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S. R. Hedges). Britain also has a large population of 

?eer, which c~uld become infected although they have no 

1m~ortant ep1dem10logical significance in the European 

rabies :problem11
_. _ There is thernfore a large potential 

reserv01r In Britain for rabies infection and as has 

recently been emphasized14, the introduction ~f rabies 

~gh~ well creat_e an_ actual reservoir. The few positive 

1solat10ns of rabies virus from European bats and their 

numbers and habit, suggest that thev should be regarded 

as a cause for vigilance rather than ·concern 15. 

Vaccines not Good Enough 

The purification of_rabics virus16 and the improvement 

of the quality of vaccmes17 have been reviewed recently18 • 

The results suggest that rabies vaccines for man may 

soon be safer and more effective than current vaccines. 

At present, however, the bulk of the rabies vaccines 

produced in the world for therapy in man are made with 

virus grown in mammalian brain tissue11 and their use 

carries ':1' high risk of serious neural damage to the recipient. 

These nsks may prove to have been completely eliminated, 

when the results of adequate tests of the new preparations 

a~e known. Improvement of the vaccine, however, pro­

vides n_o grounds whatever for the relaxation of existing 

regulations or for complacency concerning potential 
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sources of infection._ It is to be hoped that the Jong 

?ontcmplated extens10n of the regulations, to cover the 

importation of exotic pets, in particular Mustellidao 

(skunks, badgers, weasels, stoats and so on) and Viveridae 

(mongoose_s, civet~ and so on) may soon be implemented. 

Some special provisions might also be made for neotropical 
bats and primates. 

Received llfay 1; revised August 5, 1969. 

'Board of Agric. Ann. Reps. on Disease of Animals (1918-1922). 

' Roulgcr, L. R., Lancet, i, 941 (1966). 

' Boulger, L. R., Vet. Ree., 83, 16 (1968). 

• Fenjc, r., Canad. J. Pub. Health, 59,217 (1968). 

'Schneider, L. G., Bull. Office lnte.-n. Epizoot., 67, 453 (1967). 

' Pub. Health Reps., 11, 1009 (1967). 
7 Schmidt, R . C., ,,nd Sikes, lt. JL, Amer. J. Yet . Res. , 29, 1843 (1968). 

'WHO Tech. Rep. Ser., 321 (1966). 
'Irvin, A. D ., Vet. Ree., S3, 396 (1968). 

10 Kauker, E., Sber. Heidelb. Aknd. Wiss, 4, 203 (1966). 

"World Survey of Rabies IX, WHO/Rabies/68,167 (1968). 

"Kaplan, 111. M., Nature, 221, 421 (1969). 

" Southern, H . N., Handbook of British Mammals (lllackwell, Oxford, 1964). 

,.. Irvin, A. D., Bult. 1\fommal. Soc., 30, 6 (1968). 

" Wachendorfer, G., Vet Blue Book, 12, 46 (196i). 
11 Sokol,]'., Kuwert, E., Wiktor, T. J., Hummelei-, K., and Koprowski, H., 

J. V,rol., 2, 836 (1968). 

i; Koprowski, H., Proc. First lnt. Con/. Vaccines against Viral and Rickettsial 

Diseases of Man (Pan. Amer. Health Org., WHO, Washington, 1967). 
18 Turner, G. S., Brit. Med. Bull., 25, 2, 130 (1969). 

DDT and PCB in Marine Animals from Swedish Waters 
by 

S. JENSEN 
Institute of Analytical Chemistry, 
Stockholm 

A. G. JOHNELS 
M. OLSSON 
Swedish Museum of Natural History, 
Stockholm 

Analyses of pesticide residues in a wide range of marine organisms 

from the coastal waters of Sweden show that there is a marked 

contamination in the Baltic. There are signs of an increase in 

polychlorinated biphenyls (PCB) from north to south in this area. 

Exceptionally large amounts of residues were found in white tailed 

eagles from the archipelago of Stockholm. 

