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Introduction 

Polychlorinated biphenyls (PGB.s) have be;;n_ 
useful industrial products si.nce the bcjl;inning ot 
their commercial production in 19~~- The first 
n~port of PCBs occurrence in wildlife wa ... ~ made 
from the work of Soren Jensen, a. Sw~li.sh Chemist, 
in the New Scientist in 1966 (1). Since then 
PCBs have been reported to be widespren.d iu the 
world's ecu~:>ystem, building up in food "ehains a.s 
has been reported for urg:lnochlorine inse<:ticides. 
The chemical aLruct.ure of PCBs and their action 
on or~~;anisms, altho1.1gh less toxic, are similar. to 
that of DDT. The contamination of human nulk, 
puultry feed, and all classes of wild vertebra~es, 
ha.s created a concern for the need to d!:ltermmc 
possible harmful effects of PCBs. 

• Fuuda !ol' the l!t.ndy were supplied h:r till: Bnrea.u of 
Sport Fi:sheriee :\nu 'rYildlife through t.he Soulh Dakot:t 
Cooperative Wildlife Re>$~arch Unit. sup!JI)~Led jointly by 
the South Dakot:\ D~purtment of Garne. Ft:;;h, ll.ud Park!'.: 
t.h .. K·n·,o:\.u nf Spor~ Fieheries and Wi!Jlifc; the South 
Dak.IJI,il. SLzo.le Unil·cr:~it.y; ~>nd the \Vildlife 1\:t;>.fi!Lgament 
institute. Tiasu!'l analyse:' 111rere n1adc by the: Deu •~:r 
Wildlife Re3'!':-~.'"~h l.entP.r and by Dr. Yvonne A. vnechu~. 
E,.perimcnt tit~t.ion Bioch~:mietry L>.,putment. n'" Rnlw.rr. 
J. })ury, '{etcri.nary Science Dt~plulwo::ut, em1duc~I 

neemp~iP.:< and histoDatholo~ic studies. 1Jr. W. L. Tucker, 
Expcrimr;nt Sto.tion SL~~otistici:o.n. gtl\11'\ ~t.at.i.stical adYice. 
Wild phea:w.nts were cull.:~:Lcd by Fred :r:. Hutmnn ,.nd 
JOlln ,J. .l\ •. rtz, l."t!IIWIJ L•tULLP. ':t.s.~.A.6c. Ov--'·-•-.. , ......... J 

Robert D. 1-"cldt, Indillnn Department of N11.Lural Re­
liOHrce.~. Thi<3 wnrk k; from a ductmal rli~sE:rtation ~.t South 
DW.:ot3. State tlnivenity uy the ~enior author. 

t Assi$t:mt Let~.rlf!r anJ L&<dP.r, rc.~pectively, S<)liLh 

lhl...-.t-. C""f"!rath~ Wildlift: Rc::Eeo.rch Unit. South 
Dt1ls:ot:1 Sto.t.c U uiversity . .Brookings, S n .'iinot'i 

t rrofe:osor of Animal Science, o.nd Le>~.d<Jr, .l:'ou~try "RJo,. 

~earch and Ext~::n:liivu. So\lt.h D .. ltot-~ State Umverz1ty, 
Brookings, R.D. 57000 
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Because of the economic importance of the 
pheu.:;aut (Phnsiamu; colrhir;u .. ~). it was chosen as 

the experimental anim•\l using PCB~ in t-hi;s 
;,;t.udy. The objectives were (l) to d~t~rminc th" 

pattern:; of absorption, ;;tomge, and excr!"tion for 
PCBs, and (2) the effects of !'CBs on reproduction, 
behavior, s.nd :mrvival. Sinc;e many pubh~hed 
report.• indicated that the chromato!l;rnms of 
PCBs in wildlife rno~t n~rly rr..semble tho.sc of 
A.roclor 1254, t.hi~ wa.:; the PCB product chosen 
for study. 
Th~ 11.se of brand name::~ in thi;,; paper does not 

indic:atc an endor.-•r.mt:nt of any produ~t. 

Materials and Methods 
Ar-:-~1,..,. 1').C::,J. (l=:nppliP.<i h:Y· the l\fonsa.nto Co.i 

wa.:; mixed (w/w) in a 1:!} dilution with corn oii 
s.nd weighed into No. 00 :<:ize gelatin capsules to 
within ±:.! . .1 percent of the re<plired. \veight. 
Ca-psules were administered into the !".sophagus 
u$ing a glass tube. Capsules containing only corn 
oil were administered to control birds. 

Ano.lyW~> for residues w·ere mad~ by Dr. Yvonne 
A. Grcichus. Experiment Station Biochemi~try 
Department., South D11l~ota. State University, and 
t,hP. Bureau of Sport Fi~heries and "\Yildliic 
b.boratory at the Denver Wildlife Research 
Omt.P.r. Analytical procedures u:led at the South 
Dakota StaLt: Uui.versity laboratory are dc:•cribcd 
by .lJahigi"Cfi tt at. l:O:J ana proc;t;UUL·~:s v! vl~<: 

Denver Laboratory by Dahlgren et al. (3). 
Heus for breeding experiments were purchased 

in tht: winters of 1.970 and 1971 (:3() £t.ud 31 rP,spec· 
ti-lrely) from the S<)uth Dakota. Phea;;aut Co. of 
CauLuu, and cock.:s were raixd from birds pre­
viouslv obtai.ued from the Canton srmrr:~. All 
bird;; ;1~rl fot· Lrceding were about 1 yco.r of u.ge. 

89 

IIIII/I IIIII/III/ IIIII 11111111 
9150 



In btc Janu~try t.h~y wrrc pbc:ed under 16 hours 
dnily of ~~.rtificinl light to :;timulate bn\t~din:;. Both 
sexes were fed a pheasant breeder raLiun (Zip 
Fe~d Mills, Sioux Fo.lls). One table:spoonful of 
oy~ter ~hell~ \va.s added to r.hc food r;up of e~tch 
hen weeklY. Cor.b were keut. in breeder r.a:rf'x 
{30X36Xil' inrht><: Li~h\, and hen:; wer~ b~pt in 
individual cages ( 12 X I~~ X 1:! inches high) de­
:;igrwd t.o facilit.ate handling and ident.ifi,•:•LJorl of 
egg.:;. Temp~mt,Hn~s were kept at ncar 6,) F iu 
colder months. Egg:; were <'oll<•d.t~rl daily, in­
<lividun.lly numbered, set weekly for iS WP.~k>~ iu u 
forced-draH inr:uh:J.t.or, n.nd hatched in pedigree 
cages. 

ln 1970, cocks were first dosed wif.h :.!5 mg 
PCB~ on .February 13, and ,,.·eckly there<lftcr for tl. 

total of 17 tunes. IIen.s were first do:;c:d 1 week 
later, Febn~ary 20. Breeding was commenced 
February 16. Egp;;;; wen~ )I:UtiH.:red for t.h(' fir:;t. 
\'lo·er!kly egg group frum ~iarch 7 13 and gathered 
lMt l!i wc~kl> laLer, Junt 1:3-19. In 1971. the J;1rnf, 

.~l'!quenr.e -.vas follow(;J, e.'(cept, that the first do::;ing 
began February 19 fur cvcks :,.1nd February 2:) for 
hens, and breeJiu)>l; ueg•m March 1. Egg;; were 
gath~l'Cr:l fur 15 w~ekly egg groups beginning 
March 6 and ending Jum" 18. 

Within :31) hours after hatching, chick.~ were 
taken from the incubator, wingbanded. and on~ 
wing wa.s removed t<> the a.luh. They wt>re then 
plact~d on a visual ditl' (4) and given :5 minutes to 
jump to either the visually deep or shtlllow side. 
Chick:3 irom this study and tho:5c hatcht>d fro111 <t 

concurrent dieldrin study were placP.d t.ogeth~r 

in brooders and fP.d a. turkey pre-starter diet (Zip 
Fc:cd ~!ilb) until they were 6 wr:cks oi <Lge. At G 
week:>. they '~-'~'Cl'C placed outside in 16 X l(i foot 
~~ns and feel a phea.:~a.nt grower rnt.ion (Zip 
Feed Mill:;). 

Se,·eral times in ~ummer &.nd fall, chicks were 
caught by hand by the sa.me person, £md wingband 
nuwben; werH rncordcd. The number of birds 
caught in each categ()J'y in t.h1~ first and la.5t half of 
all birds caught was compared with nn expected 
50: :JU Jie;Lribu t.ion u:o;ing chi-3quare analysis. 
Each pen wa.s a. closed uu.ii, aml bird:~ of ,~veral 
groupr; •.~:wr,hl; predominantly in the firsL hulf 
'-"''-'~c:J. Ll· ..1~ vf v~lit:r C:.t.li:I!;U!'lt!ti to !H~ ~.n.ugru in the 
lu.;-;t. IH~lf. \Vci~hta to the nearest gram were taken 
of all adulL brm~dcrs weekly. Chir.k5 were weighed 
to the nearest grar:u at 6 weeks of age. 
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To :~tudy effect:; oi PCD~; in r.ornbination '' i~h 
diddriu, coc:k;; ;,nd heno; from G to fl month;; ok! 
\•·ere :;tratificd by ;;ex nnd weight nnd randornil;~d 
to five group:3 of :U birds ear. h. They were give a 
r:1.p.suk::; containing: eit.h~r (l) 1 rng t.::r;hnicc,J 
o:r·:trl~> rl j,..ldr·i" (·!) i!- ma; diQldrin, (3) .:::o "'6 PCB.,, 

('1) 100 rng PCBs, or ,.'J '1 -"•0 mg; PCB:; :J.nd 4 mg 
dieldrin l.og~t.hr~r. T~u do;;es were given. onr: 
c:lpsule each :)..) dayfi f.-"· :~. ,,.,:t:k::!. Three an1l 
uzJe.h:df d(ty:; rtft.('r th<: bst capsule wa;; ;:.t><~rl. nil 
surviving bwl:-; Wt!rt~ :;(tcrif'iced. 

