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ABSTRACT

Ring Doves (Streptopelia risoria) were maintalned on a daily dietary dose of 10 ppm
of the polychlorinated biphenyl (PCB), Aroclor 1254. Sequential sampling and
residue analysis of eggs indicated a linear increase in PCB levels until approximately
105 days, after which an asymptote was reached at 80 ppm, oven dried weight (OD).
At equilibrium PCB residues (ppm, OD) were as follows: fat 797, liver 51-8, muscle
28-1, brain 25-4, faeces 2:27. At death, following starvation stress, residue levels
increased by the following factors: liver 718, muscle 25, brain 56, faeces 5-5. No
differeniial toxicity atiributable to PCB mobilisation was observed in experimentals
compared with controls. Experimental birds tended to lose relatively more weight
than the controls. The high levels in the livers of our starvation-stressed birds com-
pared with those found in the livers of seabirds involved in the Irish Sea kill suggests
that PCB was not the primary factor in their death. Early gas-liquid chromatography
peaks showed considerable diminution in all samples compared with Aroclor 1254
standard and this was particularly marked in muscle and fat samples.

INTRODUCTION

The widespread distribution of polychlorinated biphenyls (PCB) is well known.
Their propertics, uses, distribution, toxicity and the means of detection and quanti-
fication have been reviewed previously (Peakall & Lincer, 1970; Reynolds, 1971;
Risebrough, 1971; Lincer, 1971; Peakall, in press). One of the most important
properties of organochlorines is their high lipid-low water solubility. This property,
combined with their considerable stability, governs their movements both within the
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individual and the ecosystem. Within the individual this meaas that the bulk of the
organochlorine is to be found in the adipose tissue. While stored the PCB is com.
paratively inert, but if the fat is mobilised then the orgasochlorine is released into
circulation. Studies with organochlorine pesticides have shown that release of
DDT (Bernard,1966)}, dieldrin (Stickel er af., 1969) and heptachlor (Stickel e af,
1965) caused by reduced food intake can be fatal to birds, PCB, like the organo.
chlorine pesticides, is able to accumulate up food chains (see Peakall & Lincer,
1970; Peakall, in press, for reviews). Holdgate (1971) considered that one of the
most striking findings in the sea birds found dead in the Irish Sea area in the
autumn of 1969 was the unusually high levels of PCB in their livers.

This paper is concerned with the distribution, metabolic transformation, storage
and excretion of Aroclor 1254 (a PCB supplied by Monsanto) in the Ring Dove.
In view of the coincidence of high PCB levels and bird die-offs such as that in the
Irish Sea (Holdgate, 1971), of particular comparative interest are the PCB tissue
residues resulting from known dosage and the possible lcthal effects contributed by
mobilisation of these stored poisons upon starvation stress. Because many metabo-
lites of pesticides are known to be biologically active (e.g. parathion-paraoxon;
DDT-DDE) and PCB undergo in ¢ivo metabolic teansformation (Koeman er al,,
1969a; Grant ef al.,, 1971; Nimmo er al.,, 1971) this facet of the problem is also
considered.

METHODOLOGY

For the first experiment, single pairs of doves werc maintained in cages
115 x 134 x 229 cm, on 14 h light, 10 h dark photoperiod and at a temperature
of 20 3 1°C. Aroclor 1254 was given in pellets of turkey grower mash (Agway) at
a dosage of 10 ppm.

