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ABSTRACT

\·Jagemann, R., and D.C.G. ~Iuir. 1984. Concen-
t ra t ions of heavy meta1sand organoch10r­
ines in marine mammals of northern waters:
overview and eval uation. Can. Tech. Rep.
Fi sh. Aquat. Sci. 1279: v + 97 p,

Publ i shed data on heavy metal and organo­
chlorine concentrations in tissues of cetaceans
and pinnipeds, mainly from northern waters, were
compiled. The data were subjected to multiple
comparison by Scheffe's method, and assessed for
significant differences.

t~ost cetaceans had mercury concentrations
(wet weight basis) of 0.02-1.6 IJ.g/g in muscle

tissue, 1-2 us/s in renal tissue, and 3-20 IJ.g/g
in the liver. Of all cetaceans some dolphins,
pil ot whales, and short-fi nned pil ot whales had
the highest recorded mercury levels in their
tissues. Systematic differences in mercury
levels among different species of animals were
not apparent.

Most mean mercury concentrations (89% of
the compiled data) in the liver of seals were
below 65 IJ.g/g, and below 3.4 IJ.g/g and 0.94 IJ.g/g
in renal and muscle tissue, respectively. Ilrnong
seal s there was no di fferentiation of mercury
concentration according to species of animals,
but age seemed to be one of the factors deter­
mining the level of mercury in tissues. A limi­
ted number of other metals data (In, Cu, Pb, Se)
are also given and discussed.

Mean cadmium concentrati ons in renal ti s­
sue of whales 28-64 IJ.g/g were higher than in the
same ti s sue of most seals and porpoi ses. Cad­
mi um concentrat ions inki dneys of stri ped dol­
phins (25 IJ.g/g on average) were comparable to
che concentrations in whales. In both cetaceans
and seals cadmium was consistently higher in
renal ti ssue than in hepati c ti ssue by a factor
of 2-5.

Statistical comparison of total DDT (~DDT)

concentrat ions in cetaceans revealed four di s­
tinct groups. Dolphins from the California
coast had higher ~DDT levels than dolphins from
the Mediterranean coast of France or porpoi ses
from the Bay of Fundy. The 1atter group had
significantly higher ~DDT than all other groups.
PCB levels fo l l owed a similar trend, but only
two groups (coast of France and all other data)
could be discerned.

Levels of ~DDT and PCB in narwhal blubber
(Pond Inlet, N.W.I., Canada) averaged 3.51 and
10.09 IJ.g/g, respectively, with males having
significantly higher levels than females.
Results were not corre1 ated with 1ength of the
animals. The residue levels in narwhals could
not be distinguished statistically from other
organochlorine data for cetaceans from Greenland
or the North Atlantic.

Compari son of concentrati ons of PCBs in
pinnipeds (blubber) revealed four distinct
groups. Seals from the Baltic and the North Sea
coast of the Netherl ands had si gnifi cantly
higher PCB levels than all other animals.
Levels of PCBs in seals from Canadian waters

iv

were significantly lower than those from the
Baltic except for harbour seals in the Bay of
Fundy. Five distinct groups of pinnipeds could
be del i neated for ~DDT resi dues, with sea 1ions
from the California coast having the highest
levels, and seals from the Canadian Arctic the
lowest.

Key words: marine mammals; heavy metals; chlor­
inated hydrocarbons; PCB; DDT; 1it­
erature reviews; northern waters;
cetaceans; pinnipeds; mercury; cad­
mium.

RESUME

Wagemann, R., and D. C.G. Mui r. 1984. Concen-
trations of heavy metals and organochlor­
ines in marine mammals of northern waters:
overview and eval uation. Can. Tech. Rep.
Fi sh , Aquat. Sci. 1279: v + 97 p,

Un ensemble de donnees disponib1es sur les
concentrations de metaux lourds et d'agents
organochlores trouvees dans des tissus de ceta­
ces et de pi nni pedes des eaux septentri ona1es
ont ete rassemb1ees et une etude comparee de ces
donnees d'apres 1a methode de Scheffe a ete
entreprise.

La p1upart des cetaces avaient des niveaux
de mercure (poids humide) de 0.02 a 1.6 IJ.g/g
dans leur tissu musculaire, de 1 a 2 us/s dans
1e ti ssu renal, et de 3 a 20 IJ.g/g dans 1e ti ssu
hepatique. Les tissus de certains dauphins,
ai nsi que ceux des gl obi cepha1es noi rs de
1 'Atlantique et de globicepha1es a nageoires
courtes, contenaient du mercure aux niveaux les
plus e1eves enregistres a ce jour. Lesdiffe..,
rences de niveaux entre ces animaux ne peuvent
etre attribuees a leur appartenance a une espece
p1ut6t qu'a une autre.

La p1upart des ni veaux moyens de mercu re
(soit 89% des donnees) eta i ent in feri eurs a 65
IJ.g/g dans 1e ti ssu hepati que, a 3.4 IJ.g/g dans
les tissus renaux et a 0.94 IJ.g/g dans 1e tissu
muscu1aire. En comparant 1es especes de phoques
une a une, on n'a trouve aucune difference dans
1es niveaux de mercure de leurs tissus. Cepen­
dent, on a constate que l'age semblait etre un
des facteurs determinants de 1a concentration de
mercure. Les resultats d ' analyses supp l emen­
taires sur un certain nombre de metaux, tel que
1e In, 1e Cu, le Pb et 1e Se, sont aussi pr esen­
tes dans' cet arti cl e.

Les concentrations moyen~s en cadmium des
tissus renaux de ba1eines variaient entre 28 et
64 IJ.g/g. Cependant elles etaient plus e1evees
chez 1a p1upart des phoques et des marsouins.
Les concentrations en cadmium du foie du dauphin
b1eu (Stene11a coeruleoa1ba) etaient comparables
a celles des baleines (25 IJ.g/g en moyenne).
Chez 1es cetaces et 1es pi nni pedes etudi es, 1e
deg re de concentrati on en cadmium etait system­
ati quement pl us e1 eve dans 1e ti ssu renal que
dans 1e ti ssu hepati que, dans un rapport de 2 a
5.

La comparai son stati sti que des concentra­
t ions tot a1es en DDT (WDT) cons tat.des dans 1e



pannicule des cetaces, a revele l'existence de
quatre groupes distincts. Le pannicule des
dauphins provenant des cotes Californiennes con­
tenaient des concentrations de EDDT plus elevees
que celles provenant des dauphins des cotes
mediterraneennes de France ou de la baie de
Fundy tandi s qu ' un quatri eme groupe heterogene
contenait les niveaux les plus faibles. Les
concentrations de PCB suivant la meme tendance,
avec deux groupes di sti ncts cependant (un pro­
venant des cates de France, l' autre du rest ant
des donnees).

Les niveaux de EDDT et PCB dans le panni­
cule des narvals (Pond Inlet, T.N.'-O.) atteign­
aient en moyenne 3.51 et 10.09 ~g/g, respective-

.ment , le niveau des males etant sensiblement
pl us el eve que cel ui des femell es. Les resul­
tats n' i ndi quaient pas de correspondance entre
la teneur en DDT et la longueur totale des ani­
maux. On n' a trouve aucune difference si gnifi­
cative entre les niveaux d'agents organochlores
obtenus chez 1e narva1 et 1es niveaux obtenus
chez 1es cetaces du Groenl and ou de 1 'Atl antique
Nord.

La comparaison des concentrationsd'agents
organochlores entres les divers pinnipedes (pan­
ni cu1e) a revel e que 1es phoques des cotes des
Pays-Bas bai qnees par la mer du Nord ont une
teneur en PCB nettement plus elevee que tous les
autres animaux etudies. Les niveaux de 'PCB des
phoques habitant les eaux canadiennes etaient
sensiblement moins eleves que ceux de la mer
Baltique, sauf les phoques communs de la baie de
Fundy. On a pu distinguer cinq groupes de pin­
nipedes sur la base de leurs concentrations res­
pectives en EDDT, les otaries de Californie
ayant les concentrations les plus elevees et les
phoques de l' Arcti que, 1es concent rat ions 1es
pl us basses.

Mots-cles: mammiferes marins; metaux, lourds;
carbohydrateschlorines; BPC; DDT;
recherches bibliographiques; eaux du
nord; cetaces; pi nni pedes; mercu re;
cadmium.
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INTROOUCTION

A large body of data on mercury and chlor­
inated aromatic hydrocarbons in pinnipeds has
been published over the past ten years. Reviews
and qualitative comparisons of residue levels in
various pinniped species from different geo­
graphic locations have been made (Holden 1978a,
1975). There is nevertheless a need for further
updating of the existing data base and review of
the literature. The published data on pollutant
burdens in tissues of cetaceans is less exten­
sive than for pinnipeds. An asssessment of some
of this data has been made (Gaskin 1982). We
have attempted a systematic documentation of the
data base for pi nnipeds and cetaceans in
northern waters (up to mid 1983) and compared,
statistically, heavy metal and organochlorine
concentrations in various tissues largely from
northern waters. The objective was to provide a
readily accessible overview of most existing
heavy metals and organochlorine data for marine
mammals from northern waters, and to. assess
these data for any si gnifi cant differences or
similarities from which conclusions about hot
spots of pollution might be drawn. A multiple
means compari son of the data usi ng Schef f e I s
method (Scheff'e 1959) has been employed in the
hope of obtaining a better perspective on the
degree of hazard to marine mammals in Canadian
waters, as well as other areas, from continued
accumu 1ati on of heavy meta1sand chlori nated
aromati c hydrocarbons. A further reason for
doing such ·an analysis was simply to avoid the
tendency of attributing significance, through
visual inspection of data plots, to differences
where there mi~ht be none.

This method of analysis (Scheff~ 1959) was
chosen because it is applicable to unequal sam­
ple sizes which was the situation faced here and
because it is the most conservati ve such test.
It was assumed that the populations were normal­
ly di st ri buted. However, departu res from nor­
mality have been reported for fish (Giesy and
Wiener 1977), and this is probably also true for
some mammalian tissues. It was, of course, not
possible to test the data post publication for
normality. The postulated significance levels
must therefore be viewed with this in mind.

We recogni zed the poss i bil ity that the
available data was not of uniform quality. It
is well known that at the trace level, measure­
ments are subject to considerable interlabora­
tory variability (Morrison 1976; Holden 1981;
Ho 1den et al , 1983). Si nee the data base con­
si dered here spans more than a decade, during
which time methodologies and instrumentation may
have changed, variability in the quality of data
would also be expected from this source. A
meaningful assessment of the data in this regard
was impossible, and the available data were
simply taken at face value. Concentrations
reported here are all expressed on a wet tissue
basis.

RESULTS AND DISCUSSION

MERCURY IN CETACEANS

A reasonably 1arge number of mercury con-
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centrations in tissues of cetaceans from
northern waters has been published to date
(Table 1). We made a statistical comparison of
the concentration means (wherever standard
deviations were available) using the Scheff~

multiple comparison method (see Appendix) on the
various groups of animals. In a few instances
where the range but not the standard devi ati on
was given, we estimated the latter from the
range in the usual way (Beyer 1966). Means
deri ved from fewer than th ree samp 1es were not
used in the analysis. The results of this
analysis are shown in Fig. 1, 2 and 3 for mer­
cury in liver, muscle and kidney, respectively.
The bars in these figures are not error bars in
the usual sense; they only i ndi cate the outcome
of the Scheff~ test. The means were compared in
all cases at the 0: = 0.10 level of signifi­
cance. Wherever the bars overlap, the corres­
ponding means do not differ significantly, and
only those groups differ significantly from each
other whose bars do not overlap.

The average mercury concentrations in the
liver of cetaceans (i.e. not individuals) ranged
from 3-205 ~g/g, but only the short-finned pilot
whales, and striped dolphins (not shown in Fig.
1, off scale) having the highest mercury concen­
trati on, differed si gnifi cantly from all other
groups which di d not differ amongst themselves
despite the wide range of their means (3-20
~g/g) (Fig. 1). There is no distinct segrega­
tion (at 0:= 0.10) between porpoises, narwhals
and belugas, for example,as far as mercury in
liver is concerned. Since most of the data in
this order are for harbour porpoises from the
east coast of the U.S.A. (ME) and Canada (N.S.),
a global, regional comparison of Hg-levels was
not possible. However, one harbour porpoise
from the North Sea (index no. 32, Table 1) had a
mercury level in the liver comparable to the
highest levels in porpoises from the Atlantic
coast in North America. Mercury levels in the
liver of cetaceans and seals apparently are
determi ned to a 1arge extent by the age of the
animal (Gaskin et al , 1979; Sergeant 1980), but
this did not become overly apparent from the
available data base. The fact that most groups
consisted of only a few individuals also tended
to make the analysis less discriminating.

There is undoubtedly a limit to the con­
centration of mercury (or any toxic metal) that
an animal can tolerate in its tissues notwith­
standing the beneficial effect that selenium may
exert in this regard. For mercury in mammalian
hepatic tissues this limit appears to be within
the range of 100-400 ~g/g, wet weight, (MARC
1980). Dead or ill seals and sea lions found in
the wild with mercury levels in their livers
within this range (Reijnders 1980; van de Ven et
al , 1979; Buhler and Mate 1973; Henriksson and
Karppanen 1969) would seem to be a manifestation
of these critical limits. The mean concentra­
tion in the liver of the 1979-group of narwhals
(index no. 13, Table 1) is approximately 6 ~g/g,

and the highest concentration in any individual
of this group was 13 ~g/g. Some short finned
pilot whales have 100-360 ~g/g of mercury (index
no. 6, 15, 16, Table 1) and a group of striped
dolphins from the east coast of Japan had up to
485 ~g/g (205 ~g/g on average, index no. 98,
Table 1), a seemingly critically high concentra­
tion of mercury in liver.



Mercury levels in muscle tissue of ceta­
ceans were segregated by Scheff~'s procedure
into three distinct groups (Fig. 2). The blue­
white and striped dolphins (index no. 48, 98,
Table 1) having the highest mercury concentra­
tion (6.73 and 7.02 lJ-g/g, not shown in Fig. 2)
were significantly different from all other
groups. Most groups had mercury 1eve 1sin
muscle tissue in the range of 0.02-1.6 lJ-g/g
(Fig. 2). Pilot whales (index no. 8, 6, Table
1), with the second hi ghest concent rat ion (4
lJ-g/g) are significantly different from dolphins
and all other groups which do not differ
significantly among themselves in their mercury
levels (Fig. 2). It is noteworthy that baleen
whales (sei, fin, minke) have the lowest concen­
tration of mercury in their tissues. This may
be a consequence of their diet as has been
pointed out by Sergeant and Armstrong (1973),
and a possible source of variable mercury levels
among certain seal species. For cetaceans the
available data are too few to show that neither
location of catch nor species differences cor­
related with concentration of Hg in any tissues.

Mercury in renal ti ssue of cetaceans is
highest (8.65 lJ-g/g, Fig. 3) for short-finned
pilot whales and striped dolphins (8.71 lJ-g/g,
not shown in Fi g. 3, index no. 6, 98, Table 1)
and next hi ghest (3.56 lJ-g/g) for some harbour
porpoises from the coast of New Brunswick,
Canada (i ndex no. 27, Table 1). These groups
differ significantly from each other and from
all other groups (Fig. 3). Aside from these
groups, cetaceans have mercury concentrations in
renal tissue in the range of 1-2 lJ-g/g. Quite
consistently the pilot whales, short-finned
pilot whales, and dolphins have the highest mer­
cury levels in liver, muscle and kidney. The
available data are not extensive enough to dis­
criminate between various localities.

Hepati c ti ssue of cetaceans has consi s­
tently higher mercury levels than muscle or
renal tissue by approximately a factor of five,
while renal and muscle tissues have comparable
mercury levels.

OTHER METALS IN CETACEANS

Concentrations of In, Cu, and Pb in ceta­
ceans have been measu red to date only in nar­
whals, harbour porpoises and the striped dolphin
as far as we know (Table 2), but these data are
i nsuffi ci ent for an extens i ve group-compari son
by the Scheff~ method. Concentrations of Cd and
Se have been determined also in other cetaceans
(Tables 2 and 3). The 1979-sample of narwhals
has, of all the marine mammals recorded here,
the highest average cadmium concentration in
renal tissue (63.5 lJ-g/g, Table 3) except one
sea 1 whi ch had a s1i ght 1y hi gher concent rat ion
(65.9 lJ-g/g, index no. 126, Table 9). These nar­
whals were all caught in the same general area
near Pond Inlet on Baffin Island. The 1979­
group of narwhals do not differ significantly
from the 1977 group of narwhals at 30.5 lJ-g/g of
Cd in their renal tissue (index no. 12, Table 3)
at the a = 0.10 level of significance, mainly
because the concentration of cadmium in the tis­
sues of narwhal varied more greatly from animal
to animal than for any other metal. The only
other whales in which cadmium concentrations
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have been measured are the short-finned pilot
whale and the minke whale (a single animal in
each case) with 42 lJ-g/g and 28 lJ-g/g of cadmium
in their renal tissues, respectively (Table 3).
Striped dolphins from the eastern coast of Japan
(index no. 98) had similarly high cadmium con­
centrations in renal tissue (25 lJ-g/g, average),
apparently a consequence of the very high cad­
mium concentration in the squid which these dol­
phi ns ate (Honda eta1. 1983). Why cadmium
levels in renal tissue of whales should be as
high as they are is an open question. It is
known that the half-life of cadmium in the mam­
malian kidney varies greatly with species (e.g.
three years for mice and ten years for man;
Matsubara-Khan 1974; MARC 1980). Possi bly the
half-life of cadmium in whales is extremely
long, which would mean that these animals are
essentially incapable of eliminating this metal.
Consistently the concentration of cadmium is
higher in the kidney than in the liver by a
factor of 2-4.

Se1eni um concent rati ons do not diffe r
significantly among narwhals in any of the tis­
sues examined (index no. 12, 13, Table 4). Some
concentrations of Se in the liver are available
for short-finned pilot whales (index no. 15, 16,
Table 4), and these are significantly higher
than in narwhals. As noted before, these ani­
mals also have much higher mercury concentra­
tions in their tissues than narwhals.

The 1979-riarwhal data had been subjected
to regression analysis (Wagemann' et ale 1983),

-which revealed that the length of narwhals cor­
re 1ated pos iti vely very st rongly with the mer­
cury concentration in kidney, muscle and blub­
ber, and with cadmium also positively (although
somewhat less strongly) in muscle and kidney.
The correlations between length and the concen­
tration of other metals were generally negative
for at least one sex, which would imply (to the
extent that length of an animal and its age are
re 1ated) that concent rati ons of Cu, In, and Pb
are diminishing with time in the respective tis­
sues, while Hg is accumulating in kidney, mus­
cle, and blubber, and Cd is accumulating in kid­
ney and muscle.

Mercury correlated strongly, positively
with selenium in liver and kidney, and in liver
also with cadmium. linc correlated positively
with cadmium in the liver and kidney (Wagemann
et ale 1983). Which particular metals are asso­
ci ated with each other cl early depends on the
type of ti ssue; however one pai r of elements
namely, mercury and selenium, consistently cor­
related positively in liver and kidney. This is
an interesting association since the latter ele­
ment is reported to have an ameliorating influ­
ence on the toxicity of mercury in fish (Ganther
et ale 1972), and also appears to govern the
accumu 1at i on and affect the toxi city of mercury
in mammalian tissues (Parizek et ale 1971; El
Bergearmi et ale 1973; Potter and Matrone 1974;
Chen et ale 1975; Hansen and Kristensen 1979).
The atomic concentration ratio Hg/Se is claimed
to be most frequently near 1, for hepatic tis­
sue. This ratio has been reported to range from
1-9 for hepatic tissue in seals (Koeman et a1.
1975, 1973). In narwhals (1979-group), this
ratio was found to be in the range of: 0.22-1.70
for 1i ver, 0.066-0.56 for renal ti ssue, 0.039-



1.37 for blubber, and 0.23-1.37 for muscle
(\'/agemann et al. 1983). The average atomic
ratio (Hg/Se) was: 0.59 for liver, 0.21 for
kidney, 0.15 for blubber and, 0.75 for muscle,
of the 1979-group of narwhals.

MERCURY IN PINNIPEDS

ltie have compiled most published data on
concentrations of mercury in various tissues of
pi nni peds from northern waters (Table 5) with
the notable exception of any data for the palae­
arctic region, which are not readily ava i l abl e ;
The outcomes of the multiple comparison by
Scheff~'s procedure are shown in Fig. 4, 5, 6,
for liver, muscle and kidney respectively. Com­
parisons were also made of mercury in blubber
and other metals in various tissues but these
are not shown since the data were not p1ent i­
ful. Although this work·deals largely with ani­
mals from northern waters, some harbour seals
from the California coast, U.S.A. were included
for purposes of reference (index no. 179, Table
5). California harbour seals with 269 llg/g of
mercury in the liver had nearly as high a con­
centration as harbour seals from the Dutch coast
(293 llg/g). These concentrations while signifi­
cantly higher than the average concentration in
hepatic tissue of most groups of seals (Fig. 4),
are not significantly higher than the average
concentration of 230 llg/g and 138 llg/g in ringed
seals from the Baltic area (index no. 1l0, 101,
Table 5), or the average concentration of 143
llg/g in some bearded seals (index no. 236, Table
5) from Victoria Island, E. Arctic, Canada. No
single species appears to be significantly dif­
ferent from all other species in mercury concen­
tration in the liver. Only the few groups of
animals with the highest concentrations irres­
pective of species were significantly different
from some groups with the lowest concent rat ion
(Fig. 4), and this was seemingly more a conse­
quence of age differences than species differ­
ences. One notable result of the analysis is
the 1ack of differenti ati on among speci es ,
Although we did not make a detailed analysis of
the influence of age on mercury concentration in
the liver, other workers have found a correla­
tion between mercury concentrations in seals and
thei r age (Sergeant 1980; Smith and Armstrong
1978; Drescher et al. 1977; Heppleston and
French 1973). The i nfl uence of age on concen­
tration does become somewhat apparent in Fig. 4,
where the lowest concentration range (0.23-10
llg/g) is comprised only of young seals (i .e ,
less than 6 years old) and the highest concen­
tration range (90-270 llg/g) is seemingly com­
prised only of animals that are older than 7
years. The intermediate concentration range
(10-90 llg/g) includes animals of all ages.
Although harp seals have some of the lowest mer­
cury concentrations in the liver, some ringed
seals have similarly low concentrations (Fig.
4) • The 1ack of different iat i on among the var­
i ous groups generally, must to some extent a1so
be the result of sma 11 samp 1e si zes from which
the means were derived.

Although visual observation of Fig. 4, 5,
and 6 reveals no striking correspondences be­
tween mercury concentrations in liver and muscle
or liver and kidney, such correspondences do
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exi st. \~hen the average mercury concentrati ons
in the liver were linearly regressed on the
average mercury concentrations in muscle or
renal tissues (of the same group) the correla­
tion coefficients were in each case significant
at 0: = 0.05. Still better fits were obtained
wi th curvil i nea r regress i on, of the type y =
aebx where x is the mercury concentration in
the liver and y is the mercury concentration in
either muscle or renal tissue. The following
constants were obtained (dry-wt. basis): for
muscle-liver, a = 0.2765, b = 0.0187; for kid-
ney-liver, a = 1.471, b 0.0130.

In the absence of a sufficiently large and
good data base any answer to the questi on of
what is a normal or conversely an abnormally
high concentration of heavy metals in tissues of
seals can only be tentative. The great majority
of seals (89% of all such averages) have mercury
concentrations in the liver less than 65 Ilg/g
(Fig. 4). If infrequency of occurrence of a
datum can be taken as an indication of its
abnormality, then mercury levels in the liver of
seals in excess of 65 Ilg/g could be considered
as lyi ng outs i de the normal range i rrespecti ve
of the age of the ani ma 1. The correspondi ng
ltmits in muscle and kidney tissue when calcula­
ted from the above-mentioned regression equa­
tions using 65 llg/g for liver, are 0:94 Ilg/g and
3.4 llg/g, respectively. Concentrations greater
than these val ues could therefore, by the same
criterion, be considered as bein~ abnormally
hi~h for these tissues irrespective of age.

Ringed seals from the Baltic area have, at
82 llg/g of Hg in muscle (index no. 101, Table 5)
the highest concentration recorded here for mus­
cle and this is significantly higher than the
concentration in any other group (Fig. 5). The
second and thi rd hi ghest mean concent rat i on at
3.5 llg/g, and 2.5 llg/g in muscle (index no. 110,
116, Table 5) also for ringed seals from the
Baltic are significantly higher than in most
other groups (Fig. 5). Unfortunately, muscle
concentrati ons were not reported for the seals
from the Dutch Wadden Sea (index no. 324C, 3240)
which had very hi gh concent rat ions of me rcu ry in
their livers. Probably these seals also had
high concentrations of mercury in muscle tis­
sue. Two groups of seals which were among those
with the lowest concentrations (index no. 237,
108, Fig. 5) had significantly lower concentra­
ti ons than some other groups. The remai ni ng
groups which make up the majority of data in
Fi g. 5, and which span the concentrati on range
(in terms of means) from 0.1-1.4 llg/g in muscle,
did not differ significantly among themselves.
Only 24% of all groups in Fi g. 5, have concen­
tration means higher than 0.94 Ilg/g.

In seal renal tissue, the highest mean
concentrations of mercury were 17.0, 7.5 and 7.4
llg/g (index no. 3240, 324C, 1l0, Table 5), and
these were s i gnifi cant ly hi gher than in groups
with the lowest concentration (0.14-2.6 llg/g,
Fi g. 6). The remai ni ng groups span the range
from 2.4-5.2 llg/g without differing signifi­
cantly among themselves, nor do they differ from
the highest concentrations. As expected, the
groups with the highest concentration of mercury
in renal tissue were the same as those that had
very high concentrations of mercury in muscle
and liver.



OTHER METALS IN PINNIPEOS

The mean concentration of zinc in the
liver of all seals ranged from 34-81 IJ.g/g. The
highest concentration differed significantly
from all others except the second and third
hi ghest namely, 59 and 57 IJ.g/g (i ndex no. 203,
205, Table 6). All remaining groups had concen­
tration means in the range from 34-56 IJ.g/g, and
these di d not differ si gnifi cantly among them­
selves. The highest zinc concentration in liver
was 109 IJ.g/g in a Heddell seal from the Antarc­
tic (index no. 249). As would be expected, the
same animal had also a high concentration of
zinc in muscle (84 IJ.g/g). The mean concentra­
tions of zinc in muscle tissue ranged from 20-34
IJ.g/g (index no. 127, 208, Table 6), and in renal
tissue from 19-46 IJ.g/g (index no. 198, 128,
Table 6)~ Concentrations of some individuals
(rather than group means) do fallouts ide thi s
range. No group differs from any other signifi­
cantly in concentration neither in muscle nor in
kidney.

A single leopard seal fetus from the Ant­
arctic (index no 148) had at 53 IJ.g/g copper in
the liver the highest concentration. A group of
leopard seals oL unknown age (but probably
young) from the Antarctic (index no. 246, Table
7) had nearly as high a concentration of copper
in the liver (44.6 IJ.g/g). Some grey seals from
the North Sea (index no. 163, Table 7) had the
thi rd hi ghest concentration (28 \.I.g/g). Only
these two groups differed significantly from
other groups. All other groups had copper con­
centrations in the liver in the range of 5.7-15
IJ.g/g, and these did not differ among them­
selves. Young animals seem to have higher con­
centrations than old ones, Table 7. Only four
concentration means of copper in muscle and kid­
ney were available for comparison. These range
from 0.65-3.2 IJ.g/g in muscle, and 2.5-10.6 IJ.g/g
in the kidney. In the latter organ only the
hi ghest mean (i ndex no. 129, Table 7) was
significantly different from others, and in mus­
cl e the hi ghest and lowest means were each dif­
ferent from the rest.

In the liver the majority of lead concen­
tration means were in the range of 0.15-0.60
IJ.g/g (Table 8) with no significant differences
among groups wi thi n that range regardl ess of
speci es. . The th ree hi ghest concentrat i on means
(2.3, 5, 10 IJ.g/g, Table 8) were each signifi­
cantly different from all other means. For mus­
cle only three lead concentration means were
available two of which (0.04, 1.2 IJ.g/g; Table 8)
differed significantly from each other. In kid­
ney tissue the concentrations (means) ranged
from 0.32-1.17 IJ.g/g (Table 8) with some signifi­
cant differences occurring among groups, but the
total number of groups available for comparison
was only five.

Some ringed seals from Greenland (index
no. 130, Table 9) with a mean of 17.0 I"g/g of
cadmium in the liver had a significantly higher
concent r-at i ons than any other group. All other
groups had mean concentrations of cadmium in the
liver in the range of 0.018-7.32 IJ.g/g (Table 9),
and none of them di ffered si gnifi cantly among
themselves. In muscle tissue the cadmium mean
concentrations span the range from 0.029-0.15
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I"g/g (Table 9), but only the highest mean dif­
fered from some others. In renal tissue, des­
oi te the l'Iide ranee of cadmi um concent rat ions
'(0.10-37.4 1"9/9, Table 9) there ','las no si gnifi­
cant difference between any of the means. Thi 5

seems to be a ga in main ly a cons equence of the
large variation in cadmium levels among indivi­
dual animals (large standard deviations), seem­
ingly peculiar to this metal. The cadmium con­
centration is consistently higher, by a factor
of 2 to 5, in renal tissue than in hepatic tis­
sue. It appears that on the whole cadmium in
renal and hepatic tissues of seals is lower than
in the corresponding tissues of some whales.

