
:_~- (~~ . ... : ~-~ .... -;-;,." .<~·. ~:. -~·::·_·~ ... ·-~:;·~) yfbfi~.6'1 
., . ' . ,. '-,, '· ·:;<:- r· _, .-.~:· ... ;_,-.. ~-·'·-rir;c. mql.; o·· 

Beginning with the Swedish investi9ator .JENSEN _(1966)',' t~ ;; ;_co-; 
ecologist~ ha~e ide~tHi_ed ·~o~ychlorin_a.ted bij)~~rfY1.:-<P~~)_-:i1n·:;:.: ·:.:3 
residues 1n flSh. b1rds and ma11111als from widely dispersed JocatiOI1S'"<f 
Residues have also been reported .. in.human'·hai.r~:inilk·,· plasma and ~-s-~~ 
adipose tissue. (RISEtiBROUGH' et af. 1970; BIROS' et'al.··-1970\ · '"·' ·' 
FINKLEA et al. 1972). In l9687""anoutbreak of chlorooiphenyl~:-. 
poisoninginJapan (Yusho disease) was traced to ;the .ingestion· ot: ,,.~ 
rice oil contamination by PCB (KURATSUNE et al. 1972);' In' the'·' I', ,, 

United States inadvertent leakage of PCBs-rnto fish meal resulted 
in. contamination of poultry feedstuf!s. consumed_ by. ~illiof\S ,<>;t:~c-r:::;;, 
ch1 ckens (PI CH IR~LLO 1971 ) . . I Ia tchab1l1 ty oi . eg_Q~,fr?"! :..t~,e~~;,1 pi: huo 
chickens was, n_ot1ceably reduced. . , . > ... ··;:•;,.._,·-~t< ,•;·~':1 

Since 'accide~tal PCB feedin~ caused reproducttve ·failure:;i'n~.,.~~.7 
chickens, controlled studies involying ~n extensjve"series .o~~-~~.~;; :~; 
commercial PCBs were initiated in ou~~laboratory~(LILLIE et al; ___ --

- 1973)~· Six different PCBs'"(chlorine content 21%:to.6§%);"'"i-, ~ 
polychlorinated terphenyl and a polybrominated biphenyl were-,;... 1 
fed to White Lelhorn chickens. and hatchability and teratogenic .. .;:~:: 
effects in the embryos were recorded.ll ·- · · 

. _.. . ~-~ . .:..~ ~· '.., '- . . .. ~··; iJ -·.;, 
, ..... MA~~RIAL:S AN'D M(~THODS}-\ •,\ -.~·;'-'.. _ •. -~_-_>, f~·(. 
f ;i --. Commercially available. PCBs_. (Monsanto)'~an~in~: from 21% tqJ'·}S6 ·>~! 

: 68% in chlorine content were used. :Twelve groups (as.-li~ted io ~o;; 
l :.Table 1). 35 White Leghorn pullets each. were,fed'ad -libitum 2'~or~•)J. 
;_ ·. 20 ppm 1 A roc 1 ors 1242, 1248 and 1254 1 

, 20 ppm .1 AroCTors 1 221 /,1232 ... 
. J268 and 5442 1

, 20 ppm of a 'polybrominated biptJenyl (BP-6)~~ and ·::~ 
a· control group was fed the standard breeder ration.,., The. diets ::·' 

-~ were fed for 9 weeks; the contaminated diet was theri'withdrawn~ and 
the chickens were fed the uncontaminated breeder.ration.for 7 weeks. . ·~~ . 

. . ~ ~. .. 

