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Abstract. Experiments were conducted from 1968 to 1974 to investigate
reproductive complications and mortality in mink fed Great Lakes coho
saimon and to ascertain the effects of polychlorinated biphenyls (PCB’s) on
this fur bearer. The results of mink feeding trials indicated that coho salmon,
+ such, were not responsible for the loss of reproduction in the adult, or the
MU mortality. Mink diets that contained other species of Great Lakes fish
+aused similar reproductive complications, but to a lesser degree.

Rancidity, mercury poisoning and chlorinated hydrocarbon pesticide con-
‘amination of the fish were all discounted as being responsible for the
Problem. The clinical signs and lesions noted in mink that died while receiv-
Mg diets that contained Lake Michigan coho salmon were very similar to
those observed in mink fed on rations that contained supplemental PCB’s.
I'hese included anorexia, bloody stools, fatty liver. kidney degeneration, and
*j"-’norrhagic gastric ulcers. Analyses of tissues from mink that died when fed
%"« Lake Michigan coho salmon or 30 ppm supplemental PCB diets showed
“milar PCB residues.

PCB toxicity experiments revealed that mink are very sensitive to these
*ompounds and that the lethal dose varied inversely with the chlorine content
™ the PCB's although only Aroclor 1254 exerted a detrimental effect on
"*Production when fed at a low level (2 ppm) for 8 months. The reproductive
':‘i“fe €ncountered in feeding mink Lake Michigan coho salmon and Aroclor
=4 was shown to be of a non-permanent nature.

:;z?htﬁes of the Great Lakes have for many years provide_d the mink ranching
vy S of the North Central United States and Canada with an abundant and
mee. BV SUPPIy of fish for mink feeding. The utilization of Great Lakes fish as
WLW has, however, declined considerably since the early 1960's due to
v { * X reproductive complications and excessive kit mortality in mink fed
" f‘“"’ ‘Hartsough 1965). In the fall of 1967 an acute problem was evident as
ey ;&fwn, taken from tributaries of Lake Michigan during the spawning run,
Reey 10 mink and caused a precipitous increase in newborn mink mortality.
v.., ¥and Whelping were reported as normal. but kit mortality reaching 807
“Wledang appeared to depend upon the percentage of coho salmon fed. as
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well as the duration of feeding. The cause of the problem was not age
although rancidity, pesticide contamination, and mercury poisoning we
pected (Aulerich, er al. 1971 and 1973). Because of the human health
tions and the economic importance of the Great Lakes fisheries to the
pet food industries this study was conducted to investigate the problem_

Experimental

The study consisted of a series of mink feeding experiments conducted between 1968
investigate the industry’s observations relative to the adverse effects of Great Lakes figy
reproduction, to ascertain the cause of the problem, and to investigate the effects of the ca
agent on mink.

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

Composition of the basal diet was 15% fortified cereal 2 20% tripe, 5% beef liver, 159
15% chicken. and 30% whole fish. The same basal diet, except where specified, was fed
the study. Routine ranch procedures were employed in the feeding, care, and breeding of the
The mink were vaccinated as kits against canine distemper, botulism, and virus enteritis. Wh:
possible, the females were mated to males within their respective dietary groups. All ma‘"’h e
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 Gns
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 COmmerch
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 compoung

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 |, reproductive failure occurreg - |

females fed all diets that contained Lake Michigan coho salmon. Only 10 kits were whelped by »,
mated females; eight were stillborn and the two that were born alive died within 24 hrs postp. -
No teratism was observed. The reproductive performance of the females fed West Coast coho .~
was not impaired. The average size of the litters whelped by females fed the rations that cort
Lake Erie cobo salmon, Lake Michigan bloater chub and Lake Michigan yellow perch. «
greatly reduced. aithough high kit mortality occurred on the diets that contained Lake Er:
salmon. Lake Michigan bloater chub and Lake Michigan yellow perch.

The average birth weight of the kits whelped by females fed the diet that containe: .