Only one concentration mean of selenium in
muscle tissue (0.57 IJ.g/g, Table 10) was reported
in the literature (index no. 246). In the liver
all but three groups have concentration means in
the range of 1.80-36.0 IJ.g/g (Table 10), and
these groups do not differ si gnifi cantly among
themselves. A group of ringed seals from the
Baltic area (index no. 110, Table 10) at 81
IJ.g/g, and two other groups of harbour seals from
the Oani shand Dutch coasts (i ndex no. 324C,
3240), at 112 and 109 IJ.g/g respectively, had the
highest selenium concentration in the 1i ver ,and
these were s i gnifi cant ly higher than the means
of most other groups. As pointed out previous­
ly, these same groups of seals also had the
hi ghest 1eve1s of mercu ry.

CHLORINATED HYDROCARBONS IN CETACEANS

There are a growing number of reports in
the literature on levels of polychlorinated
biphenyls (PCBs), 1,1-bis(4-chlorophenyl)­
2,2,2-trichloro-ethane (DDT) and its dechlorina­
ted metabol ites (1:DOT) and other organochl ori ne
pesticide residues in cetaceans. Gaskin (1982)
has revi ewed many of these reports and compared
levels of these contaminants in animals from
different geographi ca 1 areas. Tables 11 and 12
list published results for PCBs and 1:0DT where
two or more specimens were reported and includes
results from the analysis of narwhal blubber
samples from our laboratory (index No. 13A and
13B). Statistical comparisons of the mean con­
centrations of PCBs and 1:DOT in·cetacean blubber
were made using Scheff~'s test (at the 0:=0.10
level of significance) for all results consis­
ting of 5 or more animals. In some cases
results of male and female specimens which were
reported separately by the authors (e.g. index
no. 59, 60, 54, 55, Tables 11 and 12) were
pooled to increase the size of the group and
hence the sensitivity of the comparison.

Cetaceans are differentiated into four
distinct groups on the basis of 1:00T levels in
blubber using Scheffl!!'s test (Fig. 7). Dolphins
from the coast of California (1968-76) have the
hi ghest 1eve1s of 1:0DT reported for cetaceans
(index no. 85, 87), significantly higher than
all other reports. Dolphins from the coast of
France (index no. 79) and porpoises from the Bay
of Fundy (sampled in 1969-70) had significantly
higher 1:00T levels than all remaining specimens
(Fig. 7) which included baleen whales and all
Arctic species. Fewer results were available
for comparision of PCB than DDT concentrations
by use of Scheffl!!'s test but a similar trend was



evident (Fig. 8) although only two distinct
groups are apparent. Oolphins from the coast of
France (index no. 79) had significantly higher
PCB levels than cetaceans from Greenland and
from several locations in the North Pacific
ocean. Two bottlenose dolphin specimens not
included in the statistical comparison (index
no. 85) had PCB levels averaging 435 I"g/g in
blubber which are among the highest reported
levels for this contaminant in cetaceans.
Leve 1s of PCBs (but not LOOT) in porpoi ses from
the North Sea (index no. 76, 23) and the Bay of
Fundy were relatively high (79-114 I"g/g blubber)
but could not be distinguished statistically
from all other results. The high levels of PCBs
and OOT in dolphins reported by Alzieu and Ouguy
(1979) pertain primarily to animals from the
r~editerranean coast of France. These authors
observed mean concentrations of 47.7 I"g/g PCBs
in dolphin (Stenella caeruleoalba) fat (lyophi­
lized) from the Atlantic coast (one specimen)
and 122-259 I"g/g in the same speci es from the
Mediterranean. The results in Fig. 7 and 8 are
from a combined sample reported by the authors
(index no. 78, 79, 80, Tables 11 and 12).

The results of PCB and LOOT residues in
cetaceans, although fewer than reports on the
same contaminants in pinnipeds, provide interes­
ting information on the geographic distribution
of these residues (Gaskin 1982). EOOT levels
were extremely high in cetaceans from the coast
of California and Bay of Fundy sampled in the
late 1960's and early 1970's presumably reflec­
ting large scale agricultural and forestry uses
as well as manufacturing (in California). Both
LOOT and PCB levels are high in cetaceans from
the French coast whil e ani ma 1s from the North
Sea (The Netherl ands coast and the U.K.; in
blubber, index no. 86, 23, 51) had2-fold higher
PCB than LOOT levels. Narwhals from the Baffin
Island area also have about 2-fold greater PCB
than LOOT levels (index no. 13). Belugas in the
Mackenzie River Oelta had similar LOOT levels in
blubber to those in the Eastern Arctic but far
lower PCB levels (t ,e , a detection limit of 0.5
I"g/g was not exceeded, Addison and Brodie
(1973)) (index no. 54) indicating that food
chain contamination by PCBs is much greater in
the North Atlantic than in the Beaufort Sea.
Cetaceans in Japanese waters had similar PCB and
LOOT levels and could not be distinguished
statistically from Arctic-dwelling species
(Fig. 7 and 8).

Leve 1s of PCBs and LOOT in ba 1een wha1es
(index no. 14, 57, 58A, 59, 60, 67, Tables 11
and 12) are lower than those of other speci es
inhabiting roughly the same geographic loca-
tion. This reflects the diet of Balaenoptera
which consists primarily of crustaceans.
Euphausiid, squid and fish-eating cetaceans can
be roughly ranked according to increasing chlor­
inated hydrocarbon levels corresponding to their
positions on the food chain (Gaskin 1982).

Comparison of LOOT levels in animals sam­
pled over a 5-10 year period may not reflect
decreasing levels of this contaminant following
banning of this insecticide in the early
1970's. Oecreases in LOOT concentrations in
blubber over a five year period from the late
1960's to the mid-1970's have been observed in
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sea 1s from the Farne Is 1ands (Ho1den 1978b), but
no significant decrease in LOOT levels in por­
poises sampled in the Bay of Fundy between 1968
and 1977 has been observed. In fact mean levels
actually increased slightly between 1975 and
1977 (Gaskin 1982). Unfortunately there are, as
of this writing, no other reports of continuous
monitoring of cetacean populations for chlorin­
ated hydrocarbons. Given the conti nued use of
OOT in many developing countries, and its per­
s i stence in the envi ronment it appea rs va1i d to
compare LOOT levels of various populations with­
out taking into account the date of sampling.

PCB and LOOT concentrations in liver, kid­
ney and muscle of cetaceans are also reported in
Table 11 and 12 but there were insufficient num­
bers to make statistical comparison worthwhile.
The importance. of blubber as an indicator tissue
in cetaceans is ill ust rated by Tanabe. et a1 •
(1981) who determined whole body burdens of PCB,
LOOT, HCB and hexach 1orocyc 1ohexane i some rs
(HCH) in 5 striped dolphins ranging in age from
3 mo. to 36.5 yr. Greater than 93% of the
chlorinated hydrocarbon residues were present in
blubber regardless of age or sex. Muscle con­
tained <7% of the residues although it comprised
55% of body weight while all other tissues con­
tained <1% of the body burden.

Correlation of LOOT and PCB levels with
age of pinnipeds has been frequently attempted
but few corre1ati ons have been made with ceta­
ceans because of 1ack of age data. Gask in et
al. (1983) reported a significant positive cor­
relation of PCB levels in male harbour porpoise
blubber with age. A negative correlation (not
significant at P=O.OI) of age with PCB levels in
female blubber was observed. Tarusk t et a l ,
(1975) found higher organochlorine levels in
"mature" compared to "immature" animals. Gaskin
et a l , (1971) reported lower levels of LOOT in
suckling male porpoises than mature males. How­
ever, pregnant and lactating females had
significantly lower concentrations of 1:00T in
blubber and liver than males or immature
females. Concentrations of LOOT and PCB in nar­
whal blubber (index no. 13A, 13B) were not cor­
related with length of the animals, but stepwise
regression analysis of log LOOT. and log PCB con­
centrations on sex (0 = males; 1 = females) and
length (em) indicated correlations with gender
(r=-0.65 and -0.54 for log LOOT and log PCB res­
pectively). Correlations were not improved
using the cross-product (sex)x(length). 1:00T
concentrations could be expressed by the regres­
si2n equation log LOOT=-0.606(sex) + 0.647
(R =0.42) while PCB concentrations could be
eXRressed as log PCB = -0.247(sex) + 1.054
(R =0.30). Gaskin et al. (1983) reported a
significant correlation of PCB levels in por­
poise blubber with length for males only. Body
size is unlikely to correlate well with organo­
chl ori ne concentrati on except perhaps in young
animals because it increases asymptotically with
time, however, it is frequently the only data
for cetaceans. Higher LOOT and PCB 1eve1s are
generally observed in male than in female ceta­
ceans and this difference has been thoroughly
documented in pinnipeds (Helle et a l , 1976b).
The differences in organochlorine concentrations
with sex are readily explained by excretion of
these compounds via lactation, as demonstrated
in seals (Addison and Brodie 1977).



Other chl ori nated hydrocarbon residues
frequently reported in cetaceans i ncl ude HCB,
HCH isomers, chlordane, oxychlordane, trans­
nonachlor, dieldrin and o,p-DDT isomers. In
general, these compounds are present at levels
100 to 1000-fold lower than PCB or z:DDT making
assessment of their effects difficult.Recent
reports of relatively high toxaphene and chlor­
dane residues (10 - 11 IJ.g/g blubber) in grey
seals from the Baltic Sea (Jansson et a l , 1979)
and chlordane in Canadian polar bears (Norstrom,
Canadian Wildlife Service, Ottawa, personal com­
munication) suggest that these pesticides may be
increasing in concentration in wildlife. O'Shea
et al. (1980) reported toxaphene residues aver­
aging 0.13 IJ.g/g in dolphins and porpoises from
California and Jaran.

There is little information on what con­
centrations of PCB or z:DDT in cetaceans may pre­
sent a health risk to the animals or may lead to
reproductive failure (Holden 1978a; Gaskin
1982). Alzieu and Duguy (1979) have suggested
on the bas is of do1phi n resu lts that concentra­
tions of PCBs in liver of 20 mg/kg (lyophilized
tissue) may present a health risk to the ani­
mals. This would correspond to a level of 50 ­
200l-lg/g (wet weight) in blubber based on their
results. Concentrations of PCBs in ringed seals
in the 50-100 I-Ig/g range have been linked to the
low reproductive rate of grey, harbour and

. ringed seals in the Baltic (Helle et a l , 1976a;
Jensen et al , 1979). Premature parturition in
Ca1iforni a sea 1ions has been 1inked to z:DDT
levels in the 626-1039 IJ.g/g range and PCB levels
in the 85-145 IJ.g/g range (Delong et al. 1973).
Porpoises in the North Sea (index no. 76, 23),
the Mediterranean coast of France (index no.
79), the Bay of Fundy (index no. 92A) and the
California coast have PCB levels in the 50-200
IJ.g/g range which may put these populations at
ri sk ,

CHLORINATED HYDROCARBONS IN PINNIPEDS

A large body of literature exists on con­
centrati ons of chl ori nated hydrocarbons in pi n­
nipeds. Holden (1972, 1975, 1978a) has reviewed
the literature and compared results reported for
pinnipeds in various geographical areas. Tables
13 and 14 1i st most of the pub1i shed reports of
z:DDT and PCBs, respectively, for pinnipeds in
northern waters up to mid 1983. Reports on sin­
gl e ani ma1s and those in southerly waters were
omitted. Mean concentrati ons of z:DDT and PCBs
in blubber were compared at the a=0.10 level of
si gnifi cance, by use of Scheff~ I s test as des­
cri bed for cetaceans. Means deri ved from fewer
than seven animals were omitted in order to
improve the comparison. Exceptionally high PCB
levels in five harbour seals from the North Sea
(index no. 288) were included in the PCB com­
parison and in several cases results from the
same species in the same locale, that were
reported separately by the authors (eg. adult
males and females) were pooled to increase sam­
ple size (index no. 106, 310, 214, 216).

Five distinct groups could be delineated
by Scheff~'s test on z:DDT levels in pinniped
blubber (Fig. 9). Sea lions from the California
coast, sampled in the early 1970's, had signifi-
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cantly higher z:DDT levels than all other pinni­
peds (index no. 325, 326A). Two groups of seals
from the Baltic Sea and Gulf of Bothnia (index
no. 281, 280, 252) had significantly higher EDDT
than all pinnipeds except California sea lions.
Harbour seals from the North Sea (index no. 212,
296) had z:DDT levels that were not significantly
different from those of harp, grey and ringed
seals in the Gulf of St. lawrence (index no.
313, 310, 226), Sable island (index no. 282,
283), Greenland (index no. 106, 214,322) or
Scotland (index no. 212, 296, 286A). A fifth
group consisted of female ringed seals from the
Baltic area (index no. 251, 253-255) and harbour
seals from the Gulf of Maine (index no. 165)
which differed significantly from the high and
low groups with z:DDT concentrations in the 50­
110 I-Ig/g range (Fig. 9).

Average PCB concentrations in pinniped
blubber that were compared statistically ranged
from 0.96-1470 I-Ig/g (generally reported on a wet
weight basis) (Fig. 10). Four distinct groups
emerge from the statistical comparison. Harbour
sea 1s from the North Sea coast of the Nether­
lands and Germany sampled in 1970-71· (index no.
288) and again in 1975-76 (index no. 324B) had
the highest average PCB levels reported for any
marine mammals. The 1970-71 samples were
significantly higher than all other results
while the 1975-7 6 results could not be di st i n­
guished statistically from grey, harbour, and
ringed seals from the Baltic (index no. 252­
255). One factor not taken into account in the
statistical comparison was the date of sample
collection. Most samples used in the comparison
were coll ected between 1968 and 1977. Use of
DDT was curtailed in Europe and North America by
the early 1970' s , Cons i stent decreas es in z:DDT
levels in blubber (from 20 I-Ig/g to 6 I-Ig/g) have
been noted in grey seals from the Farne Islands
sampled between 1968 and 1975 (Holden 1978b).
Harp seals from the Gulf of St. lawrence sampled
in 1973 were found to have lower levels of z:DDT
and PCB than those samp1ed in 1971 (Jones et
al , 1976). Other reports suggest that PCB
levels in seals did not decrease during the
1970's. Holden (1978b) reported virtually iden­
tical PCB levels in grey seals from the Farne
Islands between 1968 and 1975. Sergeant (1980)
reported PCB levels in harp seals (index no.
324, Table 14) sampled in 1979 that were very
similar to those reported by Addison et al ,
(1973) for samples collected in 1971 (index no.
310, 311).

As noted with organoch1ori ne res i dues in
cetaceans, the PCB and EDDT res i dues in pi nni ­
peds can provi de i nformati on on the geographi c
distribution of these contaminants. Sea lions
from the California coast (sampled in 1970) had
extraordinarily high Z:DDT levels (index no. 325,
326A) but they had PCB 1eve 1s that were about
10-fold lower and similar to those in seals from
the Baltic Sea (Fig. 10). The high z:DDT levels
in sea lions and dolphins from the California
coast reflect high contamination with DDT in
this region. PCB levels were up to 4-fold
higher in dolphins than in sea lions. Harbour
sea 1s from the North Sea coast of the Nether­
lands had high PCB levels but their z:DDT concen­
trations could not be distinguished statistical­
ly from ringed and grey seals in the Baltic or



harbour seals from the Bay of Fundy (Fig. 9).
EDDT levels were also higher than PCB in seals
from the Gulf of Bothnia and Bothnian Bay (index
no. 215-255). Pinnipeds in the Canadian Arctic
and Greenland had PCB andEDDT levels generally
less than 10 ~g/g in blubber (Fig. 9 and 10)
which suggests these contaminants are widely
dispersed, but no consistent trends in PCB/EDDT
ratios were apparent. Seals and walrus from
Greenland had 4 to 7-fold greater PCB levels
than EDDT (Clausen 1978; Born et al • 1981) as
did ringed seals from Holman Island (Addison and
Smith 1974). However, other seal samp 1es from
the Canadian Arctic and Greenland (mainly ringed
seals, index. no. 256, 257, 106, 107) had simi­
1ar or slightly higher (up to 2-fold) levels of
EDDT than PCB (Bowes and Jonkel 1975; Johansen
et a1. 1980).

The age range of the animals is included
in Fi g. 9 and 10, as stated by the authors,
since there have been several reports correla­
ting age of male pinnipeds with organochlorine
residue Ievels (Addison and Smith 1974; Helle
et a1. 1976b; Born et a1. 1981). Mature males
generally have the highest organochlorine levels
within a pinniped population. Female pinnipeds
have generally lower PCB and EDDT levels presum­
ably due to mobilization and excretion of organ­
ochlorines during lactation and their residue
levels do not correlate with age. Parturition
is not thought to be a major pathway of loss of
organochlorines since the foetus in both pinni­
peds and cetaceans contai ns 1ess than 1% of the
residue present in maternal blubber (Donkin et
al , 1981; Tanabe et a1. 1981). Addison and
Brodie (1977) demonstrated that during lacta­
tion, grey seals may excrete an amount of EDDT
and PCBs similar to that which they would likely
ingest from a fish diet.

Other organochlorine residues frequently
reported in pinniped tissues include HCB, HCH
isomers and dieldrin. Like the DDT residues,
dieldrin has been found to be decreasing in
blubber of grey seals from Scotland sampled
between 1965 and 1974 (Holden 1978a). Imp rove­
ments in analysis of chlorinated hydrocarbons by
use of capilliary columns and gas chromato­
graphy-mass spectrometry have brought about
identification of other chlorinated compounds
including chlordane isomers (Kerkhoff and De
Boer 1982), mirex (Ten Noever de Brauw et a1.
1973), toxaphene (Jansson et al. 1979) and poly­
chl ori nated terphenyls (PeT) (Renberg et al ,
1978). Toxaphene and Echlordane residues in
Baltic grey seal blubber were similar (10-11
~g/g) but were only 1-2% of the DDT and PCB
levels in the same sample. PCT levels in blub­
ber of three Baltic grey seals ranged from 0.5­
1.0 Ilg/g or 0.5-1.4% of PCB levels. The high
PCB levels in seal blubber have led to attempts
to identify polych 1ori nated di benzofu rans
(PCDFs) which are contaminants in PCB fluids and
are formed during pyrolysis or incomplete com­
bustion of PCBs (Bowes et al. 1973; Rappe and
Buser 1980). Rappe et al , (1981) confi rmed the
presence of a series of PCDFs totalling 40 pg/g
in Baltic grey seal blubber. The major com­
ponents identified were penta- and hepta- CDFs
as well as the toxic 2,3,7,8-CDF isomer
(1 pg/g). The PCDF components were present at
about 2.5x106 - fold less than PCB levels in the
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blubber. Individual PCB isomers have generally
not been monitored in pinniped blubber to date
and authors have reported residues based on com­
parison with commercial formulations such as
Aroch lor 1254/1260 or Phenochlor DP-6. Donk in
et a l , (1981) used a microwave plasma detector
to monitor chlorinated hydrocarbons in seal tis­
sues and i dent ifi ed PCB i somers based on Cl/C
rat i os , They reported that hexa - and hepta­
chlorobiphenyls were the major PCB isomers pre­
sent (actual congeners were ~ot identified)
representing about 87% of total PCB residues in
grey seal blubber. Donkin et al. (1981) also
determi ned tota 1 organoha 1ogens in seal b1ubber
extracts by microcoulometry and found that total
residue measured by GlC (as PCB, EDDT and diel­
drin) averaged 66.9% of that the organo-halogens
present. ·A major -portion of th~ remaining
organochlorine residue in blubber was likely in
the form of metabolites of PCBs and DDT. Jensen
and Jansson (1976) reported that methyl sulfone
metabolites of PCB and DOE were present at about
20 ~g/g in the Baltic seal blubber which con­
tained 150 ~g/g PCB and 138 ~g/g DOE. Phenolic
metabolites of PCBs and DOE have also been iden­
tified in field-collected seal excreta (Jansson
et al. 1975; Sundstrom et al. 1975).

High levels of PCBs (>100 ~g/gin blubber)
have been linked to premature parturition in sea
lions (Delong et al , 1973) and reproductive
failure in seals from the Baltic (Helle eta1.
1976b) and the Dutch Wadden Sea -(Duinker et a1.
1979) but the cause and effect relationships are
not well established. Helle et al , (1976b)
analysed 109 female seals (mainly ringed seals)
of reproductive age from the Baltic area and
found a hi gh frequency of patho1ogi ca 1 chan ges
in the uterus which explained the low rate of
reproduction •. They also found that EDDT and PCB
concent rati ons were si gnifi cant ly hi qher in the
group showing pathological changes than in those
which di d not show such changes. On revi ewing
the results of Helle et al , (1976b) (index no.
251), Holden (1978a) noted that the differences
in resi due levels between non-pregnant and preg­
nant females seemed insufficient to explain the
observed failure to reproduce. Nonpregnant
females can be expected to have higher organo­
chlorine levels since loss of residues via lac­
tation does not occur. The finding of PCDFs in
Baltic seal blubber including the toxic TCDF
isomer and further monitoring in 'other seal
populations may help explain the connection
between organoch 1ori ne 1eve 1s and rep roduct i ve
failure. PCDFs and PC DDs are known to have a
depressive effect on reproductive capacity in
mammals, and on the viability of offspring of
exposed mothers (McConnell 1980). A su rvey of
PCDFs and PCDDs in seal populations would be
useful to determine ratios of these micro con­
tami nants with PCBs and to identify popul ati ons
having high PCDF and PCDD exposure.

CONCLUDING REMARKS

We have attempted to extract some concen­
tration norms for toxicant burdens in marine
mammals from the existing data base. Only for
mercury and chlorinated hydrocarbons in pinni­
peds were the data numerous enough to approach



this goal. But even there, the available data
were sufficiently unsystematic from a geographic
and chronological point of view to preclude the
certain delineation of the various factors
separately, i ,e , geographic location, date of
sampling, and age of animals. Statistically,
the size of samples (consisting frequently of
only 1-5 ani rna 1s ) was more often than not too
small, and this should be remedied in future
data gatheri ngs. Vital i nformati on such as the
sex and age of ani rna 1s, as we 11 as the standard
deviation of the set of data comprising the sam­
ple, was frequently lacking. Such data do not
lend themselves well to statistical treatment.
The aging of whales, particularly narwhals and
belugas, is a problem that should be addressed
in vi ew of the connect i on between age and toxi­
cant burden. The data base for toxicant burdens
in cetaceans is presently too small to allow the
extraction of concentration norms for these ani­
mals. In view of the rapidly increasing
development of hitherto pristine areas, and the
anticipated banning in the future of the killing
of a number of wha 1especi es, the gathering of
such data is pressing.

Aside from the difficulties mentioned,
there is a further limitation imposed by the
natu re of the data; namely, that "total" heavy
metal concentrations are by themselves insuffi­
cient to assess either t~e health status of the
animals, or the effective toxicity of the toxi­
cant in question. Yet, these "total substance"
concent rati ons are important and necessary as
they are the only direct indicator of the actual
burden that an animal carries. Without such
"total" concentrations any other metal species
concentration datum is by itself incomplete and
insufficient. Total concentrations can provide
a much needed benchmark for what is to be regar­
ded as a "normal" or an "abnormal" heavy metal
burden for animals in the wild. The interpreta­
tion of such burdens in terms of the well-being
of the animal must, of course, be sought through
other types of data.

The available data base for marine mammals
is almost devoid of any reference to antagonis­
tic or synergistic effects of metals other than
mercury and selenium. Only in two studies to
date (Honda et ala 1983; Wagemann et ala 1983)
have elements other than these two also been
measured, and interrelationships shown to
exist. Whether these relationships are of such
generality as to be found in all cetaceans is
still an open question.

The data base for organoch 1ori ne res i dues
consists mainly of EDDT and PCB results. DDT
use has been 1arge ly eli mi nated and many past
uses of PCB's curtailed during the 1970's in
many regi ons adj acent to rna ri ne mamma 1 habitats
in northern waters. Future analysis will hope­
fully focus on other organochlorines in wide use
until recently, such as chlordane, HCH, toxa­
phene as well as PCDD's and PCDF's. Further
work on the phenolic and methyl sulfone metabo­
lites of PCB's, DDT and other chlorinated aroma­
tics would also be useful since this may provide
an insight into rates of elimination of these
cant ami nants, and est i mates of tota 1 body bur­
dens of each compound.
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Table 1. Reference concentrations of Hg (wet weight basis) in different tissues of Cetaceans.

Index Year No. of Mean I Hg \Jg/g
No.* Species Location Taken Tissue Animals Sex Length / Age mean ± S.D. Range Source

(m) (yrs)

Sei Hhale South Pacific 1972 Muscle+ 9 M&F 14.3 0.03 ± 0.02 0.02 - 0.07 Nagakura et al ,
(BaZaenoptera boreaZis) (1974 )

2 Sperm l~ha1e North Pac ifi c 1972 Muscle+ 7 M&F 11.4 1.31 ± 0.17 1.08 - 1. 56 Nagakura et al.
(Physeter oatodon) (1974)

3 Sperm Whale Antarctic Ocean 1972 Muscle+ 6 M&F 12.0 1.33 ± 0.20 0.93 - 1.48 Nagakura et al.
(Physeter oatodon) (1974 )

4 Fin Whale South Pacific 1948 Muscle+ 8 M&F 20.2 0.02 ± 0.01 0.01 - 0.03 Nagakura et al.
(BaZaenoptera physaZus) (1974)

6 Short Finned St. Lucia, 1972 Liver + 4 F 4.3 105.6 ± 65.2 19.2 - 157.0 Gaskin et al.
Pilot Whale West Indies Muscle 4 F 4.3 3.99 ± 1. 07 2.76 - 5.36 (1974) t--'(GZobioephaZa maororhynoha) Kidney 3 F 4.3 8.65 ± 2.50 6.0 - 11.0 w

7 Short Finned St. Lucia, 1972 Liver + 1 M 4.2 21.40 - - Gaskin et al.
Pilot Whale West Indies Muscle 1 M 4.2 4.0 - - (1974)

(GZobioephaZa maororhynoha) Kidney 1 M 4.2 14.0

15 Short Finned Cumberland Island 1977 Liver 1 FA 3.7 145.0 ± 10.5c - Stoneburner
Pilot Whale Georgia, USA Kidney 1 FA 3.7 13.02 ± 2.o2c - (1978)

(GZobioephaZa maororhynoha)

16 Short Finned Cumberland Island 1977 Liver 2 FB 3.7 361.0 ± 131. 5 268 - 454 Stoneburner
Pilot Whale Georgia, USA Kidney 2 FB 3.7 39.75 ± 22.56 23.8 - 55.7 (1978)

(GZobioephaZa maororhynoha)

17 Short Finned Cumberland Island 1977 Liver 1 M 3.9 56.90 ± 3.75 - Stoneburner
Pilot Whale Georgia, USA Kidney 1 M 3.9 4.79 ± 0.98 - (1978)

(GZobioephaZa maororhynoha)



Table 1. Continued

Index Year No. of Mean I Hg IIg/g
No.* Species Location Taken Tissue Animals Sex length / age mean! S.D. Range Source

(ril) (yrs)

8 Pilot Whale 14akayama, 1975 Muscle+ 12 - 3.4 / - 4.16 ± 0.72 3.01 - 5.18 Ar ima and
(Globicephala melaena) Japan Nagakura

(1979 )

5 Beluga Whale Hudson Bay, 1969 Liver + 1 - - - 8.87 - - Bligh and
(Delphinapterus leucas) Canada Muscle 1 - - - 0.97 - - Armstrong

Kidney 1 - - - 2.44 - - (1971 )

9 Beluga Whale Hudson Bay, 1971 Muscle+ 43 - - - 0.53 - - Bligh and
(Delphinapterus leucas) Canada Armstrong (1971)

11 Beluga Whale Mackenzie Delta 1972 Liver + 7 M&F 3.6 / - 6.26 ± 3.71 2.45 - 12.1 Lutz and I--'
(Delphinapterus leucas) Kugma1it Bay, Muscle 7 M&F 3.6 / - 0.71 ± 0.14 0.60 - 1.0 Armstrong -""

W. Arctic Canada (unpublished)

20 Beluga Whale Mackenzie Delta 1977 Liver + 8 M&F - - 30.62 ± 20.53 8.48 - 56.3 Imperial Oil
(Delphinapterus leucas) and Estuary, Muscle 11 M&F - - 2.12 ± 1.15 0.14 - 4.33 (1978)

W. Arctic Canada Blubber 11 M&F - - 0.08 ± 0.09 <0~01 - 0.28

22 Be1uga 14ha1e Baltic Sea 1977 Liver + 1 - 2.7 / - 4.4 - - Huschenbeth
(Delphinapterus leucas) Muscle 1 - 2.7 / - 1.6 - - (1977 )

10 Narwhal Eastern Arctic 1971 Muscle+ 2 - - 0.64 - - Bligh and
(Monodon monoceros) (Armstrong (1971)

12 Narwhal Pond Inlet 1977 Liver + 6 - - - 5.98 ± 3.13 2.05 - 8.87 Fa 11 is
(Monodon monoceros) Baffin Island, Muscle 6 - - - 0.84 ± 0.32 0.45 - 1. 26 (unpublished)

Canada Kidney 6 - - - 1.18 ± 0.57 0.63 - 2.1
Blubber 6 - - - <0.01 - <0.01

13 Narwhal Pond Inlet 1979 Liver + 37 M&F 3.7 / - 6.10 ± 3.13 0.57 - 13.1 Wagemann et al.
(Monodon monoceros) Baffin Island, Muscle 58 M&F 4.3 / - 0.85 ± 0.04 0.22 - 1. 59 (1983 )

Canada Kidney 54 t1.'\.F 3.8 / - 1.71 ± 0.14 0.37 - 5.69
Blubber 44 r1&F 4.2 / - 0.03 ± 0.01 <0.005 - 0.06



Table 1. Continued

Index Year No. of Mean I Hg IJg/g
fio. * Species Location Taken Tissue Animals Sex len~th / age mean :t S.D. Range Source