!! Aroc1ors. Monsanto Chemical Co.; ~P~i;,···a polybromi,nated' bi.ph~nyl 
containing 75% bromine. Michigan Chemical Co.· .Trade names are; . · 
used solely for the purpose of providing specific information. 
Mention of a trade name does not constitute a guarantee or warranty 
of the product by the Federal Government or an endorsement by the 
Government over other products not mentioned. 
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Undi 1 uted semen: from ~/hi te Leohorn rna 1 es fed the contro 1 diet 
was .used to .inseminate.the pullets .. once a week and fertile eags 
set weekly. Eight hatches were obtained durinq PCB feedinq and 
six hatches during PCB withdrawal.· Residues in eqg contents and 
body fat were determined by gas liquid chromatography using 
electron capture detection after clean-up usino FDA multipesticide 

·methodology (FRIES et !}_. 1972a). ~ · 
, ~ . r·,-

RESULTS AND DISCUSSION 

As reported by LILLIE et al. (1973),, hatchability started to 
decline two weeks after henswere given ~~o ppm 'Aroclors 1232, 1242, 

"1248 or 1254 1 and after PCB withdrawal, hatchability improved 
:'i'rapidly (Fig. 1). Feeding 2 ppm 1Aroclor·s 1242, 1248 and 1254 1 or 
:.,20,ppm ~Aroc1ors. 122.1;,,,1268, 5442 1 or the polybromfnated compound 
~:~B~~6~:rdid no_t _affect>.hat~h¥~11i ty: , KEPL_INGER' {1970)', !~CLAUGHLHl 

et !}_.;_q963},·)nd_·s_coTT~:et··al: '(1971J;.,~a~e :sh~wn that' .. ~Aroclors 1242, 
'1248 ·~!'!~ 1~_5_4_ 1 ~ redu~~d-... hatch~1lfty. o{~ch1cken.:e~gs_1 e1 ther after 

·,.tee?~ ng,;~\B0[t~· ,h"e~s:l OJ(J:-.~~;t~~ ~i~nje_c~:~ ~~-9~. PCB .,:nto. the egg. -
' ~--~:~u:~ ,;-'•"'.:"· .!;_· ... ;·:"!'-. -- . -: . . . --- -·- • 

. Toexplore possiple causes for the d1rastic decliJle in hatch-
. abilfty,,~unhatched eggs from hens fed treatment feedi'fo~ 5 to 9 
·'~wee~S::an~tf_rom -~'!*.'~~ ~subs~queh~ :~ weeks o~ ·uncon_tami nat_ed '(eedf no, were 

,.. exam~ ne~· <to ,determine ~time of· 'embryonic; ~dE!a 1;h :a_nd ~ir"ici denc_e of 
.2~ab~ri~~1,\(1¢s}~:Titi·~ .. lll~Jority ~pf .the_ ratchab1llt.Y· failures occurred 
.:·d~r~n_g·_the last·2 days ·of!incubation·(Fig. '2).' OC1098_ 'unhatched 
~::egg(.'exainined,.210 diedon the 20th daj·of incubation and'523 on ; 

the 2~st day; 337 .of ~~~~,_eggs, had been pipped. The .chick had 
-. developed'to .the point where ·it could break the shell' but was unable 

to., ,br_ea,l< 'thi' she 1.1~ _comp ].ete 1 .Y;·· and _'emer~~ .. . _ · ·· 

HATCHABILITY ~---------------------, 
. EMBRYONIC DEATH 

·. EGGS FROM HENS FED 20ppm PCB 

• ~eod embryos 

• j ~ FJ pipped ~u'i unhcitch'er ; .. 
~~:t !:·.: ... :;o~ ~···!_r ...... ; ! • . 

• ~ .,,, • ·• • ;. , •oi' •1· I ::.o::J '.; J:: t '•' 
';t! r. •, · ' - • :~'I'~ fJ •. -1' I •.' , J 



Upon gross examination, many of· the unhatched embryos were 
abnorma 1 (Tab~ e_ 1). _ Thos~ PC~ .. tre~~rts'" that ·Rro.~uc;~d, .. ,tp~. ~r;~.a.t~1 aA 
est incidence of.,dead emb!)'OS _also P!;Pdu~ed::the .. J1,igh~st·;rt~be.r..;ot~A' 
abnormal embryos,"indicat1ng a close relationship between ... tota1 ~' .. ·,...1 dead embryos and abnormal embryos. After withdrawal of contaminat-· 
ed feed, recovery was slowest in bir~s previously fed 'Aroclor 1248' 
(Table 2}; aftersevenweeks, hatchability and,numbers. ofrabhormal:rG. 
unhatched embryos·- approached that ,()f the control~~group.- In all 
groups, approximately l/3 to 1/2. of .dead .embryos · .. were -abnormal, 
irrespective-of--treatment.----.. - · .. _- --,-:-.,-----,-,,=--------

