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A survey was conducted of organochlorlne 
in 21 aquatic bird specks at SI loca- 
A Iberia, Saskatchewan and Manitoba. Aa 
I DOO residue levels from analytes without 

,aratlon proved to be unreliable, they were 
Iran the results. DOE and dieMrin levels 

* ' la etl> of larldi and fkh-catini birds 
. s cf aecse end ducks, presumably reflect*

bit different trophic levels between thoee two woups 
a* bhflb. Interepactflc difference* of DDE, dieldrin, 
HB and # EMC residues observed in larids and flab­
eating birds at the same breeding localhies may 
reflect Interspecific dlBereooec of feeding habits. 
DD8.i&Mrtn and PCE levels may be predicted in 
tfaauea, of CeUfornie Oull female* when known in 
“ ‘ g*. Residue levels In eggs cloecly raaembied

j the livers of fcmiks at the time of laying, 
ibkkneti waa significantly and inversely corre- 
with the ooncentretlon of DDE in 40 Great 
Heron eggs from Alberta, but no significant

........ UlQfi was found betwaen the concentration of
PCfes end shell thickness in those eggs.

Introduction
It has been shown that Ash-eating birds in 
England contained greater average organo- 
chtorine residues than any other group of birds 
examined (Moore and Walker, 1964). J. O. 
Keith (1966) found that fish-eating birds in 
California accumulated large residues of insecti­
cides I in their body tissues. The results of a 
study | on reproductive success in a Wisconsin 
population of Herring Gulls, Lotus argentatus, 
contaminated with DDT suggested that DDT 
residues were responsible for the low hatching 
success of eggs (J. A. Keith, 1966). Reduced 
shell thickness has been found to be correlated 
with tne amount of DDE in the egg contents of 
raptoijs (Hickey and Anderson, 1968; Fyfe etal., 
1969) and fish-eating birds (Hickey and Ander­
son, 1968; Anderson etai., 1969). Experimental 
studies with Mallards, Anas ptatyrhynchos, 
showed that DDE can reduce thickness and 
cause| cracking of eggfhelis (Heath et of.. 
1969). For these reasons, and as Uu)e is known 
about |the extent of organocKlorine residues pre­
sent in aquatic birds, of the Canadian prairie

provinces, • survey was conducted to determine 
the type and quantity of organochlorine residue* 
present in aquatic birds, particularly larids and 
fish-eating birds, in Alberta, Saskatchewan, and 
Manitoba. Eggs were chosen as samples to be 
analysed for organochlorine residues as (hey are 
easy to collect and constitute distinct units of 
comparison between species.

Methods
Seventy composite samples of eggs were col­

lected during egg-laying and incubation from 
aquatic birds in Alberta and Saskatchewan in 
1968 and thirty composite samples of eags were 
collected in Saskatchewan and Manitoba in 
1969. Each composite sample consisted of 10 
eggs, representing one egg from each of 10 
nests of the same species. Composite rather 
than individual samples were collected to re­
duce costs of analyses. Additionally, in 1969 
ten individual egg samples were taken from 
Common Terns, Sterna hlrundo, and Double- 
crested. Cormorants, Phalacrocorax atiritus, and 
40 Individual egg samples were taken from 
Great Blue Herons, Ardea herodias, to assess 
variations of pesticide residue levels within 
nesting colonies. The egg shells of the Great 
Blue Herons were dried at room temperature 
for 4V4 months before their thickness was 
measured in order to relate shell thickness to 
DDE levels in those eggs. Thickness in each 
case represents the shell itself plus the dried egg 
membranes. Ten adult California Oulls, Lotus 
califomicus, were also collected on an Edmon­
ton garbage dump upon arrival during the 
second week of April. 1969. Ten females of that 
species and their eggs were taken from their 
nests at Joseph and Miquelon lakes, 20 and 27 
miles respectively from the first collection site, 
during egg-laying and their first week of incu-
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_I.—DDT »nd DDD rewdue Itvtli In ppm wet
weight before and after PCS Mperation In tittuee and 

• of female California Guilt.

jN°.
Mean DDT Mtaa DDD

■*rSam. Wore After % Before After

10 2.099 0.577 29 1.091 0.064 3
10 0.156 0.025 16 0.157 0 025 16
10 0 066 0.002 1 0.072 0 009 13
10 0.022 0.001 5 0.025 0.001 4
10 0.090 0.029 Jt 0 073 ND 0

ND • none detected » < 0.0001 ppm

bitloo is the Brat week o( May, 1969. Gull 
tissues wad eggs were analyzed (or the purpoie 
of eomrlw pesticide residue levels between 
arriving and Incubating guilt u well at between 
incubating females and their own eggs. One 
type of tissue analysed was (at, taken (rom the 
abdominal cavities o( the guilt.

