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Introduction
It has been shown that fish-cating birds in
England contalned greater average organo-
chioripe residues than any other group of birds
examined (Moore and Walker, 1964). J. O.
Kellh (1966) found that ﬁsll-eltmg birds in
Califdrnia accumulated large residues of insecti-
cides ‘ln their body tissues. The results of
study on

-fla bc
ng.‘dzl&ln and PCB levels may be yrodkwd In
£ o

eom-
Oreat

in a Wi
populption of Hemn' Gulls, Larus argentatus,
contaminated with DDT lu;gcmd that DDT
residues were responsible for the low hatching
succegs of eggs (J. A. Keith, 1966). Reduced
sholt thickness has been found to be correlated
with the samount of DDE in the egg contents of
aptors {Hickey and Anderson, 1968; Fyle eral.,
1969) and fish-eating birds (Hickey and Ander-
son, 1968; Anderson et al., 1969). Experimental
studicp with Mallards, Anas platyrhynchos,
showed that DDE can reduce thickness and
cauu' cracking of eggshells (Heath er af.,

1969) For these reasons, and as littic is known
sbout the extent of organochilorine residues pre-
sent ip aquatic birds of the Cnnn’dinn prairie

1

Scveaty composite samples of eggs were col-
lected during egg-laying and incubstion from
aquatic birds in Alberta and Saskstchewan in
1968 and thirty composite samples of epps were

llected in Saskateh and Manitobs in

1969. Each composite sample isted of 10
cggs, representing one egg from each of 10
nests of the same species. Oomposlu mher
than individual wete 1 re-
duce costs of uulytu Additionally, in 1969
ten individual egg samples were taken from
Common Terns, Sterna hirundo, and Double-
crested Cormorants, Phalacrocorax auritus, and
40 individual cgg sampies were taken from
Great Blue Herons, Ardea herodias, o sssess
variations of pesticide residue levels within
nesting colonies. The egg shells of the Great
Blue Herons were dried at room temperature
for 4% 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 Gulls, Larus
californicus, were also collected on an Edmon-
ton garbage dump wpon 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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the frozen cgg sample was thawed out and
homogenized in & Waring Blender,

An aliquot (2-5 g) of the blend was weighed
into & 50 ml beakex to the nearest milligram and
dried in & vacuum oven at 43°C wllh lll‘hl

weight and after PCH np-mbn ln tissues and
nn- of female California Gulls.
Mean DDT Mean DDD
Tiseve go.
semple m. | Belore [ Alter [ % | Before | Alter ] %
Abdom
Iat 10 | 2.099 |0.577 1.991 10.004
10 | 0.1%6 (0.023 IC 0.157 [0.028} 16
Em 10 | 0.066 {0.002| $| 0.072 {0.009}13
10 | 0.022 {0.001] S| 0.023 |10.001| 4
| 7 10 [0.090 [0.028(31( 0023 ND | 0

ND = pone detected = <0.mlppm

bndon is the Brst week of May, 1969. Gull

ﬂlluu ad oa: were unulyud l:r cu: purpose
¢ due lev

vhp u\d Incubldng gulls as well as between
ipcubating females and their own eggs. One
typl tissue analysed was fat, taken from the

nal cavities of the gulls.

m oontents of eggs and bird tissues were

stoced In glass jars and preserved by freezing.

ory Analysis

o weight (app

hours needed). The per cent moisture was ‘then
calculated from the difference in weights.

After constant weight was obtained, the dried
semple was broken up by adding 5-10 g an-
bydrous Na S0, and grinding with a flattened
gass rod. The dried material was removed from
the sides and bottom of the beakers by grinding
sod wraping. The mixture was poured into a
Soxhlet thimble and the beaker rinsed severa!
times with cther : n-hexane (1:1). A glass
wool plug was used to cover the sample in the
thimble which was then extracied in a Soahlet
apparatus for 2 bours, using about 150 ml of
1:1 other-hexane mixture at & rate of 10
siphonings per hour.