(m) (yrs)

14 Minke Whale Umanak. 1972 Liver + 4 - - - 0.15 ± 0.08 t 0.09 - 0.25 Johansen et al.
(Balaenoptera acutoroBtrataJ W. Greenland Muscle 9 - - - 0.11 ± 0.05 t 0.06 - 0.21 (1980)

18 Minke Whale Disko Bay, 1978 Liver + 6 - - - 0.18 ± 0.13 t 0.07 - 0.41 Johansen et al.
(Balaenoptera acutoroBtrataJ W. Greenland Muscle 6 - - - 0.15 ± 0.06 t 0.09 - 0.25 (1980)

23 Bottlenose Whale North Sea 1977 Liver + 1 - 5.7 / - 0.38 - - Huschenbeth
(Hypoeroodon ampullatuBJ Muscle 1 - 5.7 / - 0.33 - - (1977 )

24 Harbour Porpoise St. Johns 1973 Muscle+ 1 F 0.95 / 0.5 0.25 - - Gaskin et al.
(Phocoena phocoenaJ Newfoundland, (1979)

E. Canada

25 Harbour Porpoise Deer Island 1969 Liver + 10 M 1.3 / 4.1 7.26 ± 8.67 - Gaskin et al. I-'

(Phocoena phocoenaJ New Brunswick. Muscle 24 M 1.3 / 4.1 0.59 ± 0.40 - (1979 ) en
E. Canada Kidney 11 M 1.3 / 4.1 1.30 ± 0.86·

26 Harbour Porpoise Deer Island 1972 Liver + 10 M 3.7 / 1. 3 3.91 ± 3.73 - Gaskin et al.
(Phocoena phocoenaJ New Brunswick, 1974 Muscle 15 M 3.7 / 1. 3 0.75 ± 0.43 - (1979)

E. Canada Kidney 6 M 3.7 / 1.3 1.04 ± 0.23

27 Harbour Porpoise Deer Island 1975 Liver + 21 M 4.3 / 1.4 16.48 ± 11.07 - Gaskin et al.
(Phocoena phocoenaJ New Brunswick, 1976 Muscle 21 M 4.3 / 1.4 1.26 ± 0.57 - (1979 )

E. Canada Kidney 6 M 4.3 / 1.4 3.56 ± 1.02

28 Harbour Porpoise Deer Island 1969 Liver + 16 F 2.5 / 1. 3 17.91 ± 38.16 - Gaskin et al.
(Phocoena phocoenaJ New Brunswick, 1973 Muscle 35 F 2.5 / 1.3 0.88 ± 0.57 - (1979)

E. Canada Kidney 13 F 2.5 / 1. 3 1.56 ± 1. 30

29 Harbour Porpoise Deer Island 1974 Liver + 5 F 2.8 / 1. 4 10.96 - - Gaskin et al.
(Phocoena phocoenaJ New Brunswick, 1977 Muscle 7 F 2.8 / 1.4 1.24 ± 0.52 - (1979 )

E. Canada Kidney 5 F 2.8 / 1.4 2.92



Table 1. Continued

Index Year No. of Mean I Hg \.lg/g
No.* Species Location Taken Tissue Animals Sex length / age mean ~, S.D. Range Source

(m) (yrs)

30 Harbour Porpoise Baltic Sea 1977 Liver + 1 - 0.80 / - 0.70 - - Huschenbeth
{Phocoena phocoenaJ Muscle 1 - 0.80 / - 0.15 - - (1977)

31 Harbour Porpoise Baltic Sea 1977 Liver + 1 - 1.3 / - 2.5 - - Huschenbeth
{Phocoena phocoenaJ Muscle 1 - 1.3 / - 0.92 - - (1977 )

32 Harbour Porpoise North Sea 1977 Liver + 1 - 1.5 / - 28.0 - - Huschenbeth
{Phocoena phocoenaJ ~~usc1e 1 - 1.5 / - 3.3 - - (1977 )

33 Harbour Porpoise Bay of Fundy, 1969 Liver + - M - - - - 0.89 - 18.3 Gaskin et al.
{Phocoena phocoenaJ E. Canada 1971 Muscle - M - - 0.75 - 0.21 - 1. 92 (1972 )

34 Harbour Porpoise Bay of Fundy, 1969 Liver + - F - - - - 0.55 - 91.3 Gaskin et al.
{Phocoena phocoenaJ E. Canada 1971 Muscle - F - - 1. 02 - 0.26 - 2.58 (1972 ) I--'

m
35 Harbour Porpoise Grand Manan Isle 1971 Liver + 4 M 1.3 / 3.1 3.29 ± 3.30 - Gaskin et al.

{Phocoena phocoenaJ New Brunswick, Muscle 8 M 1.3 / 3.1 0.66 ± 0.25 - (1979)
E. Canada Kidney 4 M 1.3 / 3.1 1.14 ± 0.36

36 Harbour Porpoise Grand Manan Isle 1972 Liver + 3 F 1.6 / 5.0 11.3 ± 9.18 - Gaskin et al.
{Phocoena phocoenaJ New Brunswick, Muscle 3 F 1.6 / 5.0 1.56 ± 0.86 - (1979)

E. Canada Kidney 1 F 1.6 / 5.0 2.40

37 Harbour Porpoise Digby, Nova Scotia 1970 Liver + 8 M 1.3 / 3.9 3.96 ± 4.58 - Gaskin et al.
{Phocoena phocoenaJ E. Canada Muscle 11 M 1.3 / 3.9 0.86 ± 0.56 - (1979)

Kidney 7 M 1.3 / 3.9 1.27 ± 0.90

38 Harbour Porpoise Digby, Nova Scotia 1970 Liver + 4 F 1.5 / 5.2 30.7 ± 26.2 - Gaskin et al.
{Phocoena phocoenaJ E. Canada Muscle 9 F 1.5 / 5.2 1.48 ± 0.69 - (1979 )

Kidney 2 F 1.5 / 5.2 1.81 ± 0.97

39 Harbour Porpoise Atlantic Coast of 1970 Liver + 5 M&F 1.5 / 4.6 19.6 ± 1. 99 - Gaskin et al.
{Phocoena phocoenaJ Nova Scotia Muscle 5 M&F 1.5 / 4.6 0.99 ± 0.47 - (1979 )

Canada Kidney 4 M&F 1.5 / 4.6 1.49 ± 0.66



Table 1. Continued

Index Year No. of Mean I Hg vs/s
No ,* Species Location Taken Ii ssue Animals Sex 1enqth / age mean ,> S.D. Range Source

(m) (yrs)

40 Harbour Porpoise Boothbay Harbour - Liver 1 F 1.0 / 1 1.13 - - Gaskin et al.
(Phocoena phocoenaJ Maine, USA Kidney 1 F 1.0 / 1 0.68 - - (l979 )

41 Harbour Porpoise Naragansett Bay 1971 Liver + 1 F 1.2 / 1 2.54 - - Gaskin et al.
(Phocoena phocoenaJ Rhode Island, 1972 Muscle 2 F 1.2 / 1 0.71 ± 0.60 - (1979 )

USA Kidney 1 F 1.2 / 1 2.74

42 Harbour Porpoise Prince Edward Muscle+ 1 M 1.5 / 5 1. 12 - - Gaskin et al.
(Phocoena phocoenaJ Island, E. Canada (l979 )

95 Harbour Porpoise Coast of Denmark 1972- Liver 4 M&F - / 1-3 22 - 1.5 - 69 Andersen and
(Phocoena phocoenaJ 1973 Muscle 4 M&F - / 1-3 1.9 - 0.8 - 3.2 Robsdorff (l976)

96 Harbour Porpoise E. Coast of 1974 Liver 17 M - - 3.42 ± 3.32 0.29 - 10.6 Falconer et al. I-'(Phocoena phocoenaJ Scotland Kidney 17 M - - 1.23 ± 0.66 0.47 - 2.82 (l983 ) -.....J

97 Harbour Porpoise E. Coast of 1974 Liver 6 F - - 6.03 ± 5.89 0.28 - 15.9 Falconer et al.
(Phocoena phocoenaJ Scotland Kidney 6 . F - - 1.02 ± 0.63 0.23 - 1.79 (l983 )

43 Finless Black Porpoise Kanagawa, Japan 1973 Muscle+ 1 - 0.72 / fetus 0.16 - - Arima and
(Neophoeaena Nagakura

phocaenoides) (l979 )

44 Long Snouted Dolphin St. Lucia, 1972 Liver + 1 F 1.8 / - 6.0 - - Gaskin et al.
(Stenella longirostris) Lesser Antilles Muscle 1 F 1.8 / - 1. 33 - - (1974)

Kidney 1 F 1.8 / - 2.28

45 Long Snouted Dolphin St. Lucia, 1972 Liver + 1 M 1.9 / - 13.0 - - Gaskin et al.
(Stenella longirostris) Lesser Antilles Muscle 1 M 1.9 / - 0.87 - - (1974)

Kidney 1 M 1.9 / - 2.68

46 White Dotted Dolphin Wakayama,Japan 1972 Muscle+ 1 - 1.7 / 4-5 1. 66 - - Arima and
(Stenella attenuata) Nagakura

(1979)



Table 1. Continued

Index Year No. of Mean I Hg IJg/g
No.* Species Location Taken Tissue Animals Sex Length / Age mean ± S.D. Range Source

(m) (yrs)

47 White Dotted Dolphin Wakayama, 1973 Muscle+ 1 - 0.86 / fetus 0.61 - - Arima and
(Stenella attenuata) Japan Naga kura (1979)

48 Blue-White Dolphin T Shizouka, 1974 Muscle+ 10 - 2.2 / '\,15 6.73 ± 4.51 2.28 - 9.43 Arima and
(Stenella caeruleoalba) Japan Nagakura (1979)

49 Blue-White Dolphin T Shizouka, 1973 Muscle+ 1 - 0.94 / fetus 0.95 - - Arima and
(Stenella caeruleoalba) Japan Nagakura (1979)

50 Pacific Bottlenose Shizouka, 1973 Muscle+ 1 - 3.1 / '\,22 51.8 - - Arima and ~
Dolphin Japan Nagakura (1979)
(Tursiops giUi)

98 5triped Dolphin T E. Coast of 1977- Liver 45 M&F - - 2.05 ± 1. 38 1.70 - 4.85 Honda et al.
(Stenella caeruleoalba) Japan, 1980 Muscle 51 M&F - - 7.02 ± 4.06 0.46 - 15.7 (1983 )

Izu Peninsula Kidney 20 M&F - - 8.71 ± 6.07 0.91 - 17.6

* - Different tissues belong to the same animal or groups of animals which have the same Index No.
+ - Dorsal meat
-r - S.D. estimated from the range
A - Gravid
B - Non-gravid
c - S.D. from repeated analysis of the same sample
'\, - Approximately

T - Blue-White and Striped 'Dolphins are used interchangeably, depending on the name used in the original literature.



Table 2. Reference concentrations of Zn, Cu, Pb (wet weight basis) in different tissues of Cetaceans.

Index Year No. of Mean I Zn IJg/g
Ho.* Species Location Taken Tissue Animals Sex length / age mean :t S.D. Range Source

(m) (yrs)

12 Narwhal Pond Inlet 1977 Liver + 6 - - - 26.47 ± 4.35 21.2 - 31.1 Fallis
(Monodon monoceros) Baffin Island, Muscle 6 - - - 21.65 ± 8.15 15.6 - 29.6 (unpublished)

Canada Kidney 6 - - - 33.90 ± 7.97 24.8 - 44.8
Blubber 6 - - - 0.58 ± 0.13 0.37 - 0.75

13 Narwhal Pond Inlet 1979 Liver + 37 M&F 3.7 / - 38.8 ± 9.85 23.98 - 63.61 Hagemann et a1.
(Monodon monoceros) Baffin Island, Muscle 58 M&F 3.8 / - 17.8 ± 3.06 12.43 - 28.41 (1983)

Canada Kidney 54 M&F 3.8 / - 41.1 ± 9.11 3.83 - 85.80
Blubber 44 M&F 3.8 / - 1.12 ± 0.65 0.25 - 2.58

19 Narwhal Admiralty Inlet, 1975 Liver 26 - - - 38.37 14.03 15.5 - 87.9 Fa 11 is
(Monodon monoceros) E. Arctic Canada Muscle 27 - - - 21.22 6.16 13.8 - 40.4 (unpublished)

Blubber 11 - - - 3.93 3.91 0.58 - 11.80

30 Harbour Porpoise Baltic Sea 1977 Liver 1 F 0.80 / - 50.0 - - Harms et al.
(Phocoena phocoena) Muscle 1 F - - 21.0 - - (1978 )

I-'31 Harbour Porpoise Baltic Sea 1977 Liver 1 M 1.26 / - 34.0 - - Harms et al. co
(Phocoena phocoena) Muscle 1 M - - 12.4 - - (1978 )

Kidney 1 M - - 20.0

32 Harbour Porpoise North Sea 1977 Liver 1 F 1.53 / - 49.0 - - Harms et al.
(Phocoena phocoena) Muscle 1 F - - 14.4 - - (1978 )

Kidney 1 24.4

95 Harbour Porpoise Coast of Denmark 1972 Liver 4 M&F - / 1-3 59 - 45 - 72 Andersen and
(Phocoena phocoena) 1973 Muscle 4 M&F - / 1-3 19 - 18 - 21 Robsdorff (1976)

96 Harbour Porpoise E. Coast of 1974 Liver 17 M - - 43.2 ± 12.2 18.4 - 67.6 Falconer et al.
(Phocoena phocoena) Scotland Kidney 17 M - - 23.8 ± 2.96 19.5 - 33.1 (1983)

97 Harbour Porpoise E. Coast of 1974 Liver 6 F - - 43.7 ± 5.68 36.7 - 51.9 Falconer et al.
(Phocoena phocoena) Scotland Kidney 6 F - - 23.1 ± 2.01 20.3 - 25.3 (1983)

98 Striped Dolphin
(SteneZZa caeruZeoaZba)

E. Coast of
Japan
Izu Peninsula

1977­
1980

Liver
Muscle
Kidney

57
59
30

M&F
M&F
M&F

44.5 ±

11.4 ±
30.1 ±

13.2
2.45
4.67

26.5 - 109
6.86- 20.4

22.8 - 41.2

Honda et al.
(1983 )



Table 2. Continued

Index Year No. of Mean I Cu Ilg!g
No.* Species Location Taken Ii ssue Animals Sex 1enqth/aqe mean ± S.D. Range Source

(m) (yrs)

13 Narwhal Pond Inlet 1979 Liver + 37 M&F 3.7 / - 5.27 ± 2.20 1.98-20.31 Wagemann et a1.aJonodon monoaeros} Baffin Island, Muscle 58 M&F 4.3 / - 0;66 ± 0.15 0.45 - 1.15 (1983 )Canada Kidney 54 M&F 3.8 / - 2.34 ± 0.43 1.81 - 3.49
Blubber 44 M&F 3.8 / - 0.08 ± 0.07 <0.01 - 0.38

30 Harbour Porpoise Baltic Sea 1977 Liver 1 F 0.80/ - 15.0 - - Harms et a1.(Phoaoena phoaoena) Muscle 1 F 2.7 - - (1978)
31 Harbour Porpoise Baltic Sea 1977 Liver 1 M 1.26/ - 4.0 - - Harms et al.(Phoaoena phoaoena) 14usc1 e 1 M - - 1.8 - - (1978)

Kidney 1 M - - 3.1 - - N
032 Harbour Porpoise North Sea 1977 Liver 1 F 1.53/ - 6.0 - - Harms et a1.(Phoaoena phoaoena) Muscle 1 F - - 2.1 - - (1978 )

Kidney 1 F - - 3.2

95 Harbour Porpoise Coast of Denmark 1972- Liver 4 M&F - / 1-3 4.5 - 2.6 - 8.3 Andersen and(Phoaoena phoaoena) 1973 Muscle 4 M&F - / 1-3 - - - Robsdorff (1976)

96 Harbour Porpoise E. Coast of 1974 Liver 17 M - - 7.29 ± 2.94 2.74 - 12.80 Falconer et a1.(Phoaoena phoaoena) Scotland Kidney 17 M - - 3.83 ± 0.52 2.64 - 4.77 (1983)
97 Harbour Porpoise E. Coast of 1974 Liver 6 F - - 7.21 ± 2.64 2.65 - 10.30 Falconer et a1.(Phocoena phocoena ) Scotland Kidney 6 F - - 3.59 ± 0.26 3.16 - 3.88 (1983 )
98 Striped Dolphin E. Coast of 1977- Liver 57 M&F - - 8.09 ± 1.87 3.57 - 15.2 Honda et a1.

(Siienel La Japan 1980 Muscle 59 M&F - - 2.04 ± 0.36 1.78 - 3.37 (1983 )aaeruZeoaZba} Izu Peninsula Kidney 30 M&F - - 3.13 ± 1.25 1.46 - 6.05



Table 2. Continued

Index Year No. of Mean I Pb jJg/g
tlo.* Species Location Taken Tissue Animals Sex length / age mean ± S.D. Range Source

(m) (yrs )

12 Narwhal Pond Inlet 1977 Liver + 6 - - - 0.17 ± 0.13 <0.05 - 0.32 Fa 11 is
(Monodon monoceros) Baffin Island, Muscle 6 - - - 0.11 ± 0.06 0.08 - 0.32 (unpublished)

Canada Kidney 6 - - - 0.21 ± 0.27 0.07 - 0.76
Blubber 6 - - - 0.31 ± 0.34 <0.05 - 0.75

13 Narwhal Pond Inlet 1979 Liver + 37 M&F 3.7 / - 0.03 ± 0.01 0.01 - 0.06 Hagemann et al.
(Monodon monoceros) Baffin Island, Muscle 58 M&F 4.3 / - 0.01 ± 0.01 0.n03 - 0.037 (1983)

Canada Kidney 54 M&F 3.8 / - 0.02 ± 0.01 0.006 - 0.079
Blubber 44 M&F 3.8 / - 0.02 ± 0.01 <0.01 - 0.09

19 Narwhal Admiralty Inlet, 1975 Liver + 26 - - - 0.11 ± 0.13 <0.04 - 0.57 Fa 11 is
(Monodon monoceros) E. Arctic Canada Muscle 27 - - - 0.05 ± 0.07 <0.04 - 0.34 (unpublished)

Blubber 11 - - - 0.27 ± 0.78 <0.04 - 2.62

30 Harbour Porpoise Baltic Sea 1977 Liver 1 F 0.80 / - 0.17 - - Harms et al. N
(Phocoena phocoena) Muscle 1 F - - 0.03 - - (1978) f-'

31 Harbour Porpoise Baltic Sea 1977 Liver 1 M 1.26 / - 0.43 - - Harms et al.
(Phocoena phocoena) Muscle 1 M - - 0.07 - - (1978)

Kidney 1 M - - 0.15

32 Harbour Porpoise North Sea 1977 Liver 1 F 1.53 / - 0.35 - - Harms et al.
(Phocoena phocoena) Muscle 1 F - - 0.05 - - (1978)

Kidney 1 F - - 0.17

95 Harbour Porpoise Coast of Denmark 1972- Liver 4 M&F - / 1-3 3.5 - 1.9 - 5.3 Andersen and
(Phocoena phocoena) 1973 Muscle 4 M&F - / 1-3 3.3 - 1.6 - 4.7 Robsdorff (1976)

98 Striped Dolphin E. Coast of Japan 1977- Liver 57 M&F - - 0.22 ± 0.14 0.03 - 0.64 Honda et al.
(StenelZa Izu Peninsula 1980 Muscle 59 M&F - - 0.18 ± 0.072 0.04 - 0.26 (1983)

caeruZeoaZba) Kidney 30 ~1&F - - 0.17 ± 0.17 0.01 - 0.71

* - Different tissues belong to the same animal or groups of animals which have the same Index No.

+ - Dorsal meat



Table 3. Reference concentrations of Cd (wet weight basis) in different tissues of Cetaceans.

Index Year No. of Mean I Cd ).Ig/g
No.* Species Location Taken Tissue Animals Sex Length mean ± S.D. Range Source

(m)

12 Narwhal Pond Inlet 1977 Liver + 6 - - 7.76 ± 6.63 1.82 - 19.3 Fa 11 i S
(Monodon monoceros) Baffin Island, Muscle 6 - - 0.11 ± 0.11 0.03 - 0.32 (unpublished)

Canada Kidney 6 - - 30.51 ± 21.41 4.86 - 50.50
Blubber 6 - - 0.02 ± 0.02 0.02 - 0.05

13 Narwhal Pond Inlet 1979 Liver + 37 M&F 3.7 32.02 ± 33.2 1.28 - 130.8 Wagemann et al.
(Monodon monoceros) Baffin Island, Muscle 58 M&F 4.3 0.19 ± 0.22 0.01 - 1.12 (1983 )

Canada Kidney 54 M&F 3.8 63.5 ± 41.0 1.0 - 205.4
Blubber 44 M&F 3.8 0.05 ± 0.05 0.01 - 0.25

19 Narwhal Admiralty Inlet, 1975 Liver + 26 - - 30.41 ± 25.67 0.59 - 95.5 Fall is
(Monodon monoceros) E. Arctic Canada Muscle 27 - - 0.24 ± 0.24 <0.01 - 0.94 (unpublished)

Blubber 11 - - 0.04 ± 0.03 <0.01 - 0.10

15 Short Finned Cumberland Island, 1977 Liver 1 FA c N
3.7 12.70 ± 1.36c - Stoneburner N

Pilot Whale Georgia, USA Kidney 1 FA 3.7 41.80 ± 4.29c - (1978 )
(GZobicephaZa macrorhyncha) Blubber 1 FA 3.7 0.48 ± 0.04

16 Short Finned Cumberland Island, 1977 Liver 2 FB 3.7 15.80 ± 5.66 11.80 - 19.80 Stoneburner
Pilot Whale Georgia, USA Kidney 2 FB 3.7 27.95 ± 1. 20 27.1 - 28.8 (1978)

(GZobicephaZa macrorhyncha) Blubber 2 FB 3.7 0.67 ± 0.11 0.59 - 0.75

17 Minke Whale Disko Bay, 1978 Liver 1 M 3.9 11.30 c Stoneburner± 0.14c -
(Bal.aenaptiera W. Greenland Kidney 1 M 3.9 27.8 ± 1.74c - (1978)

acutorostrata) Blubber 1 M 3.9 0.34 ± 0.02

30 Harbour Porpoise Baltic Sea 1977 Liver 1 F 0.80 0.023 - - Harms et al.
. (Phocoena phocoena) Muscle 1 F - 0.002 - - (1978 )

31 Harbour Porpoise Baltic 1977 Liver 1 M 1.26 0.025 - - Harms et al.
(Phocoena phocoena) Muscle 1 M - 0.002 - - (1978)

Kidney 1 M - 0.077



Table 3. Continued

Index Year No. of Mean I Cd lJg/g
flo. * Species Location Taken Ti ssue Animals Sex length mean i S.D. Range Source

(m)

32 Harbour Porpoise North Sea 1977 Liver 1 F 1.53 0.19 - - Harms et al.
(Phocoena phocoenaJ Muscle 1 F - 0.006 - - (1978)

Kidney 1 F - 0.95

96 Harbour Porpoise E. Coast of 1974 Liver 17 M - 0.15 ± 0.13 <0.05 - 0.94 Falconer et al.
(Phocoena phocoenaJ Scotland Kidney 17 M - 1.11 ± 0.80 0.17 - 2.91 (l 983)

97 Harbour Porpoise E. Coast of 1974 Liver 6 F - 0.27 ± 0.34 <0.05 - 0.94 Falconer et al.
(Phocoena phocoena) Scotland Kidney 6 F - 2.68 ± 2.83 0.24 - 7.42 (983) N

w

98 Striped Dolphin E. Coast of 1977- Liver 57 M&F - 6.26 ± 2.32 0.04 - 11. 1 Honda et al.
(Btenel/la Japan, 1980 Muscle 59 M&F - 0.10 ± 0.064 0.01 - 0.25 (1983 )

cae:ruleoalbaJ Izu Peninsula Kidney 30 M&F - 24.8 ± 16.2 0.06 - 69.6

* - Different tissues belong to the same animal or groups of animals which have the same Index No.

+ - Dorsal meat

A - Gravid

II - Non-gravid

c - S.D. from 3 analyses of the same specimen.



Table 4. Reference concentrations of Se (wet weight basis) in different tissues of Cetaceans.

Index Year No. of f-1ean I Se \Jg/g
No.* Species Location Taken Tissue Animals Sex Length / Age mean ± S.D. Range Source

(m) (yrs)

8 Pilot Whale I~akayama • 1975 Muscle+ 12 - - - 0.88 ± 0.23 0.61 - 1. 30 Arima and
(Globiaephala malaena) Japan Nagakura (1979)

12 Narwhal Pond Inlet 1977 Liver + 6 - - - 5.54 ± 4.65 2.33 - 14.8 Fa 11 i s
(Monodon monoaeros) Baffin Island. Muscle 6 - - - 0.37 ± 0.09 0.25 - 0.51 (unpublished)

Canada Kidney 6 - - - 2.59 ± 0.49 1. 99 - 3.42
Blubber 6 - - - 0.03 ± 0.04 < 0.02 - 0.11

13 Narwhal Pond Inlet 1979 Liver + 37 M&F 3.7 / - 4.06 ± 1.84 0.62 - 7.98 ~Jagemann et a1.
(Monodon monoaeros) Baffin Island. Muscle 58 M&F 4.3 / - 0.44 ± 0.10 0.31 - 0.85 (l 983)

Canada Kidney 54 M&F 3.8 / - 3.15 ± 0.85 1.73 - 4.87
Blubber 44 M&F 3.8 / - 0.07 ± 0.06 < 0.01 - 0.28

15 Short Finned Cumberland Island 1977 Liver 1 FA 3.7 / - 61. 60 ± 1. 58c - Stoneburner
Pilot Whale Georgi a. USA Kidney 1 FA 3.7 / - 10.01 ± 1.28c - (l 978)

(Globiaephala N
.j:::>

maarorhynaha)

16 Short Finned Cumberland Island 1977 Liver 2 FB 3.7 / - 46.15 ± 18.74 32.90 - 59.40 Stoneburner
Pilot Whale Georgi a. USA Kidney 2 FB 3.7 / - 7.82 ± 2.45 6.09 - 9.55 (1978)

(Globiaephala
maarorhynaha)

17 Short Finned Cumberland Island 1977 Liver 1 M 3.g / - 22.80 ± 0.54c - Stoneburner
Pilot Whale Georgi a. USA (1978)

(GlobiaephaZa
macrorhunoha)

43 Finless Black Kanagawa. 1973 Muscle+ 1 - 0.72 / fetus 0.21 - - Arima and
Porpoise Japan Nagakura (1979)

(Neophoaaena
phoaaenoidea)



Table 4. Continued

Index Year No. of Mean I Se 119/9
No.* Species Location Taken Tissue Animals Sex Length / Age mean ± S.D. Range Source

(m) (yrs)

46 White Dotted Dolphin ~Jakayama, Japan 1972 Muscle+ 1 - 1.7 / 4-5 0.68 - - Arima and
(SteneZZa attenuata) Nagaku ra (1979)

47 White Dotted Dolphin Wakayama, Japan 1973 Muscle+ 1 - 0.86 / fetus 0.30 - - Arima and
(SteneZZa attenuata) Nagakura (1979)

48 Blue White Dolphin Shizuoka, Japan 1974 Muscle+ 10 - 2.2 / "'15 1.12 ± 0.68 0.51 - 2.48 Arima and
(steneZZa caeruZeoaZba) Nagakura (1979)

49 Blue White Dolphin Shizuoka, Japan 1973 Muscle+ 1 - 0.94 / fetus 0.22 - - Arima and N

(steneZZa caeruZeoaZba) Nagakura (1979) U'1

50 Pacific Bottlenose Shizuoka, Japan 1973 r~uscle+ 1 - 3.1 / ",22 13.9 - - Arima and
(TurBiopB giUi) Nagakura (1979)

* - Different tissues belong to the same animal or groups of animals which have the same Index No.

+ - Dorsal meat

~ - Approximately

A - Gravid

B - Non-gravid

c - S.D. from 3 analyses of the same specimen.



Table 5. Reference concentrations of Hg (wet weight basis) in different tissues of Pinnipeds.