The Denver Wildlife H.et:(':l~n:lt C:r:nlt"r <tnalyzed 
iur r~:-;idtw~; of PCBs in pooled livers froza: Llm•c 
road-killed plt~!~.o-;nn tr, coller:ted near \Vashingtrm, 
Pennsylvania; six road-killed phe.u;ants collected 
southeast of Lancaster. Ptmn!':ylvani~t: six phea~­
a.ut.s :;h()t t:!l.~t. of Gary. 1 nclin.na: six phc:a..sr~nt~ :;hot. 
iu Dent.on Coull~y, Indiana: and six phea:;ant.~ 
shot. nf"a.r· nrookmgs, :::i•Jt~lh D~tkota .. -\.11 M the 
ah<Wf" f<)llec:t.ions were Hw.Ju iu t.h~ spring oi !Oil. 

Results and Discussion 

.Etl'ed!:i ou R~production 

The average~ of eg;g:; luid per hen per ri;;.y :1mong 
hcu t.r~;at.m~nt groups were Si)!nifkantly different 
in 1970 (.'>). With the use of an orthogomd test, 
the rate of eg~ production r.,mong lu~n.s i;i\'Cll l:,!,.:; 

mg PCBs '"S.S HOt, found to be lowF.r (p >O.OS) 
th;-.n the ratt: of the coutrul group; but t.he mre 
of the 50-mg group wa;> hnv~r (P <U.Ol) than the 
r~Lle:> of the other groups. In 197L the ::.arne 
P•~ttern was evident (Table 1): there were :>ignifi· 
r.ant ditfcrcw.:e::; (P <O.O;J) among hen gm11ps. 
Tlu~ production of h0n8 ~iven 1~.5 mg w:.t;:; not 
lower (P>U.0.5) than that of coutrol.~, while 
production uf SO-mg htms was lower (P <O.Ol). 
Egg produ<:tion was lower in groups whem cocks 
were given PCB~. but this is not to he expected. 
and wr.~ cn.nnot explain it. 

Differenn~~; amonp.: groups in egg fertility in 1970 
\vere :;ignifica.nt (P < 0.0.-'i); however, vari:.tion in 
ierlilif.y did not iollow a pattern related to PCH 
dosage, and, thus, the re:;lll t.H rnuy not. have any 
biological meaning (.S). In 1971, there w~n~ no 
5lgtU11cant c11rteren<·t>:< in r':\rl.ility umong groups 
(Tnblc 1). 

Hatc:hn.hilit.y iu both 1970 (n) nnd 1971 wa.:~ 
highest in control group;; and lowest in groups in 
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TaiJle 1. fkprnductive "t::Hi,.;tics frnm contrnl pheus11nt:~ and phr.a.,nnts qiv.~, PCfls 197~71. 

-- ---- -----
Fr-:rt.il., cr,J;.~ Fertile egg~ FertiJ,., P.ggs pipp~d 

Ttcntmrmt. gro11p• No. egg>s per No. cg~:J set ---· h:.t.c:hP.d b•Jt not. h:ltclwJ 
IK·u ,,..r chy in incub:1.tor No. l'crr~nt. ------

No. Pcn:.,nt No. P•:r<:P,nt 

---- -
1970 

o-o~ f).62l 277 1.01 :31$ 7-1 :-:~ (j (j 

Q-12 . .') () .4:i9 220 I:!~ .)S &~ . ' 1'8 :!9 ~;3 

0··50 0.2~2 1:16 .')() 37 3:? G-l :=: 1ft 
25-Q o.:;:3s HiS \H ::•1 73 :;o () to 
25-12.5 0.362 17\/ 71 40 -~0 7!l 1~ :2.') 

25·50 0. l!l>l 98 t):l 64 41 ().~ ]() 16 
1!>71 

0--0 0.337 166 82 4!l 6.'i 7'1) " 7 
D-12 .. '5 0.436 J')O J:.?S lj·! iJ-1 -30 20 1('. 
0-f,l) o.:3:t!:! 14$ \liS 1\.'j .';1 ,:,:~ 4 4 

:25-<l 0.~65 :tJ;~ 17<1 
_., ,.,., .LJij 1)8 s D 

ZG-l:l.5 0.38G 288 IG3 ~3 109 71 1!5 w 
2.~50 0.228 95 12 44 10 24 ... 12 

• F.ach tr<mt.ment _grOtJp h:1d five hr:n~. exr:ept t!mt t.hf! :!5-12.ii I'll~ ~rr.up h:td nin~ hens in Hlil. 
~The first uumb,.r i~ the wt<P.kly PC.!:IIcv~l in mg ~&i\·<:n to cod.:~: t[,., sPcond. that fnr hen~. 

whid1 hens had received SO mg PCDs. ln 19i0, 
t.hes~ differences tc:':il~d hy chi-squ!trc wr.r·e not 
significaul (P.>O.O.j), while in 1971 hatch~bility 
w:-l.:~ r~duced (P < 0.0 I) ::-.mong hens gi vcu PCB )I. 
SignifiC!nnt. diiTI:lrences cr <O.O.:i) wer't' found in 
the number of cg~s Lhat were pipped bul not. 
hatched for hen groups in bot.h 1970 and H.17l. 
A ppar~ntly, the adm iui~tt·ation of PC.Bs r.o tho:, 
hen ndvcrs,.Jy affected the viiibility of the P.mbryo 
at hatchin~. Md .. ~~.ughlin et al. (6) injcded hoth 
10 o.nrl 2:) mg of Aroclor 1242 inLu l:hicken CAAS 

and found only 0 :) pewmt hatchability with 
growth n~t.ardation, edema, a~Hl ht>:ak deformities 
iu embryos. 

Eggshell thicknes-s was measured only in 1970, 
and no 8ignificant differenc~s (P>O.Q.;) in eggshell 
t.h idm(':;:~ were r uund usin~ u.u:J.lyi>iti of variance 
(&). Egg:o:hPII.;; !rolll h:Atched eggs (without mcm-­
bro.ne:~·l l.<1.id. by coutrol l!l:llll:i averaged 0.26±0.02 
mm ~t.;.nd.ud deviativu, and thot:e from all hen 
grnllp~ r~ceiviug PCB:; ~VIlrs.ged 0.23±0.02 mm. 
Eggshell~ from unhaL<.:hed eggs averaged 
0 .• ~2+0.0:! nun for conlrul hens, s.nd 0.31±0.02 
mm for hto:n~ receiving PCB:o. Dahhmm and LindM 
(7) found the eggshell thickness of phea;;unts to be 
una-ffected by wedJy ac:lministrat.ion of capsules 
containiug fi mg dieldrin. 
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Heath et o.l. (8) fed 2.5 ppm of Arodor 12:'\4 to 
tn3.lbrds (11'w8 platyl'l<yncho<s) thr<)t:t>h t"·o breed· 
inl!, :;ea~~nm:. They nlso fed hohwhite quail (Ct)l-inu.~ 
tti>·gz:m·anu~) -'iO ppm PCIJs end at ii joint level of 
2.'J pplll PCD.s and Li pprn DDB for one rcr;wdllc;­
th-e sen.son. They found no effects on egg produc­
Uon, cracked eggs, c~~:;hell t.hickne.ss, cmbr.ron:-~.­
tion, <:mbry<.JS a.live at ;3 week:-;, normality of 
hatdtlintts. and norm9-l h:{kltline-;: ;:tT;,.,. nt. 1_.1 .-l~;·v. 

Scott cl al. (9), who fed 0, O.:i. 1.0, 10.0, nnd 
:20.0 ppm Aroclor 1248 for 8 weeks to chicken~ in 
full eg!l; produetion, found no rcduc~ti<Hl in egg 
production on the lowc;;;t levP.)~ of rcn.s after s 
weeks; however, they not~d a 10 perc:ent rcdut:tion 
was a:s:;cJeiat.ed with 10 ppm, ~nd a 1:3 percent 
reduction was ~ociatcd with 20 ppw. They 
r~ported that 10 ppm Aroclor 1248 redure,rl 
hatr.hil.hilit.y oi .:hichu e)l:~'S by 3 percent o.ft.cr -! 
we~k.~ and 44 pen:~uL aft~r 8 weeks. The 20 ppm 
levP.l nP.::~.dy elicuiuate<l ~Lll hatchubilit.y. !\lost. 
embryos dit>!ti aL 21 days of development: ma.ny 
aft.cr pipping_ The.!' ahu fuund that eggshell 
strength w."l.~ not affel'L~J wh~n as much as 20 
ppm w.3.;5 fP.n ·· 

Eff~cls on llehavio-.:-

:;e"·0.nty-one ll·week uld hem; given oue 210-mg 
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Tnhlc 2. Heho.vior on the vi~t•al diCf of chick~ bntclu:P 
from <:onu·ol ph.,nsnnl.~ und phca:~nnts ,tlivcn PCB·~ 

1970-71. 

