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The effects of PCBs (polychlorinated biphenyls) or a combination of NDDT
(1,1,1-trichloro-2,2-bis (p-chlorophenyi) ethans), DDD (1, !-dichloro-2,2-bus (p-
chliorophenyl) ethane) and DDE (1,1-dichloro-2,2-bis (p-chiorophenyl ethylene) on
organ weights, liver storage of vitamin A and carotene, sclected blood chemistry
parameters, and serum protein fractions were determined in penned white pelicans
(Pelecanus erythrorhynchus) receiving a daily dosage of these compounds. Birds ro-
ceived 100 mg of PCBs or a combination of DDT (20 mg), DDD (15 mg), and DUL
(15 mg) injecled into the first fish fed each day for ten weeks. A greater percentage
of PCB treatment was retained in brain, liver, carcass and {eathers than the percent-
age of DDT + DDD + DDE treatment. Liver weight as percent of body weight de-
creased (p < 0.01) in DDT + DDD + DDE-treated birds and increased (p < 0.01) as
a total weight in PCB-treated birds. Spleen weight as percent of body weight was
greater {p < 0.05) in PCB-treated birds. Neither trealment had a significant effect
on the weight of the brain, heart. or Kidney. Liver vitamin A levels were greater
(p < 0.01) on a ug/g of liver basis in the DDT-treated birds than in controls. Signifi-
cant lowering of serum potassium and protein values was noted in both the PCB-
and the combination of DDT, DD, DDEC-treated birds, while serum calcium values :
were towered (p < 0.01) only in PCB-treated birds. Values of serum inorganic |
phosphorus, uric acid and muagnesium were not signiticantly changed by either
treatment. Globulin fractions were unaltered by either treatment, but wlbumin
fractions were lowered (p << 0.01) in the PCB-treated pelicans.

Polychlorinated biphenyl (PCB) and organochlorine insccticide residues have been
found in the tissues of piscivorous and raptorisl birds (Holmes ¢r al. 1967, Walker
et al. 1967, Woodwell cf al. 1967, Greichus ef al. 1973). Double-crested cormorants
(Phalacrocorax auritus) and white pelicans {Pelecanues crvihrorlivnchios) had the highest
organochlorine insecticide and PCB residue levels of several animal species in South
Dakota (Greenwood ¢r al. 1967, Moore et el 1908, Greichus ef al. 1968a, Greichus
et al. 1973). Average budy concentrations of insecticides and PCBs, respectively, were
280- and 30-fold greater in pelicans than in fish (Greichus er ¢l. 1973).

Anderson and Hickey {1972} stated that brown pelicans (Pelecanus occidentalis),
doublecrested cormorants and black<rowned night herons (Nycticorax nycticorax)
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Physiological Effects of PCB or DDT Compounds in Pelicans 33l

were among species which appeared to have suffcred the greatest effects of the eggshell
thinning syndrome. DDL (1.1-dichtoro-2,2-bis (p-chlorophenyl) ethylene) was the most
important pollutant associated with these changes, while ¢ffects of PCBs required further
investigation. They stated that eggshell thinning had occurred more recently in white
pelicans. Residues of chlorinated insecticides and ’CBs have been found in bodies and
eggs of white pelicans (Greichus esal 1973),

White pelicans were sclected as experimental animals because of their close relation-
ship to the endangered brown pelican and their accessibility for study in South Dakota.
Biochemical effects of DDT (1,1.t-trichloro-2.2-bis (p-chiorophenyl) cthane), DDD
(1,1-dichloro-2,2-bis (p-chlorophenyl) ethane) and DDE on another local fish cating
specics, the double crested cormorant, have been reported (Greichus and Hannon
1973).

The objectives of this study were to: (1) determine concentrations and distributions of
PCB or DDT and its metabolites in tlissues of penned white pelicans receiving dietary
doses of these compounds; and (2) examine effects of these compounds on organ weights,
liver storage of vitamin A and carotene, selected blood chemistry parameters and serum
protein fractions.

Methods

Twenty-seven wild nestling white pelicans were collected from LaCreck National Wild.
life Rcfuge, Bennett County, South Dakota in June and July, 1972. The birds were
randomly placed into nine cages 8 ft. x 8 ft. x 6 ft., with thice birds in cach cage, and
started on treatment July 17, 1972, Each bird received one of the following daily treat-
ments injected into the first fish fed each morning:

Groups 1, 2, 3 - Controls - two mi of 85 percent ethanol;

Groups 4, 5, 6 - PCB treated - 100 mg of Aroclor 1254 (Monsanto Chemical Co.) in
two ml of 85 percent cthanol,

Groups 7, 8,9 - DDT, DDD and DDE-treated - 20 mg of p.p"-DDT, 15 mg of p,p'-DDD
and 15 mg of p.p"-DDE in two ml of 85 percent ethanol.

