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Abstract. Experiments were conducted from 1968 to 1974 to investigate 
reproductive complications and mortality in mink fed Great Lakes coho 
'<timon and to ascertain the effects of polychlorinated biphenyls (PCB's) on 
th1~ fur bearer. The results of mink feeding trials indicated that coho salmon, 
•1' ~uch. were not responsible for the loss of reproduction in the adult, or the 
~n rnonality. Mink diets that contained other species of Great Lakes fish 
"'u!\ed similar reproductive complications, but to a lesser degree. 

Rancidity, mercury poisoning and chlorinated hydrocarbon pesticide con
t.tmination of the fish were all discounted as being responsible for the 
f'r,~lem. The clinical signs and lesions noted in mink that died while receiv
rn~ diets that contained Lake Michigan coho salmon were very similar to 
th,•-.e observed in mink fed on rations that contained supplemental PCB's. 
!he~ included anorexia, bloody stools, fatty liver, kidney degeneration, and 
~t·morrhagic gastric ulcers. Analyses of tissues from mink that died when fed 
"~' ~ Lake Michigan coho salmon or 30 ppm supplemental PCB diets showed 
''rnilar PCB residues. 

PCB toxicity experiments revealed that mink are very sensitive to these 
'~unds and that the lethal dose varied inversely with the chlorine content 
1 the PCB's although only Aroclor 1254 exerted a detrimental effect on 
rcfll'od · f uctJon when fed at a low level (2 ppm) for 8 months. The reproductive 
;~~~ encountered in feeding mink Lake Michigan coho salmon and Aroclor 
'· "was shown to be of a non-permanent nature. 

~ ~s of the Great Lakes have for many years provided the mink ranching 
~ .. , ' 1

Tles of the North Central United States and Canada with an abundant and 
,<;'>~ve supply of fish for mink feeding. The utilization of Great Lakes fish as 
-~ .... c-eu has, however, declined considerably since the early 1960's due to 
•,. ·< .,.., ~ reproductive complications and excessive kit mortality in mink fed 
+. . · .tl (Hartsough 1965). In the fall of 1967 an acute problem was evident as 

br. ~n, taken from tributaries of Lake Michigan during the spawning run, 
~>.,~ J. t>J. ~0 mink and caused a precipitous increase in newborn mink mortality. 
•·· :tn.~~d whelping were reported as normal. but kit mortality reaching 8Wc 

'"'"ted and appeared to depend upon the percentage of coho salmon fed. as ·---
~· ~ 'IWith the approval of the l.fichiKan Agriculture £rperimmr Srarion as Journal Article No. llllllllllllllllllllllllllllll 
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well as the du.~tion of ~e~ding. The ~au~e of the problem wa~ no~ asc' 
although ranc1d1ty, pesticide contammat10n, and mercury pmsonmg Wert·~· 
pected (Aulerich, et al. 1971 and 1973). Because of the human health int ' 
tions and_ the ec~nom~c importance of the Great ~akes. fisheries to the mini" 
pet food mdustnes this study was conducted to mvestlgate the problem. ·· 

Experimental 

The study consisted of a series of mink feeding experiments conducted between 1968 lllld 
1 

investigate the industry's observations relative to the adverse effects of Great Lakes fish <r,' 
reproduction, to ascertain the cause of the problem, and to investigate the effects of the c:"""' 
agent on mink. ~ 

The following general procedures were employed throughout the study. Specific protedlart, 
certain experiments are described in the text. • 

Composition of the basal diet was 15% fortified cereal. 2 20% tripe, 5% beefliver. 15% hone 
15% chicken. and 30% whole fish. The same basal diet, except where specified. was fed~ 
the study. Routine r~nch proce~ures v.:ere employe~ in the feeding: care, and .breeding of the-.,. 
The mmk were vaccmated as kits agamst camne distemper, botulism, and Virus enteritis. Wh. 
possible. the females were mated to males within their respective dietary groups. AU matine-"' ·· 
verified by the presence of apparently normal motile spermatozoa in the vaginal smear after , .• :·' 
tion. The mated females were checked daily for young during the whelping period. Kits were'" .. · 
on the day of birth and at 4 weeks of age. 

Diets containing supplemental polychlorinated hydrocarbons were prepared by dissoh:· 
desired quantity of the compound in acetone and blending the solution with ground commerc~.t. '. 
cereal. The acetone was evaporated and the cereal-compound premix mixed with the other . · .. 
ingredients to yield a ration that contained the desired amount of the chlorinated compound -r 

Preliminary Studies 

The first phase of the study consisted of 3 mink feeding experiments designed to ascertain the ·~ 
and extent of the problem. In these trials. 201 mink were fed diets that contained 30% of '•, 
species of Great Lakes or marine fish. As shown in Table I. reproductive failure occum11 • 

females fed all diets that contained Lake Michigan coho salmon. Only 10 kits were whelped h1 -~ 

mated females; eight were stillborn and the two that were born alive died within 24 hrs ~tr . 
No teratism was observed. The reproductive performance of the females fed West Coast coh•' ~-~ 
was not impaired. The average size of the litters whelped by females fed the rations that c''"'··· 
Lake Erie cobo salmon. Lake Michigm1 bloater chub and Lake Michigan yellow perch. ·• 
greatly reduced. although high kit mortality occurred on the diets that contained Lake r.r:. 
salmon. Lake Michigan bloater chub and Lake Michigan yellow perch. 

