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Introduction 

rotychlorinat~d biphenyls CPC'Bs) have bc.~n 
us~ful indut>trial products :since the beginning of 
their commen:ial product.iurl in 1929. The tir~t 
rP.port of PCB:o; occurrence in wildlif~ wa.~ m~dc 
from the wnrk of Soren .Jensen, a Swc~ch:;h Chcm1st, 
in the .'11'-l.L' Scienti-st in 1966 (1}. Since then 
PCBs hu.ve been reported to be widespren.d in the 
world's ec.:ut;ystem, building up in food ·c:haias a.s 
had been reported for urg:!.nochlorine insecticides. 
'fhe chemical ~Lruct.ur~ of PCBs and their ac.:tio!l. 
on IJI"l!;anisms, "lthough lesd toxic, ure similar to 
th:1.t of DDT. The con taminstion of huTTLan milk, 
p<Jultry feed, and all cla:>ses of wild vertebrates, 
has t:reated a concem for the need to determine 
possible h::mn!ul effects of PCBs. 

• Fund3 !o.r the !!t.udy were supplied hy the: H11re:~.u of 
Sport I.-i:~heriee ,,_n<J '\Yiidlife through t.hf! ~.:>uth Da.knt:t. 
Cooperative Wildlife Re$-.:.rch Unit. supV<)!"ted jnintly by 
the :-;nm.h Dakota. D>~purtment of Game, F1~b, ll.ud Parkll.: 
th .. ..,,,,t,.:\u nf ::>port Fi~heries and Wil<.ilifc; thf! South 
D:.t!wl,il. i3La~e lJ•l;\'er~ity; ""d the \Vildliie 1\:!an!L~cment 
[n.~titute. Ti~ue analySI!-"' 11l."ere nllldC by the o~u •er 
Wildlife Re:;rtl4'P'~h rl'\nt.f!r and by Dr. Yvonne .-\. Gnechu~. 
E><periment ~~tut.iou Biochr.minry D~putment. Dr 'Rn~rt. 
J. bury, '{eterinary ~cicnce Dt~p~lureut, "rllldue~l 
o.ecrnp~if'!:< :\nd histopatholo~tic studies. l)r. W. L. Tucker, 
Expcrilllr;nt. Stallion SlRtistic:i,.n. g.w"' ~tat.i,;tico.l advice. 
Wild phea::~~~.nu were collcc~ed by rred fl. Hartm~D .. nd 
..IUUJl .1. ~l%1 r.eu~JI.""~""' ,.,~.. o"'-.-J. ...... .:--, ~····' 

Robert D. 1-"cldt, I.c.Jlllna nepartment "f N11.lura.l Re
~nrtt$. Thi_, wnrk i;, from a dc.x:t-)ral di~scrtl\tion :.t South 
Dal.:ota State Univel'!!ity l>y the ~enior autht)r. 

t A!iilt:l.nt L~d"'r >inJ Le.•der, rc:s~e<tively, .S•Julh 
n~l..,,l,. C""J"'rati,·e Wildlifr. Rr::l)enrch Unit. Soulb 
D11kotll State Uuiversity. ~rool.:inp, S n :'iinotl 

t I'rofe~-5or of .\nimal Science, and L••dc;:r, .t'oultry tv.. 
:e:uch and F.xt~::n~ivu. Sout.h D .. ltota State Univuaity, 
Brooking:<;, ~.D. o7~ 

-~prU 19i2 

.. ' ... ' . ~ . . . 

I3ec:~u.sc of the economic i1nportsnce of the 
phea::;;.mt (Phnsiam.J.<> col<:Ju.t;u.~}. it w:>.s chosen :.>.s 
the experimental anim.\l using PCB;; in thi;;: 
;;t.udv. The objectives were (1) to dc:termine thl' 
pa.t.t~rn::s oi ab.~orptio11, :;tomg~, and cxcrl'tiL•n for 
PCBs, and (2) the effects uf IlCBs on reproduction, 
behavior, s.nd :mrvivs.l. Since many pub1i11hed 
report.'i indicated that the chromatograms or 
PCBs in wildlife mo~t n~rly rr.;;emble those of 
Aroclor 1254, this wo.s the PCl3 product chosen 
for study. 

The m;e of brand nam~~:~ in thi.<i paper does not 
indil!atc an ~ndc>~•r.mr.nt o£ 3.ny produ<.:t. 

Materials and Methods 
.:\~-=--:-ln.- 1 'J.'\..1 (. .. H["IflliP.ti hy t.he l\Ion.s..1.nto Co."J 

Wa!i mixed (w/w) in a 1 :!} dilution with corn oii 
s.nd weighed into No. 00 ~.ize gelatin ca.p::;ules to 
within ±:.! . .i percent of the r~cp1ired wei!;ht. 
Ca.p~ule.s were administered into the E>~ophagus 
u~ing :t gla..~~ tube. Capsule!'! containing only co111 
uil were administered to control hird.s. 

