O

)

(Reprinced from Nawure, Vol, 216, No. 3122, pp. 1274-1276, _ecember 30, 1967)

FRESHVATER FiSHERIES
ReprINTNE119

Organochlorine Pesticides in Seals

and Porpoises

74
by Seals and porrpoises in Scotland and Canada, far from the sites of
A. V. HOLDEN fication of des, can late h rations of

K. MARSDEN
Preshwacer Fisheriss Laboratory,
Pitiochry, Perthshice

THk p of organuchiorine in marine lifo in
many arcas of the world, including the Antarctic, hus boon
ted recently s, In British waters tho accumulation
of rosidue i che vggs of sen birda® and che process of
conoontration of pcn.icidn through eertain food chuins
in tho mwrine environment! have been studied.  Analyses
of various wpecics of marine fish and mammnls from
Soottish waterw during the past 5 years** have shown
that organochiforine reaidues are now a normal ocour-
renov, tho highvst concentrations being found in organs
or tissuos with the highest lipid content. Thus the muscle
tissne of suhimonids, the livers of cod and the biubber of
sosls not os storagu sites for these residues.
The aquatic mummals, such us whales, seuls and por-
visos, have a relutively high proportion of the body weight
in the form of subcutancous fut (blubber).  Senls food
ohiufly un gaduids and salimonids, and porpuises chiefly on
small gadnida vl elupooids. The prgcullof concentration
of posticides through their food chain might be expected
o rosult in high pesticidelevelsin the fat of these

r;s'ldues In their blubber. These chemicals are spreading through
the long food chaln which ends with seals and porpoises and obviously
cannot be confined to their place of discharge.

harp seals (P’hooa groenlandica) on the Cunadinn Atlsutic
coust have aleo been examined and the results of theso
analyses are roported here.  Exomination of snmples of
voal blubbor from other arcas is continuing in order tu
asscss tho vatiation betwoon difforont regions of the nariuwe
euvironment,

All tissue smnples frons Scottish waters were frozon
at ~18°C until required for analysis. The Cnundian
sunples were preserved in 10 Kor cent forraulin, which
showed no evidence of any influence on the analyticsl
procutlure, and In this and other cases involving fivh it
has not offccted tho efficiency of recovery of pesticide
resid Aliquots of the ples (5 g) weio grovad to w
powder with auhydroun erystalline sodium suiphate (AR
grade) and extracted in a Soxhlet apparntus with ro-
digtilled AR grade 21-hexane (previously tested and found
to be free of olectron-capturing materials by gns chroma.

¥). The hexnne extructs were mude up to 100 mi.
23 ml. ali were subji | i p by
the ¥ di hylfe partition rwuthod of de

and samples wanlysod at this Jaboratory confirmu this
nPoc!-nion. In recent years, specimens of the grey seal
(Hal

Faubert Maunder et ol.", followed by column clean-up
u-in' Anlumin‘n containing 3 per cent water. The lom of

{ ug grypus). scal (I'hoca lina) and
porpoire (Phovaena phocaena) have been sampled from
the oonsts of Scotland. Saruples of blubber were availuble
for all tho pcoimuns examined. und in a few cnses other
organs wore also avnilable. Ax well as recognized pesticide
" rosiducs, other electron-capturing substances have been
detoctod by gus-liquid ehromatogruphy and, in order to
establish whether such substances are as widaly distributed
a4 the penticidea, blubber samples from grey seals and
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p from fut 80 treated in up to
20 per ¢Bnt, but, as i3 customary in peaticidy wnulyues,
no correction has heen mnde for such losaes in the resuits
presented here.

The clcaned-up hexane extructs weru snoiysed by gus-
liquid chromatography on & Vavian ‘:\uru‘sruph 20328
instrument emplnying two glass columns 5 fi. long x | in.
outer diamoter. One column was paclted with ‘Chromn.
sorb W A W/DMCS 80-100" mesh coated wilh 10 pet cent
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1)0-200 silioonc oil, and the ather with tho same mppnrt
costod with 5 per cont DC-200 + 7:5 per cont QF-1

i il 'he oven was £00° C, the
Bitrogun ﬂow 50 mi. /mm nnd the column resolution
for dieldrin 1 800 ioal plates. There
was no ngmﬂnnnt. do‘ndnuon of DDT on the columm.
Whilo p of the

Q

contained very low levels of both divldrin and the DT
toup, while scals from the Cabot Siraits (Gulf of Bt.
awrence) countained little dioldrin but higher DDT
group residucs, similar to thowo of Scottish seals. Of the
W porpoises examined, that from Orkney was the least
eont‘nmmal!d. but the thrn !lken on the east coast of

had kedly high of all the resid

rosiduos is blo on ono or other of these coluinns,
interforence lyclﬂormlled biphenyl {PCB) resid J

meagured. Ono spcoimen eoxmmed  tota! residuo con-

with p,p"-T. Dl': and p,p"-DDT peaks nocessitated a further
.nlly tical stage. Aliquots (5 ml.) of some of the extracta
were evaporated to dryncss in a stream of cold filtered air,
ond the residues refluxed with 2 ml. of 5 per cent
for 15 min on a warm
wuwr-lm,h. Aftor vuormg. 8 mi. of n-hexane was added,
wnM nnxmg, follo\\etl by 40 ml. of 2 per cent sodium
The supe hexane laycr was
tlnm snalysod lvy goa-liquid ohronmmgmphg‘r By this
o pp’-