The average birth weight of the kits whelped by females fed the diet that containc · 
Michigan bloater chub was significantly less (P < 0.01) than those whelped by females fed the. 
ration (Table 2). The average body weights of 4-week-old kits nursed by females fed J1c 

contained West Coast coho salmon, Lake Erie coho salmon. Lake Michigan bloater chub <H .. 

Michigan yellow perch were significantly less (P < 0.01) than those nursed by females fed the 
diet (Table 2). 

All breeder mink that received Lake Michigan coho salmon canning by-products (he<~,:· 

tails, viscera, and belly fat) in their diet died between the beginning of the breeding season 1 '(. 

and the end of the whelping period (May 15). Six adult mink fed Lake Michigan coho salm••r · 

2 Kel-blend No. !009, W. K. Kellogg Co., Battle Creek, MI. 
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ri/JIII J. 
R~productive performance of mink fed Great Lakes or marine fish as 30% of their diet 

No. of females No. of kits 

Birth 

~ _,...l 
Fish portion of diet Mated Whelped Alive Dead 

:•lh 
1968 Ocean perch (control) 14" 13 48 9 

1967 L. Mich. coho salmon 8 0 0 0 

~tri 
,,,h 

1968 Ocean whiting (control) II" 10 38 2 
1968 West Coast coho 12 II 58 7 

tlh salmon 
•· 1967 L. Mich. coho salmon 12 5 2 7 

•' 
1968 L. Mich. coho salmon 12 0 0 () 

.tt!a: ~,.h 
1968 L. Mich. coho salmon II • 0 () () 

canning by-products 

1969 Ocean whiting (control) 12 10 45 10 
1969 L. Mich. coho salmon 10" I 0 .. 
1%9 L. Mich. bloater chub 12 7 10 12 

.. ,h 1%9 L.. Erie coho salmon 12 lie 32 17 
1969 L. Mich. yellow perch 12 10 31 7 
1969 L. Erie yellow perch 12 10 39 12 

·c JteJ before mating 
J1eJ before mating 

., 11, 1r.:J female died before whelping 

,. ~- ,.\verage body weight (±S.E.) of live kits at birth and 4 weeks 

At birth 
.,, Fish portion of diet No. Body wt (g) No. 

1968 Ocean whiting (control) 38 9.2 ± 0.38 31 

1968 West Coast coho salmon 56 9.4±0.17 47 

1%8 L. Mich. coho salmon 2 5.3 ± 0.80 0 
1%9 Ocean whiting (control) 45 8.2 ± 0.23 29 
1969 L Mich. bloater chub 10 7.0 ± 0.59" 5 
1969 L. Erie coho salmon 32 7.6 ± 0.20 7 
1969 L. Mich. yellow perch 36 8.3 ± 0.35 15 
1969 L Erie yellow perch 39 8.2 ± 0.22 28 

"c.mt difference from controls (P < 0.05) by t-test 
-..tnt difference from controls (P < 0.01) by t-test 

4 weeks 
alive 

46 
0 

31 
47 

0 
0 
0 

29 
0 
5 
7 

15 
28 

At 4 weeks 
Body wt (g) 

162 ± 5.4 
138± 4.1" 

125 ± 3.8 
91 ± 13.2° 
86 ± 9.3" 

104 ± 7.2b 
122 ± 3.9 

w 
~ 

" 

I 
I 

I 
I • 

I 
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first experiment also died during the later stages of the trial. The clinical signs and le,· · 
that died when fed diets that contained Lake Michigan coho salmon or its cann lOIIi *lA. . 
consisted of anorexia, bloody stools: fatty infiltration_, and degeneration of the liver:~ t•,,.;:: 
hemorrhagic gastnc ulcers. Anttbtottc treatment and InJections of tron, vttamins A. !) E k~." 
complex vitamins did not arrest the mortality among the mink fed coho salmon. B<~~·•e '. '· b.,: '"" •• T'tll--
not reveal the presence of a pathogen, thus suggesting that the pathology wa~ due ':t:~ .• 

Histological examination confirmed the gross pathological observations but failed to e.: ~ '· . , 
as to the causative agent. ~. 

f \1.._!:\ !l 

Ranctdtty and mercury contammation data for the whole fish (Experiment 3 Tallie: , __ 
correlate the mink toxicity data and were discounted as a contnbutor to the problem lA • '"' ., , . 
1971). Chlorinated hydrocarbon pesticide contam_ination (total DDT and isomers or~~~, ~ .. '. ,,

1 
,1 

fish was mversely proportiOnal to the number of kits whelped per female. This relati<>nsbip ' •-. • _, ·' ~ . 

