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Introduction

It is the aim of this study to present further data on the residues of
chlorinated hydkocarbons and heavy metals in the»okganism of seals and whales
from the North Sea and the Baltic. Tissues of selected organs of 3 species

of seals and_3 species of whales ére analysed for their contenté of PCB, DDT,
Dieldrin, Lindane, Cu, Cd, Zn, Pb and Hg. The marine mammals, resident in the.
North Sea and the Baltic, in particular the harbour seal Phoca vitulina and

the harbour porpoise Phocoena phocoena, are of a major interest in this -study.
The inclusion of nonresident migrating species in the investigations can con-

* tribute to the knowledge of the global distribution of the biocides.

The extent of the contamination of marine ecosystems with biocides is parti-
cularly evident in the higher trophic levels. The marine mammals of the North
Sea and the Baltic are the final links of the food web in these ecosystems.
They are particularly endangered by the accumulating pesticides and heavy
metals: effects, for instance, of PCB on the reproduction of seals, have been
recorded by HELLE et al. (1976). Marine mammals are important indicator orga-
nisms for the marine ecosystem:as well as for humans.

Fish is the major food source of the marine mammals investigated in this study.
Observations on heavy metals and chlorinated hydrocarbons in fish are used in
this article to illustrate the amount of contamination in this trophic level.
The data on heavy metal and organochlorine residues in fish from German coastal
and offshore waters originate from former basic investigations carried out in
1973-1975 (HUSCHENBETH 1973, HARMS 1975). Further informations on fish from
areas off the German North Sea coast are taken from international monitoring
studies in the North Sea. Reference is made in this connection to the ICES
COOPERATIVE RESEARCH REPORT Nr.58 (1974). ‘

'

First results on organochlorines and heavy metals in the harbour seal have been
published in an earlier report (DRESCHER, HARMS, HUSCHENBETH 1977). Continuing
this study, more adult harbour seals have been included. Investigations on ,
the harbour porpoise were carried out according to a resolution of the ICES
(C.Res.1976/4:25), formulated at the meeting in Copenhagen in 1976 following

a contribution on the decline of this species in the Baltic Sea (OTTERLIND 1976).
A1l harbour porpoises found dead should'be investigated for contaminants in

i1 their organism,



Material and Methods

A11 marine mammals investigated in this study have been collected from the
North Sea and the Baltic coasts of Sch]eswig-Ho]stein (Federal Republic
of Germany). The following species are incliuded in the study:

Phoca vitulina: 70 individuals of known age and sex; North Sea.

Phoca hispida: 1 subadult female; North Sea.

Halichoerus grypus: 1 subadult male; North Sea.

Phocoena phocoena: 3.individuals; North Sea (1); Baltic Sea (2).

Hyperoodon ampullatus: 1 individual; North Sea.

De]phinapferus leucas: 1 individual; Baltic Sea.

Investigations on the harbour seals started in 1974. The harbour seals

were shot or found dead. The ringed seal died shortly after being found
(DRESCHER 1977), and the grey seal was shot. The harbour porpoises and the
bottlenose whale stranded on the beach, while the be]uga was drowned caught
in a f1sh1ng net.

‘Sample solutions for analyses of the heavy metals zinc, copper, cadmium,

lead, and mercury were prepared by wet digestion of the organic material
by means of concentrated perchloric and nitric acid as described iq a 1
previous publication (HARMS 1975). ’

Measurements were performed by flame atomic absorption spectrophotometry
(Cu and Zn), by flameless atomic absorption with a heated graphite atomizer
(Cd and Pb) and by the cold vapour atomic absorption method (Hg).

In order to obtain reliable measurements of extremely small quantities of
cadmium (<10.01‘pg/g)and lead (<‘0;1'pg/g) a micro-solvent-extraction pro-
cedure with dithizone as chelating reagent and toluene as solvent was
developed. The method yielded a recovery of more than 95% as determined

by means of radioisotopic tracer techniques. The solvent extraction followed

by flameless AAS resulted in detection limits (threefold standard deviation
of . the value of the blank) of 0.0002 pg/g for cadmium and 0.002 pg/g for lead.
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The method of the analysis of organochlorines and PCB is identical with
that described by HUSCHENBETH(1973). The reliability of the results was
affirmed in several international intercalibration excercises (HUSCHEN-
BETH 1977).