A.oo.lyset! for residues "''E!TE! mSI.d~ l .• y nr. Yvonne 
A. Grcichus, Experiment Station Biochembtry 
Department,, South D:1kota. State University, and 
r,hP. Bureau of Sport Fi:sheries and Wildlife 
laboratory at the Denver Wildlife Research 
O~ct.P.r. Analytical procedures used at the 5outh 
Dakota SU!.~t: U u.iver:~ity la.boratory a.re dc:•ct·ibed 
by JJanlgrtn t:t i.'tl. l:.:; ann prul."tuun:::s v! "1": 

Denver La.bors.tory by Dahlgrl)n et al. (3). 
Heus for breeding experiments wertl purchased 

in tht: w iu te1·., of 1970 and HH 1 (:3u and 3·1 rllsper.· 
ti..,.ely) from th~ S•>nth Dakota l'hea;;a.ut Co. of 
CauLuu, a.ud cock~ were ra.ixd from birds pre. 
viou:3lV obtni.ued from the C~nton ~nmr~~. All 
bird~ ;,l~cl for \.needing were about 1 yc~r oi u.~. 
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Table I. l'lcprn<luctive ~T.:tti.-tics fl'nm control pheu~J~nt11 and phco:;nnts gi~''" PCns 197n-71. 

-- --·- -----
F•·:rt.ii~ c·r,;i F<!rtile egg.:; Fertil•: ~s;gs pipr!!d 

Tl'cntrn~t:tl. grn11p• No. E'f.:~ per ~o. ~:;1.;:1 set ---- h:<t.du~d but not. h:ttCh(:J 
hc·u p .. r rl.1.y in ir.r.ut!:ttor :-io. l'cr~ent .. ----

)I'll, fc:·c~nt Xo. r.:rr:P.nt 

---- -
19;'0 

o-o~ 1).()21 ... --,., ' lOl :jf$ 'i-l --, .. , (j li 
U-12.-5 n.-Vi9 :2:!0 1:.!~ .).S s-.. f.~ :.;y ·)"] .., 
l}•;i() 0.202 1:16 .~0 -37 32 G-l. . JG 
2~ o.:;:35 lGS 91 :';1 :'3 ::iO () 11) 
~~-12.5 0.:-lli:Z 17!.l n 40 .~I) :-n 1': :2:S 
~5-50 0 .1!l>l 0$ ti~! 64 41 1).:; 10 16 

1ry7t 
() .. () 0.337 16S -S2 40 6.; ';'() " 7 
o-1'2 .. '5 0.436 1')0 1:25 lj·l iH -30 :21) 1t"o 
11-f.l) 0.:3:.1!:! 14S ~!$ !\.') .'il .~:\ 4 4 

:.?5-0 0 . .\6.5 :<:.:n 1':'() 
_., ... .110 I!.S s D 

::?G-lZ.:J 0.385 :28:S !53 5:3 109 -;'1 l-3 l!J 
:::~w 0.2'2S 95 ·12 -H 10 Z4 ... 12 

• F.ach trc;,ttme-nt group h.1.d five h.:ns. txr:ept tll~t t.h~ :.!.)-1·:?.5tn;.: J!:rr.up h:ld nin~ hens in H•il. 
~The iir~t numb .. r i~ the w~P.kly PC.O ~c;,-.,J in mg jii•:cn t.o cod;;: th•: ~ .. -:.tlnd, that. fn·r hen$. 

whil·h h~M hs.d reccivcJ ;)0 mg PCDs. ln 19i0, 
t.h~s,.. difference.;; tc:;ld hy chi-squnrc wf'rO! not 
significant (P>O.O:j}, while in !971 htch~bility 
w:,.;.; r~duced (P<O.OI) :..mong hens ~~;i\'Cu PCR~. 

Si~ifiC!nnt. dirf~rences (r<O.O:)) w~~ found in 
tlH! n1.1m.ber of c~~s that wf)r~ pipped bul. not. 
hatched for h~n gro1.1ps in bot.h 1970 and 1071. 
Apparently. the ndm ioi~tration of PC.Hs r.o Lb.;. 

hen ~dvcr:-;~ly !\ffected the viability of the P.mbryo 
at. hMchin~. ::v!cL:tughlin et ru. (6) i.njcd~d both 

· 10 o.nrl 2~j mg of ~~odor 1:?42 iu to chicken C!t.Q;S 
an1l found only 0 :) ptm:ent h:1tcho.bil.ity wit.h 
growth r~t.ardation, edema, a~ul b~ak deformities 
iu embryos. 