~peared spu~ous and ~ay reflect, in Pa:t· the fat content of the tis~, since feeding~~ f" · ,• ~~:::·~~~ 
tsomers, or dteldnn to mmk at levels far m excess of that contamed m the fish failed to ~ 'i. .. • · 

1 
.
1 

effects on the mink of feeding diets that contamed Lake Michigan coho salmon (Auleticb ~ :re, • • ".: '" 
1970; Aulench, eta/. 1971). 11t4 t,._ II 

";c; , 11 rt:rn 
In an effort to tsolate the fraction of the coho salmon that contained the toxic factorftl ,. • ' .teet 

for the mortality and impaired reproduction in mink, ground, whole, raw ocean &.It ' ·' h 

Michigan coho salmon were subjected to an aceton-hexane extraction.3 The 8 _, "'' '
1
'' '~" 

· d fr th fi b' 'be · I ,. ~ .. upt:rn~t residues obtame om e sh were then recom med as descn d m Tab e 3, mixed......_ .1 
ingredients of the basal diet, and fed to mink from January 25 through June 30. The-.., •' "·• c\tr:•~ 
perform~ce of the female mink fed the~ die~s (~s shown in Table 3) indicated that the to~ 
present m the coho salmon was stored pnmanl~ m the fat and could be extracted with fat SOh-

·.:: (\I r.n .. :: 

Further analysis of the fish revealed that PCB contamination might be involved in the~ 
since Lake Michigan coho salmon contained between 10 and 15 ppm PCB on analysis. An r~:llo.l. 
was, therefore, conducted to ascertain the effects of PCB feeding on mink. In an exploralo!), ·~ 
trial. a PCB-supplemented diet and a ration that contained Lake Michigan coho salmon "'r:rv ~ 
adult breeder mink from January I, 1971 to June 30. 1971 (Table 4). All mink that rece;,~ •"" ~ 
supplemental PCB's in their diet died between the beginning of the breeding season (March It a· 
end of the whelping period (May 15). Six of the 15 (3 male and 12 female) mink fed the .l(r~t. ,,,r.tcll•" 
Michigan coho salmon diet also died during the later stages of the experiment. The clinical \lflt.'-:' · · ··' 
lesions of the mink that died when fed diets that contained coho salmon from Lake Mir.:~ .. : 
supplemental PCB's were strikingly similar and consistent with those of the mink that died •to•"' 
the coho salmon diets in the previous feeding experiments. 

PCB residue analyses from selected tissues of control mink and mink that died whik r~ .. ,. 
diets that contained coho salmon or supplemental PCB's are summarized in Table 5. AI~ p.; •"' . - ~. K.:rn•d• 
are known to accumulate in adipose tissue. no samples of body fat were available for anal)'!n ...,. · ,, ,urrlc 
the animals fed coho salmon or PCB's were emaciated at the time of death. Organ weights (t~ 
as a percentage of brain weight) of the mink that died and from sacrificed comrols lttr• .., 

significantly different (P > 0.05). 

Long-term Studies 

Based on the results of the previous feeding trial. an experiment was conducted from .\ugu'l! :• • 
to June I. 1972 to ascertain the effects of long-term. low-level consumption of PCB's on mmi. I! •. , 

reproduction. and viability, and to investigate the possibility of interactions between PCB', .ll>.:. •· 
chlorinated hydrocarbon pesticide contaminants of Great Lakes fishes. 

Thirty-five mink were divided into 5 groups of 6 females and I male per group and pla..:N . 
dietary treatments shown in Table 6. The average body weight gains of the mink dunn1 :t. "" 
growth and furring periods (August ~5 to December ~2) are shown in Table 6. The results 1M-">· 

3 For complete extraction procedures see, Iwamoto (1973). 
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. . performance and mortality of female mink fed a control ration or experimental diets (Jan. 25 
. .Ju.:u>e 

.,.-;r-

l 
o of 30% ocean fish 

1"'...,.'\llfle 
"" ·ewne and hexane .,tn _... 'd h 

tant and resi ue t en 
• "t<-~he diet" (Control) 

.. • . II 

% 
Mortality 

0 

1 
·h< ,upernatant from the 20 

1 
<Y; acetone-hexane 

..,., 'lie higan coho 

. ,upernatant from 30'/o 
,, ~ fi h 
,.-u.'l<: extracted ocean s 

•"" JICt 
Ill 

1 :he residue from the 0 

1 •r; acetone-hexane 
.~~ qichigan coho 
~c re,idue from 30'/o 
:·e extracted ocean fish 

' .• ::d 

No. of females 

Mated Whelped 

10 8 

9 2 

10 9 

., : ntr.Jction procedures see: Iwamoto (1973) 

