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Abstracl 
Geometric mean values for DDE and PCB are 
presented for different tissues of bird species 
from different provinces of Canada .. 

Résumé 
On présente les valeurs des moyennes géomé
triques pour le DDE et le PCB trouvés dans· 
différents tissus d'espèces d'oiseaux de 
diverses provinces du Canada. 

._.---------------------------

Introduction 

Since 1966, the Toxic Chemicals Section of the 
Canadian Wildlife Service has undertaken, and 
supported, a number of different field projccts to 
investigate the effects of toxÏé substances on 
birds. During the course of these various studies, 
a large number of sampI es of birds and eggs have 
been colleeted for analysis of organochlorine 
residues. In 1973, the Toxic Chemicals Section 
was requested by the Environmental Secretariat 
of the National Research Council of Canada to 
make sorne of these analyses available as a con
tribution to a monograph thcy were preparing on 
PCR This present publication was prepared in 
response to the NRCC request and is a selection 
from those determinations in which both 
DDEI and PCBt were analysed, undcr contract 
to the Service, by the Ontario Research 
Foundation, and indudcs rcsults of deter
minations made between October 1969 and 
MardI 1973. 

The rnethod of analysis has been described 
previously by Reynolds (1969). 

There are severallimitations in summarizing 
the chemical residue data.from a great variety of 
different projects. There are inevitably biases in 
sampling, since the collections were made in 
association with particular biological projects and 
thus do not in any way represerit a random 
sam pie from a givcn geographic region such as a 
province. Secondly, most of the species examined 
are migratory and thus eggs collected from them 
may more closcly reHect contamination in the 
wintering grounds or in migration than contami
nation in the areas where the eggs were found. 
The data, however, do show which of the selected 
areas and species have been adequately sampled 
and which species have particularly high DDE 
and PCB residues, whatevér the source. 

lDichlorodiphenyl diehloroethylene. 
2Polychlorobiphenyls. 

The statistical distribution of residuesin the 
samples summarized here appears to be markedly 
skewed. A log normal distribution is therefore 
assumed and the data have been analysed to give 
geometi"icmeans, and their 95% confidence inter
vals, rather than arithmetic means. The moisture 
content of samples varied from project to project, 
and so for comparability the results were ex
pressed here on a dry-matter basis, which means 
that the listed concentrations of DDE and PCB 
are approximately five times higher than the 
actual concentrations in the miginal fresh tissue. 
The units of the residue analyses are parts per 
million, and the results are presented in Tables 
1 ~9. The names of birds are those of the fifth 
edition of the A.O.U. Check-List of North 
American Birds (1957). 
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Results and discussion 

The tables show that the birds which have been 
analysed over the last four years for both PCB 
and DDE are predominantly of those species feed· 
iiIg on fish, mammals or other birds. This reRects 
the present concern for the security of popula. 
tions of these carnivorous hirds. 

The tables further show that there are various 
carnivorous species in certain locations which 
have been quite weIl sampled for DDE and PCB 
residues, but that there are in other loca-
tions which have not been sampled extensively. 
Among the former group are the Loons, Grebes 
and Herons in Alberta, Petrels in the Maritimes, 
Gannets in Quebec, Douhle·crested Cormorants 
in Ontario, Quebec and New Brunswick, the 
Falcons in Alberta and Saskatchewan, Gulls from 
the Great Lakes, Quebec and New Brunswick, 
Common Terns from the Great Lakes and New 
Brunswick, and Alcids from Quebec, New Bruns
wick and Newfoundland. 

Among the groups which have not been 
sampled for DDE and PCB extensively are Loons 
and Grebes outside the prairies and particularly 
in the Great Lakes Region, Petrels in British 
Columhia, White Pelicans in Alberta, Saskatche
wan, Manitoba and Ontario, Double-crested 
Cormorants throughout their breeding range 
except for Ontario, Quebec and New Brunswick, 
Herons and Bitterns throughout their ranges, 
and Accipiters, Buteos, Eagles, Marsh Hawks, 
Ospreys and Falcons, except those Falcons inten
sively studied in the prairies. The GuIls, Terns, 
Alcids and Owls have he en sampled in only a few 
locations. 