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 ted di
contained West Coast coho salmon, Lake Erie coho salmon. Lake Michigan bioater chub ur.
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 (heu: -
tails, viscera, and belly fat) in their diet died between the beginning of the breeding season (M.
and the end of the whelping period (May 15). Six adult mink fed Lake Michigan coho salmoe -

* Kel-blend No. 1009, W. K. Kellogg Co., Battle Creek, MI.
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. problem was not asce@‘ L chroductive performance of mink fed Great Lakes or marine fish as 30% of their diet
I mercury poisoning wery - No. of females No. of kits
¢ of the human health imy, &
Lakes fisheries to the mip, | Birth 4 week
. . —_— weeks
investigate the problem. . Fish portion of diet Mated Whelped Alive Dead  alive
“th 1968  Ocean perch {control) 142 13 43 9 46
B 1967 L. Mich. coho salmon 8 0 0 0 0
s conducted between 1968 ang i
«e effects of Great Lakes fisly "
investigate the effects of the caes., 1968  Ocean whiting (control) {12 10 38 2 31
S 1968  West Coast coho 2 1 58 7 47
hout the study. Specific M 2 ah salmon
PR o 1967 L. Mich. coho salmon 12 5 2 7 0
1% tripe, 5% beef liver, 15% hopye ne b 1968 L. Mich. coho salmon 12 0 0 0 0
‘pt where specified, was fed ¢ o 1968 L. Mich. coho salmon 112 0 0 0 0
:ding, care, and breeding of thé canning by-products
notulism, and virus enteritis, M
«ctive dietary groups. All matigg ., . 1969 Ocean whiting (control) 12 10 43 10 29
tozoa in the vaginal smear aftey ¢y, y 1969 L. Mich. coho salmon 100 1 0 1 0
the whelping period. Kits WETE (s ig T 1969 L. Mich. bloater chub 12 7 10 12 5 ]
_.n 1969 L. Erie coho salmon 12 11e 32 17 7 i
rhons were prepared by dissolvig; g ‘ 1969 L. Mich. vellow perch 12 10 31 7 15 !
» solution with ground commergyy , 1969 L. Erie yellow perch 12 10 39 12 28

1d premix mixed with the othqgﬁ*

nt of the chlorinated compound, - hied before mating

. Jied before mating
. mated female died before whelping

LA S

.

riments designed to ascertain the gy
ed diets that contained 30% of vasgy
1. reproductive failure occurred x & :
on. Only 10 kits were whelpedby ¢ 4 ¢
n alive died within 24 hrs postpariy, |
the females fed West Coast cohe sbmy !
. females fed the rations that congumg o ). Average body weight (£S.E.) of live kits at birth and 4 weeks :
Lake Michigan yellow perch, ww w

¢ diets that contained Lake Erve At birth At 4 weeks
‘low perch. " Fish portion of diet No. Body wt (g) No. Body wt (g)
ates fed the diet that contained & !
10se whelped by females fed the s 1968 Ocean whiting (control) 38 9.2 £0.38 31 162+ 54
kits nursed by temales fed diew 1968 West Coast coho salmon 56 9.4 +0.17 47 138 = 4.1
[Lake Michigan bloater chub and { 2 1968 L. Mich. coho salmon 2 5.3 = 0.80 0 —
those nursed by females fed the ez 1969 Ocean whiting (control) 45 8.2 +0.23 29 125 = 3.8
1969 L. Mich. bloater chub 10 7.0 = 0.592 S 91 = 13.2° ,
lmon canning by-products (heads, » . 1969 L. Erie coho salmon 32 7.6 =0.20 7 86 = 9.3°
.inning of the breeding season (Maws 1969 L. Mich. yellow perch 36 8.3 +0.35 15 104 + 7.2°
. fed Lake Michigan coho salmos i ¥ 1969 L. Erie yellow perch 39 8.2 +0.22 28 122+ 39

“cuant difference from controls (P < 0.05) by t-test
- want difference from controls (P < 0.01) by t-test

4
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first experiment also died during the later stages of the trial. The clinical signs and ) e

that died when fed diets that contained [.ake Michigan coho salmon or its cann?mh‘