,....__ ~' ,. • ... ,..,,0 4l 0 ' ..... c.J 
.'!' ·-~· ·:.. ~•<' ·..Ju 

During the 5th 'to 9th week,- 843 deap embryos,~ere exa~ined ·r~~r
in the 20 ppm 1Aroclors 1232, 1242, 1248 ·and 1254 1 treatment- groups. 
Upon gross exami nation, there were 286 abnorma 1 'embryos' with · s £5\ r 
394 abnormalities (Table 3). The most common abnormality,observe~4~r 
was edema. Many of the embryos had large edematous cysts ·on the -
rump (Fig. 3) and side, and subcutaneous edema about the neck and:~~i 
head area. Twelve percent: of the embryos had unabsorbed yolk. (lt~r 
(Table 3 _). A smaller percentage had small bodies·, external · ... _l 

hemorrhage, skinny :legs, rotated 'ankles or short,;"crossed£1i.eaks. s:::;i 
Other abnormalities that occurred to a l_esser exte..rt were \cleft ;.:.n 
palate, abnormal eye formations ·and external viscera. Sim,lar '"'"'' 
abnormalities occurred in the control group {Tab1e~ 3); .-sulfcutaneotis)i 
edema accounted for. 29% of the abnorina 11 ties but, .was li_mi t~d to the r 
head, with no large edematous cysts on the head or rump. v.- ,__.c_, 

. ~ .. -·: ... 

Feeding PCBs appears to increase the number of abnormalities 
inherent in this flock of chickens. GOLDSTEIN et al. {1968) · 
suggested that-chemical- teratogens act by- bri nglil9~ut .J'concea 1 ed----
weaknesses .. of the developmental processes and that mariy' induced 
defects are really phenotypic changes brough_t about through the · · 
same biochemical disturbances produced by faulty genes. None. of 
the dead embryos inthe,control~"_group had unabsor:bed yolk~".,...,.S.i,nc~:,., 'A 
the PCBs are lip~d soluble_ a~d concentrate~ ~~.n~·t~e 'yol k~~,o~ti_on:·~:~·.:~~ ,· 

·~ of the egg, the unabsorbed yolk in the'·PCB groups may be.rdue to - · · 
a local effect of the PCBs on"metabolizin~(systeins- in"tfi'eyolK sac:~; 
Although the prog_!lnY that hatched did not have gross 'abnormalities,'--' 
progeny growth was impaired by feeding 20 ppm of 1Aroclors 1232, 1242, 
1248 or 1254 1 in the maternal diet {LILLIE ·-et al. 1973). ~· _ · ·--- . . . . .. . - - --- ........ ~. ---·- ___ ..;.... __ .~.......-. / 

PCB residue level in fertile .eggs was' not ~iate-d ··to tt~~e. ~-:.' -:-J ,--.;
1 

incidence of embryotoxic and teratogenic effec~s ~n·Junhatc~ea. !~J~lr-::: 
embry~s. Total PCB residue in eggs gene~ally\_, ncreas_ed1 ~s~.~~~e~_ii.-f $• "_·t:.;~_,: 
ch 1 or1 ne content of the PCB increased ( F1 g~ .. '4 1 •. ; 'Thi!;'~i ~c;;r~ase;w-. L"::: .:.~ -~~ 
was expected because in these chickens the less chlor:lnatea PCBs · .'of 
are readily metabolized while more chlorinated PCBs are not r _ ..• 

(FRIES et !!_. l973b). The residue level in body fat' paralleled t<;-

the lever in eggs... - -- -· -~·--·-·· ---

- '~ i 

'· .. (' 
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TABLE 1 

Abnonna1. embryos· of eggs from hens during the 5th to 8th weeks of 
'Aroclor'., and BP.:-6. feeding and the subsequent 7 weeks of uncontami- · 
nated feeding. · .- ... 

J 

Diet · PPM Fert11 e >' Embryos 
.Eggs :)·!. Dead Abnonna1 

No • .:.\-~ No. ·· No. 