Six of the pelicans were females, with control, PCB and DDT groups having one, three
and two females, respectively. All fish were weighed and each bird consumed an average
of 695 g of fish per day. The average daily dietary intake of PCB and the DDT-complex
(DDT + DDD + DDE) were 144 and 72 ppm, respectively. The fish used as feed were
taken from Lake Poinsett, South Dakota, and averaged < 0.05 ppm of DDT and metabo-
lites and < 0.5 ppm of PCB. Birds remained on treatment for ten weeks, after which treat-
ments ceased and a two-weck food stress was imposed. The stress consisted of a reduction
in food intake to 300 g/day. The purpose of this stress was to determine effects of feed
reduction on birds previously exposed to dietary PCB or insecticide.

All birds were weighed every two wecks to the nearest 25 g. Weights of brain, heart,
liver, spleen, and kidney were taken upon necropsy. Compusite feather samples were
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332 Y. A. Greichus ef al.

~taken from the wings, breast, back and uropygial area of each bird, fincly ground, and
one-g aliquots taken for analysis. Carcass samples consisted of five-g aliquots of the finely
ground entire body lcss bill, feet and those tissue samples removed for residue analysis.
Brain, liver, feather, and carcass samples were stored in a deep freeze (- 20°C) for later
tesidue analysis. Blood samples were taken from the brachial vein prior to treatment and
stress, and by cardiac puncture at necropsy. )

Mcthods for determination of blood chemistries, liver vitamin A and carotene were de-
scribed in a previous paper (Greichus and Hannon 1973). Serum protein fractions
were analyzed by electrophoresis using cellulose acetate strips which were processed on a
tecording densitometer (Gilford Instruments). Relative amounts of each fraction wece de-
termined with a planimeter. Lxtraction and purification of DDT, DDD and DDE were
accomplished by the Florisil column method (Stemp ¢t al. 1964) as modified by
Greichus er al. (1968b). PCB residues were extracted and purified according to the
method described by Greichus er al. (1973). Quantitation of PCBs by gas-liquid chro-
matography was accomplished by comparing the areas of seven peaks in the sample
to the corresponding peaks in the standard. The retention times of these peaks relative to
p.p'-DDE at 100 were 71, 84, 100, 107, 129, 154, and 179. Control DDE, DDD and DDT
peaks were corrected for interfering PCB peaks. Extract dilutions eliminated any interfer-
ence between PCB peaks and DDT, DDD or DDE peaks in tissues from treated birds. Pro-
cedural efficiencies for insecticides and PCBs were 90 * 6% and 95 + 9%, respectively,
and minimum analytical confidence limits were 0.05 ppm and 0.5 ppm, respectively,

Parameters of body and organ weights, liver vitamin A and carotene levels, blood '
chemistry levels and serum protein fractions in control and treated birds were analyzed
statistically by the least-squares analysis of variance in conjunction with Dunnett’s test
(Steel and Torric 1960).

Results and discussion

Concentrations and distribution of residues. Average concentrations of DDE, DDD
and DDT were highest in carcass, followed by liver, feathers, and brain (Table [). DDT
comprised the smallest residue concentration in all tissues. PCB residues were also greatest
in the carcass, followed by liver, feather, and brain. The substantial body fat depots of
the birds undoubtedly contsibuted to the high carcass residue levels. PCB residues in
cockerels fed 500 ppm Aroclor 1254 for 12 weeks were greatest in adipose tissue, fol-
lowed in decreasing order by kidney, liver, brain, muscle and blood (Platonow and
Funnell 1972).

Although the PCB treatment (100 mg/day) was twice the concentration of the DDT.
complex treatment (50 mg/day), the mean PCB residue levels in all tissues were greater
than twice the mean level of DDT + metabolites. These data indicated that PCBs were
more readily stored in tissues than the DDT-complex and/or were less casily metabolized.