5, |
consisted of anorexia, bloody stools, fatty infiltration, and degeneration of the live, m My, g ¢
hemorrhagic gastric ulcers. Antibiotic treatment and injections of iron, vitaming A D Fk% wk
complex vitamins did not arrest the mortality among the mink fed coho salmon. Bagyery 4 |

not reveal the presence of a pathogen, thus suggesting that the pathology was «

con_ Y
X e . j due i, 7
Histological examination confirmed the gross pathological observations but failed we

as to the causative agent. Resde, Ty
Rancidity and mercury contamination data for the whole fish (Experiment 3, T N

correlate the mink toxicity data and were discounted as a contributor to the probles "Auhn LI i
1971). Chiorinated hydrocarbon pesticide contamination (total DDT and isomers op & ™, # X
fish was inversely proportional to the number of kits whelped per female. This relationst. Y
appeared spurious and may reflect, in part, the fat content of the fish, since feeding ; M

isomers, or dieldrin to mink at levels far in excess of that contained in the fish failed 1g 4 e
effects on the mink of feeding diets that contained Lake Michigan coho salmon (Ayje

LS

1970: Aulerich, ef al. 1971). = Yoy o

In an effort to isolate the fraction of the coho salmon that contained the toxic factorgy, i ""““P\tcx
for the mortality and impaired reproduction in mink, ground, whole. raw ocean &‘,W g
Michigan coho salmon were subjected to an aceton-hexame extraction.® The g g %ﬁ
residues obtained from the fish were then recombined as described in Table 3, mixed With gy *
ingredients of the basal diet, and fed to mink from January 25 through June 30. The " My, \
performance of the female mink fed these diets (as shown in Table 3) indicated that the totic i F e
present in the coho salmon was stored primarily in the fat and could be extracted with fat so,

i
ac Muhig
" o supernid

o cract
PRES

il

Further analysis of the fish revealed that PCB contamination might be involved in he :’: ! :, “:I:i‘:
since Lake Michigan coho salmon contained between 10 and 15 ppm PCB on analysis, Ap ex;—.—tm ' by
was, therefore, conducted 1o ascertain the effects of PCB feeding on mink. In an explorator, % ‘ et ,;
trial, a PCB-supplemented diet and a ration that contained Lake Michigan coho salmog wer e ¥ ' 1‘ T
adult breeder mink from January 1, 1971 to June 30. 1971 (Table 4). All mink that receivey ¥ B
supplemental PCB'’s in their diet died between the beginning of the breeding season (March Faa gy # R
end of the whelping period (May 15). Six of the 15 (3 male and 12 female) mink fed the L2 o

Michigan coho salmon diet also died during the later stages of the experiment. The clinica g 4
lesions of the mink that died when fed diets that contained coho salmon from Lake Micm*j '
supplemental PCB's were strikingly similar and consistent with those of the mink that died wiys w
the coho salmon diets in the previous feeding experiments.

PCB residue analyses from selected tissues of control mink and mink that died while re.,.. ,
diets that contained coho salmon or supplemental PCB's are summarized in Table 5. Although pry | 4 4. Reprod
are known to accumulate in adipose tissue, no samples of body fat were available for analyw, e, i

« o supple
the animals fed coho salmon or PCB’s were emaciated at the time of death. Organ weights (expris, ————
as a percentage of brain weight) of the mink that died and from sacrificed controls wes » |
significantly different (P > 0.05).

Long-term Studies

Based on the results of the previous feeding trial. an experiment was conducted from August 33 » s N
to June 1. 1972 to ascertain the effects of long-term, low-level consumption of PCB’s on munh g -3 e~ whe
reproduction, and viability, and to investigate the possibility of interactions between PCB's an; « - . <o

chlorinated hydrocarbon pesticide contaminants of Great Lakes fishes.

Thirty-five mink were divided into 5 groups of 6 females and | male per group and places - C
dietary treatments shown in Table 6. The average body weight gains of the mink dunng e « chats al -
growth and furring periods (August 25 to December 22) are shown in Table 6. The results mds —

P H supp
e nam
! Cotemde i

3 For complete extraction procedures see, Iwamoto (1973).
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clinical signs and lesiony i ive performance and mortality of female mink fed a control ration or experimental diets (Jan. 25
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and mink that died while regxy
marized in Table 5. Although By jy e 4. Reproductive performance of control mink and mink fed on rations that contained coho
fat were available for analysis wggg | . = or supplemental PCB's (Jan. | to June 30) ;
> of death. Organ weights (exprrmg ‘

