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During the winter of 1994/1995, some 21 sperm whales
(Physeter macrocephalus) were stranded around the
North Sea, on the coasts of the United Kingdom,
Germany, Belgium and The Netherlands. This is an
abnormally high number of strandings to occur on
North Sea coasts. In both 1988 and 1990 32 sperm
whales were stranded, but these were generally on the
Atlantic coasts of the British Isles and Norway, rather
than North Sea coasts (Berrow et al, 1993). Evans
(1992) has recorded a clear increase both in strandings
of sperm whales on British and Irish coasts this century,
and in sightings of groups of animals (rather than lone
individuals) to the west of the British Isles. Both
sightings and strandings of sperm whales between
1967 and 1990 were concentrated around Shetland,
Orkney and the outer Hebrides, suggesting that their
main approach to the land mass is from the north-west
(Sheldrick et al., 1991). Sperm whales are oceanic
animals which rarely enter shallow or semi-enclosed
areas of the sea, and are thought to approach close to
shore only when sick (Martin, 1990). Females and
immature animals remain in low latitudes, and only
mature males venture into latitudes higher than about
40-45° in both hemispheres. In most areas, sperm
whales feed almost exclusively on cephalopods (squid
and octopus), although in a few areas, fish form an
important component of their diet. For instance, tlose
to the coast of Iceland, sperm whales were found to
have been feeding primarily on deep-sea fish such as
lumpsuckers, angler fish and red-fish which are found to
depths of 500 m or more (Martin & Clarke, 1986). Prey
are usually taken in midwater at depths greater than 400
m, although some bottom feeding also occurs. In the
North Atlantic, sperm whales feed on the Grand Banks
off Newfoundland, as well as on the continental slope to
the west of the British Isles, and north towards Iceland
(Evans, 1987; Martin, 1990). Male sperm whales may
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not find it easy to feed successfully in the shallow waters
of the North Sea, which in the central and southern
areas are less than 100 m in depth (A. R. Martin, pers.
comm.).

Immediately after death, samples of blubber were
collected from seven of the sperm whales stranded
around the North Sea during the winter of 1994/1995,
and a liver sample was also collected from one
individual. As the internal temperature of sperm
whales rises rapidly after death to the detriment of the
internal organs, this represented an unusual opportunity
to determine trace metal concentrations in sperm whale
liver sampled in good condition. The samples were
obtained through the Greenpeace Exeter Research
Laboratory with appropriate CITES certification. De-
tails of the dates and locations of strandings and
biological information for each animal are given in
Table 1 along with reference numbers which identify
individual animals.

Blubber samples were analysed for organochlorine
pesticides and metabolites, and a range of chloro-
biphenyl (CB) congeners, using established methodol-
ogy based upon analysis by gas chromatography with
electron capture detection (Allchin er al., 1989). This
method was modified in the light of recommendations
which followed the intercomparison programme organ-
ized under the auspices of the International Council for
the Exploration of the Sea (de Boer e al., 1992, 1994; de
Boer & van der Meer, in press). Chlorobiphenyl
congeners in all samples were also qualitatively
confirmed by GC/MS analysis. Trace metals, arsenic
and selenium were analysed in the liver sample using
recently established methodology based upon acid
digestion with microwave heating, followed (except for
mercury) by analysis using inductively coupled plasma/
mass spectrometry. Mercury was analysed using atomic
fluorescence detection, following reduction with tin(1I)
chloride (Jones & Laslett, 1994). All analyses were
conducted under an analytical quality protocol requir-
ing the analysis of blanks and reference materials
alongside each batch of samples. Further details of
method performance are given elsewhere (Law et al.,
1991; Law, 1994).

Table 2 presents the concentrations of trace metals,
As and Se in the liver sample. Concentrations of Cr and
Ni were low at 0.79 and 0.39 mg kg~' wet wt,
respectively. Few data have been reported for these
elements in marine mammalian liver, the maximum
values to date being 2.0 mg kg ~' wet wt for Cr and 2.1
mg kg~ ' wet wt for Ni. There is insufficient information
at present to assess the significance of such concentra-
tions, as the metal speciation in both prey and predator
is unknown (Law, in press). The concentrations of Cu
and Zn are believed to be homeostatically controlled in
marine mammals and those seen in the sperm whale (2.3
mg kg ™' wet wt for Cu and 34 mg kg™ wet wt for Zn)
are towards the lower end of the ranges tentatively
assigned (Law er al., 1991; Law, in press). Arsenic has
previously been determined in only a few species of
marine mammals (harbour seals, common dolphins and
pilot whales), the overall range of concentrations
reported being 0.01-2.9 mg kg~' wet wt (Law, in
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TABLE 1

Locations, dates of stranding,

and biological data for the sperm whales sampled.