After extraction, the solvent was removed in
& fissh cvaporator and the dried flask was
weighed. The per cent fat was calculsted from

For extraction of the organochlorine residues, the difference in weights.
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Mwouae 2. Relatioaship bstween DDD, befors PCB separation, and PCB levels in PP wet weight.

Tasek 4. — Mesn wet-weight ppm residues of HE in (iompooin samples of 10 aquatic bird eggs in the prairie
- provinces

= == ez
Double- Great
"&1 Calfornia Rll%-ubllled Herring | crested White Blue Maliard
Guil ] Gull Coemor. | Pelican Heron
3 L‘Mﬂ
0.018
4. Chip Lake 0.071
$. Miquelon
Lal 0.015
6. Battle Riv. 0.007
Jethekiwin)
“La 0.018
1 uﬁ'y Riv. 0.040
Gh-‘wd“‘)
2. O Wives
g 0.020 | 0.043 0.033 ND 0.009
. L. 0.027 [ 0.2¢6 (0.008)* 0.018 0.018 0.902 (0.067)°
N L. . . ; 0.167 0.032 0.018
g. L. 0.146 0.078 0.010
Winni 0.048 0.043 | o0.022 | o0.022
1. Kawinaw
ke 0.127 | 0.022
8. PolicanL. | 0.000 |o0.142 0134 0.022 0.023
». ugwm-
Martin 1) . 0.11¢ 0.07¢ 0.018
3 u'tﬁr 0.0 | 0.0
b voss 0.0 | o017
TR
*Heptachtor
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Tasex l,—N-L wet-weight ppm residues of S-BHC in composite samples of 10 aquatic bird eggs in the prairie
n-vvinc«
Double- Great
Semple California Rin&billt.d Herring | crested White Blue Mallard
location Gull N Gull Cormor. | Pelican Heron
. Therlen 0.065
ip Lake 0.082
l. thbﬁ
ND
[y I.ule Riv. 0.008
etaskiwin)
. Jamieson 0.020
3. Belly Riv, 0.028
' ND ND ND ND ND.
. ND ND ND ND ND
k(S L. ND 0.2% ND
23. Mooee li ND 0.176 ND
i ™ ND ND | o671 | ND
27, Kawinaw 0.040 o002
28, Polican L. ND 0.028 ND 0.170 ND
». l.uh.th
Martia s 000 | o200 | ND
) Lake 0.208 ND
3. Lake Man. ND 0.200 ND

The fat residue was dmolved in 150 ml of
% b d the solution was
cloaned-vp b}‘ rold pmipilmou. essentially
according to the method of McCully and Me-
Kinley (1964). The solution was chilled to
—70°C and styrred for 35 minutes in a dry ice-

methanol bath. The mixture was then

sasnaranimae

o

Fouae 3.

Sample locations of aquatic dird eggs in
Afberts, Saskatchawan and Msnitoba. |

filtered through a carbon-celite (2 g: 10 g) pad
at —70°C dried with Na, 80, concentrated and
made to s volume of $ mi with hexane. Addi-
tional cleanup was effected by use of a Florisil
column snd the cleaned-up extract was analysed
for pesticide residues by gas liquid chromato-
graphy-clectron capture (GLC-EC) technique
with parameters as described by Reynolds
(1969).
The compounds screened for were lindane,
hlor, aldrin, kelth DDE, dieldrin,
DDD 0,p’-DDT, p,p-DDT, methoxychior,
endrin and tedion in 1968 and in addition
heptachlor epoxide (HE) and benzene hexa-
chloride (-, f-, and y-BHC) in 1969.

No cotrections 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 GLC
columns, derivatization and usc of characteristic
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OLC retention times of the derivatives, and by
thin layet chn?‘no;uphy where possible.