Eg~:;hell thickn€58 was mcU-':iured only in 1970, 
anrl no ;:ignificant differ~ncP.s (P>0.05) in eggshell 
t.hi~kne::::~ wer\! fuunu usin~ aualytii~ of variance 
(;i). Egg.!'hl"ll.;; from hatched eggs (without mom·· 
brane~l !.<tid by control l1~ns :1veraged 0.26±0.02 
mm l'lt.;.ndard devir.Liuu, and those from all hen 
grnnp~ rP.ceiviug .PCBs <1.'-'llTS.p;ed 0.23:±0.02 mm. 
Egg3h~ll~ trom unhaLr.:ht!u eggs a.veragcd 
0.32-+-0.(l'L rnm fol' ccuHrul !ums, s.nd 0.3l:::t:0.02 
mm for h~n~ receiving PCBli. Duhhn-en :J.nd Linci~r 
(7) found the eggshell thinkncs.'i of phea;;ants to be 
unll.ffccted by weclJy arlministration of capsules 
c:ontai.niug li mg dieldrin. 
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Heath et o.l. (8) ft!d 2.:; ppm of Arodor 12-~4 to 
ms.lbrd;; ( 1lwz8 platy,•hynch.o-sl t!11'nt::;h two hrecd· 
iu~ ;;t!a~~nn,;, They also fc~l hohwhite qu~lil ( Cdim1 .. ~ 
,,£,-gln£a·JtU$) .')0 ppm I'CDs ond lll. a joint. le\·el of 
2:i pplll I'CD.s :J.lld 15 ppm DDE for one rc;.;rod,w
th·e se:1..sou. They found no effects <)ll ~g-:; produc
Lion, cracked eggs, c.s::~.;hell thi~kl'le>Ss, cmbryon:l.· 
tiOll, <:mbryrl.~ :l.live :l.t :3 '\CCk:;. normality of 
haLr:hlina:s. and nnrmlll h:ll.r~h lin(!.<:~ 1;,.., nt 1 J. •. J.. :·"-

Scott el al. (9), who fed 0, O.!i. 1.0, lU.O, ~nd 
:20.0 ppm A.roclor 124~ for 8 wP.eks to chicken;; in 
full e~~Z. prnduetion, found no rcrhl<'.1.ir.•u in eg~ 
pn'Jtlur:r.ion on the lowc;;;t levi'!!!; of I'CDs after S 
weeks; hO\\'~Vt!r, they not~d a 10 perc:tmt :-eduction 
was as::;r;eiated with 10 ppm, !\nd a 1:3 per(:t:nt 
rc:ducti~>n WM ~ociatcd with 20 pplU. They 
rP.ported that 10 ppm Arocli}r 1:2-lS rerln<!':ri 
ha.tc-:h;,.hilit.y oi .:hi~:hu t:llf:."S by 3 percent a.ftcr ..J: 

wt> .• ~k.~ rtnrl ·H pen:~ul aft~r S weeks. The '20 ppm 
1~....-~1 n~11.rly eli!lliuat~J ~111 h5-tchubility. ::.!o3t. 
embryos dil':rl ~tL 21 days ot' development: ma.ny 
after pipping. The: ttbu fuund that eg~.:;hcll 
;:,trcngt.h w::~.~ not affectt~u wh•m a.s much tl.S 20 
ppm wa:! f~ci 

Etr~cls on Heba,·iot" 

~-ievcnty-one 11-week. olJ hem; given oue 210-mg 
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Table 3. I:ffccU of PCBs on hand capture of penned pbca.~ants, 1970..71. (Numbers l"eprescnt birds caught in 
the first b:tlf of ull birds caught; number!> in J,ar.::nthesc!l rcpr«::;ent one-half the number of that catcr;ory 

in the pen. Cbi•squarc ...,_. u11ed to compare numhen actually caught "·ith half oC the numheu in cuch 
category.) 

:-.l'o. of Parents receivinc PCB 
Dntcs of c:lpture h:ltcho No. of 

e~ught pens Both Hens only Cock3 only Neither 

1!)70 
July 22 1-8 14 16 (10) •• 8(8.5) ';'(10.5) 11•(10 .. 5) 
July 29 1-9 15 19(11.5)•• 7(10) 9 (12) 13(13.5) .. 
Au,. 1o 1-10 IS 11(12.5) 12(12.~) 12(13.S) S( 13) • 
Aug. 19 1-12 20 21(1.5 . .5). 17 ( 14) 

18(17 ·"' lll (lS) 
Sept. 1 1-1-i 22 25 (18). 19(15.5) 22(20) 14(19.5) 
Oct. 1:) 1-15 23 :20(16) 14 (16) 2S(l7.,'W 9(H) 
Nov. 21 1-15 13 1-1(11.5) 14(12.5) 8 (10 .5) 12 (11.5) 
Dee. 5 1-1-~ 13 11(11) 14(11.5) 12(10.G) 6(10) •• 

-·-
A 11 lOin ~:t~,,..lo,,,._. ,.., ... _.,~;~.cl 1::7 (10~) •• 10li(lOO • .::) 110(11:) e.:l(UO)--

R~t.io, l!.liO" 1.55 1.91 1.98 2.59 
1971 

July 21 1-7 17 27(19.5)• 23(2~.5) ZS(21 . .5) 12(14.5) 
Sept. 1-a 1-1-5 28 75(70 . .5) -U(37) 39(36.5) Zl (22) 
Sept. 21-23 1-15 zs i1 (70 .. ;) 38(36) 31(36) 24121.5) 
Oct. 7-11 1-15 zs 33 (37) 33\35.0) ti(:~'>) 19 (20.5) 
Oct. 19-22 1-15 :!ts .• 34(35 .5) 23 (3:LS) • 3.~(34.5) 17 (:!l) 
No"~-'· Z-5 1-15 28 30(30 . .5) 29(32.5) 23(28.1\) 19 (18) 

All 1971 cntehes combined 270(:264 . .5) 187(19'J} 187Cln) 112 (117 .5) 
Ratio, 1971 1. 96 2.10 2.0.'5 2.10 

All 197D-il e~tches 407(370.5)*• 292(2Q0.5) 300(304) 1G7(227.5)•• 
Ratio, 197()-71 1.82 2.05 2.03 2.31 

• Tot&l11 of ro\v numbers may e:.ceed one-half total birds bccawe odd numbers oi birda in pens were rounded higher. 
b Birds in pen/birds eaught in first half. 
• C:P<0.05). 
•• <P <0.01). 