Index Year No. of Mean I Hg \1g/g
No.* Species Location Taken Tissue Animals Sex age / weight mean ± S.D. Range Source

(yrs) (kg)

101 Ringed Seal Baltic Area 1967 Liver + 3 M adult / 46.7 137.8 ± 68.26 74.0 - 210 Henriksson and
(Phoca hispidaJ Muscle 3 M adult / 46.7 81.5 ± 101.0 14.2 - 196.9 Karppanen

(1969 )

102 Ringed Seal North Sea 1975 Liver 1 F - - 0.64 - - Harms et al.
(Phoca hispida} (1978 )

104 Ringed Seal Northern Baffin 1975 Liver 5 - - - 3.27 ± 0.75 1.41 - 5.18 Fa 11 is
{Phoca hispidaJ Island, (unpublished)

E. Arctic Canada

105 Ringed Seal Upernavik, 1973 Liver + 10 - - - 2.40 ± 1.491- 0.32 - 4.90 Johansen et al.
(Phooa hispidaJ W. Greenland Muscle 10 - - - 0.23 ± 0.16-1- <0.05 - 0.51 (1980)

N
106 Rinqed Seal Upernavik, 1974 Liver + 7 0.34 ± 0.38-1- <0.05 - 1.20 Johansen et al. 01- - -

(Phoca hispidaJ W. Greenland Muscle 7 - - - 0.09 ± 0.04-1- <0.05 - 0.12 (1980 )

107 Ringed Seal Daneborg, 1974 Liver + 7 - - - 2.9 ± 2.5--1- 1.4 - 8.1 Johansen et al.
(Phooa hispidaJ E. Greenland Muscle 7 - - - 0.42 ± 0.06-1- 0.25 - 0.42 (1980)

108 Rinqed Seal Upernavik, 1976 Liver + 31 - - - 2.1 ± 4.1 0.14 - 11.9 Johansen et al.
(Phoca hispida) W. Greenland Muscle 31 - - - 0.18 ± 0.18 -I- 0.02 - 0.55 (1980)

109 Ringed Seal Bothnian Bay, 1974 Liver + 12 - - - 91.0 ± 88.7 1- 14 - 300 Kari and
(Phoca hispida) W. Finland Muscle 8 - - - 1.10 ± 0.2ZI- 0.47 - 1.60 Kauranen

Kidney 2 - - - 4.0 ± 2.1-1- 2.8 - 5.2 (1978 )

110 Ringed Seal Saimaa, 1974 Liver + 3 - - - 230 ± 259-1- 72 - 510 Kari and
(Phoca hispidaJ S.E. Finland 1975 Muscle 3 - - - 3.5 ± 2.81- 1.3 - 6.1 Kauranen

Kidney 3 - - - 7.4 ± 6.6 1- 1.9 - 13 (1978 )
Blubber 2 - - - 0.30 ± O. 23-~ 0.14 - 0.46



Table 5. Continued

Index Year No. of Me-an I Hg \-1g/g
tlo.* Species Location Taken Tissue Animals Sex age / weight mean ± S.D._ Range Source

(yrs) (kg)

112 Ringed Seal Finnish Bay; 1968 Liver + 9 F adult / - 12.47 ± 8.83 2.5 - 27.6 Henriksson and
(Phoca hispidaJ Between Kotka Muscle 9 F adult/ - 0.91 ± 0.56 0.4 - 2.3 Karpannen

and Hogland Kidney 9 F adult / - 2.36 ± 1.40 1.1 - 4.8 (1969)

113 Ringed Seal Finnish Bay; 1968 Liver + 7 M adult / - 10.96 ± 6.30 5.7 - 23.3 Henriksson and
(Phoca hispidaJ Between Kotka Muscle 7 M adult / - 0.99 ± 0.69 <0.1 - 2.3 Karpannen

and Hogland Kidney 7 M adult / - 5.20 ± 1. 59 1.6 - 6.4 (1969)

114 Ringed Seal Baltic Area, 1968 Liver + 1 F juvenile/ 11.2 1.3 - - Henriksson and
(Phoca hispidaJ Vaistonselkii Muscle 1 F juvenile/ 11.2 0;3 - - Karpannen

Kidney 1 F juvenile/ 11.2 2.1 - - (1969)

115 Ringed Seal Ba lti c Area, 1968 Liver + 1 Mjuvenile/ 22.6 3.3 - - Henriksson and
(Phoca hispidaJ Seurasaari Muscle 1 Mjuvenile/ 22.6 0.2 - - Karpannen N

Kidney 1 Mjuvenile/ 22.6 2.7 - - (1969) -......J

116 Ringed Seal Baltic Area 1967 Liver + 3 F juvenile/ 29.2 9.83 ± 11.93 2.4 - 23.6 Henriksson and
(Phoca hispidaJ Muscle 3 F juvenile/ 29.2 2.53 ± 1. 65 0.7 - 3.9 Karpannen

Kidney 1 F juvenile/ 28 5.7 (1969)

117 Ringed Seal Aston Bay 1975 Liver + 88 - - - 19.33 ± 18.44 - Smith and
(Phoca hispidaJ Somerset Island, Muscle 89 - - - 0.44 ± 0.16 - Armstrong

E. Arctic Canada (1978 )

118 Ringed Seal Barrow Strait, 1976 Liver + 27 - 10.2 / - 16.14 ± 13.84 - Smith and
(Phoca hispidaJ E. Arctic Canada Muscle 27 - 10.2 / - 0.91 ± 0.38 - Armstrong

(1978 )

119 Ringed Seal Arctic Bay 1976 Liver + 36 - 0.3 / - 0.32 ± 0.08 - Smith and
(Phoca hispidaJ N.E. Baffin Island Muscle 37 - 0.3 / - 0.08 ± 0.07 - Armstrong

E. Arctic Canada (1978 )



Table 5. Continued

Index Year No. of Mean I Hg lJg/g
flo. * Species Location Taken Tissue Animals Sex age / weight mean ± S.D. Range Source

(yrs) (kg)

120 Ringed Seal S.E. Beaufort Sea 1972 Liver + 13 - 1. 3 / - 1.0 ± 1. 16 - Smith and
(Phoca hi.epi.da ) W. Arctic Canada Muscle 13 - 1. 3 / - 0.23 ± 0.11 - Armstrong

(1978)

121 Ringed Seal W.Victoria Island 1972 Liver + 83 - 12;8 / - 27.5 ± 30.1 - Smith and
(Phoca hi.spida) W. Arctic Canada Muscle 83 - 12.8 / - 0.72 ± 0.33 - Armstrong

(1978)

122 Ringed Seal Pond Inlet 1976 Liver + 33 - 5.2 / - 3.76 ± 3.42 - Smith and
(Phooa hi.epi.da ) N.E. Baffin Island, Muscle 33 - 5.2 / - 0.31 ± 0.17 - Armstrong

E. Arctic Canada (1978 )

124 Ringed Seal W.Victoria Island 1977 Liver 112 - 8.1 / - 25.54 ± 15.0 - Smith and
(Phooa hi.epi.da ) W. Arctic Canada Armstrong N

(1978 ) ex>

127 Ringed Seal Northern Baffin 1977 Musc1e+ 7 - - - 0.33 ± 0.06 0.16 - 0.57 Fall is
(Phoca hispida) Island, Kidney 1 - - - 2.32 - - (unpublished)

E. Arctic Canada

132 Grey Seal East Coast of 1975 Liver 9 M&F 0-3 / 54 11.45 ± 6.25 1.0 - 25.0 McKie et a1.
(Halichoerus grypus) Scotland Kidney 10 . M&F 0-3 / 59 1.95 ± 0.66 1.10 - 3.30 (1980 )

133 Grey Seal East Coast of 1975 Liver 8 .M&F 4-6 / 92 21.39 ± 16.22 4.10 - 54.0 McKie et a1.
(Halichoerus grypus) Scotland Kidney 7 t1&F 4-6 / 92 2.43 ± 0.71 1.37 - 3.38 (1980)

134 Grey Seal East Coast of 1975 Liver 3 M 7-9 / 163 36.77 ± 10.81 24.4 - 44.4 McKie et a1.
(Halichoerus grypus) Scotland Kidney 3 M 7-9 / 163 2.96 ± 0.56 2.33 - 3.70 (1980 )

135 Grey Seal East Coast of 1976 Liver 11 M&F 0-3 / 67 24.4 ± 27.45 3.14 - 89.3 McKie et a1.
(Halichoerus grypus) Scotland Kidney 11 M&F 0-3 / 67 2.45 ± 1.18 0.84 - 4.56 (1980)



Table 5. Continued

Index Year No. of Mean I Hg pg/g
Ilo.* Species Location Taken Tissue Animals Sex age / weight mean ± S.D. Range Source

(yrs) (kg)

136 Grey Seal East Coast of 1976 Liver 7 M&F 4-6 / 98 31.8 ± 24.2 2.64 - 77 .3 McKie et al.
(Halichoerus grypus) Scotland Kidney 7 M&F 4-6 / 98 2.38 ± 0.66 1.48 - 3.32 (1980)

137 Grey Seal East Coast of 1976 Liver 5 M 7-9 / 142 36.6 ± 17.6 11.7 - 48.1 tkKie et a1.
(Halichoerus grypus) Scotland Kidney 5 M 7-9 / 142 3.72 ± 1.16 2.55 - 5.64 Ci980)

138 Grey Seal East Coast of 1977 Liver 4 M&F 0-3 / 63 20.3 ± 12.1 11 .5 - 37.9 1'1cKie et al .
(Halichoerus grypus) Scotland Kidney 4 M&F 0-3 / 63 3.81 ± 1.77 1.72 - 6.0 (1980)

139 Grey Seal East Coast of 1977 Liver 9 M&F 4:-6 / 91 21.18 ± 14.87 0.26 - 48.6 ~1cKie et a1.
(Halichoerus grypus) Scotland Kidney 9 M&F 4-6 / 91 2.44 ± 1. 12 0.88 - 3.69 (1980)

140 Grey Seal East Coast of 1977 Liver 3 M&F 7-9 / 129 49.1 ± 65.8 0.23 - 123.9 r~cKie et al.
(Halichoerus grypus) Scotland Kidney 3 M&F 7-9 / 129 4.39 ± 2.06 1.71 - 6.73 (1980) N

1O
141 Grey Seal East Coast of 1978 Liver 2 M 0-3 / 91 50.3 ± 40.8 9.55 - 9.11 McKie et al.

(Halichoerus grypus) Scotland Kidney 2 M 0-3 / 91 3.17 ± 0.90 2.27 - 4.06 (l98D)

142 Grey Seal East Coast of 1978 Liver 6 M&F 4-6 / 103 39.17 ± 21.72 12.3 - 74.7 McKie et al.
(Halichoerus grypus) Scotland Kidney 5 M&F 4-6 / 103 2.55 ± 1.30 1.41 - 4.42 (1980 )

143 Grey Seal East Coast of 1978 Liver 5 M&F 7-9 / - 61.80 ± 44.76 37.0 - 125.9 McKie et al ,
(Halichoerus grypus) Scotland Kidney 4 M&F 7-9 / - 3.20 ± 0.96 2.33 - 4.31 (l980)

144 Grey Seal Sable Island, 1973 Liver 6 M&F 10.7 / - 94.45 ± 50.36 24.4 - 170.0 Sergeant and
(Halichoerus grypus) Eastern Canada Kidney 6 M&F 10.7 / - 1.20 ± 0.45 0.72 - 1.80 Armstrong

(l973 )

145 Grey Seal Sable Island, 1973 Liver + 1 - 1 / - 14.3 - - Sergeant and
(Halichoerus grypus) Eastern Canada Muscle 1 - 1 / - 1.80 - - Armstrong

(l973)

146 Grey Seal Sable Island 1973 Liver + 1 M 25 / - 387 - - Sergeant and
(Halichoerus grypus) Eastern Canada Muscle 1 M 25 / - 2.35 - - Armstrong (1973)



Table 5. Continued

Index Year No. of Mean I Hg 119/9
flo. * Species Location Taken Tissue Animals Sex aqe / mean ± S.D. Range Source

(yrs)

147 Grey Seal Sable Island 1973 Liver + 3 M&F pups 0.74 ± 0.39 0.46 - 1. 18 Sergeant and
(Halichoerus grypus) Eastern Canada Muscle 3 M&F pups 0.35 ± 0.17 0.17 - 0.50 Armstrong

(1973)
I w148 Grey Seal Farne Islands - Liver 24 M - 43.0 - - Caines 0

(Halichoerus grypus) N.E. England Kidney 27 M - 4.12 - - (1978)

149 Grey Seal Farne Islands - Liver 38 F - 141.5 - - Caines
(Halichoerus grypus) N.E. England Kidney 37 F - 4.32 - - (1978)

150 Grey Seal East Anglia. - Liver 2 - adult & 120 ± 78 65 - 175 Holden
(Halichoerus grypus) Enl]land

Muscle+
sub-adult (1975)

2 - adult & 4.0 ± 2.69 2.1 - 5.9
sub-adult

Kidney 2 - adult & 37.9 ± 42.6 7.8 - 68
sub-adult

Blubber 2 - adult & 0.75 ± 0.92 0.1 - 1.4
sub-adult



Table 5. Continued

Index Year No. of Mean I Hg \Jg/g
No.* Species Location Taken Tissue Animals Sex age / 1ength mean :t S.D. Range Source

(yrs) (m)

151 Grey Seal East Anqlia - Liver + 1 - 1 / - 6 - - Holden
(Halichoerus grypus) England Muscle 1 - 1 / - 1.7 - - (1975 )

Kidney 1 - 1 / - 4.3
Blubber 1 - 1 / - 0.2

152 Grey Seal Fourchu Bay 1972 Liver + 1 M pup / 1. 32 4.1 - - Freeman
(Halichoerus grypus) Nova Scotia, Muscle 1 M pup / 1. 32 0.77 - - and Horne

E. Canada Kidney 1 M pup / 1. 32 1.5 - - (1973)
Blubber 1 M pup / 1. 32 0.062

153 Grey Seal North Sea 1975 Liver 1 M 2 / - 19.5 - - Harms et al.
(Halichoerus grypus) (1978 )

155 Grey Seal Fourchu Bay 1972 Liver + 1 F pup / 1.22 2.8 - - Freeman
(Halichoerus grypus) Nova Scotia, Muscle 1 F pup / 1.22 0.58 - - and Horne

E. Canada Kidney 1 F pup / 1.22 1.5 - - (l973 )
Blubber 1 F pup / 1.22 0.036

w
156 Grey Seal Fourchu Bay 1972 Liver + 2 M&F - / 1. 54 10.5 ± 0.71 10 - 11 Freeman I-'

(Halichoerus grypus) Nova Scotia, Muscle 2 M&F - / 1. 54 0.86 ± 0.01 0.85 - ·0.86 and Horne
E. Canada Kidney 2 M&F - / 1. 54 2.9 ± 0.14 2.8 - 3.0 (1973 )

Blubber 2 M&F - / 1. 54 0.078 ± 0.032 0.055- 0.10

157 Grey Seal Fourchu Bay 1972 Liver + 2 M&F - / 2.04 28.0 ± 2.83 26 - 30 Freeman
(Halichoerus grypus) Nova Scotia, Muscle 2 M&F - /. 2.04 1.6 ± 0.0 1.6 - 1.6 and Horne

E. Canada Kidney 2 M&F - / 2.04 5.35 ± 0.49 5.0 - 5.7 (1973)
Blubber 2 M&F - / 2.04 0.098 ± 0.017 0.086- 0.11

158 Grey Seal Grea t Britain 1977 Liver 2 M - - 27B ±ll 15 - 39 van de Ven et al.
(Halichoerus grypus) (1979)

159 Grey Seal Great Britain 1977 Liver 6 F 7.2 / - 53.7B
:t 42.8 17 - 127 van de Ven et al.(Halichoerus grypus) (1979)

160 Grey Seal Great Brita in 1977 Liver 2 F - - 78.0B ± 9.9 71 - 85 van de Ven et al.
(Halichoerus grypus) (1979)

161 Grey Seal Great Britain 1977 Liver 5 - pups / - 1. 07 ± 0.78 0.55 - 2.30 van de Ven et al.(Halichoerus grypus)
(1979)



Table 5.

Index Year No. of Mean I Hg \.19/9
No.* Species Location Taken Tissue Animals Sex lenHth/weiHht mean ± S.D. Range Source

(m) (kg)

165 Harbour Seal Boothbay Harbour 1971 Liver + 2 M 0.90 I 27.9 4.70 ± 4.53 1.50 - 7.90 Gaskin et al.
(Phoca uitulina) Maine, USA Muscle 2 M 0.90 I 27.9 0.70 ± 0.48 0.36 - 1.04 (l973 )

Kidney 2 M 0.90 I 27.9 0.03 ± 0.01 0.027- 0.037

166 Harbour Seal Boothbay Harbour 1971 Liver + 2 F 0.88 I - 1. 21 ± 0.98 0.52 - 1. 91 Gaskin et al.
(Phoca vituZina) Maine, USA Muscle 2 F 0.88 I - 0.49 ± 0.39 0.21 - 0.76 (l973 )

Blubber 2 F 0.R8 I - 0.033 ± 0.007 0.028- 0.038

167 Harbour Seal Boothbay Harbour 1971 Liver + 2 M&F 1.24 I 64.2 3.40 ± 0.59 2.98 - 3.82 Gaskin et al.
(Phoca vituZina) Maine, USA Muscle 2 M&F 1.24 I 64.2 1.04 ± 0.70 0.55 - 1. 54 (l973 )

Blubber 2 M&F 1.24 I 64.2 0.076 ± 0.016 0.064- 0.087

168 Harbour Seal New Brunswick, 1971 Liver + 1 M '\,(J.3 I '\-20 1.72 - - Gaskin et al.
(Phoca uitul.ina) E. Canada Muscle 1 M '\,(J.03 I '\-20 0.35 - - (1973)

Blubber 1 M '\,(J.03 I '\-20 0.061

169 Harbour Seal New Brunswick, 1971 Liver 1 F '\-1.25 I '\-55 50.9 - - Gaskin et al.
(Phoca vi tu Zina) E. Canada Muscle 1 F '\-1.25 I '\-55 0.16 - - (1973) wBlubber 1 F '\-1.25 I '\-55 0.036 - - N

191 Harbour Seal New Brunswick 1971 Muscle+ 2 M ~7.51 '\-25 0.46 ± 0.12 0.38 - 0.55 Gaskin et al.
(Phoca vituZina) E. Canada Blubber 2 M ~7 .51 '\-25 0.08 ± 0.03 0.06 - 0.11 (1973)

Age I Length
(yrs) (m)

173 Harbour Seal Wadden Sea, 1974 Liver + 1 M 0.3 I 6 van de Ven et al.- 0.65
6 - -

(Phoca vituZina) Netherlands 1976 Muscle 1 M 0.3 I - 0.09
6 - - (1979)

Kidney 1 M 0.3 I - 0.68

174 Harbour Seal Wadden Sea, 1974 Liver + 1 F 0.5 I 6- 5.8 6 - - van de Ven et al.(Phoaa vi tiuUna) Netherlands 1976 Muscle 1 F 0.5 I - 0.55
6 - - (1979)Kidney 1 F 0.5 I - 3.2 6Blubber 1 F 0.5 I - 0.03

175 Harbour Seal Hadden Sea, 1974 Liver + 1 M 1 I - 366
van de Ven et al.(Phoca iri tul.ina) S - -Netherlands 1976 Muscle 1 M 1 I - 1. 6

6 - - (1979)Kidney 1 M 1 I - 2.3 6Blubber 1 M 1 I - 0.11



Table 5. Continued

Index Year No. of Mean I Hg \Jg/g
No.* Species Location Taken Tissue Animals Sex age / length mean ± S.D. Range Source

(yrs) (m)

176 Harbour Seal Wadden Sea, 1974 Liver 2 F 1 / - 55.5~ ± 6.36 51 - 60 van de Ven et al.
(Phoca vituZina) Netherlanrls 1976 Kidney 1 F 1 / - 4.9 13 - - (1979 )

Blubber 1 F 1 / - 0.08

177 Harbour Seal Netherlands 1974 Liver 1 M 24 / - 5513 - - van de Ven et al.
(Phoca vituZina) 1976 Kidney 1 M 24 / 13 (1979 )- 6.3 13 - -

Blubber 1 M 24 / - 0.07

178 Harbour Seal Netherlands 1974 Liver 1 F adult / - 250 13 - - van de Ven et al.
(Phoca iri tul.ina ) 1976 Kidney 1 F adult / - 146 - - (1979 )

Blubber 1 F adult / - 0.256

179 Harbour Seal San Miguel Isle, 1971 Liver 4 M&F - / 1.62 269 ± 290 81 - 700 Anas
(Phoca ui tul.ina) California, USA (l974b)

180 Harbour Seal Columbia River 1971 Liver 3 M&F - /1.19 24.5 ± 37.7 0.3 - 68.0 Anas
(Phoca uitulina) Oregon, USA (l974b) w

w184 Harbour Seal Pribilof Island, 1971 Liver 3 M&F - - 4.23 ± 4.25 0.6 - 8.9 Anas
(Phoca iri tul.ina) Alaska, USA (l974b)

185 Harbour Seal West Scotland 1969 Liver 6 - - - - - 0.05 - 1.13- Roberts et al.
(Phoca iritiulina) 1970 Kidney 6 - - - - - 0.04 - 3.5- (1976)

186 Harbour Seal East Anglia 1969 Liver 7 - - - - - 1.5 - 106C1. Roberts et al.
(Phoca ui tul.ina) (Scroby Sands 1970 Kidney 9 - - - - - 0.2 - 4.7- (1976 )

and the Wash)

187 Harbour Seal Sable Island, 1971 Liver + 4 M&F 1 / - 2.91 ± 0.57 2.14 - 3.49 Sergeant and
(Phoca ui tul.ina ) Eastern Canada Muscle 4 r~&F 1 / - 0.71 ± 0.04 0.67 - 0.75 Armstrong

Blubber 4 M&F 1 / - 0.04 ± 0.04 0.02 - 0.09 (1973)

188 Harbour Seal Sable Island, 1971 Liver + 4 M&F 5.2 / - 13.45 ± 6.97 6.91 - 21.7 Sergeant and
(Phoca ui tul-ina ) Eastern Canada Muscle 4 M&F 5.2 / - 0.44 ± 0.10 0.31 - 0.55 Armstrong

Bl ubber . 4 M&F 5.2 / - 0.33 ± 0.01 0.02 - 0.03 (1973 )

189 Harbour Sea1 East Anglia, - Liver 1 - 2 / - 60 - - Holden
(Phoca uitul ina) England Muscle 1 - 2 / - 2.6 - - (1975)

Kidney 1 - 2 / - 5.3
Blubber 1 - 2 / - 0.06



Table 5. Continued

Index Year No. of Mean I Hg jJg/g
tlo. * Species Location Taken Tissue Animals Sex age /weight mean ± S.D. Range Source

(yrs) (kg)

209 Hooded Seal Magdalen Island, 1971 Liver + 3 M 10 / - 37.2 ± 9.2 27.2 - 45.2 Sergeant and
(Cystophora cristataJ Gulf of St. Lawrence Muscle 3 M 10 / - 1.28 ± 0.66 0.62 - 1. 93 Armstrong

E. Canada Blubber 1 M 8 / - 0.08 ± - - (1973)

210 Hooded Seal Upernavik, 1974 Liver + 4 - - - 6.5 ± 4.5'1' 1.9 - 11. 2 Johansen et al.
rCystophora cristataJ 14. Greenland Muscle 4 - - - 0.20 ± 0.04 t 0.16 - 0.24 (1980)

211 Hooded Seal Upernavik, 1976 Liver + 10 - - - 16.7 ± 13.51- 2.8 - 44.4 Johansen et al.
(Cystophora cristataJ W. Greenland Muscle 10 - - - 0.33 ± 0.08 i- 0.21 - 0.47 (1980)

207 Harp Seal E. Canada 1980 Liver 6 M&F 0.5 / - 0.50 ± 0.27 0.24 - 0.89 Botta et al.
(Pagophilus groenlandicusJ Newfoundland (1983)

213 Harp Seal Eastern Canada - Liver 10 - pups / - 0.46 ± 0.05 0.18 - 0.83 Freeman
(Pagophilus groenlandicusJ (various locations) 10 - pups / - 0.22 ± 0.0 - and Horne

(1973)

214 Harp Seal Umanak, 1972 Liver + 7 - - - 1.2 ± 1.3 t 0.21 - 3.6 Johansen et al. w
(Pagophilus groenlandicusJ W. Greenland Muscle 12 - - - 0.20 ± 0.05'1- 0.11 - 0.26 (1980) +:>

215 Harp Seal Upernavik, 1973 Liver + 11 - - - 2.3 ± 1.71 'I- 0.37 - 5.8 Johansen et al.
(Pagophilus groenlandicusJ W. Greenland Muscle 11 - - - 0.24 ± 0.12 t 0.11 - 0.48 (1980)

216 Harp Seal Upernavik, 1976 Liver + 4 - - - 0.86 ± 0.37 0.54 - 1.3 Johansen et al.
(Pagophilus groenlandicusJ W. Greenland Muscle 4 - - - 0.20 ± 0.051- 0.16 - 0.26 (1980)

217 Harp Seal Gulf of 1973 Liver 2 F pupsY/ - 0.33 ± 0.15 0.22 - 0.43 Jones et al.
(Pagophilus groenlandicusJ St. Lawrence, (1976)

E. Canada

218 Harp Seal Gulf of 1973 Liver + 2 F 12.3 / - 7.10 ± 0.99 6.4 - 7.8 Jones et al.
(Pagophilus groenlandicusJ St. Lawrence Muscle 2 F 12.3 / - 0.27 ± 0.06 0.23 - 0.31 (1976)

E. Canada

219 Harp Seal Gulf of 1973 Liver + 2 M&F pups / - 0.16 ± 0.07 0.12 - 0.21 Jones et al.
(Pagophilus groenlandicusJ St. Lawrence Muscle 3 M&F pups / - 0.09 ± 0.02 0.07 - 0.12 (1976)E. Canada Blubber 1 F pup / - 0.09

220 Harp Seal Magdalen Islands 1970 Liver + 1 F 11 / 172 25.8 - Freeman et al.-
(Pagophilus groenlandicusJ Gulf of St. Lawrence Muscle 1 F 11 / 172 0.78 - - (1975 )E. Canada Kidney 1 F 11 / 172 5.98



Table 5. Continued

Index Year No. of Mean I Hg pg/g.
No.* Species Location Taken Tissue Animals Sex age /weight mean i S.D. Range Source

(yrs) (kq )

221 Harp Seal Escoumins.Quebec 1971 .Liver + 2 M&F 1 / - 1.29 ± 0.64 0.84 - 1. 74 Sergeant and
(Pagaphilus groenlandiaus) E. Canada Muscle 2 M&F 1 / - 0.24 ± 0.11 0.16 - 0.32 Armstrong

Blubber 2 M&F 1 / - 0.025 ± 0.007 0.02 - 0.03 (1973)

222 Harp Seal Escoumins.Quebec 1971 Liver 14 M&F 4.2/ - 3.28 ± 1. 55 1.46 - 7.74 Sergeant and
(Pagophilus groenlandiaus) E. Canada Armstrong

(1973 )

223 Harp Seal Escoumins.Quebec 1971 Liver + 4 M 13.8/ - 6.35 ± 2.86 3.72 - 10.0 Sergeant and
(Pagophilus groenlandiaus) E. Canada Muscle 4 M 13.8/ - 0.38 ± 0.09 0.29 - 0.50 Armstrong

Blubber 4 M 13.8/ - 0.033 ± 0.015 0.02 - 0.05 (1973)

224 Harp Seal Eastern Canada 1973 Liver + 10 F - - 4.60 ± 0.89 1.90 - 9.40 Freeman and
(Pagophilus groenlandiaus) (various locations) Muscle 10 F - - 0.46 ± 0.04 0.28 - 0.70 Horne (1973) w

Blubber 5 F - - 0.14 ± 0.0 Ul

225 Harp Seal Gulf of 1973 Liver 10 M pups / - 0.27 ± 0.12 0.116- 0.478 Jones et al.
(Pagophilus groenlandiaus) St. Lawrence. Kidney 8 M pups / - 1.89 ± 0.16 0.04 - 0.48 (1976 )

E. Canada

226 Harp Seal Gulf of 1973 Liver + 6 F pups / - 0.23 ± 0.13 0.094- 0.45 Jones et al.
(Pagophilus groenlandiaus) St. Lawrence. Muscle 6 F pups / - 0.14 ± 0.10 1.07 - 0.34 (1976 )

E. Canada

227 Harp Seal E. Canada 1980 Liver 6 M&F 1 / - 1.67 ± 0.81 0.72 - 2.71 Botta et al.
(Pagophilus groenlandiaus) Newfoundland (1983 )

229 Harp Seal E. Canada 1980 Liver 6 M&F 2 / - 2.42 ± 1.48 0.86 - 2.78 Botta et al.
(Pagophilus groenZandiaus) (1983)

230 Harp Seal E. Canada 1980 Liver 6 M&F 3 / - 3.96 ± 1.32 1.88 - 5.87 Botta et al.
(Pagophilus groenlandiaus) (1983)



Table 5. Continued

Index Year No. of Mean I Hg \.lg/g
Ilo.* Species Location Taken Ti ssue Animals Sex age Iweight mean ± S.D. Range Source

(yrs) (kg)

231 Harp Seal E. Canada 1980 Liver 6 M&F 4 & - 3.08 ± 1. 53 0.76 - 4.71 Botta et al.
(Pagophitus groentandicus) olderl (1983 )

236 Bearded Seal Victoria Island, 1973 Liver + 6 - 8.5 1 - 143 ± 170 27 - 313 Smith and
(Erignathus barbatusJ W. Arctic Canada Muscle 3 - 8.5 1 - 0.53 ± 0.35 - Armstrong (1978)

237 Bearded Seal Belcher Island, 1974 Liver + 56 - 4.9 1 - 26.18 ± 26.13 0.05 - 52.31 Smith and
(Erignathus barbatusJ E. Arctic Canad~ Muscle 55 - 4.9 1 - 0.09 ± 0.04 - Armstrong (1978)

238 Fur Sea1 Pribilof Islands, 1970 Liver + 10 M&F 0.3 1 - - - 0.01 - 0.3 Anas
(Cattorhinus ursinus) Alaska, USA Muscle 5 M&F 0.3 1 - 0.1 - - (1974b)

239 Fur Seal Pribilof Islands, 1970 Liver + 29 M 2-3 1 - - - 3.0 - 19.0 Anas
(Cattorhinus ursinusJ Alaska, USA Muscle 29 M 2-3 1 - - - 0.1 - 0.4 (1974b)

w
240 Fur Seal Washington Coast, 1970 Liver 29 F 5-191 - - - 19.0 - 172.0 Anas m

(Cattorhinus ursinus) ~J. USA (1974b)

241 Fur Seal Washington Coast, 1971 Liver 1 M fetusl - 0.4 - - Anas
(Cattorhinus ursinus) W. USA (1974b)

242 Fur Seal Washington Coast, 1971 Liver 1 M 1 1 - 3.7 - - Anas
(Cattorhinus ursinusJ W. USA Kidney 1 M 1 1 - 0.7 - - (1974b)

243 Fur Seal Washington Coast, 1971 Liver 8 F 1-201 - - - 7.1 - 132.0 Anas
(Cattorhinus ursinus) W. USA Kidney 8 F 1-201 . - - - 0.6 - 1.6 (1974b)

246 Leopa rd Sea1 Antarctic 1978 Liver + 15 - - - 4.45 ± 3.51 0.69 - 12.2 Wagernann et al.
(Hydrurga teptonyx) Muscle 15 - - - 0.14 ± o.n 0.03 - 0.48 (1983 )
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Table 5. Continued

Index Year No. of Mean
No.* Species Location Taken Ti ssue Animals Sex age Iweight

(yrs ) (kg)

247 Leopard Seal Antarctic 1978 Liver 1 FA adult 1 -
(HydI'u1'ga Lep tornjx)

Muscle+ FAadult /1 -

248 Leopard Seal Antarctic 1978 Liver + 1 - fetus 1 -
(Hydrurga Zeptonyx) Muscle 1 - fetus 1 -

249 Weddell Seal Antarctic 1978 Liver +
(Leptonychotes weddeZZi) Muscle

328 Atlantic ~Jalrus North Greenland 1975- Liver 46 M&F 10.9 1 -
(Odobenus rosmarus) (Thule) 1977 Muscle 58 M&F 10.9 1 -

* - Different tissues belong to the same animal or groups of animals which have the same Index No.