A were ysed for
polychlotobiphenyls (PCBI) as these com-
pounds interfere with the organochlorine pesti-
Cide analyses, The PCBs were separated from
he Icides by differential

- elution from a Florisil column and estimated by

the method of Reynolds (in press). The PCB
values & are based on Aroclor 1254 and
ars the gverages of the calculation for peaks
No. § and 10, two of the major peaks in the
PCB commercial mixture. It can be seea that
DDT anfl DDD residue levels obtained in 50
Californip Oull tissues without prior PCB sep-
arstion are unreliable (Table 1), An increase
in those levels can be significanty correlated
with a greater PCB contamination (Figures 1
and 2). As the DDT and DDD levels obtained
without separation are urireliable and as
they constituted only a small fraction of the
total DDT plus metabolite contamination, they
have boen omitted from the resuits.

The DDE values presented may include small
contributions from PCBs since DDE is not
separated from a minor PCB interfering peak.
However, If the GLC patiern of & sample
extract {prior to PCB separation on Florisil)
shows “apparent” DDE with litde or no
DDD DDT present, then all or most of
the cppqmn DDE is probably “true” DDE. It

noted that almost all the samples,
vlth the exception of the fat tissues, showed
Iess than ooe ppm DDT or DDD prioe to PCB
scparatign, thus indicating that PCB contribu-
tons 10 the DDE values are likely to be small.

No standard method was found in the litera-
ture to fepreseat quantities of organochlorine
residues in tissues. In this paper, the pesticide
residues 'are shown in ppm wet weight as most
articles pelating to pesticides appear to follow

edure. As foss of moisture from eggs
during Inx bation tends to ate organo-
chlorine residues in the growing embryo, and as
there ll" lnlenpeclﬁc differences in the molsture
of eggs it may be more accurate to
pmem tesidues on & dry-weight basis. For those
who waht to convert the residues from wet to
dry or lipid weight in ppm, the percentage

moisture and fat of each od sample is
shown in the appendix. pocied egs ple

Results and Discussion
Survey of Pooled Egg Samples

The numbers in Figure 3 denots the locations
whero the cyg samples were collected and re-
late to those in Tabies 2, 3, 4, and S. Samples
wero taken in Alberta and Saskatchewan in
1968, except for Cypress and Oid Wives Lakes,
and at those two lakes and in Maniwba in
1969. Collections were made at certain loca-
tons in Alberta in both years. Table 2 shows
the DDE residue Jevels present in aquatic bird
egps. The eggs of larids (except Franklin's
Gull, Larus pipixcan) and those of fish-eating
birds such as the Double-crested Cormorant,
White Pelican, Pelecanus erythrorhynchos, Great
Blue Heron, and Western Grebe, Aechmophorus
oceldentalis, contained the highest DDE levels,
while waterfowl egg levels were generally the
lowest. This differeace may simply reflect feed-
ing habits and biological magnificstion of DDE,
for the plant and small animal food of the
waterfow] can be reliably expected to coatain
lower concentrations of DDE than the larger
animal food of the larids and fish-eating birds.

Within larids, the generally higher DDE
resldue levels in the eggs of California Gulls
than in those of Ring-billed Gulls, Lerus
delawarensis, may also fesvlt from a dif-
ference in diet, since California Gulls eat on
the average larger rodents and are greater
scavengers than Ring-billed Gulls (Vermeer,
1967).

For Franklin's Gulls, the average DDE re-
sidue level found in the present study is
similar 10 the 0.462 ppm wet weight reported
for 30 cggs of Franklin’s Gulls at Hay Lakes,
Alberta, in 1966 (Guay, 1968). The relatively
low residue levels in the eggn of Franklin's
Gulls may be related to their dominantly insect-
ivorous diet. Guay (1968) found that the
Franklin's Gull diet consisted of 88% insects.

- No vertebrates were preseat in the stoniachs of

the 27 Franklin’s Gulis examined by him. The
diet of California and Ring-billed Gulls in con-
trast includes large quantities of rodents (Ver-
meer, 1967).
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TasLx 6.-Means and 95% ervals of nsecticide residues d-md
Gulle collected In the vicmily ol Bdmomon 10 during spring .rrlvnl und 10 during ql hm Calllomu
Residues i welgh
Tigm Time % Fatin uoe In ppm wet t
analized collected tissue
DDE Dieldrin HE
Abdoming) fat Artival 61.827.4 211.624-141.83 1.01£0.43 68131
i ayig | S06XED | Palia 0l ;0 | 160 | 8dNsels
Liver ] 4.1t 0 1.3 6.83 0.094:0.03 $.82x0.02
e | fim | ihE R | RERE ) Sndee
Eas-laying 6.9%03 10 an | 36ENs 0.0011°
*HE obeeryed in < 3 samples.