from sacrificed controls wes s Dietary treatment
Control 309 ocean fish
i 30% ocean 30% coho mix plus 30
% fish mix salmon ppm PCB’s?
vas conducted from August 346, w% ~des mated 12 12 1
isumption of PCB’s on mink gewg ey whelped 1 0 0
treractions between PCB's and wan '~ horn
fishes. 2 35 —_ —
| male per group and placed » % . 19 _ —
t gains of the mink during the k& ¢ kits at 4 weeks 29 — —

wvn in Table 6. The results indss

< "B supplementation consisted of 10 ppm each of Aroclors® 1242, 1248, and 1254. Aroclor®
- wJe name for polychlorinated biphenyls manufactured by Monsanto Co.. St. Louis, MO
- *emale died before the mating season
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Table 5. Average PCB residues in tissues from control mink and mink that died whije

that contained coho salmon or supplemental PCB’s# Meceviey |
\
Tissue T
No.
Dietary treatment mink Brain Liver Kidney Spleen Lung Mllsd:“"’"
Yo
30% ocean fish mix 4 <0.01 <0.01 <0.01 <0.01 <0.01 N.D:‘M .
control AR 3
30% Lake Michigan 3 11.07 5.21 6.37 6.19 S.15 4n
coho salmon +0.78 *=1.66 =0.25 +=0.09 022 +1.99 T
30% ocean fish mix 12 100 418 447 479 478 4a "R
plus 30 ppm PCB's? £143 058 £042 039 =053 +qg |
—— g i

2 Analyses by M.S.U. Pesticide Research Center using the technique of Armour ang o

The PCB standards were composed of a mixture of the 3 Aroclors used. Quantitation was Ty, |
g

the area under the 4 major peaks o
® 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 .
dose-response curve for data on 0, 5. and 10 ppm of Aroclor 1254 at 4 months treatmeny ﬁm‘
regression equation of Y = 207.5 — 107.4 X, where X = In (ppm-/5 + 1). This regres,mw
gave a significant dose-response (P<.05) (Ringer ¢t al. 1972). i
No clinical signs of PCB or chlorinated hydrocarbon poisoning (other than the reduced 5.,
gains) were observed in the treated animals during the growth and furring periods. Consa “H

Table 6. Effect of Aroclor 1254, alone or in combination with pesticides, on body weight 2RINS of G

NM,,
{nitial Body weight gain (g) = S.E. from initial wy,
body wt. e
No. (g) (Aug. 1 mo. 2 mo. 3 mo. i
Dietary treatment mink  25) (Sept. 24) (Oct. 25) (Nov. 25) O -
Basal diet (309% ocean 6 1020 43 =174 203 =254 187 = 46.2 M,
fish mix; control)
Basal diet plus 5 ppm 6 940 62 £ 224 153442 138 £ 427 |» P
PCB?
Basal diet plus 10 ppm 6 923 43 =204 148 =320 132 =263 [
PCB
Basal diet plus 10 ppm 6 1052 43 * 14.5 57 = 14.6¢ 28 = 21.5° .
PCB and 10 ppm
DDT
Basal diet plus 10 ppm 6 940 108 =25.1 133 =26.7 115 = 18.9 b

PCB and 0.5 ppm
dieldrin

4 Aroclor 1254
b Significantly different (P < 0.05) from controls
¢ Significantly different (P < 0.01) from controls

+ Aroclor is the trade name for polychlorinated biphenyls manufactured by Monsanto Co., S L
MO.
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ink and mink that died while pecg; !&5 :

T ——

——
:y Spleen Lung Muscle

<001 <001 Npe

6.19 5.15 47
+(0.09 +0.22 1389
4.79 4.78 4.88
+0.39 +0.53 +0.54

2 ~1 A —d

the technique of Armour and
Aroclors used. Quantitation wag bga

8, and 1254

+ when fed continuously to growing s § 3
oclor 1254 at 4 months treatmeng E
= In (ppm~/5 + 1). This Tegression“; by
972). oo
n potsoning (other than the reduced wita
- growth and furring periods. Consiesn

. pesticides, on body weight gains of

1t gain ig) = S.E. from initial wt,

— }
2 mo. 3 mo. .
(Oct. 25) (Nov. 25) .2 |
203 =254 187 = 46.2 ’
153 442 138 x427
148 =320 132x263 oyl