No. of kits 

Birth 
Whelped/ 

Alive Dead mated 

37 4 4.1 

0 5 0.6 

33 14 4.7 

,., ~ Reproductive performance of control mink and mink fed on rations that contained coho 
••• , •1 ,,r supplemental PCB's (Jan. I to June 30) 

... ,_Jes mated 
· ,,Jes whelped 

, ·,hom 

, . < ~its at 4 weeks 

Dietary treatment 

Control 
30% ocean 
fish mix 

12 
II 

35 
19 
29 

30% coho 
salmon 

12 
0 

30% ocean fish 
mix plus 30 
ppm PCB'sa 

llb 

0 

· ·~ 'B supplementation consisted of 10 ppm each of Aroclors" 1242, 1248, and 1254. Aroclor" 
: ,Je name for polychlorinated biphenyls manufactured by Monsanto Co .. St. Louis, MO 

· '<m.Ue died before the mating season 

Alive at 
4 weeks 

27 

0 

18 

i 

' I 
I 
t 
t~ 

I 
J' 
~ 
~~ 
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TableS. Average PCB residues in tissues from control mink and mink that died While : -
that contained coho salmon or supplemental PCB's" re~~.,. ~ . 

30'7c ocean fish mix 
control 

30'7c Lake Michigan 
coho salmon 

30'7c ocean fish mix 
plus 30 ppm PCB'sb 

12 
±0.78 
11.00 

±1.43 

± 1.66 
4.18 

±0.58 

±0.25 
4.47 

±0.42 

±0.09 
4.79 

±0.39 

±0.22 
4.78 

±0.53 

----N.D.' 

4.73 
:t 1.110 !tt 
.... ~:: 1_--

±0.54 f 
-------------------------------------------------------------------~~~*; 
• Analyses by M.S. U. Pesticide Research Center using the technique of Armour and a.,-...,_, i 
The PCB standards were composed of a mixture of the 3 Aroclors used. Quantitation 'Nil~"' -~-
the area under the 4 major peaks ._ 
b PCB's consisted of 10 ppm each of Aroclors 1242, 1248, and 1254 
' None detected 

that 10 ppm of Aroclor' 1254 depressed body weight gains when fed continuously to 8I'OWiiiJ 
dose-response curve for data on 0, 5; and 10 ppm of Aroclor 1254 at 4 months trea~rne~a }:!.:" 
regression equation of Y = 207.5 - 107.4 X. where X = In (ppm-/5 + 1). This regres5ro. 
gave a significant dose-response iP<.05) (Ringer eta/. 1972). ~,.,. 

_ No clinical signs of PCB or chlorinated hydr~arbon poisoning (othe~ than the reduc,d ..,. 
gamsl were observed m the treated ammals dunng the growth ill!d fumng periods. ~ 

Table 6. Effect of Aroclor 1254, alone or in combination with pesticides, on body weight 1!3ina«t""-

Initial 
body wt. 

No. (g) (Aug. 
Dietary treatment mink 25) 

Basal diet (30'7c ocean 6 1020 
fish mix; control) 

Basal diet plus 5 ppm 6 940 
PCB• 

Basal diet plus 10 ppm 6 923 
PCB 

Basal diet plus 10 ppm 6 1052 
PCB and 10 ppm 
DDT 

Basal diet plus 10 ppm 6 940 
PCB and 0.5 ppm 
dieldrin 

a Aroclor 1254 
b Significantly different (P < 0.05) from controls 
' Significantly different ( P < 0.0 I) from controls 

.... !!,, 

Body weight gain (g) ± S.E. from initial WI. 

1 mo. 2 mo. 3 mo. . ... 
(Sept. 24) (Oct. 25) (Nov. 25) Cllk;. 

43 ± 17.4 203 ± 25.4 187 ± 46.2 la;>.; 

62 ± 22.4 153 ± 44.2 138 ± 42.7 Ill~. 

43 ± 20.4 148 ± 32.0 132 ± 26.3 t:. ' 

43 ± 14.5 57± 14.6' 28 ± 21.5' -l~ . 

108 ± 25.1 133 ± 26.7 115 ± 18.9 Y' 

' Aroclor is the trade name for polychlorinated biphenyls manufactured by Monsanto Co .• Ia. La 
MO. 
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mk and mink that died while 

:y Spleen Lung 

<0.01 <0.01 

7 6.19 5.15 4.73 
±0.09 ±0.22 ::!: 1.80 

7 4.79 4.78 4.88 
2 ±0.39 ±0.53 :t0.54 

8. and 1254 

pesticides, on body weight 

1t gain ,g) ± S.E. from initial wt. 

-------------------------J 
2 mo. 
!Oct. 25) 

3 mo. ••t .. I 
(Nov. 25) <Dr.t.;.. ! 

