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;é.?fPolychlorinated Biphenyls: Their Effects on

by Robert B. Dahlgren and Raymond L. Lindert and C, W. Carisoni

" Introduction

Polychlorinated biphenyls (PCBs) have been
useful industrial products since the beginning of
their commercial production in 1929. The first
report of PCBs occurrence in wildlife was made
from the work of S6ren Jensen, a Swedish Chemist,
in the New Scienfist in 1966 (1). Since then
PCBs have been reported to be widespread in the
world’s ecosystem, building up in food chaing as
has been reported for organochlorine insecticides.
The chemical sirucrure of PCBs and their action
on organisms, although less toxie, are similar to
that of DDT. The contamination of humsan milk,
pouliry feed, and all classes of wild vertebrates,
has created a concern for the need to determine
possible harmnful effects of PCBs.

* Funds for the study were supplied by the Bureau of
Sport I'isheries and Wiidlife through the South Dakots
Cooperative Wildlife Resesrch Unit. supported jointly by
the South Dakota Depurtment of Game, Fish, sud Parks;
the Burean of Sport Fisheries aad Wildlife; the South
Dukuta State University; und the Wildlife Mansgoment
{nstitute. Tissue enalyses were made by the Deuver
Wildlife Reseurch Canter and by Dr. Yvonne A. Grechus,
Experiment Stution Biochemistry Department. Dr Rahert.
J. Bury, VYetcrinary Seicnce Depurunest, conducted
neernprian and histopathologic studies. Ur, W. L. Tucker,
Experimcnt Stotion Statistician, gave statistical advice.
Wild pheasants were collevied Ly Tred K. Hartmon and

VOUR J, ATIZ, FOUUINIYULD e Ouvessamlevives)
Robert D. Yeldt, Indivas Department of Nutural Re-
sonrces, Thiz work is from a doctoral diasertation at South
Dakota State University Ly the eenior author.

t Assistant Leader :ind Leader, respectively. South
Nakow  Cuoperative Wildlife PRosearch Unit, South
Dakota State University, Brookings, S ). 37006

} Professor of Animal Scicnee, ond Leader, Poultry R
seurch and Exteasivu. South Dakota State Univerzity,
Brookings, §.D. §7008
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Because of the economic unportance of the
vheasuut (Phastanus colchicus). it was chosen as
the cxperimental enimal using PCBs in thiz
study. The objectives were (1) to determine the
patterns of absorption, storage, and cxcretion for
PCBs, and (2) the cffects of ’CBs on reproduction,
behavior, and survival. Since many published
reports indicated that the chromatograms of
PCBs in wildlife most nearly rcsemble those of
Aroclor 1254, this was the PCE product chosen
for study.

The use of brand names in this paper does not
indicate an endorsement of any product.

Materials and Methods_

Araclar 1984 (supplied by the Monsanto Co.)
was mixed (w/w) in a8 1:9 dilution with corn oil
snd weighed into No. 00 size gelatin capsules to
within =2.5 pereent of the required weight.
Capsules were administered into the esophagus
using a glass tube. Capsules containing only corn
oil were administered to control birds.

Analyses for residues ware made by Dr. Yvonne
A. Greichus, Experiment Station Biochemistry
Department, South Dakota State University, and
the DBureau of Sport Fisheries and Wildlife
lsboratory at the Denver Wildlife Research
Center. Analytical procedures used at the South

Dakota State University laboratory are deseribed
by JJanlgren et al. (&) anm proceuuses of v

Deaver Laboratory by Dahlgren et sl (3).
Hens for breeding experiments were purchased
in the winters of 1970 and 1971 (30 and 34 respec-
tively) from the Sonth Dakota Phessant Co. of
Cuaunton, aud cocks were raised from birds pre-
viously obtained from the Canton source, All
birds used for Lreeding were about 1 ycar of age.
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Table 1. Reproductive statistica from control pheasants and pheasants given PCRs 197071,

