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Abstract

A preliminary account is given of a large-scale investigation of the levels
of DDT- and PCB-compounds in sea fish from Swedish waters, mainly the Baltic
Sea. About 1,800 analyses have been made, 1,500 therceof from the Baltic,
comprising c¢. 800 herring and 450 cod and smaller numbers of other species.
The results obtained confirm that the pollution by the DDT- and PCB-compounds
is scrious in the Baltic. High levels were found in ruscle tissue (fillet)
of fat fish such as herring and salmon and in liver of lean fish as cod. -
The regional distribution of the compounds is described. The highest levels
of DDT in herring are to be found inspccimens from the southern and central
Baltic, from E of Bornholm to SE of Gotland (mean level 40-50 ppm on fat
weight basis or c. 2-3 ppm on fresh fillet tissue). The contents of PCB-
compounds do not secem to have the same regional distribution and the mean
values for herring arc approximately the same in the main parts of the
Baltic, E of Bornholm (c.15 ppm on fat basis and c. 1 ppm on fresh weight
basis). In cod the mean levels of DDT- and PCB-compounds in the musculature
samples arc lower, for fish from the Bornholm~Gotland arca below 20 ppm

on fat basis and below c. 0.25 ppm in fresh tissue. In cod liver, however,
the lovel on fat weight basis for DDT-compounds varied in the present
naterial between 19 and 64 ppm (on fresh weight 4e4 = 18.0 ppm). For the
PCB~compounds the corresponding data arc 4.1 - 32 ppm (on fat weight basis)
and 1,4 -.9,2 ppm (fresh weight). Swedish authorities have declared liver
from cod caught in the Baltic unfit for human consumption.

The relations between the age of the fish and the levels of DDT- and PCB-
compounds are considered as well as the importance of migration habits.

High levels in the Bornholm Basin also in young herring and cod confirm the
inprossion that the envirommental pollution is greatest in this arca. The
percentages  of the metabolites DDE and DDD of the total DDT contents inm fish
of differcnt ages and from different areas are discussed.

Introduction

A report of the occurrence of DDT and its metabolites as well as PCB substances
in fish and other organisms from the Swedish coast and sea areas, has been
published previously (Jensen et al. 1969). The results were based upon about
180 analyses made on material taken mainly from the Baltic during the period
1965-68. The material from the Baltic showed higher values of the compounds
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than material from the waters off the Swedish west coast and higher also
in comparison with published data on the North Sea, the Atlantic and the
west coast of North Amecrica. In fish, the values of PCB~and DDT-compounds
scemed normally to be 5-10 times higher in the Baltic. In comparison with
the residuc levels in fish, the values were considerably higher in seals
and guillemot (Uria aalge); in heron (Ardea cincrea) and white-tailed
cagle (Halincetus albicilla) the values obtained were more than 100 timecs

higher.

Relatively high contents of dieldrin were latcr found in herring from

the southern and central parts of the Baltic, especially in the Stockholm
archipelago (Westds and Norén, 1971). As a rule, the levels in fresh
tigsuc were below 0.05 ppm. In the present investigation the levels of
dieldrin were not cxamined, since routine analyses of dieldrin would have
delayed the work considerably.

Fish species with high contents of fat in muscle tissue (herring and

salmon) proved to have higher levels than lean fish (e.g. cod and flounder),
examined on fresh weight of fillets. The residuc levels of DDI- and PCB-
compounds in nuscle tissue also varied with the contents of fat of the
individual fish. For instance the content of fat in the fillet of herring
was between c. 1 and 15 %. For these reasons, the contents of fat in the
samples werce always examined, and the levels of DDT- and PCB-compounds

were exanined also on fat weisght basis.

In the above mentioned but limited fish material analysed there were indi-
cations that the levels of both DDT- and PCB-compounds increase towards

the southern Baltic and that PCB in coastal arcas is sometimes giving

strong evidence of local pollution. In correspondence with the previous
well-known principle, an increasing concentration of DDT- and PCB-compounds
could be observed as we get higher up in the food-chaing, from fish to

seal and from fish to bird (as mentioned above). Some data indicated that

the content of the metabolite DDE (of DDI) was increasing in higher links

in the food-chain. - In the present report mainly the continued investigations
concerning DDT- and PCB-~compounds in sca fish will be discusscd.

Methods_and material

Grants from the National Swedish Environment Protection Board in 1969 made
it possible to extend the investigabions of the remarkably hish levels

of DDT- and PCB-compounds in Baltic fish. The sampling and analytical
methods described carlier (Jensen et al. 1969) were applicd on the whole.
For 1nshkance, the residue levels were determined on cxtractable fat basis,
but arc also shown on fresh weight basis. Samples from fish fillet were
nwsed as a standard; and, to an inecreascd extent, also liver samples were
taken of such lean fish as cod. A smaller number of analyses were nade

on gonads and other tissues.

The investigations on fish included samplings 2-4 times a year in 16 sea

arcas along the Swedish coast, from the Bothnian Bay in the north via the
Sound to the Skagerrak in the west (sec fig.1). Most analyses werc made

on fish from the Baltic. Every series of samples usually includes 15 specimens
which are analysed separately. Furthermore, some additional material was ’
deep-frozen for complementary analyses, if such are found necessary. The

nost important subjects of investigation werc herring (Clupea harenrus) and
cod (Gadus morhua) (see table 1). On a snaller scale, samples wore also

taken of salmon (Salmo salar), white-fish (Coresonus lavarctus et al.),
vendace (Corcgonus albula), sprat (Sprattus sprattus) ,flounder (Platichthys
flesus) and plaice (Pleuronectes platessa) — for the results, sec table 4.