G. OTTERLIND 
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Lysekil 

CHLORINATED pesticides can spread in living matter, 

and they are now present all over the world. In 1966 

(ref. 1), it was discovered that some previously unknown 

substances isolated in analyses of pesticide residues were 

polychlorinated biphenyls (PCB). Jn Sweden, they occur 

in the natural environment in the same amounts as the 

chlorinated pesticides'••. Recently, PCB has been found 

in organisms in the Netherlands, Great Britain•-• and the 

United States6 • PCB is used almost exclusively in indus­

try, and it, seems to be more persistent than DDT. We 

have assessed PCB and DDT (including metabolites) 

contamination in Swedish marine ecosystems by analysing 

176 samples. The hydrographical conditions along the 

Swedish coasts are not uniform so the residues are classi­

fied according to the four regional subdivisions shown in 

Fig. 1. Few samples were taken from the Sound and so 

this area has been included in tho Baltic proper. 

The species studied were: (1) mussel (Mytilus edulis); 

(2) herring (Clupea harengus); (3) plaice (Pleuronectes 

platessa); (4) picked dogfish (Squalus acanthias); (5) 

cod (Gadus morhua); (6) salmon (Salmo salar); (7) grey 

seal (Halichoerus grypus); common seal (Phoca vitulina) 

and ringed seal (Pusa hispida); (8) guillemot (Uria 

aalge); (9) white tailed eagle (Haliaeetus albicilla); (10) 

eggs of white tailed eagle; (11) heron (Ardea cinerea). 

Three samples of separated fish oil were also analysed. 

Two were taken from the Norway pout (Boreogadus 

esmarki) and one from herrings from the northern part of 

the west coast. One sample (largely herring oil) was also 

extracted from fish from the southern Baltic proper. 

This was unseparated. 
Homogenates of one or more mussels were analysed. 

In the fish, axial muscle tissue extracted from the dorsal 

side above the lateral line, approximately a third of the 

length from the tail was analysed. In nine out of eleven 

salmon, the samples had to be taken immediately behind 

the head (only heads were available). Most of the samples 

from the seals were taken from the blubber in the tail. 

In two seal pups from the Gulf of Finland, the samples 

were from the fore leg, and in one grey seal from the 

Baltic proper, the sample was liver. It is reported•, 

however, that in seals the chlorinated hydrocarbon con­

tent in the fat is approximately constant throughout the 

different parts of the body. As a rule, the specimens, 

or parts of the specimens, were sent t,o the Swedish 

Museum of Natural History immediately a fter capture 

and were stored at - 20° C. Three seal tails from the 

archipelago of Stockholm and one from the Gulf of 

Bothnia were, however, kept by the hunter for six months 

in a non-heated room. In the homogenized eggs of the 

guillemot the fat varied from 3·6 to 11 per cent probably 

because homogenization before aliquotation was not 

quite perfect. Samples were taken from both the pectoral 

muscle and brain of the white tailed eagle, All the eagles 

were found dead and in some c~1ses in a state of decay, 

and all the eggs were either addled, rotten or dry. In 

the heron, pectoral muscle only was analysed. 

DDE was the principal m etabolite of DDT found. 
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Fig. 1. 

The gulf of Bothnia 

The Baltic proper 
includinq the Sound 

DDD was found in small concentrations, not usually 
more than 10 per cent of the e: DDT, in most samples. 
(e: DDT stands for the sum of DDT and DDE-DDE was 
multiplied by 1·11 to correspond to the 01·iginal DDT.) 
For seals from the archipelago of Stockholm and for salmon 
from the Baltic proper which had relatively large amounts 
of DDD, e: DDT stands for the sum of DDT, DDE and 
DDD. 