+ - Dorsal meat

t _ S.D. estimated from the range

~ - Approximately

• - Concentrations are age correlated; significant at 1.0%

a _ Concentrations are age correlated; significant at 0.1%

a _ Arithmetic mean of three determinations per sample

Kept in captivity for one year

A - Gravid

3.98

0.16

0.17
1.11

0.71
0.20

1. 78 ± 1.54
0.08 ± 0.05

0.12 - 7.3
0.03 - 0.13

Source

\~agemann

(Unpublished)

Wagemann
(Unpublished)

I~agemann

(Unpublished)

Born et al.
(1981 )

W
-....J



Table 6. Reference concentrations of Zn (wet weight basis) in different tissues of Pinnipeds.

Index Year No. of Mean I Zn \1g/g
No.· Species Location Taken Tissue Animals Sex Age / Length mean ± S.D. Range Source

(yrs) (m)

102 Ringed Seal North Sea 1975 Liver 1 F - / 0.84 40.0 - - Harms et al.
(Phoca hispida) (1978 )

104 Rinqed Seal Northern Baffin 1975 Liver + 6 - - - 41.0 ± 5.1 33.9 - 48.6 Fa11 is
(Phoca hispida) Island, Muscle 6 - - - 26.2 ± 5.8 18.8 - 29.9 (unpub11 shed)

E. Arctic Canada Blubber 6 - - - 1.27 ± 0.39 0.79 - 1.94

126 Ringed Seal Northern Baffin 1976 Liver + i - - - 43.2 - - Fa 11 is
(Phoca hispida) Island, Muscle 1 - - - 19.6 - - (unpublished)

E. Arctic Canada Kidney 1 - - - 39.6
Blubber 1 - - - 5.4

127 Ringed Seal Northern Baffin 1977 Liver + 5 - - - 44.0 ± 3.4 36.6 - 52.1 Fa 11 i s
(Phoca hiepida) Island Muscle 7 - - - 20.1 ± 1.4 14.8 - 23.7 (unpublished) w

E. Arctic Canada Kidney 1 - - - 41.1 - - co

128 Ringed Seal Northern Baffin 1974 Liver + 17 - - - 34.3 ± 13.1 9.4 - 52.1 Fa 11 is
(Phoca hispida) Island, Muscle 18 - - - 21.7 ± 5.9 12.8 - 34.5 (unpublished)

E. Arctic Canada

129 Ringed Seal Umanak, 1979 Liver + 29 - - - 46.0 ± 9.0 t 30.7 - 67.3 Johansen et al.
(Phoca hi.ep ida) ~J. Greenland Muscle 29 - - - 22.2 ± 6.22"'" 14.2 - 39.5 (l980)

Kidney 29 - - - 46.2 ± 12.3 t 27.9 - 78.0
Blubber 29 - - - 0.84 ± o. n r 0.66 - 1.16

130 Ringed Seal Upernavik, 1974 Liver + 12 - - - 37.0 ± 8.6"1- 18 - 46 Johansen et al.
(Phoca hispida) W. Greenland + Muscle 7 - - - 55.0 ± 17.4"1- 37 - 84 (l980)

1976 Blubber 7 - - - 1.4 ± 0.81"1- 0.1 - 2.3

153 Grey Seal North Sea 1975 Liver 1 M 2 / - 61.0 - - Harms et al.
(Halichoerus grypus) (1978)

163 Grey Seal East Scotland - Liver 9 - - - 81 ± 8.8 68 - 94 Holden
(Halichoerus grypus) (l975 )



Table 6. Continued

Index Year No. of Mean I Zn \-19/9
No.* Species Location Taken Tissue Animals Sex Age / Length mean ± S.D. Range Source

(yrs) (m)

193 Harbour Seal German North 1974- Liver 27 - 0.0-0.5 / - 39.4 ± 7.3 "r 27.0 - 56.0 Drescher et al.
{Phoca vituZina} Sea Coast 1976 (1977 )

194 Harbour Seal German North 1974- Liver 10 - 0.58-1.0/ - 39.6 ± 7.5"1" 27.5 - 50.5 Drescher et al.
(Phoca intul.ina) Sea Coast 1976 Kidney 9 - 0.58-1.0/ - 22.2 ± 2.59"1" 18.8 - 26.5 (l977)

195 Harbour Seal German North 1974- Liver 11 - 1.1-1.5/ - 42.2 ± 4.7-1" 34.0 - 49.0 Drescher et al.
(Phoca vi.tiul.ina) Sea Coast 1976 (1977)

196 Harbour Seal German North 1974- Liver 4 - 1.6-2.0/ - 37.3 ± 10.2-1" 29.0 - 50.0 Drescher et al.
{Phoca vituZina} Sea Coast 1976 Kidney 4 - 1.6-2.0/ - 26.5 ± 4.37-1" 23.3 - 32.5 (1977)

198 Harbour Seal German North 1974- Liver 4 - 6-8 / - 36.0 ± 5.8-1" 29.0 - 41.0 Drescher et al.
(Phoca ui tul.ina) Sea Coast 1976 Kidney 3 - 6-8 / - 18.8 ± 2.19-1" 16.3 - 20.0 (1977 )

200 Harbour Seal Wadden Sea - Liver 1 - fetus / - 89 - - Duinker et al.
(Phoca vi.tul.ina) Netherlands (1979 )

w
201 Harbour Seal Okhotsk Sea 1975 Musc1e+ 1 F 8 / 1. 5 22.2 Hamanaka et al. '-0- -

(Phooa iri tul.ina ) Blubber 1 F 8 / 1. 5 1.5 - - (1977 )

202 Ha rbour Sea1 Okhotsk Sea 1975 Muscle+ 1 M pup / 0.98 19.4 - - Hamana ka et a1.
(Phoca iri tulina ) (1977 )

203 Harbour Seal East Scotland - Liver 4 - - - 59 ± 19.9-1" 43 - 84 Holden
(Phooa iri tiul.ina) (1975)

204 Harbour Seal Scroby - Liver 2 - - - 48 ± 8.9-1" 43 - 53 Holden
(Phoca vi.tul.ina) East Anglia (1975)

205 Harbour Seal Wash, - Liver 3 - - - 57 ± 3.6-1" 55 - 61 Holden
(Phoca iri.tiul.ina ) East Anglia (1975)

208 Harbour Seal East Coast of - Liver + 5 - - - 54 ± 17.6-1" 43 - 84 Holden
{Phoca vituZina} England Muscle 5 - - - 34 ± 0.86 -I" 33 - 35 (1975 )-

212 Harbour Seal Wadden Sea - Liver 8 - - - - 16 64 Duinker et al.(Phoca vi tul.ina) Netherlands - -Kidney 2 - - - - - 15 - 25 (1979)Blubber 3 - 1-24 - - - 3 - 14



Table 6. Continued

Index Year No. of Mean I Zn \1g/g
No.* Species Location Taken Tissue Animals Sex Age / Length mean ± S.D. Range Source

(yrs) (m)

246 Leopard Seal Antarctic 1978 Liver + 15 - - - 53.9 ± 13.8 32.2 - 82.8 \~a~jel11ann

(Hydrurga Zeptonyx) Muscle 15 - - - 23.4 ± 10.5 14.8 - 49.3 (Unpublished)

247 Leopard Seal Antarctic 1978 Liver + 1 FA adult/ - 60.9 - - \.JaLjel1lann
(Hydrw'ga leptiorujx) Muscle 1 FA adult/ - 26.8 - - (Unpublished)

248 Leopard Seal Antarctic 1978 Liver + 1 - fetus/ - 86.1 - - ~Ja gerna nn
(Hydrurga Zeptonyx) Muscle 1 - fetus/ - 32.8 - - (Unpublished)

249 Weddell Seal Antarctic 1978 Liver + 1 - - - 109.2 - - Hagemann
(LeptonychoteB weddeZZi) Muscle 1 - - - 84.3 - - (Unpublished)

-Po
0

206 A Steller Sea Lion Japan 1977 Liver 1 F 0.7 / - 62 - - Hamanaka et al.
(EumetopiaB jubata) (Hokkaido) Muscle 1 F - - 18 - - (1982 )

Kidney 1 F - - 20

206 B Steller Sea Lion Japan 1976- Liver 5 M&F 1.7 - 43 - 37 - 51 Harnanaka et a1.
(EumetopiaB jubataJ (Hokkaido) 1977 Muscle 5 M&F - - 21 - 19 - 26 (1982 )

Kidney 8 M&F - - 24 - 20 - 28

206 C Steller Sea Lion Japan 1976- Liver 9 M&F 2.7-4.8/ _ 50 - 30 - 69 Harnanaka et a1.
(EumetopiaB jubataJ (Hokkaido) 1977 Muscle 7 M&F - - 19 - 16 - 26 (1982 )

Kidney 10 M&F - - 28 - 23 - 40

206 0 Steller Sea Lion Japan 1976- Liver 2 M&F 7.7-8.8/ _ 38 - 28 - 48 Hamanaka et al ,
(EumetopiaB jubataJ (Hokkaido) 1977 Muscle 2 M&F - - 20 - 20 - 22 (1982)

Kidney 2 M&F - - 32 - 30 - 33

* - Different tissues belong to the same animal or groups of animals which have the same Index No.
+ - Dorsal meat
1- - S.D. estimated from the range
A - Gravid



Table 7. Reference concentrations of Cu (wet weight basis) in different tissues of Pinnipeds.

Index Year No. of Mean I Cu jJg/g
140.* Species Location Taken Tissue Animals Sex Age (yrs) mean ± S.D. Range Source

102 Ringed Seal North Sea 1975 Liver 1 F - 2.1 - - Harms et al.
(Phoca hispidaJ (1978 )

104 Ringed Seal Northern Baffin 1975 Liver 6 - - 8.94 ± 4.64 3.04 - 14.6 Fa 11 i s
(Phoca hispidaJ Island, (unpublished)

E. Arctic Canada

107 Ringed Seal Daneborg, 1974 Liver 7 - - 8.1 ± 4.94-1" 1.3 - 14.6 Johansen et al.
(Phoca hispidaJ E. Greenland (1980)

126 Ringed Seal Northern Baffin 1976 Liver + 1 - - 3.88 - - Fa 11 i s
(Phoca hispidaJ Isl and, Muscle 1 - - 0.99 - - (unpublished)

E. Arctic Canada Kidney 1 - - 4.18
Blubber 1 - - 0.37

128 Ringed Seal Northern Baffin 1974 Liver + 17 - - 5.51 ± 3.93 0.73 - 14.0 Fa 11 is +::>
I-'

(Phoca hispidaJ Island, Muscle 18 - - 1.09 ± 0.26 0.58 - 1.58 (unpublished)
E. Arctic Canada

129 Ringed Seal Umanak, 1979 Liver + 29 - - 11.6 ± 4.41-1" 4.48 - 22.3 Johansen et al.
(Phoea hispidaJ W. Greenland Muscle 29 - - 1.27 ± 0.13 t 1.03 - 1. 55 (1980 )

Kidney 29 - - 10.6 ± 4.15t 4.95 - 21.8
Blubber 29 - - 0.12 ± 0.02 t 0.08 - 0.18

130 Ringed Seal Upernavik, +1974 Liver + 12 - - 7.6 ± 4.3 t 2.8 - 16.9 Johansen et al.
(Phoca hispidaJ W. Greenland 1976 Muscle 7 - - 3.2 ± 1.Ot 2.0 - 4.7 (1980 )

Blubber 7 - - 0.2 - 0.2

153 Grey Seal North Sea 1975 Liver 1 M 2 20.9 - - Harms et a1.
(Halichoepus grypusJ (1978 )

163 Grey Seal East Scotland - Liver 9 - - 28 ±13.1 t 9 - 48 Holden
(Halichoerus grypusJ (1975 )



Table 7. Continued.

Year No. of Mean I Cu \19/9Index
No.* Species Location Taken Tissue Animals Sex age (yrs) mean ± S.D. Range Source

193 Harbour Seal German North 1974- Liver 27 - 0 - 0.5 6.1 ± 2.7t 2.8 - 13.5 Drescher et al.
(Phoca vituZinaJ Sea Coast 1976 (l977)

194 Harbour Seal German North 1974- Liver 11 - 0.58 - 1.0 7.0 ± 2.31- 3.3 - 10.5 Drescher et a1.
(Phoea vi tu ZinaJ Sea Coast 1976 Kidney 9 - 0.58 - 1.0 3.3 ± 0.34 t 3.0 - 4.0 (l977 )

195 Harbour Seal German North 1974- Liver 11 - 1.1 - 1.50 5.7 ± 2.6t 2.6 - 10.8 Drescher et al.
(Phoca vituZinaJ Sea Coast 1976 (l977 )

196 Harbour Seal German North 1974- Liver 4 - 1.6 - 2.0 10.6 ± 5.4 1- 6.0 - 17.0 Drescher et al.
(Phoca vi tu l.ina J Sea Coast 1976 Kidney 4 - 1.6 - 2.0 3.2 ± 0.63 t 2.5 - 3.8 (l977 )

198 Harbour Seal German North 1974- Liver 4 - 6 - 8 10.7 ± 3.1 t 8.5 - 14.8 Drescher et al.
(Phoea vitu Zina J Sea Coast 1976 Kidney 3 - 6 - 8 2.5 ± 0.30t 2.3 - 2.8 (l977)

~

200 Harbour Seal Wadden Sea - Liver 1 - fetus 49 - - Duinker et al. N

(Phooa vi tuZinaJ Netherlands (l979 )

203 Harbour Seal East Scotland - Liver 4 - - 15 ± 5.35t 10 - 21 Holden
(Phoea vituZinaJ (l975 )

204 Harbour Seal Scroby, - Liver 2 - - 9 - - Holden
(Phoca vituZinaJ E. Engl and (l975 )

205 Harbour Seal Wash, - Liver 3 - - 15 ± 7.09-'- 11 - 23 Holden
(Phoca vituZinaJ E. Engl and (1975)

212 Harbour Seal Hadden Sea - Liver 8 - - - - 2.0 - 20.0 Duinker et al.
(Phoca vituZinaJ Netherlands Kidney 2 - - - - 4.8 - 5.1 (l979 )

Blubber 3 - - - - 0.9 - 3.0



Table 7. Continued

Index Year No. of Mean I Cu j.Jg/g
No.* Species Location Taken Tissue Animals Sex Age (yrs) mean ± S.D. Range Source

246 Leopard Seal Antarctic 1978 Liver + 15 - - 44.64 ± 19.97 16.5 - 68.2 \~agemann
(Hydrurga Zeptonyx) Muscle 15 - - 0.65 ± 0.26 0.35 - 1.15 (Unpublished)

247 Leopard Seal Antarctic 1978 Liver + 1 FA adult 30.7 - - Wagemann ..j::>
(Hydrurga l.eptomjx ) Muscle 1 FA adult 0.43 - - (Unpublished) w

248 Leopard Seal Antarctic 1978 Liver + 1 - fetus 53.1 - - I~agemann
(Hydrurga Zeptonyx) Muscle 1 - fetus 1.88 - - (Unpublished)

249 Weddell Seal Antarctic 1978 Liver + 1 - - 18.6 . - - Wagemann
(Leptonyahotes weddeZZi) Muscle 1 - - 0.53 - - (Unpublished)

* - Different tissues belong to the same animal or groups of animals which have the same Index No.

+ - Dorsal meat

t - S.D. estimated from the range

A - Gravid



Table 8. Reference concentrations of Pb (wet weight basis) in different tissues of Pinnipeds.

Index
No.· Species Location

Year
Taken T1 ssue

No. of
Animals Sex

Mean
Age (yrs)

Pb I-Ig/g---,
mean ± S.D. Range Source

102 Ringed Seal North Sea 1975 Liver 1 F - 0.24 - - Harms et al.
(Phoea hi.epi.da) (1978)

104 Ri nged Seal Northern Baffi n 1975 Li ver + 6 - - <0.04 - < 0.04 - - Fa 11 i s
(Phoaa hispida) Isl and, MJscle 6 - - <0.04 - < 0.04 - - (unpublished)

E. Arctic Canada

107 Ringed Seal Daneborg, 1974 Liver 7 - - < 0.03 - < 0.03 - 0.04 Fa 11 i s
(Phoaa hispida) E. Greenland (unpublished)

III Ringed Seal North Sea, Coast 1975 Li ver 1 F - 0.24 - - Drescher (1977)
(Phoca hispida) of W. Ge rmany

126 Ringed Seal Northern Baffin 1976 Li ver + 1 - - < 0.03 - - Fa 11 i s
(Phoaa hispida) Is1and, Muscle 1 - - < 0.03 - - . (unpublished)

E. Arctic Canada Kidney 1 - - < 0.02 - - .j::::,
.j::::,

127 Ringed Seal Northern Baffi n 1977 Liver + 5 - - <0.05 - - Fa 11 i s
(Phoca hispida) Is1and, Muscle 7 - - - - < 0.05 - - (unpublished)

E. Arctic Canada Kidney 1 - - < 0.04

128 Ri nged Sea1 Northern Baffi n 1974 Liver + 15 - - - - 0.06 - 1.27 Fa 11 i s
(Phoca hi.epi.da) Island, Muscle 16 - - - - < 0.06 -99.2 (unpublished)

E. Arctic Canada

129 Ringed Seal Umanak, 1979 Liver + 29 - - 0.01 13 - < 0.01 - 0.03 Johansen et al.
(Phoaa hispida) W. Greenland 29 2"1- (1980)Muscle - - 0.04ep± 0.0 0.02 - 0.10

Kidney 29 - - 0.05 - < 0.004- 0.48
Blubber 29 - - 0.12Cl - < 0.05 - 2.38

130 Ringed Seal Upernavik, +1974 Liver + 12 - - < 0.03 - < 0.03 - 0.06 Johansen eta1.
(Phoaa hispida) W. Greenland 1976 Muscle 7 - - 0.16 - <.0.05 - 0.35 (1980)

153 Grey Seal North Sea 1975 Liver 1 M 2 0.31 - - Harms et al.
(HoZiahoerus grypus) (1978 )



Table 8. Continued

Index Year No. of Mean I Pb vs/s
No.* Species Location Taken Tissue Animals Sex Age (yrs ) mean ± S.D. Range Source

163 Grey Seal East Scotland - Liver 9 - - 7 - <3 -17 Holden (1975)
(HaZichoerus grypus)

164 Grey Seal Scroby , - Liver 1 - - 8 - - Holden (1975)
(HaZichoerus grypus) England

192 Harbou r Sea 1 West Scotland and 1969- Li ver 2 - - 1.4 - - Roberts et al.
(Phooa ui.tiul.ina) East Anglia. 1970 Kidney 17 - - 1.17±0.5 - (1976)

E. England

193 Harbour Seal Ge rman North 1974- Liver 27 - o - 0.5 0.23 ± 0.12"1- 0.10 - 0.57 Drescher et al.
(Phoca ui tul.ina) Sea Coast 1976 (1977)

194 Harbour Seal Ge nnan North 1974- Liver 11 - 0.58 - 1. 0 0.23 ± 0.14"1- 0.11 - 0.55 Drescher et al.
(Phooa ui tul.ina) Sea Coast 1976 Kidney 9 - 0.58 - 1.0 0.32±0.1O"I- 0.18 - 0.48 (1977)

..p,

195 Harbour Seal German North 1974- Liver 11 1.1 - 1.5 0.17 ± 0.06-r 0.10 - 0.28 Drescher et a l .
01.-

(Phoca iri.tiul.ina) Sea Coast 1976 ( 1977)

196 Harbour Seal German North 1974- Liver 4 - 1.6 - 2.0 0.23 ± 0.08"1- 0.14 - 0.30 Drescher et al.
(Phooa iri tiul.ina) Sea Coast 1976 Kidney 4 - 1.6 - 2.0 0.38 ±0.20"l- 0.14 - 0.55 (1977 )

197 Harbour Seal Gennan North 1974- Li ver 1 - 3 - 5 0.25 - - Drescher et a1.
(Phooa uitul.ina) Sea Coast 1976 (1977)

198 Harbour Sea 1 Gennan North 1974- Liver 4 - 6 - 8 0.45 ± 0.01'1- 0.39 - 0.53 Drescher et al.
(Phoca ui.tul.ina) Sea Coast 1976 (1977)

199 Harbou r Sea 1 ~Jes t Scot1and 1969- Li ver + 15 - - 2.31 ± 1.27 - Roberts et 31.
(Phoca iri tul.ina) and East Anglia 1970 Muscle 12 - - 1.2 ± 0.3 - (1976 )

200 Harbour Seal Hadden Sea - Liver 1 - fetus <0.05 - - Duinker et a l .
(Phoca vituZinaJ Netherl ands (1979)
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Table 8. Continued

Index Year No. of Mean I Pb pg/g
flo. * Species Location Taken Tissue Animals Sex age (yrs) mean!.: S.D. Range Source

203 Harbour Seal East Scotland - Liver 4 - - 5.0 ± 1.9 t 3.0 - 7.0 Holden
(Phoca vi tu Lina J (1975)

204 Harbour Seal Scroby, - Liver 2 - - 10 - - Holden
(Phooa vi tu Una J East Anglia (1975 )

205 Harbour Seal Wash, - Liver 3 - - 10 ± 2.4t 8 - 12 Holden
(Phoea vitulinaJ East Anglia (1975 )

206 Harbour Seal West Scotland 1969- Liver 2 F (mother) 2.4 - - Roberts et al.
(Phoca vi.tulina ) and East Anglia 1970 Kidney 2 F (mother) 1.19 - - (1976 )

207 Harbour Seal rJest Scotland 1969- Kidney 2 - fetus 1. 31 - - Roberts et al.
(Phoca vi tu Una J and East Anglia 1970 (1976)

212 Harbour Seal !4adden Sea - Liver 8 - - - - <0.05 - 2.3 Duinker et al.
(Phoca vitulinaJ Netherlands Kidney 2 - - - - 0.16 - 0.23 (1979) ..p-

mBlubber 3 - - - - <0.05 - 1.0

241 Fur Seal Washington Coast, 1971 Liver 1 M fetus 0.8 - - Anas
(Callorhinus ursinusJ USA Kidney 1 M fetus 0.3 - - (1974b)

242 Fur Seal Washington Coast, 1971 Liver 1 M 1 0.2 - - Anas
(Callorhinus ursinusJ USA Kidney 1 M 1 0.3 - - (1974b)

243 Fur Seal Washington Coast, 1971 Liver 8 F 10 0.59 ± 0.12 0.4 - 0.8 Anas
(Callorhinus ursinusJ USA Ki.dney 8 F 10 0.90 ± 0.14 0.8 - 1.0 (1974b)

* - Different tissues belong to the same animal or groups of animals which have the same Index No.

+ - Dorsal meat

t - S.D. estimated from the range

26 out of 29 values were below the detection limit (0.05 ppm)

a - 15 values were below the detection limit (0.02 ppm)

~ - 12 values were below the detection limit (0.02 ppm)



Table 9. Reference concentrations of Cd (wet weight basis) in different tissues of Pinnipeds.

Index Year No. of Mean I Cd pg!g
tlo.* Species Location Taken Tissue Animals Sex Age / ~Jeight mean!: S.D. Range Source

(yrs ) (kg)

102 Rinqed Seal North Sea 1975 Liver 1 F - - 0.31 - - Harms et al.
(Phoea hispidaJ (1978 )

104 Ringed Seal Northern Baffin 1975 Liver + 6 - - - 4.2 ± 3.3 0.65 - 8.07 Fa 11 is
(Phoca hispidaJ Island, Muscle 6 - - - 0.029 ± 0.019 0.011 - 0.058 (unpublished)

E. Arctic Canada Blubber 6 - - - 0.017 ± 0.013 <0.01 - 0.038

107 Ringed Seal Daneborg, 1974 Liver 7 6.6 -I" 1.8 18.2 Johansen et al.- - - ± 6.1 -
(Phoca hispidaJ E. Greenland (1980)

126 Ringed Seal Northern Baffin - Liver + 1 - - - 15.6 - - Fa 11 i s
(Phoea hispidaJ Island, Muscle 1 - - - 0.31 - - (unpublished)

E. Arctic Canada Kidney 1 - - - 65.9
Blubber 1 - - - 0.43

+:>
--...J

127 Ringed Seal Northern Baffin 1977 Liver + 5 - - - 5.5 ± 0.8 2.8 - 10.0 Fa 11 is
(Phoca hispidaJ Island, Muscle 7 - - - 0.05 ± 0.01 0.03 - 0.07 (unpublished)

E. Arctic Canada Kidney 1 - - - 27.9

128 Ringed Seal Northern Baffin 1974 Liver + 15 - - - 5.8 ± 4.0 <0.07 - 12.3 Fa 11 i s
(Phoca hispidaJ Island, Muscle 3 - - - 0.16 ± 0.08 <0.03 - 0.23 (unpublished)

E. Arctic Canada

129 Ringed Seal Umanak, 1979 Liver + 29 - - - 7.32 ± 3.0-1" 2.71 - 14.9 Johansen et a1.
(Phoca hispidaJ W. Greenland Muscle 29 - - - 0.07 ± 0.1O-j- 0.02 - 0.42 (1980)

Kidney 29 - - - 37.4 ± 33.7 t 9.01 - 146.2
Blubber 29 - - - <0.02 - <0.02 - .0.03

130 Ringed Seal Upernavik, 1974- Liver + 12 17.0 ± t 2.3 31.6 Johansen et al.- - - 9.0 -I" -
(Phoca hispidaJ W. Greenland 1976 Muscle 7 - - - 0.15 ± 0.06 0.09 - 0.24 (1980)

Blubber 7 - - - <0.02 - <0.02 - 0.04

132 Grey Seal East Coast 1975 Liver 9 M&F 0-3 / 59 0.61 ± 0.75 0.09 - 2.21 McKie et al.
(Halichoepus gPypusJ of Scotland Kidney 10 M&F 0-3 / 59 1. 38 ± 1. 36 0.10 - 4.21 (1980)



Table 9. Continued.