Comparison oUhe results ofdeterminations 
on eggs from species which have been sampled 
from a wide geographic distribution shows that 
the Great Lakes region has birds with the highest 
concentrations of the two poIlutants. This can be 
seen most readily in the mean values for the eggs 
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of Double-crested Cormorants, Herring Gulls and 
Ring-billed Gulls. 

Great caution should be used in interpreting 
the results since the effects of DDE and probably 
also of PCB vary considerably from one bird 
species to another. 

Mean values which were substantially higher 
than the majority of values in the tables were 
found in raptor eggs. Among those raptor species 
adequately sampled, high values of DDE and PCB 
were found in the eggs of Bald Eagles in Saskat
chewan and Ontario, of Ospreys in Ontario, of 
Prairie Falcons in Alberta, ofPeregrines in the 
Northwest Territories and of Merlins in Alberta. 

Among the fish-eating birds adequately 
sampl~d, the following species had similar highel' 
mean values in their eggs; Common Loons in 
Alberta and Saskatchewan, Arctic Loons in the 
Northwest Territories, Horned and Western 
Grebes in Alberta, Gannets in Quebec, Double
crested Cormorants in Ontario, Quebec and New 
Brunswick, Great Blue Herons in Alberta, Black
crowned Night Herons in the Great Lakes, Her
ring Gulls throughout the sampled range, Cali
fornia Gulls in Alberta, Ring.billed Gulls in 
Ontario, Common Tems in Alberta and the 
Great Lakes and Caspian Tems in the Great 
Lakes. Eggs of Leach 's Petrels from Quebec and 
New Brunswick contained high residues. 

Among the eggs of Owls from Saskatchewan 
which have been adequately sampled, high values 
were found in the GI'eat Horned and Short-eared 
Owls for DDE but low values ofPCB were 
detected. 

The analyses of the eggs indicated that differ
ent areas of the country exhibit different values 
for the ratio of DDE to PCB. Among the aquatic 
birds the ratio is near unit y in the Northwest 
Territories. Similarly, in British Columbia, the 
ratio appeared to be near unit y but was more 
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variable. In the prairies, DDE is the more impor
tant contaminant, in sharp contrast to the pre
dominance of PCB found in the Great Lakes, 
Quebec (mostly samples from the Gulf of St. 
Lawrence), and the Atlantic Maritime Provintes. 
Among the raptors and owls the same general 
pattern is found except that DDE Ïs relatively 
more abundant than PCB in the samples from 
British Columbia, Quebec and New Brunswick. 

These generalizations are aIl that can be drawn 
from the data as summarized here. No further 
generalizations should he made wi!hout corn
municating directly with the collector and 
referring to the original data. 

Table 1 
GaviiformcJ 

PIlm. dry~matter bseis 
geometrlc mean and 

No. lln~ (9Sr" confidence intervaI) 
.lyse<! DDE PCB 

Common Loon Gat'ia immer 

Alberta 

Liver 14 

Fat 14 

2.34 
(1.08-5.06) 

16.8 
(5.32-53.0) 

54.4 87.9 
(35.1-84.3) (43.~177) 

Yellow-billed Loon Gat'ia adamsii. 

Northwest Territories 

0.75 0.98 

Arctic Loon Caria arctica 

Northweat Territories 

Red-throated Loon ~ Gacia ltellata 

Northwest Territories 

Egg 2.76 3.14 
(0.69-15.9) (0.83-11.8) 

Brain 8 2.95 4.16 
(0.82-10:6) (1.25-13.9) 

F.at 8 35.6 
(11.9-107) 

DDEI 
PCB 

1.37 

0.88 

0.71 

0.70 

Collee· 
tor 

K.V. 

R.W.F. 