__ 2_0_3 _±_2_5 .-4--1-87_±_46-.2--lJI-il 

153:!: 44.2 138:!: 42.7 l3t '!' t 
148 :!: 32.0 132::!: 26.3 tl ,,., 

57:!: 14.6' 28 :!: 21.5' 

133:!: 2h.7 115::!: 18.9 

-;manufactured by Monsanto Co .• 5L t. 
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, Elfed of Aroclor 1254 fed alone or in combination with pesticides. on mortality and 
.jill · of mink (August 25 to June I) (6 females and I male/group) 
.~ ~1J .. 11tl0 ---------------------------------

Kits born 
7c Females Females Kits/female 
Mortality alive whelped Alive Dead alive 

14 5 3 17 8 5.0 

..... i\ B, 
29 4 () 0 () 0 
71 0 0 0 0 

- !'l'll 
.~_ f'l B ,.. 10 ppm ~DT. 43 4 () () 0 0 
.,.._p(ll + 0.5 ppm dteldnn 100 0 0 0 0 0 

·<" 

','( 12~-+ 

, ...:curred on some diets after the animals had consumed the experimental ration for at least 
.,. . ...,.> \one of the mink fed the diet supplemented with 10 ppm of Aroclor 1254 plus 0.5 ppm of 
• ~,: ',u;..,ived to the termination of the experiment, and only I of 6 mink survived on the diet that 
.. ~· ~ IO ppm of Aroclor 1254. 
""·"'1 mmk fed the PCB-supplemented diets failed to produce offspring (Table 7). Those breeders 
. ';~ Juring the gestation period exhibited various degrees of embryotoxicity when their uteri 

'" .. ·.,..mined at necropsy. The PCB-treated mink that survived to 1 une I, 1972 were sacrificed and 
· ",:;•"' weighed. As shown in Table 8, continuous ingestion of Aroclor 1254. at 5 or 10 ppm, 
~ .. '-' ·n enl<lfgement of the liver, kidneys, and heart . 
. · .. ~-...~the results of the two previous experiments cast suspicion on PCB' s as the primary cause of 

• ~;em. an additional feeding trial was conducted to further investigate and compare the effects 
~,.. p(B's and the toxic factor(s) present in Lake Michigan coho salmon on mink reproduction . 

.. x.! 10 the treatments (Table 9) was a group of mink fed 5 ppm of Aroclor 1254 plus 6 ppm of 
.·J ll.~ ppm of dieldrin. These levels approximated the residue values found in diets where 309(, 

- 1. \kan organ weight sa of female mink fed a control ration or experimental diets (August 25, 
June I. 1972) 

1reatment Spleen Kidney Liver Heart 

"troll 27.4 ± 11.09 xb 44.5 ::!: 2.34 X 220.4 ::!: 29.36 X 65.8 ::!: 7.86 X 

•• 
-~m PCB!" 47.6:!: 4.95 X 58.2::!: 4.63 y 440.8 ::!: 39.87 y 90.9:!: 16.04 y 
,, 
:-rm PCB) 39.6:!: 8.23 X 57.8:!: 1.59 y 421.3 ::!: 18.68 y 86.9::!: 10.4 y 

:>rm PCB 51.0 ::!: 8.65 X 62.2 ::!: 4.63 y 579.5 ::!: 80.43 z 97.1:!: 19.9 y 
~~m DDT) 

•• 
~rm PCB 30.9::!: 5.42x 62.9::!: 5.06 y 466.6 ± 21.40 yz 87.9::!: 7.71 y 

, ppm 
,:·:ntln ~ 3) 

'"-'1.1 as 7c of brain weight ± S.E. 
··· ~i•llowed by the same letter(s) under each organ are not significantly different !P > 0.05) 

. < 1:54 
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Lake Michigan coho salmon constituted the fish portion of the ration. Cooked coho~·' , 
1.05 kg/sq ern for 30 min) was included to test for the heat stability of the factor(~) (J 
reproductive problem. < 

The data presented in Table 9 show the sensitivity of the reproductive physiology o( fc , 
to Aroclor 1254. Five ppm of Aroclor 1254 markedly reduced reproduction when fed 0111.~ ""' 
while 15 ppm of this PCB totally inhibited reproduction and resulted in 31% adult rn~' C 1111.~,, 
1254 did not exert any apparent adver>e effects on spermatogenesis, smce rnatings beb:ll 1 

tV to Mink 
·tl\. 1 -

,.Ju.:tive performance and 1 
jt ~. ;. : .. ,upplernental PCB (Aug. I 

f \Jult females 

•; No. No 
\!ortality mated Wh• 

8 8 

fed the non-PCB supplemented basal diet and PCB-treated males resulted in acceptable e~ ~'l>t~. 
The toxic factor(s) present in Lake Michigan coho salmon was heat stable and dupticat~:-. : 
several contaminants (PCB's, DDT. and dieldrin) known to be present in the salmon did. •1111'1;,., f 
reproduce the effects of feeding Lake Michigan coho salmon. '-~. t . .. 