Table~- "\t"eighta and IIU:tvival Cor the first 6 weeks o{ oft'spri.Dc from eontrol pheasants and pheuants shea 
PCS., 197o-7l. 

A verag,: w~<i.;ht No. of chick» No. of chicks 'Percent !Urvival 
T~atment grnup Ill. 6 W@W (g) to brooder alive !liter 6 11·t:eka 

Both 
1970 J !=171. 1970 1071 1010 1~71 1070 urn yea.rs 

Q.--0- 396 429 73 65 49 50 67 77 72 
()-12.$ m 435 84 64 49 45 58 70 64 
o-so 303 425 29 .50 3 37 10 74 51 
~ 3S9 428 72 llS 50 91 69 79 iS 
25-12.5 403 458 50 109 30 72 50 66 64 
2.5-~0 344 313 40 10 g 6 Z2 60 ,. - 30 

• The first number is the weclcly PCB level in m, pven to eoela; the !econd, that for he.'llS. 
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PCB~ via the egg d~pre:>Scd the weight of ofhpring, 
?--IcLaughlin ~t al. (i)) mentioned growth rctnnh
tion of embryos~ an ".'fb:t of PCB:> inj.~ded into 
the yolk :<-ar. nf chicken egg::s. We it~<.l no pheaiiant 
chick5 PCH$. Lut Flick ct al. (111) found th<\t 
1-dn..Y-Olll ClllCl•s !t:u ."'.~v~.;lul 1_.1::) ... ,. ~00 ~,..:1 

400 ppm h.'ld clepre::;:;ed ~rowth by t.he sr.cond week 
of feeding ~\nd that t.he ,growth depres~ion was 
related to the levd fed. Vol> and Kueman (U) r~J 
PCH::~ to l·dit.y-old cockertl:9 11.nd Jound body
,\'~ight deprc:<:;ion frou1 4011 ppm -~·odor 1:260. 
Pl"t",..,""' .. nrl '1-'mlltP.I\ (14) found that 1-day·old 
eod~~rel.s fed 2-50 ppm Aroclor 1254 hn.d Jeprr.:<>~~d 
b•Jdy ~''E:lgtl.t:; l)r.T.WI'\t!ll lilt: ~i.\~h ,. •• J ••in'llh ·,·.·eel' vi 
!heir ft;t·ding trial; t..hi:o dcpressiou was ~l:>:;od:LI.~d 
1\·ith reduced feed r.cm:mmptilliL Rehield 0.)) al;;o 
fotmd d·::prl?~):•'(l w~::i~ht g:lin.~ in 1-day old chicks 
ft-:J ~ttblethallcvcla (10-:30 ppm) oi ~mdnr U.54:; 
chicks t(!d :.;o nnd :)0 ppm for 2.fl weeb and then 
f€d a clcruJ. diet. r~1:uvcred from the ,:;rowth depre~;
sion, while chicks fed -tU nnd 50 ppm for 5 "';~b 
and then fed a clf",:m diet for 8 "·eek'.i di<.l' not :-;how 
a n:~uvery from the growth Jeprcs.~io11. 

Hod,.- >Weight!':' and Mort~tllr.y in Birds 
<;ivtm PCD:s ' 

Adult hens in hnt.h the 1970 and 1971 breeding 
e:q~rim.-:uL;) ~...-ere ~.mafi'ectcd in h.,riy wci~:ht hy 
adminiBtra.tion of a$ much 9.s 50 rng PC~ in 
sin.;lc capsules w~~kly. It ·waa cha.ra.cteristic, 
howev~r, of bird:; that died on PCB tre~tillent t.o 
:itop eating and die within several day:;. 