We analysed all the samples using gas chromatography 
and electron capture detection. Confirmations were 
carried out with double column systems combined with 
treatments with sulphuric acid and potassium hydroxide7 • 

We found that the principal PCB components were PCB 
numbers 7- 14 (low number is equal to a low chlorination 
degree), but the mussels also contained the lower 
numbers (the PCB composition being similar to clophen 
A 50). The PCB amounts given in Table 1 are, neverthe­
less, the sum of all PCB components found in the samples 
although the relative amounts of the different numbers 
vary. The results suggest that the low PCB numbers 
are metaboli.zed or excreted faster than the higher 
numbers, so that there is an increase of the latter as it 
passes through a food chain. 

An attempt to quantitate PCB has been made in 
Sweden 7, but because the method is still rather rough the 
valm·s may be correct only within a factor of 2. The 
method is indirect because alJ the PCB components have 
not been isolated yet, and it is based on a combinat,ion of 
mass spectrometry, micro-colorimetric and electron cap­
ture detection. For each twenty samples a blank 
on the solvent and a residue-free plaice sample with added 
pesticides (lindane, aldrin, pp'DDE, dieldrin, pp' -DDD 
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and pp' -DDT) were also analysed. Recovery was above 
80 per cent, but as nonnal in residue analysis3 we made no 
correction. 

The mean figures in Table 1 are calculated from the 
average value of each locality within the four regions. 
The residue values arc based both on fresh tissue and on 
hexane extractable fat. The figures for fresh tissue are 
comparable with reported values from other countries. 
We believe, however, that the fat values are of particular 
interest from an ecological point of view. Fat is important 
in the transport of energy and as a carrier of the residue,; 
between the species in t,ho food chain. Furthermore, there 
is a great seasonal variation in fat content within the 
populations. The difference between the greate,;t and the 
smallest residue level in the extractable fat of individ1111ls 
of one species at a given time, in a given place, is less than 
in fresh tissue. The fat content of herring rnusclA, for 
example, varied from about 1 per cent in the spring to 
about 10 per cent in the autumn. Our discussion will 
therefore bA based largely on residue levels in 0xtractablo 
fat. 

Mussels from the west coast of Sweden have lower 
average values of e: DDT and PCB than from the Baltic 
proper and the archipelago of Stockholm. The level of 
e DDT in mussels from the Dutch, West German and 
British coasts8 •9 has an upper limit similar to that 111 

mussels from th0 Baltic proper and the archipelago of 
Stockholm. 

DDT contamination in individual plaice, cod and m 
fish oil is greater in the Baltic proper than off t,he west 
coast of Sweden, and there is little or no overlapping of 
the residue values. In the case of PCB, a plaice from the 
very polluted Idefjord in the west coast increases the 
average value for the west coast samples from 0·69 to 5 
p.p.m. Other individual samples of fish from the west 
coast contain PCB residues of the same magnitude as 
residues in specimens from the Baltic. This may be tlw 
result of coastal contamination. The picked dogfish, 
which lives more in the open sea, seems to have the same 
amount of e: DDT, but a smaller amount, of PCB tha n ot.lwr 
fish from the west coast of Sweden. 

The samples of herring from the Baltic proper , the 
archipelago of Stockholm and the Gulf of Bothnia had 
large residues of e: DDT. No herring from the west coast 
of Sweden has been studied. Recently we analysed eight 
herrings from the weRt coast. On fat basis t;h() mean 
values-were: e: DDT, 1·9; DDT, 0·86; and PCB, 0·75, in 
good agreement with the fish oil values (see Table l). 
Juvenile herring from the Dutch Wadden Sea (coastal 
waters)•·• contained DDE residues in fresh t,issue with an 
upper limit of the same magnitude as in herring from the 
Baltic area. 

Residues of PCB and e DDT in one sample of fiRh oil 
from the southern Baltic proper were about five to ten 
times greater than the three samples from the west coast 
of Sweden. The figures for the latter are similar. This 
is in accord with residues in fat in fish from the respective 
areas. 