.No. thBt No. r.hat No. not 
jumped to jumpd to jumr>in~ 

Trcatrnen t. vbually vi.;uaJly within.) 
group deciJ ~ide ~n:\llow ~id~ tnin1Jt·.:~ 

---- -·-·-- ----- -
Ir.liO l9il 1970 1971 1070 1 ~l;l 

·-·--
()-()·• 2 ~ ,).-) 41 1'5 -

' 
0-l:l.ii 3 i 4'2 :l .. ~~ 5 
Cl-50 :j 7 6 30 0 fi 

~:5-0 ~~ liJ :n ti7 1!3 17 
2fr-12.r. 1) 16 ~'l 73 7 7 
z . ..,_~ 4 0 5 <J fi 

• Th"' fi.-~l m1mb.tr it the weekly reB lev~! in mg ~ive" 
lu cocks; the xcond. l:h~t. for hen;;. 

c:ap:;ule in the evening of the fir$t da.y of testing 
appeared weak at the end of the following day. 
After receiving the ;;e~.:onci capsule, they sat with 
feathers fluffed, ~tnd some tremoring was 1Wt.ir:cd. 
Dming the 24 hours beiore denth, they ofteu 
:;howed tremors, pa.rtic~uh.rly when disturbed. 
Shortly preceding de<tth, birJ:s were comatose and 
died without tremors. 

Eleven 11-wcek old hens given 2U mg daily were 
hyperexcitahle ::tfter 4 days of PCB trcatlllenL; 
after 10 days lhey S::t~ with feathen=; flutT!ld. They 
f~xhibited \Yeakncs.i with occasionnl tremors about 
30 days aft.er doeagc began. Eleven hens 11 weeks 
vlc.l given 10 or 20 mg daily appea.red to h;j.Vt-l 

fewer booy feather:; after 30 da.y~ thtl.n cou trol:;;, 
a.lthough they did not appettr to per~k one anoth~r 
more ofl~u. Flick cL 11L (10) rcpurt~d feather lv:s;-; 
in chicks of tht! domestic chicken givcu PCP.s. 

"f'ist,ul Cliff Bchlltlior-In 1970, when r.hicks 
wert! plMed on a visual cliff for up to 5 minutP.~, 
f;iguifica.nt diffel'ences (ll<O.Ol) among group:~ 

were founo in their behavior u:;ing chi-.squar~ 
analysis (5); offspring of hens given ;jQ mg jumped 
to the visually-deep side of the eli£! more often 
than offep:-in2-:~~ther groupe. In 1071, no :sign.ifi· 
C!l.l1~. r1\ff .. l"f'tlt'''"" in h•ho.,•ior bct"""'ell §;1U<liJ" I"CL·e 

noted (Table 2). When dats from both years were 
combined, no significant di£rerence:3 (P > 0.0.')) 
'vere found. Baxter et a!. (11) reported that 
pheasant chick behavior in a vi..sual-cliti test wa..~ 
apparently affected by dieldrin given their 
parents. 
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Respon:;e r.o lland C(rtclting-Re:mlt~;; 

catching young ph~:J.g.nts by hand were :maly7.€ 
by cumparing the number of birds from eac 
t.reaLmcnt group ~aught in the first half and !a,' 
half of all bircis t::.wght to an cxpcctcJ numbt 
equaling DO percent oi the birds in that group. Fe 
example, 16 out of :tO young in the category whcr 
l10th parent;;; had rereived PCB.s wMc ca.11ght i 
the fir:;t half of all birds Cttught on July 2:2, 197 
('htle :3). The 16 c,tught in the fir.st. hnli and 
caught in the ::;econd h~df were comp;;.red b: 
r.hi-.sqt.ttU'tl a.n~ly:3ti t.o an •.i!.Xf)ccted 10 (h~.lf th. 
t.otal cale~ory of 20), re.3ultiu~ in a highly ~i~nifi 
cant JiJTerence (P <U.Ul). Since each pen was < 
d 1'1.~i>.d nnit ,,.,~ ~ho 1Jl.1 n ~ • .:. .. L ... ., .. ~ l.JIL<.l.:l wert 

penned 1\'ith other younp; fwrn a. conr.urr~nt 

dield1·iu :study, it mmt be remembered that bird~ 
of :;~vera! group:; caught prcJominantly in t-he 
first half would c..w:;c birds of other groups to be 
r~fLllll;ht in the last half. It is important to r.omp!lre 
not •;nly how t.he PCB birds were caught in com­
pa.ri:;;on to an ~xpf.!cteu dist.ribution, but s.lso how 
r·:ll:•~gories cornpa.rcd with tint: auother. The com­
parisons are shown in Tnh!l;) 3 as ratios. Thc.sl\ 
indil1.:1.tcd that the al,ilit,y of penned phea:sants to 
avoid hand capttm~ was significantly lc-3.; in 19i0 
oiTcprin.:; where Lvth parents had been givP.n 
l'CB:>. This is identical to the finding8 of Dahlgr~n 
et al. ( t 2) for offspring of parent11 n.dministered 
dieldrin. However, in 10711 the response..:; of off­
:;pring of treatment group~ were :~irnilar to 
con Lruls. 

D11.ta for 1070 and 1971 were combiul'J and :1 

conti.ugtuH:y table chi·.S'1ttarc tcchz;ique was u;;ed 
t.n determine thf:l etTect uf PCP. trcaLment on the 
response to hand catching between groups. Th·.: 
rc:;pon~e w~s similar whether PCRs were .~~;iv·en to 
ciLher the cock ur hen but \Yas :;ignifir;antly 
diffcrcn~ (P-::::0.05) when both par~nts received 
rcn~ from that where only one parent rec~ived 

l:'CBs. 
Duri..rlll: ca.tchin~, oh~a.'!.~.Tlt:C Wt;?re herded n.ruund 

and =trOttl"rl t.l, .. p<:>.n, :.nd o£ton the <;,'l>td1CL y, ::1.'> 

s.ble to capture those birds whi~.:h ran back directly 
toward the pursuer. Howevor, there was no 
attempt ~n<tde to determine .or to quant.ify th~ 
el~mcnts of behavior that would explain why 

offspring of birds tr~atcd with PCBs were easier 
to catch. 
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Table 3. Effects of PCBs on hand cupturf!l of penned plu:asanu. 197G-11. (Numbers N:pccscnt birds caught in 
'he first half of ali bird~ caught; number!! in J,anmthcscs rcpr(::>ent one-half the number of that category 

in the pen. Cbi•squarc "WaS used to compare numhen uctuaU,- caught ,.-ith hal(' of the nuntbeu in each 
category.) 

No. of Parents receiving PCB 
Dates of capture h:~.tche!l No. of 

caught pens Both Hens only Coc:k3 only Neither 

1970 
July 22 1-8 14 115 (10) •• 8(8.5) 7 (10 .5) ll•(IQ .. 'j) 
July 29 1-9 15 19(11.5)"" 7(10) 9(12) 6(13.5)"* 
Aug. 1o 1-10 IS 11 (12.5) 12(12.5) 12(13.5) 8(13)• 
Aug. 19 1-12 20 21(15.5)" 17(14) 18(li.S) 19 (lS) 
Sept. 1 1-1~ 22 2-5 (18). 19(15.5) 22 (20) 14(19 . .5) 
Oct. 1;5 1-15 23 :20(16) 14 (16) 25(17.S)" 9(B) 
Nov. 21 1-15 13 H(l1.5) 14(12.5) 8(10 . .5) 12(11..5) 
Dec. S 1-1-5 13 11(11) 14(11.5) 12(10.5) 6 ( 10) •• 

-·--
All 107n ,...,.t.rh,.ot" .... 1 .. "'1:-':n.•cl 1::7(10<6) •• 106 (100 .~) llv(llZ) M(UO)•• 

R~tio, 19i0" 1.55 1.91 1.98 2.59 
1971 

July 21 1-7 17 27(19.5)" 23(2:l.5) 25 (21.5) 12(14.5) 
Sept. 1-3 1-l-5 28 75(70.5) 41(37) 39(36.5) Zl (22) 
Sept. 21-23 1-15 28 71 (70 .. ;) 38(36) 31 (36) 24121.5) 
Oct. 7-11 1-15 zg 33(37} 3-3 (35 .G) :i7(l$.S) 19 (20.5) 
Oct. 19-22 1-15 28 .. 34(35.5) 23(33.S)• 3.'i(34.5) 17 (:.!1) 
Nov. Z-5 1-15 28 30(30.5) 29(32.5) 23(28./i) 19(18) 

All 1971 catches combined 270(264.5) 187(199) 187(192) 112(117.5) 
Ratio, 1971 1.96 2.13 2.0.) 2.10 

All 197D-71 eatc:hes 407(370.5) .. 292(2Q9.5) 300(304) Hl7(227.5)"" 
Ratio, 197Q-71 1.82 2.05 2.03 2.31 

• Totals of ro\\• numbel'8 may exceed one--half total birds because odd numbers oi birda in pens were rounded higher. 
" Bi.rds in pen/birds caught in first half. 
• (P<O.OS). 
••(P<O.Ol). 

Table 4-. Weights and su:rvi.,al for the first 6 week& of otf'sprins from control pheasants and pheasants gh·en 
PCBs, 197G-71. 