Results and discussion

The results on the content of heavy metals in muscle, liver and partially in
kidney of whales and in Tiver of the ringed and grey seal are summarized

in Téb]e 1. A comparison of the metal contents in muscle and liver tissue V
of fish and the harbour seals is given in figure 1.

The concentrations of Cu and Zn in muscle and liver tissue do not alter
markedly from fish to the higher level of marine mammals.

The elements Cu and Zn contribute vital functions to the metabolism of
fish, whales and sedts and there is evidence that the animals can regulate
the metal levels in their organs and tissues. The values of different
year classes are probably log-normally distributed with a prevalence of
values lower than the mean. However there was no reliable indication of
elevated Cu and Zn contents with increased age in either of the species
analysed.

The analytical results of Cd and Pb provide also no convincing data of
an increase in the concentration of both elements at the higher trophic
Tevel of marine mammals. Compared with the muscle tissue the liver shows
increased 1levels probably due to its higher metabolic turnover.

A certain net increase in liver tissue element concentration in older
seals could be detected. However, due to the considerable high variability
of data within the different year classes, a significant relation between
age and Cd and Pb contents could not be ascertained.

The cadmium data of seal kidney provide a far better impression of an
age dependent accumulation.
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Juvenile seals,on an average, revealed cadmium values of 0.1 ug/g,
while adult seals pf 6-7 years showed Cd contents upto 1 ug per g.

The level of confidence of lead and cadmium data'is certainly lower
 than that of the other metals mentioned above.

For both elements, data are often reported to be near or below the level
of detection in the methods used by the workers.

During the analytical procedure in this study a method sufficiently
sensitive to detect cadmium at a level of 0.00X ug/g was used. The same
applies to the detection of lead, where levels of 0.0X ug/g were found.

This may give the reason why values of Cd and Pb published in this paper
are lower than those reported by other workers (ROBERTS et al. 1976)
who used methods with higher detection Timits.

It has been found that fish from the North Sea, off the German coasts,
- contain an average of 0.06 ug/g mercury in their muscie tissue. Fish
from onshore fishing grounds frequently contain values up to 0.13 ug/g.

There is no pbvious indication of higher mercury residues in the liver
of fish. In contrast to copper, zinc, cadmium and lead mercury levels
in the liver of fish tend to be the same or slightly lower than in the
muscle tissue.

In general terms it appeared that mercury was mainly accumulated in the .
liver:of 'the investigated marine mammals. In the present study the

highest total mercury level up to 160 ug/g was found in some of the oldest
seals.

Mercury levelé in other tissues of seals examined were substantially lower,
ranging 1.6 - 12.5 ug/g in the kidney, 1-10 Pg/g in the muscle tissue
and 0.1-1.4 ug/g in the brain.

A simular gradation between the mercury'content in the muscle and liver
tissue could also be recognized in harbour porpoises. The mercury
content in the liver tissue increased with the size of the animals. This
may indicate an age dependent relationship.
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An examination of the seal data of different age classes implied that
a relationship existed between the mercury concentration in liver tissue
and age of the animals.

In a recently published paper on the "determination of heavy metals in
tissues of the common seal" by ROBERTS et al.(1976) this hypothesis was
strongly supported. ‘ ‘

The results of these workers are reproduced in figure 2, showing three
regression curves (marked with an asterisk) of age accumulation of
mercury in the liver tissue of the common seals from the coast off the
Netherlands, East Anglia and West Scotland.

The regréssion equation for age accumulation in the liver tissue of seals
from the German North Sea coast can be expressed by a double logarith-
mical function, 1g concentration = a + b - 1g age (concentration in ug/g,
age in years), which correspond to the plot of ROBERTS et al. mentioned
above,

On the basis of thié diagram one can deduce that mercury accumulation in
the liver of adult seals from the German North Sea coast is higher
:(p~<‘0.01) than in the liver of seals off the British east coast and the
Scottish west coast but lower than in the liver of animals from the coast
of f the Netherlands. «

- Mercury in marine fish from the North Atlantic is present almost entirely
as methylmercury (WESTUU 1967, JURISSEN 1974, WESTUOU 1975).