The' eoatents of eggs and bird tissues were 
Moced'ln glass jan and preserved by freezing.

teberLery Analysts
Tot extraction of the organochlorine residues,

Pawns l. ftelitionihip batwetn DDT, before PCI 
(•• p <0.01).

the frozen egg sample was thawed out and 
homogenized in a Waring Blender.

An aliquot (2-5 g) of the blend was weighed 
into a 30 ml beaker to the nearest milligram and 
dried in a vacuum oven at 45*C with slight 
vacuum to constant weight (approximately J6 
hours needed). The per cent moisture was then 
calculated (rom the difference In weights.

After constant weight wu obtained, the dried 
sample was broken up by adding 3-10 g an­
hydrous Na. SO. end grinding with a flattened 
glass rod. The dried material was removed from 
the sides and bottom of the beakers by grinding 
and scraping. The mixture was pouted Into a 
Soxhlet thimble and the beaker rinsed several 
times with ether : n-hexane (1:1). A glass 
wool plug was used to cover tbs sample la dw 
thimble which was then extracted in a Soxhlet 
apparatus for 2 hours, using about 190 ml of 
1:1 ether-hexane mixture at a rate of 10 
siphonings per hour.

After extraction, the solvent wts removed in 
t Bash evaporator and the dried flask wes 
wsighed. The per cent fet wet calculated from 
the difference in weight!.

v • onto ♦ e.ezrr x 
r • o.aria**

•eparetion, tod PCB levtU to ppm wet welfht
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V w,t-v*lfht ppm ratMues of ^-BHC in composite .ample. ot 10 aquatic bird m in Ota prairin 
1 proviocM

6. Batik Riv. 
(WtUskiwln) 
T.^amkapn

a&t
IS. Moots l. 
M. Ufa* Win- 
•loMOak 

irXawlMw
II. Vatican L. 
19. Uka Win- 

I (St.
'l\h. - m Uka 

It. UN Man.

ND
ND

NO
ND

ND

0.040
0.020

ND

ND
ND

ND

ND

0.020
0.021

ND 
ND 

0 230 
Oil*
0.167

0.170

0 200 
0.201 
0 200

ND
ND
ND
ND

ND

0.0J2
ND

ND
ND
ND

ND.
ND

The fat residue wat dissolved in 150 ml of 
5% benzene m acetone and the solution was 
cleanedmp by cold precipitation, essentially 
according to the method of McCully and Mc­
Kinley (19641. The solution was chilled to 
—70*C and stirred for 35 minutes In a dry ice- 
methanol com bath. The mixture was then

Fiovaa 3. Sample locations of aquatic bird axis in
Albarta, Saillutchawaft and Manitoba.

filtered through a carbon-celite (2 g: 10 g) pad 
at — 70°C dried with Na. SO., concentrated and 
made to a volume of 5 ml with hexane. Addi­
tional cleanup was effected by use of a FlorUII 
column and the cleaned-up extract was analysed 
for pesticide residues by gas liquid chromato­
graphy-electron capture (GLC-EC) technique 
with parameters at described by Reynolds 
(1969).

The compounds screened for were lindane, 
heptachlor, aldrin, kelthane, DDE, dieldrin, 
DDD, o,p'-DDT, p,p'-DDT, metboxychlor, 
eodrin and tedion in 196S and in addition 
heptachlor epoxide (HE) and benzene bexa- 
chloride (a-, fi-, and 7-BHC) in 1969.

No corrections were made for pesticide losses 
during the extraction and cleanup processes, 
although recovery studies for 8 of the more 
common pesticides showed an average loss of 
about 10%. Confirmation of specific residues 
was made by use of more polar phase OLC 
columns, derivatization and use of characteristic

HONS 063958
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OLC retention Umei of the derivatives, and by 
thin layer chromatography where possible.