The DDT-complex was comprised of 40% DDT, 30% DDD, and 30% DDE, approxi-
mately the same proportions as found in local fish (Hannon ef al. 1970). Percentage
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Table 1. Average Tissue Concentrations in Pelicans Treated ['aily with PCBs or a Combination of DDT, DDD and DDE
(ppm - Wet Weight Basis)
Treatment Carcass Liver Brain Feathers
9 birds/{group Average Range Average Range Average Range Average Range
Control?
Males = 8 DDE 0.35 0.24-0.48 Q.05 <0.05-0.10 <0.05 <0.05-0.05 0.08 <0.05-0.11
Fermales=1 PCB 5.7 2.00-123 4.09 <0.50-17.00 2.99 <0.50-6.62 1.74 1.20-4.14
o PCB
boe 100 mg/day PCB 2130 1470 - 3000 290 110- 520 110 82-170 120 28.6- 350
Males = 6
Females = 3
DDT Complex .
. 50 mg/day DDE 328 262-417 53.9 38.4-62.6 154 8.34-23.1 15.6 7.25-27.6
‘ Males = 7 DDD 370 273-493 62.9 40.2-95.2 11.8 6.07- 16.7 18.9 8.56-29.2
j o Females=2 DDT 161 75.4- 270 18.6 11.1-30.1 7.38 295-12.2 134 5.20-20.6
2 Total 859 610-1180 135 89.7-188 34.6 17.4-52.0 47.9 21.0-774
(o] ..
L':JJ aNo samples in controls had concentrations of DDD or DDT above the minimum analy tical confidence limit of 0.0S ppm.
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compositions of DDT, DDD and DDE residues respectively, were 14, 46 and 40 in liver,

21, 34 and 45 in brain, 19, 43 and 38 in carcass, and 28, 39 and 33 in feathers. Mctabo-

lism of DDD from DDT and of DDE from DDT in the pigeon (Cohumbe Hivia) has been re. .

ported (Bailey er ul. 19692). Baley ef al. (1969 a and b) reported that DDT, DDD i
" and DDE had half-lives of 28, 24 and 250 days, respectively, in the pigeon. The pereent-

age increases of DDD and DDE and the percentage decrease of DDT in the pelican tissues

from the original treatment percentages indicate u rapid metabolism of DDT and a slower

change or elimination ol DDD and DDE.

Brain tissue has been reported to be more useful than other tissues in diagnosing
poisoning from insecticides (Stickel ef al. 1966, Greichus and Hannon 1973}, In 72% of
the present samples, feather concentrations of DDT + DDD + DDE were as close or
closer o those of the brain than were the levels in the liver or carcass. In 56% of the
samples, concentrations of PCBs in feathers were closer to those in the brain while in
44% of the cases liver concentrations were closer. There were no samples in which carcass
concentrations of DDT complex or PCB were as close to those of the brain as concentra-
tions in feather or liver. Whereas liver concentrations of the DDT complex and PCB’s
were always highes than brain concentrations, feather concentrations varied. These data
suggest that feathers, which are relatively casily obtained, may be preferable to othes
tissues in indicating concentrations of DDT plus metabolites and PCB in the brain.

No gross signs of intoxication were observed in the pelicans. Average brain residue
levels znd ranges for the DDT complex and PCB's were 35 (17-52) ppm and 110 (82-170)
ppm, respectively. Conmorants dying from DDT poisoning had brain residue concentra-
tions of DDT + DDD + DDE ranging from 69 to 302 ppm (Greichus and Hannon 1973),
while pheasants (Phasianus colchicus) dying from orally administered Aroclor 1254
had ranges of 320 to 770 ppmiin the brain (Duhlgren eral 1972). No pelicans had brain
residues of either the DDT complex or PCB's as high as the lower limits observed for
intoxication of cormorants and pheasants.

Body and organ weight. DDT complex and PCB treatments had no significant effects
upon pelican body weights (Table It). Females were significantly lighter (p < 0.01) than
males throughout the study. Control, PCB and DDT complex groups lost 20, 17 and 18%,
respectively, of their body weight during the two-week stress. Considerable amounts of
body fat remained at necropsy. Fat depletion or weight loss have been teported as
signs of poisoning by some insecticides (Stickel et al. 1966) and PCBs (Vos etal 1971).
Fat reserves and healthy body conditions of the pelicans in this experiment probably en-
abled the birds to withstand the DDT and PCB treatments without etfects upon appetites
o1 body weights.

Birds in the DDT treatment group had decreased (p < 0.01) liver weights when ana-
lyzed as percent of body weight (Table [1). PCB-treated birds had increased (p < 0.01)
liver weights on a total weight basis. Decreases in liver weight have been reported in the
double-crested cormorant fed a combination of DDT + DDD + DDE (Greichus and
Hannon 1973). lowever, large increases in averuge liver weight were found in pigeons
fcd DDT and DDL (Bailey ¢r al. 1969 a and b). Increases in liver size in birds adminis-
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Table II. Organ and Body Weights of Pelicans Treated Daily
with PCB’s or a Combination of DDT, DDD and DDF

5130 80

(0]
arrg\:in Organ weight () % of body weight
treatment No. Means® Std error Mecans Std error