As the diet of seals and marine mammals under study consists mainly of
fish one would expect a similarly appreciable high percentage of organi-
cally bound mercury in these animals.

However in the harbour porpoises analysed in this study the amount of
methylmercury in liver tissue, expressed as percentage of total mercury,
was Tow (about 20%) and in the seals the values ranged from 8-65%. The
percentage of methylmercury was lowest in seal- specigﬁenS\dith highest
total mercury contents, i.e. in the older animals. The fraction of mathyl-
mercury was higher in juvenile animals that exhibited lower total mercury
contents. Similar figures were published by GASKIN et al. (1972, 1973)

for harbour seal (Phoca vitulina) and harbour porpoises (Phaéoena phucoena)
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from the Bay of Funday region, by BUHLER et al. (1975) for California
sea lions (Zalophus californianus californianus) and by KOEMAN et al.
(1975) as well as by‘ROBERTS et al. (1976) for seals from the North
Sea off the coast of the Netherlands and the UK, respectively.

A1l these data give strong support to the hypothesis, as expressed by
BUHLER (1975), that a demethylation process of ingested methylmercury
‘occurs in the liver of marine'mammals, followed by a retention of inorganic
mercury in this organ.

The results of PCB and organochlorine content in the fatand liver of ‘
the whales and the ringed seal analysed in this study are summarized
in Table 2.

In the toothed whales, the PCB content in the blubber saﬁp]es ranged from
6.2 yg/g in the white whale to 140 ug/g in one of the harbour porpoises.

For comparison the results of TARUSKI et al. (1975) are cited, that
revealed a range of 0.7 ug/g to 147 ug/g for blubber samples of toothed
whalés of the east and west coasts of North America.

The concentrations of total DDT in whale blubber were lower than those

of the PCBs, ranging from 2.4-45.8 ug/g. In this connection reference is
“made to a publication of GASKIN et al. (1971), who found toté} DDT values

up to 520 ug/g in the depot fat of harbour porpoises of the east coast .
of Canada. '

In general in warm-blooded animals, where the metabolism of organochlorines
is accelerated, the DDE value is significantly higher as compared to the
values of TDE and DDT. (Table 2) '

As has previously been shown for harbour seals, the pesticides Lindane

and Dieldrin were also low in the whales analysed, with one exception

of a higher Dieldrin value (4.48 ug/g) in the blubber of a harbour por-
poise. In general it appeared from the data obtained that the contamination
levels of PCB and total DDT were of similar magnitude in harbour seal

and harbour porpoise.
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Because of their lipophylic néture, the persistent environmental conta-
minants DDT and PCB tend to accumulate in tissues with high 1ipid contents
so that the highest tissue residues are found in body fat. In figure 3

the prevailiny total DDT and PCB levels in fish are plotted in contrast

to those in seal. The pesticide burden of the various tissues of the
species analysed is almost certainly a reflection of their 1ipid content.
As reported in the 8arlier paper (DRESCHER et al. (1977) high contaminations
of PCB and total DDT were already present in very young seals, and no
specific relation to age could be found. One can conclude that organo-
chlorine concentrations in fat tissue of these animals are probably not

a function of exposure over time, and that high levels are correlated

with feeding behaviour rather than with long individual 1ife span.

Summary

Studies on heavy metals and organochlorines in harbour seals from the Wadden-
sea of Northern Germany were continued. The investigations were also extended
to other marine mammals found on the German North Sea and Baltic coasts:

grey seal (1), ringed seal (2), harbour porpoise (3), beluga (1), bottle-
nose whale (1).

No significant differences seem to occur in the copper, zinc, cadmium and
leads contents of whales as compared to seals. And the level of contamination
of these elements in muscle and liver tissue do not altermarkedly from fish
to the higher trophic level of marine mammals. There is a distinctly higher
accumulation of mercury in the liver of the marine mammals analysed as
compared to fish. High levels in seals could be correlated with long life
span of the animals. In contrast to fish a high proportion of the total
mercury in the liver of harbour seals and harbaour porpoises was present

as inorganic mercury.

The contamination levels of PCB and total DDT were of similar magnitude in
harbour seal and toothed whales.