57 = 14.6¢ 28 = 21.5° ~i5 s

133 = 26.7 113 = 189 bR ¥

s manufactured by Monsanto Co.. St Lise

v
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« Effect of Aroclor 1254 fed alone or in combination with pesticides. on mortality and
"7 of mink (August 25 to June 1) (6 females and | male/group)

Kits bomn
Kits/female

T Females  Females —
whelped Alive Dead alive

Mortality  alive

14 5 3 1708 5.0
B 29 4 0 0 0 0
" 71 1 0 0 0 0
“ B + 10ppm DDT 43 4 0 00 0
0 0 o0 0

- B+ 0.5 ppm dieldrin 100
e

254

el

4y oceurred on some diets after the animals had consumed the experimental ration for at least
”‘”" sone of the mink fed the diet supplemented with 10 ppm of Aroclor 1254 plus 0.5 ppm of
¢ w. .rvived to the termination of the experiment, and only 1 of 6 mink survived on the diet that
s ::d 10 ppm of Aroclor 1254.
“f; qunk fed the PCB-supplemented diets failed to produce offspring (Table 7). Those breeders
: ,ng Juring the gestation period exhibited various degrees of embryotoxicity when their uteri
”‘_ '.( ,mined at necropsy. The PCB-treated mink that survived to June 1, 1972 were sacrificed and
o ‘«-;.m~ weighed. As shown in Table 8, continuous ingestion of Aroclor 1254, at 5 or 10 ppm,
B .1 n enlargement of the fiver, kidneys, and heart.
o e the results of the two previous experiments cast suspicion on PCB's as the primary cause of
o < ciem. additional feeding trial was conducted to further investigate and compare the effects
. x PUB’s and the toxic factor(s) present in Lake Michigan coho salmon on mink reproduction.
. .x: n the treatments (Table 9) was a group of mink fed 5 ppm of Aroclor 1254 plus 6 ppm of
0.2 ppm of dieldrin. These levels approximated the residue values found in diets where 30%

o 1. Mean organ weights? of female mink fed a control ration or experimental diets (August 25,
o June 1, 1972)

. . treatment Spleen Kidney Liver Heart
atrol) 27.4 = 11.09x? 445+ 234 x 220.4 + 29.36 x 65.8 x 7.86 x
-pm PCBY* 47.6 = 4.95x 582463y 4408 £ 3987y 90.9 = 16.04 y
~»m PCB) 396+ 8.23x 378+ 159y 4213 = 18.68 y 869+ 104y
apm PCB 510 £ 8.65«x 62.2 2463y 579.5 = 80.43 z 97.1 199y
som DDT)
~pm PCB 309 = 542x 629506y 466.6 + 21.40 yz 879+ 771y
* ppm

Lannkn = 3)

wed as % of brain weight = S.E.

- ‘ollowed by the same letter(s) under each organ are not significantly different (P > 0.05)

o ]254

Rt in,
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Lake Michigan coho salmon constituted the fish portion of the ration. Cooked cohg xa

1.05 kg/sq cm for 30 min) was included to test for the heat stability of the facmg(“ ﬁ{

reproductive problem. %“%m
The data presented in Table 9 show the seasitivity of the reproductive physiology of

to Aroclor 1254. Five ppm of Aroclor 1254 markedly reduced reproduction when fed qm* by,

while 15 ppm of this PCB totally inhibited reproduction and resulted in 31% adult monaﬁ“ iy,

ive performance and i

- Juet
: plemcntal PCB (Aug. ¢

E * e U

?’ \dult females
e

1254 did not exert any apparent adverse effects on spermatogenesis. since matings betw, o, “ No. No
fed the non-PCB supplemented basal diet and PCB-treated males resulted in acceptaple pg,. - **t, vortality  mated  wh
The toxic factor(s) present in Lake Michigan coho salmon was heat stable and duplica,':,?‘m**ﬁs ? T
several contaminants (PCB’s, DDT. and dieldrin) known to be present in the salmoq ﬁd. b S 0 8 8
reproduce the effects of feeding Lake Michigan coho salmon. '“h& . . 0 8 8

v

- . ‘; 12 7 7
Chronic Studies -

S 12 7 7
In an effort to compare the chronic effects of Aroclor 1254 with other PCB’s, a lo ; .
mink feeding trial involving Aroclors 1016, 1221, 1242, and 1254 was conducted, E"*d‘( & ; 2 7 2
supplemented with 2 ppm of a different PCB and control ration were fed to 8 female and} %