R.W.F. 

R.W.F. 
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Table 1 COllt. 

Gonad 

No. an~ 
alysed 

Ppm~ dry~m3:tter hasts 
geometric mean and 
(95% confidence interval) 
DDE PCB 

60.5 64.6 

DDEf 
PCR 

0.94 

Collee
tor 

R.W.F.' 

*Initials !efer ta the Dames of collectora listed i"n the acknowledgements. 
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Ppm~ dry-ma Uer hasis 
gcometric Mean and 

No. an- (95% con6dence interval) 
alysed DDE PCR 

Red-necked Grebe - Podiceps grisegena 

Whol. body 7.17 5.86 

Horned Grebe Podit:eps auritus. 

13 8.83 4.82 
(4.38-17.8) (2.09-11.1) 

Eared Grebc - Podiceps ca~picu$ 

Alberta 

Wes'tern Grcbe - Aechmophorus. ocddentalis 

DDEf 
PCB 

0.86 

1.83 

Collee
tor 

R.W.F. 
M.E.R. 

R.W.F. 
M.KR. 

~ ... __ ... _----------------
British Columbia 

Brain 4.11 6.45 0.64 R.W.F. 

Fat 103 64,6 1.59 R.W.F. 

Breast 
muscle 16.9 6,59 2.56 • R.W,F. 

Alberta 

Tahle3 
Procellariiformes 

No. an
alysed 

Ppm. dry-matter basis 
geometric menn and 
(95% confidence interva)) 
DDE PCR 

Sooty ~hearwater - Pt~ffinu$ gri$eu.~ 

British Columbia 

Fork-tailed Petrel Oceanodroma Iurcata 

British Columbia 

7.79 29.0 

l..each ~s I-etrel - Oceanodroma leucorhoa 

Briti.§h Columhia 

Wholebody 5 
(immature) 

3.13 1.77 
(1.60--6.14) 10.97-3,21) 

DDEf 
PCR 

0,27 

1.77 

CoUee
for 

R,H.D. 

D.N.N. 

*lnitîals refer 10 the names of collcctoTs Iisted in the acknowledgemente, 

No. an
alys.ed 

Ppm. dry-mal ter b85ÎS 
gcomclric mean and 
(95% eonfidence intervai) 
DDE PCR 

White Pelican Pe!ecttnas erythrorhynchos 

Manitoha 

DDE/ 
peR 

3.03 

Collee· 
tor 

---------------~ .. _-~~--
Brain 21.2 11.2 1.90 A.F, 

Ga nnet - Morus bassarws 

Egg 21 111 49.9 
(92.8-133) (38.1--65.4) 

2.23 J.A.K. 

------
New Brunswick 

Douhle-erested Cormorant - PhalfUrocorax auritu$ 

British Columbia 

Saskatchewan 

Egg 2 46,9 8.34 5.62 K,V. 

Ontario 
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Tahle ., cont. 

Lak{' Huron 

Egg 

No, an
alySf:"Û 

25 

Ppm, drywmatler basis 
geometric mean {loti 
(95"è confidf:"ncf;" i ntf;"rval) 
DDE PCB 

41.4 65.8 
(31.9,-53.8) (.18.3-89.5) 

Pela~ic Cornlorant Phalacrocorax pelagîcl13 

DDEI 
PCB 

0.63 

Collec· 
tor 

P.A.P. 

*lnitials refer to the naDlt"S of coUectors listed in the acknowledgements. 
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No. an4 

a~yaed 

Ppm~ drywmaUer baais 
geomelric mel1n and 
(95% con6dence Înlerval) 
DDE PCB 

Great Bluc f1eron - Ardea herodias 

Alberta 

Egg 40 33.9 1.48 
(23.9-48.1) (0.99-2.20) 

DDEI 
PŒ 

22.9 

BJack-erowned Night Heron Nycticorax nycticOTtlX 

Lake Erie 

Egg 0.27 4 89.4 333 
(24.9-321) (197~565) 

Collec. 
tor 

K.V.* 

LM.P. 

