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INTRODUCTION

Polychlorinated biphenyls (PCB), like many of the persistent
pesticides, are chlorinated hydrocarbons which are
relatively resistant to natural degradation processes,
but have comparatively low biocidal activity and are
used in many industrial applications(l). They are not
known to be synthesized by any natural process, but
nevertheless polychlorinated biphenyls have been
detected in many ecosystems remote from the industrial
areas where they are manufactured and used (2,3),
including the marine waters of the Canadian Arctic which
transmit these pollutants via the food chains to polar
bears(4). PCB is known to enter the marine environment
as a component of urban sewage (5,6,7) and has been
detected in rainwater(8), indicating that aerial
fallout and atmospheric transport are dispersal
mechanisms. Other possible paths of entry into
ecosystems include discharge into the atmosphere from
incinerators, the wasting of electrical equipment,
paints, plastics and other materials containing them,
and wastes from manufacturing plants.

Possible sources of the PCB detected in polar bears
include aerial fallout of PCB in global atmospheric
circulation, discharge of PCB-containing materials from

ships, and products such as hydraulic oils brought to
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the Arctic which afe eventually released iﬁto the
environment as waste materials; At present little
‘information is available that might indicate thé
relative contribution of each source. PCB is
_?oteﬁtially significént-as a ﬁollutant in the Arctic
since like several chlorinéted hydrocarbon insectfcides
 it may stimulate. the synthesis of microsomal liver
enzymes in birds(3,9). Thé resulting effects upon the .
concentrﬁ;ions and mefabpliSm.of one or mofe steroid.‘
hdrmones»are believed to be the cause of tﬁe delayed
ovulation observed in birds on chlorinated hydrocarbon
diets(10). Aictic'populatibﬁs-pf birds gx?erienting a
~delay in ovulation‘migﬁt<not.be able to_éomplete the
reproductive cycle'withiﬁ'the short timé'pe:iod
available and would thereby experience fep:oductive

failures. '

quing a survey of Ungava and adjaéenfﬁislands of

the North-West Territories for breeding Peregrine

Falcons(FalcoAperegrinus) in the summer of 1970, we

visftéd Lake Minto in north-western Quebec, under ot

éégf;aét witﬂ %Hé Cana&iéﬁAWiidiiféf$é¥fié§f}'Laké‘Mihtb,
‘750 W; 57° 30' N, ‘is approximételyvgo kilémeﬁers east of
'Hudsbn‘s an andvis drained by the Leaf River which
flows fo the north-east to Leaf Bay, an in1e£ of

vUngavé Bay. Trees feach their northern limit in:this

&



area, whlch %s malnly flaq dra. Lake M'n;o is not

in fact a 51ngle 1ake, pu; ; Qher an exten§iyp reglon

con51st1og of small 1akes anolinlets. i: pf
We flew from Fort Chlmo to Lake Mlnto in a
chartered,Norseman aircraft on July 30, 1970 an& were |
_ieft in a beg-in the'easternApart 6f the lake. After
i . . .

travelling several miles downstream, we made camp at

° 261w, 57°

74 25" N, In this area the lake was barren,
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with a rock bottom show1ng no plant growth. The only
.1~~‘ i

water blrds seen were 4-6 Herrlng Gulls (Larus

‘argentatus) 4 We saw no ev1dence of previous human

1ntru51ons.' The area is evidently too far from existing

HPa v

settlements to be VlSlted by Eskimo hunting partles and
whlte men have llttle reason to come here. The most
11ke1y source pf synthetlc pollutants is therefore

aerlal fallogt. Comparlson of PCB concentratlons 1n~the

fish from thlS lake wlth PCB concentratlons in similar

fish from Hudson's Bgy and other marine waters of the

Arctlc mlght therefore 1ndlcate how much of the PCB in

5‘ .
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marine waterg derzves from aerial fallout.
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Ii;s ? MATERIALS AND METHODS
FlSh we;e obtalned w1th a gill net. Tﬁi% was first
set on the eveqlng of July 30. High winds prevented
recovery unt11 1600 hrs the following day. It was set

agaln and recovered the followlng morning. Nine fish



were obtainéﬁ;}whiéh~were later identified by

Charles Gruchy, Assistant Curator of Fishes, National

Museum ofrCéhada.“ Two were Arctic. char, Salvelinus

"alginus,'and\thq“fEmainder.were lake ttrout, Salvelinus

namaxcush;
~ Other Sﬁécimgﬁg-oﬁtainéd;for PCB,anaiYSis in other
regions‘of Uhgéva inCludéf’- -
| -livet and gonads of an Aictic chaf from the
%quséékykivéruj.' |
-1ivef and gonads of an Atlaﬂticbsaimdn{ Salmo
‘iw;_"f’fom the. Koksolak River,
-an1Aflantic233iﬁon.from~the Léaf Ri%eré;A
_;1ivérs of IQ ArctiévcharAfroﬁ Leaf Bay,