() 

0 8 8 

Chronic Studies 

In an effort to compare the chronic .effects of A roc lor 1254 with other PCB' s, a tolli-tenlt 
mink feeding trial involving Aroclors 1016, 1221, 1242, and 1254 was conducted. Eactt Ill 
supplemented with 2 ppm of a different PCB and control ration were fed to 8 female and 2 
from August 8, 1972 through June I, 1973, or until the kits were 4 weeks of age. Body 
hemoglobin and. hematocrit. values of :he animals were obtained at ap~roxirnately IDOIIIIIIy 
dunng the expenrnent. No sigmficant differences (P > 0.05) were noted m body weightsaila,~ 
bin levels or hematocrit values of the mink on the various trea~rnents. As shown in Table 1\--;;: ; 
1254 was the only PCB that had an adverse effect on reproduction. Only 2 of7 mated females~ 
and produced only I live kit which w~ighed considerably less than the average weight <t~ , ; 
whelped by the females on the other dtetary treatments. if \ 

12 7 7 
~ ·1 

' ·; 12 7 7 

.. 
. " I~ 7 2 

·•' 

, "' ctTort to determine the per-; 
,.,. \lu:higan coho salmon to rni1 

• ,1 ,, h1gan coho salmon and 3 f~ 
· ''-l from January I to June I. 

' •• ,-~. JIJ72 through June I, 1973 
·", ,Juctive performance of tht 
: :,, PCB"s (or the toxic factor! 

~' ..... ~llln in mink. 

1 •"''ion ! 
1 

An investigation of the acute toxicity of 3 Aroclors (1221, 1242, and 1254) to mink was~ \ 
using 81 adult mink not previously fed Great Lakes fish nor exposed to any supplemental Itt. i 
chlorinated hydrocarbon pe~ticides. The study revealed that the oral (gavage) and in~ ; 
lethal dose for 500'0 of the antmals (LD50 ) ranged from 500 to 4000 rng/kg and vaned invencly •.a 1 
~~ori.ne content Oast ~digits of the ~roc lor number) of the compounds (see Table II). 1~ j 
IDJecttons of the PCB s were considerably more toXIc to the rnmk than oral adrninistraboe -II a. 
compounds. 

i , .,,ults of the first 3 exper 
Table 9. Effect of Aroclor 1254 fed singly and in combination with other chlorohy~* t ·.11lure occurs in mink fror 
reproductive parameters (January I to May 10) (12 females and 4 males/group) 

1 
, ::c:L The causative agent. 

t 
. · nor to be confined to the · 

Dietary treatment 

30% ocean fish (control) 
30% raw Lake Michigan 

coho salmon 
30% cooked Lake Michigan 

coho salmon 
I ppm PCB" 
5 ppm PCB 
15 ppm PCB 
5 ppm PCB + 6 ppm DDT 
5 ppm PCB + 6 ppm DDT 

+ 0.2 ppm dieldrin 

a Aroclor 1254 
b One female escaped 

% 
Mortality 

6 
19 

6 

6b 

0 
31 
0 

19 

Females 
alive 

II 
II 

12 

10 
12 
8 

12 
10 

Females 
whelped 

II 
0 

0 

8 
3 
0 
4 
5 

Kits born , mink at 30% of the diet a 

Alive 

56 
0 

0 

35 
3 
0 
5 

15 

Dead 
~...,__· '. _.,. , . .:r degree. More acute n: 

10 6.0 
0 0 

0 0 

8 4.3 
6 0.8 
0 0 
6 0.9 
7 2.2 

.. i 1. -\cute toxicity ( LD,.,) of oral 
1 I'(' B"' to mink 

• I 221 
' 1242 

' 12'4 

LD50 frnglkgl 

fntraperitonea 

>500 <750 
1000 

> 1250 <~~51> 

,, .ln.,.: for 5()0(- of the animals "' 
" J, >.,.: for 50% of the animals "' 



6.0 
I) 

4.3 
0.8 
0 
0.9 
2.2 
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,Juctive performance and mortality of female mink fed a control ration or experimental diets 
, '-~ pplemental PCB (Aug. 8, 1972 to June I, 1973 or until the kits were 4 weeks of age) 

~,u __ ----------------------------------------------------------------
Adult females 

',lortality 

0 
0 

11 

12 

No. No. 
mated whelped 

8 
8 

7 

7 

7 

8 
8 

7 

7 

2 

Kits 

No. born 

Alive 

28 
28 

43 

35 

Dead 

5 
8 

4 

Whelped/female 
mated 

4.1 
4.5 

6.3 

5.6 

0.3 

Alive at 
4 wks. 

18 
16 

37 

32 

0 

Avg. wt. (g ::t 

S.E.) at birth 

9.9 ::t 0.32 
9.2 ::t 0.33 

9.6 ::t 0.22 

9.3 ::t 0.27 

5.4 

".111 effort to determine the persistency of the reproductive failure produced by feeding PCB's 
.,., ~lichigan coho salmon to mink, II adult females that received a ration which contained 30'% 

,.. \b:higan coho salmon and 3 females that had been fed a diet supplemented with 5 ppm of 
:, , 1 ~,.:;from January I to June 1, 1972 and failed to whelp were placed on the basal (control) diet 

.. . x ~- 1972 through June I, 1973. The females were mated to control males during March, 1973. 
-~r~,Juctive performance of the females (summarized in Table 12) indicated that previous 

: •.. :r :o PCB"s (or the toxic factor(s) in Lake Michigan coho salmon) does not permanently impair 

.•. .; ..:rwn in mink. 