The first plankton sample was analysed, as well as four specimens of porpoise

- (Phocaena phocacna) from the Baltic. During 1971 samples of plankton were
collected to a greater extent, as well as samples of the bottom fauna. By
using special filters samples of the water have been collected from the




investigation arcas in order to develop a routine analytical method for
water (including organic matter). In addition to the investigations
menticned, concerning sea fishing proper ("the sea investigation"), samples
were also taoken at stations in the archipelagos and by the coast ("the
coast investigation"), to study principally the effects of local pollution.
In these investigations, yellow eel and pike werc used for the analyses.
The coast investigation will be reported in another context. It should be
obscerved that analyses of sea fish caught along or ncar the coast are
included to a significant degree in the sea investigation. The total
number of analyses of cod and herring are for the moment 1,482, of which
1,248 are from the Baltic. Of the latter, 449 are cod and 799 herring.

A small number of liver and gonad analyses exist as well. In addition c. 300
annlysos woerc nade on the other above nentioned species  (to these must
be added c. 900 in the coast investigation).

Although a rclatively large number of analyses made on sea fish from Swedish
sea areas exists, it does not mean that final results can be reported. For
technical reasons and lack of capacity the analyses lag behind the sampling,
and it was not until 1971, theorefore, that samples could be chosen to
complete the results of analyses already available. Generally speaking, the
lovels of DDT- and PCB-compounds secm to vary greatly with area, age of

the fish and species. Different migration and feeding habits, partly also
scasonal variations scen to be of importance in this connection. It is
often difficult or even impossible to estimate which factors arce the most
important for the residue levels in a certain series of samples or in the
individual fish. This report must thercfore, be considered as a preliminary
onc. The analyses of statistical data will be made - so far possible -

on a morc complete material. However, some general trends can be traced and
an account is given of them here in tables 1-4 and figs. 1-5. The main
stress is laid on herring, which are to be found within the whole water
arca, though with different populations. Cod is mentioned, too, but the
conditions of this species diverge by, among other things, its low fat
content in musele tissue (fillet) and the great importance of the liver

as a fat depot. Therofore the cod material is less valuable than the
herring material. Further analyses are needed of cod,especially of the
liver.

Pesults: 1. Herring

Fig. 2 shows the mean value in ppm for all analyses of DD (incl. DDE and
DDD) and PCB-compounds in muscle fat from fillet samplings of herring in
different sca arcas (nos. 1-15 in fig. 1) from the Bothnian Bay in the
north to the Gothenburg arcain the west. DDT (incl. metabolites) show the
highest valucs in the central and southern Baltic, east of Bornholm

(nos. 811) with a mean value of approx. 40-50 ppm on fat weight basis
(approx. 2-3 ppm on fresh tissue). To the west of Bornholm the residue
‘levels decrease (in arca 12) and they are considerably lower off the West
Coast {c. 2-3 ppm on fat basis, 0.2-0.3 ppm fregh weight). The levels of
DDT in arcas 1-5, from the Bothnian Bay to the Aland Sea (mcan values

c. 15 ppm and c. 0.5-1.0 ppm respectively,) arc lower than in the area
from Gotland to Bornholm (nos. 8-11). :

The level of PCB does not vary so much and the mean values in the Baltic

are approximatcly the same except in area 12, west of Bornholm. In the area
cast of Bornholm, the level of PCB is about 16 ppm on cxtractable fat

basis (c. 1 ppm on fresh weight). The highest mean valuc, 24 ppm on fat basis,
was measured in the Stockholm archipelago (area 6). To the west of Berne

holm the level decrcases as it does for DDT, and the decrease is evident

also off the West Coaste. No now sample of herring from the Sound has

yot been analysed - one high PCB value was noted earlier (Jensen et al. 1969).
PCB shows values equal to or higher than those for DDT in the Gulf of Bothnia



(c. 15 ppm on fat weight basis) and on the West Coast. High values in
single samples from both the East Coast and the West Coast indicate in-
fluence of local pollution sources.

According to fish tagging coxperiments, herring from the Gulf of Bothnia
and also to a great degree from the inner parts of the Stockholm archi-
pclago do not move south of the Aland Sca (Otterlind 1961 a). However,
within the Aland Sea local and northern populations mix also with fish
nigrating to and from the Baltic proper. The last-mentioned fish can also
be met with in the outer parts of the Stockholm archipelago. Baltic
~ herring from the northernmost arcas (nos. 1-4) can be considered bound to
thesc arcas and without addition of fish from the south. In the inner parts
of the Stockholm archipelago, however, older herring may at times come in
from the south. In the Baltic proper, spring-spawning herring populations
of a migrating type dominate, and during summer/autunn they mix in the
southern Baltic, mainly to the east of -Bornholm. These waters arc a very
important feeding arca for different populations, also of an autumn-
spawning type. To the west of Bornholm are primarily herring which breed
there, or which have moved from the Belt Sea and the south part of the
Sound.

The sampled herring werc analysed in respect of age by the winter-rings

of the scales. The actual age of spring-spawners may vary betwcen the
numbers of rings given in figs. 3-4 and table 2 and the next higher number.
Thus, fish with the same number of winter-rings may have becen born in two
successive years dependint upon when the sample was taken (before or after
the establishment of the winter-ring for the year). The age of the autumn—~
spawners, which up to now have been included to only a slight extent in

the samples (mainly in those from the southern parts of the Baltic) may

be onc year higher than for the spring-spawning fish with the same number
of rings. During the first part of the sampling, every secries of 15 fish
was chosen so that, as far as possible, different sizes and ages were
represented. Such samples form the main part of the present series of
analyses. Later on, two scries often were chosen from every catch after

the agoe-examination, onc with younger fish and onc with older. The relation
of the age to the levels of DDT- and PGCB-compounds is shown in figs. 3-4 and
table 2.

Fig. 3 shows the mean valucs of DDT and PCB per group of herring of
approximately the same age, where all the samples from different times and
loecalities in the most important investigation areas have been combined.
Herc, as well as in the other diagrams, the substances arc measured on fat
weight basis in samples from fillet. The level on frosh weight basis shows
nainly the same Lrends but a certain variation is due to differcnces in fat
content. Although the material within the respective arcas is heterogencous
and partly insufficient for comparing mecan values, a trend towards higher
lovels of DDT and PCB with increasing age can be distinguished. This nced
not necessarily be the result of a longer exposure time only. Also the
occasions of the exposurec must be taken into account. The relation between
age and increascd levels of DDT-compounds can be seen most clearly in

fish from the central and southern parts of the Baltic proper, area 8

(SE Gotland) and arca 11 (E Bornholm). Possibly the PCB-compounds show
less conncction with age than the DDT content.