For the starvation experiment which followed, five doves were maintained per
cage. The birds were fed between 15 and 50 g of food per cage on alternate days
which led 10 a weight Joss of approximately 109 per week. After three weeks of
this regimen the birds were completely starved until death occurred. The objective
was to mimic likely field conditions wherein birds obtained an inadequate amount
of food and were finally too weak to search for food. The analytical procedure
used was a modification by WARF (Wisconsin Alumni Research Foundation) of
an earlier one (US Dept. of Health, Education & Welfare, 1970). Specifically, samples
were dried for 48 h at 40-45°C, ground with a coarse anhydrous Na,SO,, placed
in Soxhlet extractors and extracted for 8 h with a 1:3 mixture of ethyl ether and
petroleum ether, The extracts were concentrated to 50 mi and a 5 mi aliquot was
evaporated to dryness at 4045°C for 2 h to arrive at an extractable fat estimate.
Sample clean-up was accomplished with a Florisil column (USDHEW, 1970). As
the second ()5 % ethyl ether in petroleum ether) fraction did not contain any PCB
peaks, only the first (69 ethyl ether) fraction was analysed. Determination was
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carried out on a Varian Aerograph model 2100 gas chromatograph equipped with
a %*Ni electron-capture detector. Two 4 mm (id) x 2 m glass columns were used,
the liquid phases and solid supports were: 1% QF-1 on Chrom. G A/W DMCS
79/80; 2% SE-30 on Chrom. G A/W DMCS 7%/80. Nitrogen gas flow rates of
35 and 150 ml/min were used, respectively. Injector, column and detector tempera-
tures were 225°, 200° and 285°C, respectively. Although the dangers of varied
detector response depending on degree of chlorination (Rote & Murphy, 1971) are
recognised, it was felt that, for within-group comparison, quantification based on
the combined height of only a percentage of the total number of peaks would be
quite adequate. Therefore, peaks 7 and 10 on the QF-1 column and peaks 7 and 8
on the SE-30 column (Fig. 1) were used.
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Fig. 1. Comparison of chromatograms of Aroclor 1254 (above) and extract of muscle from
Aroclor 1254-dosed dove (below), (A) 1 % QF-1 on Chrom. G. A/W DMCS 79/80, 4 mm (id) X
2 m, injector—238°C, column—203°C, detector—281°C, nitrogen fow—130 ml/min. (B) 1 % silicone
GE XE-60 on Varaport 430 100°120, 2 mm x 1-66 m, injector—238°C, column—203°C, detector—
281°C, nitrogen—25 mi/min. (C) 4% SE-30 + 6% QF-1, Chrom. G 69/80,2 mm x 2 m, injector—
250°C, column—225°C, detector—281°C, nitrogen—9%0 ml/min. (D) 2%, SE-30 on Chrom. G
AW DMCS 79/80, 4 mm %2 m, lrljec(or;ésr(‘)\;lc, column—225°C, detector—281°C, nitrogen—
'min.

In an attempt to elucidate PCB metabolism as reflected by chromatographic
profiles of various tissues, egg and faeces samples, the relative diminution of the
first two major peaks of QF-1 (Fig. 1A) was compared between sample types. A
relative diminution value was calculated for each sample as follows:
100 — [100 x (A4/B)]; where A is the ratio of the combined heights of peaks
(4 4+ 6)/(7 + 10) in the sample and B is the same ratio in a similarly-concentrated
standard of Aroclor 1254. Since there is evidence for a change in peak ratios over
time (Grant et al., 1971), peak diminution data are based on tissues presumed to
be at equilibrium.

Except in the peak diminution experiment, samples were routinely measured on
both columns and the lower of the two results chosen. Results agreed within
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approximately 157;. Recoveries made in this laboratory of common organochlorines
(e-g. p,p’-DDE, -TDE and -DDT) exceeded 88°%,. WARF’s recovery values for
Aroclor 1254 using this technique ranged between 85% and 90% (personai
communication: D. L. Hughes). No corrections were made for recovery.

RESULTS
Doves fed 10 ppm Aroclor 1254 usually produced a pair of eggs every ten days if

eggs were removed as Jaid. The sequential sampling and analysis of these pooled
eggs indicated a linear increase in residue levels until approximately 105 days after
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Fig. 2. Aroclor 1254 residues (ppm oven dry weight basis (dotted square) and extractable fat

weight basis (dotted circle)) in dove cggs versus time (each point represents one residue vatue {or

two pooled eggs ol a clutch; two points shown as (crossed square) or {(crossed circle) were not

considered in curve-fitting respective curves because they came from a single female which showed

predisposition 1o laying eggs containing inordinately high residues). In the equation 5 = residues;
X = time.
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PCB PHARMACODYNAMICS IN THE RING DOVE 63
the onset of the experiment. The equations for that increase, based on the oven dry
and extractable fat egg sample weights (OD and EF, respectively), refer only to the
initial linear portions of the curves. Afier that time an asymptote was reached at
approximately 80 ppm (OD) or 240 ppm (EF) (Fig. 2). Extractable fat in cggs was
much more consistent within egg samples from the same female than between
females. There was no apparent trend in extractable fat from the beginning of the
experiment to 200 days, the average 1 standard deviation being 31-7 £ 1-18% for
13 samples (two pooled eggs/sample). )