,, -e~ults of the first 3 experiments of this study demonstrated that reproduc
.• :.1dure occurs in mink from feeding Lake Michigan coho salmon as 3QI7o of 
-.:. J1et. The causative agent, however, did not appear to be coho salmon as 

, nor to be confined to the coho salmon, as other species of Great Lakes fish 
··~ · .. mink at 3QI7o of the diet also produced adverse reproductive effects, but to 
'".:r degree. More acute reproductive complications occurred in mink that 

- 11. \.:ute toxicity (LD50) of oral and intraperitoneal adminis
r PCB·s to mink 

• • r 1221 
r 12~2 

' 1254 

LD50 (mg!k.g) 

Intraperitoneal• 

>500 <750 
1000 

>1250 <2250 

· " Jo-;e for 50'% of the animals within 4 days 
• J Jo-;e for 50'% of the animals within 14 days 

>750 <1000 
>3000 

4000 
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Table 12. Reproductive performance of female mink fed a control diet following failure to wh 
1 

previous year while receiving a ration that contained either coho salmon or supplemental Pc~lr,~. 

Dietary No. of females 
Dietary treatment treatment June Avg. lit!c· 
Jan. I. 1972 to June 2. 1972 to June Mated Whelped ~ize;fcnt,, 
I. 1972 I. 1973 (Mar. 1973) (May 1973) mated 

30'16 Lake Michigan Basal (control) II 7 3.5 
coho salmon diet 

5 ppm supplemental Basal (control) 3 3 4.3 
Aroclor 1254 diet 

were fed diets which contained fish from Lake Michigan than in rations ~~~ 
contained similar species of fish from Lake Erie or the West Coast. The 10 , 

factor(s) appeared to be concentrated in the canning by-products of the co~ 
salmon, since feeding of the by-products to adult mink for about 3 months ow· , 
more toxic than feeding the whole, raw fish. .s 

The impaired growth and excessive early mortality noted in kits that were,.( 
"normal" weight at birth but nursed by females fed Great Lakes fish (Table , 
Experiment 3) would indicate that the toxic factor(s) present in the fish intc: 
ferred with lactation or was conveyed to the kits via the milk. 

The suspicion that PCB contamination of the Great Lakes fish rna\ r-.. 
responsible for the mortality and impaired reproduction and growth in mink fc~ 
diets containing these fish was supported by the results of the mink feeding tn;,,. 
involving PCB's. The PCB residue content of Lake Michigan coho salmon. th.: 
sensitivity of mink to PCB's, the similarity of the reproductive complication, . 
mink fed coho salmon and PCB's, the clinical signs and lesions observed in ~~l( 
mink that died while receiving diets that contained coho salmon and PCB"s. ar:,. 
the accumulation of comparable quantities of PCB residues in the tissues of thex 
animals, strongly implicate PCB's as the factor responsible for the problerr,· 
encountered in feeding Great Lakes fish to mink. 

The greater toxicity of the coho salmon canning by-products may be attrihu· 
able to its high fat content, as it was demonstrated in this study and reported h 
Jensen eta/. (1970) and Berlin (1970) that PCB's tend to accumulate in bod~ L.: 
According to Albros and Fishbein (1972) and Allen et al. (l974a) about 9(Y; .~ 

ingested PCB's are absorbed from the gut and deposited primarily in the far: 
tissue. 

The degree of PCB toxicity to mink was directly proportional to the ,,.: 
intake of the compound (Table 13). Females fed 5 ppm of Aroclor 1254 ftlr • 
months prior to breeding had a litter average of0.8 which was comparable tP tr 
0.3 litter average from females fed the same PCB at 2 ppm for 7 months prior· 
breeding. 

lf it is assumed that an adult female mink consumes about 150 g of feed ['( 
day (Schaible 1970) the total intake of PCB by the female mink fed 5 ppm · · 
Aroclor 1254 in the diet, or 30% Lake Michigan coho salmon for 4 months rn· 
to whelping, or 2 ppm of Aroclor 1254 for 9 months prior to whelping would h.~· 
been about 90, 75, and 61 mg respectively; all of which resulted in nc.tr 
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_,,mplete reproductive failure. From these results and those rep011ed by Plato
.,,,\\' and Karstad (1973) it would appear that mink are more sensitive to PCB's 
:han rats (Tucker and Crabtree 1970, Kimbrough 1971), mice (Nishizumi 1970), 
,,r hirds (Tucker and Crabtree 1970, Heath eta/. 1970). 