*lnitials refer 10 the names of collectorslisted i.n the acknowledgements.. 

No. an
alysed 

Ppm, dry-matter basÎs 
geometric mean and 
(95% confidence interval) 
DDE PŒ 

Eider Duck - SQmaleria mallissima 

Egg 1.75 13.0 
(1.l5~2.66) (3.37~50.1) 

0.14 

Collec. 
tor 

P.A.P. 

*Initials refer to the names of collectora Hsted in the acknowledgementa. 

Table 7 
Falconiformes 

No. an
aJysed 

Ppm. dry-matter basÎs 
geometric mean and 
(95"f.; confidence interval) 
DDE PCB 

Goshawk - Accipiter genlilis 

New Brunswick 

Egg 19.5 0.26 

Cooper's Ilawk Accipiur cooperii 

Alberta 

4 

Egg 5 

19.1 
(Î.61~,1-8.0) 

20.5 1.16 
(12.R~32.8) (0.22-6.24) 

Red-tailed ITawk Buteo jamaicensis 

British Columbia. 

Saskatchewan 

Swainson's TTawk Buteo swainsoni 

Albert. 

Whole body 
(immature) l 

Saskatchewan 

6.86 2.40 

0.03 

DDEI 
PCB 

76.5 

17.7 

2.86 

Collec. 
lor 

P.A.P.* 

R.W.F. 

R.W.F. 

R.W.F. 
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Table 7 cont. 

No. an
alysed 

Ppm. dry-ma Uer basis 
geometric mean and 
(95% confidence interval) 
DDE PCB 

Golden Eagle - Aquila chrysaetos 

Alberta 

Egg 2 14.3 4.06 

Da Id Eagle - Haliaeetus leucocephalus 

Saskatchewan 

Egg 

Ontario 

Egg 

Brain 
(nestling) 

Liver 
(nestling) 

9 

18 

Breast muscle' 
(nestling) l 

22.4 14.2 
(14.0-36.1) (8.82-23.0) 

164 140 
·(126-215) (92.1-213) 

5.32 1.82 

8.72 5.97 

1.59 1.12 

Marsh lIawk - Circus cyaneus 

Alberta 

Egg 9.39 1.87 

Saskatchewan 

Egg 3.68 0.37 
(0.70-19.3) (0.16-0.86) 

()uebee 

Egg 65.0 13.5 

Osprey - Pandion haliaetas 

Ontario 

Egg 

Liver 

..... Brain 

Breast 
muscle 

12 

9 22.0 19.4 
(15.0-32.3) (6.73-56.0) 

1.33 3.79 

0.87 2.40 

1.92 10.9 

DDE/ 
PCB 

3.51 

1.58 

1.17 

2.92 

1.46 

1.42 

5.02 

9.96 

4.80 

1.13 

0.35 

0.36 

0.18 

Collee
tor 

R.W.F.· 

R.W.F. 

S.P. 
J.G. 

J.G. 

J.G. 

J.G. 

R.W.F. 

R.W.F. 

R.W.F. 

S.P. 
J.G. 

A.F. 

A.F. 

J.G. 

Table 7 cont. 

No. an
alysed 

Who!e body 
(immature) l 

Ppm, dry.matter hasis 
geometric mean and 
(95% confidence interval) 
DDE PCB 

23.7 70.7 

Gyrfalcon - Falco ruslicolus 

Northwest Territories 

Egg 14.5 24.4 

Prairie Falcon - Falco mexicanus 

Alberta 

Egg 141 9.24 3.03 
(7.95-10.7) (2.40-3.82) 

Fat 19.8 35.0 

Saskatchewan 

Egg 26 15.7 3.25 
(10.2-24.4) (2.38-4.44) 

Peregrine Falcon - Falco peregrinus 

Northwest Territories 

Egg 19 

Leg muscle 

Brain 

Fat 

Yukon 

Egg 

British Columbia 

Egg 4 

Brain 
(nesùing) 