Avera~we~t No. of chicks No. of chicks Petccnt survival 
Treatment grnup Mt 6 weelcs (g) to brooder a.live niter 6 'll'eeks 

Both 
1970 1~71. 1970 1971 1070 1971 1070 W7l years 

0--0- 395 429 73 65 49 50 67 77 72 
Q-12.5 :rn> 435 84 64 49 45 58 70 64 
Q-50 303 425 29 50 3 37 10 i4 51 

2.;..() 3S9 428 72 115 50 91 69 79 75 
Z5-12.5 403 458 50 109 30 72 60 66 64 
2.5-.50 344 373 40 10 9 6 22 60 ,. 30 

• The first 11umber is the weclcly PCB level in mg giYen to eoeks; the l!eeond, that for hens . 
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Tahir. :i. Survivnl to thr. f.")IJ of off?.pring of cnntJ:"Hl pheasant~ an•l (Jhcusant! givf"n PCDs. lq70-il. 

-···----
Nn. nf rn•.1n~ Pcr·:~nt .!l!lrvh·rd irotn r~r"E'nt .l•JCVIV~[ 

Group :.li vc in f:Lll• c) WC•:k~ Oi :~-:.::•~ t.o hll~ h:~-tchin~ to f:i.ll• 

l~IU 1~/l 1970 

0 Q4 20 31i ·11 
o-!2.:1 23 36 ·H 
o-::;o 0 29 (I 

2.'>.-j} 21 .)7 42 
:.!5-12 5 1::< :o:;u {",() 

2.'i-:>O 4 4 H 

• Dcc~·mber .">, HJ7(); N•)vc;:mLc!· 2 .'i. Hl71. 
~Using the number of ehit:b nlivc ;tft~r t.5 week$, 'bbl~ 4. 
o lT!.lnij: the.: [L'Hnhor nr'" (':hick~ t•) br<.tVdr.:r, Tnbl~ 1. 

I 971 

7'.! 
~n 

7-S 
63 
~·) 

fj/ 

------
B.~th Bnth 
Years H!iO Hlil Yc:\nt 

57 27 5:) 4l 
(j;j .,"":" ... !\ti 40 -.. , ,_ r) .'i~ :;; 
5-5 :9 .so ") .,~ 

-~ :;. -~ l "' ,:;;) 10 JO 16 

• The fir~t numlJcr i~ t.he wMkly PCB kvd in m~ ~iv!)n to cocks; th•~ !'l'.cc:>nd, thu.t for h<Jn3. 

Effects on Sur~·ival and Weights of Offspring 

Survivul-Chiek surviv:1.l W!'I.S determined for 
treatment groups in 1970 (;)) and 197l during the 
lir:-;t 6 weeks of age while chicks wen~ kept, in 
hroodcrs (Table -l:). The! sunrival of chiub was nor. 
related to wheth~r cock parent.s rect!iv!,-1 PCBs, 
but ~.:hi-square analy$is showed that si):l:niftcant.ly 
more (P <0.01) deaths occurred among r:hir.k . .;; 
hatched from hens receiving 50 mg PCBs ill l!-170. 
These difference;:; were not evident in 1971 dat,a.. 
'When data from both years were comhin~d, there 
wa;,! a signific~n t difference (P <0.01} betwecu 
offspring when': hen:s n::u~iv~ 0 and 12 .. ; mg PCiss 
and between offspring tvhere hens receiv~d I ~.6 
mg and 50 mg PC.Bs (P<O.Ol). 

Surviv1.l of young pheasants in outdO<>r pens 
,...,..,_, n._~ .... ,,.-.·1 ~ .. n•-••a••••'··~•. 1C\..,.f\, .,,,.1 ,..,T,,,,_,,,l.-··. 

1971 (Table .J). Su!'V~val of uff:s!Jl'iug frum 6 wet!b 
of age to the fall in both years appeared Lu be 
tuut.ffected by level of treatment in eithtlr year. 
't~Tk .• ,.. "='~-...,,..all t·u~""".i.va.l f.rol'n 1u~i:uh.ia::a..e- i:o +hC) {&11 in. 

hot.h yPa~ wn.s considered, the overall survival of 
offspring from hens given 50 mg was significantly 
less (P<O.O.S) than that of the other group:~. The 
lower rates of survival for the 50·rng groups were 
due to the effect on enrly survival, not that from 
mortality of birds older th!ln 6 weeks of age. No 
meaningful depart.ure:' from the expected 50:50 
sex ratio:; in the trc,g.tment groups were deter­
mined (Tablt; 6). :\pparently PCBs did not affect 
Lhc survival of one sex more than another. 
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W'cight-W•zight.-:; of chicks from hens on 50 
mg PCBs weekly were lower (P<O.Ol) at 6 weP.ks 
of al!:e (.')) than thostl of othc·r group$ in 1070 
(Ta.bl~ 1). In HJ7l. \\'t~ights of offsprin~ of 50-mg 
hens were lower (P<O.Ol) than tha.t of (;Onuols, 
while weights of offspring of 12.5-nw: hens were 
higher (P <0.01). When data from lwth years were 
combined, ther<'l \vns 11<) n~lationship between 
W!O'ig;ht and treg,tment level. 

Although 've did not. stncqua:rely determine that 

Table 6. Number:e of cock11 and hens alh'e in 
Novernber that .,.·ea·e ocr,.,.riug or <:<Jntrol phea-..o.nt~ 
and phf!a<'anl"' eivr.n Pr.R• .. , 197~71. (Cbi-iqun~"' 

.,.·a~ Ul!ed to> compare numher:\ of euch sex aliv~ wit.h 
nn ""'T'""rrti .'\0:51) di,.triLution.) 

1970 l:lil ~~~iO-il • .•• _.., ......... ~ .. -.. c., ..... I.,.: •• , . ..J 
2t ~-5 

(l...j)• 11 11 17 17 ·~<;: '))<0. 

o .. 12.s ~ H 11 15 zo 2t) ::It 
()-!',() n 1 13 1i n 1S 
25....{) .) l!l" 3.3 22 :l>:\ 38 
25-12.ii l:J I) :3o 2u• 4!J 26 11 • 

'2;)-?)0 3 2 
All PCB 

,.:roup.i 33 3;i 100 so 1''" 115 

• The fir~t number is the "·eeklr levd ia rug .·,f PCB~ 
given to cock~; the sceond, th:lt for hens. 

"(P<t'l.O.~). 

•• (.I:' <0 .01). 
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PCB~ via th~ egg depressed the weight. of offspring, 
l\·{cLaughlin ct al. (t'l) mentioned growth retarda­
tion of cmbryoo as an ~ffect of PCBs inject.ed into 
the yolk ~<tr: of chicken egg::;. We fed no phea:>ant 
chicks PCH.~. Lut Flick ct al. (10) found that 
1-day-ol<l cmcl<s !t:u .~lu..:lvl 1;;-t:.) ... ,, :.:loo """'a 
400 ppm hll.d depre;;;;ed ~ro\\"th by the second week 
of feeding and ~hat the growth depression was 
related to the level fed. Vo~:~ and Koeman (1:3) fed 
PCH~:~ to 1-dity-old cockerels n.nd found body­
w~ight deprc.-;nion fro111 -HlO ppm Aroclor 1260. 
Pl .. t'-'"'""' ""~ 1-'nnrtP.Il {14) found that 1-day-olcl 
cockt!rel.s fed 2M ppm Aroclor 1254 hnd deprc:~~"'d 
body we1gnt:; l)r.f.\Vetm Lhc: :si."ll.• , ... J ,·.in'll'h ·.·,·eel' vf 

their [~;t·ding trial; thi:J depression Was n:'!.~Oci:Li.~<l 
1\·ith reduced feed r.onmmptitJIL Rehfeld (l.)) al;;o 
found depr~s~·~l w~::il;',ht gain~ in 1-day old chicks 
r~J ~ubletha.llcvel;; (10-:3() ppm) of 1\ ro<~lor 1:2.)4; 
chicks f~d :,;o nnd :30 ppm for 2.!i week:s and then 
fed a clean diet r~<:uvcred from the ;:::rowth depres­
sion, while chicks fed ~U and 50 ppm for 5 w•:~ks 
and then fed a c!~ .. .-m diet for 8 "·eeks did' not show 
a recovery from the growth deprcfi.~io.u. 

Hody weight".\ and Mort~tllr.y in Bird~ 
C";iven PCD$ ' 

Adult hens in hot.h t.he 1970 and 1971 breeding 
e:Cpf!:rim"nL;, were unaffected in h"riy weight hy 
adminiatra.tion of as much M 50 rng PCD:; in 
single capsules \'IT~t-:kly. It ·waa cho.ra.e;teristic, 
however, llC bird~ that died on PCB treatment to 
:;top eating and die within several day:-;. 