Brain

Control 9 17.79 0.51 042 0.01

PCB 9 17.63 0.34 0.38 0.01

DDT 9 18.29 0.38 0.38 0.01

Female 6 16.86% 0.43 0.42 0.01

Male 21 18.95 0.21 0.37 0.01
Heart

Control 9 37.45 3.76 0.87 0.06

PCB 9 38.48 2.51 0.81 0.04

DDT 9 41.50 2.84 0.86 0.05

Female 6 34.23¢ 3.20 0.84 0.05

Male 21 44.06 1.56 0.86 0.03
Liver

Control 9 74.99 3.59 1.79 0.10

PCB 9 88.72d 2.40 1.90 0.07

DNT 9 71.31 2.72 1.484 0.08

Female 6 72.52b 3.06 1.81 0.09

Male 21 84.16 {.49 1.64 0.04
Spleen

Control 9 3.04 0.53 0.07 0.01

PCB 9 4.33 0.35 0.09¢ 0.01

DDT 9 3.33 0.40 0.07 0.01

Female 6 3.06 0.45 0.08 0.0t

Male 21 4.07 0.22 0.08 0.0}
Kideny

Control 9 35.84 4.18 . 0.85 0.10

PCB 9 37.42 2.79 0.79 0.06

DDT 9 35.13 3.16 0.73 0.07

Female 6 Ji41c 3.56 0.79 0.08

Mate 21 40.86 1.73 0.79 0.04
Body Weight

Control 9 4280 190

PCB 9 4720 130

DDT 9 4810 150

Female 6 4090 160

Male 21

sValues for means were statistically adjusted for differences in numbers of males

and females in each group,
bFemales significantly different from males at p < 0.01 level.
cFemales significuntly different from males at p < 0.0S level,
dSignificantly different from control at p < 0.01 level.
¢Significantly ditferent from control at p < 0.05 level.
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336 Y. A. Greichus et al.

tered PCBs have been reported for pigeons (Bailey and Bunyan 1972), Japanese quail
" (Coturnix coturnix japonica) (Vos ct al. 1971, Bitman ¢t al. 1972), pheasants (Dahigren
eral. 1972), and chickens (Vus und Koeman 1970).

Spleen weight taken as percent of body weight was significantly greater (p < 0.05) in
PCB-treated pelicans than in controls. Spleen atrophy induced by fecding PCBs has been
reported in chickens (Vos and Koeman 1970, Flick ef al 1965), and in pheasants
(Dahlgien et al. 1972). There was no effect on spleen weight due to DDT treatment
in the present experiment.

No significant weight differences due to treatments were detected in brain, heart, ot
kidney analyzed on the basis of total organ weight, or organ weight taken as percent of
body weight. Dahigren er al. (1972) observed decreased heart weights in pheasants
administered PCBs. Kidney enlarpement with PCB treatment has been reported in
pheasants (Dahlgren er al. 1972}, in Bengulese finches (Lonchura seriata) {Presst ef al.
1970) and in chickens (Flick ef al. 1965). Greichus and Hannon (1973) did not find
significant differences in cormorant heart or brain weights due to trcatment with a com-

bination of DDT, DDD and DDE.

Female pelicans were lighter in body weight (p < 0.01) than male pelicans. Females had
smaller brains (p < 0.01), hearts (p <0.01}, livers (p < 0.01), and kidneys (p < 0.01) than
males. Spleen weight differences between sexes were not significant.

Liver carotene and vitamin A levels. No significant differences due to treatments were
observed on liver carotene levels (Table H1I). Liver vitamin A levels were greater (p < 0.01)
in DDT-treated pelicans than in controls when examined on a pg/g of liver basis. Cormo-
rant liver stores of carotene and vitamin A did not show any consistent differences due to
DDT-complex trcatment when compared on ug/g of liver basis, but total amount of
vitamin A in the liver was lower (Greichus and Hannon 1973). Vitamin A content of
livers of PCB-treated birds were not significantly different from controls when compared
on a pg/g of liver basis or on total amoun? present in the liver.

tam

Serum chemistry evaluations. Means and standard egror values of blood chemistries in
control, PCB and DDT-complex treated peticans are given in Table 1V. No significant
serum sodium changes were observed due to treatment or sex. However, sodium levels
were significantly raised (p < 0.05) by stress in this experiment. Sodium values ranged
from 145 to 162 millicquivalents (meq)/liter and were similar to values presented by
Bell and Sturkie (1965) for chickens, turkeys, ducks, and gulls, and with the values of
Greichus and Hannon (1973) for double-crested cormorants. These data indicate that
serum sodium levels are similar for several avian species.