One herring from the Sound had a much larger content 
of PCB (23 p.p.m.) than the herring from t he rest of the 
Baltic area. This increased the average value in this area 
from 4·6 to 6·8 p.p.m. Cod and plaice from the Sound also 
had a larger PCB content than specimens from the Baltic 
proper and off the west coast. This suggests that there i:; 
local contamination of PCB in the Sound. Furthermore, 
the mean levels of PCB noted in herring were smaller 
in the Gulf of Bothnia than in the rest of the Baltic. 

The vagrant Baltic salmon had about t en times more 
chlorinated hydrocarbons residue than a sample reported 
from Great Britain3 • 

The seals from the Baltic proper, the archipelago of 
Stockholm and the Gulf of Bothnia contained large 
amounts of res idues of both e: DDT and PCB, about ten 
times greater than amounts found in Great Britain", 
Canada3 and the Nethcrlands10 • One specimen from 
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the archipelago of Stockholm had 310 p.p.m. in fat, 
increasing the mean value for this part of the coast from 
117 p.p.m. to 170 p.p.m. The levels of PCB decrease 
from south to north. This fact, together with lower 
a verage values of PCB in herring from the Gulf of Bothnia, 
indicates decreasing PCB contamination from south to 
north in the Baltic. SAal pups, one weok old, also con­
tained large amounts of e: DDT and P CB residues, and 
seal milk from the stomach of one of these pups had tho 
same level. 

Guillemot eggs from the Baltic proper provided addi­
tional information on the contamination of the Baltic. 
The means of e: DDT and PCB in eggs (wet weight) were 
40 p.p.m. and 16 p.p .m. respectively, which for e: DDT 
is about ten times the levels reported from Great 
Britain9 •11- 13 • The Baltic levels, both fore: DDT and PCB, 
are about four to five t imes greater than levels reported 
from the west coast of the United States6 , if the figures 
for residues in fat are compared. In guillemot eggs from 
the Baltic, as much as 87 per cent of e: DDT was DDE. 

The population of white tailed eagles in Sweden sooms 
to be on the decline. Only about two of ten pairs nesting 
in the archipelago of Stockholm succeeded in hatching 
during the past few years (E. Larsson, personal com­
munication). All specimens of white tailed eagle studied 
up to the present contained at least three accumulating 
substances known to be toxic. These are DDT meta­
bolites, PCB and mercury cornpounds14• Figures for four 
birds are reported in Table 1. A fifth specimen is not 
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included because the fat content was not determined. 
but the pectoral muscle and brain tissue of this bird 
(wet weight) contained 190 and 39 p.p .m. respectively 
of DDT (as DDE), and 230 and 24 p.p.m. of P CB. Two 
specimens from northern Sweden, one of which died b\' 
accident, contained 2·6 p.p.m. (1·8-3·4) of DDT (as DDE) 
and 2·9 p.p.m. (1·8-3·9) of PCB in rnuscle tissue, the 
second having 1·8 p.p.m. DDT (as DDE) and 1·2 p.p.m. 
PCB in brain tissue. The figures from the archipelago of 
Stockholm are thus a hundred times larger, suggesting 
that there is a strong contamination in this area. 

It is well known that residues of chlorinated hydro­
carbons tend to be greater in the higher trophic levels than 
in the . lower. Some simplified food chain relations can 
be deduced from the figures in Table 1. These are fish to 
seal, fish t o guillemot, fish to heron and fish to white tailed 
eagle. In all cases, tho increase in residues from prey to 

predator is at least ten-fold in both whole tissue and fat. 
In the eagle and heron, the increase is up to 100 times ; 
but for both of these species some important food organ­
isms are missing in this investigation. There are indica­
tions (Table 1) that tho percentage of DDJ<J and of e: DDT 
increases as it progresses from lower to higher trophic 
levels. This may be the result of decomposition of DDT 
within the organisms. In all the samples from birds, 
the residues are almost exclusively DDE, while in seals 
and fishes there is up to 50 per cent of DDT. This differ­
ence may be the result of differences in rnotabolisml5. 