<glgndipiyd§, ihcluding White-crowned Sparrows

_(anptfichia 1eucdphryé), Horned Larks

:(Eremoﬁhiié alpéstris);_and Cbmmbn~Redpdll

(Adgnthis?flammea),

-two;Semipaimated;Plovers, Charadrius semipalmatus,

-lemmings; from nests of Rough-legged Hawks

 (Bu£eo‘lag6bus);



—seven addled or unhatched eggs of Peregrlne Falcons

In thls report are the réesults of ‘the analyses of
fiveoof the-lake'trOut from Lake Minto and of the gonads
Aandvliver of the Arétic cher~from the Koksoak River.
WhenVCOmpleted, the resulté of the remaining analySes
will Be éomblned with those reported here for
publication. Se?eralrof'the Peregrine egge have been
~analyseéd for totalumereufy,' Thesel:esults are presented
in a sepefate regoxtj' | |

In eolieetlng>theasamples,_all precautlgns}were.{'
taken;to,ptevent contaminatiOn. They‘wexe preserved in
5%¢formalin inﬁplastie bags. ‘To_eliminete,the~l |
pos;ibility that,the.plastic_bags employed:contained“
PCB, petroleum ether had been stored in the bags
oyernlght, concentrated to a smaller volume and allquots
injeeteﬂ into the,gas chromatograph., Plastlcs subjected
to thls treatment frequently produce peaks in gas
chromatograms that 1nterfere W1th the determlnatlon of
chlorlnated hydrocarbons, but no peaks that . would
Alntenfere'wlth the?determlnatlon of»PCB were found in
Atﬁeee»saméles. ;l o |

l.lhekentire.fish'nere digeSted'in conmeroial BFM
solution a mixture of perchlorlc and acetlc ac1ds(11)

‘ThlS technlque permlts the extractlon of 1arge amounts



of tissug, withaﬁt damage-td thelDDT compounds or td;{
PCB. ThelextraCtéd lipids were passed thrdugh é
'sintered gldsg ?ilfer,‘theforgéﬁic solvents removed by -
evaporation, driéd from six;hours to overnight at 650,
weighed, and aliquots were passed through afmodified
Davidow colﬁmntli). This cleanup-procedufe is superior
to florisil fof-the pfesént purposés'since relatively
small amounts of-chlofinated hydrocarbons and lérge
amounts of libidélare involved.

The DDT éompquﬁds p,p'-DDE, p,p'-DDT, o,p'-DDT and
p,p'-DDD prqduced prqmihenf peaké on chromgtograms of
these ekfracts,.butlthése and peaks of unknown gompdunds
prevented thevdetec;ion of PCB. ‘Saponificatioh, which
converts p?p'fDDT; p,p'-DDD, and'o,p'fDDf to their
respéctive:ethylene derivatives with smaller ;etenfion
times,_usually be;mifs PdB to be_detecté& in such
extractsle).v fhe unknqwn éompounds, however; persisted.
Preparations wére.thérefoie subjeéted to furthef,cleaﬂ;
up by passage through thé Armour-Burke broqédure(lS);
Initiélly imperfect sépératibn between PCB aﬁd DDE was
obtained, but upon”drYing all 6f the column'méterials
according fé thé meﬁhods described by ﬁhese authors,
‘'satisfactory separation wég achiéved. This.procedure
separated but fhe unknowng-froﬁ the PCB. Figure 1 shows

