably stranded from resident populations in British
Columbia (Jarman et al., 1996). The one killer whale in
our study with low levels of contaminants was a young
calf (with fresh umbilical scarring). Such low levels
might indicate that this animal was not a first-born, but
the offspring of a female who had already passed a large
part of her organochlorine load to previous calves
(Addison and Smith, 1974; Addison and Brodie, 1977;
Donkin et al., 1981; Gaskin, 1982; Wagemann and
Muir, 1984; Agiular and Borrell, 1988; Subramanian et
al., 1989). On the other hand, resident populations of
killer whales may occur in Oregon and this calf may
have been a member of such a population.

The high levels of PCBs and p,p’-DDE found in killer
whales stranded on the Oregon coast is definitely cause
for concern. It has been hoped that areas which had been
heavily contaminated in the past were becoming less so
(Lieberg-Clark et al., 1995). Even though this may be the
case, there is evidence that organochlorine compounds
are being concentrated in remote latitudes, such as polar
environments, due to the processes of global fractiona-
tion and distillation, associated with long-range air
transport (Oehme, 1991; Wania and Mackay, 1993;
Tanabe et al., 1994). The occurrence of high levels of
organochlorine contaminants in killer whales may reflect
the accumulated effects of contaminants moving through
latitudinally related food chains on a wide-ranging,
higher tropic level species. The presence of these sub-
stances has been linked to many health problem in ma-
rine  mammals, including dysfunctions in the
reproductive and immune systems (Reijnders, 1986,
1994; Beland et al., 1992; de Swart et al., 1994). It is es-
sential that these animals continue to be monitored for
the presence of organochlorines, both as indicators of
their health and that of the marine environment.

Thanks are extended to Dr. Robin Brown, Oregon Department of Fish
and Wildlife; Dr. Bruce Mate, Hatfield Marine Science Center; and
Mike Glenn, Oregon Coast Aquarium for blubber samples from the
killer whales stranded on the central Oregon coast. Samples from the
northern Oregon coast were obtained through the activities of the
Northern Oregon Marine Stranding Network (Duffield, Portland State
University).
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