Blubber
5 thickness
" ate . _ Age Length (behind dorsal
ef. no. found Location Position (years) (m) fin; mm)
UK4026 7/12/94 Sanday, Orkney Islands, UK 59°16'N 2°22'W 20+ 12.3 130
UK4029 7/12/94 Sanday, Orkney Islands, UK 59°16'N 2°22'W 25+ 13.2 115
UK4031 7/12/94 Sanday, Orkney Islands, UK 59°16'N 2°22'W 23+ 13.4 100
M14059 4/11/94 Baltrum Island, Wadden Sea 53°45'N 7°25'E NK 13.9 110
MI15004 12/1/95 Kijkduin, Scheveningen, The Netherlands 52°08'N 4°15'E NK 14.1 NK
MI5005 12/1/95 Kijkduin, Scheveningen, The Netherlands 52°08'N 4°15'E NK 14.7 140*
MI5006 12/1/95 Kijkduin, Scheveningen, The Netherlands 52°08'N 4°15'E NK 15.0 NK
NK: Not known.

*Blubber thickness measured laterally; no dorsal measurement taken,

TABLE 2

Concentrations of seven trace metals, arsenic and selenium in the liver
of sperm whale MI5005 (mg kg ™' wet wt).

TS% Cr Ni Cu Zn As Se Cd Hg Pb

314 079 039 23 34 071 11 30 4 011

TS%: Percentage dry matter.

press). Marine fish and invertebrates can contain quite
high concentrations of As (up to 100 mg kg™ "),
although the majority is present as organoarsenical
compounds and is of relatively low toxicity. The
concentration of As in the sperm whale liver was 0.71
mg kg~ wet wt, i.e. within the previously reported
range. The concentrations of Hg and Se were 34 and 11
mg kg~' wet wt respectively, a Hg:Se molar ratio of
1.22. A molar ratio close to 1 results from the process by
which marine mammals demethylate methylmercury
and immobilize it as mercuric selenide, thereby
detoxifying potentially toxic organomercurials ingested
from their diet (Law, in press). No determination of
methylmercury was conducted on this occasion.

The concentration of Cd was high at 30 mg kg~ wet
wt. High concentrations of Cd have previously been
reported in the livers and (especially) kidneys of marine
mammals which inhabit areas remote from pollution
sources, but which consume prey species which are
themselves relatively rich in Cd. These include pilot
whales from the Faroe Islands and Ross seals from
Antarctica which prey upon cephalopods, as high
concentrations of Cd accumulate in the livers and
gonads of cephalopods (Law, in press). Pilot whales
around the Faroe Islands feed primarily upon squid
taken mostly at depths of 100-500 m. Seasonal
movements of pilot whales towards the coast have
also been related to inshore movements of squid
(Desportes & Mouritsen, 1993). The Cd concentration
found in the sperm whale is within a tentative threshold
area of effect of 20-200 mg kg~' wet wt, set by
extrapolation from humans (Law, in press). As for Hg,
marine mammals have developed mechanisms to limit
the toxicity of dietary metals such as Cd and the degree
of metal binding to proteins is, therefore, an important
factor in the interpretation of concentration data. The
concentration of lead in the liver analysed was low at

0.11 mg kg~" wet wt. Concentrations up to approxi-

mately 2 mg kg ™' wet wt have been reported previously
in the livers of both grey seals from north-west England
and harbour seals from Alaska (Law, in press).

Tables 3-5 show the concentrations of organochlor-
ine pesticides and their metabolites, and individual CB
congeners and the sums of CB congeners (SICES 7 and
the sum of the 25 congeners determined), in blubber
samples. The CB congeners of the ICES primary list are
CBs 28, 52, 101, 118, 138, 153 and 180. a-, B- and Y-
HCH, HCB and dieldrin were detected in all samples.
The concentrations were lower than those found in
bycaught harbour porpoises (Phocoena phocoena) from
the Shetland Islands (Law, 1994), but of the same order
as those found in a sperm whale stranded in Cornwall,
England in 1990 (MAFF, 1992). Residues of cis- and
trans-chlordane and trans-nonach'or, derived from the
use of technical chlordane, were also detected in all
samples; in this case, no comparable data are known to
exist. Both the 0,p'- and p,p'-isomers of DDD, DDE and
DDT were detected in all samples. The o,p-isomers
were all found at lower concentrations than the
corresponding p,p’-isomers, reflecting the historic
usage of technical DDT, with the bulk of the DDT
group residues present as the persistent metabolite p.p'-
DDE. Concentrations were broadly similar to those
found in harbour porpoises from the Shetland Islands,
and of the same order as those seen in the single sperm
whale analysed previously (MAFF, 1992; Law, 1994).