Fertile engs

Fertile eggs Fertile eggs pipped

hatched

Treatment gronpe® No. eggs pcr No. oguy set

hiit not hatched

hen per day  inincubator  No, Peccent — .
No. Poreant No. Percent
1970
0-0» 0.621 277 101 36 4 3 6 L
0-12.5 N.459 220 12% 59 57 &8 29 23
1}-30 0.292 136 30 37 32 H4 2 16
250 0.335 168 91 M 7 S0 9 3y,
05-12.5 0.362 179 7 40 5N it 1% 25
25-50 0.10% 98 83 64 41 33 10 16
1971t
0.0 0.337 168 {2 49 B5 79 A 7
0-12.5 0.430 199 128 UZ ) i 50 20 16
(=30 0.328 143 96 85 51 53 4
25-0 0,463 223 170 73 6 Lt S 5
256-12.5 0.385 283 153 53 109 71 13 10
2530 0.228 95 42 14 10 24 5 12

* Fach trcatment group had five hens, exeept thut the 25-12.5 myz greup had nine hens in 1971,
L The first nuinber is the weekly PCB level in mg given to cocks: the secand, that for hens.

which hens had received 50 mg PCBs. In 1970,
these differences tested by chi-square were not
significant (P>0.05), while in 1971 hatchability
was reduced (P <0.01) among hens given PCRBs,
Signifieant dilferences (2 <0.03) were found in
the number of cggs that were pipped bul not
hatched lor hen groups in both 1870 and 1971,
Appurently, the administration of PCBs to the
hen adversely affected the viability of the embryo
at hatching, McLaughlin et al. (6) injceted bath

10 and 25 mg of Aroclor 1242 into chicken cggs

and found only 0 5 percent hatchability with
growth retardation, edema, and beak deformities
iy embryos.

Lrashell thickness was measured only in 1970,
and no significant differences (P >0.03) in cggshell
thickness were {ound using aunalysis of variance
(5). Lggshells [row hatched eggs (without mem-
branes) laid by control Lhens averaged 0.26=0.02
mm standard deviation, and those from ull hen
groups receiving PCBs averaged 0.23£0.02 mm.
Eggshells  from unhailched eggs averaged
0.32-40.02 mm for contrul hens, snd 0.310.02
mm for hens receiving PCBs. Duhlgren and Linder
(7) found the eggshell thickness of pheassnts to be
unaffected by weekly administration of cepsules
containing 6 mg dieldrin.

April 1972

Heath et ol. (8) fed 23 ppm of Aroclor 1254 to
mallards (Anas platyriynchos) through two breed.
iy seasons, They also fed bobwhite quail (Colinus
virgtnianus) 50 ppm PCDs and at 4 joint level of
25 ppru PCBs and 15 ppm NDT for onc reproduc-
tive season. They found no effects on ery produc-
tion, cracked eggs, cgashell thickness, embryona-
tion, cmbryos alive -at 3 weeks, normality of
hatchlings. and normal halehlingz alive at 14 duyeu.

Scott ¢t al. (9), who fed 0, 0.5. 1.0, 10.0, and
20.0 ppm Aroclor 1248 for 8 weeks to chickens in
full egg production, found no rerdnetion in egg
production on the lowest levels of PCDBs after 8
weeks; however, they noted a 10 percent reduction
was associsted with 10 ppm, and 3 13 percent
reduction was associated with 20 ppw. They
reported that 10 ppm Aroclor 1248 reduced
natchability of chicken egirs by R percent ofter 4
weeks and 44 percent alter § weeks. The 20 ppom
level nearly eliruinated all hatchability. Moat
embryvos died ul 21 days of development: many
after pipping. They ulsu found that eggshcll
atrength was not affecled when as much as 20
ppm was fed

Effccts on Behavior

Seventy-one 11-week old hens given oue 210-mg
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:— Table 3. Effccts of PCBs on hund capture of penncd pheasants, 1970-71. (Numbers represent birds caught in
the first half of all birds caught; numbers in parcutheses represent onc-half the number of that category
in the pen. Cbi-squarc was used to compare numbers actually caught with half of the numbers in cuch

category.)
No. of Parents receiving PCB
Datcs of capture  hatches  No, of
caught pens Both Hens only Cocks only Neither
1970
July 22 1-8 14 16(10)** §(8.5) 7(10.5) 11:(10.5)
July 29 1-9 15 19(11.5)°" 7(10) 9(12) G(13.5)*
Aug. 13 1-10 18 11(12.5) 12(12.5) 12(13.5) 8(13)"
Aug. 19 1-12 20 21(15.5)" 17(14) 18(17.8) 19(18)
Sept. 1 1-14 22 25(18)* 19(15.5) 22(20) 14(19.3)
Oct. 13 1-15 23 20(16) 14(186) 25017.5)" 9(14)
Nowv. 21 1-15 13 14(11.5) 14(12.5) 8(10.5) 12{11.3)
Dec. $ 1-15 13 11011) 14(11.5) 12(10.5) 6{10)°*
AN 1070 rarrhis anmhined 137 (108) 108(100.3) 119(112) 8371497~
Ratio, 1970 1.55 1.91 1.98 2.59
1971

