DDT and PCB in Marine Animals from Swedish Waters
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CBLORINATED peslicidoa ocan spread in living matter,
and thoy are now pressnt all over tho world. In 1066
{rof. 1}, it wea discovered that somo proviously unknown
substanoos isolatod in analysos of pestioide residucs wore

lychlorinntod biphenyls (PCB). In S8weden, they oocur
m tho natural snvironment in she same amounts as the
chiorinated pesticidesi+®. Rooently, POB has been found
in organisms in the Netherlands, Great Britain®-! snd the

VUnited Btates®. POB ls used almost oxclusively in indus. _

try, and it seems to be more persistent than DDT. We
have assessod PCB and DDT (inoluding metabolites)
contamination in Bwedish marine ecosystems by analysing
176 samples. The hydrographical conditions along the
Swodish eonsta are not uniform so the residucs are clasai.
fil novording to the four regional subdivisions shown in
Fiy, 1. Pow sainplos wors taken from tho S8ound and eo
this aros hos boon indludod in the Baltio propor.

Tho apocios studied wero: (1) musso! (Mytilus adulis);
(3) herring (Olupea Aarengus); (3) plaioe {Pleuronccles
platessa); (4) piockod dogflsh | us aoandhias); (8)
cod (Godus mgua)x {0) seimon (Saimo salor); (7) grey
sonl (Halichoerws }; oommon seal {PAoca vituling)
and ringed wsoal { Mepida); (8) guillemot (Uria
nalge); (9) white talled ecegle (Haliaeetus aldicilla); (10)
egge of white tailed eagle; &? heron {Ardea ocinerea).
Three samples of separsted oil wers also snalysed.
Two were taken from ihe Norway pous (Boreogadus

temarks) and ope from herrings from ths northem part of

the weet cosst. One sample (largely heering oil) waa also

oxtracted from fish from the southern Baltio proper.
This waa unse tod.

Homogenatea of one or more mussels were analysed.
In tho fish, axial muscle tissue extracted from the doraal
side above the lateral line, approximately o third of the
length from the tail waa analysed. In nino out of eleven
aslmon, the samples had to be taken immediately behind
the head ((:x:ld;hoads wero available). Most of the samples
from the waere taken from the blubbor {n the tail.
In two seal pups from the Gulf of Finland, the samples
were from the fore leg, and in one grey asal from the
Baltio proper, the sample was liver. It is reported®,
however, t in escals the chlorinated hydracarbon con-
tont in the fat is approximately conatant throughout the
difforont parta of tho body. As a rulo, tho spocinions,
or porta of tho spocimons, woro sont to tho Swedish
Musoum of Natural Historg immodintely aflter capture
and wore storod at —20° C. Throo seal tails from the
archipolago of Btookholm and ono from tho Quif of
Bothnia were, however, kept by the hunter for six ronths
in & non-hoated room. In the homogenized eggs of the
guiliemot the fat varipd from 3-8 to 11 per cent probably
beoauss homogenization before aliquotation was not
quite perfect, lea were taken from both tho pectoral
musocle and brain of the white tailod eagle, All tlis eagles
were found dead and in some cases in a state of decay,
and all the eggs were either addled, rotten or dry.
the heron, pectoral muscle enly was analysed,

DDE waa the principal metabolite of DDT found.
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DDD was found in smsl] oconoeatrstions, not usually
more than 10 per oent of the ¢ DDT, in most samples.
(¢ DDT standa for the sum of DDT and DDE-—DDE waa
multiplied by 111 to correspond to the original DDT.}
For scals from the archipelago of Stockholm sad for salmon
from the Baltic proper which had relatively large amounts
of DDD, ¢ DD'F stands for the sum of DDT, DDE and
DDD.

We analysed all she samples using shromatogrsphy
and eleotron oapture dstection. rmations were
oarried out with double oolumn systems eombined with

" trestmants with sulphuric scid and potassium hydroxide'.

We found that the principal PCB eomponents were POB
nuimbers 7-14 (low number is equal to & low chlorination
degros), but the musssly also oontained the lowor
aumbers (the POB éomposition being similar to clophen
A 30). The PUB amounts given in Table 1 are, neverthe-
Jeas, the sum of all PCB components found in the samples
although the relative amounts of the different num
vary. The results suggest that the low PCB numbers
are metabolited or oxoreted faster than the higher
numbors, so that theeo is an inoroaso of the latter as it
passas through a food chain.