DDK, aud of 2.0 -TDE to p,p -MDE (-DDMU), is ob-
tainod, and the convemsion products confirm thoidontity of

..the ori;luvd rosiches. The rosidual psuks in the p,p’-DDT
aad p,p'-TDE positions, whero present, oan be lubl.mou:l
from the values of tho ivides originally

in thoso poumon-, Hydml\'m nlan destroys « and y-BHC,
whpro ¢, but d biphenyls aro un-
affocted. A oy...o.lrm... (XE.80) columu! has nlso
boon usod to soparate p,p’-DDT and p.p"-TDE from PCB
futerference, confirming the latter.

sand DDT group) of 733 p.p.m.
Analyscs of a few tissuos other than the blubber have

. been made, but concentrations in tho blubber have always

becn found to bo the highest (Table 2). Concentrations in
other tissues secm likely to be consistent with their lower
lipid contents. -

Table 2. TOTAL DDY CONCENTRATIONS {p.p.n.) IX VARIOUS TInstKs

Sample Diubber  Liver  Bamin  Kidney Spieen  Muacle
Grey seal (3] L 344 ose - - -
Gray yeal 9.4 038 018 - - .
Grey 148 097 o2 - 083 -
Qroy send 34 048 017 - 018 -
Grey veal 4 0- ll 007 —_ 0-06 -
Porpaise [ oo 004 10 oo

The proportion of blubbur extractable by hvnuw wus
dotonnuied for sume sainples. Values runged from 7210 88
For cont (mean 80 per ount) for tho Canndinn sesls, and
rom 08 to 98 por cent (monn 93 per cont) for Scottish soals

on the b ds off the west coast.
(anun for other lnnl nmplel were not estimated.) Con-

The principal pesticide residues found in all
examined were those of tlw DDT group, with dwldrln
in muoh mnaller g C: linn seals
lower conacntrations of d-eldrm than Senttish seals, while
Scottish porpoiscs contuined eemarkably high concentra-
tions of all posticide residuen (ace Tablo 1), Interferonce on
the DC-200 silicono column in the p.p’-1TDE position caused

‘by & non-hydrolysable resicue wos reapons lo for about

25 per oent of the total estimated p,pTDE in the
Canndinn and Scottish wamples examined. In the p,p’-
DDT position. the non-hydmlyu\l)le residun constituted
about 10 por cent in the Canadian samples and about
30 por oont in the Soottish semples ex.\mmed for this
interferoncn, the total ¢ of lysabl
material being smalier in the Canadian umpln The
values in Table | have not been corrected for this inter-
fnrence, for only a proportion of the smmples were hydro-
lysed. Results from tho various specics of scals were not
nohcmhly differemt in a given amn. and have been
eombined in Table l.

Tabte 1. RaXUES OF
OF GRALR ANT PORPOIAES (y, .
Means in parenitesce

NESINCES 1X AT

Atvs and

type of smnple mmoﬁ' Dieldrin  p,2DDE  pp"TDE  »,0-DDT
3

v e e

.'ul (Iul
v, And it -d-

('n--ln LAIMNIMIA L] 21-158
v adwlt 55
lwllnml urkaey. 3 k33
Ml xlim»lu-ﬂm.)
R Hentbin), adnlt 3 40-1mn 86183 5 24 13-1-25.7
Porpoieea (1083, 1067) 99 028 0) 1)

Contuminntion by pesticides is greater in the seals on
the enat const of Scotland (taken in an area roughly from
Aberdeen to the Tay estuary) than in epecimens from the
weat aml north coasts. including the Orkney Islands.
8enl pupa from the Orkney and Harria {(west coant) breed-
ing grounds contnined only slightly lower residues than
adults from the snme arens. By comparison. the Canadian
samples from the Magdalen Islanda {Gulf of St. Lawrence)

o ides in terms of extractable fat for
thesc samples Would thus be UPp to 40 per cent groater
thun the valuo n - Table 1, but tho goncral comperison is
i d Tha lower mr values
far tho Canadi may p ly be a result of
being preserved m l'ormnlm
Ci in the extractable
fat of various orglnn “and tissues of one porpoiso show an
important relationship (Yable 3). While concentra-
tions of the DDT group in tho original tissuce vary widely,
thosc expressed in terms of extracteble fat arc in much
closer agreement, with the sole exception of the beain,
A similar anomaly for tissues of trout was described by
Holden!™. . It seems likely that a large proportion of the
lipid fraction of tho brain may not contain pesticidcs, and
the brain lipid composition is known to differ conmicierably
from that of depot fat.