Serum potassium levels were decreased at the final bleeding in the PCB (p < 0.05) and
DDT (p < 0.01) treatmment groups. Stress also produced a significant lowering (p < 0.05)
of scrum potassium. Males had significantly higher tevels (p < 0.01) than females al the !
time of pre-stress bleeding. A possible explanation for a lowering of potassium with stress
is that the lower intake of food was not compensated for by renal conservation. The
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Physiological Effccts of PCB or DDT Compounds in Pelicans n

Table 11. Liver Vitamin A and Carotene Values of Pelicans Treated
with PCBs or a Combination of DDT, DDD and DDF

ugle ol liver Total mgfliver
Treatment No. Means2 Std error Mecans Std error
Vitamin A
Control 9 20.3 4.9 .52 040
PCB 9 16.8 3.3 1.47 0.26
DDT 9 34.9b 3.7 2.36 0.30
Female 6 25.8 4.2 1.72 0.34
Male 21 22.2 2.0 1.85 0.16
Carotene
Control 9 74.0 14.3 5.55 1.22
PCB 9 64.9 9.5 5.95 0.81
DDT 9 64.7 10.8 4.54 0.92
Female 6 65.1 12.2 4.76 1.04
Male 21 70.6 5.9 5.93 0.51

aValues for means were statistically adjusted for differences in numbers of males and
females in each group.
bSignificantly different from control at p < 0.01 level.

kidney is much less able to conserve potassium than sodium during periods of interrupted
uptake (Tasker 1971). The further decreases with PCB and DDT treatments may re-
flect structural changes in the kidney influcncing absorption or secretion rates. Histologic
and ultrastructural changes in renal tubules of rats have been reported after administering
chlorinated hydrocarbon insecticides (Treon et al. 1955, Boyd and Chen 1968, Fowler
1972).

Significant decreases in serum protein were observed at the time of the pre-stress
bleeding for PCB (p < 0.01) and DDT-complex (p < 0.05) treatment groups. Slight de-
creases in serum protein levels have been reported in Jupanese quail given DDT (Ernst
1966) or dicldrin (Call and Call 1974), and in dieldrin-treated dogs (Walker et al. 1969).
The significantly higher (p < 0.01) final protein levels in females than in males agrees
with findings in chickens (Bell and Sturkie 1965) and Japanese quail (Call and Call 1974).
The protein levels for both sexes were quite similar two weceks earlier, However, there
was a significantly greater (p <0.05) effect of stress on serum protein levels of males than
females.

Scrum uric acid levels were not affected by PCB or DDT-complex treatment, but stress
significantly lowered (p < 0.05) levels from about 20 mg/100 ml to about 8 mg/100 ml.
This is in accordance with the findings of Siller (1959) that high protein diets increased
plasma urate, while starvation caused a significant depression.

Serum calcium was significantly decreased (p < 0.01) in PCB-treated pelicans at the
time of final bleeding. This was not due to decreased food as there were no significant
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Table V. Means and Standard Errors of Values of Blood Chemistries in
Pelicans Treated Daily with PCB’s or a Combination of DDT, DDD and DD£a

Sodium Potassium Protein Uric acid Calcium Phosphorus Magnesium
(meq/liter) (megq/liter) g/100 ml mg/100 ml mg/100 ml mg/100 ml mg/100 ml
Std Sud Std Std Std Std . Std
Treatment No.b Means error Means error Means error Means error Means error Means error Means error
Pre-stress Bleeding
Contro} 9 144.7 0.1 8.57 0.02 3.87 0.01 19.88 0.08 9.69 0.04 6.15 0.0l 0.55 0.05
PCB 9 146.3 0.} 8.50 0.01 3.23¢  0.01 18.94 0.06 9.51 0.03 5.50 0.01 0.71 0.04
DDT 9 146.4 0.1 7.15 0.01 3414  0.01 20.02 0.06 9.42 0.03 517 Q.01 0.71 0.01
Female 6 146.6 0.1 7.32¢  0.01 3.40 0.01 21.60 0.07 9.47 0.03 5.28 0.01 0.52 0.a5
Male 21 1450 Q.1 8.82 0.01 3.60 0.0! 17.63  0.04 9.62 0.02 5.94 0.01 .79 0.02
Final Bleeding
Control 9 160.7 0.2 6.28 0.16 4.16 0.01 8.11 0.04 10.20 0.03 5.08 0.02 042 0.02
PCB 9 156.8 0.1 -3.92d Q.11 3.75 0.0! 8.18 0.03 8.73¢ 002 5.39 0.0t 0.44 0.01
DDT 9 157.9 0.1 3.20¢  0.12 3.81 0.01 8.51 0.03 9.58 0.02 497 0.01 0.89 0.01
Female 6 1624 0.1 4.11 0.14 4.59f 0.0l 8.93 .04 9.16 0.02 542 0.02 065 0.02
Mate 21 154.5 0.1 4.83 0.07 3.22 0.01 7.60 0.02 9.85 0.01 4.88 0.0} 0.65 0.01

a2Values for means were statistically adjusted for differences in numbers of males and females in each group.