As previously mentioned, thfl seals from the archipt>lago 

Table 1. CONCF.NTRATIO N OF O.RGANOCRLORJNE COMPOUNHS IN SWl!:VISH MARl);B ORGANISM~ 1065-68 

No.in P.p.m. in fat P.p.m. in fresh t,issue Per cent. 
sample eDDT DDT PCB ,DDT DDT PCB fat 

Swedish West Coast 
Mussel 17 l 0·6 2 0·02 0·007 0·084 l· :l 

Oct. 1966 (0·4-5) (0·3-1·3) (0·5-7-0) (0·005--0·04) (0·002-0·03) (0·011-0·33) (0·66- 2·6) 

Dec. 1967 
Plaice 8 1 5 0·006 0·004 0·021 0·5 

Sept. 1966 (0·9--2) n.e. (0·4-14) (0·003-0·009) (trace-0·006) (0·002-0·056) (0·4-0·5) 

Cod 4 1 7·3 0·005 0·003 0·019 0·30 

Sept. 1967 (0·6-2) n.e. (1·8-16) (0·001-0·006) (n.d.-0·000) (0·006- 0·030) (0· 19-0·34) 

Picked dogfish 7 l ·5 0·91 1·5 0·15 0·091 0·16 9·6 

Aug. 1968 (0·29-3·9) (0·15-2-~) (0·81-·2·4) (0·028--0·33) (0·015-0·21) (0·054 --0·30) (6·7-14) 

Fish oil 3 2 ·1 1·2 0·74 100 

Oct. 1968 (1·5--2·6) (0·83-1-4) (0·54--1·0) 

Baltic Sea proper incl. the Sound 
Mussel 40 6 1·8 4·3 0·03 0·02 0·03 0·92 

Oct. 1966, Dec. 1966 (0·9-10) (0·5-·2·\l) (1·9-1,-0) (0·009-0·07) (0·003-0·023) (0·008--0·0&7) (0·46--1-6) 

Dec. 1967, Jan. 1968 
18 17 9·7 6·8 0·68 0·40 0·27 Herring 4·4 

April, Sept. 1066·-68 (4-1-37) (1·5-21) (0·5-23) (0·093-2·3) (0·012--1 ·3) (0·009-1 ·0) (0·7- 12) 

Plake 6 2·7 2·1 2·7 0·018 0·013 0·017 0·65 

Sept. 1967 (1·4-7·8) (0·6- 7·2) (1-7-4·8) (0·006--0·036) (0·003--0·029) (0·010--0·032) (0·58-0·71) 

Cod 5 19 9·8 11 0·063 0·032 0·033 0·32 

Sept. 1967 (12-31) (3·5-19) (3·2-20) (0·027-0·11) (0·008-0·008) (0·012--0·057) (0·23- 0·44) 

Sal111on* 11 31 14 2·9 3·4 1·5 0·30 11·0 

Autumn 1968 (20-53) (7-7- 20) (1-1-82) (0·26-7·1) (0·095- 3· ] ) (0·014- 0·54) (1·2-20) 

Fish oil 1 16 7·3 3-5 100 

Oct.. 1968 
Seal (grey) liver 1 96 41 44 3·9 1·7 1·8 4·1 

Seal (common and grey) 2 130 62 30 66 32 15 52 

Sept., c'lov. 1968 (110--150) (57--66) (16-43) (58-74) (31-32) (8·5-21) (.1;;- 55 ) 

Eggs from gulllemot 9 570 20 250 40 1·2 16 7·0 

May 1968 (300-790) (7·5- 38 ) (140 -360) (20-51) (0·7-2 3) (7·9- ~I) (3·6- 11) 

'l'hc Archipelago of Stockholm 
15 3 1 5·2 0·04 0·02 0·037 l· l 

Mussel 
Oct. 1966, Dee. 1967 (1-4-7) (1-1-8) (3·4- 7-0) (0·01-0·061) (O·Ol-0·024) (0·032-0·044) (0·9-l- 1·3) 