July 21 1-7 17 27(19.5)* 23(24.5) 25(21.5) 12(14.3)
Sept. 1-3 1-15 28 75(70.5) 41337 39(26.5) 21(22)
Sept. 21-23 1-13 28 71(70.5) 38(386) 37(36) 24(21.5)
Oct. 7-11 1-13 P 33(3T) 33(35.9) T 2T(35) 19(20.8)
Oct. 19-22 1-18 28 34(35.%) 23(33.5)" 35(34.5) 17021)
Nov. 2-6 1-15 28 30(30.8) 29(32.5) 23(28.5) 19(18)
All 1971 catches combined 270(264.5) 187(199) 187(192) 112(117.5)
Ratio, 1971 1.96 2.13 2.03 2.10
All 1970=71 cstches 407(370.5)* 292(299.5) 300(804) 197(227.5)"°

1.82 2.08 2.03 2.31

Ratio, 1970-71

* Totals of row numbers may exceed onc-half total birds becuuse odd numbers of birds in pens were rounded higher.
® Birds i pen/birds caught in first hali.

* (P <0.05).
*= (P <0.01).

Table 4. Weights and survival for the first § weeks of offspring from control pheasants and pheasants given
PCBs, 1970-71.

Average weight No. of chicks No. of chicks Percent survival
Treatment group ut 6 weeks (g) 10 brooder alive afwer 6 weeks

Both

1970 187, 1970 1971 1970 1971 1970 1971 years
00 396 429 73 635 49 50 87 v 72
0-12.5 ke 435 84 64 49 45 S8 70 04
0-50 303 425 29 50 3 37 10 74 51
25=0 389 428 72 115 50 81 69 79 78

25-12.5 403 458 50 109 30 ” 60 66 . 64
2530 3+t 373 40 10 9 -] 22 60 7 30

* The first qumber is the weckly PCB level in mg given to cocks; the second, that for hens.
93
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PCBsvia the egg depressed the weight of offspring,
McLaughlin et al. (3) mentioned growth retarda-
tion of cmbryos as an effect of PCBs injected into
the yolk sac of chicken eggs. We fed no pheusant

chicks PCBs, but Flick ¢t al. (10) found that
1-day-old cICKS fed Asullu 124D wr 300 and

400 ppm had depressed growth by the second week
of feeding and that the growth depression was
related to the level fed. Vos and Koeman (13) fed
PCBs to l-day-old cockerels and [ound body-
weight depression from 400 ppm Aroclor 1260.
Platarnnn: wnd Fannell (14) found that l-dﬂ)f'()ld
cockerels fed 230 ppm Aroclor 1234 had depressed
budy weights between e zialls sud cinth weeels of
their fecding trial; this depression was associuted
with reduced feed consumption. Rehield (13) also
found depressed weight gains in 1-day old chicks
fed sublethal levels (10~30 ppm) of Arnclor 1254;
chicks fed 30 and 30 ppm for 2.5 weeks and then
fed a clean diet revouvered from the growth depres-
sion, whule chicks fed 4V and 30 ppm for 5 weeks
and then fed a clean dict for 3 weeks did not show
a recovery from the growth depression.

YBody weights and Mortality in erds
Given PCDs

Adult hens in bnath the 1970 and 1971 breeding
experiments were unaffected in body weight hy
administration of as much as 50 myg PCDs in
single capsules weekly. It was characteristic,
however, of birds that died on PCB treatment to
stop cating and die within several days.