Residue levels in tissues, eggs and faeces sampled from doves at this time of
equilibrium and after starvation stress are shown in Fig. 3. PCB equilibrium residues
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Fig. 3. Tissue egg and faeces residue levels of Arocior 1254 at equilibrium (hatched sections) and
after period of starvation (clear sections). Figures are in ppm based on wet weight (WW), oven
dry weight (OD) and extructable fat (EF) of respective tissues. (Number of samples in parentheses;
ppm, wet weight, for eggs estimated assuming 79 %, wuter.)
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TABLE !
AROCLOR 1254 RESIDUES IN TISSUES AND FAECES AT EQUILIBRIUM {A) AFTER STARVATION () AND THE RATIO OF B{A (C}

Somple Muscle Brain Liver Fat Foecesr

rpm based on oD oD EF L4 4 oD EF EF oD EF

08 jso 133 127 224
150 274 296 Q-0t 78

17-$ 137 0-00 550
134 £ 017 102 4 003

nean § 281 254 102 153

A Sd. dev. g 9-04 » 8-33 36 9-91
std. error - 452 3 4-44 18- 496
EF & 1d.t 918 + 291 253 + 314

msa

mean
std, dev.
nd, errot
EF % ud.t

703 293

17 s

93 141
291 + 134

1120
a2
188

4020

1370

611
107 + 2:48

37200

8450
3780

12-4 1830

152

C BiAtY

214

250 934 530

732

176

9719

349

N = 4 for tissues at equilibrium; S for tissuex after starvation period ; 2 for faeces ar equilibrium: ! Jor faccey aller sarvation.
WW o wrt weight; OD « oven dry weight: EF = oxtractable fu¢ weighl.

9.,6600¥90d0J1LS

* No faf availablke o analysis.
t Exiractable fat (mean) 4. standard deviation.
+1 Ratio of starvation/equilibrium residue keveks.
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brain—25-4; faeces—2-27. Although the relationships of residue levels in various
samples varied, depending partially on the amount of extractable fat, the above
descending order remained, regardless of basis of ppm calculation. Extractable fat
decreased in stressed birds to varying degrees, depending on tissue. There was no
fatty tissue remaining in stressed birds. In terms of per cent of original extractable
fat, there was 329 in muscle tissues of stressed birds, 80°% in livers and 979 in
brain tissues. These decreases tended to exaggerate the increase in residue levels in .
muscle tissue and, to a lesser extent, livers based on extractable fat. At death,
following starvation stress, residue levels increased by the following factors
(ratios based on ppm, OD): liver—78 ; muscle—25; brain—>56; facces—5-5(Table 1).

With the exception of one control, all birds died within the same six-day period
and gave no suggestion of differential mortality between groups. These was, how-
ever, an indication that the experimental group lost, on the average, more weight
relative to their own original weight (Table 2).

TABLE 2

WEIGHT CHANGE TN DOVES* IN STARVATION EXPERIMENT
FIGURES ARE MEAN 1 STANDARD DEVIATION (STANDARD ERROR)

Controls PCB-fed Significance
Initial weight (g) 171 4+ 9:78(4-37) 162 4 7-65(3-42) nsat 010
Weight at death (g) 868 + 5-77(2-58) 831 £ 8-13(364) nsat 010
Weight at death (74 of initial wit) 524 4 2-18(0-97) 473 4+ 445(1:99) signif. at 010

TN = § for each group.

Until recently, the analytical picture concerning PCB has been clouded not only
by the past lack of synthesising and characterising the individual peaks (Hutzinger
et al., 1971) but also the apparent differential metabolism of early-arising gas
chromatographic peaks {(Koeman et al., 1969a; Heath er al., in press; Grant er al.,
1971; Nimmo er al., 1971). Although chromatogram profiles from dove sample
extracts resembled cach other superficially, the relative early peak diminution
varied considerably, depending on type of sample (Table 3). Concurrent with the
reduction or removal of the first three peaks came the appearance of three new
peaks following what would normally be the last Aroclor 1254 standard peak. This
same pattern emerged with each of the four different columns used (Fig. I).