Hens ll-week:;; n1d given a. 210-m~~: cnpBule of 
PC:Rs in the evening o.tc very httl~ the fo1lo\.,·ing 
day ttnd nppeared weak by th~ P.nd of thaL day(;)). 
After rer~eiving the ::!econd c-..a.psule 24 hour~ :«uh­
sequent to the fir:;t, birds sat \"1-;th feathers fluffed; 
some trcmoring was noti<:ed.: and no food was 
consumed. Birds of uoth .sexe! 6-9 month;:; of n.ge 
given 100 mg or -50 mg PCBs e..-ery 3.5 days for :) 
-•ul•• •·A~·;~,.orl ,., "'H ~-~ Oirl ll•week~ld hen3 
repeatedly giv~n t:iLher 10 or :20 mg daily. Scott 
et. al. (9) found no effect on feed consumpt.iou 
when lo.ying chickens were re11 up w 20 l.'f'•" 
Arodor l24H, and no mortality that could be . 
a.ttribut.ed to lr~atment. Pr~stt ct a.l. (16) foo..~nd 
no effect on w~ilolihl of 1\engll.lesc finches (L,mdutra. 
.~triala) when they w(!l'(') fed up to 400 ppm Aroclor 
1:25<1 for -56 da.y3 . 
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Birds 11-weeks old given daily cap~ules con­
taining 210 mg PCDs died \'lrithin l.~ and :5.9 day:>: 
the 16 dt.!dguatccl to ue analyzed upon death lived 
longt!r than the other birds in the experiment, 
frum 2.2 .5.() days, averaging :3.S± 1.0 day .st.anJ­
.... ,.,1 .J, •. ; .. ~;,..., (~) "T'h"~' lnst. from l.''i-?.7 oercr;nt. of 
Lhcir initial weight Leforc death. All control 
birds 1ived. Correlations of Lhc init·.ial weight, days 
to de,~th, and percentage weight lo"-" were oh­
t~t.in~d for 53 b.ird~ in thill P.Xpcrimcnt. Initial 
weight. was correlated \vith nays to dc·ath 
(r = 0.699, P <0.01): hcn.vie:;t birds lived longest. 
The birri•~ whlch were neav1csr. !ntr.t:.s.lly lo:.L ~h" 
p;ror.f.•H•t P"''"~"'T'Ir<li!P- nf t.hP.ir w~i~ht before dea.th 
(r=0.-589. P<O.Ol). Bird& that 1ived the long"'·"(, 
lost the greatest pem•nr.a~e oi their weight. bciorr. 
dMth (r=0.744. r<O.Oll. Time ol de,nh of th~~ 
11 bin.h that were uot given PCBs, but. w~::re 
starved, ranged from 2.;) Jays to 8.6 da~•a. nvnr 
aging 3. 9 :+-:-1.~ day.~. The.Y lo3t from :.a -51 percent 
oi their -,.,·eight by the time oi death (~). 

Of the bird.:s giv~n 60 or 100 mg every :;_.::; days 
fr;r :j weeks, 4 of 2~ died in the SO-mg group and 
7 of 2:2 died in the 100-mg group. In n.ridition, t.wo 
birds in the lOO·mp; group wcr~ fio weak the.y were 
ne;~r tlt:ath at the coudusion of the e;q;,criment.. 

Mortality of birds given 10 m~ b~g-an 30.G du.y:s 
3.fter the first cap:mle wr~.5 given; the ninth bird 
<lit!J after 179.3 do.y:J. The oth.:r seven bird,; die1l 
between 50.:> s.nd 60.6 days 11ftn iniLia.l treJ.tmeut. 
'The tenth hirrl of Lhis group, still alive after 8 
trumth.s of treatment, wa.s sacrifLced (3). 

In the :!0-mg group, the fir.'it binl Jied 39.6 days 
and the ll'l.:.;t. bu·d 54.1 da.y;3 after capsules were 
fin;L given. The average number of day» t.IJ dea.t.h 
W3.3 4:G.l ;:!::5.3 days (3). 

Mortn.lit.y was light in breeding e;..periments in 
1970 ~-.nd 1971. In 1970, only 2 hens died irom 
among the 30 hens and 10 cock::; under study: both 
hen3 hn.d received 50 mg PCHs weekly (5). Iu 
Hl7l, among 34 heu:g 1tnci 14 cock:; in the sturly, 
thrt!e hens died, two thnt. haJ rcc~~ived 12.5 mg n.nd 
Qn~ t.ha.t tw.u re~e1vea 'JU mg w(,;~:l.ly. 

Tucker nnd Crs.btree (li) rPpond that 2000 
•··.~/l•s ol ·••~<2 ... .1\ ,....,,.1,.,. 1 ').i'J I '>.;4 1 '2f.O. or 1:.!08 
giveu to mallards co.used no morts.lity or symp­
toms. .Prestt et aL (lfJ) e..st.imt1.Led that 254 
mg/kg/day given to Bengrdt!;;e finches would ~ive 
50 percent mortality at 5t) da.ys. H~o.th et al. (8) 
reported that Aroclor 1254 had a.n LCr., of 1090 
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ppm when fed for 5 dn.ys as part of the diet. to 
pheasant.;;. Vo:;; and Koeman 03) reported that, 
of 20 chicks fed -100 ppm for GO days, only three 
died. 

In the prP~ent study. 210 mg PCBs daily were 
given to 11-week-old hens. By the time the average 
bird died, it. had t•cccived 8-:lQ mg PCB.s, the first 
t.o die received 420 mg, and t.hc last to die, 1260 
mg. Tht-;;e same figures for 11-\veek-old hPns on 
20 mg daily were 940 mg, 800-1100 mg; and for 
bircl.s given 10 mg daily (one •vn;; sacrificed <tftf::!r 
surviving 8 months) v.·ere >830 mg, 310-3·110+ 
mg. Thus, for a. group of phctLSant.J gi\'Cn PCB3 at 
10 mg vr mure 1laily, t.hP- most susceptihle in~ 

dividual.; would probably die with 300-400 mg 
Aroclor 12.'i4; the s.vero.ge bird would die with a 
cumulativ~ do::;e luLll.liug from 800 to 950 mg; and 
the leash vulner:tble would die aft.er recti v iug 
1201}-2410+ mg PCBa. 

Absorpt.ion, Storage, and Excretion 

Dahlgr~n et al. U) report-ed Lhal. r~t.~r1t.ion nf 

PCBs in the bodies of four hen~. cat.:h given 3ingle 
.JO-u1g ca.iJ:suleti a.nd s:u~r.ificed 28 days later, 
averaged 40.5 mg in each hen. Leveb of PCR:; 
were highest in all tissues at 1:.! hours o.fter cap3ule 
administration and declined moeL rapi,J1y in liver 
nt ~4 hours. Throughout their experiment, le~·ell:l 
were highest in liver, followed by brain and muscle. 
Brain tissue contained more PCBs than muscle per 
uuit weight, hut, having a higher lipid percentage 
than muscle t.iuue, brain tissue had a smaller 
concentration of PCDs 11f'lr unit. ~Jf lipid. 

Ana.ly~i:s of whole budi~;:; vf fuur ben~ that 
rc1:ciYed 12.5 mg PCD:s '\veckly fot• 17 w¢..:k.:s no­
vealed that they retained from 37 to 56 percent of 
the administered dose, while hens on the .50-mg 
level retained 60 to 82 percent of the administered 
dose. The hens on the higher dose averaged about 
!lib: t.imP.~ :t." mur:J·, 'PI':'R<: in t.h,..;,. htvli"" n« t.-h ... h .. .,.., 

on the lower dose, although they had been given 
only four times M much PCB.s (2). 

A total of 48.7 m~Z: of PCBs in the whole body 
plus that excreted in eggs and feces ovt:lr 2;.) d1tys 
wu. a.ccouut..eu fur aflt:r <:~.Urninistra.tion of a ;)0-mg 
r.n.p:::nlP. (2). The PCB-corn oil mixture was l'eadily 
ab~orbed in the gut of the phea.sant; calculations 
showed th,J.t a maximum amount excreted un­
absorbed was 6 percent of the 50 m~t given. and 
as much s.s 98 percent roa.y have been a.b:>ol'bcd. 
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Five of the hens t.hat had recei,·ed 12 .. 1 rng 
weekly for 16 weeks in t.he l9il breeding experi­
ment were ;;at:rificcd 1 week following the a.d­
ministration of the ln.<;t capsule in the series. The 
ppm PCBs in the bodies of these five hens \~ere 
1 7.6, 18.6. 24.4, 28.:3, and ao.5, a,'l.-craging 23.8 
ppm. Three mont.hs later. three other hen.s of the 
same group, which had been kept caged, were 
:sacrificed. The ~m.l.lyse3 of tht!ir bodies showed 
8.D, 12.0, and 20.0 pr.nn PCBs, averaging 13.6 
ppm PCBs. After G month,-;; on a. clean diet, three 
other birds similarly t.wn.tcd had whole-h()tly ppm 
va.lue.s of 18.3. HL:i and ~.'\.0, :tVI?r:tging 20.9 ppm. 
The o.ppa.rent rise in PCB concentration at 6 
month!; may be due to S!lmple variation :~.nd;'ot· 

the physiolu:!ical :;La.le of the hens &'trnplNI. Tt. is 
obvious that the rate of excretion of PCBs i3 
rPll:l.tively slow. The.se birds were analyzed at the 
Denver Wildlife Re~arch Center. 

Slc;o:-H <>t ,.l, (0) found •.h<~.t ,.,h;<'l!ton hc.LI.i, 5iY<.:n up 

Lu 20 ppm Aroclor 1248 i11 the dieL fnr R weeks lo;>t 
ll?ss thSJ.n 50 percent of the stored PCB:; o.ftcr 4: 
weeks ou ei~her a t;t.a.nrhrd diet or low~nergy diet . 
He s.lao found tho.t n low-energy diet followed by a 
high-energy diet did not affect reduction of PCBil 
over time. Pre::;f.(, t::L a!. (16) fed l;iOO mg :\rodor 
over 56 days to J3engs.lese l!w:ht-;::; n.nrl wcrc ttble to 
recover only 9 percent of the amount fed, when 
they analyzed one Lird from t.he experiment. 