bAll samples were run in duplicate
cSignificantly different from control at the p < 0.01 level.
dSignificantly different from control at the p < 0.05 tevel.

eFemales significantly different from males at p < 0.05 level.
fFemales significantly different from malesat p < 0.01 level.
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Table V. Serum Protein Fraction Values in Pelicans Treated Daily with PCB's or 2 Combination of DDT, DDD and DDE*

Albumin @ Globulin 8 Globulin 7 Globulin Total globulin A/G ratio
Std Std Std Stid Std Std
Treatment No. Mean errors Mean error Mean error Mean error Mean error Mean error

Pre-treatment Biceding

Control 9 1.5 0.4 2.0 0.3 1.1 0.3 0.5 0.3 3.6 0.7 0.45 0.05
PCB 9 1.5 0.2 1.3 0.1 0.9 0.2 0.9 0.2 3.1 04 0.47 0.03
DDT 8 2.0 0.4 1.3 0.2 1.8 03 1.3 0.3 43 0.6 0.46 0.04

Pre-stress Bleeding
Control 9 1.4 0.1 1.0 0.1 1.0 0.1 0.8 0.1 2.8 0.2 0.49 0.05 }
PCB 9 1.3 0.04 0.6 0.1 0.8 0.04 0.5 0.04 2.1 0.1 0.62 0.02 '
DDT 8 1.3 0.1 0.7 0.1 1.0 0.1 0.7 0.1 2.4 0.1 0.60 0.04

Final Bleeding h
Control 9 1.5 02 N.D.® N.D. N.D. 2.6 0.3 0.56 0.07
PCB 9 1.1¢ 0.1 N.D. N.D. N.D. 2.5 0.1 042 0.03
DDT 9 1.5 0.1 N.D. N.D. N.D. 2.2 0.2 0.68 0.06

3Data are expressed in grams per 100 ml
bNo data.
cSignificantly different from controls at the p < 0.01 level.
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effects of this stress on calcium levels. Plasma or secum calcium levels were unchanged in

chicks fed 150 ppm of Aroctor 1248 for 2.5 wecks or 100 ppm of Aroclor 1248 for 4.5

weeks (Rehfeld es al. 1972), and in Japanese quail fed up 10 75 ppm of dieldrin {or two '
weeks (Call and Cali 1974).

I Serum inorganic phosphorus levels were not affected by treatment, sex, or stress in
4 this experiment. Likewise, Call and Call (1974) fuund no significant changes in serum
inorganic phosphate levels in Japanese quail fed dieldrin. ‘

Serum magnesium levels of the pelicans were not affected hy treatment, sex, or stress.
Rehfeld ef al. (1972) reported that chick plasma magnesium levels were unaffected by
PCBs in the djet at levels up to 150 ppim. l

Serum protein fractions. Albumin was lowered (p < 0.01) in PCB-treated pelicans at
the time of the final bleeding, but not in DDT-treated birds (Table V). Wassermann
et al. (1973) reported that Aroclor 1221 lowered rabbit albumin levels while DDT and
dieldrin caused slight increases. Lowering of seiuin albumin was noted in the present
experiment after the food stress had been imposed.

No significant changes were noted in globulin fractions at the times of the pre-
treatment or pre-stress bleedings, or in total globuius at any time. Individual globulin
fractions were not readily separable and identifiable on the spectrophotograms following
stress, so a single measure of total globulin was taken. Wassermann ef al. (1973) re-
ported decreased gamma globulin fractions in rabbits administered organochloring insecti-

cides and PCBs. There were no significant changes in the albumin/globulin ratio (A/G)
due to either treatment.
Acknowledgments
This paper was approved for publication by the Director of the South Dakota Agri- G.
cultural Experiment Station as paper No. 1250 of the journal serics.
.
The authors wish to thank Dr. Louis Locke, Patuxent Wildlife Regsearch Center, Laurel,
Maryland, for his valuable assistance in necropsy of the pelicans and Dr. W. Lee Tucker,
1 Agricultural Experiment Station Statistician, for the statistical analyses performed in this ¢
J study.
This research was supported in part through National Science Foundation Grant No. ¢
‘ GB-19121.
o G .
References
? Anderson, D. W., and J. J. Hickey: Eggshell changes in certain North American birds. .
% Proc. XV Int. Ornith. Cong., p. S14 (1972).
{

DSW 032156

STLCOPCB4016118



Ww“wm

unchanged in
1248 for 4.5

eldnn for two

%, Of stress in
nges in serum

SCX, OF SUICSS.
unaffected by

ed pelicans at
Wassermann

hile DDT and
:n the present

s of the pre-
)dual globulin
-ams foljowing
al. (1973} re-
alorine insecti-
1n ratio (A/G)

1 Dakota Agn-

Center, Laurel,
W, lec Tucker,
:formed in this

tion Grant No.

american birds.