A number of samples were analysed (or 
polychlo(obiphenyls (PCBs) u these com­
pounds Interfere with the organochlorbe pesti­
cide analyses. The PCBs were separated from 
the orglnochlorinc pesticides by differential 
ahition (1,0m a Flortsil column and estimated by 
the method of Reynolds (In press). The PCB 
values reported are based on Aroclor 12)4 and 
are the averages of the calculation foe peaks 
No. I and 10. two of the major peaks in the 
PCB commercial mixture. It can be seen that 
DDT and DDD residue levels obtained la SO 
California Oull tissues without prior PCB sep­
aration,are unreliable (Table 1). An Increase 
In those levels can be significantly correlated 
with a greater PCB contamination (Figures 1 
and 2). As the DDT and DDD levels obtained 
without PCB separation are unreliable and as 
they constituted only a small fraction of the 
total DDT plus metabolite contamination, they 
have beejn omitted from the results.

The DDE values presented may include small 
contributions from PCBs since DDE is not 
separated from a minor PCB Interfering peak. 
However, If the OLC pattern of a sample 
extract (prior to PCB separation 00 Flortsil) 
shows high "apparent" DDE with little or no 
DDD and DDT present, then all or most of 
the apparent DDE is probably "true” DDE. It 
should be noted that almost all the samples, 
with the exception of the fat tissues, showed 
less than1 one ppm DDT or DDD prior to PCB 
separation, thus indicating that PCB contribu­
tions to me DDE values are likely to be small.

No standard method was found in the litera­
ture to represent quantities of organocMorlne 
residues in tissues. In this paper, the pesticide 
residues are shown in ppm wet weight as most 
articles delating to pesticides appear to follow 
this procedure. As loss of moisture from eggs 
during Incubation tends to concentrate organo- 
chlorine residues In the growing embryo, and at 
there are Interspecific differences in the moisture 
percentage of eggs it may be more accurate to 
present residues on a dry-weight basis. For those 
who want to convert the residues from wet to 
dry or lipid weight in ppm, Use percentage

moisture and fat of each pooled egg sample is 
shown in the appendix.

Results and Dlscassfoa
Survey at Footed Egg Sampler

The numbers in Figure 3 denote the locations 
where the rag samples were collected and re­
late to those in Tables 2, 3, 4, and 5. Samples 
were taken in Alberta and Saskatchewan in
1968, except for Cypress and Old Wives Lakes, 
and at those two lakes and in Manitoba in
1969. Collections were made at certain loca­
tions in Alberta in both yean. Table 2 shows 
the DDE residue levels present b aquatic bird 
eggs. The eggs of lands (except Franklin's 
Oull, Lana ptpixean) and those of fish-eating 
birds such as the Double-crested Cormorant, 
White Pelican, Pelecama erythrorkynehot, Orest 
Blue Heron, and Western Orebe, Aechmophorus 
occidental!}, contained the highest DDE levels, 
while waterfowl egg levels were generally the 
lowest This difference may simply reflect feed­
ing habits and biological magnification of DDE, 
for the plant and small animal food of the 
waterfowl can be reliably expected to contain 
lower concentrations of DDE than the larger 
animal food of the larids and flah-eating birds.

Within larids, the generally higher DDE 
residue levels in the eggs of California Oulla 
than b those of Ring-billed Oulls, Lana 
detawarensh, may alto result from a dif­
ference b diet, since California Oulls cat on 
the average larger rodents and are greater 
scavengers than Ring-billed Oulls (Vermeer, 
1967).

For Franklin's Oulls, the average DDE re­
sidue level found in the present study Is 
similtr to the 0.462 ppm wet weight reported 
for 30 eggs of Franklin's Oulls at Hay Lakes, 
Alberta, in 1966 (Guay, 1968). The relatively 
low residue levels in the eggs of Franklin's 
Gulls may be related to their dominandy Insect­
ivorous diet. Ouay (1968) found that the 
Franklin's Oull diet consisted of 18% insects. 
No vertebrates were present b the stomachs of 
the 27 Franklin's Oulls examined by him. The 
diet of California and Ring-billed Oulls b con­
trast includes large quantities of rodents (Ver­
meer, 1967).
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• interval! of organochlorine (naectkide reaiduea In tiatue* of California 
ti oo ton; 10 during aprtng arrival and 10 during cgg-la yk^ In IM