Cont 0 
1221 . ' '20 ' 

"'; '~.: .. :·1:_·~ . : ' 

819 

882 

32 

36 

13 

15 

1232 ' 20 ' 737 ,. 195 63 
:·12421'·--;:~-2 ·_r-:·: "805 .·.;·"44 _;;r, 16 
'" -'• _::-,:·.' _,_, .. '.': s: :-.• .:~.-;' _,. -

,~1242JU ~.20. :J•'l.; ~·741- :~•365 _:' - ~ 134 
·;:-'\tf~:: "' .. ,, ;- . '1-..;.-.-!- ......... : ........ , !-. .. · .... \-.- '.- . 

~1248 ' ~.':.2' -·~:-·· -~'900:-' ·. ·. 40' .. ' .. 21 
ft~=---;..~-(-,o :·~-t~,a~...r.;~.·:.,~-·:: ~~..riJ.. __ -:-; ... r~ -;'(· .; · 
1248 Z~t\:20 b$att:·r:703 · ·< .. 429 · · •':141 · 
1254·- ·"-~·l'2""'<1",', ·-822 51 "23 

1254 ·.;;l ... J 20 .,; ;:;. 714 .· i 109 ' ·-33' .. . . . . " 
e 1 268~ '.: .. 120~ ;::u •··:(",;ts5: ' 51 
:>.- f, ·.::~ • --.:; .q ... ;~~~- '•'J .--1~.~~ 

~ ' 
23 

'5442 ! : ; 20 c ' ' 790 52 26 
'·BP-6~:: ·. •; 2(j"~':~·h. 627"9 ·:~ --39 ·: 

' -~ .... • J. J i : ~ r:... ~ • ' - ... '18 

~r. .. ._-:~;;!_:~;i;.-f ~,Y,:"!·:~;··: _-:- ~~-~-1 
-~t-1-" ~~~.:-::. ..... _..t_~- ---~'-·~. !-···~ ;--t_¥. "•~ .... -. ~ ~-: 

TABLE 2 

Abnormal Embryos 
as % of 

· Fertile Dead 
Eggs Embryos .... 

2 41 

2 -~2 ·, 

8 32 

2 36 
,•,r,l•; 

18 '37 .··' 
: .·:,, 

2 ,. ' 
52 

20 ; 33 

3 45 

5 I 30 

3 . 45 

3 50 
-~ .. 

3 46 ··' 

Abnonna1/Un~at~~ed -~ri>ryos ratios,during the 8th week of 20 ppm 
,' Aroc1ors~. ·and: subs~uent. 7 weeks of iJncontarni nated feeding. 

• . -~· .;.·;.:.· .. :1 .I _J • . • ....... • . . ' .: ' : .... 
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TABLE 3 

Abnonna 1 i ties in dead embryos of eggs from hens fed: 20 ppm'''Arocl ors rt::; 
1232, 1242, 1248 and 1254' for 5 to 9 weeks'. -.'~·' ~' -,;;.•:_'!,_ '"'· ·o ":;:::•1-'ie 

PCB 
Nuliber % 

Control ., ,'.: 1 ,ot_,} 
NuRiber ·:_ '!- .. '% --~ 1>~ r. -, ,-,; .w1A • 

Dead Embryos 
Abnonnal Embryos 

Abnorrna 1 i ties 
Edema 

Unabsorbed Yolk 
Small Body 

External Hemorrhage 
Skinny Legs 

Rotated Ankle 
Short or Crossed Beak 

Others 

843 
286'" 

394 
198 
49 
34 
30 
28 
12 
11 
32 

Fig. 3. Abnonnal embryo after 
PCB feeding to White Leghorn 
hens. The 20-day-old embryo 
has a large edematous cyst on 
the rump. 

1 00 32 1 00 . . . . ~ --
-~ _

34
,;: ._._.-_,.-_· _ · ; ~P.~b t .-· ::_iJ; ::.~qf ··A;.: 1 . 

