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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, dis charge of PCB-containing materials from 

ships, and products such as hydraulic oils brought to 
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the Arctic which are eventually released into the 

environment as waste materials. At present little 

information i$ available that might indicate the 

relative contributionofeach source. peB is 

potentially significant as a pollutant in the Arctic 

since like several chlorinated hydrocarbon insect~cides 

it may stimuiate the synthesis of microsomal liver 

en~ymes in birds(3~9). The resultirig effetts upon the, 

concentrations and metabolismof one or more steroid 

hcirmonés are believed to ba the caUse of the delayed 

ovul~tion observed in birds on chlorinated hydrocarbon 

diets (10). Arctic' populations' of bir,ds experienciilg a 

delay.in oVli}ationmightnot be able to .complete the 

reproductive cyclewithin the short time period 

available andwould'th~reby experienc~reproductive 

failures. 

During a sur~ey of Ungava and adjacent Islands of 

the North-West Territories forbreeding Peregrine 

Falcons(Palco peregrinus) in the summer of 1970, we 

vi:.si-ted Lake Minto in north-western. Quebec, under 
<.. 

co~tract with ,ih~ Canadian;Wiidlif~ S~~vice;' ~~ke ~intoJ 

,75 0 W, 57 0 30,' N,:is approximately 80 kilometers east of 

Hudson's Bay and is d~ained by the Leaf River which 

flows to the north-eas.t to Leaf Bay, an inlet of' 

Ungava Bay. Trees reach their northern limit in ~his 
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area, ~~ifh ts main~r f;~~ I~~dra. Lake~!q'9 is not 
;:~f~;:~i.j. . :>t~;'f , 

in fac~~', si~gle ia~o, ti91 ,,~,her an eX~~Dliv, regioh 
. "l' .: ' ~ .• ~.~.~~~~k '~:! ~~~n .~.; , 

eonsisting of !:;mall ~ak~s and i~lets. ,~ " 
;' " d ~ '. ","" :; . ~:' 

l" ," 

We' flew from Fort Chimo to Lake Mirito in a 

eharter~dNqrseman aireraft on July 30, 1970 and were· 
", .; , . 

left in a baX in the eastern part of the lake. After 
~ ':t 

travelling ~~veral ~~les downstream, we made camp at 

74 0 26 1
:,;" ~?o 25' N, In this area the lake was barren, 

with a rock9ottQm spowing no plant growth. The only 
, J ,~::" f 

water b~rd5 s~en w~re. 4-6 Herring Gulls (Larus 
< ;.:~.,:; :' . i.:.. 

argentaius). w~ ,a~ no evidence of previous human 
.' ""~. ;:.:" .. 

intrusi~n~. r~e ar~~ is evidently too far from existing 
. ~~; '; ~,,~:,;, ~': 

settlem~~~! ~o b~ vif~te~ by Eskimo huntingparties and 
.~~' , . 

white men·have littlc r~ason to come here. The most . . '.... :N ',' ," . < • : 

~ " t 

likely $ourceof sYnth~tic pollutantsis therefore 
';" "", ,'~;"'. " ~:;i ' 

aerial ~,llotit. Co~par~son of PCB concentrations in the 
',n!'" '; ~ 

fish from this lake with PCB concentrations in~imilar 
") . '~; ': .. 

",,' 

fish from Hu~son's B~y and other marine waters of the 
'i;, " 1 •. , .. " 

Arctic ~ight~~he~efofe indicate how much of t~~ PCB in 
~ .. ~. . . 
~ Î' ' ' 

marine ~~~~r~ d~rive~ from aerial fallout . 
. t . ~ , ~~. 
, f 

; ~ MAT~RtA~s AND METHODS 

Fi~~'weFe ob~aiDedwith a gill net. 
, .' ~~: " 

This wasfirst 
l", 1 

set on ~~, e~~qing of July 30. High winds prevpnted 
. , ",' , , 

recovery. until 1600 hrs the following day. It was ~et 
~::j • \~. " :. \ !; 

again'and re~6v~red the following morning. Nina fish 
t. ::' 1f~ . ï' 

'. , rl..! 
.! lJ~ , 
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were obtained,;which were later identifleâ by 

Charles Gruchy, Assistaht Cutatcir of Fishes, National 

Museum of Canada. Two were Arcticchar, Salvelinus 

alpinus,andth~iemainderw~re likettout', Salvelinus 

naJrtàycush. 