A comparison between fish of the same age in the different arcas shows,

on the whole, the same variations of the levels of substances as in fig. 2,
This does not mean that the age structurc of the population is without
impertance for the gencral trend in fig. 2. In principle it may be said
that the average age of the herring in the Baltic inercases from the

south to the north, parallelly with a decreasc of the growth rate. This
implies that the age structure involves lower contents on an average to
the south in general and west of Bornholm,too, but higher valucs north of



Bornholn. Thus, in relation to the conditions of the area Gotland-Bornholm
the difference is cqualized somewhat to the north, while it is augmented
to the west of Bornholm (cf. also migration effects below).

In table 2 somc comparisons are shown between samples of herring of
different ages, caught within the same arcea and at the same time. The
samples from arcas 1 and 4 consist (see above) of herring which have had
no contact with the Baltic proper. The same will surcly be valid for

young herring from arca 5 (Svartklubben 1.11.1969) but perhaps, ‘partly, not
the older herring from the same locality and day., The differcnce between
the levels of DDT and PCB in these two series of samples is significent on
the 2.5 % loevel., The same is implied for the series from arca 8, while

the differences in the other arcas arc not gtatistically demonstrated. But
the relation botween age and contents of DDT and PCB can also be traced
in the compared series from the areas 1,4 and 11 (E Bornholm). This is
valid on both fat basis and wet weight basis. However, two series of
samples from the Karlskrona archipelago of fast-growing, spring~spawning
herring show negligible differcnces in mature fish of 2-3 ycars compared
with fish of 5-6 years of age (the mean valuc for DDT: 56 and 62 ppn
respectively and for PCB 18 and 14 ppm). Herc the young herring most
probably grow up in the Bornholm Basin (N and E Bornholm).

Another obscrvation that can be made is that of the level of total DDT-
compounds, the proportion of the metabolite DDE scems to be lower on
average, while the level of non-metabolized DDT is higher in young herring
than in older fish. This is probably also onc reason why the results of
the analyscs of fish from the northern arcas show a higher proportion of
DIE than in the south. Parallelly the analyses from the southern arcas
show higher proportions of DDD than those from the northern. This may also be
the result of a higher bioclogical activity in the more warm and nourishing
water in the southern Baltic compared with the Gulf of Bothnia. Water-
living bacteria have boen shown to metabolize DDT into DDD to a higher
degree than into DDE (Cope and Sanders 1963, Matsumura ct al. 1971). If
most of the pollution of the Baltic (incl. the Gulf of Bothnia) has its
origin in the southern parts, the DDT-substance in the northern parts

may be duc partly to sccondary dispersion from the south (sec below).

This dispersion may also give a higher proportion of DDE by metabolizing
processes during the transport. As DDI is more stable than DDT and DDD,
the length of the metabolization period, as well as the age of the fish,
should encourage a higher proportion of DDE.

Fig. 4 shows the residue levels in scparate series of herring. Samples in
the age groups from arca 11 cast of Bornholm (positions of localities
abbruviated). Here we can see that even young herring may show high values.
This is apparent especially in the sample from SE Neksd, 9.6.1970, Ore
specimen with only one winter-ring had a level of 140 ppm of DDT and

67 ppm of PCB on fat basis (on wet weight 3.5 and 1.7 ppm respectively).
Also herrinz with 2-3 winter-rings had hiph values. In the latter case

the herring are probably autumn-spawners, so the examined apge may be

1-2 ycars higher than the number of winter-rings. Occassionally DDT-
contents of over 100 ppm on fat basis have beon observed further north, as
far as the inner parts of Stockholm archipelago (arca 6). As a rule this has
been observed in older fish, probably migrated from the south, but also in
onc specimen from the Vdstervik archipelago with only one winter-ring a
level of 107 ppn was measured (the content of PCB was then 140 ppm) « However,
it is in the south Baltic, east of Bornholm, where the greatest number of
high contents have appearcd (cf. fige 4). The highest value here, 250 ppnm

of DDT-compounds (7.7 ppmon wet weight basis), was found in a herring from
12.6.1969, caught ENE of Christiansd and due south from Oland at a depth

of about 70 meters. The fish had eight winter-rings and was probably a
spring-spawnecr.



Further material of fish, plankton and bottomfauna from the Bornholm

Basin will be analysed. However, it is evident already that the occurrcnce
of DDT-compounds in herring is highest in the castern part of the southern
Baltic and after that in the central Baltic (the Gotland Basin,E Gotland).
As already mentioned, the southern Baltic, mainly cast of Bornholm, is a
very important fecding area for the herring populations that spawn along
the cast coast of Sweden as far as the Aland Sca (Otterlind 1961 a, 1962).
Especially older herring from this part spend their summer/autunn in the
southern Baltic. Thercfore material of older, spawn-migrating herring
caught in the northern Baltie proper might be affected by the pollution

in the southern Baltic and thus it appears that a certain transport of
DDT-compounds from south to north may be caused by the spawning migration
of the herring. The great concentration of older fish on feeding migration
to the southern part during the summer/autumn may also by the age effect
lead to a small temporary rise of the DDT-level of the herring catches here.

The PCB-compounds do not seem to have such a regional distribution as the
DDT-compounds. The levels of PCB show a peak in area 6 (the Stockholm
archipelazo). The lowest values in arca 12 (W Bornholm) ferm a transiticn

to the low valucs in herring from waters off the West Coast (cfi, however,

the values in cod). The contents of DDT and PCB in the Stockholnm
archipelago have been commented on in an earlier rcport (Olsson ct al. 1971).