Herring 4 7·7 3·0 5·1 0·23 0·11 0·17 ~-6 

May 1965 (4·3-11) (2·0-5·3) (3-3-8·5) (0·094--0·30) (0·044--0·1.'i) (0·073--0·23) (2·2--2·ti) 

Seal (grey)• 3 170 17 30 36 4·2 6·1 :?7·1 

3lay 1968 (97-310) (11-21) (16--56) (35-36) (2·4-6·6) (:",·i-6·4) (ll ·5- 3,·5) 

White tailed eagle 
25,000 14,000 330 190 1.·5 

March-June 1965-66 4 
Pectoral muscle (16,000-36,000) n.d. (8,400- 17,000) (290-400) n.d. (150--1!40) (0·9- 2·0) 

]train 3 1,900 910 100 47 5·4 
(1,700--2. 100) n.d. (490-1,500) (99-110) n.d. (29- 70) (4-6-60) 

J.~ggs from white ta.ilecl eagle 5 1,000 640 5·6 

l\lay-J unc 1966 (610-1 ,600) n.d. (250- 800) n.c. 11 .t'. n.e. (:! ·4-9·1 ) 

Heron 11.d . 9,400 71 u.d. 48 0·51 
April 1967 1 14,000 

Gulf of Bothnia 
6 ·2 3-(, 1·5 0·26 O·H 0·065 4 ·4 

Herring 4 
(5·2-8·1) (2·9-4·8) (0·93- 2·0) (0· 15--0·42) (0·091- 0·21) (0·026- 0·091) (2·1- 6·8) 

Seal (rin1<cd) 2 120 56 13 63 30 6 ·8 54 

l\fay-Oct. 1968 (110--130) (54-57) (9·7- 16) (58--68) (28--31) (5·0--8·5) (52- f,5) 

Gulf of Finland 
23 6·5 25 14 3·0 60 

Seal pup (grey) 2 42 
March 1068 (41--43) (22-23) (6·0--7·0) (24-26) (13-14) (3·4-4 ·4) (5(1-63) 

Seal milk 21 4·5 11 6·5 1·4 3[ 
J[areh 1968 1 36 

• , DDT stands for DDT+ DDE + DDll. ]tor salmon a.nd seal, there was rcspedivcly 41 per cent, DDD in eDDT, the mra n figm·t, ht"ing 17 per CPnt. 

n.e., Not estimated. n .d., Not detected. 
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of Stockholm, stored in a non-heated room for six months, 
had a greater proportion of DDD (up to 40 per cent of 
e: DDT), and simultaneously smaller levels of DDT itself, 
than a ll other seals. This could have been caused by 
post mortem metabolism by microorganisms1 •. On the 
other hand, the ringed seal from the Gulf of Bothnia, 
stored in the same way as far as we know, had only about 
5 per cent of DDD, but this low figure may be corrected 
with the uncertainty of DDD estimation at the time when 
the other seals were analysed. This difference between the 
archipelago seals and the other seals, however, could be 
related to the fact that the large amount of pollution and 
the land- water relation in the archipelago of Stockholm 
produce a higher microbiological activity in the water, 
transforming" DDT to DDD and possibly DDE. 

Little is known about the toxicity of PCB in the levels 
fow1d by us. PCB has, however, been proved to cause 
pathological changes in laboratory animals18

, and was 
found to be among the ten most potent chemicals among a 
hundred tested by injection in eggs19

• Some teratogenic 
effects have been noted19 • Effects of DDT, DDE and 
PCB on hepatic enzymes which increase the m etabol ism 
of progesterone, testosterone and oestradiol have also 
been published•. It is worth noting that bald eagles 
(Haliaeetus leucocephalus), fed a diet containing DDT, had 
between 58-86 p.p.m. DDT and DDD in their brains when 
they died 20 • Approximately the same _val~es were fou~d 
in robins and house-sparrows21 • Bram tissue m white 
tailed eagles from the Stockholm area contained on average 
100 p.p.m. (fresh tissue) of DDE. DDE, on the other 
hand, is less acutely toxic than DDT itself. The greatest 
value in North American bald eagles collected in the field 
in 1965 was 118 p.p.m. (mainly DDE) in muscle tissues". 
The greatest level for sampled wild white tailed eagles 
from Sweden is 400 p.p .m. (mainly DDE) and the mean 
was 330 p.p.m. in muscle tissue (wet weight). Nothing is 
yet known about the. PCB content in bald eagles from 
North America, but m eagles from our archipelago the 
mean value in muscle was 190 p.p.m. (brain 47 p.p .m.) 
and the greatest figure was 240 p.p.m. (brain 70 