Index Year No. of Mean I Cd ].1g/g
No.* Species location Taken Tissue Animals Sex Age / ~Je i ght mean ± S.D. Range Source

(yrs) (kg)

133 Grey Seal East Coast 1975 li ver 8 M&F 4-6 / 92 2.39 ± 2.70 0.23 - 8.49 ~1cKie et al .
(Ha~ichoerus grypus) of Scotland Kidney 8 ~l&F 4-6 / 92 5.81 ± 4.68 1. 15 -15.1 (1980 )

134 Grey Seal East Coast 1975 liver 3 t~ 7-9 /163 0.49 ± 0.10 0.32 - 0.61 McKie et al.
(Ha~ichoeruo grypus) of Scotland Kidney 3 M 7-9 /163 1. 76 ± 0.37 1.47 - 2.18 (1980)

135 Grey Seal East Coast 1976 liver 9 '\1 0-3 / 67 0.49 ± 0.50 0.07 - 1.53 McKie et al.
(Halichoerus grypus) of Scotland Kidney 11 H&F 0-3 / 67 1.28 ± 1.30 0.17 - 3.82 (1980 )

136 Grey Seal East Coast 1976 liver 7 tJi&F 4-6 / 98 0.84 ± 0.96 0.17 - 2.95 McKie et al.
(Halichoerus grypus) of Scotland Kidney 7 r~&F 4-6 / 98 2.73 ± 2.40 1. 36 - 8.08 (1980)

137 Grey Seal East Coast 1976 liver 4 M 7-9 /143 0.54 ± 0.50 0.17 - 1.26 McKie et al.
(Ha~ichoerus grypus) of Scotland Kidney 5 M 7-9 /175 1.38 ± 0.68 0.83 - 2.50 (1980)

138 Grey Seal East Coast 1977 li ver 3 M&F 0-3 / 63 0.76 ± 0.81 . 0.05 - 1.64 r~cKi e et a1. ~

(Halichoerus grypus) of Scotland Ki dney 4 M&F 0-3 / 63 1. 80 ± 1. 89 0.28-4.77 (1980) co

139 Grey Seal East Coast 1977 li ver 9 M&F 4-6 / 91 0.37 ± 0.31 0.05 - 0.80 McKie et al.
(Halichoerus grypus) of Scotland Ki dney 9 M&F 4-6 / 91 1.21±0.77 0.19 - 2.12 (1980)

140 Grey Seal East Coast 1977 li ver 3 M&F 7-9 /129 0.23 ± 0.09 0.15 - 0.32 McKie et al.
(Halichoerus grypus) of Scotland Kidney 3 M&F 7-9 /129 0.56 ± 0.19 0.40 - 0.77 (1980)

141 Grey Seal East Coast 1978 li ver 2 M 0-3 / 91 0.48 ± 0.24 0.31 - 0.65 MCKie et al.
(Halichoerus grypus) of Scotl and Kidney 2 1'1 0-3 / 91 1.29±0.15 1. 81 - 1. 39 (1980)

142 Grey Seal East Coast 1978 liver 6 M&F 4-G /103 0.51 ± 0.28 0.24 - 0.85 McKie et al.
(Halichoerus grypus) of Scotl and Kidney 5 ~l&F 4-6 /103 1.43 ± 0.59 0.50 - 2.0 (1980 )

143 Grey Sea1 East Coast 1978 liver 4 t~&F 7-9 / - 0.97 ± 0.33 0.53 - 1.23 McKie et al.
(Halichoerus grypus) of Scotland Kidney 5 M&F 7-9 / - 2.84 ± 0.88 1.95 - 4.24 (1980)

153 Grey Seal North Sea 1975 liver 1 M 2 / - 0.021 - Harms et al.
(Halichoerus grypus) (1978 )



Table 9. Continued

Index Year No. of Mean I Cd IJg/g
tlo.* Species Location Taken Tissue Animals Sex Age / l~ei ght mean I S.D. Range Source

(yrs ) (kg)

163 Grey Seal East Scotland - Liver 9 - - - 1.6 ± 0.4i" 1.1 - 2.3 Holden
(HaZichoerus grypus) (1975)

164 Grey Seal Scroby, - Liver 1 - - - 1.2 - - Holden
(HaZichoerus grypus) England (1975)

185 Harbour Seal West Scotland 1969- Liver 6 - - - - - 0.2 - 1.1- Roberts et al.
(Phoca iri.tul.ina) 1970 Kidney 8 - - - - - 0.1 - 1.9 ... (1976)

186 Harbour Seal East Anglia, 1969- Liver 7 - - . - - - 0.2 - 0.8 11ii1 Roberts et al.
(Phoca iri tul.ina) E. England 1970 Kidney 9 - - - - - 0.1 - 0.6 (1976)

192 Harbour Seal West Scotland 1969- Muscle+ 12 - - - 0.13 ± 0.06 - Roberts et al.
(Phoca vitulina) and East Anglia, 1970 (1976 )

E. England

193 Harbour Seal German North 1974- Liver 27 - 0.0 -0.5/ - 0.018 ± o.orr 0.01 - 0.042 Drescher et al.
(Phooa tri-tiul.i-na ) Sea Coast 1976 (1977 ) +:>

co

194 Harbour Seal German North 1974- Liver 11 - 0.58-1.0/ - 0.024 ± 0.004t 0.018 - 0.03 Drescher et al.
(Phooa iri.tul.ina) Sea Coast 1976 Kidney 9 - 0.58-1. 0/ - 0.10 ± 0.03 t 0.06 - 0.15 (1977)

195 Harbour Seal German North 1974- Liver 11 - 1. 1 -1. 5/ - 0.028 ± O.017 t 0.01 - 0.063 Drescher et al.
(Phoca vitutina) Sea Coast 1976 (1977)

196 Harbour Seal German North 1974- Liver 4 - 1.6 -2.0/ - 0.032 ± 0.006t 0.025 - 0.038 Drescher et al.
(Phoea ui.tul.ina) Sea Coast 1976 Kidney 4 - 1.6 -2.0/ - 0.22 ± 0.05 t 0.19 - 0.29 (1977)

198 Harbour Seal German North 1974- Liver 4 - 6-8 / - 0.135 ± 0.0l5i" 0.05 - 0.02 Drescher et al.
(Phoca vi.tul.ina) Sea Coast 1976 Kidney 3 - 6-8 / - 0,31 ± o.oz! 0.26 - 0.38 (1977 )

200 Harbour Seal \Iadden Sea. - Liver 1 - fetus / - <0.24 - - Duinker et al.
(Phoca vituZina) Netherlands (1979)

201 Harbour Seal
(Phoca vitul.ina )

Okhotsk Sea 1975 Liver +
Muscle
Blubber

F
F
F

5
8
8

/ 1.57
/ 1.47
/ 1.47

0.48 ± 0.17
0.10 ± 0.01
0.19

Hamanaka et al.
(1977)



Table 9. Continued

Index Year No. of Mean I Cd pg/g
No.* Species Location Taken Ti ssue Animals Sex Age / length mean ± S.D. Range Source

(yrs) {m)

202 Harbour Seal Okhotsk Sea 1975 Muscle+ 1 M pup / 0.98 0.18 - - Hamanaka et al.
(Phoca oitul.ina) (l977 )

203 Harbour Seal East Scotland - Liver 4 - - - 1.3 ±0.29 i- Ll - 1.7 Holden
(Phoca vituZina) (1975)

204 Harbour Seal Scr'oby, - Liver 2 - - - 1.0 - - Holden
(Phooa iri.tul.ina) E. England (l975 )

205 Harbour Seal Wash. - Liver 3 - - - 1.2 ± 0.3 -,- 0.9 - 1.4 Holden
(Phoea vi tu l.ina) E. England (1975)

212 Harbour Seal [-Sadden Sea. - Liver 8 - - - - - 0.03 - 0.21 Duinker et al.
(Phoea vi tul.ina) Netherlands Kidney 2 - - - - - 0.15 - 0.17 (l979 )

Blubber 3 <0.01 0.02
01- - - - - - 0

241 Fur Seal Washington Coast. 1971 Liver 1 M fetus / - 0.5 - - Anas
(CaZZorhinus ursinus) W. USA Kidney 1 M fetus / - 0.1 - - (1974b)

242 Fur Seal Washington Coast. 1971 Liver 1 M 1 / - 0.6 - - Anas
(CaZZorhinus ursinus) W. USA Kidney 1 M 1 I - 1.7 - - (1974b)

243 Fur Seal Washington Coast. 1971 Liver 8 F 10 / - 2.66 ± 2.12 0.9 - 4.6 Anas
(CaZZorhinus ursinus) W. USA Kidney 8 F 10 / - 6.33 ± 4.89 0.2 - 15.6 (1974b)

244 Ribbon Seal Okhotsk Sea 1975 Liver + 1 M 3-5 I - 3.05 ± 0.25 - Hamanaka et al.
(Histriophoca fasciata) Muscle 9 M 2-9 / 1.4-1.6 0.1 g ± 0.06 0.11 - 0.31 (1977 )

Blubber 1 M - - 0.14

245 Ribbon Seal Okhotsk Sea 1975 Liver + 1 F 3 / 1.4 2.07 ± 0.83 - Hamanaka et al.
(Histriophoca fasciata) ~luscle 7 F 1-16 / 1.2-1.6 0.15 ± 0.04 0.09 - 0.20 (1977 )



Table 9. Continued

Year No. of Mean I . Cd 119/9Index
No.* Species Location Taken Tissue Animals Sex age / length mean ± S.D. Range Source

(yrs) (m)

246 Leopard Seal Antarctic 1978 Liver + 15 - - / - 5.11 ± 7.37 0.8 - 29 Wagemann(Hydrupga leptonyx) Muscle 15 - - - <0.01 - - (Unpublished)
247 Leopard Seal Antarctic 1978 Liver 1 FA adult / - 6.7 - - Wagemann(Hydrupga Zeptonyx)

Muscle+ FA (Unpublished)
1 adult / - <0.01

248 Leopard Seal Antarctic 1978 Liver + 1 - fetus / - <0.1 - - Wagemann(Hydrupga leptonyx) Muscle 1 - fetus / - <0.01 - - (Unpublished)
249 Weddell Seal Antarctic 1978 Liver + 1 - - - 1.6 - - Wagemann .(Leptonychotes wedaeZli) Muscle 1 - - - <0.01 - - (Unpublished) en

I-'206 A Steller Sea Lion Japan 1977 Liver 1 F 0.7 / - 0.24 - - Hamanaka et al.
(Eumetopias jubata) (Hokkaido) Muscle 1 F - - 0.05 - - (l982 )

Kidney 1 F - - 1. 97

206 B Steller Sea Lion Japan 1976- Liver 7 M&F 1. 7 - 0.58 - 0.15 - 0.82 Hamanaka et al.
(Eumetopias jubata) (Hokkaido) 1977 Muscle 4 M&F - 0.07 - 0.05 - 0.12 (l982 )

Kidney 8 M&F - 2.36 - 0.77 - 3.1
206 C Steller Sea Lion Japan 1976- Liver 10 M&F 2.7-4.8/ - 0.86 - 0.28 - 1.3 Hamanaka et al .

(Eumetopias jubata) (Hokkaido) 1977 Muscle 8 M&F - 0.04 - 0.02 - 0.10 (1982)
Kidney 10 t~&F - 4.82 - 1.9 - 7.2

206 0 Steller Sea Lion Japan 1976- Liver 1 M 8,8 / .- 1. 28 - - Hamana ka et a1.
(Eumetopias jubata) (Hokkaido) 1977 Muscle 2 ~l&F 7.7-8.8/ - 0.08 - 0.05 - 0.11 (1982)

Kidney 2 M&F 7.7-8.8/ - 8.96 - 7.9 - 10.0

* - Different tissues belong to the same animal or groups of animals which have the same Index No.

+ - Dorsal meat

t - S.D. estimated from the range

.. - Concentrations are age correlated; significant at 1.0%.

A - Gravid .



Table 10. Reference concentrations of Se (wet weight basis) in different tissues of Pinnipeds.

Index Year No. of Mean I Se ~g/g

No.* Species Location Taken Tissue Animals Sex Aqe (yrs) mean· S.D. Range Source

109 Ringed Seal Bothnian Bay, 1974 Liver 12 - - 35 ± 31.9 t 6.1 - 110 Kari and Kauranen
(Phoca hispida) W. Finland (1978 )

110 Ringed Seal Saimaa, 1974- Liver 3 - - 81 ± 142.4t 29 - 270 Kari and Kauranen
(Phoca hispida) S.E. Finland 1975 (1978)

117 Ringed Seal Somerset Island, 1975 Liver 12 - - 16.35 ± 7.83 - Smith and
(Phoca hispida) E. Arctic Canada Armstrong (1978)

118 Ringed Seal Barrow Strait, 1976 Liver 10 - 10.2 9.44 ± 6.66 - Smith and
(Phoca hispida) E. Arctic Canada Armstrong (1978)

119 Ringed Seal N.E.Baffin Island 1976 Liver 8 - 5.2 4.13 ± 2.67 - Smith and
(Phoca hi.epida ) E. Arctic Canada Armstrong (1978)

121 Ringed Seal Victoria Island, 1972- Liver 42 - 12.8 15.24 ± 7.75 - Smith and
(Phooa hi.epi.da) W. Arctic Canada Armstrong (1978)

Ul

124 Ringed Seal Holman 1977 Liver 112 - 8.1 14.96 ± 6.42 - Smith and N

(Phoca hispida) W.Victoria Island Armstrong (1978)
W. Arctic Canada

158 Grey Seal Great Britain 1977 Liver 2 M - 13.30(\ 6.65 8.6 - 18 van de Ven et a1.
(Halichoerus grypus) (1979 )

159 Grey Seal Great Britain 1977 Liver 6 F 7.2 36.0S ± 27.9 18 - 88 van de Ven et al.
(Halichoerus grypus) (1979)

160 Grey Seal Great Britain 1977 Liver 2 - - 68.5S ± 20.5 54 - 83 van de Ven et al.
(Halichoerus grypus) (1979)

-
161 Grey Seal Great Britain 1977 Liver 5 - pups 1.80S± 0.29 1.4 - 2.1 van de Ven et al.

(Halichoerus grypus) (1979 )

162 Grey Sea1 Wadden Sea 1974- Liver + 1 MY 1 6.2S - van de Ven et al.(Halichoerus grypus) -Netherlands 1975 Muscle 1 t1 Y 1 2.5S - - (1979 )



Table 10. Continued

Index Year No. of Mean I Se lJg!g
No.* Species Location Taken Tissue Animals Sex ACJe (yrs) mean ± S.D. Range Source

173 Harbour Seal Wadden Sea 1974- Liver + 1 M 0.3 S van de Ven et a1.2.0
S - -

(Phooa ui tul.ina ) Netherlands 1976 Muscle 1 M 0.3 1.0 - - (l979 )

174 Harbour Seal Wadden Sea 1974- Liver + 1 F 0_.5 S van de Ven et a1.4.0
S - -

(Phoca vitul.ina) Netherlands 1976 Muscle 1 F 0.5 1.9 - - (l979 )

175 Harbour Seal Wadden Sea 1974- Liver + 1 M 1 1.3 - - van de Ven et al.
(Phoca vitulina) Netherlands 1976 Muscle 1 M 1 1.3 - - (1979)

Kidney 1 M 1 _1. 9

176 Harbour Seal Wadden Sea 1974- Liver 2 F 1 23.0~ ± 8.5 17 - 29 van de Ven et al.
(Phooa vi tul-ina) Netherlands 1976 Kidney 1 F 1 2.1 - - (l979 )

177 Harbour Seal Netherlands 1974- Liver 1 M 24 22S - - van de Ven et al.
(Phoca iri tul.ina) 1976 (1979 ) Ul

LV

178 Harbour Seal Netherlands 1974- Liver + 1 F adult 130S - - van de Ven et al.
(Phooa iri-tul.ina) 1976 1 F adult S (1979)Muscle 1.2

S
- -

Kidney 1 F adult 7.1

324 A Harbour Seal Schleswig-Holstein 1975- Liver 6-8 - juveniles & 2.6 - 0 - 0.8 Reijnders
(Phoca vitulina) (Denmark) 1976 Kidney 6-8 - sub-adults 0.6 - 0 - 1.3 (l980)

324 B Harbour Seal Hadden Sea 1975- Liver 5-6 - juveniles & 2.8 - 0.7 - 6.5 Reijnders
(Phoca iri tiul.i.na ) Netherlands 1976 Kidney 5 - -sub-adults 1.2 - 0.6 - 1.6 (1980)

324 C Harbour Seal Schleswig-Holstein 1975- Liver 5 - adult 112 - 9.2 - 409 Reijnders
(Phoca vitulina) (Denmark) 1976 Kidney 4 - adult 3.5 - 1.9 - 7.3 (1980 )

324 0 Harbour Seal ~ladden Sea 1975- Liver 8 - adult 109 - 3.9 - 350 Reijnders
(Phoca uitulina) Netherlands 1976 Kidney 4 - adult 7.1 - 2.3 - 10.0 (l980)



No. of Mean
Animals Sex Age (yrs)

Holman - Liver 6
W.Victoria Island
W. Arctic Canada

Belcher Island. 1974 Liver 10
E. Arctic Canada

Antarctic 1978 Liver + 15
Muscle 15

Antarctic 1978 Liver +
Muscle

Antarctic 1978 Liver +
r.luscl e

Antarctic 1978 Liver +
Muscle

34.42 ± 33.23 - Smith and
Armstrong
(l978)

20.83 ± 13.47 - Smith and
Armstrong (1978)

3.32 ± 0.81 2.57 - 4.92 Wagemann
0.57 ± 0.09 0.44 - 0.71 (Unpublished)

2.83 - Wagemann CJl- .j:::>
0.60 - - (Unpublished)

0.72 - ~- Wagemann
0.43 - - (Unpublished)

1.01 - - Wagemann
0.30 - - (Unpublished)

Table 10. Continued

Index
Ilo.* Species

236 Bearded Seal
(Erignathus barbatus)

237 Bearded Sea1
(Erignathus barbatus)

246 Leopa rd Seal
(HydrUl'ga Zeptonyx)

247 Leopard Seal
(Hydrurga Zeptonyx)

248 Leopard Seal
(Hydrurga Zeptonyx)

249 Weddell Seal
(Leptonyahotes weddeZZi)

Location
Year
Taken Tissue

8.5

4.9

F~ adult
F adult

fetus
fetus

Se pg/g I
mean l S.D. Range Source

* - Different tissues belong to the same animal or groups of animals which have the same Index No.

+ - Dorsal meat

t _ S.D. estimated from the range

B _ Arithmetic mean of three determinations per sample

Y - Kept in captivity for one year

A - Gravid



Table 11. Reference concentrations of LOOT (wet weight basis) in different tissues of Cetaceans.

Index Year No. of Mean I LOOT vs/s
110. * Species Location Taken Tissue Animals Sex Length/ age mean ± S.D. Range Source

(m) (yrs)

51 Pil ot ~Jha1e Southwest "'1975 Blubber 2 - - - 42.7 - - Holden
(Globicephala melaena) England (1975)

52 Pilot Hhale R.I. &Maine, 1971- Blubber 2 M&F - /adults 149.2 - 30.3 - 268 Taruski et al.
(Globicephala melaena) E. USA 1975 (l975)

53 Pilot Whale French Coast "'1979 Blubber 7 - - - 94.2 ± 139.6 - A1zieu and
(Globicephala melaena) (Atlantic and Duguy

Mediterranean) (1979 )

90 Pilot Whale Japan 1968- Blubber 6 M&F 3.01 / - 4.7 ± 3.3 0.9 - 8.8 0' Shea et al.
(Globicephala melaena) 1976 (1980)

54 Beluga l~hale Sha11 ow Bay, 1972 Liver + 7 - - /adults 0.78 ± 0.23 - Addison and
(Delphinapterus leucus) Mackenzie River Muscle 7 - - /adults 0.91 ± 0.26 - Brodie UlDel ta Blubber 7 - - /adults 3.90 ± 0.89 - (1973) en

55 Beluga Whale Kugma 11 et Bay, 1972 Blubber 7 - - /adults 2.56 ± 1.46 - Addison and
(Delphinapterus leucus) Mackenzie River Brodie

Delta (1973)

13A Narwhal Pond Inlet 1979 Blubber 9 F 3.79 / - 1.88 ± 2.01 - \'Jagemann et a1.
~lonodon monoceros} Baffin Island, (1983 )

Arctic Canada

13 B Narwhal Pond Inlet 1979 Blubber 11 M . 3.92 / - 4.84 ± 2.13 - Wagemann et al .
(Monodon monoceros) Baffin Island, (1 983)

Arctic Canada

14 Minke Whale Umanak, 1972 Blubber 6 - - - 1.4 ± 0.94 t 0.21 - 2.6 Johansen et al.
(Bal.aenop tera W. Greenland (1980 )

acutorostrata)

56 Minke, Fin, and St. Lawrence 1979 Blubber 3 - - - 10.6 ± 14.91 - Sergeant
White Whales River, (1980 )

(B. acutorostrata, E. Canada
B. physalus)



Table 11. Continued

Index Year No. of Mean I LOOT pg/g
flo. * Species Location Taken Tissue Animals Sex Len~th/ a~e mean :t S.D. Range Source

(m) (yrs)

57 Fin Hhale S.E. Greenland 1975 Blubber 3 - - - 2.83 - - Holden
(BaZaenoptera physaZusJ (1975 )

58 Fin Hhale N. Atlantic 1967- Blubber 5 - - - 26.4 ± 4.5 22.3 - 32.3 Addison et al.
(Bal.aenoptiera physaZusJ 1970 (oil) (1972 )

58 A Fin Hhale France,Brittany 1976 Blubber 2 M&F 14.3 / - 14.8 - - Alzieu and
(BaZaenoptera physaZusJ and Mediterranean Duguy

Coast (1979)

59 Fin "'hale Nova Scotia, 1970- Blubber 9 M - /adult 1.38 ± 0.43 0.67 - 2.09 Saschenbrecker
(BaZaenoptera physaZusJ Canada, 1971 (1973 )

NW Atlantic

60 Fin Whale Nova Scotia, 1970- Blubber 3 M - /adul t 2.05 ± 0.45 1.78 - 2.58 Saschenbrecker
(Balaenoptiera phqealue ) Canada, 1971 (1973)

NW Atlantic
Ul

61 Humpback I4hale Nova Scotia, 1971- Blubber 2 M&F - /adult 15.4 - 7.6 - 23.1 Taruski et al. m
(Megaptera novaeangZiae) Canada; 1975 (1975 )

New Jersey, USA,
N~I Atlantic

63 Humpback \oJhale Antiqua , 1971- Blubber 2 M - /juvenile 1. 75 - 1.4 - 2.1 Taruski et al.
(Megaptera novaeangZiae) St. Kitts 1975 (1975)

~Jest Indies

62 Dense-beaked Whale New Jersey and 1971- Blubber 2 M - /juvenile 51.7 - 38.2 - 65.1 Taruski et al.
(MesopZodon densirostris) North Carolina 1975 and adult (1977)

USA, NW Atlantic

64 Sperm Whale Anegada Passage, 1971- Blubber 2 M&F - /adults 8.4 - 1.1 - 15.5 Taruski et al.
(Physeter catodonJ West Indies 1975 (1975)

65 Sperm Whale Antarctic 1962- Blubber 3 - - ~ - 21.2 - 0.07 - 34.98 Addison et al.
(Physeter catodonJ 1966 (oi 1) (1972)

66 Sperm Whale California 1968 Liver 6 - - 0.34 - 0.28 - 0.49 Wolman and
(Physete p catodon) Blubber 6 M&F 11 .71/ - 5.8 ± 2.5 1.82 - 9.43 Wilson (1970)



Table 11. Continued

Index Year No. of Mean I mDT pg/g
fjo.* Species Location Taken Tissue Animals Sex Length/ age mean!: S.D. Range Source

(m) (yrs )

67 Gray Whale Near San Francisco 1968- Liver 23 M&F 11 .91 / - 0.01 - - Wolman and
(Balaenoptera musculus) Cal ifornia 1969 Blubber 23 M&F 11.91 / - 0.071± 0.174 - Wil son

SW USA (1970 )

94 Pygmy Killer Whale Florida 1975 Blubber 2 M 1.97 / - 25.0 - 23.1 - 26.9 Forrester et al.
(Feresa attenuata) (1980)

23 Harbour Porpoise Baltic Sea 1976 Liver 2 - - - 1.09 - 0.37 - 1.8 Huschenbeth
(Phocoena phocoena) Blubber 2 - - - 37.6 - 29.3 - 45.9 (1977 )

68 Harbour Porpoise Eo Scotl and 1965- Blubber 3 - - /adults 42.8 ± 10.3t 27.9 - 45.3 Holden and
(Phocoena phocoena) 1967 Marsden (1967)

69 Harbour Porpoise E. Scotland 1968 Blubber 2 - - /adults 12.4 - - Holden
(Phocoena phocoena) (1975 )

70 Harbour Porpoise Eo Scotland 1970 Blubber 3 - - - 37.4 - - Holden
(Phocoena phocoena) (1975 ) U1

'-l

71 Harbour Porpoise Eo Scotland 1971 Blubber 4 - - - 18.4 - - Holden
(Phocoena phocoena) (1975 )

72 Harbour Porpoise New Brunswick & 1969- Liver 3 M - /adults 2.69 ± 0.80 "1. 97 - 3.32 Gaskin et al.
(Phocoena phoooena) Nova Scotia 1970 Blubber 12 M - /adults 306.7 ± 113.3t 150.8 - 520.0 (1971 )

Bay of Fundy.
E. Canada

73 Harbour Porpoise New Brunswick & 1969- Liver 8 F - /adults 1.36 ± 1.03t 0.61 - 3.57 Gaskin et al.
(Phocoena phocoena) Nova Scotia 1970 Blubber 15 F - /adults 214.27 ± 96.9"'- 111.6 - 447.9 (1971)

E. Canada

74 Harbour Porpoise New Brunswick & 1969- Liver 2 F /adults 0.43 ± 0.04- 0.46 - 0.50 Gaskin et al.(Phocoena phocoena) Nova Scotia 1970 Blubber 6 F - /adults 69.0 ± 32.4t 40.0 - 122.0 (1971 )
75 Harbour Porpoise W. Greenland 1972 Blubber 2 0.29 ± 0.18(Phocoena phocoena) - - - - Clausen et al.

(1974 )
76 Harbour Porpoise North Sea 1972 Blubber 7 41.2 33.6 t(Phocoena phocoena) - - - ± 11.1 - 102 Koeman et a1.

("1972)



Tab1elL Continued

Index Year No. of Mean I EDDT \lg/g
No.* Species Location Taken Tissue Animals Sex Length/ age mean t S.D. Range Source

(m) (yrs)

93 A Harbour Porpoise Bay of Fundy 1975- Liver _® N - - 0.79 - 0.21 - 2.03 Gaskin
(Phocoena phocoena) 1977 Kidney - M - - 0.22 - 0.12 - 0.47 (1982 )

t4uscl e - M - - 0.52 - 0.11 - 1.47
Blubber - M - - 103.42 - 22.83 - 227.00

93 B Harbour Porpoise Bay of Fundy 1975- Liver J~?) F - - 0.21 - 0.10 - 0.30 Gaskin
(Phocoena phocoena) 1977 Kidney - F - - 0.13 - 0.12 - 0.15 (1982 )

Muscle - F - - 0.38 - 0.08 - 1. 53
Blubber - F - - 39.35 - 21.48 - 55.69

95 Harbour Porpoise Danish Coast 1972- Liver 4 M&F - / 1-3 0.55 - 0.04 - 1.1 Anderson &
(Phocoena phocoena) 1973 Blubber 4 M&F - / 1~3 18 - 3.9 - 27 Rebsdorff

(1976 )

77 COllVTIon Dolphin North Sea (3) '\,1972 Blubber 4 - - - 85 ± 84 4.27 - 177 Koernan et al.
(Delphinus delphis) & New Zealand (1) (1972)

Dusky Dolphin Ul
co

(Lagenorhynchus obscurus)

78 Common Dolphin French Coast '\,1979 Liver + 17 - - - 10.9 - - Alzieu and
(Delphinus delphis) (Atlantic & Muscle 25 - - - 5.6 - - Duguy

Mediterranean) Kidney 18 - - - 6.4 - - (l979 )
Blubber 12 - - - 73.5 ± 64.2

87 Common Dolphin California 1968- Muscle 13 M&F 2.06 / - 13.0 ± 9.1 4.6 - 39.9 O'Shea et a1.
(Delphinus delphis) 1976 Blubber 13 M&F 2.06 / - 926.8 ± 416.4 405 -1767 (1980 )

79 Blue-White DolphinT French Coast '\,1979 Liver + 24 - - - 109.8 - - Alzieu and
(Stenella caeruleoalba) (Atlantic & Muscle 10 - - - 13.3 - - DU9UY

Mediterranean) Kidney 26 - - - 28.1 - - (1979)
Blubber 8 - - - 344.2 ± 302.9

80 Risso's Dolphin French Coast 1979 Liver + 4 - - - 21.4 - - Alzieu and
(Globicephala griseus) (Atlantic & Muscle 3 - - - 4.2 - - Duguy

Mediterranean) Kidney 4 - - - 24.2 - - (l979 )
Blubber 3 - - - 70.0 ± 33.6



Tab1ell. Continued

Index Year No. of Mean I LOOT \lg/g
No.* Species Location Taken Tissue Animals Sex Length/ age mean I S.D. Range Source

(m) (yrs)

81 Striped Dolphin T Maryland and 1971- Blubber 2 M&F - /adults 150.9 - 70.7 - 231.0 Taruski et al.
(Stenella caeruleoalbaJ Rhode Island, 1975 (1975)

E. USA

86 Striped Dolphin T E. Tropical 1968- Muscle 13 M&F 1.77/ - 0.4 ± 0.5 <0.01 - 1.65 O'Shea et al.
(Stenella caeruleoalba) Pacifi c 1976 Blubber 14 M&F ·1.77/ - 41.9 ± 58.0 0.62 - 166.4 (1980)

89 Striped Dolpbin T Japan 1968- Muscle 5 M&F 2.22/ - 0.6 ± 0.7 <0.01 - 1.8 O'Shea et al,
(Stenella caeruleoalbaJ 1976 Blubber 5 M&F 2.22/ - 10.0 ± 5.4 <2.0 - 17.1 (1980)

82 Common Dolphin Rhode Island, 1971- Blubber 2 M&F - /adults 55.8 - 40.7 - 70.9 Taruski et al.
&Atlantic White- E. USA and 1975 (1975) Ul

Sided Dolphin Nova Scotia, 1..0

(Delphinus delphis and E. Canada
Lagenorhynchus acutusJ

83 Gray Dolphin St. Lucia, 1972 Liver + 5 M&F 4.3 / - 0.04 ± 0.04 0.01 - 0.10 Gaskin et al.
(Globicephala macrorhynchaJ Lesser Anti11 es Muscle 5 t4&F 4.3 / - 0.19 ± 0.24 0.01 - 0.59 (1974)

Kidney 4 M&F 4.3 / - 0.21 ± 0.15 0.04 - 0.39
Blubber 5 M&F 4.3 / - 1.62 ± 0.42 1.25 - 2.28

84 Long-snouted Dolphin St. Lucia, 1972 Liver + 2 M&F 1.8 / - 0.10 - 0.06 - 0.134 Gaskin et al.
(Stenella longirostrisJ Lesser Antilles Muscle 2 M&F 1.8/ - 0.05 - 0.04 - 0.064 (1974)

Kidney 2 M&F 1.8 / - 0.10 - 0.065- 0.145
Blubber 2 M&F 1.8 / - 4.41 - 1.44 - 7.38

85 Bottlenose Dolphin Cal ifornia 1968- Muscle 2 F 2.33/ - 2215 - 1746 -2684 O'Shea et a1.
(Tursiops truncatusJ 1976 Blubber 2 F 2.33/ - 35.8 - 18.7 - 52.8 (1980)



Table 11. Continued

Index Year No. of Mean I mOT :Ig/g -l
tJo. * Species Location Taken Tissue Animals Sex Lengthl age lIlean ' S.D. Range Source

(m) (yrs)
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88 Rou!jh-toothed Hawaii 1968- Muscle 7 M&F 2.17 1 - 0.1 ± 0.1 <0.01 - 0.3 O'Shea et al. ~
Dolphin 1976 Blubber 7 M&F 2.17 / - 8.9 ± 9.9 <0.01 - 27.1 (1980 )

(Steno bredanensis)

91 Finless Porpoise Japan 1968- Muscle 5 M&F 1.53 / - 0.3 ± 0.2 <0.01 - 0.7 O'Shea et a1.
(Neophocaena phocoenoides) 1976 Blubber 6 M&F 1.47 / - 66.0 ± 46.8 8.6 - 107 (1980 )

* - Different tissues belong to the same animal or groups of animals which contain the same Index No.