a chromdtogram'of the PCB peaks in the extract from
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Chromatogram of the hexane fraction of the extract of frout 3.
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lake trout 3, andvfigurp 2 shows a chrométpgram of the
comﬁeréial_PCB.preba:ation Aroclor 1254, 1In this
extrﬁct, separation of PCB and DDE is incompiete,‘but
the presence of DDE does not interfere with the
quantification procedure employed. The column employedV
was a 2% QF-1, 2% NPGS, on Chromosorb W, 80-100 mesh,
HMDS treéted. Otﬁer opérating conditions and.
methodqlogiés were equivalent to those‘pféviously
described:(14);_ The PCB in these extracts was quantified
oﬁ the ba%is:éfva:comparison between the areas of peaks
emerging’aftgr p,p'-DDE and the aréas of the same peaks
on chromatbgrgms‘pf Aroclor 1254. Areas were determined
by weighing peaks cut out from xerox copies.‘TThis;
procedure is time-consuming but was used in the present
instancgﬁas a te§? of other methods (15). o |

The éfeSenc¢ of,chlofineAin the.compound identified
as p,pf-DﬁE was:éonfirmed‘by microcoulbmetrig anélysis
thfopgh'thé kindness of Paﬁiikeiche. Addifionai
confirmatory teﬁts will~be»carriéd out and.repqrted in
fhe pub1i¢ation of these résults.

: N RESULTS

The numbering of PCB peaks on Figufes 1 and 2
foilows thatléf Jénsen(S). Peak 7 is usually present‘in
relativély small amounts in samples from "remote" areas
(15):éqd‘i§‘g{SOﬁm9r§;§pbj?ct_to @egy§datigqmbx‘plt;a-‘

[T



].l_.. e
—— “|| S e ) -
Wllilﬁli‘.l.llu“i*n‘ - “. = U S — m R e

1cal

ident

ions

dit

2.

igure

F

ing con

under operat

Chromatogram of Aroclor 125k,

to those of Figure 1.



- 10 - ‘

violet(12).

. The résulfs'are presented in Taﬁle 1. Trout 3 was
an exceptionally iarge fish,'SS;S’inches long. Its
digestive tract contained the undigested remains of a
smallér fish 21 inches long. Only the head and
foreparts, weighing 2100 grams, were ahalysed.

Residue concentrations are in the order.of
concentrations réported for marine fish from the Pacific
and it will be of interest to compare these values with
those in comparable fish from Hudson's ﬁay. Higher
concentrations in the fat of trout 3 suggest trophic
coﬁcentrationsiofvresidues. Another large lake trout;
30 inches ldng, rémains to be analysed. This fish had
been feeding on aquatic insects.

PCB conceqtratibns apptoximate’thos¢ of DDE,. The
ratiovgfvﬁDE to PCB is frequently characteristic of
ecosystems aﬁd‘was found to be considerable less than.
unity in the fa; of young Peregrines migrating from the
Arctic. An examination of the ratio of DDE to PCB in
adjagent marine’ecosystems will bevof iﬁterest.

Thernlyilikely source of chlorinated hy&focarboﬁ
contamination in Lake Minto is aerial fallout. Thesél
values are therefé;e assumed to reflect the background

contamination levels from this source at this latitude.



Table 1. PCB and DDT residues in Arctic fish, concentrations in parts per‘million. DDT résidues consist of the sum of
p,p'-DDE(DDE), »,p'-DDD(DDD), p,0'-DDT, and o,p'-DDT :

. , I _ .. _ppm, wet weight o . opm, lipid weight
Species, tissue Wet weight % lipid ‘ ‘ .
grams PCB Total DDT PCB DDE. o,p'-DDT p,p'~-DDT - DDD
Lake trout 1 : A «
whole fish 455 k.0 0.0k5 0.045 - 1.14 - .0.86  © 0.12: 0.15 0.00
Lake trout 2 ‘ . .
whole fish' Lop 3.1 0.041 0.076 1.29 1.93 0.16 0.33 0.00
Lake trout 3 4 : - .
head, foreparts 2,100 5.3 0.640 0.597 12.0 10.0 0.31 0.38 . 0.F2
Lake trout L : i , *
whole fish 568 - 3.3 0.091 .0.126 - 2.7h 2.30 0.64 0.63 0.21
Lake trout 5 : :
~ whole fish 503 3.1 0.091 0.150 2.9k 2.9 0.90 0.82 n0.19
Arctic char A '
gonads. - 19.2 0.32 0.130 0.108 7.9 RIS 1.10 ©0.75 0.30

liver . 119 6.3 0.031 = . 0.047 0.59 0.6 0.1k 0.07 0.07

- ll-
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