An attempt to quantitate PCB haa been msde in
Bwedan', but booause the method is still rather rough tho
valucs 1nsy bo oorreot only within e factor of 3. The
mothod is indirect because all the PCD compononts have
not been isolated yet, and it is based on a corobination of
mase spactromstry, micro-colorimetrio and eleotron eap-
turs Jotoouon. For esch twonty samples a binnk
on the solvent and a residue-free plaios sample with added
posticides (lindane, aldrin, pp'DDE, dieldrin, pp'-DDD
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need pp’-DIT) worw also ssbysed. Jerovery wis gy,
#0 por cont, but oy nornal in rokidae sanbysis® wi g, ,,,'
correalion. o

Tho wmoan figuros in ‘Iablos | nro cndenlnbed fro, the
avorago value of cach Inoulity within the four gy,
Tho rosiduc values nro bisod both on frenh Lesy ayg 0:
hoxane oxtractablo fut. Thou figuroa for fresh tinag o,
comparable with roportod valuos from othie countr
Wo believe, howovor, that tho fut valuey arv of |mrucu|,:;
ntorost from an ocologienl point of view.  Fib wx tinjuriay,
in tho traneport of onoryy nnd as 8 onsrior of (ho residy,,
botweon tho spocios in tho fnod ohaiu.  Fuerthermore, the,,
is n great sousonal varintion in fat oontont withun g,
populations. The differonce botwoon tho grente.t and
sionllest rosidun fovel in tho oxtrastable ful of itrhivichag,
of ono spocics nt a givon time, in a givon phncu, v leus thy,
in frosh tisauo, Tho fat ocontont of horring inuscls, fy,
oxample, variod from about 1 por eont in tho spring (.,
about 10 per oent in tho autumn. Our discussion wy
thorefore bo based largely un residue lovols in extractah.
fat., :

Muussols from tho woet coast of Bwodon have lowe

" avorage values of ¢ DDT and PCB than from the Baj,

propor and the archipolago of Btockholin.  The level .y
¢ DDT in mussols from the Dutoch, Woet Geriman ang
British ooaste®® has an upper limit similar to thst
mussels fromn the Baltic proper and tho archipelego o
8tookholm.

DDT oontawination in individual plaice, cod and iy
fish oil is greater in tho Baltic proper than off the weg
coast of Bwuden, and there is little or no ovorlapping «
the residue valucs. In the case of PCB, a plaice from th.
vory poltuted Idefjord in tho west const incroases tiw
avoruge value for tho west connt samples from 0-00 to 3
p-pm. Othor individuoal samples of fish from the wey
ooast contain PCB rcriduos of the same magnitude g,
reeidues in spoocimons from the Baltio. This may be the
rosult of comstal contemination. The pioked dogfiah.
which lives moro in the opon sea, sooms to have the same
amount of ¢ DDT, but a smaller amount of PCB than other
fish from the weet coast of 8woden.

Tho samples of herring from the Baltic proper, the
archipelago of Stookholm and the Guif of Bothnia hay
largo residues of ¢ DDT. No herring from the west coast
of Bweden has been studied. Recently we analyscd sigly
herrings from the west coast, On fat besis the mean
valuos were: ¢ DDT, 1'9; DDT, 0-86; and PCDB. 0-75, in
good agresmont with the fish oil values (see Table I

uvenile herring from the Dutch Wadden Sea (cossiaf
wators)t$ contained DDE residues in fresh tissue with sg
upper limit of the same magnitude as in herring from the
Baltio area.

Residues of PCB and ¢ DDT in one sample of fish od
from the southern Baltio proper wero about five to ten
times greater than the three samples from the west coast
of Bwoden., The figures for the latter are similar. This
is in aocord with residues in fat in fish from the respective
areas,

Ono herring from the S8ound had & much Iprger content
of PCB (23 p.p.in.) than the herring from the rest of the
Baltic arca. ‘This incroased the average vulue it ting ares
from 4-6 to 6:8 p.p.m, Cod and plaice from the Sound als:
had a larger PCR contont than specimens {rom the Daltie

roper and off tho west const. 1‘?30. suggesta that there is
E)oal contamination of PCB in the S8ound. Furthermore,
tho mean levels of PCB noted in herring were smalier
in the Gulf of Bothnia than in the rest of the Balitic.

The vagrant Baltic salinon had sbout ten tinex mnore
chlorinated hydrocarbons residue than a sample roporied
from Groat Britain®.