Hens 11-weeks old given a 210-mg capsule of
PCRs in the evening ate very httle the following
day and appeared weak by the end of thal day (3).
After receiving the second capsule 24 hours «ub-
sequent to the first, birds sat with fcathers Auffed;
some tremering was noticed: and no food was
consumed. Birds of both sexes 6-9 months of age
given 10U mg or 30 mg PCBs every 3.5 days for 5
antiviad ta eat ag did 11- week-uld hens
repestedly given either 10 or 20 mg daily. Scott
et 4l (9) found no cifect on feed comsumpting
when laying chickens were rea up w 20 pun
Aroclor 1248, and no mortality that could he
attributed to treatment. Prestt et al. (16) [ound
no cffcet on weight of Bengalese finches (Lonchwra
striate) when they were fed up to 400 ppm Aroclor
1254 for 56 days.

ez alem o
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Rirds 11-weeks old given daily capsules con-
taining 210 mg PCDs died within 1.3 and 5.9 dayvs:
the 16 designated to be analyzed upon death lived
longer than the other birds in the experiment,
from 2.2 3.0 days, averaging 3.9=1.0 day stand-
ard doviatian 12) Thoy Inst from 13-37 percent. of
their initial weight bLefore death. All control
birds lived. Correlations of the initial weight. davs
to death, and percentage weiznt loss were obe.
tained for 33 birds in this experiment. Initial
weight was corrclated with days to death
(r=0.599, P <0.01); heaviest birds lived longest.
The birds which were heaviest mictally lust uhe
grontest pareemtage of their weight before deuth
(r=0.589, P <0.01). Birds that lived the langesi,
tost the greatest percentuge of their weight before
death (r=0.744, 1 <0.01}. Time of death of the
11 birds that were not given PCBs, but were
starved, ranged from 2.3 days to 8.3 dava. aver
aging 3.9 1.8 days. They lost from 27-31 percent
of their weight by the time of death (’{)

Of the birds gwen 50 or 100 mg every 3.5 days
for 5 weeks, 4 of 22 died in the 50-mg group and
7 of 22 died in the 100-mg group. In addition, two
birds in the 100-mg group were so weak they were
nesr Jeath at the couclusion of the experiment.

Mortality of birds given 10 mg tiegun 30.0 duys
after the first capsule was given; the ninth bird
died after 179.3 days. ‘I'he other seven birds died
between 30.3 and 60.6 duys after initial treztment.
The tenth hird of this group, still alive aiter
mouths of treatment, wae sacrificed (3).

In the 20-mg group, the first bird died 39.6 davs
and the last bird 54.1 days after capsules were
first given. The average number of days to dexth
waa 40.125.3 days (3).

Mortality was light in breeding experiments in
1970 and 1971. In 1970, only 2 hens dicd from
among the 30 hens and 10 cocks under study: both
hen3 had reccived 30 mg PCBs weekly (3). In
1971, wnong 34 hens and 14 cocks in the study,
three hens died, two that hud received 12.5 mg and
one that had receivea sy mg weeniy.

Tucker and Crabtree (17) reporied that 2000
i lig of sithor Avaclie 1049 1934 1960, or 126K
given to mallards caused no mortality or symp-
toma. Prestt et al. (16) estiiusled that 254
mg/kg/day given Lo Bengalese finches would give
50 percent mortuslity at 56 days. Heath et ul, {8)
reported that Aroclor 1254 had an LC. of 1080
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week, highest during the second week, and de-
clined thereafter. The average excretion per hen
via the egg was caleulated to be 4.2 mg PCBs (2).

- Excretion of PCBs via the cgg could be higher
w¢ than excretion through the feces when hens are in

full egg production. A single egg laid between 1
and 2 weeks after a hen wus administered a single
capsule containing 50 mg PCBs wuas shown to
coutain 1.5 mg of PCHBs. This eggz was one of two
laid that week by onc hen.

Heath et al. (8) reported that Lwo mallard eggs
from the second rcproductive season. when birds
had been on- 25 ppm Aroclor 1234, hud 36 ppm
and 33 ppm PCDBs, wet weight, Peakall (1)
reported that ring dove (Streptopslia risoria) eggs
taken from birds given 10 pom Aroclor 1253 in
the diet averaged 4.81£1.03 ppm standard
error. The artnal amennts in ing of PCBs in ring
dove (13), masllard (8), and pheasant eggs in the
present study would he far helaw the 10 mg
injected by McLaughlin et al. (8) intu chickea
eggs. The 10 mg resulted in poor hatchahility,
edema, and beak deformation. _