Physiological Effects of PCB or DDT Compounds in Pelicans 341

Bailey, S., and P. J. Bunyan: Interpretation of persistznce and effects of polychlorinated
biphenyls in birds. Nature 236, 34 (1972).

Bailey, S., P. J. Bunyan, B. D. Rennison, and A. Taylor: The metabolism of 1.1-di(p-
chlorophenyl}-2,2,2-trichloroethane and [, 1-di(p-chloropheny!}-2,2.dichloroethane
in the pigcon. Toxicol. Appl. Pharmacol. 14, 13 (1969a).

Bailey, S., P. J. Bunyan, B. D. Rennison. and A. Taylor: The mctabolism of I.1-di(p-
chlorophenyl)-2,2-dichloroethylene and 1, 1-di(p-chlorophenyl)-2-chloroethylene in
the pigeon. Toxicol. Appl. Pharmacol. 14, 23 (1969b).

Bell, D. J., and P. D. Sturkie: Chemical constituents of blood. In: Avian Physiology, 2 ed.,
Ithaca, New York: Comstock Pub. Assoc., Cotnell Univ. Press (1965).

Bitman, J., H. C. Cecil, and S. J. Harris: Biological effects of polychlorinated biphenyls
in rats and quail. Environ. Health Persp. Exptl. Issue No. 1, 145 (1972).

Boyd, E. M., and C. P. Chen: Lindane toxicity and protein-deficient diet. Arch. Environ.
Health 17, 156 (1968).

Call, D. J., and J. K. J. Call: Blood chemistries of Japancse quail fed dieldrin. Poultry
Sci. 53, 54 (1974).

Dahlgren, R. B., R. L. Linder, and C. W. Carlson: Polychiorinated biphenyls: Their effects
on penned pheasants. Environ. Health Persp. Exptl. Issue No. 1,89 (1972).

Ernst, R. A.: The physiological effects of sclected pesticides on the Japanese quail
(Coturnix cotumix fjaponica) and embryo-genesis of the domestic fowl. Ph.D. dis-
sertation, Michigan State University, 86 pp. (1966).

Rick, D. F., R. G. O'Dell, and V. A. Childs: Studies of the chick edema disease. 3. Simi-
larity of symptoms produced by feeding polychlorinated biphenyls. Poultry Sci. 44,
1460 (1965).

Fowler, B. A.: The morphologic effects of dieldrin and methyl mercuric chloride on pars
recta scgments of rat kidney proximal tubules. Amer. J. Path. 69, 163 (1972).

Greenwood, R., Y. A. Greichus, and E. Hugghins: Insecticide rcsidues in big game
mammals of South Dakota. J. Wildl. Mgmt. 31, 288 (1967).

Greichus, Y. A., A. Greichus, and R, J. Emerick: Insecticides, polychlorinated biphenyls
and merculy in wild cormorants, pelicans, their eggs, tood and environment. Bull.
Environ. Contamin. Toxicol. 9, 321.(1973).

Greichus, Y. A., A. Greichus, and E. G. Reider: Insecticide residues in grouse and pheas-
ant of South Dakota. Pesticides Monit. J. 2, 90 (1968a).

Greichus, Y. A., and M. R. Hannon: Distribution and biochemical effects of DDT, DDD
and DDE in penned double-crested cormorants. Toxicol. Appl. Pharmacol. 26, 483
(1973). -

Greichus, Y. A., D). Lamb, and G. Garrett: Efficiency of extraction of metabolically in-
corporated HEOD (carbon-14) from pheasant tissues, eggs and faeces. Analyst 93,
323 (1968b).