The seals from the Baltio proper, the archipelagn of
Btockholm and the Gulf of Bothnia contained largoe
amounts of residues of both ¢ DDT and PCB, about ten
times greator than amownta found in Great Britew',
Canada’® and the Nethoriands'>. One apecimen from
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1o ba on the decline. Only about two of ten pairs
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do orchipolago of Biookludm heut 310 p.pam. in
actenaing the woan veluo for this part of tho oonat from
{1 ppan. to 170 p.pan. ‘Uho lovols of PCB dusronss
yom sonth to north, This faol, togother with lower
aernge vidues of ICB in horring from sho Qulf of Bothnia,
ndicaten decromsing I'CB contaminntion from wonth (o

(ot in the Baltio,  Bead pups, one wiek olld, alwa von-

uinesd targe amounts of ¢ DT and POH posicdues, andd
b mitk from the stenuh of ono of theeo ppw laud tho

ame fevels

Guillenot cgge from Hio Ballic propor provided addi.

" woal infonination on kthe contamination of tho Baltic.

fe means of ¢ DDT and PCB in oggs (wod woight) wero
t p.pm. aud 18 p.p.m. rewpootivoly, which for ¢« DI’
~ about ten tie tho lovels roportad from  Great
fain® -1, Fin Baltio kevels, both for ¢ DYV and TOH,
v abonit fone to flve Ui gemuor than bvole roported
fom the wewt comet of Ww Unitod Btatws, if tho Mpinw
for reekiues in fat aro compared. In guillomod from
the Baltis, as mush as 87 poe oont of ¢ DDT was DDE.
The population of white tailed eagles in Bweden oe:mu
nosting
m the nrohipelago of stookh%lm L:l:moooodod in ha‘whing
quting the past few years (E. n, nal com-
.:uu:i\fm.mu)? All spscirnens of white uileJ oaglo utudjod
up 1o the pressnt contained at Jeast thres scoumulating
abstancos known to be toxio. Thoeo are DDT meta-
wlitcs, PCB and meroury compoundst’, Figures for four
pinds are reported in Table 1. A fifth spocimon is not
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includod bocauso tho b conbimit wins not et o,
but tho pootoral musclo nnd heain toeun of i bard
{wot woight) contained 190 el 39 poran. reqguetioely
of DIYE {un DDE), and 230 and 24 jrpae of 1'CIL Ta
apecimons feom northorn Swedon, ane of wineh dierd 1y
accibmb, contaited 260 ppan (B8 34 of DDE (0s DY,
wmul 30 p.pm. (18 3-8) of PCB in okl isae, e
wocuidd baving 1-8 popoane DIYE (e DDIS) and 12 pge .
PO i brin thenin, Tho tigaes from gho aeehipudagn of
Btookhohin ura thus a bundeosd Limos Inrgor, sugpest g
that thoro is o strong contaminntion in this aron,

It dn woll known that rwithics of olilorinnted hydre.
enchins toird to ho growtor in the highor trophio lovels than
in the lowor.  Boma wimplifiod food chain rednbiogs e
bo debtiood from the "mll‘lﬂ in tablo b Thews neo finh to
wonl, (bt Lo gillont, Bl S0 horou amt Bisli o whitn tailed
ooggh, 1o all egon, B inorcase in twsidind from proy (0
rmdnbor b ab lonat bs-Told e both whels Linsoe and fat.

n tho engle and horon, tho incrvass is up to 10O tnes;
but for both of thewe specice some important food organ-
isms are miseing in this investigation. Thers are indica-
tions (Table 1) that the percentage of DDE and of ¢ DDT
inareases as it 8 from lowor to higher trophic
lovols. This may be the result of deconposition of DD
within the organisms, In alt the samples from birds,
the residues are almost exolusively DDE, while in scals
and fishes there is up to 80 per oent of DDT. This diffor-
onos may be the result of differonoes in metabolism's,