J3~'·' 'h.4lt2Sf i:•'f> cLSf 
1 ··~:.::·s~ ~--~:¥ Brc· , 't·~G=f.:t."~~· 

100 
:~';.,-,. ~ •. r:Hw ent f£5~) 

_17.) <1: )00-,f' o:s ,r'cS :o:: 
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50 
12 
9 
8 
7 

3 
3 
8 

10 
0 

s "' i 29 r~ :;; ~ x. "'< 
.. , ~":fL•,•'•p,-•-~v •-.~·'_...,._ ·"j:~:••', 

0 0 
2 12'::·:::/_ · "c "(;,;;; 

0 ·.:.; : __ 0,_;> ·:: ~;;-;; 

2 .. Y:l2 ~:-:rL 
';,;,. 

..... 1·'. 6 . ··~. 

.'.j"' 

1221 

6 ,,,_ .... 
6. 35 ·' : -,~:; . 

• EGG 

E:;iil FAT 

. ! . _:._,: . {:··:. • J~ • 
.• . PCB RESIDUES . . _ ... 

:·1 .. 

1232 

" DEPLETION: 

EGG 0 17 80 67 42 

FAT 66 48 93 56 26 

92 

17 

Fig. 4. PCB residues after 9 weeks 
of-feeding 20 ppm 'Aroclors 1221 
to 1268' and % depletion of PCB 
residues after a subsequent 7 weeks 
of feeding uncontaminated feed. 



The de 1 eteri ous effects of the 1 A roc 11 ors 1 were not directly 
related to the percent chlorination. 1 Arc1clor 1221 1 (21% 
chlor1ne) ·and.,'Aroclor 1268' (68 % chlorirte) exerted no adverse 
effects· on embryonic development while mar·ked embryotoxic and . 
teratogenic effects occurred after feedin9 PCBs with intermediate 
perdmta·ges of chlorine, 'Aroclors 1242 artd 1248 1

• MCLAUGHLIN 
(1963) reported similar teratogenic effects after injecting 
'Aroclor 1242' into eggs. . . I 

Specific biphenyl component(s) colllllOn to 'Aroclors 1232, 1242, 
1248 and 1254' may be responsible for the terato9enicity of these 
1 Aroclors~. The picture is complicated by the fact that we are not 
dealing with «LSingle .compound •. WIDEt4ARK (1968) has calculated that 
o(1the 210:possible chlorinated'.compounds of a biphenyl, 102 are 
probable •. WEBB and MCCALL (1971.) have identified 16, 32, 42, and 26 
chlorinated components in 'Aroclors 1232, 1242, 1248 and 1254' 
respectively.u A single component or a combination of components 
may_be responsible.for the deleterious effects of these 'Aroclors 1

• 

l<:"lc. ~ -· -'-'~- . . 

·-:-.~-~·The possibility of a contaminant also exists. VOS (1972) 
examined three PCBs, '_Phenoc 1 or DP6 I , • Cl ophen A60 • and 'A roc lor 
1260' for a toxic impurity. Although 1 Aroclor 1260' contained 
no·1.toxic impurity, 1 Phenoclor' and 1 Clophen' contained dibenzo
furans which were embryotoxic. -Uioxins ar'e also very embryotoxic 
iind; cause· edenia when fed to, young chicks · (fLICK et a 1 . 1973 ,· · 
HIGGINBOTHAM ef ah, 1968). ~.However, dioxins havenot been reported 
_to be-presimt-=as:an impurity· in· PCBs •. ·Micro quantities of dioxins 

;--or.:polychlorinated.:.dibenzofurans could possibly be contaminants of 
/ .:Aroclors' .... Whether the .teratogenic produc:ing agent in the middle 
, members of"the-''Aroclor' series is a specific polychlorinated 
! biphenyl or a contaminant has yet to be proved. 

. . ' . . . ' . 

<~·:,···: ... .-·.:· .. :·;-ljs-9~ ti i.{gjl6 ~sub r ;s··r (ij q . ~ • ;" r :; 
·>'' fSSf~t.,or:::o'TA' mqrJ 0~ -::_r:ftc::!': ··:j 

r::J~O ~""'f "").~r~~ r .. ~: .. ~ 

~ ...... 

... '"" •• '. ':"· ·' ~ ~ f 
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