The Herring Oull, like the California Gull, is
8 scavenger, but the former appears to cat more
fieh n its, Inlud habitat (Mendall, 1939; Lud-
wig, 1962). The DDE residue levels obmved
In the of this species at the large Manitoba
Joakes may be a refiection of its diet. J. A. Keith
(1966) isted Herring Gull egg levels aver-
aging 202 ppm wet-weight DDE with excep-
tionally low batching success in northern Lake
Michigas, and the lower 95% confideace limit
of this avérage was 122 ppm, seven times higher
tlnn the |highest Herring Gull level reported

No quantitative data on the food habits
of Common Tems, in the prairie pro-
vioces arg available. The diet of ' this species
oo the M ecoluehkﬂ;comlmo(ﬂlhmd

locations appear to vary more than In the
other larids.

The higher residue levels found in the eggs of
Double-crested Cormorants than ia those of
White Pelicans may be related to their different
feeding babits. White Pelicans fish from
the water surface (Hall, 1925) while Double-
crested Cormorants obtain fish by diving (Bar-
tholomew, 1942). Anderson et al. (1969)
found similar differences in DDE residues be-
tween those two specics in Minnesota, Wiscon-
sin, North Dakota, Manitoba and Saskatche-
wan. They explain them as being a result of
dissimilar non-breeding area exposures. Ac-
cording to their calculations, based on informa-
tion from Bent (1922), Lewis (1929), Mendall
(1936), and refuge personnel, pelicans arrive
on the average on April 10 and cormorants on

crus s (Mendall, 1935). The DDE levels
n m‘?::; of this species at different breeding

May 3. However, Lewis (1929: 14) states that

Taser 7~Yarlation of DDE residus [n ppm wat n‘;ﬁw individual samples of 10 aquatic bird aggs in Alberta

. 1
. Cuafhclent of
lrtb Where Collected Mean Range Variation
Great Blus Heron Belly River 9.93 1.3-n.0 o
Clenwosdvilke)
Geeat Blue ttle River N 1.4-~138 ®.9%
Mlvln{l
¢ Blue Heroa atnieson Lal 6.61 1.0-3.8 130.68
t Blug Heron hip Lake - 3.0 0 1-244 197.13
mon Tern Chip Lake 6.3 1.2-8.3 151.93
Wornla Gull Mhuhn and
L h Lakes 1.5 2.1 -2.2 ”.o
Doublecrested Cormorant orien Lake 3.8 1.3-64 4.6
MONS
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tants in Manitoba may srrive at the

March or easly April. From eight
arrival dates easch (Lews 1929:
calculate that cormorants arrive on
in Minnesota, Wisconsin and North

"

Dakots 0o Aprit 17 and in Manitoba on A,
24. One of us (KV) watched the spring &
of cormorants st Cypress Lake, Saskatchewan,
in 196D and at Lake Newell, Alberta, in 1968

val

. Cormorants occupied thelr nesting

grounds by mid-April, even before ice disap-
peared from thos¢ lakes, and Initiated egg-laying
during the last week of Aprll (Vermeer, 1970;
in press). KV also observed little or ao inter-
specific difference in hatching dates where the
two specleu nested wgeu\er in large sumbens in
the C Heace it

that the lntenpedﬂc difterences in DDE residues
cannot be explained on the basis of dissimilar
'pring arrival dates. Dlﬂmnl tood habits oo tht

and/or non-b d
s0re llkely explanation for “dissimilar DDE

. contamination of the two species.