from August 8, 1972 through June 1, 1973, or until the kits were 4 weeks of age. Bodym
hemoglobin and hematocrit values of the animals were obtained at approximately *
during the experiment. No significant differences (P > 0.05) were noted in body weight gag h"’*
bin levels or hematocrit values of the mink on the various treatments. As shown in T 5 . X
1254 was the only PCB that had an adverse effect on reproduction. Only 2 of 7 matedm Mo vt C'T:? Z:](ieofgn;;ﬁ;?f;er;;
and produced only 1 live kit which weighed considerably less than the average weight of 1y 3, P “'f 1g~ ho salmon and 3 fe
whelped by the females on the other dietary treatments. il SR ‘-f’(‘g‘l_n Lo]anua ™ l‘
An investigation of the acute toxicity of 3 Aroclors (1221, 1242, and 1254) to mink Was cogg o ";J ::;Tzhroug;y]un(; lur:;/%
using 81 adult mink not previously fed Great Lakes fish nor exposed to any supplementa 2., e e ~tiv~e erformance 'of th_c
chlorinated hydrocarbon pesticides. The study revealed that the oral (gavage) and iny R '"‘"Iu‘:CB. _l()or the toxic factort:
lethal dose for 509 of the animals (LDs,) ranged from 500 to 4000 mg/kg and varied inversely vy ; .- :‘tn " msink ¢ factor
chiorine content (last 2 digits of the Aroclor number) of the compounds (see Table 11), I o % cvaont ’
injections of the PCB’s were considerably more toxic to the mink than oral administratios ,‘g
compounds. :

q

; .g\\'lﬂﬂ

. ‘ooults of the first 3 exper
Table 9. Effect of Aroclor 1254 fed singly and in combination with other chlorohydrocartes, 5 } - ilure OCCUIS in. mink fror
reproductive parameters (January 1 to May 10) (12 females and 4 males/group) . wet. The causative agent,
wes i« o to be confined to the

Kits born  mink at 30% of the diet

% Females Females —  — Kitvhag '

Dietary treatment Mortality  alive whelped Alive  Dead  alive ~er degree. More acute r
30% ocean fish (control) 6 11 11 56 10 6.0
30% raw Lake Michigan 19 1 0 0 0 0 @ i1, Acute toxicity (LDs,) of oral

coho salmon t PCB'S to mink
30% cooked Lake Michigan 6 12 0 0 0 0

coho salmon LD, (mg/kg)
1 ppm PCB® 6° 10 8 35 8 43 —_—
S ppm PCB 0 12 3 3 6 08 Intraperitone:
15 ppm PCB 3] 8 0 0 0 0
S ppm PCB + 6 ppm DDT 0 12 4 ) 6 09 1221 >500 <750
S ppm PCB + 6 ppm DDT 19 10 S 15 7 22 142 1000

+ 0.2 ppm dieldrin r 1254 >1250 <225¢

2 Aroclor 1254
® One female escaped

< dose for 50% of the animals v
« duse for S02% of the animals v

H
:
¢
!
H
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sctive performance and mortality of female mink fed a control ration or experimental diets