Excretion Via the Feces-Excretion of PCBs 
in fece;; wa..c; relativr:ly low a:> reported by Dahlgren 
et al. (2). All avera~re of 4.0 mg per single .iO mg 
dose ws.s excreted in the fccc,1 o£ four hene over 
28 days; the feces from these bu·ds were ana.lyzed 
ns a pooL Two other hens excreted 2.2 and :l.~ mg 
per 50-mg dose over a 2.'\-da.y period; the feces 
from these two hens were analy7.cd separately. 
PCR;~ in thP. pooled feces of the fCJur hens were at 

a peak during the first v;•cck aud declined to 
.... 1 .... +~ .. ,..1!· 1":'-.. 't't:)X" lo,,.,)~ t.horo""E~••· '''l"h.oy Ako ff')un.cl 

that excretion in the fece!! wa.s highest during the 
first 24: hours iu the t\vo other heus given single 
W-mg cap:;ules, und l~ss than J. mg PCB.s nppcarcd 
in the feces the first day. \'ariability in ex,;n;,lion 
between these two hens wa.s low. _\n average of 
2.6 mg per hen wnG p!l.!l.:lCJ in the feces of the two 
hens by the end of 28 days. 

Excretion Via the Egg-In four heua giveil 

5o-mg· capsule.s when egg laying wa.~:; r:IP.dining, 
lcvc13 of PCBa in the t:ggil were lowe~t in t.he first 
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week. hi~hcst during t.hf! second week, r~nd de­
clin~d therea(ter. The avcrag~ e:{cretion per hen 

· .•. via the egg Wa.i c•~lculatcd t.o be 4.2 mg PC13:o t:!). 
Excretion of PCB:~ via the c~g could be higher 
th:m excretion tht·ough th(~ ft=c.:es when hen.s :;,re in 
full egg produ<:t.ion. A single egg bid between 1 
and 2 weeks after a hen \\'a::; adm.iuistcrcd n. .singl•~ 
capsule containing 50 mg PCBs \\·as shown to 
contain 1.5 mg of PCB:\. This egg wo.s one of two 
laid t.ha.t week by one hen. 

Heath et a.l. (8) reported that Lwo mallard t;ggs 
from the second reproductive seaoun. when bit·ds 

·~:~ ha.d bo<:n on 25 ppm Aroclor 1254, had 56 ppm 
and 33 ppm l'CDs. wet weight. Pt:ak~ll (18) 
reported tlu~t ring dove (Stra-ptoptJlia risoria) egg!! 
t.;lkcn from birds given 10 ppm Aroclor l:!b4 in 
tlu; Ji~L averaged 4.81±1.08 ppm 3t:l.ndo.rd 
error. Thl?. 1\~t.n:'l.l nmount,~ in mg of PCBs in ring 
dove (18), mallurJ (8), a.nd phe~ant egg:~ irl the 
present study would bf?. hr bP.Iow thP. 10 m~ 
injected by McJ.Jllughlin et al. (6) into ~:hid~ot::u 

eAAoo:;. The 10 mg re:;ulted in poor hatchability, 
edema, and beak deformation. 

Scott et al. (9) found that PCBs deposited in 
chicken eggs were le~;.c; th.A.n O.S ppm HiLer 8 weeks 
with 0.5 n.nd 1.0 ppm Aroclor 1248 iu Lhc diet. 
They found levels of over 3 ppm aft-er~ weeks with 
lU ppm m the diet and le•;cls of about 6· ·7 ppm in 
egg~ of hen., on 2() ppm. Thcoc vll.luoc: o;re much 
lower than those found in t.he present st\tdy from 
:3-1 w~ka ~Her ~inistr!.Ltion of s. .<;in.gle <.~:tp~:n k~ 
of .50 mg Arndor 1254:. Their results, showing 3. 

drastic reduction in hatchability a.ssoci<\ted wit.h 
1 ppm or less restauc tn ~gt,'H, art! uuL t.:tHupa.La.ule: 

to our findings with pht:(\.'3<\llt!i. Differences with 
the e;cperiwe::nt.al animal or the .-\r~lor prodl.lCt 
used may have re:sulted in the ~ro::;s differences in 
findin~ between our studies. Heath et al. (8) 
reported A. nP.arly four-fold di!Tercnce between 
bobwhite a.nd Japancac quail in the LCr.o; thus 
species differences may be important. 

Rf'.-;idut'.'i in ~s of ,~;ld bird:s ha.ve been deter­
mined by aeveral authore from diverse collection 
points .. Anderson et al. (19) found PCBs in :£11 t:gg 
pools of cormorant.<; (Phala,crocoraz auritu.!) and 
pelican.'> (Peleca·r.u.s P:rythrorhyncho.s); cormorants 
wet·e shown to have o.u estimated R ppm in eggs 
and pelico.n::; O.f.J ppm. Jensen et·-n.l. (20) l'Cportcd 
48 pprn in the egg of a heron (Ardea cinerea) 
collected in Swed~n, :md S-2 i ppm from 0 
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gu iilt:IIHJt I U n'a •Jal:71'.) eggs fmm the Baltit: Sea. 
Hi;;t:!mmgh ~t al. (21) report~d th:1t. an e::gg of a 
peregrine i:llcon (Falco perr::qnn tt·5i contained 10 
ppm; S blnck petrel (Loomela.rtia mela.nia) eggs 
had an average of t ppm: :l ~gg::; oi a bam ow 1 
t Tytn alha) h:l.<l < 1 ppm; and a ;;ohien ~agle P.gg 
(Jl']uda chrysar;tos) had < 1 ppm. Dustman ct ~.1. 
(:22) r~p()rtt:•l median mcasurernl'\nts of .:gg rt:::;i­
dues of bsld c:lg)e:~ t.o be U!:i ppm ior A.laska. and 
9.7 for those from u.ll other st.lte::~. They further 
reported median egg levels of 1.5.!) ppm for t.he 
o::~pre::y (l'ar!dio'~ h.aliaettu) of Connecticut and 
2 .. '\ ppm for t.hc,.:;e in Maryla.no: ;)-('\ ppm in bt0\\11 

pelican (I'. occiderltal.i.s) eggs from Jin·~nwt aL·ca:3; 
and 5 ppm in eggs of royn.l t.Nn:o: ( Thalrz.~.~e?.tS 
ma.ximus). 

Pre!ltt et :~.1. (16) found r~J;i<hu'l;l r:mging from. 
1}-80 ppm in .)oJ eggs from 2S speciP.s of both land 
and wc.t~r bu·ds collected in Britain. Most of 
these had less than 10 PJ)m. hut those which had 
higher levels included a 3ingle egg of the grc11t 
c.:re.sted ;?;t'Cbc (Podir.ep~ cmtatws). 40 ppm; one 
egg .a.moug 101 of the heron that had 80 ppm, 
while the arithmetic mean wn..o: ;) ppm; one egg of 
:t moorhP.n (G'alli-~tula chlo-r'o-pu.s) with 15 ppm, 
:\monp: 1 ~ ~aruplt::~ that avc1·o.gcd 2.1 ppm: :~.nd :t 

~iugl~:: egg of a. great skua (8terncnrariua skua) 
LhaL lmd 2:) ppm. 

Particuhu·ly in. vi.;ow nf finding~ t.httt a.hout 
5 ppm was associated w1th nearly complete 
negation of hatchability in the chicken (\1), the 
above findings in :some wild bird;'; arP. a.larming. 
Apparently, though, as earliP-r p()inted out, there 
hl~.:o~ L.:. .:.on.,id,·.,..-..hle differcnooo o.rr.ong ~po"i"" iu 

(1) t.he rate s.t which they depo.sit PCBs in the ~gg. 
and (2) what a ps.rticuls.r ppm range may m!'.'Ul in 
as~ociated deleterit)tJ~ ~ff~~t.'l. 

Residue Lt:Ycb iu T~~;ues 

We J.na.lylled ti:ssue.s f1·om 3even different, groups 
of birds: (1) 16 birds given 210 mg PCR~. daily 
that. wt>tP. d~signalt::tl fur analy5is upon death, (2) 
five additional birda on 210 mg daily that died, 
(.3) nine:: birds that were killed at inten•als for 
matching with the 16 designated to die. (4) 
pooled dls.mplcs of hirdos killed 12 hours and 24 
ho~u..c after rr.e~i.Jting it single capsule containing 
210 mg PC13s; (5) pooled sarnplt'-O uf four birds 
dyi.I1K awl fl'om four binb ;:surviving cll.p3ulco con 
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taining :50 and 100 mg PCBs, (6) a pooled ;:.am!Jle 
of four birds dying ou 20 mg and 10 rng PCI3.;, and 
(i) a pooled :;ample of two c:ontml hirds (~). 

Birds th!l.t died from d::~.ily doses of 210 mg PCBs 
had brain levels t.ha.t ranged from 320 to i'i'U ppm 
w~t weight and ;n·eraged .120 ppm± 110 ppm 
standard deviat.ion. Liver residue Jevel:3 \\'E•re 
much more variable than bn~in levels. Th,~y 

ranged from 3!:10 to 9,300 ppm a.nd averag-ed 
~,.500±2.000 ppm wet weight. Musdc residue::; 
"":Orr.l' ~:~!,;-:- rr.l'lnt.i•"~ly n-.r.>rr.l' ""ri9.bk• thi\n br.:>.in 

residues. as they ranged from 51 to :,(90 ppm, and 
a"·eraged 140:!:-5:) ppm. Ti:>:>tle levels frorn the 
birds killed for matching overlapped with ra.nges 
in the bird;; tha.t died on :no mg, but less :00 for 
hr:=t.in t.hR.n fnr liv(:r M mu:\de ·range.<;. Rrain 
re;sidue !eve!~ of nine binb 3acrificed for matching 
ru.nged from ~:so to 500 ppm, nnd !l.vcrngcd 
~70±R."i pprn; livt~r:.;; r1tn~cd from 1,000 to 5,000 
ppm, and averaged 1.900±LJOO ppm: and mu~de 
ranged irom .)8 to 110 ppm, a.nd averaged S3±17 
ppm. 