Hannon, M. R, Y. A. Greichus, R. L. Applegate, and A. C. Fox: Ecological distribution

DSW 032157

T

‘w

STLCOPCB4016119



ceapisitliaantibh T ———— A M O b, it s
342 Y. A. Greichus et ai. *
of pesticides in Lake Puinsett, South Dukota. Trans. Amer. Fish. Soc. 99, 496 .
(1970). {
Holmes, D. C., J. tl. Simmons, and J. O'G. Tatton: Chlorinated hiydrocarbons in British
wildlife. Nature 216, 227 (1967).
Moore, G. L., Y. A. Greichus, and E. J. Hugghins: Insecticide residues in pronghorn
antelope of South Dakota. Bull. Environ. Contamin. Toxicol. 3, 269 (1968).

Platonow, N. S, and H. S. Funnell: The distribution and some effects of polychlorinated
biphenyls (Aroclor 1254) in cockerels during protonged fceding trials. Can. J.
Comp. Med. 36,89 (1972).

Presst, 1., D. J. Sefferies, and N. W. Moorte: Polychlorinated biphenyls in wild birds in
Britain and their avian toxicity. Environ. Pollut. {, 3 (1970).

Rehfeld, B. M., R. L. M. Bradley, Jr,, and M. L. Sunde: Toxicity studies on polychlori-
nated biphenyls in the chick. 2. Biochemical effects and accumulations. Poultry

{ Sci. 51, 488 (1972).

Siller, W. G.: Avian nephritis and visceral gout. Lab. Investig. 8, 1319 (1959).

Steel, R. G. D., and J. H. Torrie: Principles and Procedures of Statistics. New York, N.Y.:
McGraw-Hill Book Company, Inc. (1960).

Stemp, A. R, B. J. Liska, B. D. Langlois, and W. J. Stadelman: Analysis of egg yolk and
i poultry tissues for chlorinated insecticide residues. Poultry Sci. 43, 273 (1964).

Stickei, L. F., W. H. Stickel, and R. Christensen: Residues of DDT in brains and bodies
of birds that died on dosage and in survivors. Science 151, 1549 (1966).

] Tasker, J. B.: Fluids, clectrolytes and acid-base balance. In C. E. Cornelius and J. J. .
? Kaneko, eds, Clinical Biochemistry of Domestic Animals. Vol. 11, 2 ed., Academic
Press, New York (1971).

Treon, J. F., F. P. Cleveland, and J. Cappel: Toxicity of endrin for laboratory animals.
J. Agr. Food Chem. 3, 842 (1955).

Vos, J. G., and J. H. Koeman: Comparative toxicologic study with polychlorinated bi-
‘ phenyls in chickens with special reference to porphyria, edema formation, liver
necrosis, and tissue residucs. Toxicol. Appl. Pharmacol. 17, 656 (1970).

Vos, J. G, J. J. T. W. A, Strik, C. W. M. Van Holsteyn, and J. G. Pennings: Polychlori-
nated biphenyls as inducers of hepatic porphyria in Japanese quail, with special
reference to a-amino-levulinic acid synthetase activity, fluorescence, and residues
in the liver. Toxicol. Appl. Pharmacol. 20, 232 (1971).

Walker, C. H., G. A. Hamilton, and R. B. Hurrison: Organochlorine insccticide residucs
in wild birds in Britain. J. Sci. Food Agr. 18, 122 (1967).

Walker, A. 1. T., D. L. Stevenson, J. Robinson, E. Thorpe, and M. Roberts: The toxicology
and pharmacodynamics of dicldrin (HEODY); Two-year oral exposure of rats and
dogs. Toxicol. Appl. Pharmacol. 15, 345 (1969).

Wassermann, M., D. Wassermann, E. Kedar, M. Djavaherian, S. Cucos, and S. Ventura:
Effect of organochlorine compounds on serum proteins. Bull. Environ. Contamin.
Toxicol. 16,42 (1973).

DSW 032158

STLCOPCB4016120



3ﬂllllllllllllllllllllllllllllllllllllIlllllllllIllIIllIIIIIIIIIIIIIIIIIIIIIIII‘
WMM

Physiological Effccts of PCB or DDT Compounds in Pelicans 343

ac. 99, 496 Woodwell, G. M., C. F. Wurster, Jr., and P. A. Isaacson: DDT residues in an East Coast
estuary: A case of biological concentration of a persistent insecticide. Science 156,
821 (1967).

ns in British

'-'6\’;)(.’“91“”“ Manuscript received May 15, 1974, accepted August 22, 1974
vchiorinated
.als. Can. 4

«ild birds in

7 polychlori-
ons. Poultry
York, N.Y.:

epg yolk and
11964}

15 and bodies :

s and J. J.
4., Academic :

tory animals.

alorinaled bi-
-mation, liver

. Polychlori-
with special
. and residues

acide residues

ne toxicology
¢ of rats and

id S, Venlura:
an. Contamin,

DSW 032159 ;

STLCOPCB4016121