‘a.hn‘)n 4
rs) czu? h::{upp]emental PCB (Aug. 8, 1972 to June 1, 1973 or until the Kits were 4 weeks of age)
Adult females Kits
No. bomn
- No. No. —_ Whelped/ffemale Alive at Avg. wt. (g =
sortality mated whelped Alive Dead mated 4 wks.  S.E.) at birth
0 8 8 8 s 4.1 18 9.9 +0.32 £ ;
" 0 8 8 28 8 4.5 16 9.2 £033 : i
al Bk
.; 12 7 7 a3 | 6.3 37 9.6+022 % 3 R
IR + 0.2 »
s 12 7 7 35 4 5.6 32 9.3 +0.27 je
M y
Lo 7 2 1 1 0.3 0 5.4 ; 3
sy 3
o
« an effort to determine the persistency of the reproductive failure produced by feeding PCB's
¢ Michigan coho salmon to mink, 11 adult females that received a ration which contained 30%
- \twhigan coho salmon and 3 females that had been fed a diet supplemented with 5 ppm of .
_‘: .« 1254 from January 1 to June 1, 1972 and failed to whelp were placed on the basal (control) diet ! T | 4
" o 2. 1972 through June 1, 1973. The females were mated to control males during March, 1973. : " :
. -anwluctive performance of the females (summarized in Table 12) indicated that previous ’ e
...¢to PCBs (or the toxic factor(s) in Lake Michigan coho salmon) does not permanently impair 3 ) :
e "Nl’.’ . On in mink. J R
nistrag: a *
1] wawsion o ;
, « esults of the first 3 experiments of this study demonstrated that reproduc- ‘ :
ydrocasbes g § - < tulure occurs in mink from feeding Lake Michigan coho salmon as 30% of ‘ N
7§ . &et. The causative agent, however, did not appear to be coho salmon as ; -
~————wy | .4 nor to be confined to the coho salmon, as other species of Great Lakes fish j L LR
. ¥ . mink at 30% of the diet also produced adverse reproductive effects, but to : & ;
; ;‘:.':h‘" cwer degree. More acute reproductive complications occurred in mink that
* H
Sa——, H
6.0 i §
i} ow 1. Acute toxicity (L. Ds,) of oral and intraperitoneal adminis-
1 PCB’s to mink
\) i
| LD, (mg/kg) : %
43 f :
0.8 i Intraperitoneal® Oral®
0 |
09 Cor k220 >500 <750 >750 <1000 :
22 142 1000 >3000 . '
(1254 >1250 <2250 4000 a x \

*d dose for 50% of the animals within 4 days
~d dose for 50% of the animals within 14 days
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Table 12. Reproductive performance of female mink fed a control diet following failure to whels. .
previous year while receiving a ration that contained either coho salmon or supplementa] PC[;F i
N

Dietary No. of females

Dietary treatment treatment June Avg, litre.
Jan. 1. 1972 to June 2, 1972 to June Mated Whelped sizerfen,
1, 1972 1, 1973 (Mar. 1973) (May 1973) Mateq
30% Lake Michigan Basal (control) 1 7 35

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 th
contained similar species of fish from Lake Erie or the West Coast. The to,\;
factor(s) appeared to be concentrated in the canning by-products of the Cohy
salmon, since feeding of the by-products to adult mink for about 3 months Was
more toxic than feeding the whole, raw fish.

The impaired growth and excessive early mortality noted in Kits that were .4
““normal” weight at birth but nursed by females fed Great Lakes fish (Tabje »
Experiment 3) would indicate that the toxic factor(s) present in the fish iny,.
ferred with lactation or was conveyed to the kits via the milk.

The suspicion that PCB contamination of the Great Lakes fish may n
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 try;.
involving PCB’s. The PCB residue content of Lake Michigan coho salmon. 1
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 15,
mink that died while receiving diets that contained coho salmon and PCB's, r.
the accumulation of comparable quantities of PCB residues in the tissues of the..
animals, strongly implicate PCB’s as the factor responsible for the problem.
encountered in feeding Great Lakes fish to mink.

The greater toxicity of the coho salmon canning by-products may be attriby
able to its high fat content, as it was demonstrated in this study and reported b-
Jensen et al. (1970) and Berlin (1970) that PCB’s tend to accumulate in body £
According to Albros and Fishbein (1972) and Allen et al. (1974a) about %Y .«
ingested PCB’s are absorbed from the gut and deposited primarily in the fuu.
tissue.

The degree of PCB toxicity to mink was directly proportional to the t
intake of the compound (Table 13). Females fed 5 ppm of Aroclor 1254 for !
months prior to breeding had a litter average of 0.8 which was comparable to t
0.3 litter average from females fed the same PCB at 2 ppm for 7 months prior
breeding.

If it is assumed that an adult female mink consumes about 150 g of feed po
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 pn.
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 ncur
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.omplete reproductive failure. From these results and those reported by Plato-
wow and Karstad (1973) it would appear that mink are more sensitive to PCB’s
‘hun rats (Tucker and Crabtree 1970, Kimbrough 1971), mice (Nishizumu 197Q),
or birds (Tucker and Crabtree 1970, Heath et al. 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
~eproduction. These results, however, do not eliminate the possibility of adverse
ffects of the other Aroclors at higher levels. Studies by Iwamoto (1973) and
Matonow and Karstad (1973) showed that ovulation and implantation does occur
= mink treated with Aroclor 1254 but that gestation may not continue to term.
Aroclor 1254 has also been reported to be fetotoxic in rabbits (Vilieneuve et al.
971b)and to transfer across the placenta in rabbits (Grant er al. 1971b) and cows
Platonow and Chen 1973). Cecil et al. (1974) observed no embryotoxicity from
‘eeding hens Aroclors 1221 or 1268 but reported embryotoxic and teratogenic
«ffects from Aroclors 1232, 1242, 1248, and 1254.