Breast muscle 
(nest!ing) 1 

Liver 
(nestling) 

Who!e body 
(nestling) 

22.0 36.1 
(8.55-56.8) (19.1-68.1) 

2.36 0.29 

5.42 1.96 

27.1 4.74 

173 34.9 

84.8 25.6 
(58.8-122) (23.0-28.4) 

16.7 3.82 

12.7 1.57 

20.5 1.32 

90.5 15.4 

DDE/ 
PCB 

0.34 

0.59 

3.05 

0.57 

4.84 

0.61 

8.14 

2.77 

5.71 

4.97 

3.32 

8.06 

15.6 

5.90 

Collee
tor 

J.G.· 

R.W.F. 

R.W.F. 

R.W.F. 

R.W.F. 

R.W.F. 

R.W.F. 

R.W.F. 

R.W.F. 

R.W.F. 

R.W.N. 

R.W.N. 

R.W.N. 

R.W.N. 

R.W.N. 
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Tahle 7 cont. 

Alberta 

Egg 

No. an
alysed 

New Brunswick 

Brain 

Liver 

Fat 

Newfoundland 

Egg 

Ppm. dry-matter hasis 
geometric mean and 
(95% confidencè intcrval) 
DDE PCB 

99.5 37.8 

0.84 0.63 

0.61 0.65 

5.35 2.45 

169 276 

Merlin - Fa/co culumbarius 

British Columbia 

Egg 

Brain 

Alberta 

Egg 90 

Who!e body 
(immature) l 

Quebec 

Egg 

42.1 8.64 

45.5 0.003 

42.9 4.83 
(34.3-53.7) (4.07-5.73) 

20.6 8.35 

163 38.4 

DDE/ 
PCB 

2.63 

1.34 

0.94 

2.19 

0.61 

4.87 

15,800 

8.89 

2.47 

4.24 

Collee
tor 

H.W.F.· 

P.A.P. 

P.A.P. 

P.A.P. 

R.W.F. 

R.W.F. 

R.W.F. 

H.W.F. 

R.W.F. 

R.W .•. 

*Initials refer to the names of collee tors listed in the acknowledgements. 

---------------,-,- --

Tahle 8 
Charadriiformes 

No. an
alysed 

Ppm. dry-matter basis 
geometric mean and 
(95% confidence interval) 
DDE PCB 

Glaucous-winged Gull - Larus glaucescens 

British Columbia 

Egg 2.54 5.27 
(2.13-5.40) (2.18-12.7) 

lIerring Glill - Larus argentatus 

Manitoba 

Egg 2 68.4 33.7 

Ontario 

Lake Huron 

Egg lIO 368 
(65-185) (206-656) 

Detroit River 

Egg 2 158 520 

Lake Erie 

Egg 6 48.0 300 
(33.0-70.1) (244-369) 

Lake Ontario 

Egg 16 131 565 
(104-164) (436-730) 

Brain 2 22.8 91.0 

Quebec 

Egg 16 32.1. 65.2 
(20.4-50.6) (47.1-90.3) 

New Brunswick 

Egg 14.1 25.4 
(7.58-26.1) (15.6-41.2) 

California Gull - Larus californicus 

Alberta 

Egg 10 20.5 1.65 
(11.3-37.2) (0.34-7.93) 

Brain 10 4.76 0.74 
(2.69-8.44) (0.20-2.70) 

DDE/ 
PCB 

0.48 

2.03 

0.30 

0.31 

0.16 

0.23 

0.25 

0.49 

0.56 

12.4 

6.43 

Collee
tor 

R.H.D.* 

K.V. 

M.G. 

M.G. 

M.G. 

M.G. 

P.A.P. 
D.N.N. 

P.A.P. 

K.V. 

K.V. 

13 
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conl. Table ft cont. Table ft conl. Table ft cont. 