CONCLUSIONS AND DISCUSSION

PCB residues increased to, and levelled off at, 80 ppm (OD) or 17 ppm wet weight
{(WW), in eggs from doves fed 10 ppm Aroclor 1254 (Fig. 2). Scott ef al. (1971}
noted a similar levelling off of PCB residues at approximately 3 ppm (WW) in the
egps of chickens fed 10 ppm Aroclor 1248. A comparison of egg to fat residue levels

026015
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leads to the following ratios: 1:3-8 (EF); 1:11 (OD); 1:47 (WW). For comparison,
Scott’s group found the same ratio to be 1:12 (WW). Further comparison is
difficult due to differences in both species and Aroclor used.

With regard to wild bird populations, these egg residue levels appear comparable
to those reported by Jensen ef al. (1969) for some marine birds and Prestt et al.
(1970) for a variety of wild birds from many families. Dove liver residue levels
(15 ppm, WW) were close to liver residue levels reported in birds of prey (Rise-
brough et al., 1968; Koeman et al., 19695) but somewhat Jower than those found in
great crested grebe livers (Prestt & Jefferies, 1969).

The starvation stress experiment conducted on the doves and the subsequent
mobilisation of stored fat resulted in an increase in liver PCRB residues of almost two
orders of magnitude (i.e. 15-3 10 1120 ppm, WW). Since there was no apparent
differential toxicity betwesen controls and experimentals and the liver levels of
experimentals were roughly twenty times higher than those in livers from birds
found dead after the Irish Sea wreck (i.e. average = 56 ppm; Holdgate, 1971) it
appears that PCB was probably not the major cause of death in those wild birds.
Due caution should be applied, however, as wide differences have been observed
in the (1) toxic biological eflects between different PCB (Street er al., 1969; Ville-
neuve er al., 1971 ; Heath er al., in press; Nagai e al., 1971); (2) species sensitivities
to toxicants (Heath es al., in press); (3) ability of various organs to refiect the
cause of death (Stickel er al., 1966; Prestt et al.,, 1970); and (4) analytical and
quantitation techniques used for PCB (Peakall & Lincer, 1970; Lincer, 1971), the
last of which alone can lead to a difference of over 1009, (Rote & Murphy, 1971).
In addition, the possibility of: synergistic or additive action of PCB and other
environmental pollutants (Lichenstein er al., 1969) or infectious diseases (Friend &
Trainer, 1970); interactions affecting the retention of body residue burdens (Street
et al., 1966); gross reproductive effects (Dahigren & Linder, 1971 Scott ef al.,
1971) and defects in proper embryonic development (Hays & Risebrough, 1972)
stemming possibly from aberrant chromosome formation (Peakall er a/., 1972)
must be considered very carefully before classifying PCB as innocuous.

The diminution of early-arising gas chromatographic peaks occurred in all
tissues sampled, as well as eggs and faeces. The presence of late-arising ‘metabolic’
peaks from the various samples (Fig. 1) and the similarity of peak-diminution
(Table 3) in the faeces (compared with other sample types) suggests that an in vive
transformation, possibly microsomal (Lincer & Peakall, 1970) dechlorination or
hydroxylation, is taking place and not a differential excretion of those PCB com-
ponents associated with early peaks. It is, of course, difficult to say whether later
peaks are increasing, early peaks decreasing or 2 combination of the two. Early
peak diminution was particularly acute in muscle (68-8 %) and fat (70-8 %) samples.
Although one should be especially cautious in comparing chromatograms origi-
nating from different laboratories, there appears to be a basic similarity between
those from the rat (Grant er al., 1971) and ours from the dove (Fig. 1C) with some
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TABLE 3

EARLY PEAK DIMINUTION® OF PCB'S (AROCLOR [254) IN DOVE TISSUES, EGOS AND FAECES. (EXPRESSED
A$ ¥ CHANGE RELATIVE TO EQUIVALENT STANDARD, SAMPLE SIZES IN PARENTHESES.)

Parnmﬂe_r Muscle{d) Brain(4) Liver(5) Fat(4) Egg(d) Faeces(2)
x 688 ~583 —~574 708 —340 —345
s.d. 685 3-86 313 263 9-49 071
te 342 193 1-40 1-31 474 0-50

* See ‘Methodology' for calculation of values in table and operating parameters.

notable differences (/.. the lack of their prominent peak 2 in ours, and vice versa the
lack of our peak 13 in theirs). The fact that this kind of early peak diminution has
also been described in fish and invertebrate (shrimp) tissues (Nimmo er a/., 1971)
suggests that this is a widespread mechanism among the animal kingdom. Con-
sidering the possibility of differential toxicity of individual components (Vos et al.,
1970; Yoshimura & Oshima, 1971) the need and desirability of investigations on
the toxicity of individual components in PCB parent compounds, and especiaily
metabolically-derived compounds, is evident. It would indeed be unfortunate if,
after evolving the necessary apparatus to break down foreign compounds, an
organism produced more toxic compounds, and thereby was killed.