2. _Cod

The analysod material of fillet samples of cod give partly another picture
than that of herring. As a rule the levels of DDT- and PCB-compounds on

{fat basis arc lower and the mean value in the area Gotland-Bornholm is
below 20 ppn (cf. table 1 and fig. 5 a nos. 8-11). Since the fat content in
nmuscle tissus in cod is low, usually 0.5-1 % in this material (it is
highest in young cod), the levels in fresh tissue are alseo low in fish

from the Baltic, below c. 0.25 ppm, but high in the liver (scc below).

Off the West Coast the values arce still lower. A comparison of the mean
valucs between different catch arcas (fig.5 a) shows that the lovel of DDT
becomes lower W of Bornholm (no.12 in fip.5 a) comparcd with the rest of
the Baltic, but no pronounced pcak is observed for the arca between Gotland
and Bornholrm (nos. 8-11). The level of DDT is also lower in the Sound

(no. 13) and is further reduced off the Swedish west coast (nos. 14-~16),
where the mean valuc is c. 3-4 ppm on fat basis (on fresh tissus c. 0.02).
In the Sound, however, the level of PCB increases and also rcaches rclative-
ly high valucs off the West Coast (c. 13 ppm on cxbractable fat basis,

c. 0.07 ppm on fresh tissuc). The level of PCB is distinctly higher than
the level of DDT in these arcas. The samples arc mainly from coastal
waters. In material from the waters to the west and to the cast of Bornholn
the level of PCB is about the same or somcwhat higher than the level of
DDT. A scries of samples from the Aland Sea also gave somewhat higher
levels of PCB than of DDT,

The material annlysed did not reveal any clear relation between the levels
or’ DT~ and PCR-compounds in muscle tissuc and the apge of the fish. The
determination of age in cod from the Baltic is rather uncertain, especially
that of older fish - due to vague otoliths and varying time of spawning ~
and the data on age arc therefore approximate only. What is most remarkable
in the cod material is, however, that occasionally very high contents of
DDT- and PCB-compounds have been observed in young cod aged of 0-2 ycars
among otherwisc low valucs: levels of up to 110 and 79 ppm on fat basis

(in maturc cod the maxima werc 92 and 50 ppm respectively). This was the
cas¢ in principally thrce series from the area ENE of Christianss (south

of Oland) and SE of Neksd in Junc 1969 and 1970. Samples of about the same
age in October 1969 and March 1970 from the first-namcd arca gave consistently
low valucs. A possible oxplanation might be the varying feeding habits of
cod - even with differcnt bottoms. For younz fish the nourishment consists



largely of both bottom-livinz and more or less planktonic crustaccans,
which are of small or at any rate less importance to the adult fish. It
should also be pointed out that adult cod from various rcegzlons gather to
spawn within the arca in question during spring-carly summer. The deep
basin in the cast of Bornholm is more a spawning arca than a nourishment
arca for cod. For herring, however, it is mainly a feeding arca. Never-
theless, therc might be a possibility of a direct up-take of DDT- and PCB-
compounds, for instance, throuzh the gills. In this conncction the
different basal metabolism cf the fish species may be of importance.

The divergence of the levels of DDT- and PCB~compounds in muscle tissue

in the Baltic cod from differcent arcas comparcd with those in herring, must
also be related to the gencrally more varying nourishment of the cod

(frec living and bottom-bound evertcbrates and fish) compared with the
mainly plankton-cating herrinsg. In this respect, very young cod rcsemble
herring. However, the differcnce in nourishment between young and old
herring is smaller, often non-existent. Further it should be obscrved

that no effective reproduction of cod occurs north of Gotland. Thus, the
speecies is more homogoncous as regards population, althcusgh two main
populations can be distinzuished, with a broad zone of. mixing chiefly
around Bornholm. Quite likely, one conscquence of the mixinz of populations
might be an increasced variation of the contents of DDT and PCB in the
specimens. Cod coming from the west, with primarily low levels, may mix
with cod from the east with higher levels as well as with fish which have
grown up along the coast of the Baltic proper, at times even further to

the north (Otterlind 1961 b). This contributes to a levelling-out of the
mean level for DDT and PCB in the south of the Baltic, especially in the
central spawning area, east of Bornholm.

It is difficult to find any relation betwecn the age of the cod and the
proportion of DDE of the total amount of DDT-compounds. However, the older
cod in two scrics of samples from the Aland Sca and the Bothnian Sea show

the highest mean values and it is amonz really younz cod in the south of

the Baltic that sometimes the very low mean valucs are to be found. At the
same time the quantity of the samples in some of the latter serics arc too
small to allow a rcliable estimation of the percentage of the DDT-metabolites.

Parallelly with the sampling of nusculature from the fillet, samples of
liver in cod were taken for analysis. Contemporary analysces for food hygicene
estimation at the National Swedish Institute of Public Health (West&s and
Nordn 1971) showed high residues of DDT (including metabolites) and PCB

in cod liver from the Baltic. In seven samples levels of 11.3-22.0 ppm of
DDT and 2.4~4.9 ppn of PCB on fresh tissue were shown and were coupared
with thrce samples showing lower levels in cod liver from the West GCoast
(2.5~4.1 ppm of DDT and 2.2-3.4 ppm of PCB). (As a consequence of the high
DDT contents Swedish authorities have declared liver from cod caucht in the
Baltic Sea unfit for human consumption and it nust not be sold.) Table 3 end
fig 5b show analyses on liver of 130 cod. The mecan levels on fresh tissue
varied for the serics of samples between 4.4 and 18.0 ppm of DDT (for
individual fish 1.2 - 50 ppm). Corresponding data for PCB arc 1.4 - 9.2 ppm
(individual values 0.00 - 25 ppm). The mean fat contents in the liver
asamples in question vary from 20.3 to 36.9 % and the individual liver

values of the whole material from 6.3 to 61.2 %.