Brain showed lt-.ss varia.hilit.y than other tissues. 
Further, brain wns the only tissu,e independent of 
other parameT-ers (initial weight, p~rc.:tmt wt!ight 
los.5, days to death. and lipid content. in hra.in, 
liver, and muscle) when testing correlations of all 
po.;;sible paramet.er.s using biz·d;; th$-t died from 
capsules containing 210 mg PCBs. This lack of 
correlation with other parameters indicated the 
usefulness of the brain in assessing toxic levels of 
PCBs. The relation!lhip of the lfYel' with other 
parameter::~ such a::l original bird weight and days 
to death tended to negate its us0fulness. Ftuther, 
the interrelationships of liver parameter::~ with 
tho:se of rnusd~, even though it is not known how 
many of these relationships were mea-ningful, 
tended to negate the useiulne:;;-1 oi mn!!de 11..'1 an 
indica.!lor ti66Ue. 

Brain level$ of PCBg were generally higher in 
birda that died than in birds that were sacrificed 
at the same time for matching of brain residue 
lf!vt!l~, although th~re \\'a$ !lome overlap of the two 
groups. A brain residue level of 400 ppm scparat.cd 
the bulk of the birdg (86 percent) that died from 
most (67 percent) of those tha.t were Sil.Crific-ed. 
There appeared to be a relationl:lhip between day:~ 
t.n OP.at.h and hmin re:;inue level: however .. this wa.-3 
DOli :>i~nificant (P>0.05). A pooled ~Sample of four 
bird,;: thll.t tliP.rl on trP.atment, with 100 rng PCBs 
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given e::~.ch 3.:) da.y.~ ha.d 320 ppm in t.he hrain 
tis:;ue, while a pooled ::;ample of lour ~al'.'rificec 
birds in this group had .)9 ppm. A poolE·d sample 
of three birds th:l.t died on treatment with .10 rn~ 
PCB.s given every :3.5 day;; had 3-)0 ppm in th~ 
Lrain. while •\ pooled ::;ample of four sacrilircd 
from this group had :34 ppm. Poole<] Lrain tissue~ 
irom four birds that dieJ on daily do.5e;; of 10 and 
:ZO mg h.a.d %0 :<.nd ~JSO ppm PCBs, ro5pcctivclv 
no dntD. were availD.blc ior survivors 0f the~( 
.g;.>'-:>1.\p-o. Tho·~<:> l::.HQr cht,. incli.,:.t . .,cl that '300 ppm 

might be better t.hnn 40) ppm a~ a . .separiition 
point t!utt would indi<::tti'J de:1t.h from PCB.; und 
that, when-smJ.Jler ~uuuuut.s uf PCB:; Wt'r~ rt'r:t'iVE-d 
by the bird;; o••cr a period of time, the .~rrea.d in 
hn:r.in levels between birds that died and s•.ll'vi· . .-cd 
might be greater. 

l<.atios of rc:;idue IeveLl using wet-weight ppm 
values among brain. liver, and muscle in dead and 
:~.'icrificed birds overluppt-11 1:ou:;idt'nthly, p:-J.rticu­
larly in brain: liver and brain: muscle ratios. 
However, liver: muscle ra.tio.s appeared to be 
smalkr in birds dying on 210-m~ do;;e~::;. If cme 
establishes HJ as a !iv<'!r: mu;;r;l~?. rs.tio, :3 of 9 birds 
$:J..Criii.ced on the ZJ 0-mg doses had smaller ratios 
;l.nd only 4 of l~ birds dyiug hau higher ratios. 
However, it is necessary to gather morP. da.tJ. to 
determine if thil< ratio is useful in diagnos:ng the 
cause of death as PCB toxicosis. 

Vos and Koema.n (1.3) found that, when !-day­
old cockerels we1·e fed •100 ppm Phenochlor DP 6. 
Clophen AOO, and Arodor 1260 in the diet for 60 
day;;, the chir.:b had brain residue levels ranging 
from 70 to iOO ppm among 11 birds that died on 
treatment and 40 ppm for one chick which sur­
vived. Liver levels in their experiment were more 
va.ria.hl~ t,ha.n brain lo~vl?.h and ranged from 120 to 
2,91)0 ppm a.mong :!ti bird~ that died and from 210 
T.O J40 ppm among fnm l'illrvivor..-. Seven (Jf their 
2~ hirdl'l t.ha.t died had li"·P.r rP.:<irlue::~ of les.~ t.h;~n 
2.'i0 ppm, while four of 11 birrls had 1~.<:.;; t.han 300 
ppm. It. :tppea.rs irom their data t.hat liver might 
hP. M u~eful ~~ hrain for di3gnosing cause of death. 
Their liver: brain ratk,;;; wP.re similar to t.hose of ~he 
present study, but, since they had only one sut·­
vivor from which brain nnd liver were analyzed, 
overlap could not he evaluated. RP.hfeld (15) 
report.ed t.hat ~0-SO ppm :\ror.lnr 12;)4 giv!'n t.o 
1-da::/-old cockerel~ re~ulted i11 liver re;,idues of 
~00-;)00 ppm. Prest.t et a.l. (In) reporter! n. r:J.ng(! 
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of 3-634 ppm in livl'!r~ of $urvivor11 and 70-t307 
pp1n in livct·s of Bengal~s~ finchc:'i dying durin!; 
tr~n.t·ment with Arodor 12i54, tmd that liver level 

correlated with the amount. received 
(P<0.01). 

Prcstt ct 11.l. ( 16) statf'd that the livt~r: braiiL 
residues should be c:orupsred and that brn.in 
ppm/liver ppm X 100/1 w;~.;:~ three times higher in 
:Ben~:1lcse fmches that died during t.hcir experi­
ment than in bi1·ds killed s.t the end. Data in t.he 
present study showed n. complete o"·erlap in brain 
ppm/liver ppm X 100/1: birds that died during 
te5ting had a rnnge in ratios of !5.-* to 112.8, while 
IIJatching birda sacrificed had 10.0 to J7.0. 

1-!elatively little !';n.mpling c,f brain tissue for 
PCD rc3idue~ h.a.3 b<.:cn done in wild bird>!. Dust­
mnn ~t al. C'~'J.) 'ff.pnrt.ed that a sick hald ca~le hlid 
230 ppm PCBs in its brain, and that PCBs rnay 
have (:ontributed to its death. Jensen et a!. (20) 
reported t.hat three white-tailed eagles (Ilaliaeetw; 
albir.illa) had a. br:.tin l'C:~idue ran~e of 29 .. 70 ppm 
l'G.tS-""~, avetagul; ·lt ppm; mua::lc n:o;i< . .h&.,,. •"-••!!>'''1 
from 1:)()...2W ppm, averaging 190 ppm. Rise­
hrou~~:h ct al. (~1) fmmd 0.04, U:i, 21, ~nd ~4.6 
ppm l'CB in tht: untiufl of four peregrine f nl,~ono. 
Pre.;t.t et al. (lG) report.P..d liv1~r residues ranging 
from U to .uound 900 ppm from 11 wide ~aricty of 
Brit.ish bird.:J; a.rithmetic averages r.anerd from 
0.5 ppm m the buzzard (B,.deo fr!JJeo) tu 98 ppm in 
th~ heron. The tiS~Sue lev~ls roportli!d !\bovP. WP.m 

helm.,· those at which mortality occurred in the 
present. ~>tudy, except that the muscle level tor 
the whitc-t.ailed eagle wa$ higher than those in 
thia study M:=;odated ,..,·it.h death in the pheasant 
from PC13::. However, t.he1:1e level;; frorn wild 
birds do coru~tiLuLe sub3tantial. perccntu.ge5 of the 
brain and liver levels in the present study where 
death occurred from PC:Bs. 

Histopathologic Effc:ctt~ 

D[ihlgr~n et al. (3) found t.ha.t PCBs decrcn.st!d 
weights of heart. and .spleen at all treatm~ut levd.!l 
(P<O.Ol). PCB tre..<ttment increased weights of 
kidney and liver in birds given 10- and 20-mg 
doses (P<O.Ol), but no effect waa seen in the 
210-mg group. Starved birds had smaller heart! 
(P<O.O;)) and livcro (P<O.Ol) than contr•Jli!. 
~plemc atrophy, as de.~criht!rl uy Flick ct al. 

(1 0) ~tn!l Vo~ ~.nd Koeman (13) wo.s found in 9.11 

Aprill972 

phe<.\Sant.s ::;iven 20 mg daily itnrl in the 10-mg 
bil'd:=; P.:<c:ept for one that oun·ivcd :3 months and 
Wt1S S.'\~rificed (3). Spknie atrophy •.vas char­
acterized by almo.:rL complete ablltmce of lymphatic 
nodule8 n.nd an inc:r~a.se in the relative ~~bttncbnr.P. 
of red pulp. In one oi the birds given :;u m.~. loci 
uf nP.cro;;i~ were found in lymphatic nodule~. 