Ti
IM& Tima

collected
% Fat In

tiaaue

Rtalduet in ppm wet weight

DDE DieMrin HE

Abdomlna

Uver

Brain

•HBoUer

fat Arrival
TO*
TO*
Eaa-Urfne

*7.4*7 4
*4.4*14
4.1*1 0
4.0*0.4
7.5*0.4
*.4*0.1

111. *2* 141.55 
154.11* 01.20 

7.74* 4.45 
5.57* 5.29 
2.14* 1.45 
1.51* 0.74

1.01*0.44 
1.14*0.40 
0.09*0.05 
0.04*0.04 
0.02*0 01
0 02*0.01

4.44*1.41
451*0.2$
4.42*0.02
0-01*0.01

0.0007*
0.0011*

rad in < J aamptea.

The Herring Oull, like the California Gull, it 
a scavenger, hut the former appear* to cat more 
Bah hi Its, Inland habitat (Mendall, 1939; Lud­
wig, 1962). The ODE rcaiduc level* obterved 
In the HP of thb species at the large Manitoba 
lake* nu)i be a reflection of iu diet. J. A. Keith 
(1966) associated Herring GuH egg levels aver­
aging 202 ppm wet-weight DDE with excep­
tionally low hatching success in northern Lake 
Michigan, and the lower 93% confidence limit 
of this average was 122 ppm, seven times higher 
than the highest Herring Oull level reported 
ban.

No quantitative data oa the food habits 
of Common Terns, In the prairie pro­
vinces art available. The diet of this species 
on the Maine coast chiefly consists of Ash snd 
crustaceans (Mendall, 1933). The DDE levels 
b the eggs of this species at different breeding

locations appear to vary mom than In the 
other larids.

The higher residue levels found in the eggs of 
Double-crested Cormorants than In those of 
White Pelican* may be related to their dlflcttnt 
feeding bSbits. White Pelicans scoop flsh from 
the water surface (Hall, 1923) while Double- 
crested Cormorants obtain fish by diving (Bar­
tholomew, 1942). Anderson M *1. (1969) 
found similar differences in DDE residues be­
tween those two species in Minnesota, Wiscon­
sin, North Dakota, Manitoba and Saskatche­
wan. They explain them at being a result of 
dissimilar non-breeding area exposures. Ac­
cording to their calculations, based oo Informa­
tion from Bent (1922), Lewis (1929), Mendall 
(1936), and refuge personnel, pelicans arrive 
on the average on April 10 and cormorants on 
May 3. However, Lewis (1929: 14) states that

Tabu T,-—ytrlatton ot DDE residues In ppm wet weight In individual samples of 10 aquatic bisd sms in Alberta

i i
Where Collected Mean lUige

Catftcient of 
Variation

Graat Btu* 1Uron Belly River 9.99 1.5 - 21.0 41.44

Giant Blue
(Glenwoodville) 
Battle River S.71 14 - 14.5 0.44

Craat Blue 1 iaroa .
(Wetaakiwln) 
Jamieson Lake 4.41 1.0 - 41.4 10.44

Grant Blue 1 eron Chip Uka 57.01 0.7 - 244.4 197.75
n Chip Lake 6.54 1.2 - 44.5 III.94Sftfornia <5

Double-c real

ill

*d Cormorant

Miquelon and
J«tei Lake*
L. Tharien Lake

7.11
5.S7

2.1 - 20.2
1.4 - 4.4

91.09
41 45
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cormorants In Manitoba may arrive a( the 
end of March or early April. From eight 
average arrival dales each (Lewis 1929: 
Id), 4* calculate that cormorant! arrive on 
average la Minnesota, Wisconsin and North 
Dakota on April 17 and la Manitoba on April 
24. One o( us (KV) watched the spring arrival 
of oonaoranta at Cypress Lake, Saskatchewan, 
In 1969 and at Lake Newell, Alberta, in 1964 
and 1969. Cormorants occupied their nesting

grounds by mid-April, even before Ice disap­
peared from those lakes, and Initiated egg-laying 
during the last sreek of April (Vermeer, 1970: 
in press). KV also observed little or BO Inter­
specific difference In hatching dates where the 
two species nested together in larga numbers in 
the Canadian prairie provinces. Heace it appears 
that the Interspecific differences in DDE residues 
cannot be explained on the basis of dissimilar 
spring arrival dales. Different food habits oo the 
breeding and/or non-breeding grounds is a 
snore likely explanation for dissimilar DDE 
contamination of the two species.