p.p.m.). . .. 
Neither the fresh tissue nor the or1g111a l fat values were 

estimated in the addled eggs from white tailed eagles . 
Sometimes the water content was a-s low a-s 8 per cent 
(normally 70- 75 per cent in fresh h en eggs). The values 
based on the fat content of these eggs are probably more 
reliable and we only report such figures. The levels, 
although high, were only 1/25 ?f those _of the eagle fat. 
The r esidues of e: DDT and PCB m the gmllemot eggs were 
about 50 per cent lower than those ii:1 th~ white tailed 
eagle eggs. The guillemots are vagrant _m wmter but ~o~t 
of the central Baltic population is believed to remam 111 
the Baltic area the year round. It is not known whether 
the population is decreasing, but no drastic decline has 
been r eported. 

All species mentioned here (except mussel) _are r_nor~ or 
less vagrant, thereby giving a picture of the s1tuat10n m a 
large water area. A relatively few analy~es on a vagrant 
animal may not give a very accurat~ picture, b~t wh~n 
different species are shown to contain more res1d_ues m 
the Baltic than in the North Sea and the Atlantic, the 
situation is more convincing. . . 

In the Baltic proper, the Gulf of Bothn~a and m the 
archipelago of Stockholm, the levels of chlormated hydro­
carbons are approximately ten times greater than the 
reported sparse figures for comparable species in the North 
Sea area and the Atlantic. This may be caused by several 
factors. The Baltic is surrounded by large areas of land 
and the water volume is comparatively small. Further­
more , the water exchange with the North Sea is very 
limited as a consequence of the thresholds (18 and_ 8 m 
deep) and the narrowness of the Danish sounds. Res1du~s 
brought into the Baltic from the coasts and from a~r 
pollution will accumulate here to a great extent. This 
development is no doubt favoured by a generally low 
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microbiological activity because of very low temperatures 
of the intermediate Baltic "winter water" during most of 
the year, and also of the deep water layers in the northern 
areas. As a consequence of the rather cold winter, 
this is also largely true for the upper surface layer. 

The brackish water character of the Baltic also favours 
a concentration of r esidues in living organisms. The 
substances in question arc probably more readily trans­
ported in a horizontal direction by living maUer from fresh 
water to the low salinity surface water (frequontly 5-6 
per mille or less) of the a rchipelagos and along the Baltic 
coasts. In the North Sea, the discrepancy between the 
salt seawater and fresh water especia lly when combined 
with the effect of the tidal movements can rosult in a 
faster decomposition of freshwater organisms and of 
organic matter, including the chlorinated hydrocarbons. 
The increased and more immediate contact here with the 
microbiological activity located in the bottom material 
may b e important. Furthermore, there is in the Balt,ic 
proper a pronounced stratification of the water. A distinct 
halocline delimits the deep water of higher salinity up­
wards (usually in 50- 70 m depth). In thA warm season, 
the uppermost surface layer is separated from the "winter 
water" by a very marked thermocline (usually in l 5-20 m 
depth, sometimes supported by a secondary halocline). 
As a result of these two discontinuity layers and, especi­
ally in coastal areas, of the absence of marked tidal 
currents, the vertical water exchange and movem ents 
arc more or less blocked. The contact of sinking organic 
matter with the bottom material is thus to a groat extent 
delayed. In the discontinuity layers of the Baltic Sea, 
living and dead plankton and other organic matter are 
concentrated, as a consequence of differences in the 
specific gravity of the water. The layers mentioned are 
important feeding areas for plankton and pelagic fish such 
as herring and sprat. In the Sound, in the archipelago of 
Stockholm and in the Idefjord, local sources of pollution 
can b e important as the residue levels indicate. 