The dieldrin residue levels In the aquatic bird
¢ggs are shown in Table 3. Although the dicl-
drin lovels are not as high as those of DDT
compounds, their efiects are not less serious.
DeWitt ¢ al. (1960) tested the toxicity of 21
insecticides to Bobwhite Quail, Colinus virgini-
anus, and found dicldria to be 14 times mors

wd toxic than DDT. As has been observed for the
1] ‘ DDE residues, the oggs of 1arids and fsh-cating
' birds contain more dicldrin than those of water-
'y Vo000 abiee X fowl, while cormorants appessr 10 be more
resmne®’ contaminated than pelicans.
oL HE s of similar toxicity as dleldrin t0 birds
ol (Moore, 1965). HE is mpidly metabolized
' s " % s from heptachlor and hence the latter s rarely
spm DOE
00 [X 1]
0.08 ) 0.8 J
w 1 o
* 0.04. 0.10
H g :
o.0p 4 ¥v 0.00i8 ¢ 1.OMIOX 0.08 4 ¥e.0.0070¢1.0002 X
) .0 .0
D rao.0er reo.erre
.
" 0.00 v . - 0.00 — . v .
] 0.02 0.04 0.08 0.08 ] 0.00 0.10 [X]] 0.20
spm HE opm Dieldrin
Fovee 4, of rosidue levels withia pairs of sggs from 10 Califorsla Quill
Qutches; ’dnu boing lmersections of pak valucs.
MONS 083961
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confidence intervals of organochlorine insecticide residues in thum and single oggs of
10 Californis Gull females st Miquelon and Joseph Lakes, Alberta in

Per cont Ppm wet weight
TWLI Fat Non-fat DDE Dieldrin HE
(water excl)

Abdominal (at 63.64:8.8 T.4%3.2 134.11:491.20 1.16:0.40 0.3 £0.28
11.423.6 17.741. 12.56+ 9.3 0.154£0.12 0.0194:0.014

7.8£1.0 16.140.3 1.264 ¢.M 0.06::0.03 0.01640.013

ver 4.040.6 26.32:0.9 $.31x 3.9 0.00+0.0¢4 9.0094:0.008

in 6.93:0.5 13.9%1.1 1.3% 0.4 0.02:40.01 0.001

detected of & residue. But heptachlor was stilt

t where

HE residuc levels were

found in Ring-billed Gull and Mallard eggs at

Tabi S e

that Herriog and Ring-billed Gulls are

(Table 4). It can be seen in

more conlaminated with HE than cormorants
and pelicans, while cormorants in turn bave
bigher cwr‘f HE levels than pelicans.

Table $

lakes in A

ows that the cormorants at the
ovied inated with

$ BHC refidues. Eggs of White Pelicans, Her-

ring and

§ BHC retidues at the same

pBHC is

cormorants ft

Ring-billed Gulls cootained lower

species taken at Joseph and Miquelon Lakes
during eg-llyln; and the first few days of in-
cubation in 1969 (Table 6). Although there
are 00 statistically significant changes in residue
levels between gulls ltom those two time per-
lods, 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 w reduce costs of residue analyses,

Perhops
associated with the Gsh oo which

Nothing u known concemm', the source of

in the aq birds

We eompl}nd residue levels from tissues of 10

Californla_ Gul

Is collected near Edmonton at

spring arrjval -hh those of 10 birds of that

ples were usually anslyzed.
However len mdlvidunl eggs, of various specles
from scveral locnliuel in Alberta in 1969, were
also analyzed to d ine DDE residue varia-
tion within local populations (Table 7). It can
be seen that the DDE levels vary considerably
within eggs of local breeding populations of
Great Blue Herons, Californis Gulls and Com-

Tasis 9.—DDE and dieldrin residue rltho in tissues and single T'. of m California Gull females at Joseph and
Miquelon Lakes, Alberta
=
DDE Dieldrin
Tlasue - —_ S
Mean ratios + SE CoeMicientof | Mean ratios % SE Coefficient of
correlation correlation
Fat/e 19.64:3.3 0.9506°* 20.342.8 0.9073*
Liver/egg 0.8140.12 0.9242* 1.4840.29 0.3612
in/egg 0.204:0.05 0.9288* 0.2740.04 0.9368°