Hens 11-tveek~ nld Kiven a. 210-m~Z: co.peule of 
.PC:R:i~ in the e.-ening ntc very llttle the. fr)!lowin~ 
day and n.ppeared weak by th~ P.nd of tbL day(;)). 
After r~~~eiving the .:Jt::cund ca.p:mle :24 hour~ ;.uh
sequent to the fir:ot, bird:~ :sat with feathers fluffed; 
some trcmoriug \VM noticed; and no food wa:; 
con:~mut!d. Bird:; of Loth .-e::\1!~ 6-9 ml)ntlll> oi nge 
givP-n lOU mg or -30 m~ PC.Be every ;;),:i day~ for :1 
--··1-- ··-··•; ....... ~ ,." "'"t. "'·c; rlirl 1 l·wcek--vld hen3 
rcpe:.U>r.lly gjv~n t:iLher 10 or 20 mg daily. Scott 
1~t. al. (9) found no effect on feed con~um pLiou 
when ltlying chlcl>.ellS were r~11 UJ..I w ;:o 1,., ... 
Aroclor l 24r;, aud no mortality that could be. 
attribut.ed to lr~atment. T'rf'stt ct o.l. (16) fvuud 
no c.ffcct on w~iloliht uf l\P.ng21.l£:3C finches ,:Lcmdt'ura. 
striata.) when they w~l'f! ft:!d up to 400 ppm Aroclor 
125·1 for ;)6 day3. 
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Birds 11-weeks old given daily capsule::; cou
tttining 210 mg PCD:; died t...-ithin J.~ und :j,<J ('bvs; 
the 1 G d~.~:;iglla ted t.o Le analyzed upon death li•:ed 
long~r t.han the otht!r birds in the cx~riment. 
frum 2.2 .5.0 d::.ys. averaging :3.S_;_l.O day .:Jt.anJ
M,l. ,J., •• ;~•: ..... (~) Th":v ln~t. frnm 1 :'i-:H oercr;nt. ut 
Lhcir initial weight Leiorc de:\th. All control 
birds lived. Correlation~ of the init.ial weight. da~·s 
to rle:•th, a.nd percentage weio;ht lo5.s were 0h· 
ta.in~d for .53 bird~ in thi~ experiment. Initial 
wei~ht. wM r.crrcbted with ciol.ys to dc·ath 
(r = O.t)99, P <0.01); hcnvie:;t birds lived 1,1ngest. 
The birri~ winch were nea ... ·tc!!t. 1n1r.t:.1l1y lu:.1, ~oho: 
p·or.+~;;t p~··r:-.,.,..f.,(!P. nf t.ht!ir w~i~.rht b-efore rie:J.th 
(r=Q.:;S9. P<O.Ol). Bird& tha.t \iv~d th~ lc:m~"':;L 
ln;;;t the gres.test p>.>Tc·t•n t.:1~e uf t.heir wt:ight bcior~ 
dc:nh (r=0.744. r<O.Oll. Time of de,nh oi th~~ 
11 bird.! that .,..·ere uot given PCBs, h.nt. wt::r~ 

:;t.arved, ranged from :2.:~ Ja.v3 to H.6 da.y-3. o.vc)r 
~:ring 3. 9 ::+-: 1 -~ day~. They l():;t from 'J7 -5 l perc~nt 
ni their wci~ht by the time oi dettt.h (?.). 

()i the bird::! giv~n :30 or 100 mg every :; .. :; d:~.ys 
fr;r :j ,,·eeks, 4 o£ 2:2 died in the .'iO-m; group and 
7 o! 2:2 died in the 100-mg group. In 11.rlditiun, two 
birds in t.ht! 100-rng: group wcr~ :>o weak the.y wert~ 
nP-:tr 1leath at the coudusion of the e:<pcrimt!nt. 

?v!ort~lity of birds giv"n 10 mg IJ~~::t.ll 30.0 du.y_, 
:~.fter the first ca.p:;nlt! wM given; the ni.nth b1rd 
<lit:J after 1 i9.3 dnys. The other seven bird.~ die(! 
between 50.;) a.nd 60.6 day~ Rft.~r init.ia.l treJ.tment. 
The tenth hird of lhb group, :~till •~live n.fter :S 
rrHmlh.:! (1( treatment, WL\8 sa,~rificed (3). 

In the :!O-ms group, the tlr:'iT. hinl Jic:d 39.6 d:J.!'3 
and thP. l:u;t. bu·d 54.1 da.y~ ~ftcr capsules were 
fir~L ~iven. The ~vcrllgC number of day;; to dt':1.1 h 
w::w -!G.l ;:!::5.3 do.ys (3). 

Mortn.lit.y was light in breeding e:o.~eriments ia 
1!170 !md 1971. In 1970. only 2 hens died irom 
1'-m<mg the :30 hens and 10 coc:k::~ under .:;tudy: both 
hens hn.d received 50 m~ PCHs wc~kly (•3\. Iu 
1!)71. :unong 34 heu:; and H cock:; in the eturly, 
thrt!~ hens died, two thn.t. h;j,J rcceiveu 1:?.3 mp; nnd 
on~ t.hat ha.u r1::<:e1vea .:Ju mg w~.:,:l•l,;o. 

Tncker n.nd Crs.btree (17) rpron~d that 2000 
•-:~"'\•e Qt -~H ...... ~ • ._,.l .. r 1 ').1•? 1 •),;4 1 ~F.O. or LitiS 
givtu to mallards CtlU5ed no mortality or ~ymp
toms. .Prestt et al. (1~) ~.:-;t.im~ted that ~54 
mg/k~/do.y giv~::u ~o Bengn.li'!M! finchc:s would )l;ive 
::iO percent. mortality at 5ti da.ys. Hno.th ct ~d. (8! 
reported tba.t Aroclor 1254 had an LC.,, of 1090 
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... ;:=··; week. hi~hcst durin; the iiecond week, r.nrl rie-

.:~;: clin~d th~reaft£r. The average exGretio~ _Per hen 
·.~~:;. vi;l. the egg wa.::~ calculatt:d t.o be 4.:? mg PCB~ t~). 
~~:· Excretion of PCJ3:f via the c~g could be high~:r 
J\;:: th:m ~xcre tion th •·ough the ft:ces when hen.~ :w~ in 
;·,.,,. full egg produetiou. A .single egg bid between l 
·;~· · and 2 weeks a iter n. hen wa:; aJrnini~tcrC'd :1 $ing1~ 

.:; 

c:3psulc containing 50 m~ PCBs was shown to 
cont:dn 1.5 mg of !'CBs. This egg wo.s one of two 
laid that week Ly one hen. 