The exact mechanism by which PCB’s disturb the reproductive performance
f mammals is not well understood. It has been shown that these compounds
¢nhance the hepatic metabolism of sex hormones (Peakall 1967, Risebrough er
~' 1968, Lincer and Peakall 1970, Villeneuve er al. 1971a, Nowicki and Norman
1972, Platonow and Funnel 1971 and 1972, and Benthe er al. 1972). The resulting
Tvpoestrogenism could cause hormonal imbalances leading to atrophy of the
ﬁ"\ﬁ;ruS, as reported by Koller and Zinkl (1973) in rabbits treated with Aroclor
234,

‘The clinical signs and lesions observed in the mink that died during the study
"’h{le receiving diets that contained coho salmon or supplemental PCB’s were
“milar and comparable with those described for PCB-treated mink by Platonow
d Karstad (1973). Liver enlargement, as noted in rats (Grant ¢z al. 1971a, Allen
0 Abrahamson 1973, Cecil et al. 1973, Grant and Phillips, 1974, and Goldstein

¥
3ble 13, Summary of the effect of Aroclor 1254 on mink reproduction

Reproduction

"\lement level Period fed offspring/female
" PPm Jan-May 0
- PPm Aug-Jun 0
TPm + 10 ppm DDT Jan-May 0
"PM + 0.5 ppm dieldrin Jan-May 0
. Fpm Aug-Jun 0
,'pm Jan-May 08
:;"" + 6 ppm DDT Jan-May 1.0°
: r;p’r"n +6ppm DDT + 0.2 ppm dieldrin Jan-May 2,02
Ppm Aug-Jun 0.3
0“ Jan-May 4.3
|‘, pm 41
oorm 50
o 6.0

Al
I dieq before 4 weeks of age
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et al. 1975), mice (Orberg and Lungberg 1974), swine (Hansen er g/, 1975
monkeys (Allen er al. 1974b), Japanese quail (Cecil et al. 1973), pheasﬁm
(Dahlgren et al. 1972), chickens (Iturri 1974), and rabbits (Koller and Zinkj 1971
exposed to PCB’s was also observed in mink fed 5 ppm or more of Aroclor 125
for 9 months. However, except for the reduced growth rate and the hemorrh,,,
gastric ulcers, which have also been reported in PCB-treated monkeys (Ajje, .
al. 1974b) and swine (Hansen er af. 1975}, the clinical signs and lesions assoc,
ated with PCB poisoning in mink appear to be rather non-specific.

The acute toxicity (LDs,) trials indicated that mink were considerably Moy
sensitive to PCB’s injected intraperitoneally than when the compounds Wer
administered by gavage. Undoubtedly a large portion of the orally administer,
PCB’s passed unabsorbed from the animals which may account for the variay;,,
in toxicity associated with the route of administration.

The inverse relationship observed between the LDg, of the PCB's for min
and the chlorine content of the compounds was not in agreement with g
toxicity reported in birds (Prestt er al. 1970) and man (Risebrough and Brodj,
1970) (which indicated a positive relationship between the percentage of chlorj,
in PCB’s and their toxicity) and was not supported by the mink reproductive gy
in this study. Of Aroclors 1221, 1242, 1016 (41 percent chlorine), and 1254 feq
ppm of the diet, only Aroclor 1254 had an adverse effect on reproductioy
According to Curley et al. (1971) and Weigel and Smith (1974), PCB’s wy
higher number of chlorine per molecule are retained in tissues for longer perioy
of time than those with lower percent chlorination. Goldstein e al. (14
suggested that this preferential retention of the higher chlorinated PCB’s migt
account for their greater biological effectiveness which may explain the impy;,
ment of reproduction in mink observed with Aroclor 1254 but not with the othe
lesser chlorinated PCB's.
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