Ppm, dry-matter buis Ppm. dry-matter buis Ppm, dry-matter basis Ppm, dry-matter basis 
~f"ometric mean and geomenlc mean and 

DDE/ CoUee .. 
geometric mean and geometric mean and 

No. an· (95~ confidence inlerval) DDEI Collee· No. an- (95% confIdence interval) No. an- (95% confidence inlerval) DDE/ Collee· No. an· {95% confidence internI) DOEl Collee· 
alysed DlH: PCB PŒ lor aly.ed ODE PCB PCB tOT alysed DDE PCB PCB tor alysed ODE PCB PCB lor 

Lake Erie Cotnmon Murre - Uria aaIge Rhinoceros Auklet - Cerorhinea rnorwcerata 

Egg 15 24.4 156 0.16 M.G.* British Columbia British Columbia 
(17.0-35.3) (120-202) 

Lake Ontario 

1.16 

Fat 2 14.1 3.67 3.84 R.H.D. 

Ring-billed Gull LQ,rus delau:arensis Egg 4 Common Puffin Fratercula arcticQ, 
\ 

~:gg 2 11.7 10.8 1.07 K.V. Egg 21 3.64 10.6 0.34 P.A.P. 
muscle 2 1.09 1.07 1.02 P.A.P. (3.02-4.40) (8.5713.1) D.N.N. 

Ontario Black Guillemot - Cepphu$ grylte Nf':w Brunswick 

Egg 19 3.05 8.61 0.35 P.A.l'. Newfoundland 
(2.61-3.56) (6.65-11.1) 

Caspian Tern Hydroprognecaspia Brea.st 
muscle 1.00 3.18 0.32 l'.A.P. 

Ontario Pigeon Guillemot Cepphu$ columba Egg 10 2.01 7.35 0.27 D.N.N. 
(1.69-4.03) (5.99-9.01) 

----~_ ... ._---
British Columbia Breast 

muscle 2 1.04 1.47 0.71 D.N.N. 

Lake Ontario Whol. body 5 0.73 1.14 0.64 D.N.N. 
(0.s9~.89) (0.94-1.39) 

Marbled Murrele~ Brachyrarnphus marmoratum Tuftoo Puffin - Lunda cirrhata 

British Columbia British Columbia 

Fat 3 2.26 1.73 L31 n.W.N. 

Egg 6 5.88 2·U 0.2·1 P.A.E. Razorbill - Alea torda Ancient:,Murrelet Synthliboramphus antiquum 
(4.15"8.31) (l S.8".38.9) 

(;ommon Tern - Sterna himndo British Columbia *lnîtia1s refer to tbe names of collectora Iiated in the acknowledgements. 

Whol. body 
(.dult) 2 2.78 2.78 1.00 R.W.F. 

Whol. body 
(immature) 2 16.8 2.70 6.21 R.W.N. 

~uscle 2 1.23 4.6'6 0.26 P.t\.P. Cassin's Auklet - Ptyc/wramp/ws aleutica 

British Columbia 

14 15 



Table 9 
Strigiformes 

Ppm, dry-matter buis 
- geomfltric mean and 

No. an- (95% confidence ioterval) 
alyeed DDE PCB 

Great Horned Owl - Bubo virginianu$ 

Saskatchewan 

Egg 8 23.8 3.08 
(11.8-48.4) (0.93-10.3) 

Brain 0.285 0.09 

Long-eared Owl - Asio o'us 

Saskatchewan 

Egg 4 2.73 0.29 
. (0.29-25.3) (0.04-2.17) 

Short-eared Owl - Asio flamme", 

Saskatchewan 

Egg 5 19.6 0.47 
(10.5-36.8) (0.15-1.51) 

DDE/ 
PCB 

7.74 

3.25 

9.54 

41.7 

CoHec
lor 

R.W.F.* 

R.W.F. 

R.W.F. 

R.W.F. 

*Initials cefer to the names of collectors listed in the acknowledgements. 
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