These data demonstrate the accumulation of organo-
chlorine pesticides and metabolites from oceanic food
webs, following their long-range transport from
terrestrial sources. Ballschmiter et al. (1989) observed
that global equilibrium has not yet been reached for
PCBs and that environmental inputs are continuing.
The atmospheric transport of organochlorines and
PCBs to remote regions is facilitated by their long
environmental half-lives and physical behaviour
(Oehme & Mano, 1984; Ochme, 1991), and it has been
suggested that the continuing use of large quantities of
persistent organochlorines in the tropics leads to
volatilization and subsequent condensation at lower
temperatures in high latitudes (Tanabe ez al., 1994). The
increasing contamination of Arctic biota by such
compounds is believed to result from this process
(Wania & Mackay, 1993).
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Fig. 1 GC-ECD chromatograms of fractionated extracts from the
blubber of sperm whale MIS006 on an HP-5 (5% phenylmethyl
siloxane) stationary phase. (a) Fraction 1 containing HCB,
p.p-DDE and chlorobiphenyls; (b) fraction 2 containing the
remaining organochlorine pesticides and metabolites,
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TABLE 5
Concentrations of summed CB congeners (mg kg~' wet wt),

Ref. no. %HEL ZICES7 Z25CBs
UK4026 69 1.64 237
UK4029 51 2.21 3.36
UK4031 64 2.48 3.73
MI4059 74 2.87 4.43
MI5004 48 1.65 2.57
MI5005 55 3.10 4.85
MIS5006 47 2.41 3.83

LICEST: Sum of the seven CB congeners of the ICES primary list.
Z25CBs: Sum of the 25 CB congeners determined.

The concentrations of CBs in these samples were
relatively low (ZICES 7 concentrations were 1.6-3.1 mg
kg~' wet wt, or 2.4-5.6 mg kg~ on a lipid basis)
compared to those seen both in small cetaceans from
UK waters and .in two long-finned pilot whales
(Globicephala melas) stranded on UK coasts (Law,
1994), despite the similarity in diet between pilot and
sperm whales (Martin, 1990; Desportes & Mouritsen,
1993). Similarly, low concentrations of CBs were found
in the blubber of two sperm whales stranded on the Isle
of Mull (west Scotland) and in Cornwall during 1990
(ZICES 7 concentrations of 0.3 and 1.7 mg kg ™' wet wt,
respectively; MAFF, 1992; Wells & Echarri, 1992). The
predominant congener found here was CB153; the other
major congeners present (CBs 101, 110, 149, 138, 180
and 187) are all known to be persistent in cetaceans
(Tanabe et al., 1988; Boon e al., 1992, 1994). The CB
concentrations in the blubber of some small cetaceans
(common and bottlenose dolphins; harbour porpoises)
mostly feeding in coastal waters are often an order of
magnitude higher than those found in the sperm whales
studied here (Law, 1994), but the toxicological
significance of such concentrations cannot be fully
evaluated.

Examples of chromatograms of the CB and pesticide
fractions for one of the sperm whales are shown in Fig.
1. The CB profiles for the individual animals were very
similar, but the concentration range was also smaller
than that seen in small cetaceans living close to the
coast. This is perhaps unsurprising, as sperm whales live
and feed offshore remote from the sources of
organochlorine compounds, and probably exploit a
more homogeneous diet.

Positive correlations were found between body length
and concentration for all organic contaminants except
a- and B-HCH. The negative correlation between length
and a-HCH was significant at the 95% level. Positive
correlations with body length were significant at the
95% level for the following analytes: HCB, dieldrin,
p,p'-DDD, 0,p'-DDT, cis- and trans-chlordane, trans-
nonachlor and CB congener numbers 44, 47, 49, 52 and
151.  Age-related accumulation of organochlorine
residues in male cetaceans has been reported previously
(Aguilar, 1987), and occurs because the input from the
diet exceeds the ability of the animals to excrete or
metabolize these comounds. It would be instructive to
compare the concentrations found in female sperm
whales feeding solely in low latitudes prior to their first
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pregnancy (when their accumulation should parallel
that of males) to those reported here. The use of
persistent organochlorine pesticides in tropical regions
has lagged behind that in the developed countries of the
northern hemisphere, and for some classes of com-
pounds may still be increasing (Tanabe et al., 1994),
although reliable information on usage is difficult to
obtain (Voldner & Li, 1995).

The authors would like to acknowledge the assistance of Manfred
Krautter and J6rg Siepmann (Greenpeace Germany), Monica Verbeek
(Greenpeace Netherlands) and SAC Veterinary Services, Inverness in
the collection of samples and the provision of biological data.
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