Heath et al. (8) reported that Lwo mallnrd ~ggs 
;;!. frnm thfl :~ec:rmd reproductive sea::;ou. when bird:~ 

· ~::' had been on· 25 pprn .l .. roclnr 1254. had 5o ppm 
anu 33 ppm l'CDs, wet weight. Pt:abll (18) 
reported thr~t ring dove (Str6"plopelia risrm'a) egg.il 
bkcn from birds given 10 porn Aroclor l:t!)4 in 
the JieL averaged -i.8l±l.08 ppm :Jt:}nd~rd 
error. The ll.rt.n::~.l nmn11nt,q in mg of FCBs in nn~ 
dovt: (18), lll:ilbn.l (8), a.nd phe~ant ~=~~ in the 
present study would be hr hP.Inw t.hP. 10 m~ 
injec:red by McJ.Jaughlin et s.L (6) into ~:hid~o~::u 
e~s. The 10 mg rea:;ulted in poor hatchn.hility, 
edema, and bca.k d~formatiou. 

Scott et al. (9) found that PCBs depo:~ited in 
\:hickcn egg.s were le8-<s tha.n O.S ppm afLcr S wcclcs 
·.vith 0.5 n.nd 1.0 ppm Aroclor 124S iu Lhc diet. 
They found levtls of over 3 ppm aft-t:r ~weeks with 
lU ppm lD tbe diet and levels of about t3-·i ppm in 
egg~ of hen~ on ::!0 ppm. ThctJG v&l.luot: o.re m•tch 
lower than those found in t.he present study from 
:3-1 w~ks ~Her L\.dministr!ltion of g .~inglP- '-"'Pi:nll~ 

of .)() mg Arodor 1254. Their results. showing 3. 

drastic reduction ir1 hatchability ~oci(\ted wit.h 
1 ppm or less rest<luc In ugg~:~, an~ uu~ •.:uullJiUa.ul~~:: 

to our findings with ph~i\..gt\1\t.<s. DifferElnces with 
the e~eriwt:utal a.nim.a.l or the Aroclc.r product 
u~ may have re;,ulted in the ~ross differences in 
tindin~ between our studies. Heath et al. (8) 
rP.ported s.. nP.arly four-fold uilTercnce betwt:en 
bobwhite a.nd Japa.ncoo qunil in the LC'r.o; thus 
~pecics differences may be important. 

Rt-.-;idllt!li in ~ of \\;ld bird:s have bt:e:n deter
mined by ~everal ll.uthore from diversq collection 
point.a. Anderson et al. (19} found PCBs in all ~gg 
pools of cormorant., (Phala.crocorcu: a.urilu.') and 
pelican., (Pelecar•u.s mythrOTh'VnchtM); cormornnta 
we1·e shown to hn.ve o.u estinl.'\tcrl R ppm in egg, 
and pelir.nn:s U.•3 ppm. JensE:n et"1\L (20) reported 
48 ppm in the egi of s. heron (A.r.Ua cinerea) 
colle..:ted i.n :Sweden, and S-21 ppm from 0 
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guiilt:!IJ<Jt ! l./r·.;·~, •Jrll:7<>-) cgg.c; fmm th~ Baltic St:~t. 
H.i;;.:hr.mgh ~t •l.l. (:21) report~d th:.tt an eg,g of a 
peregrine t:J.lcnn (Falco pen:qri~. tt-~) Gontn.in(!d 10 
ppm; S bbck p~t.rel (Lu07w:lan£a mclania) eggs 
had an •tvera~e of 1 ppm; .') egg:. of ~t bam owl 
l T!Jln alha) b<l < 1 ppm; and a ~olden ~:.tgl~ egg 
i.•l7uila c:h.rysat:tos) had < 1 ppm. Du:;tman ct al. 
(:22) reported median mGasur~rr,P-nt~ of egg rt!::;i
dues of baid cJ.gle:~ to ~ l.t.l:i ppm io•· Ala$ka :l.nd 
9.7 for those from all other st.llt!::s, They furth.;:r 
reportt:d median egg leveLs ()f 1.5.!) ppm fnr ·r.he 
n:;prey (Pu7!tlio'~ hal·iaetus) oi Connecticut :1.nd 
2 .. 1 ppm fur t.bt:li;e in Mn.ryla.nd: ;)-li ppm in brown 
pclir.nn (P. occir.k.,'lta.li.$) cg.gs from JiiT~rent art'a:~; 
alld 5 ppm in ~~!\l t:~f rnyll.l t.NM ( ThaltZ.~.~e-l.tS 
ma.ximus). 