+ - Dorsal meat

-r - S.D. estimated from the range

® - No. of animals not given. See Gaskin et al. (1983). Index No. 92A and B.

~ - Approximate sampling date or several years previously.

T - Blue-White and Striped Dolphins are used interchangeably, depending on the name used in the original literature.



Table 12. Reference concentrations of PCB's (wet weight basis) in different tissues -of Cetaceans.

Index Year No. of Mean I PCB \lg/g
fJo.* Species Location Taken Tissue Animals Sex Length/ age mean 1 S.D. Rdnge Source

(01)

51 Pilot Whale Southwest "'1975 Blubber 2 - - - 9B - - Holden
(GZobicephaZa meZaena) England (1975 )

52 Pilot Whale R.I. & Maine 1971- Blubber 2 M&F - /adults 78 - 42 - 114 Taruski et al.
(GZobicephaZa meZaena) E. USA 1975 (1975 )

53 Pilot l~hale France, Atlantic "'1979 Blubber 7 - - - 189.0 ± 298.0 - Alzieu and
(GZobicephaZa meZaena) & Med iterranean Duguy

(1979 )

90 Pilot Whale Japan 1968- Muscle 6 M&F 3.01/ - 8.03 ± 12.0 0.4 - 32 O'Shea et al.
(GZobicephaZa meZaena) 1976 (1980 )

m
I-'54 Beluga Whale Shallow Bay 1972 Liver + 7 - - /adults <0.5 - - Addison et al.

(DeZphinapterus Zeucas) Mackenzie River Muscle 7 - - /adults <0.5 - - (1973 )
Delta, Blubber 7 - - /adults <0.5
W. Arctic Canada

55 Beluga Whale Kugma1it Bay 1972 Blubber 7 - - /adults <0.5 - - Addison et al.
(DeZphinapterus Zeucas) Mackenzie River (1973 )

Delta,
W. Arctic Canada

13 A Narwhal Pond Inlet 1979 Blubber 9 F 3.8 / - 6.73 ± 2.22 - l~agemann et a1.
(Monodon monoceros) Baffin Island, (1983 )

E. Arctic Canada

13B Narwhal Pond Inlet 1979 Blubber 11- M 3.9 / - 12.85 ± 6.88 - Wagemann etal.
(Monodon monoceros) Baffin Island, (1983 )

E. Arctic Canada



Table 12. Continued

Index Year No. of t4ean I PCB \J9/9
Ilo.* Species Location Taken Tissue Animals Sex Length/ age mean + S.D. Rctnge Source

(m)

14 Minke Whale Umanak, 1972 Blubber 6 - - - 0.61 ± 0.379 0.14 - 1.1 Johansen et al.
(BaZaenoptera acutorostrata) W. Greenland (1980)

56 Minke, Fin, and St. Lawrence 1979 Blubber 3 - - - 71.6 ± 91.72 - Sergeant
White Whales River, (1980)

(B. acutorostrata, Eo Canada
B. physaZus)

57 Fin Whale S.E. Greenland 1975 Blubber 6 - - - 3.6 - - Holden
(BaZaenoptera physaZuB) (1975)

58 Fin Whale N. Atlantic 1967- Blubber 5 - - - 4.1 ± 3.3 <0.01 - 7.0 Addison et al.
(BaZaenoptera physaZuB) 1970 (oil ) (1972)

58 A Fin Whale France, Brittany 1976 Blubber 2 M&F 14.3 / - 4.96 - - Alzieu and m
(BaZaenoptera physaZuB) & Med iterranean Duguy N

Coasts (1979)

59 Fin Whale Nova Scotia 1970- Blubber 9 F - /adult 0.04 ± 0.04 0.01 - 0.05 Saschenbrecker
(Bal.aenoptiera phueal.ue ) E. Canada, & 1971 (1973)

N.W. Atlantic

60 Fin Hhale Nova ScotiCl 1970~ Blubber 3 M - /adult 0.09 ± 0.08 0.04 - 0.19 Saschenbrecker
(BaZaenoptera physaZus) E. CanClda, & (1973)

N.W. Atlantic

61 Humpback Whale Nova Scotia, 1971- Bl ubber . 2 M&F - /adult 5.7 - 5.4 - 6.0 Taruski et al.
(Megaptera novaeangZiae) Canada & 1975 (1975)

New Jersey, USA
N.W. Atlantic

63 Humpback Whale Antigua, 1971- Blubber 2 M - /juvenile 1.4 - 1.3 - 1.5 Taruski et al.
(Megaptera novaeangZiae) St. Kitts 1975 & adult (1975)

West Indies



Table 12. Continued

Index Year No. of Mean I PCB \Ig/g
No.* Species location Taken Tissue Animals Sex length/ Age mean' S.D. Range Source

(m)

62 Dense-beaked Whale New Jersey & 1971- Blubber 2 M - /juvenile 21.5 - 14 - 29 Taruski et al.
(Mesoplodon densirostrisJ North Carolina, 1975 &adult (1975 )

N.14. Atlantic

64 Sperm Whale Anegata Passage, 1971- Blubber 2 M&F - /adult 2.4 - 0.7 - 4.0 Taruski et al.
(Physeter catndnnJ West Indf es 1975 (1975 )

65 Sperm Whale Antarctic 1962- Blubber 3 - - - 0.67 - <0.01 - 1.0 Addison et al.
(Physeter catodonJ 1966 (oil ) (1972 )

94 Pygmy Killer Whale Florida 1975 Blubber 2 M 1.97/ - 57.8 - 36.6 - 79.0 Forrester et al.
(Feresa attenuataJ (1980)

23 Harbour Porpoise Baltic Sea 1976 liver 2 2.4 10.0 Huschenbeth
m- - - 6.2 - - w

(Phocoena phocoenaJ Blubber 2 - - - 114.3 - 88.6 - 140 (1977)

69 Harbour Porpoise E. Scotl and 1968 Blubber 2 - - - 31 - - Holden
(Phocoena phocoenaJ (1975 )

70 Harbour Porpoise E. Scotland 1970 Blubber 3 - - - 68 - - Holden
(Phocoena phocoenaJ (1975 )

71 Harbour Porpoise E. Scotland 1971 Blubber 4 - - - 39 - - Holden
(Phocoena phocoenaJ (1975)

75 Harbour Porpoise W. Greenland 1972 Blubber 2 - - - 6.65 ± 6.72 - Clausen et al.
(Phocoena phocoenaJ (1974)

76 Harbour Porpoise North Sea 1974 Blubber 7 - - - 88 ± 42 t 35 - 148 Koeman et al.
(Phocoena phocoenaJ (1972)



Table 12. Continued

Index Year No. of Mean I PCB \Jg/g
flo. * Species Location Taken Tissue Animals Sex Length! Age mean t S.D. Range Source

(m)

92 A Harbour Porpoise gay of Fundy 1971- Liver 45 M 1.39/ 3.96 1.20 ± 0.73 - Gaskin et al.
(Phocoena phocoena) 1977 Kidney 33 M 1.36/ 4.08 0.63 ± 0.44 - (1983 )

Muscle 61 M 1.35/ 3.96 1.02 ± 0.69
Blubber 62 M 1.35/ 3.96 78.7 ± 58.6

92 B Harbour Porpoise Bay of Fundy 1971- Liver 21 F 1.33/ 2.73 0.66 ± 0.41 - Gaskin et al.
(Phocoena phocoena) 1977 Kidney 18 F 1.29/ 2.35 0.39 ± 0.30 - (1983 )

Muscle 39 F 1.33/ 2.73 0.73 ± 0.67
Blubber 40 F 1.33/ 2.73 46.6 ± 27.0

95 Harbour Porpoise Danish Coast 1972- Liver 4 M&F - / 1-3 5.4 - 0.7 - 11 Andersen &
(Phocoena phocoena) 1973 Blubber 4 M&F - / 1-3 78 - 28 - 125 Rebsdorff

0'1(1976) .j:::>

91 Finless Porpoise Japan 1968- Muscle 5 M&F 1.53/ - 0.81 ± 0.33 0.43 - 1.1 O'Shea et al.
(Neophocoena phocoenoides) 1976 Blubber 6 M&F 1.47/ - 65 ± 28 18 - 96 (1980 )

77 Common Dolphin North Sea (3) '\,"972 Blubber 4 - - - <0.75 ± <0.48 - Koeman et al.
(Delphinus delphis) and (1972 )

Dusky Dolphin New Zea1and (1)
(Lagenorhynchus obscupus)

78 Common Dolphin French Coast 1979 Liver + 17 - - - 28.2 ± 66.7 - Alzieu and
(Delphinus delphis) (Atlantic & Muscle 25 - - - 10.6 ± 15.5 - Duguy

Mediterranean) Kidney 18 - - - 13.5 ± 15.9 - (1979)
Blubber 12 - - - 122.9 ± 91.1

87 Common Dolphin California 1968- Muscle 13 M&F 2.06/ - 1. 24 ± 0.94 <0.01 - 3.3 O'Shea et al.
(Delphinus delphis) 1976 Blubber 13 M&F 2.06/ - 130.0 ± 59.2 80 - 300 (1980 )



Table 12. Continued

Index Year i No. of Mean I PCB »s/s
No.* Species Location Taken Tissue Animals Sex Length/ Age mean; S.D. Range Source

(m)
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79 Blue-White Dolphin T French Coast 1979 Liver + 24 101.8 ± 136.9 Alzieu and- - - -
(Stenella caeruleoalbaJ (Atlantic & Muscle 10 - - - 12.3 ± 19.1 - Duguy

Mediterranean) Kidney 26 - - - 36.2 ± 36.9 - (1979)
Blubber 8 - - - 266.9 ± 250.7

80 Risso's Dolphin French Coast 1979 Liver + 4 - - - 49.0 ± 57.0 - Alzieu and
(Globicephala griseusJ (Atlantic & Muscle 3 - - - 3.9 ± 2.2 - Duguy

Mediterranean) Kidney 4 - - - 35.8 ± 53.0 - (1979 )
Blubber 3 - - - 68.1 ± 23.1

31 Striped Dolphin T Maryland &R.I., "'1971- Blubber 2 M&F - /adults 54 - 39 - 69 Taruski et al.
(Stenella caeruleoalbaJ E. USA 1975 (1975 ) 01

U1

86 Striped Dolphin T E. Tropical 1968- Muscle 13 M&F 1.77 / - <0.01 - 0' Shea et a1.
(Stenella caeruleoalbaJ Pacific 1976 Blubber 14 M&F 1.77 / - 4.0 ± 4.0 <0.01 - 5.2 (1980 )

89 Striped. Dolphin T Japan 1968- Muscle 5 M&F 2.22 / - 0.62 ± 0.67 <0.01 - 0.85 O'Shea et al.
(Stenella caeruleoalbaJ 1976 Blubber 5 M&F 2.22 / - 3.36 ± 1.75 1.2 - 5.0 (1980)

82 Common Dolphin & Rhode Island, "'1971- Blubber 2 M&F - /adults 53 - 37 - 69 Taruski et a1.
Atlantic I'Jhite- E. USA; 1975 (1975 )
Sided Dolphin Nova Scotia,

(Delphinus delphis and E. Canada
Lagenorhynchus acutusJ

83 Gray Dolphin St. Lucia 1972 Liver + 5 M&F 4.3 / - 0.31 ± 0.34 0.07 - 0.85 Gaskin et al.
(Gl.obi.aephal:a Lesser Anti11 es Muscle 5 M&F 4.3 / - 0.20 ± 0.21 0.05 - 0.54 (1974 )

macrophynchaJ Kidney 4 M&F 4.3 / - 0.19 ± 0.11 0.06 - 0.33
Blubber 5 M&F 4.3 / - 1.13 ± 0.40 0.69 - 1. 60



Table 12. Continued

* - Different tissues belong to the same animal or groups of animals which have the same Index No.

+ - Dorsal meat

-r - Standard deviation calculated from the range

~ - Approximate sampling date or several years previously.

T - Blue-White and Striped Dolphins are used interchangeablY, depending on the name used in the original literature.



Table 13. Reference concentrations of EDDT (wet weiqht basis) in different tissues of Pinnipeds.

Index Year No. of Mean I EDDT ~g/g

No.* Species Location Taken Tissue Animals Sex Length/ Age mean; S.D.- Range Source
(m) (yrs)

106 Ringed Seal Upernavik, 1974- Blubber 57 - - - 1.02 ± 0.97 - Johansen et a1.
{Phoca hispidaJ W. Greenland 1976 (1980)

107 Ringed Seal Daneborg, 1974 Blubber 7 - - - 3.1 ± 2.1 -r - Johansen et al.
(Phoca hispidaJ W. Greenland (1980)

250 Ringed Seal Gulf of Bothnia, 1968 Blubber 2 - - - 63 - 58 - 68 Jensen et a1.
(Phooa hispidaJ W. Finland (l969)

251 Ringed Seal Bothnian Bay, 1973 Blubber 40 F - /adults 110 ± 63 - Helle et a1.
(Phoca hispidaJ W. Finland (l 976a) 01

~

252 Ringed Seal Gulf of Bothnia, 1973 Blubber 33 - - /adults 200 ± 161 - Helle et al.
(Phoca hispidaJ l~. Finland (l976a)

253 Ringed Seal Simo,Bothnian Bay, 1975 Blubber 37 FB - /adults 115 ± 76 - Helle et a1.
(Phoca hispidaJ ~/. Finland (1976b)

254 Rin!1ed Seal Simo,Bothnian Bay, 1975 Blubber 24 FA - /adults 88 ± 47.5 - Helleeta1.
(Phoea hispidaJ W. Finland (1976b)

255 Ringed Seal Simo,Bothnian Bay, 1975 Blubber 24 M - /adults 130 ± 88 - Helle et al.
(Phoca hispidaJ W. Finland (l976b)

256 Ringed Seal Sacks Harbour 1972 Liver + 3 M&F - - 0.022± 0.013 - Bowes and
(Phoca hispidaJ Hudson Bay, Muscle 3 M&F - - 0.016± 0.009 - Jonke1

N. Canada Blubber 5 M&F - - 1.538± 0.876 (1975)

257 Ri nged Seal Lancaster Sound, "-'1972 Liver 3 F - - 0.078± O.OB9 - Bowes and
{Phaca hispidaJ Canadian Arctic Blubber 2 M&F - - 0.367± 0.266 - Jonke1

(l975)



Table 13. Continued

Year No. of Mean I mDT pg/gIndex
No.* Species Location Taken Tissue Animals Sex Length/ Age mean! S.D. Range Source

(m) (yrs)

258 Ringed Seal ~J. Greenland 1972 Blubber 5 - - - 0.15 ± 0.10 - Clausen et al.
(Phoca hispida) (1974)

260 Ringed Seal Arctic Canada "'1970 Blubber 3 - - /adults 2.7 ± 1.51- 1.3 - 3.9 Holden
(Phoca hi.epida) (1972)

261 Ringed Seal Arctic Norway "'1970 Muscle+ 2 - - /adults 2.44 - 1.8 - 2.9 Holden
(Phoca hispida) (1972)

262 Ringed Seal Victoria Island, 1972 Blubber 13 F - / 10.9 0.61 ± 0.27 0.17 - 1.08 Addison and
(Phoca hispida) W. Arctic Canada Smith

(1974)

263 Ringed Seal Victoria Island, 1970- Blubber 15 M / 14.5 1.31 ± 0.31 0.39 - 1.45 Addison and m- co
(Phoca hispida) W. Arctic Canada 1972 Smith

(1974 )

264 Grey Seal Archipelago of 1968 Blubber 3 - - - 36 - 35 - 36 Jensen et al.
(Halichoerus grypus) Stockholm (1969 )

265 Grey Seal Gulf of 1968 Blubber 2 - - /pups 25 - 24 - 26 Jensen et al.
(Halichoerus grypus) Finland (1969)

266 Grey Seal ~la1es, "'1970 Blubber 3 - - /adults 17.5 ± 3.91- 14.3 - 20.9 Holden
(Halichoerus grypus) W. England (1972)

267 Grey Seal Cornwall, "'1970 Blubber 3 - - /pups 11 .1 ± 5.71- 5.2 - 14.8 Holden
(Halichoerus grypus) S. England (1972 )

268 Grey Seal Orkney, "'1970 Blubber 8 - - /adults 13.0 ± i.r: 2.9 - 24.9 Holden
(Halichoerus grypus) N. Scotland (1972 )
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Index Year No. of Mean I LODT \Jg!g
No.* Species Location Taken Tissue Animals Sex Length! Age mean ± S.D. Range Source

(m) (yrs)

269 Grey Seal Hebrides, "'1970 Blubber 3 - adults 15.1 ± 7.8 t 10.0 - 23.2 Holden
(Halichoerus gPypus) 14. Scotland (1972 )

270 Grey Seal Summer Island, "'1970 Blubber 4 - adults 9.8 ± 6.8 t 4.1 - 18.1 Holden
(Halichoepus gPypus) W. Scotland (1972 )

271 Grey Seal Aberdeen-Montrose ,"'1 970 Blubber 16 - adults 20.1 ± 7.9-j- 8.5 - 36.3 Holden
(Halichoepus grypus) E. Scotl and (1972 )

272 Grey Seal Farne Islands, "'1970 Blubber 5 - pups 13.1 ± 5.5 t 6.4 - 19.1 Holden
(Halichoerus gPypus) N.E. England (1972 )

273 Grey Seal Scroby "'1970 Blubber 2 - adults 39.7 - 26.1 - 52.1 Holden
(Halichoerus gPypus) E. England (1972) 0)

\.0

274 Grey Seal Sable Island, "'1970 Blubber 5 - adults 45.4 ± 30.3 14.9 - 85.3 Holden
(Halichoepus gPypus) Nova Scotia (1972)

E. Canada

275 Grey Seal Basque, Gulf of - Blubber 2 - adults 49.9 ± 24.4 36.1 - 63.6 Holden
(Halichoerus gPypus) St. Lawrence, (1972)

E. Canada

276 Grey Seal Outer Hebrides, 1972 Blubber 6 - adults 7.40 ± 4.07 - Heppleston
(Halichoerus gPypus) N. Scotland (1973)

277 Grey Seal Shetland, 1972 Blubber 8 - adults 8.90 ± 5.08 - Heppleston
(Halichoepus gpypus) N. Scotland (1973 )

273 Grey Seal Farne Islands, 1972 Blubber 7 - adults 10.71 ± 3.21 - Heppleston
(Halichoerus gPypus) !'j.E. England (1973 )
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Index Year No. of Mean I l: DDT \Jg/g
Ho.* Species Location Taken Tissue Animals Sex Length/ A~e mean! S.D. Range Source
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279 Grey Seal E. Angl ia, 1972 Blubber 4 - - /adults 15.53 ± 8.31 - Heppleston
(Halichoerus grypus) E. Engl and (1973)

280 Grey Seal Gulf of Bothnia 1973 Blubber 15 - - /adults 210 ± 108.4t - Olsson et al.
(Halichoerus grypus) W. Finland (1975)

281 Grey Seal Baltic Sea 1973 Blubber 18 - - /adul ts 420 ± 225 - Olsson et al.
(Halichoerus grypus) (1975)

282 Grey Seal Sable Island, 1974- Blubber 11 - - /pups 15.45 ± 5.94 - Addison and
(Halichoerus grypus) Nova Scotia, 1976 Brodie

E. Canada (1977 )

283 Grey Seal Sable Island 1974- Blubber 11 F - /adults 27.1 ± 15.2 - Addison and
(Halichoerus grypus) Nova Scotia, 1976 Brodie

E. Canada (1977) -....,J
a

284 Grey Seal E. Anql ia , '\,1975 Liver + 3 - - - 2.08 ± 0.51 1.49 - 2.40 Holden
(Halichoerus grypus) E. England Muscle 3 - - - 0.42 ± 0.21 0.25 - 0.66 (1978a)

Kidney 3 - - - 0.66 ± 0.13 0.53 - 0.78
Blubber 3 - - - 18.5 ± 7.0 13.8 - 26.6

285 Grey Seal Orkney, '\,1978 Blubber 7 - - - 8.3 - - Holden
(Halichoerus grypus) N. Scotland (1978a)

286 Grey Seal Shetland, '\,1978 Blubber 8 - - - 8.4 - - Holden
(Halichoerus grypus) W. Scotland (1978a)

286 A Grey Seal Farne Islands, 1975 Blubber 26 M - / 3-27 8.97 - 3.48 - 16.88 Holden
(Halichoerus grypus) N.E. England Blubber 33 F - / 1-36 4.26 - 2.04 - 11.84 (1978b)

323 Grey Seal Farne Islands, 1972 Blubber 8 M 1.88 /12.9 26.8 ± 6.3 16.9 - 33.6 Donkin et al.
(Halichoerus grypus) N.E. England Blubber 9 F 1.82 /19.4 10.1 ± 4.2 4.3 - 19.3 (1981 )



Table 13. Continued

Index Year No. .of Mean I LOOT I1g/g
No.* Species Location Taken Tissue Animals Sex Length/ Age mean:! S.D. Range Source

(10) (yrs)

165 Harbour Seal Booth Bay Harbour 1971 Liver + 3 M - / adults 1.42 ± 0.63"1" 0.87 - 1. 93 Gaskin et al.
(Phoea vitulinaJ Gulf of Maine, Muscle 2 M - / adults 0.17 ± o.Of 0.12 - 0.22 (1973 )

E. USA Blubber 3 M - / adults 84.9 ± 60.4 37.0 - 139.2

166 Harbour Seal Booth Bay Harbour 1971 Liver + 3 F - / adults 0.37 ± 0.33"1" 0.09 - 0.65 Gaskin et al.
(Phoca vitulinaJ Gulf of Maine, Muscle 3 F - / adults 0.08 ± 0.04"1" 0.04 - 0.11 (1973)

E. USA Blubber 3 F - / adults 45.91 ± 23.80"1" 25.26 - 65.54

168 Harbour Seal Grand Manan and 1971 Liver + 4 M - / adults 0.68 ± 0.82"1" 0.35 - 2.26 Gaskin et al.
(Phoca vitulina) Deer Island Muscle 4 M - / adults 0.91 ± 1.09"1" 0.22 - 2.77 (1973 )

New Brunswick, Blubber 3 M - / adults 38.41 ± 13.6 29.13 - 52.10
E. Canada

180 Harbour Seal Columbia River 1971 Blubber 3 - - / 2-4 72.7 - 27.7 - 109.9 Anas
(Phoca vitulinaJ Oregon, USA (l974a)

'-J

183 Harbour Seal Puget Sound 1971 Blubber 2 / 1
1

1039.7 E 459.4 -1620 Anas I-'- - -
(Phoca vitulina) Washington, (1974a)

W. USA

212 Harbour Seal Wadden Sea, "'1974 Blubber 3 M - / 1-24 10.4 ± 6.7 - Duinker et al.
(Phoca vitulinaJ Netherlands (1979)

287 Harbour Seal liadden Sea, 1965 Blubber 2 - - - 18.5 - 9.6 - 27.4 Koeman and
(Phoca vitulinaJ Netherlands van Genderen

(1966)

288 Harbour Seal Netherlands "'1972 Blubber 5 - - / 14-25 9.5 ± 4.6 6.5 - 17.3 Koeman et al.
(Phoca vitulinaJ (1972)

289 Harbour Seal Netherl ands 1972 Blubber 3 - - /juvenile 2.0 ± 2.8 t 0.33- 5.1 Koeman et al.
(Phoca vitulinaJ <2- (1972 )
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Index Year No. of Mean I 1: DDT I1g/g
tio.* Species Location Taken Tissue Animals Sex l.ength/ Age mean! S.D. Range Source

(m) (yrs)

290 Harbour Seal Scroby, "'1970 Blubber 3 - - / adults 23.9 ± n.rt 15.6 - 34.4 Holden
(Phoca vi tul.ina) E. England (1972 )

291 Harbour Seal Shetland, 1970 Blubber 4 - - / pups 2.6 ± 0.97 1.6 - 3.6 Holden
(Phoca ui tul.ina) N. Scotland (1972 )

292 Harbour Seal Summer, 1970 Blubber 17 - - / adults 5.3 ± 1.7 2.5 - 8.6 Holden
(Phoca vitulina) W. Scotland (1972 )

293 Harbour Seal Wash, 1970 Blubber 12 - - / pups 6.5 ± 2.2 2.5 - 9.73 Holden
(Phoca vi tu l.ina) E. England (1972 )

294 Harbour Seal Pribilof Island 1971 Blubber 3 - - - 13.9 E: - 6.8 - 27.8 Anas
(Phoca vituZina) Alaska, USA (1974 )

295 Harbour Seal Wadden Sea, "'1979 Liver 5 M&F - / 1-24 0.55 ± 0.49 - Duinker et al. '-J

(Phoca vituZina) Netherlands Kidney 2 F / 1 0.41 0.05 - 0.76 (1979 ) N- "-
Blubber 4 F - / 1-23 11.2 ± 10.3

296 Harbour Seal North German 1974- Liver 5 - - / 0-8 0.14 ± 0.10 - Drescher et al.
(Phoca ui tul.ina) Coast 1976 Kidney 4 - - / 0-8 0.15 ± 0.14 - (1977)

Blubber 56 - - / 0-8 7.28 ± 2.07

297 Harbour Seal W. Scotland "'1978 Blubber 8 - - - 22.3 - - Holden
(Phoca vi tul.ina) (1978)

324 A Harbour Seal Sch1eswig- 1975- Blubber 8 - - /juveniles 16.9 - 4.0 - 47.1 Reijnders
(Phoca vi.tul.ina) Holstein 1976 Blubber 6 - - / adults 8.5 - 3.7 - 15.2 (1980 )

324 B Harbour Seal l~adden Sea, . 1975- Blubber 6 - - /juveniles 29.8 - 3.3 - 127.0 Reijnders
(Phoca vi.tul.ina) Netherlands 1976 Blubber 8 - - / adults 47.3 - 6.6 - 178 (1980)



Table 13. Continued

Index Year No. of Mean I LOOT lJg/g
No.* Species Location Taken Tissue Animals Sex Length/ Age mean :t S.D. Range Source

(m) (yrs)

298 Harbour and Eo Anglia, 1972 Liver + 9 - - adults 1.42 ± 1. 38 - Heppleston
Grey Seals E. England Muscle 9 - - adults 0.34 ± 0.19 - (1973)

(Phoca vitulina and Kidney 9 - - adults 0.38 ± 0.24
Halichoerus g~ypus) Blubber 9 - - adults 12.55 ± 6.23

299 Harbour and Baltic Sea 1968 Blubber 2 - - - 66 - 58 - 74 Jensen et al.
Grey Seals (1969)

(Phoca vitulina and
Halichoerus g~ypus)

300 Harbour and E. Scotland 1965 Blubber 18 - - adults 15.1 - 2.8 - 37 Holden and
Grey Seals 1966 Marsden

(Phoca vitulina and (1967)
Halichoe~us g~ypus)

301 Harbour and N. and W 1965 Blubber adults 7.6 3.1 15.5 Holden and
'!

6 - - - - w
Grey Seals Scotland 1966 Marsden

(Phoca vitulina and (1967)
Halichoerus g~ypus)

302 Harbour and N. and 14. 1965 Blubber 9 - - pups 5.12 - 2.23 - 8.29 Holden and
Grey Seals Scotland Marsden

(Phoca vitulina and (1967)
Halichoe~us g~ypus)

210 Hooded Seal Upernavik and 1974 Blubber 4 - - - 3.5 ± 1. 51- 2.1 - 6.5 Johansen et al.
(Cystopho~a c~stata) Disko Bay, (1980)

W. Greenland

305 Hooded Seal 14. Green1and 1972 Blubber 5 - - - 0.29 ± 0.10 0 - Clausen et al.
(Cystopho~a c~istata) (1974 )
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Index Year No. of Mean I LODT pg/g
tlo.* Species Location Taken Tissue Animals Sex Length/ Age mean T S.D. Range Source

(m) (yrs)