The diddrin residue levels In the aquatic bird 
eggs are shown in Table 3. Although the dicl- 
drin levels are not as high si those of DDT 
compounds, their effects are not less serious. 
DeWitt er of. (1960) tested the toxicity of 21 
insecticides to Bobwhite Quail, Coiinuj vtrglni- 
anur, and found diddrin to be 14 Panes mors 
toxic than DDT. At has been observed for die 
DDE residues, the eggs of larldt and lab-eating 
birds contain more diddrin than those of water­
fowl, while cormorants appear to be more 
contaminated than pelicans.

HE is of similar toxicity as diddrin to birds 
(Moore, 1963). HE Is rapidly metabolised 
from hcptachlor and hence the latter la rarely

0.10 ,

» ■ .SOOTS- I.SSSS X
• *

r • t.irra

0.00 J

Fiourf.

0 0.00 0.10 0.10 0.10 
Mm WalOrtn

4. ftt1ithnrtl|n of of*enocMorin# rosMue levels within fairs of egfs fro* 10 California Oull 
ilutckes; points beinf Intersections of poh values.
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Tabls 6. Maana and 95% confidence Inter vile of orjenocKlorine Ineocticlde reelduee In tleeuee end tingle oue of 
1 10 California Gull female* at Miquelon and Joseph Lake*. AlberU in 1000.

Pit coot ppm wet veiffet

• Fat Non*fat DDE Dieldrin HE
(water «*el)

Abdominal at 64.6*1.9 7.4*1.2 154.11*01.20 1.14*0.40 0.31 *0.2S
11.4*5.* 17.7*1.1 12.54* 9.55 0.15*0.12 0.019*0.014£as 7.1*1.0 I*. 1*0 5 7.20* 4.94 0.04*0.03 0.014*0.019

Um 4 0*0.6 2*.5*0.9 5.37* 5.29 0.09*0.04 0.009*0.004
train 6.94:0.5 15.9*1.1 1.51* 0.74 0.02*0.01 0.001

detected is • residue. But heptecblor «u still 
pfoeent where high HE residue levels were 
found la Ring-billed Oull end Mallard eggs st 
Cypress htit (Table 4). U cea be seen in 
Table S tpat Herring end Ring-billed Culls sre 
more ooalamioated with HE than cormorants 
aad pelicans, while cormorants in turn have 
higher average HE levels than pelicans.

Table 5 shows that the cormorants at the 
lakes in Manitoba are most contaminated with 
P BHC residues. Eggs of White Pelicans, Her­
ring and Ring-billed Oulli contained lower 
p BHC residues at the same locations. Perhaps 
P BHC is | associated with the fish on which 
cormorants feed.

Nothing is known concerning the source of 
the organochlorine residues in the aquatic birds. 
We compared residue levels from tissues of 10 
California' Culls collected near Edmonton at 
spring arrival with those of 10 birds of that

species taken at Joseph and Miquelon Lakes 
during egg-laying and the first few days of In­
cubation in 1969 (Table 6). Although there 
are no statistically significant changes in residue 
levels between gulls from dime two time per­
iods, a trend Indicates a residue decline of 
DDE in gulls with the advancing season. This 
suggests that food taken during spring migra­
tion or during the winter contained higher levels 
of DDT or DDE than food taken during the 
early breeding season.

In order to reduce costs of residue analyses, 
composite egg samples were usually analyzed 
However, ten individual eggs, of various species 
from several localities in Alberta in 1969, were 
also analyzed to determine DDE residue varia­
tion within local populations (Table 7). It can 
be teen that the DDE levels vasy considerably 
within eggs of local breeding populations of 
Great Blue Herons, California Culls and Com-

Tasls 9.—DDE and dieldrin ivsidu* ratios in tissues and sinfle ees 
Miquelon Lakes, Alberta in

■ of 10 California Cull females at Joseph and 
ISM.