Scott et al. (9) found that PCBs deposited in
chicken eggs were less than 0.5 ppm uflcr 8 woeks
with 0.5 and 1.0 ppm Aroclor 1243 iu the diet.
‘L'hey found levels of over 3 ppm after 8 weeks with
10 ppm n the diet and levels of about 6:-7 ppm in
cggs of hens on 20 ppm. Theue voluce are much
lower than those found in the present study from
34 weeoks after administration of a single capsnle
of 50 mg Aroclor 1254. Their results, showing a
drastic reduction in hatchability associated with
¢ PP Or 138 resiauc In egys, are nut coutpatable
to our findings with pheasants. Differences with
the experimental animal or the Arocler product
used may have resulted in the gross ditferences in
findings between our studies. Heath et al. (8)
reported a nearly four-fuld dilferciuce between

. bobwhite and Japancse quail in the LCw; thus

species differences may be important.

Residies in eggs of wild birds have been deter-
mined by several authors from diverse collection
points. Anderson et al. (19) found PCBs in sll egy
pools of cormorants (Phalacrocoraz aurilus) and
pelicans (Pelecanus erythrorhynchos); cormorants
were shown to have an estimated 8 ppm in eggs
and pelicans 0.6 ppm. Jensen et-al. (20) reported
48 ppm in the egg of a heron (Ardea cinerea)
collected 1o Sweden, and $-2L ppm irom 9

April 1972
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guillemot (Urin qalze) cggs from the Baltic Sex.
Risebrough et al. (21) reported that an egg of
percgrine talcon (f'alco peregrinus) contained 10
ppm: S black petrel (Loomelania melania) czgs
had an average of 1 ppm; 5 eggs of 2 barm owl
(T'yto alha) had <1 ppm; and a golden eagle egg
{dquila chrysactos) had <1 ppm. Dustman ¢t al,
(22) reported median measurements of egg resi-
dues of bald eagles to be 1.65 ppm jor Alaska and
9.7 for those from ull other stutes. They further
reparted median egg levels of 15.9 ppm for the
osprey (Pundion haligetus) of Connecticut and
2.5 ppm fur those in Maryland: 3-6 ppm in brown
pelican (D, occidentalis) eggs from diffecent areas;
and 5 ppm in eggs aof roval torns (Thalassens
marimus).

Prestt et al. (16) found residues ranging from
U-30 pom in 363 eggs from 28 species of both land
and water birds collected in Britain. Most of
these had less thsa 10 ppm. but those which had
higher levels included a single egg of thc great
crested grebe (Podiceps cristatus), 40 ppm; one
cgg awmoug 101 of the heron that had 80 ppm,
while the arithmetic mean was 3 ppm; one egg of
a moorhen (Gallinula chloropus) with 15 ppm,
among 13 samples that averaged 2.4 ppm: and a
single cgy of a great skus (Sterocorarius skuq)
that had 25 ppm.

Particularly in view of findings that ahout
5 ppm was associated with nearly complete
negation of hatchability in the chicken (9), the
sbove findings in some wild birds are alarming.
Apparently, though, as earlier pointed out, there
wwat Le comaiderable differences among upouiow iu
(1) the rate at which they deposit PCBs in the egg,
and (2) what a particular pput runge may mean in
associated deleterions effects.

Residue Levels in Tissues

We analyzed tissues from seven different groups
of birds: (1) 16 birds given 210 mg PCRs daily
that were designaled {or analysis upon death, (2)
five additional birds on 210 mg daiiy that died,
(3) nine birds that were killed at intervals for
matching with the 16 designated to die. (4)
pooled =amples of birds killed 12 hours and 24
hours after receiving a single capsule containing
210 mg PCBs, (3) pooled samples of fuur birds

dying aud from four birds surviving capsules con
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Prestt et al. (16) stated that the liver:bLrain
residues should be compared and that brain
ppm/liver ppm X 100/1 was three times higher in
Bengalese finches that died during their experis
ment than in birds killed at the end. Data in the
present study showed a complete overlap in brain
ppm/liver ppm X 100/1: birds that died during
testing hiad a range in ratios of 5.4 to 112.8, while
matching birds sacrificed had 10.0 to 37.0.