214 Harp Seal Upernavik and 1972 Blubber 8 - - - 4.9 ± 5.61- 0.82 - - 17.2 Johansen et a1.
(Pagophi Lus Disko Bay, (l980)

groenlandicus) W. Greenland

215 Harp Seal Upernavik and 1974 Blubber 3 - - - 1.5 ± 0.6 t 0.92 - 2.6 Johansen et a1.
(Pagophilus Disko Bay, (1980)

groenlandicus) W. Greenland

216 Harp Seal Upernavik and 1976 Blubber 3 - - - 2.8 ± 1.4 2.1 - 6.5 Johansen et al.
(Pagophilus Disko Bay, (1980)

groenlandicus) ~I. Greenland

218 Harp Seal Gulf of 1973 Liver + 4 F - / adults 0.03 ± 0.01 - Jones et a1.
(Pagophilus St. Lawrence, Muscle 4 F - (lactating) 0.01 ± 0.000 - (1976)

groenlandicus) E. Canada Blubber 4 F - / II 4.40 ± 1.27 _ -
"'--J
-p>_

225 Harp Seal Gulf of 1973 Liver 10 M - / 8-14 days 0.129 ± 0.179 0.003- 0.61 Jones et a1.
(Pagophi Lus St. Lawrence. Kidney 7 M - / 8-11 days 0.546 ± 1.02 0.007- 3.04 (1976 )

groenlandicus) E. Canada Blubber 10 M - / 8-14 days 1.34 ± 0.49 0.66 - 2.08

226 Harp Seal Gulf of 1973 Liver 6 F - / 3-14 days 0.126 ± 0.175 0.02 - 0.48 Jones et a1.
(Pagophi Lue St. Lawrence Kidney 6 F - / 3-14 days 0.49 ± 0.54 0.09 - 1.5 (l 976)

gl'oen Landicue ) E. Canada Blubber 5 F - / 10-14 days 1.36 -± 0.87 0.69 - 2.30

306 Harp Seal East of 1970 Liver 9 - - / . pups & 0.48 - - Frank et al.
(Pagophi Lue Newfoundland

Muscle+
juveniles (l973 )

groen Landicue )' 9 - - / <3 wks 0.43
Blubber 9 - - / <3 wks 3.46

307 Harp Seal East of 1970 Liver + 3 F - / adults 0.18 - - Frank et al.
(Pagophi Lue Newfoundland Muscle 3 F - / adults 0.11 - - (1973)

groenlandicus) Blubber 5 F - / adults 8.84
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Index Year No. of Mean I mDT ~g/g

tlo.* Species Location Taken Tissue Animals Sex Length/ Age mean! S.D.· Range Source
(10) (yrs)

308 Harp Seal Magdalen Island 1971 Liver + 10 - - / <3 wks 0.29 - - Frank et al.
(Pagophi Lue Gulf of St. Lawrence Muscle 10 - - / - 0.22 - - (1973)

groenlandicus) E. Canada Blubber 10 - - / <3 wks 4.51

309 Harp Seal Magdalen Island 1971 Liver + 11 F - / adults 0.49 - - Frank et al.
(Pagophi Lue Gulf of St.Lawrence Muscle 11 F - / adults 0.20 - - (1973)

groenZandicus) E. Canada Blubber 11 F - / adults 9.05

310 Harp Seal Escoumins,Quebec 1971 Blubber 4 F - / 3.25 6.4 ± 3.7i" 3.6 - 12.1 Addison et al.
(Pagophi Lue Gulf of St. Lawrence (1973)

groenlandicus) E. Canada

311 Harp Seal Escoumins,Quebec 1971 Blubber 14 M - / 7.0 10.2 ± 5.71" 3.1 - 22.6 Addison et al.
(PagophiZus Gulf of St. Lawrence (l973 )

groenlandicus) E. Canada
'-J

312 Harp Seal Gulf of 1973 Liver 10 / <2 wks 0.08 ± 0.03 0.05 - 0.14 Rosewe 11 et al. Ul- -
(Pagophilus St. Lawrence Blubber 20 - - / <2 wks 1.98 ± 0.67 1.08 - 2.98 (l979 )

groenlandicus) E. Canada

313 Harp Seal Gulf of 1971 Liver + 9 M - / 6.5 0.38 ± 0.23 0.15 - 0.82 Rosewell et al.
(Pagophi l.us St. Lawrence Muscle 9 t4 - / 7.5 0.24 ± 0.05 0.20 - 0.31 (l979 )

groenlandicusJ E. Canada Kidney 10 M - / 7.7 0.24 ± 0.05 0.09 - 0.68
Blubber 10 M - / 7.7 3.44 ± 1.35 1.64 - 5.42

303 Harp &Grey Seals Magdalen Island 1967 Blubber 2 - - / juvenile 1.68 - 0.83 - 2.59 Holden and
(Pagophilus groenlandicus Gulf of St. Lawrence and adult Marsden
and HaZichoerus grypus) E. Canada (l967)

304 Harp &Grey Seals Cabot Stra it, 1967 Blubber 6 - - / juveni 1e 12.2 - 3.55 - 35 Holden and
(Pagophilus groenlandicus Gulf of St. Lawrence Marsden
and Halichoerus grypus) E. Canada (1967)
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Index Year No. of Mean I EDOT \Jg/g
No.* Species Location Taken Tissue Animals Sex Length/ Age mean ± S.D. Range Source

(10 ) (yrs)

314 Bearded Seal W. Greenland 1972 , Blubber 5 - - - 0.47 ± 0.26 Q - Clausen et al.
rErignathus barbatus) (1974)

315 Fur Seal Pribilof Island 1969 Liver + 5 - - / pups 2.21 - 0.20 - 6.75 Anas and
rCallorhinus ursinus) Alaska, USA Muscle 5 - - / pups 2.18 - 0.09 - 8.77 Wilson

Blubber 5 - - / pups 15.91 - 0.64 - 47.9 (1970b)

316 Fur Seal Pribilof Island 1968 Liver 13 M - / 2.8 0.80 - 0.08 - 5.95 Anas and
rCallorhinus ursinus) Alaska, and 1969 Wilson

Washington State (1970a)
Coast, W. USA

317 Fur Seal Pribilof Island 1968 Liver 10 FB - / 3.0 0.98 - 0.19 - 3.27 Anas and
rCallorhinus ursinus) Alaska, and 1969 Wil son

Washington State (1970a)
Coast, ~l. USA "-.J

m

318 Fur Seal Pribilof Island 1968 Liver 7 FA - / 8.0 0.46 - 0.16 - 0.81 Anas and
rCallorhinus ursinus) Alaska, and Wil son

Washington State (1970a)
Coast, W. USA

319 Fur Seal Pribilof Island 1968 Liver 7 - - / fetus 0.01 - 0.01 - 0.10 Anas and
rCalZorhinus ursinus) Alaska, and Wil son

Washington State (1970a)
Coast, W. USA

320 Fur Seal St. Paul Island 1972 Blubber 5 - - / pups 39.9 ± 48.2 - Kurtz and Kim
rCalZorhinus ursinus) Alaska, USA (1976)

321 Fur Seal St. Paul Island 1972 Blubber 2 F - / adults 5.2 ± 2.6 - Kurtz and Kim
rCallorhinus ursinus) Alaska, USA (1976)
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Index Year No. of Mean I mOT lJg/g
No.* Species Location Taken Tissue Animals Sex Length/ Age mean! S.D. Range

(m) (yrs)

322 Species W. Greenland '\,1978 Blubber 20 ~ - - 0.70 ± 0.50
(Bearded, Hooded, Ringed)

325 Sea LiQn California 1970 Blubber 25 21M/ - /adul ts 911 ± 582 41 -2678
(Zalophus cal~fornianus) 4F

326 A Sea Lion California 1970 Liver 3 F - / 8 25.2 ± 4.1 22 - 30
(Zalophus californianus) Blubber 6 F - / 8 824.4 ± 167.8 626 -1039

326 B Sea Lion California 1970 Liver 4 F - /12 6.7 ± 5.1 2.4 - 13.6
(Zalophus californianus) Blubber 4 F - /12 103.2 ± 69.7 51 - 203

327 Walrus Alaska 1970 Blubber 4 - - - 0.08
(Odobenus rosmarus rosmarus)

328 l~a1rus Thule, 1975- Blubber 8 M - /0-19 0.09 ± 0.13 0.03 - 0.40
(Odobenus rosmarus rosmarus) Greenland 1977 Blubber 20 F - /0-19 0.05 ± 0.05 0.01 - 0.26

* - Different tissues belong to the same animal or groups of animals which have the same Index No.
+ - Dorsal meat

t - Standard deviation calculated from the range.

'\, - Approximate sampling date or several years previously.
£ - Total DDT + PCB
o _ as ODE

A - Gravid

B - Non-gravid

Source

Clausen
(l978 )

Le Boeuf &
Bonne 11
(1971 )

Delong et al.
(l973 )

Delong et al.
(l973 )

Galster &Burns
(l972)

Born et al.
(l981 )

--..j
--..j



Table 14. Reference concentration of PCB's (wet weight basis) in different tissues of Pinnipeds.

Index Year No. of Mean I PCB fJg/g
tJo.* Species Location Taken Tissue Animals Sex Length/ Age mean, S.D. Range Source

(m) (yrs)

106 Ringed Seal Upernavik, 1974- Blubber 57 - - - 0.96 ± 0.71 - Johansen et al.
(Phooa hiep ida ) W. Greenland 1976 (1980)

107 Ri nged Seal Daneborg, . 1974 Blubber 7 - - - 3.2 ± 1.3 t - Johansen et al.
{Phoaa hiBpidaJ E. Greenland (1980)

250 Ringed Seal Gulf of Bothnia, 1968 Blubber 2 - - - 6.8 - 5.0 - 8.5 Jensen et al.
{Phoaa hiBpidaJ W. Finland (1969 )

251 Ringed Seal Bothnian Bay, 1973 Blubber 40 F - / adults 69 ± 25.3 - Helle et al.
(Phooa hiep i da ) W. Finland (1976a)

252 Ringed Seal Gulf of Bothnia, 1973 Blubber 33 - - / adults 110 ± 86 - Helle et al.
(Phoca hi.ep i.da ) W. Finland (1976a)

FB / adults
'-J

253 Ringed Seal Simo, Bothnian 1975 Blubber 37 - 100 ± 57 - Helle et al. co
(Phoaa hiBpidaJ Bay, 14. Finland (1976b)

254 Ringed Seal Simo, Bothnian 1975 Blubber 24 FA - / adults 73 ± 32 - Helle et al.
{Phoaa hiBpidaJ Bay, W. Finland (1976b)

255 Ringed Seal Simo, Bothnian 1975 Blubber 24 M - / adults 100 ± 64 - Helle et al.
{Phoaa hiBpidaJ Bay, W. Finland (1976b)

256 Ringed Seal Sachs Harbour 1972 Liver + 3 M&F - - 0.041 ± 0.062 - Bowes and
{Phoaa hiBpidaJ Hudson Bay, Muscle 3 M&F - - 0.011 ± 0.006 - Jonkel

N. Canada Blubber 5 M&F - - 0.92 ± 0.77 - (1975 )

257 Ringed Seal Lancaster Sound '\,1972 Liver 3 F - - 0.042 ± 0.041 - Bowes and
(Phoaa hiBpidaJ Arctic Canada Blubber 2 M&F - - 0.50 ± 0.49 - Jonke1

(1975)
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Index Year No. of Mean I PCB \Jg/g
No.* Species Location Taken Tissue Animals Sex Length/ Age mean! S.D. Range Source

(m) (yrs)

258 Ringed Seal Greenland, 1972 Blubber 5 - - - 0.90 ± 0.27 - Clausen et al.
(Phoca hispida) West Coast (1974)

260 Ringed Seal Arctic Canada ",1970 Blubber 3 - - - 3 ± 1.2G) 2 - 4 Holden
(Phoca hispida) (1972)

261 Ringed Seal Arctic Norway "'1970 Blubber 2 - - - 1.5 - 1 - 2 Holden
(Phoca hispida) (1972 )

262 Ringed Seal Victoria Island, 1970- Blubber 13 F 10.9 / - 2.0 ± 0.90 1 - 4 Addison and
(Phoca hispida) W. Arctic Canada 1972 Smith

(1974)

263 Ringed Seal Victoria Island, 1970 Blubber 15 M 14.5 / - 4.1 ± 1.44 1 - 6 Addison and
(Phoca hispida) Smith

-......J(1974) lO

264 Grey Seal Archipelago 1968 Blubber 3 - - - 6.1 "- 5.7 - 6.4 Jensen et al.
(HaZichoepus gPypus) of Stockholm (1969 )

265 Grey Seal Gulf of Finland 1968 Blubber 2 - - /pups 3.9 - 3.4 - 4.4 Jensen et al.
(HaZichoepus gPypus) (1969)

266 Grey Seal Wales, "'1970 Blubber 3 - - /adults 212 ± 2H 200 - 235 Holden
(HaZichoepus gpypus) W. England (1972)

267 Grey Seal Cornwall, "'1970 Blubber 3 - - /pups 160 ± 411- 118 - 187 Holden
(HaZichoerus grypus) S. England (1972 )

268 Grey Seal Orkney, "'1970 Blubber 8 - - /adults 18 ± 9.51- 3 - "30 Holden
(HaZichoepus gflJPUS) N. Scotland (1972)
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(m) (yrs)

269 Grey Seal Hebrides, "'1970 Blubber 3 - - / adults 30 ± 121- 19 - 40 Holden
(Halichoerus grypus) W. Scotland (1972)

270 Grey Seal Summer Island, ",1970 Blubber 4 - - / adults 16 ± 4i" 11 - 19 Holden
(Halichoerus grypus) l~. Scotland (1972 )

271 Grey Seal Aberdeen-Montrose ,"'1 970 Blubber 16 - - / adul ts 38 ± 22"1- 12 - 88 Holden
(Halichoerus grypus) E. Scotland (1972)

272 Grey-Seal Farne Islands, ",1970 Blubber 5 - - / pups 40 ± lH 25 - 50 Holden
(Halichoerus grypus) N.£. England (1972 )

273 Grey Seal Scroby, ",1970 Blubber 2 - - / adults 123 -"I- 100 - 146 Holden
(Halichoerus grypus) E. England (1972)

274 Grey Seal Sable Island ",1970 Blubber 5 - - / adul ts 27 ± 23"1- 12 - 65 Holden CXJ
0

(Halichoerus grypus) Nova Scotia, (1972)
E. Canada

275 Grey Seal Basque Island, "'1970 Blubber 2 - - / adults 32 ± 26 17 - 46 Holden
(Ha l.iohoerue grypus) Gulf of St.Lawrence (1972)

E. Canada

276 Grey Seal Outer Hebrides, 1972 Blubber 6 - - / adul ts 14.4 ± 14.7 - Heppleston
(Halichoerus grypus) N. Scotland (1973)

277 Grey Seal Shetland, 1972 Blubber 8 - - / adul ts 11.1 ± 6.9 - Heppleston
(Halichoerus grypus) l~. Scotl and (1973 )

278 Grey Seal Farne Island, 1972 Blubber 7 - - / adults 31.0 ± 13.1 - Heppleston
(Halichoerus grypus) N.£. England (1973)



Table 14. Continued

Index Year No. of Mean I PCB \.Ig/g
No.* Species Location Taken Tissue Animals Sex Len!1thl Age mean! S.D. Range Source
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279 Grey Seal E. J\nglia, 1972 Blubber 4 - - 1 adults 152.0 ± 164.2 - Heppleston
(HaZichoe~uB g~YPUB) E. Engl and (1973 )

280 Grey Seal Gulf of Bothnia, 1973 Blubber 15 - - 1 adults 100 ± 70 - Olsson et al.
(HaZichoe~B g~YPUB) W. Finland (1975)

281 Grey Seal Baltic Sea 1973 Blubber 18 - - 1 adults 140 ± 72 - Olsson et al.
(HaZichoe~uB g~YPUB) (1975 )

282 Grey Seal Sable Island 1974- Blubber 11 - - 1 pups 2.3 ± 0.9 - Addison and
(HaZichoe~B g~YPUB) Nova Scotia, Brodie

E. Canada (1977)

283 Grey Seal Sable Island 1974- Blubber 11 F - / adults 14.5 ± 6.1 - Addison and
(HaZichoe~B g~YPUB) Nova Scotia, Brodie

E. Canada (1977) co
I-'

284 Grey Seal E. Anglia, 'V 1975 Liver + 3 - - - 14.0 ± 0.3 9.7 - 10.3 Holden
(HaZichoe~uB g~YPUB) E. England Muscle 3 - - - 3.0 ± 1.8 1.6 - 5.0 (1975)

Kidney 3 - - - 4.7 ± 1. 70 3.3 - 6.6
Blubber 3 - - - 195 ± 170 77 - 390

285 Grey Seal Orkney, 'V 1978 Blubber 7 - - - 26.6 - - Holden
(HaZichoe~B g~YPUB) N. Scotland (1978a)

286 Grey Seal Shetland, 'V 1978 Blubber 8 - - - 11 .1 - - Holden
(HaZichoe~B g~YPUB) N. Scotland (1978a)

286 A Grey Seal Farne Islands 1975 Blubber 26 M - / 3-27 48.7 - 23.5 - 90.5 Holden
(HaZichoe~uB g~YPUB) N.E. England Blubber 33 F - / 1-36 35.4 - 17.0 - 103.0 (1978b)

323 Grey Seal Farne Islands 1972 Blubber 10 M 1.84 /12.6 44.7 ± 21. 4 13.8 - 89.1 Donkin et a1.
(HaZichoe~UB g~YPUB) N.E. England Blubber 9 F 1.82 119.4 19.1 ± 9.9 4.1 - 37.6 (1931 )
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165 Harbour Seal Boothbay Harbour 1971 Liver + 3 M - / adults 3.16 ± 2.96 t 1.00 - 6.00 Gaskin et a1.
(Phoea vituZinaJ Gulf of Maine, Muscle 2 M - / adults 0.39 ± 0.13i" 0.28 - 0.50 (1973)

E. USA Blubber 3 M - / adults 131.8 ± 121.2 35.1 - 240.2

166 Harbour Seal Boothbay Harbour 1971 Liver + 3 F - / adults 0.39 ± 0.34 t 0.10 - 0.68 Gaskin et al.
(Phoca vituZinaJ Gulf of Maine, Muscle 3 F - / adults 0.18 ± 0.06i" 0.1 - 0.25 (1973 )

E. USA Blubber 3 F - / adults 43.57 ± 42.5 -r 27.93 - 99.78

168 Harbour Seal Grand Manan & 1971 Liver + 4 M - / adults 2.03 ± 2.48 l 0.30 - 4.50 Gaskin et al.
(Phoca vituZinaJ Deer Island, Muscle 4 M - 1 adults 1.58 ± 2.06i" 0.30 - 5.10 (1973 )

New Brunswick, Blubber 3 M - 1 adults 52.33 ± 11.80i" 43.0 - 63.0
E. Canada

212 Harbour Seal Hadden Sea, ",1979 Liver 5 M&F - / 1-24 16.98 ± 15.29 - Duinker et al. co
(Phooa vituZinaJ Netherlands Blubber 3 M - 1 1-24 151.7 ± 96.7 - (1979) N

288 Harbour Seal Netherlands 1972 Blubber 5 - - 114-25 1470 ± 922t 385 -2530 Koeman et al.
(Phoca vitul.ina) (1972)

289 Harbour Seal Netherlands 1972 Blubber 3 - -I juveniles 240 ± 326l 47 - 600 Koeman et al.
(Phoea vituZinaJ (1972)

290 Harbour Seal Scroby, ",1970 Blubber 3 - - 1 adults 131 ± 54l 93 - 185 Holden
(Phoca vituZinaJ E. England (1972)

291 Harbour Seal Shetland, ",1970 Blubber 4 - - 1 pups 4 ± 1.9 2 - 6 Holden
(Phoca vituZinaJ N. Scotland (1972)

292 Harbour Seal Summer Island, ",1970 Blubber 17 - - 1 adults 12 ± 4.2 5 - 20 Holden
(Phooa vituZinaJ W. Scotland (1972 )
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293 Harbour Seal Wash, "'1979 Bll,lbber 12 - - /pups 15 ± 5.2 7 - 24 Holden
(Phoca ui tulrina) E. England (1972 )

295 Harbour Seal Wadden Sea, "'1979 Kidney 2 F - - 16.3 - 1.6 - 31.0 Duinker et a1.
(Phoca vitulina) Netherlands Blubber 4 F - / 1-23 217.8 ± 255 - (1979 )

296 Harbour Seal German North 1974- Liver 5 - - / 0-8 0.96 ± 0.92 - Drescher et al.
(Phooa ui.tul.ina) Sea Coast 1976 Kidney 4 - - / 0-8 0.55 ± 0.46 - (1977 )

Blubber 56 - - / 0-8 131.5 ± 42.5

297 Harbour Seal W. Scotland 1978 Blubber 8 - - - 65.8 - - Holden
(Phoca vitulina) (1 978a)

324 A Harbour Seal Schleswig-Holstein 1975- Blubber 8 - - /juveniles 113.8 - 23 - 340 Reijnders
(Phoca vi tiul.ina ) Denmark 1976 Blubber 6 - - adults 76.4 - 41 - 123 (1980)

CXJ

324 B Harbour Seal Hadden Sea, 1975- Blubber 6 - /juveniles 134.0 5 - 680 Reijnders Lv- -
(Phoca ui.tul.ina) Netherlands 1976 Blubber 8 - - adults 701 - 87 -1447 (1980)

298 Harbour and E. Angl ia, 1972 Liver + 9 - - / adults 6.12 ± 6,66 - Heppleston
Grey Seals E. England Muscle 9 - / adul ts 2.02 ± 1. 61 - (1973 )

(Phoca vitulina and Kidney 9 - - / adults 2.11 ± 2.16
Halichoerus grypus) Blubber 9 - - / adults 90,40 ±110.23

299 Harbour and Baltic Sea 1968 Blubber 2 - - - 15 - 8.5 - 21 Jensen et al.
Grey Seals (1969 )

(Phoca vitulina and
Halichoerus grypus)

210 Hooded Seal Upernavik and 1974 Blubber 4 - - - 3.9 ± 2.0"1" 2.2 - 8.2 Johansen et al.(Cystophora cristata) Disko Bay, (1980 )
W. Greenland

305 Hooded Seal l~. Greenland 1972 Blubber 5 - - - 2.74 ± 1.83 - Clausen et al.(Cystophora cristata) (1974)



Table 14. Continued

Index Year No. of Mean I PCB IJg/g
No.* Species Location Taken Tissue Animals Sex Length/ Age mean ± S.D. Range Source

(m) (yrs)

214 Harp Seal Upernavik and 1972 Blubber 8 - - - 19 ± 1.1 0.74 - 4.0 Johansen et al.
(Pagophi Lue Disko Bay, (1980)

groenlandicus) ~J. Greenland

215 Harp Seal Upernavik and 1974 Blubber 3 - - - 1.7 ± 0.5 1.2 - 2.8 Johansen et al.
(Pagophi Lue Disko Bay, (l980)

groenlandicus) W. Greenland

216 Harp Seal Upernavik and 1976 Blubber 3 - - - 1.6 ± 0.7 0.74 - 2.7 Johansen et al.
(Paqophi.Lue Disko Bay, (1980)

gY'Oenlandicus) 14. Greenland

218 Harp Seal Gulf of 1973 Liver 4 F - adult 0.07 ± 0.01 - Jones et al.
(Pagophi Lue St. Lawrence,

Musc1e+
(lactating) (l976 )

OJgroenlandicus) E. Canada 4 F - adult 0.45 ± 0.01 - ~

(lactating)
Blubber 4 F - adult 6.05 ± 2.05

(lactating)

225 Harp Seal Gulf of 1971 Liver 10 M +
0.33 ± 0.60 0.07 - 0.45 Jones et a1.- 8-14 days

(Pagophi Lue St. Lawrence, Kidney 7 M - 8-11+ days 0.49 ± 0.53 0.15 - 1.3 (1976)
groenlandicus) E. Canada Blubber 10 M - 8-14 days 1.26 ± 0.42 0.6 - 1.7

226 Harp Seal Gulf of 1973 Liver 6 F - 3-14 days 0.18 ± 0.21 0,05 - 0.60 Jones et al.
(Pagophi Lue St. Lawrence Kidney 6 F - 3-14 days 0.36 ± 0.37 0.04 - 1.00 (l976 )

groen Landioue ) E. Canada Blubber 5 F - 10-i 4 days 0.71 ± 0.64 0.3 - 1.8

306 Harp Seal East of 1970 Liver 9 - - pups & 0.17 - - Frank et a1.
(Pagophi Lue Newfoundland

Muscle+
juveniles (l973 )

groenlandicus) 9 - - <3 wks 0.21
Blubber 9 - - <3 wks 1.8



Table 14. Continued

Index Year No. of Mean I PCB \19/9
No.* . Species Location Taken Tissue Animals Sex LenCjth/ Age mean ± S.D. Range Source

(m) (yrs)

307 Harp Seal East of 1970 Liver + 3 F - adults 0.08 - - Frank et al.
(Pagophilus Newfoundland Muscle 3 F - adults ·0.05 - - (1973 )

gY'oenZandicus) Blubber 5 F - adults 4.50

308 Harp Seal Magdalen Island 1971 Liver + 10 - - <3 wks 0.17 - - Frank et al.
(Pagophi Lue Gulf of St. Lawrence Muscle 10 - - <3 wks 0.14 - - (1973)

gY'Oenlandicus) E. Canada Blubber 10 - - <3 wks 2.60

309 Harp Seal Magdalen Island 1971 Liver + 11 F - adults 0.30 - - Frank et al ,
(Paqophi.Lue Gulf of St.Lawrence Muscle 11 F - adults 0.14 - - (1973 )

gY'oenlandicus) E. Canada Blubber 11 F - adults 5.3

310 Harp Seal Escoumins,~uebec 1971 Blubber 4 F - 3.25 6.8 ± 5.2 33 - 15 Addison et al.
(Pagophi Lue Gulf of St. Lawrence (1973 ) co

gY'oenlandicus) E. Canada Ul

311 Harp Seal Escoumins,Quebec 1971 Blubber 14 M - 7.0 8.6 ± 5.9 t 2 - 22 Addison et al.
(Pagophi Lue Gulf of St. Lawrence (1973 )

gY'oenlandicus) E. Canada

312 Harp Seal Gulf of 1973 Liver 10 - - <2 wks 0.09 ± 0.04 0.04 - 0.15 Rosewell et al ,
(Pagophi Lue St. Lawrence Blubber 20 - - <2 wks 2.26 ± 1.06 1.15 - 2.91 (1979 )

gY'oenlandicus) E. Canada

313 Harp Seal Gulf of 1971 Liver + 9 M - . 6.5 0.59 ± 0.39 0.11 - 1.45 . Rosewell et a1.
(Pagophilus St. Lawrence Muscle 9 M - 7.5 0.34 ± 0.22 0.06 - 0.77 (1979 )

gY'Oenlandicus) E. Canada Kidney 10 M - 7.7 0.34 ± 0.24 0.04 - :U.86
Blubber 10 M - 7.7 3.51 ± 3.52 1.53 - 13.30

329 Harp Seal Gulf of St. Lawrence Blubber 4 - - - 10.63 ± 10.86 - Sergeant
(Pagophilus E. Canada (1980)

gY'oenlandicus)



Table 14. Continued

lnde~ Year No. of Mean I PCB pg/g
No.* Species location Taken Tissue Animals Sex length/ Age mean -': S.D. Range Source

(m) (yrs)

314 Bearded Seal ~1. Greenland 1972 Blubber 5 - - - 1.8 ± 0.99 - Clausen et al.
(Erignathus barbatus) (1974)

320 Fur Seal St. Paul Island 1972 Blubber 5 - - pups 21.g ± 33.5 - Kurtz and Kim
(CaZZorhinus ursinus) Alaska, USA (1976)

321 Fur Seal St. Paul Island 1972 Blubber 2 F - adults 5.8 ± 1.5 - Kurtz and Kim
(CaZZorhinus ursinus) Alaska, USA (1976)

330 Fur Seal Washington State 1972 Blubber 12 M - adults 28.64E - 5.3 - 95.7 Anas and Worland
(CaZZorhinus ursinus) Coast, W. USA (1975)

co
322 Seal Species W. Greenland '1,,1978 Bl ubber 20 5.1 5.2 Clausen

m- - - ± -
(Bearded, Hooded, Ringed) (1978)

326 A Sea Lion Cal ifornia 1970 liver 3 F - / 8 5.7 ± 3.5 3.4 - 9.7 Delong et al.
(ZaZophus caZifornianus) Blubber 6 F - / 8 112.4 ± 24.4 85 - 145 (1973 )

326 B Sea Lion California 1970 liver 4 F - /12 1.3 ± 0.8 0.5 - 2.2 Delong et al.
(ZaZophus caZifornianus) Blubber 4 F - /12 17.1 ± 6.1 12 - 25 (1973)

327 Walrus Alaska 1970 Blubber 4 - - - 1.8 - - Galster and
(Odobenus rosmarus Burns

rosmarus) (1972)

328 Walrus Thule, 1975- Blubber 8 M - / 0-19 0.36 ± 0.31 0.16 - 1.1 Born et al.
(Odobenus rosmarus Greenland 1976 Blubber 20 F - / 0-19 0.18 ± 0.12 0.06 - 0.53 (1981)

rosmarus)

* - Different tissues belong to the same animal or groups of animals which have the same Index No.
+ Dorsal meat. -

of - S.D. estimated from the range.

'V - Approximate sampling time or several years previously.
E Total DDT + PCB-

A - Gravid

B - Non-gravid
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APPENDIX

Statistical Treatment

Scheffe1s multiple comparison of means method is based on the formula:

where "I II is the runni ng index for the k groups (means) bei ng compared, and x

is an incremental integer from 1 - k-1.

S = [(k - 1) Fk-1,n k, 1 _ a J1/ 2 and,

k ni 2 k
- )22: 2: y.. - l: ni (Y i1 J

MSE = i =1 j=l i =1

(n - k)

where 1If' is the running index within a group, and "Yi/ is an individual

observation. When the interval (1st eq, ) does not contain zero, the null

hypothesis Ho: ui = ui+x is rejected.

Individual observations "Y i j ll were not available. However, MSE can be
expressed in terms of the k estimates of individual variances sf, S~, S~

-namely,

MSE =
[(nl-1)S~ + {n2-1)S~ + ••• + (nk-1)S~J

(n1 + n2 + n3 + ••••• + nk -k )

which was the formula used to obtain MSE from the given standard deviations.

If the standard deviations were not given but the range (w) and number of sam­

ples (n) were, the standard deviation was estimated from f(w), where "f " is a

multiplication factor appropriate for the given number of samples, and obtain­

able from statistical handbooks, e.g. Beyer (1966) p. 271.