Ttaic
comparibona

KXhraln/eS
Ovary/e*

DDE Dieldrin

Mean rettot * SE Coefficient of Mean ratio# * SE Coefficient of
correlation correlation

19.4*3.3 0.9506** 20.3*2 9 0.1073*
0.11*0.12 0 9242** 1.41*0.29 0 5612
0.20*0.05 0.9215** 0.27*0.04 0.9546**
1.74*0.20 0.9539** 2.21*0 05 0.4527

< oos
< 0.

HUNS 083962
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Tablb 10.1-DDE ftnd dicldrin rmido* ratio# ia tbauca of 20 California Cull* from Edmonton and Joaeph and 
1 Mention Laket, Alberta in IM9.

DWdrin

Cwftcient of 
correlation

Mean ratio* £ 3E Coeftcitnt of 
correlation

O.WMM
0.9172**
0.9206**

I6.4±2.1

1.70*0.01

0.4760*
0.1570**
0.72W*

0100 Terns. Although one highly contaminated 
full, heron or tern may bits a mean composite 
sample, nevertheless a pooled sample Is better 
than t ilpgle sample as an Indicator of the 
degree of organochlofine contamination of n 
population. Two Great Blue Heron eggs with 
71.0 and '254.4 DDE residue levels at Chip 
Lake, for uample, had the highest DDB levels 
of all aqu|stlc bird eggs collected. If one egg, 
low in DDB residues, had been snmpled, there 
would be no Indication that tome herons at that 
locality were highly contaminated.

The variation in individual DDE residue 
levels was' smaller in Double-crested Cormor­
ants than in Oreat Blue Herons, California Outls 
and Comipon Terns (Table 7). Intraspedflc 
variation ip mean DDE residues between differ­
ent localities was also smaller in cormorants, is 
well as In'pelicans, than in California Oulls, 
Ring-bllleq Oulls, Common Terns, Herring

flouts 9. hslatioa bstwssa DDE concentrations 
ant ami! thickness la forty Oreat Blue Heron 
l||t from four Albertan beronrirr in INI.

Oulls and Oreat Blue Herons (Table 2). This 
may be related to the almoat eschialvely Hah 
diet of cormorants as compared to Dm only 
partly fish diet of the gulls and herons. Cormor­
ants probably are more restricted to feeding In 
deeper waters thsn terns, which here been 
observed feeding in very shsllow beys as well as 
in ponds adjnceot to the lakes where they nest.

Eggs as Indicators
Two eggs of each of 10 clutchea of California 

Oulls at Joseph and Miquelon Lakes were taken 
in 1969 to determine it organochlorine residue 
levels In one egg were representative of those in 
other eggs laid by the same female, h can be 
seen that they were representative as there sre 
highly significant correlations of residue levels 
between eggs of the same clutch (Figure 4). 
A comparison is also made between the oegano- 
chlorine insecticide residue levels in tissues and 
in single eggs of 10 California Oull females 
during the egg-laying period (Table 8). As 
residue levels of eggs and Uven were the most 
alike of all the tissues examined, those In eggs 
are approximate indicators of those In liven of 
temiles at the time of egg-Itying It can be seen 
that the residue levels in the abdominal fat are 
significantly higher then those in the overy, egg, 
and liver, and that the levels of those tissues in 
turn are significantly higher than in the brain of 
the same birds. As organochlorine residues tend 
to dissolve and concentrate in fat, the tissues 
with most fat generally have the highest residue 
levels. There are exceptions, however, for 
while the brain contains a significantly higher 
percentage of fat than the liver, nevertheless the 
liver has e significantly higher DDE and dield-

*ONs
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Taali II,—Mum and 93% confidence intervale of 
PCB foeiduee in tleeuee and .ingle eafe of 10 California 
Gull Icfnatee at Joseph and Miquelon Lakea, Alberta 

In I960,

TImuw

Per rant
PCB In ppm
vet weifM

Fit
Non fat 
(voter 

excluded)

(•1 6 .6*9.9 7.4*3.2 11.07*0.97
Ovary 1 .{*3.d ir.r*i.i 1.Sided.*3
Eft 6*1.0 16.1*0.3 0.11*0.30
CRer .0*0.6 26.3*0.0 0.30*0.36
Brain i.feo.s 13.0*1.1 0.20*0.16

** L=-d^i—=iJ

rin level then the brtin (Table 8). Hence 
retidue compaction* between diflereni tiuuei 
on a lipid bub may be tometime! migleading.