As proviously mentioned, the seals from the archipclago

Tebis 1. COXORNTRATION OF ORIANOCNLORINR COMIOUXDS I BWBDWHN HARINEK CGAGANISKL 206568

Mo. ia P.po. is fad Pp.m. hn {resh Lisswe P
| wmpie  sDDT DDOT PoB «DDT DDT PCB e
: ‘st Coast
el 1? 1 oe £ 90t 0007 0084 3
Oct, 1064 (-9 0813  (05-70 {0-008-004)  (0-002-008)  (001)-033)  (0-66-1)
o 106: 3 1 3 0006 0-004 0-021 o3
BepL 1948 -2 [ VY (0414 {0-003-0:000) (traoce—0 008) (0-002-0-058) [CRR )
Ot 4 1 . 0-008 0-008 0019 000
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Picked b 4 1 (3 18 015 1 016 90
A..gﬁl . (Mo-“) nu;;-l) (Mx-g-;‘) (0-028-0-33)  (0-016-0-21)  (0-084-030) (;s 03{“ )
ol . . -
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g e Sgn proper fucl. the * 6 18 43 000 002 003 1ou
f Oct. 1068, Dec. 1906 (09-10) (035-29) (1-9-8'6) (0-000-0-07)  (0-003-0-023)  (0-008 -0-087) (048-16)
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© Nertin 18 1 07 83 008 0-40 027 s
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Plaice : 21 &7 0-018 0-013 0-017 065
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| . . . " ,
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! Fish ol e 1 16 73 b 100
et
bor) (arlu') liver 1 41 (3] 0 17 18 o
kel (conimon and grey) 4 1 (4 L] 88 32 16 2
¥ept., Nov, 1948 {119-150) (47-48) (1643) (58-74) (81-32) (0-5-21) (4K 35)
v Leue (rotn guiliemot ’ 280 ) 1t [] 10
' ey 1964 (900-790) (19-38) (140-300) (20-81) (©7-3-3) ae e (3811
e T 00 ) ) 1 3 004 002 0037
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, “.’ua'?' i ."d . @1310) (i) G680 35-8)  (Me-88)  (T8H (ST
bite (afbad sagle
: M:ercl:-Jmo 196508 ’ 4 25,000 14,000 a0 100 1 h
N~ toral iwsacle v s {18,000-34,000) nal. (a.m;‘og.ooo) (l:i‘l‘l’ 100) nal, u‘a;»—um {0 ub: i)
iral B
rait ' o et . u,':‘u&;.;.WO) it (dua)o.am (W -140) (X3 (29-70) " ub4:u.
iy in ta K [l
'm;";ax" ‘1‘030 suste (610-1,000) ud. (250-800) e, e, n.e (Y40 1)
“'.\Np'c'n 1907 1 14,000 nd. L4600 n »d. M 051
Gulr hals .
. un‘fn?:' 4 [ [ 4] 1 026 014 0088 X
bl (ineod . (h2-41) 2948) (#93-2.0) uuum «r.%o\-on) (M:omm) (e‘n‘ em
n-(;--'oa. 1098 (110-130} s4-47) (v1-18) (58-48) (t8-31) 30-88) (82-55)
LuX of Finland
el pu aray) ' e n o5 2 ) 0 w0
“:(uvﬂ rm (41=43) (22-23) (9-0-7-0) (24-24) 1%-14) (8-4~4-¢) (5643}
Ninehose 1 ™ n o 1 o 14 3

" eDDY stands for om*g&l+non. Tor salmon and seal, therw was respectively §1 pet oent DDD in ¢«DDT, the mesn Rgure being 17 pet cont.

n.e., Not estimared. nd.,
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of Btevkholin, slored in & nonienates] roosn for wix monthe,
had A gronter proportion of DD (up Lo 40 per cont of
g DIN), and dtmnimmnuly snnlhor levela of DIYE itsll,
thah all othor swln.  Thia could linve boon enxl by
port martem metabolism by microorgatitame®®, On the
other hind, the rirgtod soal from the Gulf of Bothnia,
stonsd in the samo way na for aa wo know, had only about
& pee cont of DDD, but this fow figuro inay be corrected
with the uncertainty of DDD cstimnation at the time when
the other seals wero analysed. This differonso botweon the
archipelago sedls nnd tho othor soeks, howover, could be
relatod to the fast that tho largs amount of pollution and
tho land-wator relssion in tho archipolago of 8tookholm
produce a highor microbiolugical astivity in tho water,
teansforining!! DDT W DDD and possibly DDE.

Little ia known aboul the toxicity of PCB in tho lsvols
found by us. PCB has, howover, boon proved to sause

thologicn! ohanges in laboratory animals't, and was
ound to bo among tho ten most potent chemioale among s
hundred tested by injeotion in egge'*. Bome teratogenio
cffeets have boen noteddt, Effcots of DDT, DDE and
PCB on licpatic enzymes whioch inorcase the motabolism
of progesterone, testostcrono and oostrediol have also
becn publisheds. It is worth noting that bold eaglos
(Haliacetus leucooephalus), fod & diet containing DDT, had
botween 58-80 p.p.m. DDT and DDD in their brains whon
they died™. Approximately tho anmo valuos wore found
in robins ond house-sparrows®. Brain tissue in whito
tailed eagles from tho Btoskholm arca oontained on averago
100 p.pon. (froah tissuo) of DDE. DDE, on the other
hand, is less soutely toxio thun DDT itsoll. The groatost
value in North American bald eaglos oollested in the fiold
in 1905 was 118 p.p.m. (mainly DDE) in muacle tissues*'.
The greatest level for samplod wild white tailed eagles
from Bwoden is €00 p.p.m. {(mainly DDE) and tho mean
was 330 p.p.n. in muselo tissue (wot weight). Nothing is

ot known about the PCB ocontent in bald eeglos from
orth America, but in oagles from our archipelago the
menn: valuo in muscls was 180 p.p.m. (brain €7 p.p.m.)
and tho greatest figuro was 240 p.p.m. (brain 70
p.m.).