Other specimens obtain·ed ,for PCB, analysis in other 

regions of Urigava include~' 

-livet, and.' gonads of an Atcticchar frOID the 

Koksoak,R~ ver', ' 

~livër and gonads of an Atlan·tic sà.lmon,Sahnb 

sa lrom the K~kspak Riv~r, 

-an Atlantic Salmon from the Leaf ~ivér~. 

~livers of to Arctic char from Leaf Bay, 

,: ,~land.~i~ds, including White-crowned Sparrows 

{Zonotrichia leucoph.rys), Horned Làrks 
.' .. ' , , 

.(EreJÜ~philâ alp~stris), and C6~mbnRedpdll 

(Acanthis.flammea), 

-two Semipaimat~~ plovers, Charadribs semipalmatus, 

-~émming~i frOID ne~ts of Rough~legged Hawks 

(8ut~o lagopus), 
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-severt addiedor ~nhatched eggso~ Pére~rirte Falcons 

Inthis :report are the resul ts' ofthè anàlyses of 

fiveof the 1ake ttOut from Lake Minto 'and of the g~nads 

artdlivet ofth~ A~ctie char ,from the ~oksoak Ri~er. 

Wheri cOfupleted, the results of the remaining analy~es 

will be ~ofubined vith thosereportéd h~re~or 

publication. Severa1 of the Pere~tiné eggs have been 

analyséd for total .mertury.,' These results are presented 

in a separate repo~t,. 

In collecting the samples" aIl precaüti~~s,were 

taken, ,to p~event cont,amination. Theywere preserved in 

5% formalininplastic bags. ,To éliminé!t.e the 

possibilit.y thatt.heplastic bags employed contained, 

l'CB, pet:r?leuJD~the.r had been stored in the b,ags 

overnight, cortcent~at.edto'~ sma}ler volum~ and aliq~ots 

inj ecteA ~~to the ,gas ch~omatograph ~ "P la,st~c~ subj,ected 

to thi~treatme~tfrequently produce peaks in gas 

chromatogra~s t.hat interfere with the detetfuination of 
.' • • f • b 

chlorinated hydrocarbons, bu~ no peaks xhat,would 

interfere with the ,determination ofPCB wete found in 

, t.hes,e ,samp'~es. 

T~e entire fish were diges~ed in commercial BFM 

s~lütion1 à mixture of perchloric and acetic acids(ll). 

This techniquepermits the extraction of lar,gé amollnts 

• 



• 

-6 -

of tissue, withotit damage to the DDT compounds or to 

PCB. Theextract~d lipids were .passed thro~~h a 

sintered glassfilter, the org~nic solvertts rèmoVed by 

evaporation, dried from six hours to overnight at 650
, 

weighed, and aliquots were passed through a modified 

Davidow column{ll). This cl~anup procedure is superior 

to florisil for the present purposes since relatively 

small amounts ofchlorinated hydrocarbons and large 

amounts o.f lipids are involved. 

The DDT compounds p,p'-DDE, p,p'-DDT, o,p'-DDT and 

p,p'-DOO produced prominent peaks on chromatograms of 
.' ~ . , 

these extracts, but these and peaks of unknown compounds 

pr~vented the detection ~f PCB. S.ponificatioh, which 

converts p,p'-DDT, p~p'~DDD, and o,p'~DDT to their 

respectiveethylene derivatives with smaller retention 

times,usually pe~mits PCB to be detected in such 

extracts(12). The unknown compounds, however, persisted. 

Preparations were therefore subjected to further clean-

up by passagè through the Àrmour-Burke procedure(I3). 