Pre>ltt et al. (16) fcund rl!!;idllP.il r:1nging frorn 
LH30 porn in .)B;) eg~s from 2S 8peciP.S of both land 
nnd wc.t~r birds collected in Britain. Most of 
the:;e ha.d le.ss thsn l U ppm. h11t those which had 
highe1· levels in~.;ludoed a .3ingle egg o£ the great 
l:re;;tecl ~t'CbC (J'odir.rrpR crnlu.t~). 40 ppm; Olle 

egg a.moug 101 of the heron that had 80 ppm, 
while the arithrn~tic mean V:M :) ppm; one egg of 
'' moorhl'!n (G'alliuula chll)rO'p•.£S) with 15 ppm, 
:>.mon!!: 1~ :~arupl~ that llYCn~gcd :2.1 ppm: .:\nd :1. 
~iuglt:: .::~~;g of a. great $ktta (8/ernc:orariua skua) 
1.haL l1a<.l 2!) ppm. 

Pllrli.:-ulsu·ly in vi.;ow nf firu·ling . .:; t.hnt: a.hout. 
5 ppm. was ~ocic.ted Wlth nearly complete 
n~~:l1tion of hat<:hability· in the chicken (~). the 
s.bove tindings in :;ome wild bird~ ar~ alarming. 
Apps.rcntly, though, a;; earlil'!r pninted out, there 
,.,,.,.~ L.:. .:.on.,i~.-.T:>.hloo clitierenoco o..,.,ons ~>pcr ... i ... ., ~ .. 

(1) t.h!! rate at which they depooit PC& in th!! ~gg. 
t<nd (2) what a particuls.r ppm rauge nl.-tY m!'.a.n in 
associated delet.~>.rir)ll~ ~ff!!r:t.,_ 

We 3nalyZied ti33ue.s f1·om atven different, groupe 
oi bir~: (l) 16 birds given 2l.O mg f'CR~ daily 
that wpr~ rl~:-;ignalt.-tl fur aualyei:~ upon death, (:?) 
five additional bird~ on :310 m~ d11iiy th~t died. 
(3) nine birds that v.·ere killed at intel"\o·al.s for 
matching with the 16 Je:oigna.tEXi t.o die. (4) 
pnoleJ ~mplcs of hird::~ killed 12 hours and :2-1 
bo~u..a after rr.<~il.·ing It ~iuglc cap:mle containing 
210 mg PCl3ll, (5) pooled :~arnplt!:~ uf Cuul" birds 
U)"Ul!( au•l fl"om four biru::s "~.!""·ivins cnp:mlcu con 
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of 3-63-! ppm in liv~r~ of survivor~ and 70-t307 
ppm in liv·ct·s of Beng::~l~:s~ fincbc:o; dying dnring 
tn:t:l.t.ment with ;\.rodor 1:2:34, tmd th::J.t liver le·:~l 
was correlated with the amount received 
(P<0.01). 

Prc~tt ct 11.!. (16) ~tat~d that the livtlr: brain 
re~iclues ~hould be c:ompared and that brnin 
ppm:liver ppm X 100/1 WJ.;:> three times higher in 
}:ien~:llc:se futchcs that died during their experi
ment thn.n itt birds killed at the end. Dn.tn in the 
present ~tudy ;;howcd n. r.omple~ overlap in brain 
ppm/liver ppm X 100/1; birds lbat died during 
tc:~tin~ had a. range in ratio;; of :).~ to 112.8, willie 
matching bird£ sacrificed ha.d 10.0 to :Ji .0. 

'F!.el.tti"·ely little ~!l.mpling of brain lissue for 
PCD rc~idue::s ha-3 bc.:cn done in wild bird>!. Du:>t
mnn ~?t !:1.1. ('~:~) r"port~tl that a sick h1ld ca~le h<id 
230 ppm PCB.s in its brain. and that PCB~ rnay 
have r.:ou tributed to it~ death. Jensen et a!. (20) 
reported tllil.t three white-tailed eagle~ (I!t:J.liaewL.s 
o.lbicllla) hr.d a br~tin rc;;idu~ rau~e of 29 .. 70 ppm 
l'L:J:S,..,, a veL .3.6lll; ., • ~ptn; mua::h: n:c;il.ll'""' '""1'>"'1 
from J;)~240 ppm, averaging 190 ppm. Rise
hro111o1:h ct n.l. (:!1) f•111nd 11.04, Ui, :.n, fl.nd ~4.fi 
ppm l'CB in th~ Lruiu:, of four peregrine flll<~on.::. 
Pre.;;tt €t :ll. (16) report.~.d livP.r residues rane;ini 
from U to <l.round <JOO ppm from a wid¢ .,. ariety of 

Briti.!lh birds; a.rithrnetic aver:.>.g~s r<ln~~>rl from 
0.3 ppm m t.he buzzard (B,J.teo b-JJ.teiJ) tu 98 ppm in 
tht": heron. The tis.•me level,;; reported !\bovP. WNP. 

he low those at which mortality occurred in the 
present :;tudy, except that the muscle level for 
the whitc-t.n.iled eagle was higher than those in 
thia study n.ssm:ia.Led ,\;th J~a.th in the pheast\nt 
from PC.Lh. Hnw~ver, thetle levels from wild 
birds do cc>!ll:ltil.u~e f!ubst~ntial. perccntu.gce of the 
brain and liv(;r levels in the present i!tudy where 
death occurred from PCBs. 