ACKNOWLEDGEMENTS

Some of the work presented here was carried out under NIH Grant ES00306,
Dr T. J. Cade, Principal Investigator. This research was carried out while one of
us (DBP) was an Established Investigator, American Heart Association. Thanks
go to Miss D. Zalkind for technical assistance and Mrs C. V. Lincer for maintaining
the dove colony.

REFERENCES

Beanaap, R. F. (1966). DDT residues in avian tissues. J. appl. Ecol. 3 (Suppl.), 193-8.

DaHLGREN, R. B. & LINDER, R. L. (1971). Effects of polych mnted biphenyls on pheasant repro-
duction, behavior, and survival. J. Wildl. Mgmi, 38, 315-9,

FrIEND, M. ‘& Tramver, D. O. ( 1970). Polychiorinated baphcnyl interaction with duck hepatitis
virus, Sclence, N.Y., 170, 1314-6.

Grant, K. L., FriLLies, W. E. 1. & Viueneuve, D. C. (1971). Metabolism of a polychlorinated
biphenyl (Aroclor 1254) mixture in the rat. Bull. environ. Contam. & Toxicol., 6, 102-12,
Havs, H. & RisesroucH, R. W, (1972). Poliutant concentrations in abnormal young tems from

Long Island Sound. Awk, 89, 13-3S.
HeatH, R. G, SPANN, J. W, Kunzu J. F. & Vance, C. (in prcss) Effects of polychlorinated
blphenyls on birds. Proe. int. orn. Congr., 15th, The Hague, 1970.
HoLpaate, M. W, (1971). The sea bird wreck in Ihr Irish Sea, autumn 1969, Natural Environment
Research Cauncﬂ Publ., Series C, No. 4. 17 p
Hurzinger, O, Sare, S. &Zm(o V. (1971). Polychlorob-phenyls Synthesis of some individual
chloroblphenyh "Bull. enciron. Contam. & Toxicol., 19

STLCOPCB4009979



R . [T e T T G T X

S A

68 JEFFREY L. LINCER, DAVID B. PEAKALL

Jensen, S., Jouners, A. G., OLssox, S. & OrrerLinD, G. (1969). DDT and i i i
from Sw}:dish wnbt:ers. NalureB. Lond., 224, 247-50. ¢ ) 10d PCB in marine animals
KotmaN, J. H.. TEn Norver D Brauw, M. C. & pe Vos, R. H. (196%a), Chlorinated bipheny)
. 2\0 ,,ﬁjh zgll.:s‘:lellé &d birds dl:'t:'m the River Rhine and The Netherlands coasta) area. Nalur{_
okMaN, J. H,, Vink, J. A J. & oE Goty, ). 5. M. (196956). Causes of mortality in birds
and ‘owls in The Netherlands in the winter of 1968-1969. Ardea, §7. 6776 of prey
Licutenstem, E. P, Sciurz, K. R, FUHREMANN, T. W. & Liaxg, T. T. (1969). Biological inter-
action between plasticizers and insecticides. J. econ. Ent., 62, 761--5.
Lincer, J. L. (1971). Polychlorinated biphenyls: their potential interference with pesticide residue
;‘mlysyu .l?d present analytical status. Eastern Analytical Symposturn, 10-12 November 1971,
ew York.
Lincer, J. L. & Peaxair, D. B. (1870). Metsbolic effects of polychlorinated bipheayls in the
American kestrel. Narure, Lond., 228, 7834,

- Naoai, J., Furukawa, M., Yag, Y, & Hioucwr, K. (1971). The influence of chiorobiphenyls

(Xanechior) administration on the organ lipids of rats. Fukuoka Acta med., 62, 42-1.
Nivmo, D. R., BLACKMAN, R. R., WiLsoxn, A. J. Jr. & ForesTen, J. (1971). Toxicity and distribution
of Aroclor 1254 in the gink shrimp Penaeus duorarum. Mor. Biol., 11, 191~1,
Pzrakatt, D. B. (in press). Polychlorinated biphenyls: Occurrence and biological effects. Resid.

e,

PeaxaLL, D. B, Lincer, J. L. & BrooM, S. E. (1972). Embryonic mortality and chromosomal
altcrations caused by Aroclor 1254 in ring doves. Environ. Hith. Perspectives, April, 103—4.