There are indications that different parts.of liver and sometimes different
methods of sampling (frozen and nonfrozen matorial) may show different values
of the fat content in the same liver. The samples were taken of livers

that had previously been dissected and frozen (from cod where the samples

of fillets had been taken of the frozen fish before). To a varying degree

the livers werc thawed at the weighing of the samples. Two serics of liver
samples from 15 specimens were analysed, one serics was deep-frozen, the
other thawed at the sampling. No great difference that could be related to



the state of the material could be discerned. Neverthcless, it seens as if
the risk of losing fat at the sampling night be greater on thawed material.

The mean values for the residues on extractable fat basis in table 3 show
that the level of DDT-compounds in liver is much higher than in nuscle
tissue in the samc specimens. The factor is c. 3-4. For PCB the increase

in liver is up to twice comparcd with the levels in musculature to the

east of Bornholm, while nonc or negligible increase exists in material

west of Bornholm. The proportion of non-metabolized DDT may be said
preliminaorily to be lower in the liver material than in nuscle tissue; at
the same time there is an increase of the proportion of DDD - an indication
of the importance of the liver for the metabolization of DDT-compounds.

Of herring, only one scries of liver (15 spcc. ) was analysed (from the
Arkona Basin, area 12). In this serics the concentration of PCB was much
incrcased, about 9 times, if compared with the mean value in fat of muscle
tissue (35 and 4.2 ppm respectively). For DDT-compounds the increase was
only about twice (10 and 5.3 ppm respectively). The variation between the
catch areas as regards the level of DDT-compounds in liver, shown in table 3
and fig.5b, can be explained by differcnces of age and by chance.

General comments

The results of analyses of herring and cod shown in this report confirm

that the pollution by DDI- and PCB-compounds in the Baltic, is as scrious

as the first report (Jensen et al. 1969) indicated. For herring higher

values than earlier have been observed in the larger material investigated.

As repgards other fish species analysed, it may be mentioned that only

salmon - as in our previous report - can be said to have obtained alarmingly
high values: in individual specimens up to 7.2 ppm of DDT-compounds and 2.7 ppm
of PCB on fresh tissuc. As a rule, the valucs of PCB were higher than in the
1969 report. Analyses on herring, cod and other fish in the Baltic, carried
out by the National Swedish Institute of Public Health (Westdo and Nordn 1971),
showed values which lic within the limits of the present material.

Of the present roport of the analyscs of herringz, it appears that the
accunulation of DDT- and PCB-compounds may depend upon .the age of the fish,
but that other factors, mainly the gencral and local state of pollution arc
the primary causes of the levels in fish. As concerns cod, the dependence

of age ls not clear. Besides the state of pollution, the choice of nourishment
and also the function of the liver may be of importance. Generally speaking,
the variation between arcas is less or nogligible as regards PCB. The
analyses on herring clearly show that the levels of DDT arc highest in the
south and middle parts of the Baltic proper, mainly in the arca SE of Gotland
to E of Bornholm. It is possible that the level of PCB is slightly higher
here.

The levels of both DDT- and PCB-compounds are clearly lower W of Bornholm,
in the Arkona Basin (also in the series of samples from the Belt Sca, SW of
Gedser). Also towards the north of the Baltic the level of DDT is lower,
especially in the northern part of the Aland Sea and further north, while
the decreasc in the level of PCB is small or none.

The occurrcnce of high levels of DDT- and PCB-compounds in the Bornholm
Basin (E Bornholm) also in young cod and young herring indicates thab the
environmental pollution is greatest within this arca. The occurrence
further north of herring with relatively high levels (in the Vistervik
arca, arca 7, and in the inner parts of the Stockholn archipelago, arca 6)
chiefly concerns older fish migrating from the south. However, local '
sources of pollution obviously have effects in the inner parts of the
archipelagos. Occasionally high levels of both DDT- and PCB-compound have
been observed here in young and in all probability rather stationary
herring. ~ It may be mentioned that very high levels have becn observed
in common porpoise from the south of the Baltic, up to 412 ppm of DDT and



165 ppm of PCB on extractable fat basis in the blubber (valucs in fresh
tissue 251 and 101 ppm respectively). The porpoise subsists to a great

degree on herring and sprat. A mixed zoo— and phytoplankton sample fronm
surface water in the central parts of the Bornholm Basin gave values

of 56 ppm of DDT and 38 ppm of PCB on extractable fat basis (on fresh welght
basis 0.056 and 0.038 ppm respectively). A small number of sampling series

of flounder and plaice from the Baltic have all given low valucs (sec table 4)
which fact perhaps contradicts a higher accunulatlon in their nourishment
organisms (bottom-living evcrtobratcs).

By its solubility in fat but not in water, DDT- and PCB-compounds can
easily be taken up via the surface by, among others, algac and plankton.
This implies that pollution may be present in the seca water for a long
time without being transported to the bottom but transported horizontally
by the current, for cxample, to the north of the Baltic. In the southern
Baltic, cspec1ally to the cast of Bornholm, there is a very pronounced
halocline all throush the year (perlodlcally also thermocllnou) where
dead and living plankton and plankton-cating fish gather. This mugt to a
great degree favour the remaining of the substances in the water environment
and also the concentration to the living organisms. Such a pcrmqncnt
halocline ecxists in the whole Baltic proper up to the AMand Sea but it is
less pronounced to the north of the Bornholm Basin. Althoush from the
Aland Sea and further north the water has layers of different salinity,
there is no permanent halocline. The water temperature is lower here and
the water circulation is good duec i.a. to the rich supply of fresh water.

Concentration of persistent compounds, like DDT and PCB, is favourcd by

the moderate water volume of the Baltic in combination with the limited
water cxchange over the thresholds in the Belts and the Sound and also by
the pollution from the large surroundinz land areas, cspecially along the
Baltic proper. The rclatively low temperature of the water counteracts the
destruction of the compounds by the biological activity (Jensen ot al. 1969).
The Arkona Basin to the west of Bornholm is a transitional zone, where
stratification due to differont salinity and temperature is more changing
and labile in relation to the somcwhat better water circulation of the area,
duc the nearness to the Danish sounds. In the Kattegat — Skagerak area, the
stratification is to an increasing degree surface bound and varying. The
rich water exchange with the North Sea and the higher mean temperature here
counteracts the concentration of DDT- and PCB-compounds.
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Pig. 1.
Map showing the situation of the sampling areas.