Prestt et al. ( lti), using the l3eugalese fin<:h. 
rrport<:d that kidney:; were larg~r in bird.~ that 
died from PCB!'> thn.n irL control:-::. Flick ct r£l. 
(lU), u:;ing chickens, mentioned bot.h enbrged 
F•rlrenals and kidney~ from PCB treatment. In 
Qlir st.udy, kidneys were larger in phea.<Jants given 
10 C)r :!0 m~ daily, but neiLhflr kidney nor adrenal 
enlnt·,~~;~ment was vi~ually detected durin~ ne­
c.rop>'~)·. i\fr.C:une et al. (~:3). using Arodor 1242 
\vith chickens, mentioned b!Jth enlarged livers and 
kidney~ in bird~ given PCBs. Platonow and 
Funndl (14) and H.ehteld (I::>), using; 1-(iay-oid 
chicks, repun~::~l ~ula1ged livet·~ with dic!,ary 
inVt.ke of Aroclor 1:!.54. Grant t't. al. (24) reported 
o:~.J..,l.·_~~;t:-~ l; ...... "'"'·~·· n.nd du<~rOl\•::cd P:}~lwen ~i20 ':'l":o-~..- ~ 

period of time iu the rat. Flick et a.l. (10) and Vo,;; 
and Koema.n. ( 1 ~) revortcd smttll ~pl~>tm:~ iu !.ht:ir 
»tudies. Although hydropP.ric~rdinm wa::; fiJtmd in 
varyin!Z: degrees by many of the auLhurs cited, it 
was found only rarely in thP. prc·sent .o;twiy. Vo:-; 
and Koeman (13) found that Phr~rHH:lur DP 0 and 
Clophcn AGO co.ueed much more liver n~'>r.rn..-:i;; 

and hydropericardiUm than Aroclor 1250; thi$ 
was probably due to conta.mino.nts (2.5). 

PCBs iii Combination "'o\'i.th Dieldrin 

Mortality among phea.stl.nts of both sex~ 6 .. 0 
mont.hs old g;ivnn dieldrin, PCH;;, or a (;Ombination 
of the two, Vl<ricxl with tht' level of chemica.[ 
admini:.;tered (Tllble i). Among the ~2 phea..o;;mt.s 
on each level,~ died with 4. mg di<.~ldrin pl!\r r.,a.p;;nl~. 
and 6 died with S mg dieldrin. The same propor­
tions held true for !>CBs, since 4 died with ;)0 mg 
PCRr; pe1· cap:sule, and 9 died wit.h 100 mg PCBs. 
When 50 rng PCBs a.nd 4 mg dieldrin 'vere 
adwini~;t.~r~d together, a total t)f fl birds di~. 
None of 11 control birds dil>.rl during thi:s period 
f)f time. These dttta ;:;uggest that e!Tr::cts of PCB~; 
and dieldrin together are additive. not. ~ynergistic. 
Heath et al. (8) found that the jcint toxicity of 
Aroclor 1251 (l.fld DDE given to Jnpane:3e quail 
wo.e a.dditive, and found no t!vid~:nce of :synergism 
in t.heir juin~ \!!feet. 
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Tnble 7. 1\forulity occucrir•!!7 llrnong 22 pheasants of 
hoth l!CXCI' that '"·ere 6-9 monthil of age when PCB, 
and dieldrin ... ·ere administered separately ancl in 

combination. No rnor-t::~lity occurred nmong 11 
eonr.rol bird!!. 

Croup No, of deaths in ~·eek: Tot:ll 
tn:atment 1 2 :; ~ .') d~:lt.h~ 

50 mi PC& 1 0 I) 
,, .. ·i 

100 mg PCB,; 0 3 () 4 2n; !1 
1 mg Dield.rin 3 0 0 0 0 

., 
·~ 

S mg Dieldrin 3 0 0 '.! d 
GO u,,,. rOD.:. ...... ~ 

4 mg Dieldrin 2 2 0 4 g 

• Ttu:~c two bird.;; were neue d,~:,.th at the end of Lhc 
e:tperitneu t. 

Residues in Wild Birds 

A pooled sample of six pheasant livers taken 
from wild South Dakota pheasanM had <0.1 
ppm PCB~. A pooled :;amp!~ of thre~ liv~rs 
collected near Wa.ahington, Pennaylvania, ha.d 
<0.1 ppm PCBa, and a pooled sample of six livers 
coUected southeast of Lancaster. Pennsylvania, 
ha.d 2.0 ppm PCBs. A pooled :Jamplc of six liYci"J 
collected east of liary, lndiana, had u .. ; ppm 
PCB~, aud a pooled !!ample of liix liv~rli taken from 
pheasant$ in Benton C<iunty, Indiana, had L:i 
ppm PCBs. 

These relatively low le-v·el.s in livers oi wild 
phea.sauts taken both from industrial areas . and 
rural area$ indicate these phea.<;ant.s were probably 
exposed to small amounti; of PCB8. Pr~tt et al. 
(16) found that residue levels in birds in Britain 
were related to their food habits. They found the 
most PCBs iu livers of fresh-water fish-eating 
birds (up to about 900 ppm); bird-feeding ra.ptors 
had up to 70 ppm; birds which eat mammals had 
up to 50 ppm; birds with a mixed diet of mammals, 
birds, a.nd carrion had up t.Q 1:) ppm; and those 
which eat insectl3 had 0-l ppm. 

Summary and Conclusions 

PCBi! given to laying pheasant hens adversely 
affecte1 egg production, hatchability, aud 
viability of the embryo about the tim~ of h_a.tching 
but did not affect fertility or eggshell thickness. 
The chief effect.~ on reprcdw'tion or.~urrr.d through 
tho PC'R~ +~1om;, hy t.hr.- h""· nnt. 'hy i.hP r.nr.k. 
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A :;ubtlc effect on bcha.vior was indicated 
.studies on the visual cliff and of the ability 
olT:;pring to avoid hand cJ.ptur~. These beha\'lOral 
effects have been reportc:d for birds with 
chlorine insecticides and could be deleterious to a 
wild species, in that. :n;;tincth·e pJ.ttern~ neccs:;:uy 
for wrviva] are involv~d. Behavioral differences 
Ul.:• ... • Lc Y-L!c:a .. l.tc.U. l•lLJ.U\.L~h ron .... ululul~'-'~U.l.l\11.1 LO 

the cock as wdl a.s through the hen, a.s shown 
the st.udy of h>1.nd r.atr.hing; this implies that the' 
effect is, though une:t,IJ!aiad n.o.;; t.o rnC!~hanism, 1 
more than throutrh the ohvsical nresen.~e r)f t.h ... 
rcn:s in the egg-yolk lipids. The P''e;:)tllC~ or~ 

PCBs in egg lipids is probably responsiblt for the . 
obse!"\·ed eti'ect of increased mortality in young : 
during the first 6 weeks of life, .!md in a possihl~> 
depression of \Yeight at 6 weeks of age. Only early 
;,mr-v;val of chicb WM affected, a~ no effect w~ 
noted in sur-v;va.l from G weeks of age through the 
fall. Sex ratios of young pheasants surviving to the 
fnll showed nn P.Xpc<~tcd ;)0: :30 distribution, t.hua 
PCB;; did not affl~Ct the survival of one .sP.x more . 
than :mother. 

Large doses of PCB.s. 210 mg daily, P.ffP.r.t.ed a 
loss of appetite, but lesser do.,e:~ te-:>ted did uvL 
::~.ff~d. fP.P.rl r.nn.snmpt.ion nnt.il jn;;t. prior t.o rl4'1!lth. 
The death of birds given PCBs was not attri­
butable to the starvation that occurred in the fe1v 
days prior to death, because birds dying from· 
reB~ did not !o~.: ~., rn\tch weight ,,.~ bird., which 

were not given PCDs but were starYed. Further, . 
starved birds did not show the histopathologic 
effects observed in PCB.treated birds .such as 
degeneration of liver cord cells and depk-tion of 
lymphatic nodules in the spleen. 

PCBs were (1) rapidly and readily absorbed 
into the pheasant's body, (2) stored in the lipid 
frad:ion. and (:3) excreted slowly in feces and eggs. 
Excreti~n vis. the egg may he an important meam . 
of lidding the body of PCBs for the hen, but. the_. 
PCBs in the egg yolk lipid may be dangerous for­
the offspring because of altered beha.,rior and 
lowered survival both of the embryo and hatched · 
young. 

Dr;,m tissue may be a Ynluable indicator of -
PCB toxicosis: levels of 300--400 ppm or more~ 
were associated with death due to PCB~. l\.Jarkcd 
splenic atrophy '""as the most consistent char- ... 
acteristic noted among several organ parameter;) , 
checked in birds that died from PCB.~. Enlar~~:ed ·. 
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kidneys .<J.nd livers were •tlso useful ch!\r:~.ctcrs in 
attempting t.o diagno:s~ PCB toxico;;;i;;. 

PCI3:> and die-ldrin wer<~ not. when combim::d, 
S)'ll~r~istic in tlteir joint t.oxir.ity t•) phe:1~:1nts. 

J,ivcrs from wild JJhea.<>ant'> t?ollcctcd in Pcmn­
sd\·auin., Indiana. and South Dakota, did n<>t. 
e;:cc~d 2 ppm PCD~, indicating n:biively low­
level conL:unin:Hion . 
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