In the experiment comparing the chronic toxicity of Aroclors 1016, 1221, 
242. and 1254, only 1254 was noted to have a detrimental effect on mink 

·erroduction. These results, however, do not eliminate the possibility of adverse 
!Teets of the other Aroclors at higher levels. Studies by Iwamoto (1973) and 
'lltonow and Karstad (1973) showed that ovulation and implantation does occur 
n mink treated with Aroclor 1254 but that gestation may not continue to term. 
\roclor 1254 has also been reported to be fetotoxic in rabbits (Villeneuve eta/. 
'r'Jb) and to transfer across the placenta in rabbits (Grant eta!. 1971b) and cows 
Platonow and Chen 1973). Cecil et al. (1974) observed no embryotoxicity from 

feeding hens Aroclors 1221 or 1268 but reported embryotoxic and teratogenic 
effects from Aroclors 1232, 1242, 1248, and 1254. 

The exact mechanism by which PCB' s disturb the reproductive performance 
'i mammals is not well understood. It has been shown that these compounds 
~nhance the hepatic metabolism of sex hormones (Peakall 1967, Risebrough et 
·' 1%8, Lincer and Peakall1970, Villeneuve eta/. 1971a, Nowicki and Norman 
1'1'2. Platonow and Funnel1971 and 1972, and Benthe eta/. 1972). The resulting 
~ 1 Poestrogenism could cause hormonal imbalances leading to atrophy of the 
'Jterus, as reported by Koller and Zinkl (1973) in rabbits treated with Aroclor 
:2:\4. 

The clinical signs and lesions observed in the mink that died during the study 
~ hile receiving diets that contained coho salmon or supplemental PCB' s were 
·nnilar and comparable with those described for PCB-treated mink by Platonow 
Jnd Karstad (1973 ). Liver enlargement, as noted in rats (Grant et al. 1971a, Allen 
.and Abrahamson 1973, Cecil et al. 1973, Grant and Phillips, 1974, and Goldstein 

T lblt 13. Summary of the effect of Aroclor 1254 on mink reproduction 

· ''alrnent level 

· Pprn 
~) Pprn 

·:Ppm + 10 ppm DDT 
, PPrn "- 0.5 ppm dieldrin 

rprn 
rprn 

: Pflrn + 6 ppm DDT 
. Pprn ~ 6 ppm DDT + 0.2 ppm dieldrin 
• Pprn 

rrrn 
1.~ Pnrn 
IJ Pprn 
11 flPrn 

"JJ eli ed before 4 weeks of age 

L 

Period fed 

Jan-May 
Aug-Jun 
Jan-May 
Jan-May 

Aug-Jun 
Jan-May 
Jan-May 
Jan-May 

Aug-Jun 
Jan-May 

Reproduction 
offspring/female 

0 
0 
0 
0 
0 
0.8 
Ul" 
2.08 

0.3 
4.3 
4.1 
5.0 
6.0 
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et al. 1975), mice (Orberg and Lungberg 1974), swine (Hansen et al. 1975 
monkeys (Allen et al. 1974b), Japanese quail (Cecil et al. 1973), pheasa I. 
(Dahlgren et al. 1972). chickens (lturri 1974), and rabbits (Koller and Zink11 9~~' 
exposed to PCB's was also observed in mink fed 5 ppm or more of Aroclor p, 
for 9 months. However, except for the reduced growth rate and the hemorrha-; 4 

gastric ulcers, which have also been reported in PCB-treated monkeys (Allen gJ.~ 
a/. 1974b) and swine (Hansen et al. 1975), the clinical signs and lesions asst~ 1 

ated with PCB poisoning in mink appear to be rather non-specific. 
1 

The acute toxicity (LD50 ) trials indicated that mink were considerably mo 
sensitive to PCB's injected intraperitoneally than when the compounds v../1 

administered by gavage. Undoubtedly a large portion of the orally administer; 
PCB's passed unabsorbed from the animals which may account for the variatio 
in toxicity associated with the route of administration. r 

The inverse relationship observed between the LDso of the PCB's for mini 
and the chlorine content of the compounds was not in agreement with the 
toxicity reported in birds (Prestt et al. 1970) and man (Risebrough and Brodin. 
1970) (which indicated a positive relationship between the percentage of chlorin. 
in PCB's and their toxicity) and was not supported by the mink reproductive dat; 
in this study. Of Aroclors 1221, 1242, 1016 (41 percent chlorine), and 1254fed at· 
ppm of the diet, only Aroclor 1254 had an adverse effect on reproductio~ 
According to Curley et al. (1971) and Weigel and Smith (1974), PCB's wnJ 
higher number of chlorine per molecule are retained in tissues for longer period 
of time than those with lower percent chlorination. Goldstein et al. (l'n 
suggested that this preferential retention of the higher chlorinated PCB's m1gh 
account for their greater biological effectiveness which may explain the impa11 
ment of reproduction in mink observed with Aroclor 1254 but not with the othc 
lesser chlorinated PCB's. 
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