Because of their lipophylic nature, the persistent organochlurines tend to
accumulate in tissues with high 1ipid contents so that the highest tissue
residues are found in body tat (blubtber).
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A specific relation of PCB and total DDT levels in blubber to age (size)
could not be found, and high values are probably correlated with feeding
behaviour rather than with long individual life span.
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Figure 1: Prevailing levels of heavy metals copper, zinc,
cadmium and lead in liver and muscle tissue of
fish (cod, plaice, flounder, herring) and harbour seal.
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Figure 2: Age accumulation of mercury in liver tissue
of the harbour seal.
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Table 1: Heavy metals in marine mammals from German coastal waters. i ’

Data relate to fre$ weight. (abbreviations: f = female, m = male) ' ‘ -

Characterization Cu (ug/g) - Zn (pg/g) cd (pg/g) Pb (ng/g) Total lg (gg/g)
of species analysed muscle liver kidney .muscle liver kidney muscle liver kidney muscle 1liver kidney muscle liver

HARBOUR PORPOISL
(Phocoena phocoena)

l:length 80 cm, f.

Baltie, 0.7.76. 2.7 15.0 21.0 50.0 | 0.002 0.023 0.03 '0.17 0.15% 0.70;‘
Z2:length 126 cm, m. , v
Baltic, 12.76 ‘1.8 4.0 3.1 12.4 34,0 20.0 0.002 0.025 0.077 0.07 0.43 0.15 0.92 2.5
3:length 153 cm, f. ’ ,

North Sea, 01,77. 2.1 6.0 3.2 4.4 49,0 24.0 0.006 0.19 0.95 0.05 0.35 0.17 3.3 26.0

BOTTLENOSE WHALE
(Hyperoodon ampul-
. latus)

length 570 cm, m.

e - ——— — ————— .~ — i ————— — —— ——— " > - ———— T —— " " 7t " o s M B e D s o o T > o e T D " T " > —— " o ——— . S it o o iy i e it e 4

BELUGA WHALE
(Delphinapterus
leucas)

length 271 cm, m. |
Bt ey 2 0 e e e
RINGED SEAL

(Phoca hispida)

length 84 cem, f.
North Sea, 08.75S. - et et e e e o e e e o e i e e e ]
GRTY SEAL
Halichoerus gryphus)
age 24 months, m,
North Sea, 11.75

20.9 61.0 0.021 0.31 19.5




Table 2: Ofganochlcrine and PCB residues in marine mammals from German ccastal waters.

Data relate tc fresh weight,

(abbreviaticns: f = female, m-=

male, bl., = blubber, liv. = liver)

Characterizaticn Hexane- )

of species analysed extractable PCB {(pg/g) DDT (ng/g) TDE {(ng/g) DDE (ng/g) I DDT(pg/g) Lindane Dieldrin
fat (%) ‘ (ng/g) (ng/e)
bl. liv. bl. liv. bl. 1iv. bl. liv. bl. liv, bl. liv. bl. 1liv. bl. liv.

HARBOUR PORPOISE

(Phcecena phocoena)

1:length 80 cm, £,

Baltie, 0.7.76. 87.9 4,0 140.,0 10.0 9.2 0.1y 13.5° 0.73 23.2. 0.9y 45.9 1.8 1.1 0.029 u.5 0.076

2:length 126 om, m. .

Baltie, 12.76 g81.8 2.7 88.6 2.4 8.0 0.C40 8.1 0.19 13.2 0.14 29.3 0.37 0.47 0.012 1.8 0.050

3:length 153 cem, £, 90.2 2.2 15.2 0.4 0.69 0.008 0.68 0.033 1.0 0.013 2.4 0.054 0.16 0.00S 0.61 0.015

North Sea, 0.1.77.

BOTTLENOSE WHALE

(Hyperccdon ampul-

latus) 94.9 37.1 3.9 2.2 8.1 4.2 0.18 0.36

length 570 cm, m.

North Sea, 0.3.76

BELUGA WHALE

(Delphinapterus

leucas)
au.7 2.7 6.2 0.34 3.0 0.008 2.8 0.040 2.7 0.043 8.5 0.091 0.36 0.008 1.1 (.09l

length 271 cm, m.

Baltic, 12.76_ . - e

RINGED SEAL

P ispi ,

(Phoca hispida) 82.0 15.0 2.3 2.3 2.4 7.0 0.24 0.24

length 84 cm, f,
North Sea, 0.8.75