O = sampling twice a year
€P = sampling four times a year
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Table 1,

Mean levels of DDT- and PCB~-compounds and the percentages of DDT and of

i1s metabolites DDE and DDD in samples of herring and cod. Ppm both on fat weight
and on fresh weight basis, n = number of specimens analysed,

Herring
Fat weight  Fresh weight % of s.DDT

Area/locality Date n  s.,DDT 8.PCB s.,DDT.s,PCB DDE DDD DDT
1 Espfjird S Luled 24.2.69 10 7,0 6,1 0,52 0,45 45,5 11,7 42,7
Jivrebodarna 8 PiteA - - 10.11.69 15 8,1 7,1 0,30 0,27 45,0 14,9 40,1
Espfjird S ILuled 23.3.70 15 11.- 16 0,54 0,80 42,3 13,9 43,7
" " on 23.3.70 15 17 20 0,67 0,78 50,8 11,0 38,1
Bondtkallarna Pited skidrgl4.7.70 15 37 . 27 0,57 0,43 55,4 12,1 32,3
‘ 2 Téfted 10.7.69 " 14 15 16 0,61 0,67 42,6 14,8 42,4
3 6 n.o. S Brémén 26.6.69 15 14 12 0,50 0,40 47,5 12,9 39,5
Brimd kalv 28.7.69 15 11 8,3 0,49 0,37 49,4 13,2 37,3
Eystrasaltbanken 10.11.69 12 7,6 20 . 0,41 1,00 47,9 13,4 38,5
Brimd kalv , "11.11.69 15 8,3 20 0,32 0,78 48,6 14,2 31,0
Avikebukten NE Sundsvall 6.4.70 15 .10 12 0,55 0,67 47,1 15,1 37,7
U "ou 6.4.70 15 17 19 0,80 0,89 48,7 13,1 38,0
4 Vistra Finngrundsbanken 16.12.70 15 17 12 0,62 0,44 50,2 12,8 36,8
n " ' 16.12.70 15 5,4 4,5 0,23 0,19 39,8 17,9 42,2
5 Svartklubgén 24.6.69 14 29 16 0,58 0,33 39,0 21,7 39,1
.' Massten N Svartklubben 1.11.69 13 3,2 8,0 0,12 0,30 33,7 28,5 37,6
n " on 1.11.69 15 37 24 1,4 0,87 38,1 24,5 37,2
Risten NW " 2.4.70 29 15 7,7 0,51 0,27 45,2 18,1 36,6
6 Torsbyf jirden 21.10.69 15 15 18 0,99 1,20 41,4 28,5 30,0
" 7.5.69 15 17 21 0,80 1,10 34,9 26,4 38,5
" 17.6.70 15 48 25 1,1 0,61 44,1 33,1 22,6
Saxarf jirden 23.6.7T0 15 67 32 1,0 0,46 42,5 30,5 26,9
7 Gérdsholmen Syrsan 28.2.69 15 20 8,7 0,62 0,27 41,3 15,6 42,9
L " 5.5.69 15 43 14 1,4 0,45 33,4 21,5 45,0
n " 5.5.69 15 24 7,2 0,53 0,15 40,9 13,4 45,6
Ndesudden Gamlebyviken 9.5.69 14 24 36 0,34 0,50 54,5 21,4 24,0
Gérdsholmen Syrsan 30.5.69 14 44 32 1,4 1,10 41,5 13,9 44,5



Herring cont.

Fat weight

Fresh weight % of 5.DDT

Area/Locality Date n 5,007 s,PCB s,DDT s,PCB DDZ IDD  DDT
7 Bsdabukten N Uland 31.10.69 15 37 28 2,0 1,4 42,4 17,7 39,8
Girdsholmen Syrsan 10.11.69 12 10 Ts7 0,51 0,37 45,7 15,4 38,7
NW Ulands N udde 18.11.69 15 22 13 1,0 0,55 37,2 19,4 43,2
Nasudden Gamlebyviken 22,6.70 15 13 24 0,21 0,40 33,8 32,3 33,8

8 ESE Nir Gotland 5.6.69 15 59 31 1,57 0,74 46,7 20,3 32,8
woowoow 15.10.69.15 24 6,1 1,0 0,25 39,4 27,0 33,5

LU A 7.4.70 15 37 20 1,2 0,67 35,8 22,7 41,3
noonooom 2.6,70 15 51 7,1 1,1 0,15 55,0 19,5 25,4

9 Yttre Gdanskbukten 10.6.69 14 36 20 1,7 0,91 38,8 23,5 37,5
10 Senoren SE Karlskrona 19.5.70 15 56 18 0,89 0,27 31,5 13,5 54,9
" 19.5.70 15 62 14 2,3. 0,52 43,9 14,6 41,4

11 ENE Christianso 12.6.69 15 69 41 2,4 1,4 37,9 20,4 41,6
nooon 23.10.69 15 63 29 3,2 1,5 39,6 15,7 44,6
SE Utklippan 24.10.69 15 39 19 2,5 1,2 31,2 18,4 50,3

3! NNE Simrishamn "15.11.69 15 18 4,2 0,82 0,19 31,3 19,0 49,5
ENE Christianst 4.3.70 15 35 5,9 0,98 0,16 35,3 19,2 45,4

~ SE Utklippan 5.6.70 15 63 19 1,7 0,50 41,3 21,0 37,6
ENE Christians® 8.6.70 15 86 21 3,3 0,79 47,3 22,7 29,8
SE Neksd 9.6.70 14 65 28 2,67 1,1 42,6 21,6 35,7