&ry/tu 1.764:0.20 0.8539° 2.2140.08 0.427

< 0.08
“9 < 0.01
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s 10.-DDE and dieldrin residue miol i- tissues of zo California Gulls from Edmonton and Joseph

L ! Miquelon Lakes, Atbecta in 1969, mon ! and
DDE Dieidrin
Lo ‘
compe Munrationd SE | Cosfcientof | Moanrationst SE |  Coefhcient of
corrslation correls

Fat/liver © 30.8x3.8 0.9883° 16.4%2.1 0.4760°
Fat/beain 107.3:49.4 0.9172¢* 73.349.8 0.8870°*
Liver/brain 3.78:40.2¢ 0.9286* $.78::0.01 Q.73

mon Terns. Although one highly eonwnln-wd

gull, beroq or tern may biss & mean composite

sample, nevertheless a pooled sampls Is better
than a sipgle umple as an lndicuor of the

of jon of a
Ia&o‘+ Two Great Blue Heron eggs with
8.0 and 234.4 DDE residue levels st Chip
Lake, for ple, had the highest DDE levels

of all te bitd eggs collected. It one g3,

low in DDE residues, had been sampled, there
would be 9o indication that some heroos at that
locality highly contaminated.

Toe vegistion in individual DDE residuc
levels was smaller in Double-crested Cormor-
snts than Ip Great Blue Herons, California Gulls
snd Com Terns (Table 7). Intraspecific
vasiation ip mean DDE residues between dlﬂer-
ent loalMe: was also in

Gulls and Great Blue Herons (Table 2). This
may be related to the almost exclusively fsh
dlao!oomonnuucomuedbhmly
partly fish diet of the gulls and berons. Cormor-
ants probably are more restricted 10 feeding in
decper waters than terns, which heve been
observed feeding In very |hnnow Days as well as
in ponds adjacent to the lakes where they mest.

Eggs as Indicators

Two eggs of each of 10 clutches of California
Gulls at Joseph and Miquelon Lakes were taken
in 1969 to determine if organochiorine residue
levels in one egg were representative of those in
other eggs laid by the same female. It can be
seen that they were representative as there are
I:l;hly significant correlations of residue levels

well as in pelicnm, than in California Oulll.

egpr of the same clutch (Figure 4).
A parison is also made b the oegano-

Rlng-bllluT Culls, C Terus, Herri

3

Y ITRTN0 ~ 00200 R
rooamme®®

M (8 % B w0 0 w0 W 10 O He e

Fuuss . [Relation betwesn DDE concentrations
and abell thickeew ia forty Oreat Blue Heron
sap trom four Albertan beronries in 1969,

chlorine i de residue levels in tissues snd
in singlc eggs of 10 California Gull females
during the egg-laying period (Table 8). As
residue levels of eggs and livers were the most
alike of all the tissues examined, those in oggs
are approximate indicators of those in livers of
females at the time of egg-laying. It can be seen
that the residue Jevels in the abdominal fat are
significantly higher than thosc in the ovary, sgg,
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
1o dissolve and concentrate in fat, the tissues
with most fat generally have the highest residue
fevels, There are exceptions, however, for
while the brain contains a significantly higher
perceatage of fat than the liver, nevertheless the
liver has a significantly higher DDE and dield-

00390
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TasLs 12.—PCB residue ratios in tissues of 10 Cali-
fornia Gull females and their eggs at Joseph and MI-
quelon Lakes, Alberta in 1969,

Tissue Mesn ratio Coefficient of
comparisons * correlation
Fat/ 28.45:46.52 0.7558°
Liver/ogg 1.110.27 0.615%°
Brain/egg 0.3840.00 0.627¢*
Ovary/egy 1.674:0.38 0.1121

Figure S shows a highly significant lnverse

lation b shell thick and DDE
residues in 40 Great Blue Heron eggs from
h st the Batte River ncar Wetaskiwin,