We thank Mrs Kerstin Widmark, Mr Bruno Nucci, Mrs 
Elsa Nucci, Miss Gunnd Blomkvist and Miss Margareta 
Ostberg at the Institute of Analytical Chemistry, the 
University of Stockholm. We also thank Mr W erner 
Berg and Mr Bengt W allin at the Museum of Natural 
History, Stockholm, for t heir help in this work. 

Received May 12, 1969. 

1 Jensen, S., New Sci., 32, 612 (1966). 
• Widmark, G., J. Ass. Off. Ana!. Chem., 50, 1069 (1967). 
• Holden, A. V., and Marsden, K., Nature, 216, 1274 (1967), 
• Holmes, D. C., Simmon•, J. H., and Tatton, J. O'G ., Nature,216, 227 (1067). 
• Koeman, .J. H ., Oskamp, A. A. G., Veen, J., Brouwer, E., Rooth, J., 

Zwart, l'. , v. d. llroek, J,; ., and van Genderen, H., ,lfed. Riiksfaculteit 
Landbouwwetenschappen Gent, 32, 8/4 (1967). 

• Risebrough, R. W., Rieche, P .. Herman, S. G., Peakall, D. B., and Kirven, 
M. N., .Nature, 220, 1098 (1968). 

7 Jensen, S., Nucci, B., and Widmark, G., J, Anal. Chem. (in the press). 
• Kocman, J . H., Veen, J. , Brouwer, E., Hulsman-de Brouwer, L .. and 

Koolen , J. L .. Helgolibuler Wiss. Meersunters., 17, 375 (1968). 
• Robinson , J ., Richardson, A., Crabtree, A. N., Coulson, J . C., and Potts, 

G. R., Nature, 214, 1307 (1967). 
10 Koeman, J. H., and van Genderen, H., J. Appl, Ecol., 3, Suppl., 99 (1066). 
11 Moore, N. W., Ecology and the Industrial Society, Symp. Brit. Ecol. Soc., 

Swansea, 219 (1965). 
12 Moore, N. W., and Tatton, J. O'G., Nature, 207, 42 (1965). 
"Walker , C. H ., Hamllton, G. A., and Harrison, It. B., .J. Sci. Fd Auric .. 18, 

123 (1967). 
"Berg, W., Johnels, A. G., Sjostrand, B., and Westermark, T., Oikos, 17, 71 

(1966). 
"Stickel, L. F., Chura., N. J., Stewart, P.A., Menzie, C. M., Prou~y,_R. M., 

and Reichel, W. L., Trans. Th-irtyfi,rst North Amenca.n Wildlife and 
Natnral Resources Conf., 190 (1966). 

"Jefferies, D . I., arnl Walker, C. H., Natnre,212, 533 (1966). 
11 Cope, o. B., and Sanders, H. 0., Gire. Fish Wildt. Ser'1., No. 167, 27 (1963). 
".Miller, J . W., Puhl. Hlth. R ep. Wash., 59 (33), 1085 (1944). 
u McLaughling, jun., J., Marliae, J.P .. Verret, M. J., Mutchler, M. K., and 

lfitzhugh , O. G., 'l'oxicol. Appl. Pharmacol. , 5, 760 (1963). 
'° Stickel, L. I,'., Adomaitis, V. A., Bagley, G. B., Chu ra, N. J., Locke, L. N., 

l\fenzle, C. M., Prouty, R. M .. Reichel, W. L., and Stewart, P. A. , C,rc. 
Fish Wild!. Serv., No. 226, 6 (1965). 

'1,Bernard,~_R.' F.,! Publns. l\.fich. St. Univ. Mus., 2, 3 (1963). 