Reaidue level* in tissues of California Gull 
female* are eompared with thoie in their e(g* 
(Table 9). A* HE retidue* were not observed 
in aaany samples, they have been excluded 
from the table. Highly significant correlation* 
can be obtervep in DDB Icvela between tksues 
and e||*. Dieldrln level* in the fat and brain 
aleo relate significantly to thoie in eggs. DOB 
and dieldrln ratios appear to be of ilmilar 
magnitude for the tame tiuue eompartioni. 
Hence, a* the correlation* are generally signi­
ficant, DDE and dieldrln tetidue level* In 
tiuuei of California Oull* at the time of egg­
laying may be predicted when known In their 
egg*. They may alto be predicted when known 
in another tiuue than egg* (Table 10).

PCB reaidue level* in tliiue* of California 
Gull female* are alio compared with thoie in 
their egg* (Table* II and 12). It can be teen 
that the dktributlon of PCB reildue* in tiuuei 
follow* the tanfe trend a* thoie for DDE, dield- 
rin and HE (Tablet g), and that the pattern of 
PCB retidue ratios alio follow! the lame trend 
ai thoie tor DDE and dieldrln (Table 9). Hence 
PCB retidue level! in egg-laying California 
Oulll may be predicted when known In their 
eggi, and for b rdi generally, PCB residue! may 
prove to have |a tiuue diitributlon (tattern sim­
ilar to the patterns of DDE, dieldrln, and HE.

Tail* 12.—PCB residue ratios in tissues Of 19 Cali­
fornia Gull tamales and their eggs at ioaeph and Mi­

quelon Lakes, Alberta in 19*9.

Tieeue Meea ratio Coefficient of
comperitona * SE correUtion

23.45*6.32
t.ll*0.37

o.tssr
0.6139*

Brain/etf 0.30*0.09 0.6274*
Ovnry/ef| 1.67*0.30 0.7127*

Figure 5 ihow* a highly significant inverse 
correlation between shell thickness and DDE 
residues in 40 Great Blue Heron egp from 
heronries at the Battle River near Wetuklwin, 
the Belly River near Glenwoodville, Chip Lake, 
and Jamieson Lake In Alberta. The DDE re­
sidue* are shown in ppm wet weight to main­
tain uniform presentation of results. Somewhat 
better correlations between DDE residues in 
eggs and egg shell thickness of herons were 
observed on a dry-weight (r = —0.5741”) 
and a lipid-weight buis (r •= -O.S958**). 
Hence more significant correlations may be 
obtained by means of the latter methods when 
comparing organochlorlne residues within the 
same tiuue*. Although a linear regreulon is 
shown in Figure S, the relation between DDE 
residues in eggs and egg shell thickness was

Ta*ls 13.—Halation between DDE residue levete and 
embryonic development in Great Blue Heron egg* col­

lected at Chip Lake on May 21. 19*9

Condition of 5dT
ppm DDE 
in vet vt.

% water embryo in
in eg|» collected etf younf 

per nc«t

0.713 M Embryo alive 3
217 93 Embryo alive 4
2.74 94 Embryo alive S
4.00 80 No development 

(infertile))
4

4.62 94 Embryo etive S
6.39 92 Embryo alive 4

11.1 83 Embryo alive 4
23.6 13 Embryo alive 5

79.0 12 4

234.4 73
Emfetti..

eerfy sttft
1

I
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■Ilghdy curvilinear, Ailing sn exponential curve 
jr « (374.0(1) (0.9987)*. However, more egg 
ssmples with high DDE residue contents ere 
needed to determine whether the sctutl reletion- 
■hlp between DDE residues in eggs end shell 
thickness Is s curvilinear or n linear one.

In contrast with DDE, no signlAcant corre­
lation j(r-> -0.1692) was found between shell 
thickness end PCS residues in the contents of 
the 40 Orcat Blue Heron eggs.

The heron eggs most contaminated with 
DDE were found at Chip Lake. It can be teen 
then in embryo bom an egg with 78.0 ppm 
DDB shows development at least until hatching 
(Table 13). The embryo from an egg with 
234.4 ppm DDB died at an early stage, perhaps 
as a result of the DDE concentration.

i. A. Keith was most helpful In his critical 
review | of the manuscript. R. lsbister, J. E. 
Poison, nod S. O. Scaly, assisted in the collec­
tion of egg samples.
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