Relutively little sampling of brain tissue for
PCD residues has been done in wild birds. Dust-
man et al. (72) reparted that a sick bald cagle had
230 ppm PCRs in its brain, and that PCBs may
have contributed to its death. Jensen et al. (20)
reported that three white-tailed eagles {[Ialiaectus
albicilla) had a brain residue runge of 29-70 ppm
L’CBa, avertagmg 4+ ppm; mudsle ricidues sxapmad
from 130~240 ppm, averaging 190 ppm. Rise-
brough ct al. (21) fouand .04, 1.3, 21, and 24.6
ppm P’CB in the Lruins of four peregrinc falcone.
Prestt et al. (16) reported liver residuey ranging
from O to around 900 ppm from a wide varicty of
British birds; orithmetic averages ranged from
0.5 ppm 1n the buzzard (Buteo buiew) to 33 ppm in
the heron. The tissue levels reported ahove were
below those at which mortality occurred in the
present study, except that the inuscle level for
the white-tailed eagle was bigher than those in
thiz study associated with death in the pheusant
from PCBs. However, these levels from wild
birds do comstitule substantiul perccntages of the
brain and liver levels in the present astudy where
death occurred from PCBs.

Histopathologic Effccts

Dablgren et al. (3) found that PCBs decreased
weights of heart und spleen af ail treattnent levels
(£<0.01). PCB treatment increased weights of
kidney and liver in birds givern 10- and 20-mg
doses (P <0.01), bul no effect was secn in the
210-mg group. Starved birds had smaller hearts
{P<0.05) and livers (P<0.01) than contrula.

Splenic atrophy, as deseribed by Flick et al.
(10) and Vus and Koeman (13) was found in all
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pheasants given 20 mg daily and in the 10-mg
birds except for onc that survived S months and
was saerificed (3). Splenic atrophy was char-
acterized by altost complete absence of lymphatie
nodules and an increase in the relutive abundanre
of red pulp. In one of the birds given 20 mg, loci
of necrosis were found in lymphatic nodules.

Prestt et gl. (16), using the Dengalesc finch.
reported that kidnevs were larger in bLirds that
died from PCBs than in controls. Flick et al.
(10), using chickens, mentioned both enlarged
adrenals and kidneys from PCB treatment. In
our study, kidneys were larger in pheasants given
10 or 20 my daily, but neither kidney nor adrenal
enlargement was visually deteeted during ne-
eropsy. MaCune et al. (23). using Aroclor 1242
with chickens, mentioned both enlarged livers and
kidneys in birds given PCBs. Platonow and
Funnell (14) and Kehteid (1»), using 1-day-oid
chicks, repurted enlaiged livers with dictary
intake of Aroclor 1234, Grant el al. (24) reported
=ulavged Viverm and docroaced zpleen size nvar a
period of time in the rat. Flick et al. {10) uand Vos
and Koeman (13) reported small spleens in (hen
studies. Although hydropericardinm was found in
varying degrecs by many of the authors cited, it
was found only rarely in the present study. Vos
and KXoeman (43) found that Phenoclor DP § and
Clophen AG0 caused much more liver neernsis
and hydropericardium than Aroclor 1260; this
was probably due to contuminents (23).

PCBs in Combination with Dieldrin

Mortality among pheussants of both sexes 6-9
months old given dieldrin, PCBs, ar 2 combination
of the twn, varied with the level of chemical
administered (‘I'able 7). Among the 22 phessants
on cach level, 3 died with 4 mg dieldrin per enpanie,
and 6 died with 8 mg dieldrin. The same propor-
tions held true for I’CBs, since 4 died with 30 g
PCBs per capsule. and 9 died with 100 mg PCBs.
When 50 mg PCBs and 4 mg dieidrin were
administered together, a tolal of 9 birds died.
Ncne of 11 control birds died during this period
of time. These data suggest that efTects of PCBs
and dieldrin together are additive. not synergistic.
Heath et 2al. (3) found that the joint toxicity of
Aroclor 1234 and DDE given to Japanese quail
was additive, and found no evidence of synerzism
in their joint cffect.
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kidneys and livers were also useful characters in
attempting to diagnose PCB toxicosis.

PCBs and dicldrin were not. when combined,

synergistic in their jomnt toxicity to pheasants.

Livers from wild pheasants rollected in Penn-

* svlvania, Indiana. and South Dakota, did nor

excced 2 ppm PCDs, indicating relalively low-
level contumination.
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