20 n.m. SSE Hand 25.6.70 15 24 7,1 0,91 0,27 41,0 22,9 35,9
SE Utklippan 1.8.70 15 29 9,6 0,96 0,31 38,5 23,4 37,9
Hanbbukten N55°%41B15°12! 22.3.71 14 23 8,3 0,41 0,15 31,6 17,8 50,5

12 S Trelleborg 5.3.70 15 21 13 0,63 0,43 40,3 19,4 40,2
W Rénne 10.6.70 15 37 14 2,3 0,85 45,2 21,9 32,8

S Adlergrund 26.11.70 10 18 8,7 0,56 0,27 37,6 24,4 37,8
SW Gedser 27.1.71 15 10 8,0 0,30 0,26 31,6 24,1 44,1

S Ystad 8.2.71 15 5,3 4,2 0,48 0,39 35,4 24,3 40,2



Herrigg cont,

Fat weight

Fresh weight

%4
y:]

of s,DDT

Area/iocality Date n s.00T s.PCB s.,DDT s.,PCB DDE DDD DDT.
14 SW Falkenberg 17.6.69 15 3,5 5,5 0,16 0,25 29,5 24,7 45,6
8 n.m, Varberg 16.10.69 14 1,7 2,4 0,32 0,45 35,9 19,9 44,1
Hovs hallar 12.11.69 14 1,6 1,9 0,15 0,18 30,1 23,3 46,4
15 SE Grisbidan Gbgs skdrg 27.11.69 7 1,4 1,9 0,27 0,37 32,9 25,0 42,0
N om Baggeskidr 27.11.69 2,3 3,0 0,34 0,44 36,6 21,2 42,1
Vasskdren Gbgs skirg 29.11.69 6 2,1 2,5 0,21 0,26 37,0 22,8 40,0
SE Buskdr " " 29.11.69 10 1,3 2,9 0,16 0,37 23,8 22,3 53,7
¥ Hondhuvud 28.2.69 4 6,3 12 0,10 0,17 30,3 23,9 45,6
W St Pélsan 28.2,69 4 5,2 6,1 0,18 0,18 31,4 21,7 46,7
NW Skagen (16) 18.2.69 4 6,7 12 0,17 0,29 25,0 25,2 50,0



Cod

AreafLocality

‘Fat weight

Fresh weight

o, of 5.DDT

Date n s.0DT s.PCB s.DDT s.PCB DDE DDD  DDT
3 Avikebukten NE Sundsvell 4.6.70 7 13 7,9 0,086 0,052 47,9 15,6 36,3
5 SE Understen Alandshav 17.6.69 14 14 17 0,067 0,081 43,4 16,0 40,4
7 Bsdabukten N Oland 20.11.68 12 2,7 6,8 0,024 0,059 30,8 28,4 40,6
8 ESE Nir 5.6,69 30 1 6,4 0,077 0,047 31,9 17,5 50,4
noon 15.10.69 15 8,9 1,9 0,072 0,016 32,8 22,9 44,2
Rysshélan SSE Gotland 21.10.69 15 20 13 0,12 0,078 34,5 17,0 48,3

u woom 3.6.70 15 20 6,6 0,16 0,051 35,3 22,7 41,8

9 Yttre Gdanskbukten 10.6.69 15 15 1" 0,10 0,081 33,5 17,9 48,5
u " 22.10.69 14 16 7,3 0,11 0,049 34,3 17,0 48,6

" n 4.6.70 15 21 16 0,15 0,12 37,5 21,5 40,8
Inre " 17.11.70 15 22 9,9 0,13 0,056 41,4 21,5 36,5
11 ENE Christiansd 12.6.69 15 23 35 0,23 0,39. 36,7 14,0 49,1
noow 12.6.69 15 21 12 0,14 0,087 33,3 17,3 49,3

SE Neksd 11.6.69 15 18 23 0,15¢ 0,267 27,5 14,8 57,6
ENE Christiansd 23.10.69 14 5,8 17 0,063 0,19° 16,8 19,6 63,5
SE Utklippan 24.10.69 15 6,2 14 0,055 0,12 23,4 21,7 54,8
now 24.10.69 14 8,8 6,7 0,065 0,052 34,3 14,9 50,6
ENE Christianst 4.3.70 15 14 10 0,11. 0,084 34,2 16,5 49,2
nooon 8.6.70 15 22 11 0,14 0,072 34,1 21,8 43,9

SE Neksd 9.6.70 14 18 15 0,12 0,072 31,8 20,5 47,6
o 9.6.70 15 32 23 0,25.» 0,180 34,6 17,7 47,6

12 S Trelleborg 16.6.69 15 13 13 0,102 0,11 31,3 19,7 48,9
"o 27.10.69 15 6,1 12 0,056 0,12 27,8 24,2 47,9
"o 5.3.70 15 6,9 13 0,038 0,070 24,4 30,7 44,8
"o 10.6.70 15 12 12 0,085 0,088 26,8 29,4 43,6

W Rénne 10.6.70 15 40 31 0,34. 0,27 31,7 21,6 46,5

S Adlergrund 26.11.70 15 6,5 17,8 0,058 0,068 22,7 22,1 55,0
"o 26.11.70 15 5,8 5,3 0,034 0,032 29,1 21,0 49.R

SW Gedser 27.1.71 15 4,7 8,1 0,033 0,058 30,7 27,5 41,6
non 27.1.71 15 7,3 5,8 0,036 0,029 30,9 24,5 44,5



Cod cont.