Veither the fresh tissue nor the original {at values were
estimated in the addled eggs from white tailed eagles.
Sometimes the water oontent was aa low as 8 per oent
(nonmally 70-78 per oent in fresh hen egge). The vaiues
based on tho fat content of thees eggs are probably more
rolinble and we only roport such figures. Tho levels,
sithough high, woro only 1/25 of thoso of tho caglo fat.
Tho renitucs of ¢ DDT and PCB in thoe guillomot eggs wero
about B0 por cont lowor than thoeo in the whito tailod
ouglo oggs. Tho guillonota are vagrant in wintor but most
of tho oontral Baltio population is belioved to remain in
tho Baltic arca the year round. It is not known whother
tho population is decreasing, but no drastic docline hns
been roported.

All spooies mentioned here (exoept mussel) are moro or
Joss vagrant, thereby giving & pioture of the situstion in a
large water arca. A relatively fow analyses on & vagrant
animal may not give a very aocurate pioture, but when
differont species are shown to contain more residues in
the Baltio than in the North SBea and the Atlantio, the
situstion is more convinoing.

In the Baltic p , the Gulf of Bothnia and in the
archipolago of Btockholm, tho levels of chlorinated hydro-
carbons are approximstely ten times greater than the
reported sparse figures for comparable species in tho North
Son aree and thoe Atlantio. This may bo caused by soveral
factors. The Baltio is surrounded by largo arcas of land
and the watar volume is vom tively small. Furthor-
more, the water sxohange with the North Bea is very
limited aa & consequence of the thresholds (18 and 8 m
doep) snd the narrowness of the Danish sounds, Residues
brought into the Baltio from the ocossts and from sir
pollution will mocumulate here to & great extent. This
dovolopmont 18 no doubd favoured by & gonerally low
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microbiologient petovity brssres o veey Jow b,
of tho intornuxlinge H.:Vh 0 wintor wagp" .l.:r.'.l.: ,:,mén"
tho yonr, nnd stso of the deegs wator IRyeme i the mi;,tu
ANAH. Ax n empeqneneo of the ontdua el Wi |.m
thin in slso farguly true tor the upper wiefac: Ihyee .
Tho brackish wator eharnctor ullum Haltie nisn f-uv(,,
n oonoentrntion of rusitluus in lving arguumng., 'rl):
substancos in quostion aro probably mom pendyy rany
ported in o horizontal dirvetion by livigs st ier fronm Teenh
wator to tho Jow sulinity surfneo woatdr (frequenty t,_h
por mills or less) of thonrohipolagos and nl g the l)la'ua
oonata. In tho North Soa, tho disorepancy hiefwocen .,h}c
u.h, soawater and frewht water espeeinlly whien mml)mc& f
with tho offect qf_ tho tidn! movements ean reanly i
foster docomposition of froshwutor orgnnisms and of
organie mattor, inoluding the ohlorinatel hydrocarbons
Tho inoronsod and moro imimadiato aontact horo with Ly
mmmblo!ogiod sotivity locatod in the hottom mateng
may be important. Furthormorn, there ix in the Balye
Kmp“' 'Y pmn_oupood strotification of tho water. A distine
alooline dolimits tho doop watoer of higher snlinity up-
wards (usually in 50-70 m depth). In the warm ssascy
the uppormost surfaco layer ia soparated from tho “winty
weter'’ by a very marked thormoclino {usunlly in 15-20
depth, somotimes supported by o meeondary huloelye |
As 8 reault of thomo two discontinuity Jayurs and, ca[w:
nlly in coantnl arcas, of tho shuenco of marked 1.}{'_;

¥

ourrents, tho vortical wator oxchango and movera ..

aro more or leas blaokod. Tho contact of sinking nroar. -
matter with tho bottom matarinl in thus to a great cxte: -
dolayed. In the discontinuity layors of the Buitic [
tiving and dead plankton and othor organmic matter m:
concontrated, as & onnsoquenco of dilferences in the |
speoific gravity of the wator. Tho layers mentioned ar
important feeding arcas for plankton and priagie fish such
oaa herring and sprat. In tho Sound, inthe nrciapelago of
8tockholm’ and in the Idefjord, local sourcce of pollution
can bo important us the rosiduo lovels indicnto.
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