Talis 3. CONCENTRATIONS OF TUTAL DDY (p.p.m.) ¥ TIAAURS OF A PONPOINE
Thsue ot orgun Dlnbber Muscls  Liver  Splesn Nidney Brsln
Coucpncrstionntisene 38 038 088 0l 004 002
hmma"e extrwet- 60 ol 132 1 1 82
e T
Conoenuation 12 56 o2 8 4 29 oy
extrartable fat . .

Tho unidentified poaks on the chromatogrun svem
to be sinilar to those produced by Eolychlorin-ml bi-
phenyls and, to enable comparison to be made, the ratios
{Rx) of the retention times of all rogulatly occurring poaks
{rclative to dieldrin = 100) have been caloulated for the
operating column temperaturo of 200° C, these values
being temperature- dependum.. The Rz values of PCH

from | PCB fc ions were also
determined for buth types of column (Table 4). At least
soven PCB-type penkl were found, including those which
interfere with. pp"TDE and p,n"-DDT. Heptachlor
epoxide and p,p-MDE could not be confinned on both
columns and arc not thercfore recorded. *

The most significant nepect of the results is that,
ulthough scals and porpoises inhabit an environment far
removed (rom the site of application or discharge of
pesticides, they can contain much greater concentrutions
of dieldrin and DDT group residues than thosc recorded
for most other species. including man. Robinson and
Hunter’* found & mean concentration of dieldrin of 0-2?
p.p.m. (range 0-10-0-73 p.p.m.) and a meari total con-
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contration of DDT of 4:0 p.p.m. (range 1:0--11:} p.p.an.)
in sampios of human dopot ¥nl in England in 1884, No
evidonco of any signifioant chango was found during
1003-63.

Table 4. RELATIVE ARTEXNTION VALORS (/x) OF RESIDUMS (DIELDNIN= 100)
200 oolvaan DO-200/GF-1 ootumn
Tearig 70 Solven Residas Sample

Seraple
Ml 200 8 E,
e ; =100 100 1
-iti 128 i
‘.G;TDU -129 126 182
o1 140 122
o 2 &
R -& 205 - 978
3 - 280 187
=35 338

The svals and porpoisve from the east cosst of Scotlend

e

O

Grey seals onn tho const of the Scottish wminland foed
primnrily on sabmon (Salmo salar) and cod (fiadus
morrhua)'.  The highest concuntrations of pesticide in
sahinonids in tho marine environmont have so fur beon
found in soa trout (S. trutta) on the cast coast with up to
0-2 p.p.m. (dieldrin + total DDT) in muaclo tissuo'?, und
salmon frors the same area would probably liave similar
contents. Cod examinad from tho east comst have son.
tained up to 035 p.p.m. {dicldrin + total DDT) in musale
tissue (mean 0-12 g.;.m.) and fram the west coast up to
0:56 p.p.m. (mean 0-22 p.p.m.), while cod livers contained
up to 4:0 p.p.m. and 12:0 p.p.m., reapoctively. Groy seale
are estimsted tv eat about 13 1b. of food daily, und thus sn
adult seal could consume its own weight in food in 20-30
days. A ing a high proportion of the pesti intako
to bo stored in body fat rather than to be excreted or
meotabolizod, an incroase of two orders of magnitude in

wore usually more seriously coutaminated thun thoso
from the north ond west coasts. This, at loast in respeoct
of seals, may be b as ia belioved, the popul
in the two areas come from different brecding sites. The
sonis south of Aberdeon breed prinoiE-lly on the Farne
Tslands, off the north-cast cosst of England, while the
sonls of north and west Scotland ero primarily from the
breoding nds of tho Orkney Islands in the north,
and othor islands off the wost coast of Scotland. The sea
off oastorn Scotlend ie also likely to receive more con-
twnination from estuarine discharges than that off north
and west Sootland. Similarly, the two sopurate senl
ulations sampled off the east coast of Canndo may
habit areas with difforent levels of contamination. Pups
ocontain ioid idues in ations only slightly
han in the parent population. Common scals in
Holland have beon found with concentrations of residue
similar to thoso of scals on the Scottish east const?,
While the residue i in sub fat
aro high, thoes of othor tissues and organs are found to
bo much lower. This suggests that there is no risk of
physiologics! effeots, unless the motabolism of ranch of
tho fat in times of stress leads to & considerable increase
in tho concontration of the residue in circulating lipids,
and thus in residue concentrations in other organs or
tiseucs. !
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Vrinkd 1n Gremt Beisain by Fisher, Ketabt & Co.. Lid. St Albam.

P from food to body fat within a
fow years is feasible. This degres of accumulation of
rosidue in an environment not deliberatsly contaminated,
and in species ecologically far distant frora the target

gonisms of persi pestioid derlines the im-
possibility of confining such chemicals to the areas of
lp&l ation.

Vo thank Dr B. B. Reo for obtaining the Scottish
sumples, and Dr C. J. Kerswill for tho Canadian samples.
Recelved December 15, 1087,
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