Fat weight

*Fresh weight

% of s,DDT

Arez/Locality Date n s.,0DT s.,PCB s.DDT s.PCB DDE DDD DDT

13 Klagshemn 3.6.69 13 6,1 13 0,032 0,071 30,2 15,1 54,5

S Ven 16.6.69 14 12 27 0,070 0,17 37,3 17,0 45,4

non 28.10.69 15 7,8 31 0,047 0,18 35,3 25,4 39,2

Klagshamn 28.10.69 15 4,4 15 0,023 0,080 33,2 18,5 48,2

S Ven 6.3.70 15 8,9 20 0,068 0,15 30,2 24,7 45,0

® Palkenberg 17.6.69 15 5,0 8,5 0,028 0,050 37,6 15,3 46,9

Hovs hallar 12.11.69 15 2,1 6,7 0,011 0,038 30,2 23,1 46,6

15 KA 4 GSteborgs skdrg  29.1.69 6,9 25 0,039 0,14 26,7 32,9 41,4

Kungsbackafj mynning 17.6.69 15 3,3 13 0,022 0,087 29,3 26,2 44,3

16 Pinnevik Iysekil 16.6.69 12 2,7 9,0 0,014 0,045 25,0 24,7 50,1
Sténgholmen Lysekil 16.7.69 5 2,2 10 0,009 0,043 32,3 11,1

56,5



Table 2

=

Ppm both on fat weight and on fresh weight basis,

» Hean levels of DDT~ and PCB-compounds in samples of herring of different ages from the sume catches.

Area

10

11

Locality

Bonddkallarna, Pited skirg.

n

VW Finngrundsbankarna

Svartklubben

SE Nér, Gotland

- - -

Senoren, SE Karlskronas

- n - -
SE Simrishamn

Date

14.07.70%
14.07.70
16.12.70
16.12.70
01.11.69
01.11.69
25.06.70%
25.06.70"
19.05.70
19.05.70
24.,06.70™

© 24.,06.70F

X 5. . .
New samples not mentioned in table 1.

Humber of liumber in

winter
rings

3
8
3
8
1

4=9
2=3
4-11
1-2

4-5

4=-10

cample

5
15
15
13

Fat weight

s.DDT

14%7,7
37314
5,4%1,5
1724,2
3,231,0
3716
18%1,5
72218,4
56219
6224,3
2529,9
45231

s5.PCB

1528,6
27%9,2
4,5%1,3
123,2
8,0%3,0
24%9,4
7,120, 73
22%5,16
18%10
14%1,6
9y3%4,7
15512

Fresh weight

s.DDT

0,22%0,083
0,570,085
0,23%0,087
0,62%0,17
0,12%0,052
1,4%0,62
0,400,034
1,6%0,26
0,89%0,27

- 2,120,17

0,67%0,16
1'810194

s.PCB

0,26%0,18
0,43%0,077
0,190,054
0,440,098
0,30%0,13
0,8720,25
0,16%0,014

.0,51%0,071
.0,27%0,12

0,4720,045 -
0,24%0,087
0,61%0,34




=SmemmmiER

analysed from the same specimenc. Ppm on fat weight basis.

Area

13

Locality

ﬁvikebukten, Bothnian Sea

-Understen, klana Sea

ESE N&r, Gotland
SE Gotland
Gdansk Bay
SE Utklippan
S Trelleborg

- "o
Adlergrund
Klagshamn

Date

04.06.70
17.06.69
05.06.69
21,10.69
17.11.70
24.10.69
05,03.70

16.06,69 .

26.11.70
03 006069

Fumber in
sample

14
15
15
15
11
15
11

13

s,DDT

13
14
12
20
22
8,4
6,9
15
5,8
6,1

lueculature
s.PCB  s.DDT/s.PCB
149 1,65
17 0,82
8,0 1,50
13 1954
2,9 2,22
515 1453
13 0,53
13 1,15
515 1,06
13 0,47

5.DDT

30
59
47
64

28
21 .
47
19
19

Liver
. PCB

21
32
18
22
20
11
11
18
441
16

s.DDT/s.PCB

1,43
1,84
2,61
2,91
2,95
2,55
1,91
2,61
4,63
1,19

ar
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Table 4, Mean levels of DDT- and PCB~compounds and the percentages of DDT and of
1t5 metabolites DDE and DDD in samples of various species. Ppm both on fat weight
and on fresh weight basis, n = number of specimens analysed,

Fat weight Fresh weight % of 5,DDT
Species Area n S¢DDT s.,PCB 5,007 s.PCB Ipz DDD DD
Salmon 1 1 29 10 3,8 1,4 36,0 19,5 44,4
2 5 A7 19 4,3 1,7 38,2 15,8 45,9
3 1 10 6,9 0,78 0,52 54,3 12,2 33,3
3 5 15 13 1,7 1,3 50,7 14,9 34,3
4 4 32 15 1,9 0,84 47,0 15,6 37,3
7 7 27 10 2,5 0,88 40,1 18,9 40,9
7 5 26 8,2 4,3 1,3 39,1 18,4 42,4
7 1 31 6,8 3,7 0,81 37,3 18,1 44,4
11 5 32 15 441 1,9 38 18 44
lihitefish 4 12 755 551 0,19 0,17 37,3 19,8 42,7
1 14 6,8 5,8 0,17 0,14 44,4 18,5 37,0
Vendace 1 15 4,7 8,6 0,084 0,15 24,6 24,7 50,5
Sprat 8 15 31 7,1 2,0 0,45 29,4 17,9 52,5
11 15 18 21 1,2 1,2 17,6 22,9 59,3
13 15 7,4 3,7 0,31 0,36 26,8 21,5 51,5
15 15 8,1 9,5 0,28 0,33 24,9 24,5 50,5
Flounder 7 12 8,6 12 0,11 0,15 22,4 24,8 52,7
8 15 8,7 4,0 0,21 0,090 21,1 27,4 51,4
11 15 7,9 3,7 0,17 0,075 20,3 26,2 53,4
12 9 6,4 4,8 0,10 0,085 17,4 26,1 56,4
12 12 4,5 4,7 0,086 0,070 18,4 29,8 51,7
13 15 14 27 0,16 0,30 24,3 30,7 44,9
15 12 16 53 0,19 0,61 19,5 37,5 42,9
Plaice 8 2 7,1 10,2 0,056 0,081 20,5 30,2 49,3
12 5 5,2 6,1 0,060 0,067 20,8 31,1 47,9
12 6 51 2,9 0,058 0,032 19,0 25,9 55,0
13 8 4,7 10 0,037 0,078 21,8 32,5 45,5