Initially impetfect separation between PCB and ODE was 

obtained, but upon drying aIl of the column materials 

according to the methods described by these authors, 

satisfactory separation was achieved. This procedure 

separated out the unknowns from the PCB. Figure 1 shows 

a chromatogram of the PCB peaks in the extract from 
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Figure' 1. Chromatogram of the hexane fràction of the extract of trout 3. Separation 

of DDE and PeRin this instance is imperfect. Operating coriditions. ,are described in the • 

text. 
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lake trout 3, and Figur~ 2 shows a chromato~ram of the 

commercial, PCS prepa~ation Aroclor 1254. In this 

extract, separation of PCS and DDEis incomplete, but 

the presence of ODE does not Interfere with the 

quantificatioriprocedure employed. Thecoiumn emp10yed 

was a 2% QF-l, 2% NPGS, on Chromosorb W, 80-100 mesh, 

HMDS treated. Other operating conditions and 

methodo10gi~s wereequiva1ent to those previously 

described (14)~ Th~ PCS ,in these extracts ,was quantified 

on the basis, of a comparison between the areas of peaks 

e~erging aft~r p,p'-DDE and the areas of the same peaks 

on chromatogràms of Aroc10r 1254. Areas were determined 

by weighing peaks cut out from, xerox copies. This 

procedure ,is tifue-consuming but ~as used in the present 

instance as a test of other methOds(15). 

The presence of chlorine in the compound identifi~d 

as p,pl-DDE was: confirmedby microcou10metric analysis 

through the kindness of Paul Reiche. Additiona1 

confirmatory tests will be carried out and reported in 

the publication of these results. 

RESULTS 

The riumbering of PCS peaks on Figures 1 and 2 

fol10ws that of Jensen(5). Peak 7 is usually present in 

reiatively sma11 amounts in samples from "remote" areas 

(15), and is al 50 ,~ore subj ect to de gradà ti on by u1 tra-
.,' "'",' ... ~ '\.: >.. . ~ . ~ , .., :. . ~ . " 

r, 

• ',1 
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Figure 2. Chromatogram of Aroc1or1254, under operatingconditions identica1 

to those of Figure 1. 
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violet(12) . 

The results are presented in Table 1. Trout 3 was' 

an exceptionally large fish,3S.S inches long. Its 

digestive tract contained the undisested remains of a 

smaller fish 21 inches iong. Only the head and 

foreparts, weighing 2100 grams, were analysed. 

kesidue concentrations are in the ~rder of 

concentrations reported for marine fish from the ~acific 

and it will be ofinterest t~ compare these valueswith 

those in comparable fish fr~m Hudson's Bay. qigher 

c~ncentrati~ns in the fat of trout 3 suggest trophic 

concentrations of residues. Another large lake trout, 

30 inches long, remains t~ be analysed. This fish had 

been feeding on aquatic insects. 
'. . ... . . 

PCB concentrati6ns approximate thos~ of ODE. The 

ratio ~fnDE to PCB is frequently characteristic ~f 

ecosystems and was f~und to be considerable less than. 

unit y in the fat of young Peregrines migrating from the 

Arctic. An examination of the ratio of ODE to PCB in 

adjacent marine,ecosystems will be of interest. 

The onlr likely source Of chlorinated hydrocarbon 

contamination in Lake Minto is aerial fallout. These 

values are therefore assumed to refléct the background 

contamination levels from this source at this latitude . 



Table l. PCB and DDTresidues in Arctic fish~ concentrations, in parts per million. DDT residues consist of the sum of 
p,p'-DDE(DDE) , P ,p' -DDD(DDD), P ,p' -l)DT, and o,pt-DDT 

EEffi z wet weight ,DPffi 3 lipid wei€iht 
Speciés, tissue wei weight % lipid 

grams PCB Total. DDT' PCB DDE o,p'-DDT p,p'-DDT DDD 

Lake trout 1 
whole fish 455 4.0 .0.045 0.045 1.14 ,0.86 0.12 ' 0.15 0.00 

1 

Lake trout 2 
w"hole fi sh ' 492 3.1 0.041 0.076 1.29 1.93 0.16 O. 0.00 

Lake trout 3 
head, foreparts 2,100 5.3 0.640 ' 0.597 12.0 10.0 0.31 O.3R 0.62 

Lake trout 4 
whole fish 568 3.3 0.091 0.126 2.74 2.30 0.64 0.63 0.21 

Lake trout 5 
whole fish 503 3.1 0.091 0.150 2.94 2.94 0.90 0.82 0.19 

Arctic char 
gonads 19.2 0.32 0.130 0.108 7.9 4.46 1.10 0.75 0.30 

liver 119 6.3 0.031 ,0.047 0.59 0.61 , 0.14 0.07 0.07 

.. 
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