128 THE CANADIAN FIELD-NATURALIST
Tass 1t —Meahs and 93"(, confidence intervals of
PCB lues in tissues and single e’uol 10 Californis
Gull females at Joseph and uelon Lakes, Alberta
‘ In 1969.
Por cant
PCBIn
Tissues wet weight
Non (at
Fat (water
excluded)
Abdomina)
int 66881 7.443.2(10.8128.9
Ovary 15.84:8.6 1 477100 | §.22:40.65
m' .$41.0]16.140.5 [ 0.8740.39
94:0.6 | 26.3:40.6 | 0.7940.36
Bealn 94:0.5 | 13.941.1 | 0.2040.16
rin level than the brain (Table 8), Hence

residue compafisons between different tissues
on a lipid basis may be i isleadi

the Belly River near Glenwoodville, Chip Lake,
and Jamieson Lake in Alberta. The DDE re-
sidues are shown in ppm wet weight to main-
tain uniform p ion of results. S h

Residue levels in tissues of California Gull
females are oo] I-End with those in their eggs
(Table 9). As residues were not observed
in many nm#lu, they have been excluded
from the table. Highly significant correlations
can be observed in DDE levels between tissues
and oggs. Dielprln levels in the fat and brain
also relate significantly to those in eggs. DDE
and dieldrin ratios appear to be of similar
magnitude for the same tissuc comparisons.
Hence, a3 the [correlations are generally signi-
Bcant, DDE jnd dieldrin residue levels in
tissues of California Qulls at the time of egg-
laying may be predicted when known in their
eggs. They may ahio be predicted when known
in another tissye than eggs (Table 10).

PCB residu¢ levels in tissues of California
Gull females dre also compared with those in
their eggs (Tﬂuﬂu 11 and 12). It can be seen
that the distribution of PCB residues in tissues
follows the mfk trend as those for DDE, dield-
rin and HE (Tebles 8), and that the pattern of
PCB residue ratios also follows the same trend
as those for DDE and dieldrin (Table 9). Hence
PCB residue Jevels in egg-laying Californis
Qulls may be predicted when known in their
eggs, and for bjrds generally, P?B residues may
prove to have p tissue distribution pattern sim-
ilar to the patterns of DDE, dieldrin, and HE.

better lath b DDE residues in
eggs and egg shell thickness of herons were
observed on a dry-weight (r = —0.5741°°)
and a lipid-weight basis (r = —0.5958¢*).
Hence more significant correlations may be
obtained by means of the latter methods when
comparing organochlorine residues within the
same tissues. Although a linear regression is
shown in Figure 5, the relation between DDE
residues in eggs and cgg shell thickness was

TasLe llr—lhhiion between DDE residus levels and
embryonic development in Great Blue Heron eggs col-
tected at Chip Lake on May 28, 1969

Condition of No. eggs
m DDE | % water embryo in and/or
in wet wt, | ineggs collected egg young
per nest
0.713 [ ] Embryo alive L]
.17 83 Embryo alive 4
2.4 M Embryo alive ]
4.00 80 o development 4
(infertile?)
4.62 “ Embryo alive s
6.59 n Embryo alive 4
1.1 13 Embryo alive 4
258 [ U] Embeyo alive H
8.0 » r.ni&‘;,'o allve 4
344 13 Emi ‘vod d at 1
oarly stage
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olighd; curvmncn. fitting an exponential curve
y = (374.081) (0.9987)". However, more egg
samples with high DDE residue contents are
needed to determine whether the actual relation.
ship between DDE residues in eggs and shell
thickopss is a curvilinear or a linear one.

In ¢ontrast with DDE, no significant corre-
ation |(r = —0.1692) was found between shell
thickngss and PCB residues in the contents of
the 40 Great Blue Heron eggs.

The beton eggs most contaminated with
DDE were found at Chip Lake. It can be seen
than an embryo from an egg with 78.0 ppm
DDE s development at least until hatching
(Table 13). The embryo from an egg with
244 ﬁpm DDE died at an early stage, pethaps
s & result of the DDE concentration,

Mho I'M
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