Peaxatr, D. B, & Lincer. J. L. (1970), Polychlorinated biphenyls. Another long-life widespread
chemical in the enviconment. Bioscience, 20, 958-64.

Prestt, I & Jerrewirs, D.J. (1969). Winter numbers, breeding success, and organochlorine residues
in the great crested grebe in Britgin. Bird Srudy, 16, 168-85.

PrestT, 1, Jerrewses, D. J, & Moore, N. W. (1970). Polychlorinated biphenyls in wild birds in
Britain and their avian toxicity. Enciron. Pollut. 1, 3-26.

ReynoLDs, L. M. (197}). Pesticides analysis in the presence of polychlorobiphenyls (PCB's).
Resid. Rev., 34, 27-57.

RusesroucH, R. W, REICHE, P., PeaxaLL, D. B, HErman, S. G. & Kikven, M. N. (1968). Poly-
chlorinated biphenyls in the world ecosystem. Narure, Loud.. 226, 1098-102.

RiseanoucH, R. W. (1971). Determination of polychiorinated bipteayls in environmental samples.
Int. Symp. on ldentification and Measurement of Encironmenmia! Pollutants, 15 June 1971,
Ottawa, Canada.

Rote, J. W. & Murery, P. G. (1971). A method for quantitation of polychlorinated bipheny!
(PCB) isomers. Bull. environ. Coniam. & Texicol., 6, 377-84,

ScoTT, M. L., YADEHRA, D. V., MULLENHOFF, P. A, RuMsky, G. L. & Rice, R. W, (1971), Results
of experiments on the effects of PCB's on laying hen performance. Proc. Cornell Nutr. Conf.
Jor Feed Manufaciurers, 1971, 56-64. :

Sticker, W. H,, Hayne, D. W, & StickeL, L. F. (1965). Effects of heplachlor contaminated earth-
worms on woodcocks. J. Wildl. Mgmt., 19, 132-46.

Sticket, W. H., Stieket, L. F. & Spaxx, J. W, (1969). Tissue residues of dieldrin in relation to
mortality in birds and mammals. In Chemical Fallour: Current research on persistent pesticides,
ed. by M. W. Miller & G. G. Berg, 174-200. C. C. Thomas. Springfield, 11l

STickec, L. F., STickeL, W. H. & CHRISTENSEN, R. (1966). Residues of DDT in brains and bodies
of birds that died on dou& and in survivors, Science, N.Y., 181, 1549-51.

StreeT, J. C., Cuapwick, R. W, WanG, M. & PuiLLirs, R, L. (1966). Insecticide intersctions
saffecting residue storage in animal tissues. J. agric. Fd. Chem,, 14, 545-9,

STreey, J. C., Urny, F. M., WaGsTarr, D. J. & Buan, A. D. (1969). Comparative cffects of poly-
chlorinated biphenyls and organochlorine pesticides in induction of hepatic microsomal
enzyme. Presented at ACS Meeting, September 8-12, New York.

US DeprarTMENT OF HEALTH, EDucaTioN AND WELFARE. Food and Drug Administration. (1970).
Pesticide Aralytical Manual 1, Section 211.15, revised April, 1971.

VitteNeuve, D, C., Grant, D. L., PuicLies, W, E. J,, CLark, M. L. & CLeca. D. 2 (1971).
Effects of PCB sdministration on microsomal aclivity in pregnant rabbits. Bufl. Enciron.
Contam. & Toxicol., 6, 120-28. i

Yos, J. G., KoeMAN, ], H., vaN DER Maas, H. L., Ten Nosver pe Brauw, M. C. & pe Vos, R. H.
(1970). Identification and toxicological evaluation of chlorinated dibenzofuran and chlorinated
m;lsulene in two commercial polychlorinated biphenyls. Food & Cosmet. Toxicol.. 8,

Yosuimura, H. & Osira, M. (1971). Studics on the tissue distribution and elimination of severa!
components of KC-400 (chlorobiphenyls) in mice. Fukuoka Acta med., 62, 5-11.

DSW Q26018

STLCOPCB4009980