Ilistopatholo;:tic EfTecte 

Dr1.hlgTP.n et al. (3) found th3ot PCBs deercns~u 
weights of heart and .spleen ar. all treatment lev~l~ 
(P<O.Ol). PCB treatment incre~~d w~ight.s of 
kidney and livf'!r in birds given 10- and 20-mg 
doses (P<O.Ol), but no effect waa seen in the 
2l~mg group. St.arved bird3 had smaller heart3 
(P < 0.0;)) and livcr:J (P <0.01) than contr,Jl:'! . 
~plemc atrophy, as descriht~d uy Flick ct al. 

(1 0) .ctntl V u~ a.ud l{oeman (13) \'I'O..S found in ru.1 
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ph~o.S<lnt3 ;::;iven 20 mg daily ~inrl in the 10-mg 
bircl!i ~xcept for one that :;urvi·;cd S months and 
w:lS ;<;.'\r.rifir.ed ,_:;). ::.ipknie atrophy '\'J.::i ch:tr
:.~.c:terized by alruu.:s'L cornplct.~ ~lb::lc:ace of lymph:1.tir. 
nodule:S :~.nd an incrc.:a.se in the r~htive :~bundnnr.~ 
of r.~d pulp. In one of the birds giv<m ~U m~. loci 
vf n~cro.•i~ w~re found in lyrnphntic nodule~. 

Prestt et 5-l. l,lo), usine; ttw I3eugal€5C tinr:h. 
rcportc:d that kidney~ were lar~~r in bird, that 
died frum PCRs thnn in contrQl:~. Flick ct :-.L 
(lU), using chickens, mtntiL'll.t-d both enbrged 
F.drenals and kic.illey~ from PCB treatment. Iu 
011r :~t.udy, kidneys were larger in phea:>ants gi·n~n 
10 or :!0 m~ dlily, but neilhP.r kidney nor adrenal 
t:mlnr·_~~;l."ment was vi~t1:.1lly detected durin~ n~
c.rop:<y. i\ T rC:n:te et ::1.!. t.:Z:3). using Arodl)l' l2-t2 
with r.hickens, mentioned bt>th enlarged livers and 
kidney:; in bird.::~ given PCBs. Pla.tonow and 
Funndl 04) and l{ehteld (!;:1), l.lsing 1-,lay-oid 
chicks, r~vund ~nta1ged liver.:s ·.·.-ith did.:lry 

intfl.kc of Aroclor 1:!:)4. Grant ~~· al. (2:t) ;-~.ported 
'='".J. .. ,J.· • .,~·~ 1;-t"',.,·• n.nd dc.H.•rot.\•::cd ~l..,J.o.eJ~ ,.-j,:zq '=",~~,.. ~ 

period of time iu the rat. Flick ~t nl. (10) aud Vo:~; 
and Koema.n (1~) rt:I)Orted .smttll ~plf'f;n::! iu Lht:ir 
,;tudies. Although hydrcpi\ric~::trdinm wa~ f•>tmd in 
varyinll: (jegreC.') l.Jy many of tltt: auLhurs l:ited. it 
wa.3 found only 1·~rely in the pr'=:scnt !;T.11riy. 'Vos 
and 1\.oeman (13) found T,hat Ph~nodur DP 0 a.nd 
Clophcn AGO cnueed much morQ liv.;>r n~>r.rn..::i;; 

and hydropericardiUm than Aroclor 1250: thi~ 
wa.:s probably due to c:ontllminl)nt.s (2.5). 

PCBs in Combination with Dieldrin 

iV!ortality among plu~~'\nt:.s of both sexe:; 5 .. 9 
mont.hs old l!;ivnn dieldrin, PCH;;, nr a l:Ombinat.ion 
of the twn, varind with th~ le\'d of chemicn.l 
a.dministered (Table i). Among th~ '2'2 phea..c;ant.s 
on each le~·d, ~died with~ mg dieldz·in per eap.<;nit>. 
and G died v:ith S mg dieldrin. The same propor
tions held true for 1•CRs, sinc:e 4 died with :)O mg 
PCR:; per c.ap~ule, and ~ died with 100 mg PCBs. 
\\'hen 50 mg PCBs a.nd 4 mg dieldrin were 
aJtuini~t.~rP.d to~ ether, a tuLal of 9 oirds di~J. 
~one of 11 control birds dierl during thi .. pcrioci 
of time. These J~t.A :mggest that dTt:cts of PCB~ 
and diehh-in together are additivt!. not. llynergi.s'tic. 
Heat.h et al. \.S) found t.ha:t the joint tu:~i~ity of 
~\roctur 1251: a.nd DDE given tu Japane~e quail 
wo.e .:J.dditive, and fNtnti no t~v iJcnce of :s:vnerg·~scn 
in r.heir joint. \!ffect. 
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kidneys n.nd liver.s were :tlso useful ch~r:1ctcrs in 
attempting t.o diagno::;e PCI3 tuxico;:;i;;. 

f'C[b and dieldrin were not. wh~n c~umbin~d. 
S)'l1t'r~istic iu tlu!ir joint toxir:ity t.•) l'ht~:l:":J !1ts. 

IJivcrs from wilJ 1->hea.~ants ~ol\cctcrl in Pcmn
sd\·auin., Indiana. and Sollth Da.kot8., did nc>t· 
e;:cc~d 2 ppm PCD:o:,. indicating rt"biivdy low
level ronl:lminat.ion. 
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